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Abstract
Currently new buildings have clear regulations regarding the interior sound insulation.
To achieve these sound insulation regulations, lean design is the most cost-effective
and certain method. The lean design of sound insulation has been facilitated with
the standard series EN ISO 12354, which instructs the prediction of sound insulation.
The publication of the standard has led to the development of multiple software, of
which CadnaB is evaluated in this thesis. In this study the interest is in the flexibility
of the modelling and in the specifics of the software.
To accomplish this task, the predictions made with the software are compared to
standardized measurements from similar situations. Six different airborne sound
insulation situations are studied and eight different impact sound insulation situations,
from which five were vertical and three were horizontal, are studied. Comparisons
are made between different calculation setups, to find the most accurate modelling
setup in different types of calculations. It was found that the different structural
reverberation time calculation methods had the most effect on the results and the
calculation according to the old version of the standard EN ISO 12354-2000 affected
the calculation results in low frequencies.
It was concluded that the correction term for calculating D′

nT from R′ values and
calculating L′

nT from L′
n values does not always correct the values accurately. For

calculations of airborne sound insulation, it was found that the Ts model according
to Fischer et al. resulted in the most accurate SNQs with an average difference of ±2
dB. Modelling accuracy was also examined in each 1/3 octave frequency band. The
statistical results suggested that the most accurate prediction combination could be
calculating the low frequencies using Craik’s Ts model with the compatibility mode
and then calculating the middle to high frequencies with Fischer et al. Ts model.
For vertical impact sound insulation predictions, it was found that the most accurate
prediction setup was Craik’s Ts model with the compatibility mode and Craik’s Ts

model without the compatibility mode resulted in the most accurate SNQ results
with an average difference of ±2.4 dB. For comparisons of horizontal impact sound
insulation, the results were not as clear and further comparisons are needed.
Keywords Acoustics, Building Acoustics, sound insulation, modelling, CadnaB, EN

ISO 12354
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Tiivistelmä
Nykyisin uusilla rakennuksilla on selkeät vaatimukset tilojen välisestä ääneneristyk-
sestä. Rakennusten ääneneristys tulee suunnitella etukäteen, jotta nämä vaatimukset
voidaan täyttää mahdollisimman varmasti ja kustannustehokkaasti. Ennakoivaa
suunnittelua on helpotettu standardilla EN ISO 12354, jossa ohjeistetaan ääne-
neristyksen mallintamista. Standardin avulla on kehitetty useita ääneneristyksen
mallinnusohjelmia. Tässä diplomityössä arvioidaan mallintamista CadnaB-ohjelmalla
ja mallintamisen joustavuutta erilaisissa tilanteissa.
Tehtävän suorittamiseksi ohjelmalla tehtyjä laskentoja verrataan standardisoituihin
mittauksiin vastaavista tilanteista. Vertailuissa käytetään kuutta ilmaääneneristyksen
mittausta ja kahdeksaa askelääneneristyksen mittausta, joista viisi on pystysuuntai-
sia ja kolme vaakasuuntaisia. Vertailuja tehdään eri laskenta-asetusten välillä, jotta
voidaan löytää tarkin laskenta-asetus eri tilanteissa. Rakenteellisen jälkikaiunta-ajan
laskenta eri malleilla vaikutti eniten laskentatuloksiin. Lisäksi huomattiin, että lasken-
tastandardin vanha versio EN ISO 12354-2000 antoi eri tuloksia pienillä taajuuksilla.
Standardissa esitetty korjaustermi, jolla voidaan laskea D′

nT arvot R′ arvoista ja
L′

nT arvot L′
n arvoista osoittautui epätarkaksi. Ilmaääneneristyksen mallinnuksista

havaittiin, että laskenta-asetus, jossa käytettiin Ts mallia Fischer et al. mukaan oli
yksilukuarvojen vertailuissa kaikista tarkoin. Tällä asetuksella ilmaääneneristyksen
yksilukuarvojen keskiarvoinen virhe oli ±2 dB. Mallintamista arvioitiin myös 1/3 ok-
taavikaistoittain. Ilmaääneneristyksen mallinnuksien tilastollisesta tarkastelusta kävi
ilmi, että tarkin yhdistelmä voisi olla pienten taajuuksien mallintaminen käyttäen
Craikin Ts mallia ja laskentaa standardin vanhan version mukaan ja keski- ja suurten
taajuuksien mallintaminen käyttäen Ts mallia Fischer et al. mukaan. Pystysuuntai-
sen askelääneneristyksen mallinnuksista huomattiin, että tarkin laskenta-asetus oli
Craikin Ts mallia ja laskentastandardin vanhan version mukaan. Lisäksi pystysuun-
taisen askelääneneristyksen yksilukuarvojen laskenta oli tarkinta käyttäen Craikin Ts

mallia, jolloin keskiarvoinen virhe oli ±2.4 dB. Vaakasuuntaisen askelääneneristyksen
vertailuissa ei löydetty yhtä selkeitä tuloksia, joten lisävertailuja tarvitaan.
Avainsanat Akustiikka, rakennusakustiikka, ääneneristys, mallintaminen, CadnaB,

EN ISO 12354
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Symbols and abbreviations

Symbols
Ts structural reverberation time
DnT,w weighted standardized sound level difference
DnT standardized sound level difference
Rw weighted sound reduction index
R sound reduction index
∆R improvement of airborne sound insulation
LnT,w weighted standardized impact sound pressure level
Ln,w weighted normalized impact sound pressure level
CI,50−2500 spectrum adaptation term
∆L improvement of impact sound insulation
f frequency
c0 speed of sound in air
T0 reference reverberation time
A0 reference absorption area

Abbreviations
SNQ single number quantity
SEA statistical energy analysis
SAU database Simmons Akustik & Utveckling database
TL transmission loss
SPL sound pressure level
FEM finite element method



1 Introduction
Currently new buildings including dwellings, offices, schools and hospitals have many
regulations concerning their acoustic conditions and sound insulation [1]. Thus, lean
design of sound insulation has become increasingly important. For designing the
sound insulation of new buildings, accurate predictions are needed to achieve the
desired results. However, sound insulation as a phenomenon is a result of multiple
factors making the prediction complicated. To improve this process a standard for
prediction has been made, which has led to the development of multiple software
(i.e. Bastian, CadnaB, AcouBAT).

To use such programs as an everyday practice, it is important to review how well
the predicted results match with measured results from similar situations. However,
only comparing the results blindly gives a vague picture of the evaluation. It is
helpful to understand, why the results might have differences. The theory behind
the modelling follows the European standard EN 12354-1 [2]. To understand the
possible differences, the standard and its limitations need to be reviewed.

Sound insulation modelling in buildings has been implemented in multiple software.
The modelling methods can be roughly divided into two categories: statistical energy
analysis (SEA) methods and analytic numerical methods (i.e. finite element method
and boundary element method). [3] Numerical methods approach the problem more
analytically and take more time and effort. SEA methods try to solve the problem
by simplifying the situation and statistically finding the solution with the help of
empirical data. SEA methods on the other hand are faster and can be used easily.
Because the approaches are so different, the decision of the method to use depends on
the case. The used software CadnaB (version 2022) is based on the theory presented
in the standard EN 12354 parts 1-3 and the standard’s calculation is a simplified
version of classical SEA method that considers only first-order flanking paths [2, 4].

Sound insulation in buildings has been studied thoroughly and there are accurate
calculation models for predicting the sound insulation for commonly used homogenous
elements, such as concrete slabs [2, 5]. However, there are many projects where
these basic building solutions are not chosen due to several reasons [6, 3, 7]. In these
projects the prediction of the sound insulation is more challenging, which has led to
more costly prediction methods, for example new laboratory measurements or even
test-buildings [3, 8].

With the work from so-called COST Action FP0702 [9] and multiple studies the
prediction of sound insulation has been extended to lightweight building elements
[10, 11, 12, 13, 14, 15, 16, 17]. Thus, the European standard EN 12354-1 received an
update in 2017, where the prediction of sound insulation of lightweight structures is
also described. This updated standard has been interpreted to some extent in sound
insulation prediction software CadnaB.

The accuracy of the prediction method in EN 12354-1 has been discussed in
many papers [3, 18, 19, 20, 21, 22, 23, 24, 25]. The main problem has been that
the prediction method assumes that all construction materials are homogenous and
isotropic. The new version of the standard no longer classifies materials into ‘heavy’
(e.g. concrete) and ‘light’ (e.g. wood), but materials are divided into type A and
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B. The types are classified according to certain acoustic behaviors of the material,
which leads to certain sound transmission in the material. In principle, the idea is
quite the same, so that type A materials are homogenous isotropic materials and
type B materials are everything else. However, a material can also be classified type
A within certain frequency ranges and type B in other frequency ranges. Thus, these
material classes are more focused on the acoustic characteristics of the materials.

Even though this significant development was achieved in the update of the
standard, Santoni et al. implied that this development did not result in accurate
enough predictions [24]. Thus, evaluating the standardized prediction in different
cases is necessary.

When considering sound insulation and its modelling, it needs to be noted that
there are a few different measures of sound insulation and how it is described.
Sound insulation can describe the insulation of a certain enclosure or additive
sound insulation from a certain plate structure. For example, there are methods
for predicting the sound reduction of a given building element [2]. However, the
sound reduction index of a certain building element does not predict the true sound
insulation that will be achieved in situ, because the sound insulation is also affected
by low frequency room modes, flanking transmission, structural absorption and
building practices.

The standard EN 12354 describes methods for predicting the true sound insulation
in buildings, which is a product of the sound reduction index of the separating
structure, flanking transmissions, structural reverberation and vibration reduction
index. Thus, the method needs information about the sound reduction indexes of
different building materials. The preferred method for obtaining this information is
with standardized laboratory measurements (standards of the EN 20140 (ISO 140)
series), standardized measurements in situ [18] or by calculating with theoretical
or empirical methods. For the calculation method, data about general building
materials are provided in the standard EN 12354.

The problem of the calculation methods is that the building material data varies
between different local building practices, which vary between locations, for example
Nordic building practices. Thus, there has become a need for databases from different
locations.

Efforts have been made to overcome this problem and for creating a Nordic
database of building materials [25]. In this study SAU (Simmons Akustik & Utveck-
ling) Nordic database was used as material data for the modelling. Also, calculation
with Insul (9.0) modelling software was used to obtain the sound reduction index
in some cases. Insul is based on the same standard EN 12354, but focuses only
in predicting the sound reduction index of single elements neglecting the flanking
transmissions etc.

The used software CadnaB is destined for predicting the overall sound insulation
of a building. An important usage for the software will be in examining partitions
that have special building solution.
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1.1 Objectives of this thesis
The aim of this thesis is to evaluate the software CadnaB’s ability to predict the
sound insulation in situ. Calculations according to the standard EN 12354 have
been evaluated before, and there are more comprehensive studies on that subject.
However, in this study the interest is in the flexibility of the modelling and in the
specifics of the software. To accomplish this task, the predictions made with the
software are compared to standardized measurements from similar situations. Six
different airborne sound insulation situations are studied and eight different impact
sound insulation situations, from which five were vertical and three were horizontal,
are studied. The comparisons only give a glimpse to the performance of the software
due to limitations in measurement data.

This thesis is organized as follows. Chapter 2 reviews the theory underlying overall
sound insulation. Chapter 3 describes the methods for measuring and modelling
sound insulation and the methods for comparing the results. Chapter 4 describes
the special cases and discusses them from a theoretic point of view. Modelling and
measurement results are presented in Chapter 5 and the results are discussed in
Chapter 6. The thesis is concluded in Chapter 7.
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2 Sound Insulation
Sound insulation describes the reduction of sound pressure level between spaces. It
is also described as transmission loss (TL) of the sound energy. When airborne
sound encounters a wall, a part of the sound energy is reflected to the room, a part
of the energy is absorbed within the wall and a part of the energy is transmitted
through the wall. The sound pressure colliding with the wall usually causes the wall
to vibrate and transmit the sound further to another spaces. The measure of sound
insulation or transmission loss is defined as

TL = SPLincident − SPLtransmitted (1)

or

TL = 10 log10(
W1

W2
)dB (2)

where W1 is the sound power incident on the wall and W2 is the sound power
transmitted through the wall. For example, the Figure 1 presents an incident SPL of
80 dB and the transmitted SPL of 45 dB. This means that the transmission loss in
the example is 35 dB.

Figure 1: The difference between the outside noise level and the inside noise level
determines the transmission loss (TL) of the wall.

Sound insulation in field is a combination of multiple phenomena that affect
the sound reduction. Conceptually sound insulation can be divided into two main
phenomena: airborne and impact sound insulation. Sound insulation in field cannot
be described by only these two phenomena, because there are other phenomena that
affect the insulation as well. However, if sound insulation is measured in situ, the
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measurement results will present the real sound insulation, which has been affected
by every phenomenon. Because of this, in situ measurements are generally considered
the most accurate measure of sound insulation.

Sound insulation varies between frequencies. For every structural element and
in every room combination the sound insulation is dependent on the frequency.
In acoustics it is important to note the frequency range of interest. Usually, the
interesting frequency range is something inside the range of human hearing (20−20000
Hz). In sound insulation this frequency range is further focused to frequencies 50−5000
Hz, because in these frequencies the sound insulation is the poorest. Thus, the sound
that is heard in the receiving room is usually in that specific frequency range.

There are several wave types that transfer sound energy in structures and usually
these waves occur simultaneously in the structure. These waves types are longitudinal,
transverse (shear) and bending (flexural) waves. These wave types are illustrated
in Figure 2. To be exact, ideal longitudinal waves can occur only in a fluid or in
an infinite element. In finite structures, the energy is packed at the peaks of the
longitudinal wave. Because the material cannot move freely in the boundaries, the
packed energy forces displacements in these wave peaks that are normal to the
propagation of the wave. These types of waves are quasi-longitudinal waves. In
transverse waves, the material displacement occurs normal to the direction of the
structure. [26]

Bending waves literally bend the structure. These occur when some of the
dimensions of the structure are small compared to the wavelength of the exciting
force. In building acoustics, bending waves are especially interesting with plate
structures and lightweight structures, because the depth of the structure is small
compared to the wavelength of frequencies in the critical frequency range. This
is also called coincidence in building acoustics. Bending waves introduce efficient
coupling to the surrounding medium (air), which leads to the structure radiating
efficiently sound to other spaces. [26]

It needs to be noted that generally in building acoustics adding ′-symbol to the
measure (e.g. R′

w) describes a measured result in situ and the same measure without
the symbol (e.g. Rw) describes a measured or modelled result in laboratory.

Also, in acoustics the single number quantities (SNQ) are used often to give a
glimpse of the situation. However, as the sound insulation depends on the frequency,
the derivation of the single number from the frequency bands is important. In
quantities regarding sound insulation the SNQ is usually expressed as a weighted
value (i.e. DnT vs. DnT,w). This weighting means that the SNQ is calculated by
comparing each sound insulation value in the frequency bands to a reference curve.
The reference curve depends on the measure because the reference curves are defined
so that the SNQs would describe the measure most subjectively. Thus, the SNQs
are weighted according to the most relevant frequency content of the given measure.

2.1 Airborne sound insulation
Airborne sound insulation considers the transmission loss between two spaces, when
the sound source radiates the sound to air in the source room. This can be for example
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Figure 2: Three different wave types that transfer sound energy in structures. a)
Quasi-longitudinal wave, b) shear wave, c) bending wave. [26]

a loudspeaker or a human speaker in the source room. A loudspeaker excites the air in
the room and the sound waves propagate through air to surrounding structures. From
the structures the sound is transmitted and vibrationally propagated to the receiving
room. In the receiving room, the air is again excited by the transmitted sound
waves and the vibrations of the structures, which is then caught by the measurement
microphone.

Mainly two measures are used for describing airborne sound insulation. Sound
reduction index Rw or R′

w describes the sound reduction of a single structural element.
Previously this was also used to describe the overall sound insulation between spaces.
However, according to the new regulation the overall sound insulation should be
presented with the standardized level difference D′

nT,w [27, 28]. The difference
between the parameters is that the standardized sound level difference is calculated
by comparing the reverberation time of the measured room to a reference reverberation
time. The sound reduction index is calculated by comparing the absorption area of
the measured room to a reference absorption area.

It is obvious that the absorption area used for sound reduction index might be
quite difficult to determine for rooms with furniture etc. Thus, the new standardized
level difference is more accurate, because the reverberation time can simply be
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measured, and it does not need to be evaluated by the acoustician. Also, Kylliäinen
et al. showed in their study that the standardized level difference is more accurate in
describing the sound level difference by living sounds in dwellings, which is essentially
what acousticians are measuring in situ. They showed as well that the standardized
level difference describes the sound level difference more accurately in rooms with
different volumes. [29, 28]

2.2 Impact sound insulation
Impact sounds are a result of an object hitting the structures of a building and
structural vibrations that propagate to another receiving room. In the receiving room,
the structural vibrations then stimulate the air, which enables the impact sound to
be perceived. Impact sound insulation is essentially finding means of decreasing the
structural vibrations and their propagation between spaces.

For impact sound insulation, there are also two main measures that are used
for describing the sound insulation. Normalized impact sound pressure level Ln,w

and standardized impact sound pressure level LnT,w, which both describe the sound
pressure level that is perceived in the receiving room, when a vibration source (i.e.
tapping machine) is used in the source room. The history behind the two parameters
is a bit complicated since there has been many argumentations on which parameter
is more accurate in describing the subjective annoyance caused by different impact
sounds. The problem seems to be that none of the parameters describe the impact
sound insulation very well.

In Finland, normalized impact sound pressure level was used earlier to describe
the overall sound insulation between spaces and the sound insulation of a single
structural element. The normalized impact sound pressure level is calculated by
comparing the absorption area of the receiving room to a reference absorption area.
However, according to the new regulation the overall impact sound insulation should
be presented with the standardized impact sound pressure level L′

nT,w [27, 28, 30].
The new standardized impact sound pressure level is calculated by comparing the
reverberation time of the measured room to a reference reverberation time.

Hongisto and Kylliäinen ran the ÄKK-project for the Finnish Institute of Occu-
pational Health, where they performed four psychoacoustic tests (150 participants),
a questionnaire study in multiple apartment houses (594 participants), numerous
laboratory and field measurements of sound insulation, one cognitive psychology
laboratory experiment (36 participants) and one sleep study regarding environmental
noise (21 participants). In their project they found that it is important to expand the
impact sound insulation measurements to include frequencies 50 − 3150 Hz so that
the parameter describes the subjective annoyance caused by different impact sounds
more accurately. Thus, they suggested that the single number quantity to be used
with impact sound insulation should be either Ln,w + CI,50−2500 or LnT,w + CI,50−2500.
[28] The calculation of the spectrum adaptation term is defined in the standard ISO
717-2 as

CI,50−2500 = (LnT,sum − 15 − LnT,w)dB (3)
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and

LnT,sum = 10 log10

k∑︂
i=1

10Li/10dB (4)

where k is the number of frequency bands between frequencies 50 − 2500 Hz.
Lietzén and Takala concluded in their study that the use of the standardized

impact sound pressure level is more accurate and should be used for describing the
overall impact sound insulation between spaces [30]. Also, Kemppainen found that
by switching to the use of the spectrum adapted standardized impact sound pressure
level, most of the currently used Finnish floor structures would still pass the impact
sound insulation requirement that is set for them [31].

Even though, many studies pointed out that the use of the spectrum adapted
standardized impact sound pressure level would result on an improvement on the
relation between the subjective and the objective measures, the measure has still
some errors. Efforts have been made to develop a new reference spectrum for rating
the impact sound insulation of concrete floors, which would be even more accurate
in describing the annoyance caused by impact sounds [32].

2.3 Flanking transmissions
The sound insulation between spaces is not only affected by the sound insulation
of the separating structure. The vibrational propagations of sound waves in the
tangential structures are also very important, which are called flanking transmissions.
An example of flanking transmissions of airborne sound is illustrated in Figure 3.
Vibration waves propagate in the structures as long as the structures are connected.
However, the longer the vibrations propagate the more the energy of the waves
is absorbed to the structure. Thus, usually the short propagation paths are only
interesting, because they have the most energy and most effect on the overall sound
propagation. The shortest propagation paths are called first order flanking trans-
missions, because they propagate only through one junction. For example, from
the ceiling of the source room to the ceiling of the receiving room (flanking path
Ff in Figure 3). Second order flanking transmissions are propagation paths, in
which the wave has travelled through two structural joints. These can be important
for example in cases, where impact sound insulation from downstairs to upstairs
is being investigated. As discussed later in Section 3.2, the second order flanking
transmissions are neglected in CadnaB.

In some case, the contribution of the flanking transmissions on the overall sound
transmission between spaces can be the dominant transmission path. In general, it
is well known that the sound insulation in field is always weaker than in laboratory,
and this is mostly due to the flanking transmissions. Thus, the prediction of the
flanking transmissions is very important in the design phase of buildings. However,
the prediction is challenging because the effect of the flanking transmissions to the
overall sound insulation is affected by i.e. the used structures and junctions, the used
materials and the properties of these materials, the dimensions of the rooms and the
areas of the structures.
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Figure 3: Flanking transmissions of airborne sound. [2]

The standard series EN 12354, on which CadnaB is also based, was designed
especially for the prediction of flanking transmissions. The idea was also to standardize
the calculations so that they would be generally done similarly between designers
and that the calculation method would be explicitly described in the standard. The
standard is based on the classical SEA calculation method, but in the standard the
calculation was simplified to verify the correct usage of the calculations.

Even though multiple prediction methods have been developed for flanking
transmissions, the predictions have still many uncertainties. The biggest problems are
caused by the uncertainties of the calculated sound reduction indices of unconventional
structures and vibration reduction indices of certain junctions. Especially with
lightweight structures, the junctions can be implemented in multiple ways and there
are no input data about the vibration reduction indices of some of the practical
junctions. Also, measurements of all different junction types are expensive, time
consuming and difficult to carry out.

In general, the flanking transmissions in lightweight structures are more difficult
to predict. Sound propagates in plate structures mostly as bending and transverse
waves. These waves do not transfer the energy over the junctions as easily as with
heavyweight junctions. Thus, flanking transmissions do not occur with the same
theory in lightweight structures as with heavyweight structures, which makes the
prediction more difficult. [5]
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3 Methods
This study has two methods that are used for attaining the results. The comparison
is between measured and modelled sound insulation. Thus, the presented methods
are measurement of sound insulation and modelling of sound insulation.

3.1 Measuring sound insulation
Sound insulation measurements can be divided into laboratory measurements and
measurements in situ. In this study only measurements in situ were used, thus only
those measurements are described in detail.

Since sound insulation can be divided into airborne and impact sound insulation
the measurement procedure of both parameters is presented. The measurement
procedure of both parameters is quite similar except the sound source is very different.

Most of the measurement data were collected from measurements that were carried
out during project work by other acousticians. Thus, some of the measurements were
not reported precisely enough, which made some uncertainties to the measurement
data.

3.1.1 Airborne sound insulation

Airborne sound insulation measurements are based on the standard EN ISO 16283-
1 Acoustics - Field measurement of sound insulation in buildings and of building
elements - Part 1: Airborne sound insulation. The standard describes multiple
optional methods for the measurements and usually the used method is chosen
according to the available measurement equipment.

Generally, in the default procedure, a sufficiently high broadband noise sound
pressure level is generated with a loudspeaker in the source room and the sound
pressure levels are measured in the source room and in the receiving room. The sound
pressure levels are measured with multiple loudspeaker - microphone combinations
to achieve an accurate average of the sound pressure levels. Also, during the
measurements the background noise is measured and the reverberation time of the
receiving room. These parameters are then used in the calculation.

All the calculations are done separately for each frequency band. To calculate
the standardized level difference, DnT first the energy-average sound pressure levels
of the source room L1 and the receiving room L2 are calculated as

L = 10log10(
1
n

n∑︂
j=1

10Lj/10) (5)

where n is the number of measurement positions and Lj are the sound pressure
levels from 1 to n.

After this, a correction from the background noise needs to be calculated for the
receiving room L2. If the difference between the measured signal and the background
noise is more than 10 dB, then the background noise level does not affect the results
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and no correction is needed. However, if the difference is less than 10 dB but more
than 6 dB the background noise correction is calculated as

L = 10log10(10Lsb/10 − 10Lb/10) (6)

where Lsb is the level of signal and background noise combined and Lb is the
background noise level. If the level difference is less than or equal to 6 dB, then 1.3
dB is reduced from the signal.

Now that the background noise level is regarded in the measurements the level
difference between the source room and the receiving room is calculated as

D = L1 − L2 (7)

Then the size of the receiving room is regarded according to its reverberation
time. The room’s reverberation time is compared to a reference reverberation time of
T0 = 0, 5s and this is added to the sound level difference to provide a good subjective
impression of the airborne sound insulation

DnT = D + 10log10
T

T0
(8)

where T is the reverberation time of the receiving room.
Since the sound insulation is often presented as a single number quantity the

derivation of the single number from 21 frequency bands is important. To do so the
DnT values in each frequency band is compared to a reference curve described in ISO
717-1 Acoustics — Rating of sound insulation in buildings and of building elements —
Part 1: Airborne sound insulation. The difference between the DnT and the reference
curve in each frequency band is summed up, neglecting negative differences, and the
reference curve is fitted so that the summed difference is as high as possible but less
than 32. After the fitting of the reference curve the single number quantity DnT,w

can be seen as the value of the reference curve in the 500 Hz frequency band. [33]

3.1.2 Impact sound insulation

Impact sound insulation measurements are based on the standard EN ISO 16283-
2 Acoustics. Field measurement of sound insulation in buildings and of building
elements. Part 2: Impact sound insulation. For the impact sound insulation mea-
surements, a standardized tapping machine or an impact ball is needed. These
standardized sources create signals that enable for the impact sound insulation cal-
culations, in which only the sound pressure level in the receiving room needs to be
measured and calculated.

The sound pressure level is measured in multiple source - microphone combinations
to achieve an accurate average of the impact sound insulation. The background
noise and the reverberation time in the receiving room are also measured for the
calculation.

All the calculations are done separately for each frequency band. To calculate
the standardized impact sound pressure level first the energy-average impact sound
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pressure level in a room is calculated with Equation (5). The impact sound pressure
level in the receiving room can be corrected in a case of high background noise level
with Equation (6). Then the standardized impact sound pressure level is calculated
as

L′
nT = Li + 10log10

T

T0
(9)

where Li is the energy-average impact sound pressure level, T is the reverberation
time in the receiving room and T0 is the reference reverberation time 0.5 s. This will
result in a good subjective impression of the impact sound insulation in a room.

From this the SNQ is calculated similarly as with the airborne sound insulation,
so that the measurement results are compared to a different reference curve that is
described in ISO 717-2 Acoustics - Rating of sound insulation in buildings and of
building elements - Part 2: Impact sound insulation. [34]

3.2 Modelling sound insulation
Modelling of sound insulation in buildings has been implemented in multiple software.
The modelling methods can be roughly divided into two categories: statistical energy
analysis (SEA) methods and analytic numerical methods. [3] Numerical methods
approach the problem more analytically and take more time and effort. SEA methods
try to solve the problem by simplifying the situation and statistically finding the
solution with the help of empirical data. SEA methods are faster and can be used
easily. Because the approaches are so different, the decision of method to use depends
on the case. In general, it is assumed that the numerical methods are more accurate
in low frequencies, but in the middle and high frequencies the SEA methods are
almost as accurate.

This study focuses on the use of modelling based on the European standard
EN ISO 12354 and the standard’s calculation is a simplified version of classical
SEA method that considers only first-order flanking paths. More precisely, this
study focuses on the modelling with the software CadnaB (version 2022). The
standard EN ISO 12354 describes methods for predicting the true sound insulation in
buildings, which is a product of the sound reduction index of the separating structure,
flanking transmissions, structural reverberation and vibration reduction index. The
following standards are implemented in CadnaB: airborne sound insulation between
rooms according to ISO 12354-1, 2017; impact sound insulation between rooms
according to ISO 12354-2, 2017; airborne sound insulation against outdoor sound
according to ISO 12354-3, 2017; all performance parameters according to ISO 717-1
(airborne sound insulation) and ISO 717-2 (impact sound insulation) and calculation
of ASTM-parameters (STC, OITC, IIC) [35].

One of the main differences between the classical SEA and the standardized
calculation is that the standardized calculations enabled the use of sound reduction
indexes and other laboratory measured parameters as input data. Because of this, the
measurements of important parameters for the calculations have been standardized
in EN ISO 10848 and these two standards have been developed hand in hand.
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The standard presents calculation methods for achieving the relevant parameters
for the predictions, but the preferred input data is the measured parameters. The
measured sound reduction indexes can be obtained with standardized laboratory
measurements according to standards of the EN 20140 (ISO 140) series and the struc-
tural reverberation times, vibration reduction indexes and flanking level differences
with EN ISO 10848 measurements. All these parameters can be also calculated with
theoretical or empirical methods. For the calculations, relevant data about general
building materials are provided in the standard EN 12354. In this study, the sound
reduction indexes were either calculated or obtained from measurement data from
the SAU database. Structural reverberation times and vibration reduction indexes
were obtained according to the modelling of the software, which are discussed in
Sections 3.2.4 and 3.2.5.

It has been shown that there is a lot of variance in the laboratory measurement
results between different laboratories [36, 37]. Because of this, it has been suggested
that the use of only calculated data would be more accurate as an overall prediction
method. Thus, the use of classical SEA can be argued to be more accurate as an
overall prediction method [20].

The problem with only calculation-based prediction methods is that the building
material data varies between different local building practices, which vary between
location, for example Nordic building practices. Thus, efforts have been made for
creating a Nordic database of building materials [25, 38]. For example, in this study
the SAU database was used for many typical structural elements. This database has
a collection of measured sound reduction indexes and impact sound pressure levels
of Nordic structures.

The calculation method by the standard has often been criticized, because it has
been developed to be used for heavy and homogeneous structural elements [3]. With
the work from so-called COST Action FP0702 [9] and multiple studies the prediction
of sound insulation has been extended to lightweight building elements [10, 11, 12,
13, 14, 15, 16, 17]. Thus, the European standard EN 12354-1 received and update
in 2017, where the prediction of sound insulation of lightweight structures is also
described.

The second main difference between the classical SEA and the standardized
calculation is that the standardized prediction method considers only first order
flanking paths. The classic SEA method considers higher order flanking transmissions,
but these are not used in CadnaB. Thus, the software is unable to calculate i.e.
impact sound pressure level from a room to upper rooms. It has also been shown that
the negligence of the higher order flanking paths can be an essential source for errors
in the calculations. However, it was stated that even though the predictions with
higher order flanking paths resulted in more accurate predictions, the consideration of
only first order flanking paths is already a significant improvement in the predictions,
if compared to predictions without any flanking paths. [39, 20] Also, it needs to
be noted that the dominance of the higher order flanking paths might decrease for
buildings with lightweight structures.

In general, the SEA method and the standardized method presented in EN ISO
12354 have been compared in multiple studies, because there has been mixed results
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about the accuracies [39, 20]. The advantage of the classic SEA method is that it
can be used to evaluate, which of the transmission paths in the building is dominant.
After this the calculations can be done by neglecting the unimportant transmission
paths, which simplifies the method. The comparison of the different flanking paths
is also helpful since this can be used when increasing the sound insulation by only
focusing on the dominant transmission path. In CadnaB, all the individual flanking
paths are presented in one graph, which can be used for similar purpose, however the
software considers only first-order flanking paths. Thus, it cannot be known whether
there is some other higher order flanking path that is the dominant one.

The third main difference between the classical SEA and the standardized calcu-
lation is that the standardized calculations consider only bending vibration waves
in the structures. The classical SEA method can consider all three wave-types:
bending, longitudinal and transverse. It has been discussed that the assumption of
only bending waves is quite accurate when it comes to modelling only first order
flanking paths. However, the assumption of bending waves might also cause errors
with the calculation of the flanking transmission when the propagation distances are
long (i.e. with large rooms).

However, the standardized calculation method has been shown to result in
satisfactory agreement regards to measurement results in multiple studies [25, 22, 40].
The purpose of this study was to evaluate if agreement with the positive results could
be achieved. However, in this study, the case studies were more diverse, enabling more
margin for errors. If the modelling results were sufficiently close to the measurements
in such diverse study, then the use of the standardized calculations more flexibly
could be approved.

In CadnaB, there are a few modelling parameters that can be tweaked, when
configuring the calculations. These parameters are calculation method for the
structural reverberation time (see Section 3.2.4), reference value for the reference
reverberation time T0, a correction for the radiation factor for free bending waves σ
(see Section 3.2.5), the limits for the absorption coefficient for bending wave field
at border k of an element αk (see Section 3.2.4) and the minimum resolution for
identifying vertical flanks. By default, the software uses a reference reverberation
time of T0 = 0.5 s, which is also the suggested value in the standards [41, 42] and
the software uses a resolution of 0.5 meters for identifying the vertical flanks.

The user is also able to decide, that the calculations will be done with a com-
patibility mode regards to the 2000 version of the standard. Also, the user can set
the evaluation parameters for calculations of outside transmissions. The calculation
parameters regarding the outside parameters were not used since these were irrelevant
in this study.

This study considers only modelling airborne and impact sound insulation with
software CadnaB, which uses the calculations according to the standard EN ISO
12354-1 and EN ISO 12354-2. Thus, in the following chapters only the modelling
according to these standards is described.
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3.2.1 Airborne sound insulation

Modelling airborne sound insulation, more specifically sound level difference between
rooms according to EN ISO 12354-1 is calculated by summing the sound power
radiated by the separating elements, flanking elements, direct and indirect airborne
sound transmission. The standardized calculations assume that each of the flanking
transmissions can be considered independently and the sound and vibrational fields
in the elements behave statistically. The direct airborne sound transmission describes
transmission of the sound power through small slits in the separating element. Indirect
airborne sound transmission describes transmission of the sound power through longer
and more complicated paths such as air vents. Even though the calculation of direct
and indirect airborne sound transmissions is described in the standard, these are not
used in the software CadnaB, thus they are not considered in this study.

The calculations according to the standard ISO12354-1 describe the calculation
of the apparent sound reduction index R′, which is calculated with Equation (10)

R′ = −10 log10(τ ′) (10)

where τ ′ is the sound power ratio of total radiated sound power in the receiving
room relative to incident sound power on the common part of the separating element,
which is calculated with Equation (11). The different transmission paths that are
considered are illustrated in Figure 3.

τ ′ = τd +
n∑︂

f=1
τf +

m∑︂
e=1

τe +
k∑︂

s=1
τs (11)

where τd includes paths Dd and Fd, τf includes paths Ff and Df , τe considers
the direct airborne transmission, τs considers the indirect airborne transmission, n is
the number of flanking elements, m is the number of elements with direct airborne
transmission and k is the number of elements with indirect sound transmission.

The transmission factors are calculated generally with the use of sound reduction
index of the given element as shown in Equation (12).

τDd = 10−RDd/10 (12)

From the calculated apparent sound reduction index, that is calculated according
to the standard, the standardized level difference can be calculated with Equation
(14). The correction term simply calculates the reverberation time of the receiving
room according to Sabine’s Equation (13) as derived in Equation (14). However, this
correction term is not yet adapted to the software CadnaB, but due to the simplicity
of the Equation it was calculated by hand to the prediction results.

T = 0, 161V

A
(13)
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DnT = R′ + 10 log10(
0, 161V

T0Ss

)

= D + 10 log10(
Ss

A
) + 10 log10(

0, 161V

T0Ss

)

= D + 10 log10(
T

T0
)

(14)

where V is the volume of the receiving room, Ss is the area of the separating
element, D is sound pressure level difference between the rooms and A is the
absorption area of the receiving room.

The calculation of the sound reduction index of the direct transmission path
(RDd) is calculated with Equation (15)

RDd = Rs,situ + ∆RD,situ + ∆Rd,situ (15)
where Rs,situ is the in situ value of the sound reduction index of the separating

element, ∆RD,situ is the in situ value of the sound reduction index improvement by
additional layers added to the separating element in the source room and ∆Rd,situ
is the in situ value of the sound reduction index improvement by additional layers
added to the separating element in the receiving room. The calculation of the in
situ values is described in Section 3.2.3.

The calculation of the sound reduction index of the flanking transmission paths
(RF f , RF d and RDf ) is calculated with Equation (16) for type A elements.

Rij = Ri,situ

2 + ∆Ri,situ + Rj,situ

2 + ∆Rj,situ + Dv,ij,situ + 10 log10(
Ss√︂
SiSj

) (16)

where i is the element from which the sound is propagating to element j, Dv,ij,situ
is the in situ value of the normalized direction-averaged velocity level difference
between element i to element j, Ss is the area of the separating element, Si is the
area of element i and Sj is the area of the flanking element j.

The calculation of the sound reduction index of the flanking transmission paths
(RF f , RF d and RDf) can be calculated with Equations (17) and (18) for type B
elements. The difference between the Equations is that the first uses the in situ value
of the flanking normalized level difference (Dn,f,ij,situ), which is usually attained via
laboratory measurements of the given element. Thus, the use of the first Equation is
quite rare and the latter Equation is used in this study.

Rij = Dn,f,ij,situ + 10 log10(
Ssllab

A0lij
) (17)

where lij is the common coupling length of in the junction between elements i
and j and llab is a reference value.

Rij = Ri

2 + ∆Ri + Rj

2 + ∆Rj + Dv,ij,n + 10 log10
Ss

l0lij
(18)
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where Dv,ij,n is the normalized direction-averaged velocity level difference between
element i to element j and l0 = 1 m is a reference value. As it can be seen, the
in situ values are not used for type B elements since they are assumed equal to
the laboratory values. However, with the normalized direction-averaged velocity
level difference (Dv,ij,n) the in situ value is actually taken into account, but in the
Equation (18) it has been opened and further derived. This enables that calculations
with type B elements can be made without transformation to in situ values.

3.2.2 Impact sound insulation

Modelling impact sound insulation more specifically impact sound pressure level
in the receiving room according to EN ISO 12354-2 is calculated by modelling the
direct impact sound propagation and the first order flanking transmissions. The
standardized calculations assume that each of the flanking transmissions can be
considered independently and the sound and vibrational fields in the elements behave
statistically. This results in a calculation method, where the impact sound pressure
level is obtained by addition of the energy from each transmission path. [43]

In the calculation of the impact sound pressure level the transmission paths that
are taken into account are presented in Figure 4, where D and d indicates the direct
transmission and F and f indicates the flanking transmissions.

Figure 4: Transmission paths of impact sound insulation modelling. [43]

The impact sound pressure level in the receiving room is calculated with Equation
(19) for rooms above each other. The impact sound pressure level in the receiving
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room is calculated with Equation (20) in a case of adjacent rooms.

L′
n = 10 log10(10Ln,d/10 +

n∑︂
j=1

10Ln,ij/10) (19)

L′
n = 10 log10

n∑︂
j=1

10Ln,ij/10 (20)

where Ln,d is the normalized impact sound pressure level due to direct transmission,
Ln,ij is the normalized impact sound pressure level due to flanking transmission and
n is the number of elements.

Since the standard defines only calculation method for the normalized impact
sound pressure level, an equation for calculating the standardized impact sound
pressure level from this is given as Equation (21). The correction term simply
calculates the reverberation time of the receiving room according to Sabine’s Equation
(13) as derived in Equation (21). However, this correction term is not yet adapted to
the software CadnaB, but due to the simplicity of the Equation it was calculated by
hand to the prediction results.

L′
nT = L′

n − 10 log10(
CSabV

A0T0
)

= Li + 10 log10(
A

A0
) − 10 log10(

CSabV

A0T0
)

= Li − 10 log10(
T

T0
)

(21)

where CSab = 0.16 s/m is the Sabine constant, V is the volume of the receiving
room, Li is the impact sound pressure level in the receiving room and A is the
absorption area of the receiving room.

The calculation of the normalized impact sound pressure level due to direct
transmission is calculated with Equation (22).

Ln,d = Ln,situ − ∆Lsitu − ∆Ld,situ (22)

where Ln,situ is the in situ value for the normalized impact sound pressure level,
∆Lsitu is the in situ value for the improvement of the normalized impact sound pressure
level due to additional layers and ∆Ld,situ is the in situ value for the improvement of
the normalized impact sound pressure level due to additional layers on the receiving
room side of the separating element. Calculation of the in situ values is described in
Section 3.2.3.

The calculation of the normalized impact sound pressure level due to flanking
transmissions is calculated with Equation (23) for type A elements.

Ln,ij = Ln,situ − ∆Lsitu + Ri,situ − Rj,situ

2 − ∆Rj,situ − Dv,ij,situ − 10 log10

√︄
Si

Sj

(23)
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where Ri,situ is the is situ value of the sound reduction index of the excited floor,
Rj,situ is the in situ value of the sound reduction index for impact direct transmission
of flanking element j in the receiving room, ∆Rj,situ is the in situ value of the sound
reduction index improvement by internal layers of flanking element j in the receiving
room, Dv,ij,situ is the in situ value of the normalized direction-averaged velocity level
difference between element i to element j, Si is the area of the excited floor and Sj

is the area of the flanking element j.
The calculation of the normalized impact sound pressure level due to flanking

transmissions can be calculated with Equations (24) and (25) for type B elements.
The difference between the equations is that the first uses the in situ value of the
normalized flanking impact sound pressure level (Ln,f,ij,situ), which is usually attained
via laboratory measurements of the given element. Thus, the use of the first Equation
is quite rare and the latter Equation is used in this study.

Ln,ij = Ln,f,ij,situ − 10 log10(
Sillab

Si,lablij
) (24)

where lij is the common coupling length of in the junction between elements i
and j and llab is a reference value.

Ln,ij = Ln,ii − ∆Li + Ri − Rj

2 − ∆Rj − Dv,ij,n − 10 log10
Si

l0lij
(25)

where Dv,ij,n is the normalized direction-averaged velocity level difference between
element i to element j and l0 = 1 m is a reference value.

3.2.3 In situ values

Because the input data that is used for all the structural elements is always at-
tained from laboratory measurements, a transformation from the laboratory data
to approximation of the in situ values is needed. For the improvement of sound
insulation due to additional layers, the in situ values are taken as the laboratory
values, since this is assumed to be accurate enough approximation [2, 43]. For the
actual structural elements, the in situ values of the sound reduction index (Rsitu)
or the impact sound pressure level (Ln,situ) is corrected with a relation between the
structural reverberation times in situ and in laboratory. That is as Equation (26)
and (27)

Rsitu = R − 10 log10(
Ts,situ

Ts,lab
) (26)

Ln,situ = Ln + 10 log10(
Ts,situ

Ts,lab
) (27)

where Ts,situ is the in situ structural reverberation time for the element and Ts,lab
is the structural reverberation time for the element in the laboratory. However, with
type B structures an estimation of Ts,situ = Ts,lab is used, which leads to a correction
term of 0 dB. Thus, with type B elements Ln,situ = Ln and Equation (27) is used
only for type A elements.
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The calculation of the in situ value of the normalized direction-averaged velocity
level difference is calculate with Equation (28). It is instructed that the Equation
(28) should be used for junctions between type A and B elements [43].

Dv,ij,situ = Kij − 10 log10(
lij√

ai,situaj,situ
); Dv,ij,situ ≥ 0dB (28)

where Kij is the vibration reduction index between elements i and j and ai,situ and
aj,situ are the in situ values for the equivalent absorption length. The in situ values
for the equivalent absorption length are calculated similar to the normal absorption
length but with the in situ value of the structural reverberation time. The calculation
of the vibration reduction index and the normal absorption length is described in
3.2.4.

3.2.4 Structural reverberation time

One essential parameter with the modelling is the structural reverberation time (Ts),
which affects the vibration reduction index and the transformation of the laboratory
values into in situ values. It needs to be noted that the structural reverberation
time affects only type A elements, since the vibration reduction index is not used
for calculating the transmission between type B elements and the in situ values are
assumed equal to the laboratory values with type B elements. Vibration reduction
index describes how well a structure attenuates vibrations. Thus, a high vibration
reduction index indicates low structural flanking. Vibration reduction index is
calculated as

Kij = Dv,ij + Dv,ji

2 + (10lg
lij√
aiaj

) (29)

where Kij is the vibration reduction index, Dv,ji is the velocity level difference
between element i and j, when element i is excited, Dv,ji is the velocity level difference
between element j and i, when element j is excited, lij is the common length of the
junction between element i and j, ai is the equivalent absorption length of element i
and aj is the equivalent absorption length of element j.

Then the equivalent absorption length is calculated as

a = 2, 2π2S

c0Ts

√︄
fref

f
(30)

where Ts is the structural reverberation time of the element i or j, S is the area
of element i or j, f is the centre band frequency, fref is the reference frequency 1 000
Hz and c0 is the speed of sound in air.

Thus, the vibration reduction index depends on the equivalent absorption length
of the structure and the equivalent absorption length depends on the structural
reverberation time. The standard EN 12354-1 instructs that the structural reverber-
ation time is calculated according to its Annex C. However, the calculation method
described in EN ISO 12354-1 Annex C is quite complicated and has not yet been
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implemented in the software CadnaB. Fishcer et al. stated the same in their study
about comparing different calculation methods of Ts [44].

Because the official calculation method according to Annex C is not available
in the CadnaB, the available Ts calculation methods are: simplified model, method
according to Craik [45] and a method presented by Fischer et al. [44].

CadnaB Manual states the following about the simplified model. "The parameters
for identifying the sound insulation of components are viewed as situation-invariant.
For joints, the equivalent absorption lengths are calculated based on the areas of the
components coupled at the respective joint." [35] Thus, the simplified model does not
model the structural reverberation time but only calculates the equivalent absorption
length according the geometry of the junction.

The Ts model by Craik is presented in a paper, which could not be accessed. Thus,
the Ts model could not be reviewed. However, other articles of Craik [45, 39] have
been reviewed and based on these the author has a history of studying the accuracy of
classical SEA methods, the use of higher-order flanking paths and considering other
vibration waves than bending waves. Thus, it is assumed that the Ts model by Craik
regards also in-plane vibration in structural elements. Usually only bending waves
are included in the calculations, because they have been thought to be the dominant
method for structural flanking. However, Craik showed that for transmission over
larger distances and in cases of transmission across several structural joints the
in-plane vibration is also important. Craik reported that the technique can be used
at lower frequencies, but interference associated with bending waves will usually limit
its application at high frequencies unless the in-plane vibration is very high. [45]

Fischer et al. presented their calculation model of the total loss factor, which
is inversely proportional to the structural reverberation time, in the same study
where they compared different calculation methods for total loss factor [44]. They
compared their own model to numerous measurements and to the one presented
in EN ISO 12354-1 Annex C and to a simplified model. The simplified model is
apparently similar, to the simplified model in CadnaB. They showed that their
much more simpler calculation model than the one proposed in the standard was
also more accurate, when comparing to the measurements results. [44] However,
it needs to be noted that the measurements that were under comparison included
only heavyweight structures. Thus, they showed that the accuracy of the calculation
model is dependent on the building to have only heavyweight structures.

Even though the limits for the absorption coefficient for bending waves when
calculating the structural reverberation time can be manually set, it is not clear
whether this parameter has any effect on the results, since the parameter is related
to the calculation of structural reverberation time according to the Annex C in EN
ISO 12354-1. As mentioned above, this calculation method is unavailable in the
software. Thus, it could be assumed that the αk has no effect on the calculations.
The only reason why this parameter would affect the results would be if the structural
reverberation time calculation according to Craik would involve this parameter.
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3.2.5 Modelling flanking transmissions

The actual calculation methods for flanking transmissions are described earlier in
Sections 3.2.1, 3.2.2 and 3.2.4. In this section the methods of calculating these in
CadnaB are discussed.

The sound propagation over the flanking paths depends on the direction-averaged
velocity level difference of a junction, the vibration reduction index of junction and
the structural reverberation time of an element. Even though there are calculation
methods for these measures, the calculation methods require multiple parameters
about the materials. Thus, calculation of these is not as simple as it can be assumed.
Also, a user of CadnaB is unable to input such precise information about the materials.
Thus, it remains a question, how some of these measures are derived in the software.

The manual of the software CadnaB does not cover the modelling in detail and
explain the calculation methods. The manual describes that the calculations are
done according to the standard EN ISO 12354 and there are also literature references
to the calculation models of structural reverberation time. [35] The calculation of
vibration reduction indices are done with different formulas according to the junction.
The standard defines multiple junctions for which the vibration reduction index can
be calculated. [2] However, in the software there is also a lot more junction types that
are added and it is not explained, how the vibration reduction index is calculated for
these additional junctions. The assumption is that for the additional junctions the
vibration reduction index is taken from a set of values, which have been derived from
laboratory measurements according to EN ISO 10848 or by numerical calculation
methods (i.e. FEM [46], semi-analytical wave approach [47] or spectral FEM [48]).

The calculation of in situ value for the direction-averaged velocity level difference
of a type A junction is basically calculated according to the vibration reduction index.
It has been shown that the accuracy of calculating the junction velocity level difference
is not as accurate as when calculating with SEA method [20]. For calculations of
type B elements, the direction-averaged velocity level difference requires measured
values of the parameter in the given elements. Since this parameter is not mentioned
anywhere in the CadnaB manual, it is assumed that the calculation of this parameter
is done similarly to the type A parameter.

In CadnaB, the user can set the correction for the radiation factor for free bending
waves. With this setting the user can set a correction for rigid flanking elements and
lightweight elements. The user is also able to not set any correction. This correction
affects the calculation of the flanking transmissions below the critical frequency.
Thus, the correction does not affect the direct sound reduction of the separating
structure. It is not clear, how this setting works, but the assumption is that the
setting would enable even more accurate calculations in a case, where the flanking
structures are either only rigid or only lightweight. Due to the uncertainty, the use
of this setting is presented in this study.

Regarding overall calculations of the sound reduction index of the flanking trans-
missions alone, Mahn concluded in his doctoral thesis that the calculations according
to the older version of EN ISO 12354 did not perform accurately in the prediction [49].
Also, Mašovic concluded in his paper that inaccuracies of the vibration reduction
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indices can lead to the variations of the resulting sound insulation values up to several
decibels [50].

In general, there are some rules of thumb, when considering the flanking trans-
missions in buildings. With heavyweight structures (i.e. concrete) the vibration
reduction index of the junction increases when the number of structures in the
junction increases or when the difference between the surface masses of the structures
in the junction increases. For example, the vibration reduction index of a concrete
cross-junction is approximately 9 dB and the vibration reduction index of a concrete
T-junction is approximately 6 dB. Also, when an elastic junction is used with
heavyweight structures, the vibration reduction index of the junction can be up
to 10 dB higher than that of a rigid junction. In a cross-junction of heavyweight
structures and lightweight structures, the lightweight structures do not significantly
increase the mass of the junction, which would increase the vibration reduction
index, when examining the flanking transmission through the heavyweight structure.
However, the vibration reduction index of such junction is high, when examining
the propagation of the flanking transmissions from the lightweight structure to
the heavyweight structure. This is because the contact between a lightweight and
heavyweight structure is always weak. [5]

3.3 Comparison
In other references standard deviation between measurements and calculations has
been reported. However, it is a bit unclear how the standard deviation is defined
between measurements and calculations. In this study an average difference between
measurements and calculations was used, which was calculated with Equation (31).
Also, standard deviation between the differences of every situation was used as a
measure of reliability. For example, if it was found that the average difference between
measurements and calculations was DnT,w = 2 dB, but the standard deviation for the
differences in each situation was relatively high, it could be stated that the reported
average difference is not very reliable and more data is needed.

x =
k∑︂

i=1

|(ai − bi)|
k

(31)

Where x is the average difference, k is the number of modelled situations, ai

is the modelled value in a single situation and bi is the measured value in a single
situation.

In the study, multiple parameters were calculated to experiment, if some parameter
is more accurate to model than others. The parameters that were examined were:
apparent sound reduction index R′, standardized level difference DnT , normalized
impact sound pressure level L′

n, standardized impact sound pressure level L′
nT and

spectrum adaptation term for impact sound pressure level CI,50−2500.
The standard EN ISO 12354-1 reports that for buildings of homogeneous structural

elements (i.e. brick walls, concrete, gypsum blocks) the prediction of the SNQs has
on average a standard deviation of 1.5...2.5 dB. However, it is stated that the larger
standard deviation of 2.5 dB applies in situations where the structural reverberation
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time is neglected. [2] Even though, the structural reverberation time is not neglected
in this study, it is not calculated according to the standard. Thus, it can be assumed
that the standard deviation is closer to the larger value.

Similar standard deviations have been reported for prediction of airborne sound
reduction in other studies [25, 22, 19]. Also, a standard deviation of 3.1...3.2 dB
was reported for lightweight structures in [25]. Lang reported in his study that the
standardized level differences (D′

nT,w) in buildings with concrete floors and lightweight
walls had a standard deviation of 0.4 dB in horizontal measurements and 0.3 dB
in vertical measurements [51]. However, it needs to be noted that Lang used the
simplified calculation method from the standard, which is not used in this study.

The standard EN ISO 12354-2 reports that for buildings of homogeneous structural
elements (i.e. brick walls, concrete, gypsum blocks) the prediction of the SNQs for
vertical calculations has an average standard deviation of 2 dB. For horizontal
calculations, the predicted SNQs can be overestimated up to 5 dB and the standard
deviation is on average 3 dB. The bias is expected to be caused largely by neglecting
the structural reverberation time. [43] Thus, the appearance of the bias can be
assumed in our predictions because of the same purpose as the higher standard
deviation in predicted sound reduction indexes.

Similar standard deviations have been reported for prediction impact sound
pressure levels in other studies [25, 22]. However, Simmons reported in his doctoral
thesis a standard deviation of 3.4 dB for vertical impact sound pressure level prediction
and a standard deviation of 3.1 dB for impact sound pressure level with spectrum
adaptation term (L′

n,w + CI,50−2500) in heavyweight buildings [19]. Also, a standard
deviation of 5.4 dB was reported for lightweight structures in [25].

Mahn discussed in his doctoral thesis that comparisons of the SNQs between
the EN ISO 12354 calculations and measurements can be inaccurate assessments
of the accuracy of the EN ISO 12354 in cases where the direct transmission is the
dominant path. Mahn had made a case study of comparing calculated and measured
sound reduction indices for adjacent rooms, where also the flanking transmissions
were measured with sound intensity measurements. By comparing the calculated
flanking sound reduction indices to measured ones, he concluded that there was a lot
of difference. However, in his case study the sound reduction index of the separating
structure was the dominant path, which led to the result of only 1 dB difference
between the measured and calculated total apparent sound reduction indices. [49]

The reported standard deviations from different literature are collected in Table
1.

1Calculation according to the simplified method in the standard, which includes only SNQ
calculations.
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Table 1: Standard deviations between calculations and measurements reported in
different references.
Structure Examination Reference R′

w

[dB]
D′

nT,w

[dB]
L′

n,w

[dB]
L′

n,w +
CI,50−2500
[dB]

Heavy

Horizontal

EN ISO 12354
[2, 43]

2.5 3

Pedersen [25] 1.9
Metzen [22] 2.5
Lang 1 [51] 0.4

Vertical

EN ISO 12354
[2, 43]

2.5 2

Pedersen [25] 2.6 3.1
Simmons [19] 2.4 3.4 3.1
Lang 1 [51] 0.3

Light Horizontal Pedersen [25] 3.1
Vertical Pedersen [25] 3.2 5.4
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4 Case Studies
In this chapter the case studies are presented. Each of the case is first discussed
theoretically as a phenomenon and after that the performed study is presented.

Due to lack of precision in the documentation for the CadnaB, the effects of some
of the modelling parameters are uncertain. Thus, the use of these parameters is
presented. By default the software uses a reference reverberation time of T0 = 0.5 s,
which is also the suggested value in the standards [41, 42] and the software uses a
resolution of 0.5 meters for identifying the vertical flanks. Also, it is assumed that αk

has no effect on the calculations, because the calculation of structural reverberation
time according to EN ISO 12354-1 Annex C is not yet implemented in the software.
Thus, the default values for this parameter were used.

The calculation configurations that are varied and reported are calculation method
for the structural reverberation time, the correction for the radiation factor for free
bending waves σ and the usage of the compatibility mode according to the older
version of the standard EN ISO 12354.

4.1 Effect of suspended ceiling
Adding a suspended ceiling to a room is usually done to increase the airborne and
impact sound insulation coming from the above room. In this traditional situation,
the suspended ceiling essentially works as an additional construction layer to the floor.
In this study, the interest was also in the effect of the suspended ceiling improving
the sound insulation between two adjacent spaces. This type of use of the suspended
ceiling affects the flanking transmissions by reducing the flanking through the ceiling.

The suspended ceiling is also usually built with materials that have a high sound
absorption coefficient, thus decreasing the reverberation time of the receiving room
and decreasing the sound pressure level increase due to reverberation.

A suspended ceiling is effective as an additional sound insulation, because an air
gap is often left between the suspended ceiling and the real ceiling. An air gap is an
effective way of improving the sound insulation of a single structure, however it enables
a resonance to be introduced inside the structure due to mass-air-mass phenomena.
This resonance inside the structure can also decrease the sound insulation of the
structure if the resonance is in the critical frequency range. If a resonance is found
due to the suspended ceiling, it can be quite effectively removed by filling the air
gap with an absorbent material such as mineral wool.

The additional sound insulation of the suspended ceiling depends a lot on the
connection, which is used to install the suspended ceiling. The more flexible the
connection, the better. Every solid connection from the floor to the suspended ceiling
acts as a leakage for structural vibration, thus as a leakage for the sound. [8]

An idea presented by Mikko Kylliäinen was tested by Latvanne in his master’s
thesis, that with a wooden floor the improvement of impact sound insulation due to
suspended ceiling can be evaluated with the help of the improvement of the airborne
sound insulation. Latvanne found that especially with suspended ceilings that are
installed with a flexible connection to the wooden floor, Equation (32) holds very
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accurately. [8]

∆Lsc = Rw − Rw,raw (32)

where ∆Lsc is the improvement of the impact sound insulation due to the sus-
pended ceiling, Rw is the sound reduction index of the floor with the suspended
ceiling and Rw,raw is the sound reduction index of the floor without the suspended
ceiling.

In a case, where the suspended ceiling affects the sound insulation between
adjacent rooms, the improvement of the sound insulation is presented with a suspended
ceiling normalized level difference Dn,c,w or normalized flanking level difference Dn,f,w.
These measures are calculated as

Dn,c = Dn,f = D − 10 log10(
A

A0
) (33)

where D is the SPL difference between the adjacent rooms, A is the equivalent
absorption area in the receiving room and A0 = 10m2 is the reference absorption
area. The laboratory measurement procedure of the suspended ceiling normalized
level difference a single suspended ceiling is presented in the standard ISO 140-9
Acoustics — Measurement of sound insulation in buildings and of building elements

— Part 9: Laboratory measurement of room-to-room airborne sound insulation of a
suspended ceiling with a plenum above it. [52]

There are two types of situations of the suspended ceiling for adjacent rooms:
the suspended ceiling is disconnected at the separating wall or the suspended ceiling
continues over the separating wall. These are illustrated in Figure 5. The latter
situation results in worse sound insulation but the sound insulation can be improved
by adding a sound barrier on top of the suspended ceiling [53]. The latter situation
cannot be modelled with the used software CadnaB because the wall height cannot
be set different than the room height.

Figure 5: Suspended ceiling affecting the sound insulation between adjacent rooms.
On the left picture the suspended ceiling is disconnected at the separating wall and
on the right picture the suspended ceiling continues over the wall, which results in
poor sound insulation.
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A rule of thumb with the suspended ceiling normalized level difference Dn,c,w is
that, if it is desired that the suspended ceiling does not decrease the sound insulation
between the adjacent rooms, the value of Dn,c,w should be 6 dB higher than the
sound reduction index Rw of the wall [5].

The modelling of suspended ceilings is done by simply adding the improvement of
sound reduction index and improvement of impact sound insulation to the calculations
according to the standard EN-12354. Thus, the predictions do not calculate, i.e.
the flanking transmission that occur through the studs of the suspended ceiling or
the effect of the absorption of the suspended ceiling. However, these are regarded
when the suspended ceiling is measured in the laboratory. It cannot be assumed
that this would still describe the situations precisely, but the modelling does take
the differences of the suspended ceilings and their connections into account to some
extent.

4.1.1 Situation 1

This situation concerned a renovation in an old building. Thus, there was some
uncertainties regarding the structures. A condition survey was used as a primary
source of information about the building. The study involved examining vertical
airborne and impact sound insulation between a large gym and office rooms below
the gym. Two different office rooms were measured and modelled, since there was a
room with suspended ceiling and the other room did not have a suspended ceiling.
Thus, the effect of the additional suspended ceiling could be studied in this situation.

In the condition survey, a structural opening was done from the gym floor. So,
the floor structure in field was quite certain. However, airborne and impact sound
insulation data about the floor structure alone were quite challenging to achieve
because the floor structure was very complicated. The floor structure was modelled
with Insul, but the model was eventually tweaked by comparing the Rw and Ln,w

values to the measurement results. Due to limitations in Insul, the modelled floor
structure was different to the floor structure in field, but the acoustical properties of
the modelled floor were quite similar. The suspended ceiling structure in field was
also unknown, but the modelled suspended ceiling was chosen based on the acoustical
properties of the suspended ceiling. Two different suspended ceiling structures were
used in the model.

The geometry of the situation is presented in Figure 6. The red room is the
gym, which was the source room. The light green room is the receiving office room
without suspended ceiling and the light blue room is the receiving office room with
suspended ceiling.

The structures are described in the Table 2. Only the junction between the heavy
wall of the gym had a rigid X-junction. The heavy wall continues to the below offices.
However, the heavy wall continues as the exterior wall in the offices and the structure
is thus a bit different. Other junctions were mostly T-junctions. It was reported
that some of the interior walls are brick walls and some of the interior walls are
lightweight double structures. Thus, also the flanking walls were quite uncertain in
the calculations. The sound reduction indices, the impact sound pressure levels and
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Figure 6: The case study 1 on the effect of a suspended ceiling to sound insulation.
The red room is the gym, which was the source room. The light green room is
the receiving office room without suspended ceiling and the light blue room is the
receiving office room with suspended ceiling.

the improvement of the impact sound pressure levels as a function of frequency are
plotted in Figure 7.
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Table 2: The descriptions of the structures in the situation 1. The predicted or
measured acoustical properties of the structures are also presented and the source
for these acoustical properties.
Structure Description Rw/Ln,w

[dB]
Source

Floor in field 58 mm wood planks, 100 mm tim-
ber studs, 320 mm concrete beams
+ construction waste as filling, ≈
40 mm concrete

-/-

Floor model 60 mm pine, 100 mm timber studs
k400, 13 mm plasterboard, 50 mm
air gap, 30 mm concrete

67/58 Insul

Heavy flanking
wall, gym

20 mm render, 250 mm porous
brick (275 kg/m2), 20 mm render

55/- SAU
Database

Heavy flanking
wall, offices

620 mm brick (960 kg/m2), 20 mm
render

73/- SAU
Database

Lightweight
flanking walls,
offices

13 mm plasterboard, 95 mm elas-
tic steel stud k450 (i.e. Gyproc
XR) + 45 mm mineralwool, 13
mm plasterboard

45/- SAU
Database

Suspended ceil-
ing 1

Parafon Decibel 35 (7 kg/m2) with
45 mm mineral wool (40 kg/m3),
height 400 mm

13/11 SAU
Database

Suspended ceil-
ing 2

12.5 mm Gyproc plasterboard
GN13 (9 kg/m2), 150 mm sus-
pended light steel grid k600 + 40
mm mineral wool (33 kg/m3)

11/11 Insul

Figure 7: Sound reduction indices, the impact sound pressure levels and the improve-
ment of the impact sound pressure levels of the structures in situation 1.



39

4.1.2 Situation 2

This situation concerned measurements in a new dwelling. The study involved
examining vertical and horizontal airborne and impact sound insulation between two
small bedrooms. In field, there was no suspended ceiling in the bedroom, so the effect
of the suspended ceiling was only studied with the calculations. The measurements
were used to verify the accuracy of the model and after the verification the suspended
ceiling was added to the model. Thus, the intend of this case was not to verify
the accuracy of modelling the suspended ceiling but to investigate what kind of
suspended ceiling structure would be convenient to achieve better sound insulation
between the spaces. In general, the regulation for the airborne sound level difference
between bedrooms is 55 dB and the regulation for the impact sound pressure level is
LnT,w + CI,50−2500 ≤ 53 dB [27]. The interest was in achieving the airborne sound
insulation of DnT,w ≥ 60 dB, which is the recommendation between i.e. a club room
and a dwelling [1].

The geometry of the situation is presented in Figure 8. The red room is the
bedroom, which was the source room. The blue room is the receiving adjacent
bedroom. The floor plan of the building is similar below, thus the receiving bedroom
below the source room is identical to the red room in the Figure 8.

Figure 8: The case study 2 on the effect of a suspended ceiling to sound insulation.
The red room is the bedroom, which was the source room. The blue room is the
receiving adjacent bedroom.
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The structures are described in the Table 3. All the junctions were rigid X-
junctions except for the lightweight X-junctions. The sound reduction indices, the
impact sound pressure levels and the improvement of the impact sound pressure
levels as a function of frequency are plotted in Figure 9.

Table 3: The descriptions of the structures in the situation 2. The predicted or
measured acoustical properties of the structures are also presented and the source
for these acoustical properties.
Structure Description Rw/Ln,w

[dB]
Source

Floor 3-20 mm concrete topping, 370
mm hollow core slab (510 kg/m2)

63/77 SAU Database

Heavy flanking
wall

200 mm concrete 60/- SAU Database

Exterior wall 80 mm concrete, 170 mm mineral
wool, 150 mm concrete

55/- SAU Database

Light flanking
walls

12 mm plasterboard, 95 mm steel
stud k600, 12 mm plasterboard

38/- SAU Database

Floor cover Parquet on Tuplex 1/19 SAU Database
Suspended ceil-
ing 1

Parafon Decibel 35 (7 kg/m2) with
45 mm mineral wool (40 kg/m3),
height 400 mm

13/11 SAU Database

Suspended ceil-
ing 2

12.5 mm Gyproc plasterboard
GN13 (9 kg/m2), 150 mm sus-
pended light steel grid k600 + 40
mm mineral wool (33 kg/m3)

11/11 Insul

Figure 9: Sound reduction indices, the impact sound pressure levels and the improve-
ment of the impact sound pressure levels of the structures in situation 2.
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4.1.3 Situation 3

This situation concerned measurements in a new dwelling. The study involved
examining vertical airborne and impact sound insulation between a larger living
room and a small bedroom. Measurements were carried out from the living room
above, but in field there was no suspended ceiling in the bedroom. Thus, the effect of
the suspended ceiling was only studied with the calculations similarly to the previous
case study. The measurements were used to verify the accuracy of the model and
after the verification the suspended ceiling was added to the model. Thus, the
intend of this case was not to verify the accuracy of modelling the suspended ceiling
but to investigate what kind of suspended ceiling structure would be convenient to
achieve better sound insulation between the spaces. In general, the regulation for
the airborne sound level difference between bedrooms is 55 dB and the regulation
for the impact sound pressure level is LnT,w + CI,50−2500 ≤ 53 dB [27]. The interest
was in achieving the airborne sound insulation of DnT,w ≥ 60 dB, which is the
recommendation between i.e. a club room and a dwelling [1].

The bedroom was partly below the living room, but they were not perfectly
aligned. The geometry of the situation is presented in Figure 10. The red room
is the living room, which was the source room, and the blue room is the receiving
bedroom. As it can be seen in the Figure 10, most of the living room area is not
above the bedroom. However, in this case the sources were placed close to the corner
of the receiving bedroom, thus focusing the sound energy on the structures near the
receiving room. However, it is uncertain, if the predicted results concern the whole
living room as an average, or if the results concern only the area of the living room
that is above the bedroom.

The structures are described in the Table 4. The junctions were T-junctions. The
sound reduction indices, the impact sound pressure levels and the improvement of
the impact sound pressure levels as a function of frequency are plotted in Figure 11.
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Figure 10: The case study 3 on the effect of a suspended ceiling to sound insulation.
The red room is the living room, which was the source room. The blue room is the
receiving bedroom.

Figure 11: Sound reduction indices, the impact sound pressure levels and the im-
provement of the impact sound pressure levels of the structures in situation 3.
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Table 4: The descriptions of the structures in the situation 3. The predicted or
measured acoustical properties of the structures are also presented and the source
for these acoustical properties.
Structure Description Rw/Ln,w

[dB]
Source

Floor 280 mm concrete 64/70 SAU Database
Exterior wall 80 mm concrete, 170 mm mineral

wool, 150 mm concrete
55/- SAU Database

Heavy flanking
wall, bedroom

200 mm concrete 60/- SAU Database

Lightweight
flanking wall,
bedroom

12 mm hard plasterboard, 70 mm
metal studs k450 + 45 mm min-
eral wool, 12 mm hard plaster-
board

46/- SAU Database

Floor cover Parquet on Tuplex 1/19 SAU Database
Suspended ceil-
ing 1

Parafon Decibel 35 (7 kg/m2) with
45 mm mineral wool (40 kg/m3),
height 400 mm

13/11 SAU Database

Suspended ceil-
ing 2

12.5 mm Gyproc plasterboard
GN13 (9 kg/m2), 150 mm sus-
pended light steel grid k600 + 40
mm mineral wool (33 kg/m3)

11/11 Insul
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4.2 Impact sound insulation of roof terraces
Theoretically the impact sound insulation of roof terraces is very similar to impact
sound insulation in any case. The reason why this case is interesting, is because in
Finland there is a regulation for the impact sound pressure level from a roof terrace
to a dwelling to be ≤ 53 dB [1]. Thus, it is a case that is quite often considered
during the design phase of a building. Of course, the structures that are used for
the floors in roof terraces differ from the floors inside buildings and there is more
uncertainty on the structural junctions. Otherwise, the impact sound insulation of
roof terraces is designed very similarly to normal impact sound insulation.

4.2.1 Situation 4

In this situation the impact sound insulation between a roof terrace and a living
room of a dwelling was modelled. The living room was below the roof terrace, but
they were not perfectly aligned. Thus, the terrace was only partly above the living
room. The geometry of the situation is presented in Figure 12. The red room is the
terrace, which was the source room, and the blue room is the receiving living room.
As it can be seen in the Figure 12, most of the living room area is not below the
terrace, which results in deviations of impact sound pressure levels inside the living
room. This already causes some uncertainty in the measurement data. Also, it is
uncertain, if the predicted results concern the whole living room as an average, or if
the results concern only the area of the living room that is below the terrace.

The structures are described in the Table 5. Only the junctions between the heavy
wall of the terrace had a rigid X-junctions. Other junctions were mostly T-junctions.
The sound reduction indices, the impact sound pressure levels and the improvement
of the impact sound pressure levels as a function of frequency are plotted in Figure
13.

Table 5: The descriptions of the structures in the situation 4. The predicted or
measured acoustical properties of the structures are also presented and the source
for these acoustical properties.
Structure Description Rw/Ln,w

[dB]
Source

Floor 100 mm concrete paving, 50 mm
sand, 300 mm XPS insulation, 260
mm concrete

87/38 Insul

Flanking wall 1 200 mm concrete 60/- SAU Database
Flanking wall 2 12 mm hard plasterboard, 70 mm

metal studs k450 + 45 mm min-
eral wool, 12 mm hard plaster-
board

46/- SAU Database

Flanking wall 3 12 mm plasterboard, 70 mm metal
studs k450, 12 mm plasterboard

35/- SAU Database
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Figure 12: The case study 4 on impact sound insulation of a roof terrace. The red
room is the terrace, which was the source room and the blue room in is the receiving
living room.

Figure 13: Sound reduction indices, the impact sound pressure levels and the im-
provement of the impact sound pressure levels of the structures in situation 4.
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4.3 Horizontal impact sound insulation
Impact sound insulation is usually measured either vertically (from above to below)
or horizontally (between two adjacent spaces). The requirements for impact sound
insulation in Finland include both vertical and horizontal considerations and the
requirements are the same [27]. However, the design of the vertical impact sound
insulation is a bit easier since the propagation of the structural vibrations is straight
forward. Since also horizontal impact sound insulation is important to be designed
and its prediction is more complicated, this was decided to be taken as a case study.

In the design of horizontal impact sound insulation, the same general insulation
methods apply. Usually, an impact sound insulation floor covering is necessary, at
least with rigid floor structures. However, adding a suspended ceiling to the receiving
room will not improve the impact sound insulation. Disconnecting the floor element
between the adjacent rooms is an effective method for blocking propagation of the
structural vibrations.

4.3.1 Situation 5

This situation concerned measurements in a new dwelling. The horizontal impact
sound insulation between a dwelling and a club room was modelled. The dwelling
room was smaller by area and volume than the club room. The geometry of the
situation is presented in Figure 14. The red room is the club room, which was the
source room, and the blue room is the receiving dwelling room.

The structures were heavyweight structures and they are described in the Table
6. All the junctions were rigid X-junctions except for the rigid T-junction between
the separating wall and the flanking wall 1. The sound reduction indices, the impact
sound pressure levels and the improvement of the impact sound pressure levels as a
function of frequency are plotted in Figure 15.

Table 6: The descriptions of the structures in the situation 5. The predicted or
measured acoustical properties of the structures are also presented and the source
for these acoustical properties.
Structure Description Rw/Ln,w

[dB]
Source

Separating wall 200 mm concrete, 30 mm air gap,
85 mm limestone sand bricks

64/- Insul

Floor 3-20 mm concrete topping, 370
mm hollow core slab (510 kg/m2)

63/77 SAU Database

Floor cover Parquet on Tuplex 1/19 SAU Database
Flanking con-
crete wall

200 mm concrete 60/- SAU Database

Flanking exte-
rior wall

80 mm concrete, 70 mm EPS in-
sulation panel, 150 mm concrete

59/- SAU Database
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Figure 14: The case study 5 on horizontal impact sound insulation. The red room
is the club room, which was the source room and the blue room is the receiving
dwelling room.

Figure 15: Sound reduction indices, the impact sound pressure levels and the im-
provement of the impact sound pressure levels of the structures in situation 5.

4.3.2 Situation 6

This situation concerned measurements in a new school building. The horizontal
impact sound insulation between a hallway and a classroom was modelled. The
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hallway passes by the classroom, but according to the measurement report the impact
sound insulation was measured only over the corner of the classroom. Because of this,
the situation was modelled by adding an additional wall to the hallway to decrease its
volume in the calculations. The junctions of the additional wall were set to decoupled
so that the wall would not introduce any additional flanking transmissions. The
usage of the added wall was approved by comparing the results to a model without
the additional wall. The results with the additional wall proved to be closer to the
measurement results than without the wall.

Even though the floor covering in situ was reported, precise information about
the improvement of the impact sound pressure level in frequency bands was not
found. It was only found that the floor covering in field had a SNQ of 12 dB for the
improvement of the impact sound pressure level and that the covering was about 6
mm deep and was made of polyurethane. Thus, a few similar products were tried to
see if similar calculation results could be achieved.

The geometry of the situation is presented in Figure 16. The red room is the
hallway, which was the source room, and the blue room is the receiving classroom.
The additional wall is circled with yellow. The ceiling and the floor were heavyweight
structures and the walls were lightweight double structures. The structures are
described in the Table 7. The junctions were mostly T-junctions. The sound
reduction indices, the impact sound pressure levels and the improvement of the
impact sound pressure levels as a function of frequency are plotted in Figure 17.

Table 7: The descriptions of the structures in the situation 6. The predicted or
measured acoustical properties of the structures are also presented and the source
for these acoustical properties.
Structure Description Rw/Ln,w

[dB]
Source

Separating wall
and the flanking
walls

13 mm hard plasterboard, 12 mm
plywood, 66 mm steel stud k600
+ mineral wool, 12 mm plywood,
13 mm hard plasterboard

55/- Insul

Floor 120 mm concrete, 200 mm EPS
insulation panel, 300 mm gravel

-/72 Insul

Floor cover 1 4.5 mm Karndean Loose lay Vinyl
planks (∆L ≥ 14 dB)

-/14 Insul

Floor cover 2 10 mm Forbo Sarlon 15 (∆L ≥ 15
dB)

-/15 SAU Database
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Figure 16: The case study 6 on horizontal impact sound insulation. The red room is
the hallway, which was the source room and the blue room is the receiving classroom.
The additional wall is circled with yellow.

Figure 17: Sound reduction indices, the impact sound pressure levels and the im-
provement of the impact sound pressure levels of the structures in situation 6.
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4.3.3 Situation 7

This situation concerned a renovation in an old building. Thus, there was some
uncertainties regarding the structures. A condition survey was used as a primary
source of information about the building, but none of the structural openings was
taken from the rooms under this case study. The condition survey reported that the
floor structure was very simple: 2 mm rubber, 1 mm screed, ≥ 160 mm concrete.
Since the floor covering is assumed to have very little improvement of impact sound
insulation, the assumption is that the impact sound pressure level in the receiving
room could be quite high. However, the measurement results were surprisingly low,
which makes the comparisons to the modelling challenging.

In this case the horizontal impact sound insulation between two classrooms was
modelled. The geometry of the situation is presented in Figure 18. The red room
is the source classroom, and the blue room is the receiving classroom. The ceiling,
the floor and the exterior wall (with windows) were heavyweight structures, and the
separating wall was a lightweight double structure. The structures are described in
the Table 8. The junctions were mostly T-junctions. The sound reduction indices and
the impact sound pressure level and the improvement of the impact sound pressure
level as a function of frequency are plotted in Figure 19.

Figure 18: The third case study on horizontal impact sound insulation. The red
room is a class room, which was the source room and the blue room is the receiving
classroom.
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Table 8: The descriptions of the structures in the situation 7. The predicted or
measured acoustical properties of the structures are also presented and the source
for these acoustical properties.
Structure Description Rw/Ln,w

[dB]
Source

Separating wall 13 mm x 2 plasterboard, 70 mm
elastic steel stud k450 (i.e. Gyproc
XR) + 45 mm mineral wool, 13
mm x 2 plasterboard

55/- SAU Database

Floor (1 mm screed), ≥ 160 mm con-
crete

55/79 SAU Database

Floor cover 2 mm Tarkett Acczent Compact
PVC (∆L = 10 dB)

-/10 SAU Database

Flanking wall 1 130 mm brick, 10 mm air gap, 80
mm mineral wool, 140 mm con-
crete

58/- Insul

Flanking wall 2 150 mm brick wall 180 kg/m2 46/- SAU Database

Figure 19: Sound reduction indices, the impact sound pressure levels and the im-
provement of the impact sound pressure levels of the structures in situation 7.
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5 Results
Due to lack of precision in the documentation for the CadnaB, the effects of some
of the modelling parameters are uncertain. Thus, the use of these parameters is
presented. By default the software uses a reference reverberation time of T0 = 0, 5 s,
which is also the suggested value in the standards [41, 42] and the software uses a
resolution of 0.5 meters for identifying the vertical flanks. Also, it is assumed that αk

has no effect on the calculations, because the calculation of structural reverberation
time according to EN ISO 12354-1 Annex C is not yet implemented in the software.
Thus, the default values for this parameter were used.

The calculation configurations that are varied and reported are calculation method
for the structural reverberation time, the correction for the radiation factor for free
bending waves σ and the usage of the compatibility mode according to the older
version of the standard EN ISO 12354.

Theoretically the calculations with the structural reverberation method according
to Fischer et al. should be the most accurate. Especially in cases where all the
structures are heavy. Also, the calculation without the compatibility mode should
be more accurate, since it is the updated calculation method.

5.1 Effect of suspended ceiling
5.1.1 Situation 1

This situation concerned a renovation in an old building. The study involved
examining vertical airborne and impact sound insulation between a large gym and
office rooms below the gym. Two different office rooms were measured and modelled,
since there was a room with suspended ceiling and the other room did not have
a suspended ceiling. Thus, the effect of the additional suspended ceiling could be
studied in this situation.

The calculated and measured SNQs without suspended ceiling are presented in
Table 9, the calculated and measured SNQs with suspended ceiling 1 are presented in
Table 10 and the calculated and measured SNQs with suspended ceiling 2 are presented
in Table 11. Also, the standardized level differences and the standardized impact
pressure levels without suspended ceiling are plotted in Figure 20, the standardized
level differences and the standardized impact pressure levels with suspended ceiling 1
are plotted in Figure 21 and the standardized level differences and the standardized
impact pressure levels with suspended ceiling 2 are plotted in Figure 22.

The improvements of airborne sound insulation and impact sound insulation with
both suspended ceilings are plotted in Figure 23. Also, the measured improvements
of the suspended ceiling are plotted in the Figure. The predicted improvements
were examined with the different structural reverberation time models and with the
compatibility mode. It was seen that the compatibility mode has no effect to the
predicted improvements and improvements with the different Ts models were almost
equal. The simplified Ts model seemed to predict slightly higher improvements.

The effects of the different suspended ceilings were compared by calculating a
remainder between the measured improvement and the calculated improvement. This
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Table 9: Calculated and measured impact sound pressure level SNQs in situation 1
without suspended ceiling. The closest SNQ to the measurement is bolded.

Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 60 61 61 65 60
Craik’s Ts model 65 65 57 59 55
Fischer et al. Ts model 60 60 59 62 58
Simplified Ts model and com-
patibility mode

61 62 60 62 58

Craik’s Ts model and compati-
bility mode

66 66 55 56 54

Fischer et al. Ts model and
compatibility mode

61 61 58 60 56

Measurement 55 55 56 58 58

Table 10: Calculated and measured impact sound pressure level SNQs in situation 1
with suspended ceiling 1. The closest SNQ to the measurement is bolded.

Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 63 63 55 63 54
Craik’s Ts model 67 67 51 58 50
Fischer et al. Ts model 62 62 54 61 53
Simplified Ts model and com-
patibility mode

64 64 54 59 53

Craik’s Ts model and compati-
bility mode

68 68 50 54 49

Fischer et al. Ts model and
compatibility mode

63 63 53 57 52

Measurement 62 62 48 50 49

comparison is plotted in Figure 24. The calculations with these suspended ceilings
were equally accurate compared to the measurements and this accuracy depended
on frequency. An average of these remainders was also calculated to find the more
accurate suspended ceiling, and this resulted in that the suspended ceiling 1 was
slightly more accurate. However, if these average remainders were rounded to the
accuracy of 1 dB, the remainders would be equal.

It is obvious that there is quite a lot of differences between the calculated and
measured differences. However, the overall frequency trends seem to act quite
similarly. The suspended ceiling does not improve the airborne sound insulation
in high frequencies but decreases the sound insulation. This is seen both in the
calculations and the measurements. According to the predictions, this is because in
the high frequencies, the flanking transmission through the rigid exterior wall was
the dominant transmission path, and thus the suspended ceiling does not affect this
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Table 11: Calculated and measured impact sound pressure level SNQs in situation 1
with suspended ceiling 2. The closest SNQ to the measurement is bolded.

Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 64 64 53 72 52
Craik’s Ts model 67 67 50 66 49
Fischer et al. Ts model 62 62 53 70 52
Simplified Ts model and com-
patibility mode

65 65 52 68 51

Craik’s Ts model and compati-
bility mode

68 68 48 62 47

Fischer et al. Ts model and
compatibility mode

63 63 51 66 50

Measurement 62 62 48 50 49

Figure 20: Calculated and measured standardized level differences and the standard-
ized impact pressure levels without suspended ceiling in situation 1.

path. The same effect is seen in the impact sound insulation, where the dominant
transmission path for high frequencies is the flanking transmissions through the
lightweight walls. The contributions of the flanking paths in the calculations are
illustrated in Figure 25.

The calculated differences illustrate quite well the frequency range, where the
direct path was the dominant path. The measured improvement of the airborne
sound insulation has much broader frequency range than the calculated. This can be
the cause of the inaccuracies in the modelled floor structure (which was a bit heavier
in field) and an indication that in situ the flanking transmissions did not have such
a big effect in the middle frequencies. However, because the flanking transmissions
were not measured separately, it is difficult to prove this clearly.

The situation was calculated with the correction for rigid structures, lightweight
structures and without (σ). However, there was no effect on the results. In the impact
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Figure 21: Calculated and measured standardized standardized level differences and
the standardized impact pressure levels with suspended ceiling 1 in situation 1.

Figure 22: Calculated and measured standardized standardized level differences and
the standardized impact pressure levels with suspended ceiling 2 in situation 1.

sound insulation calculations, the direct path (contribution of the floor) was the
dominant in the prediction. However, in the airborne sound insulation calculations
the direct path was dominant in the low frequencies and the flanking paths from the
heavy exterior wall were the dominant paths in middle and high frequencies.
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Figure 23: The improvements of sound insulation due to the added suspended ceiling
in situation 1. The predicted airborne values are calculated with Fischer et al. Ts

model and the predicted impact values are calculated with Craik’s Ts model with
the compatibility mode.

Figure 24: The remainders between the measured and calculated improvements
of sound insulation for different modelled suspended ceilings in situation 1. The
predicted airborne values are calculated with Fischer et al. Ts model and the predicted
impact values are calculated with Craik’s Ts model with the compatibility mode.
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Figure 25: The contributions of each transmission path in situation 1. The left
figure shows the R′ contributions and the right figure shows the L′

n contributions. f2
and f3 are the flanking transmissions through the exterior wall and f1, f4 and f5 are
the flanking transmission through the lightweight walls. The predicted values are
calculated with Fischer et al. Ts model.
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5.1.2 Situation 2

This situation concerned measurements in a new dwelling. The study involved
examining vertical and horizontal airborne and impact sound insulation between two
small bedrooms. In field, there was no suspended ceiling in the bedroom, so the effect
of the suspended ceiling was only studied with the calculations. The measurements
were used to verify the accuracy of the model and after the verification the suspended
ceiling was added to the model. Thus, the intend of this case was not to verify
the accuracy of modelling the suspended ceiling but to investigate what kind of
suspended ceiling structure would be convenient to achieve better sound insulation
between the spaces.

The calculated and measured vertical SNQs without suspended ceiling are pre-
sented in Table 12, the calculated vertical SNQs with suspended ceiling 1 are presented
in Table 13 and the calculated vertical SNQs with suspended ceiling 2 are presented
in Table 14. The calculated and measured horizontal SNQs without suspended ceiling
are presented in Table 15 and the calculated horizontal SNQs with both suspended
ceilings are presented in Table 16.

Table 12: Calculated and measured vertical standardized level differences and impact
sound pressure level SNQs in situation 2 without suspended ceiling. The closest SNQ
to the measurement is bolded.
Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 59 60 53 52 52
Craik’s Ts model 62 63 50 49 49
Fischer et al. Ts model 58 59 53 52 52
Simplified Ts model and com-
patibility mode

60 60 53 51 51

Craik’s Ts model and compati-
bility mode

63 64 49 47 48

Fischer et al. Ts model and
compatibility mode

59 60 52 50 51

Measurement 57 58 51 57 52

The vertical standardized level differences and the standardized impact pressure
levels without suspended ceiling are plotted in Figure 26, the vertical standardized
level differences and the standardized impact pressure levels with suspended ceiling
1 are plotted in Figure 27 and the vertical standardized level differences and the
standardized impact pressure levels with suspended ceiling 2 are plotted in Figure 28.
The improvements of airborne sound insulation and impact sound insulation with
both suspended ceilings are plotted in Figure 29. These improvements were examined
with the different structural reverberation time models and with the compatibility
mode. It was seen that the compatibility mode has no effect to the predicted
improvements and improvements with the different Ts models were almost equal.
The simplified Ts model seemed to predict slightly higher improvements especially
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Table 13: Calculated vertical standardized level differences and impact sound pressure
level SNQs in situation 2 with suspended ceiling 1.
Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 63 64 48 48 47
Craik’s Ts model 67 68 45 44 44
Fischer et al. Ts model 62 63 49 49 48
Simplified Ts model and com-
patibility mode

64 65 47 46 46

Craik’s Ts model and compati-
bility mode

68 69 44 43 43

Fischer et al. Ts model and
compatibility mode

63 64 48 47 47

Table 14: Calculated vertical standardized level differences and impact sound pressure
level SNQs in situation 2 with suspended ceiling 2.
Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 63 64 47 51 46
Craik’s Ts model 67 68 44 48 43
Fischer et al. Ts model 62 63 48 52 47
Simplified Ts model and com-
patibility mode

64 65 47 48 45

Craik’s Ts model and compati-
bility mode

68 69 43 45 42

Fischer et al. Ts model and
compatibility mode

63 64 47 49 46

Table 15: Calculated and measured horizontal standardized level difference SNQs
in situation 2 without suspended ceiling. The closest SNQ to the measurement is
bolded.
Calculation/measurement DnT,w [dB] Rw [dB]
Simplified Ts model 57 57
Craik’s Ts model 60 61
Fischer et al. Ts model 57 57
Simplified Ts model and compatibility
mode

57 58

Craik’s Ts model and compatibility mode 61 62
Fischer et al. Ts model and compatibility
mode

57 58

Measurement 56 56
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Table 16: Calculated and measured horizontal standardized level difference SNQs in
situation 2 with both suspended ceilings.
Calculation Suspended ceiling 1

(DnT,w/Rw) [dB]
Suspended ceiling 2
(DnT,w/Rw) [dB]

Simplified Ts model 57/57 58/57
Craik’s Ts model 61/61 62/61
Fischer et al. Ts model 57/57 58/57
Simplified Ts model and com-
patibility mode

58/58 59/58

Craik’s Ts model and compati-
bility mode

61/62 63/62

Fischer et al. Ts model and
compatibility mode

58/58 59/58

for impact sound pressure level. Only the improvements with Fischer et al. Ts model
were plotted, since the predicted SNQs without the suspended ceiling proved to be
most accurate in this case.

Figure 26: Calculated and measured vertical standardized level differences and the
standardized impact pressure levels without suspended ceiling in situation 2.

The horizontal standardized level differences without suspended ceiling are plotted
in Figure 30 and the improvements of standardized level differences with both
suspended ceilings are plotted in Figure 31, where the calculated values are calculated
with Fischer et al. Ts model.

It can be seen from the predicted SNQs that the improvement of the weighted
standardized level differences is between 4 and 5 dB for both of the suspended ceiling
structures in vertical examination. The improvement of the weighted standardized
level differences is between 0 and 1 dB for the suspended ceiling 1 structure in
horizontal examination and between 1 and 2 dB for the suspended ceiling 2 structure.
The improvement of the standardized impact pressure levels with spectrum adaptation
term with suspended ceiling 1 is between 3 and 5 dB and with suspended ceiling 2 the
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Figure 27: Calculated vertical standardized standardized level differences and the
standardized impact pressure levels with suspended ceiling 1 in situation 2.

Figure 28: Calculated vertical standardized standardized level differences and the
standardized impact pressure levels with suspended ceiling 2 in situation 2.

improvement is between 0 and 3 dB. So, with suspended ceiling 1 the improvement
of vertical SNQs is more certain and then the improvement of the horizontal SNQs
is more certain with suspended ceiling 2.

The predicted improvements of vertical sound insulation illustrate quite well that
the direct path was the dominant transmission path in all frequencies for airborne
and impact sound insulation. The contributions of the transmission paths in the
vertical calculations are illustrated in Figure 32. The horizontal improvements show
that the flanking path through the ceiling was not the dominant path, since the
improvement was very minor. However, Figure 33 shows that the flanking path
through the ceiling was the second dominant path in the horizontal case resulting in
minor improvements with the suspended ceiling 2.

The situation was calculated with the correction for rigid structures, lightweight
structures and without (σ). However, there was no effect on the results.
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Figure 29: The improvements of sound insulation due to the added suspended ceiling
in situation 2. The predicted values are calculated with Fischer et al. Ts model.

Figure 30: Calculated and measured horizontal standardized level differences without
suspended ceiling in situation 2.
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Figure 31: Calculated improvements of the horizontal standardized level differences
with both suspended ceilings in situation 2. The calculated values are calculated
with Fischer et al. Ts model.

Figure 32: The contributions of each transmission path in vertical examination of
situation 2. The left figure shows the R′ contributions and the right figure shows the
L′

n contributions. f3 and f4 are the flanking transmissions through the heavyweight
walls of the bedroom and f2 is transmission through the exterior wall of the bedroom.
f1 and f5 are the flanking transmission through the lightweight walls of the bedroom.
The predicted values are calculated with Fischer et al. model.
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Figure 33: The contributions of each transmission path to R′ in horizontal examination
of situation 2. f3 is the flanking transmissions through the ceiling of the bedroom
and f4 is the transmission through the floor of the bedroom. f1 is the flanking
transmission through the exterior wall and f2 is the flanking transmission through
the concrete wall of the bedroom. The predicted values are calculated with Fischer
et al. Ts model.
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5.1.3 Situation 3

This situation concerned measurements in a new dwelling. The study involved
examining vertical airborne and impact sound insulation between a larger living
room and a small bedroom. Measurements were carried out from the living room
above, but in field there was no suspended ceiling in the bedroom. Thus, the effect of
the suspended ceiling was only studied with the calculations similarly to the previous
case study. The measurements were used to verify the accuracy of the model and
after the verification the suspended ceiling was added to the model. Thus, the intend
of this case was not to verify the accuracy of modelling the suspended ceiling but to
investigate what kind of suspended ceiling structure would be convenient to achieve
better sound insulation between the spaces.

The calculated and measured SNQs without suspended ceiling are presented in
Table 17, the calculated SNQs with suspended ceiling 1 are presented in Table 18 and
the calculated SNQs with suspended ceiling 2 are presented in Table 19. Also, the
standardized level differences and the standardized impact pressure levels without
suspended ceiling are plotted in Figure 34, the standardized level differences and the
standardized impact pressure levels with suspended ceiling 1 are plotted in Figure
35 and the standardized level differences and the standardized impact pressure levels
with suspended ceiling 2 are plotted in Figure 36.

Table 17: Calculated and measured standardized level differences and impact sound
pressure level SNQs in situation 3 without suspended ceiling. The closest SNQ to
the measurement is bolded.
Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 61 57 51 53 51
Craik’s Ts model 64 60 47 50 47
Fischer et al. Ts model 60 56 51 54 51
Simplified Ts model and com-
patibility mode

61 58 50 51 50

Craik’s Ts model and compati-
bility mode

65 61 46 48 46

Fischer et al. Ts model and
compatibility mode

60 57 50 52 50

Measurement 63 59 43 48 43

The improvements of airborne sound insulation and impact sound insulation with
both suspended ceilings are plotted in Figure 37. These improvements were examined
with the different structural reverberation time models and with the compatibility
mode. It was seen that the compatibility mode has no effect to the predicted
improvements and improvements with the different Ts models were almost equal.
The Craik’s Ts model seemed to predict slightly higher improvements especially for
impact sound pressure level. Only the improvements with Craik’s Ts model were
plotted, since the predicted SNQs without the suspended ceiling proved to be most
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Table 18: Calculated level differences and impact sound pressure level SNQs in
situation 3 with suspended ceiling 1.
Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 67 63 46 50 46
Craik’s Ts model 71 67 42 47 42
Fischer et al. Ts model 66 62 47 53 46
Simplified Ts model and com-
patibility mode

68 64 45 47 45

Craik’s Ts model and compati-
bility mode

72 68 41 44 41

Fischer et al. Ts model and
compatibility mode

67 63 46 50 45

Table 19: Calculated standardized level differences and impact sound pressure level
SNQs in situation 3 with suspended ceiling 2.
Calculation/measurement DnT,w

[dB]
Rw

[dB]
LnT,w

[dB]
LnT,w+CI,50−2500
[dB]

Ln,w

[dB]
Simplified Ts model 67 63 45 55 45
Craik’s Ts model 71 67 41 52 41
Fischer et al. Ts model 66 62 46 57 46
Simplified Ts model and com-
patibility mode

68 64 44 51 44

Craik’s Ts model and compati-
bility mode

72 68 40 48 40

Fischer et al. Ts model and
compatibility mode

67 63 45 53 45

Figure 34: Calculated and measured standardized level differences and the standard-
ized impact pressure levels without suspended ceiling in situation 3.
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Figure 35: Calculated standardized standardized level differences and the standardized
impact pressure levels with suspended ceiling 1 in situation 3.

Figure 36: Calculated standardized standardized level differences and the standardized
impact pressure levels with suspended ceiling 2 in situation 3.

accurate in this case.
It can be seen from the predicted SNQs that the improvement of the weighted

standardized level differences is between 6 and 7 dB for both suspended ceiling
structures. However, for the SNQ improvements of standardized impact pressure
levels with spectrum adaptation term there is more difference between the suspended
ceilings. With suspended ceiling 1 the improvement is between 1 and 4 dB but with
suspended ceiling 2 the improvement is between -3 and 0 dB. So, with suspended
ceiling 2 the SNQs increase with the added suspended ceiling and this is due to the
negative improvement in the low frequencies.

The predicted improvements illustrate quite well that the direct path was the
dominant transmission path in all frequencies for airborne and impact sound insulation.
The contributions of the transmission paths in the calculations are illustrated in
Figure 38. The direct path was probably the dominant path because none of the
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Figure 37: The improvements of sound insulation due to the added suspended ceiling
in situation 3. The predicted values are calculated with Craik’s Ts model.

flanking walls were aligned with the walls of the source room. Thus, the sound energy
was already quite dampened when it reached the walls of the receiving room.

The situation was calculated with the correction for rigid structures, lightweight
structures and without (σ). However, there was no effect on the results.
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Figure 38: The contributions of each transmission path in situation 3. The left figure
shows the R′ contributions and the right figure shows the L′

n contributions. f2 and f3
are the flanking transmissions through the heavyweight wall of the bedroom and the
exterior wall of the bedroom and f1 and f4 are the flanking transmission through the
lightweight walls of the bedroom. The predicted values are calculated with Craik’s
Ts model.
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5.2 Impact sound insulation of roof terraces
5.2.1 Situation 4

This situation concerned measurements in a new dwelling. The study involved
examining vertical impact sound insulation from a roof terrace to a living room
below.

The top layer of the floor structure was a kind of concrete paving. Thus, when
the floor was excited with the tapping machine, the vibrations did not spread across
the whole top layer of the floor, but only the excited concrete block was vibrating.
This probably had some effect on the impact sound insulation, and it was difficult to
model.

Even though, the prediction results were tweaked to represent the measurement
results, there is still a clear difference between the model and the measurement.
In field there was a suspended ceiling in the living room, but this was only in the
corridor that is the small part of the living room. Modelling this is quite difficult
since it is not possible to assign a suspended ceiling to a part of a room.

The calculated and measured SNQs are presented in Table 20. Also, the stan-
dardized impact pressure levels are plotted in Figures 39. Because the normalized
impact pressure levels were almost equal to the standardized levels, these were not
included in the Figure.

Table 20: Calculated and measured impact sound pressure level SNQs in situation 4.
The closest SNQ to the measurement is bolded.

Calculation/measurement LnT,w [dB] LnT,w+CI,50−2500
[dB]

Ln,w [dB]

Simplified Ts model 47 42 47
Craik’s Ts model 42 39 42
Fischer et al. Ts model 47 44 47
Simplified Ts model and compatibility
mode

46 40 46

Craik’s Ts model and compatibility
mode

41 37 42

Fischer et al. Ts model and compatibil-
ity mode

46 42 46

Measurement 39 44 41

The contributions of the transmission paths in the vertical calculations are
illustrated in Figure 40. The transmissions through the lightweight walls of the living
room are not shown. It is uncertain whether these transmission paths were accounted
in the predictions. In other cases, it was seen that flanking transmissions through
the lightweight walls for impact sound pressure levels was the dominant path in high
frequencies. Thus, the accuracy of this model is a bit uncertain.

The situation was calculated with the correction for rigid structures and without
(σ). However, there was no effect on the results.
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Figure 39: Calculated and measured standardized impact sound pressure levels in
situation 4.

Figure 40: The contributions of each transmission path to L′
n in situation 4. f1 and

f4 are the flanking transmissions through the exterior walls of the living room. f2
and f3 are the transmissions through the heavy walls in the lower left corner of the
living room. The predicted values are calculated with Fischer et al. model.
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5.3 Horizontal impact sound insulation
5.3.1 Situation 5

The calculated and measured SNQs are presented in Table 21. Also, the standardized
impact pressure levels are plotted in Figures 41. Because the normalized impact
pressure levels were almost equal to the standardized levels, these were not included
in the Figure.

The contributions of the transmission paths in the vertical calculations are
illustrated in Figure 42. From this Figure it can be seen that the transmissions
through the separating wall and the floor are almost equal.

The situation was calculated with the correction for rigid structures and without
(σ). However, there was no effect on the results.

Table 21: Calculated and measured impact sound pressure level SNQs in situation 5.
The closest SNQ to the measurement is bolded.

Calculation/measurement LnT,w [dB] LnT,w+CI,50−2500
[dB]

Ln,w [dB]

Simplified Ts model 35 35 35
Craik’s Ts model 31 32 31
Fischer et al. Ts model 37 37 36
Simplified Ts model and compatibility
mode

34 34 34

Craik’s Ts model and compatibility
mode

30 30 30

Fischer et al. Ts model and compatibil-
ity mode

36 36 35

Measurement 39 43 39
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Figure 41: Calculated and measured standardized impact sound pressure levels in
situation 5.

Figure 42: The contributions of each transmission path to L′
n in situation 5. f1 is

the flanking transmissions through the floor and d is the transmission through the
separating wall. The predicted values are calculated with Fischer et al. model.
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5.3.2 Situation 6

As mentioned in 4.3.2, precise information about the floor covering in frequency
bands was not found. Thus, a similar product was guessed for the model. However,
after running a few calculations with different floor covers it was seen, that the results
were highly dependent on the floor covering. In Figure 44 this is demonstrated.
Thus, this case acts as a good example of the uncertainty that is introduced to
the predictions by the lack of information about the structures in field. From the
calculation results, it was seen that especially the SNQs were slightly more accurate
with floor cover 1 than with floor cover 2.

The calculated and measured SNQs are presented in Table 22. The calculated
results are modelled with floor cover 1 and with the limiting wall in the hallway.
Also, the standardized and normalized impact sound pressure levels are plotted in
Figures 43. The situation was calculated with the correction for rigid structures,
lightweight structures and without (σ). However, there was no effect on the results.

Table 22: Calculated and measured impact sound pressure level SNQs in situation 6.
The closest SNQ to the measurement is bolded.

Calculation/measurement LnT,w [dB] LnT,w+CI,50−2500
[dB]

Ln,w [dB]

Simplified Ts model, floor cover 1 69 53 62
Simplified Ts model, floor cover 2 69 54 62
Craik’s Ts model 88 73 81
Fischer et al. Ts model 93 78 86
Simplified Ts model and compatibility
mode

69 53 62

Craik’s Ts model and compatibility
mode

88 73 81

Fischer et al. Ts model and compatibil-
ity mode

93 78 86

Measurement 56 54 58

In this situation the predicted frequency curves of the normalized impact pressure
levels were slightly closer to the measurement results than the standardized levels.
This is due to the correction term for calculating the LnT from the Ln values, which
depends on the volume of the receiving room. The reverberation time of the receiving
room is assumed from the volume of the receiving room, which then corrects the
impact sound pressure level in the receiving room. However, in this situation the
receiving room is quite well damped since it is a classroom, and the reverberation time
is much lower than the reverberation that is calculated according to Sabine’s Equation.
The spectrum adaptation term however, corrects the SNQs of the LnT,w + CI,50−2500,
since it is calculated from the sound pressure levels in the receiving room and from
the LnT,w. So, basically the LnT values are over exaggerated, but the spectrum
adapted SNQs are still quite accurate.

The contributions of the transmission paths in the calculations are illustrated
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Figure 43: Calculated and measured standardized and normalized impact sound
pressure levels in situation 6.

Figure 44: Calculated and measured standardized impact sound pressure levels in
situation 6.

in Figure 45. The transmissions through the floor are dominant. In the Figure the
predictions were made with the simplified Ts model using floor cover 2.
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Figure 45: Calculated L′
n values of individual transmission paths in situation 6. f1

and f2 are the flanking transmissions through the floor and d is the transmission
through the separating wall.
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5.3.3 Situation 7

This situation concerned a renovation in an old building. The calculated and measured
SNQs are presented in Table 23. Also, the standardized and normalized impact
sound pressure levels are plotted in Figures 46. The situation was calculated with
the correction for rigid structures, lightweight structures and without (σ). However,
there was no effect on the results.

Table 23: Calculated and measured impact sound pressure level SNQs in situation 7.
The closest SNQ to the measurement is bolded.

Calculation/measurement LnT,w [dB] LnT,w+CI,50−2500
[dB]

Ln,w [dB]

Simplified Ts model 78 56 72
Craik’s Ts model 72 51 66
Fischer et al. Ts model 77 56 71
Simplified Ts model and compatibility
mode

78 55 72

Craik’s Ts model and compatibility
mode

72 50 66

Fischer et al. Ts model and compatibil-
ity mode

77 55 71

Measurement 59 48 62

Figure 46: Calculated and measured standardized and normalized impact sound
pressure levels in situation 7.

The SNQ of the measurement results was surprisingly low considering the structure.
Since the prediction results were not close to the measurement results, there are a few
different conclusions that can be drawn from this situation. Due to the uncertainty
of the structures, it can be possible that the floor structure has some layer that is
not considered in the predictions, which caused the sufficiently good impact sound
insulation in field. Also, the conclusion could be that in this situation, the prediction
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is not very accurate. However, it is confusing that a clear cause for this was not
found. The reason for the inaccurate calculations could be that the effect of the
separating lightweight wall in the junction could be larger than the calculations
predict. Simmons discussed briefly in his doctoral thesis that sometimes the effect of
a lightweight wall or the facade is underestimated, when calculating the vibration
reduction index of a junction that has a continuous heavyweight structure [19]. In
this case, the floor structure continues through the junction and the sound energy
that is transferred to the separating wall might be underestimated.

In this situation also the predicted frequency curves of the normalized impact
pressure levels were slightly closer to the measurement results than the standardized
levels. This is due to the correction term for calculating the LnT from the Ln values,
which depends on the volume of the receiving room. The reverberation time of
the receiving room is assumed from the volume of the receiving room, which then
corrects the impact sound pressure level in the receiving room. However, in this
situation the receiving room is quite well damped since it is a classroom, and the
reverberation time is much lower than the reverberation that is calculated according
to Sabine’s Equation. The spectrum adaptation term however, corrects the SNQs
of the LnT,w + CI,50−2500, since it is calculated from the sound pressure levels in the
receiving room and from the LnT,w. So, basically the LnT values are over exaggerated,
but the spectrum adapted SNQs are still quite accurate.

The contributions of the transmission paths in the calculations are illustrated in
Figure 47. In the Figure 47 the transmission f1 is equal to the total transmission.
Thus, the transmission through the floor is dominant. In the Figure 47 the predictions
were made with Craik’s Ts model with the compatibility mode.
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Figure 47: Calculated L′
n values of individual transmission paths in situation 7. f1 is

the flanking transmission through the floor and d is the transmission through the
separating wall. f1 is the green line that is equal to the total line, even though the
legend reports that f1 should be orange. The predicted values are calculated with
Craik’s Ts model with the compatibility mode.
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6 Discussion
In this Chapter, the modelling results are discussed generally and what conclusions
can be drawn from the results. In this study, six different airborne sound insulation
situations were studied and eight different impact sound insulation situations, from
which five were vertical and three were horizontal, were studied. The amount of
comparisons was relatively low, if compared to studies made at the turn of the 21st
century [25, 22, 19]. Thus, all the conclusions require future work and comparisons
to confirm them. Some of the conclusions can be backed up with the help of other
studies, but all the conclusions regarding CadnaB and modelling in special cases
require future work.

Generally, it can be seen, that the accuracy of the initial data is very crucial to
the results of the models. Especially accurate information about every structural
elements and structures is important. For example, often accurate drawings of the
building can be found, and the structures are also well described. However, the exact
product of i.e. the suspended ceiling, the floor covering or the door is not known.
Even if the exact product were known, it might be that there are no laboratory
measurements available of the certain product’s improvement of sound insulation in
frequency bands, which is in most cases very crucial for the results.

This leads into compromises that are quite often done by choosing some structure
from the material library and guessing that the product could be similar than the
real one. Thus, often the accuracy of the modelling results is only dependent on
the given information about the structures. In this study there was not a single
case study where all the structural elements and products and their sound insulation
were accurately known, which then means that the accuracy of those models might
describe more the accuracy of the library that was in use and the user’s guesses about
the real products. Similar problems have been reported in multiple other studies [22,
40, 19]

Especially in renovation buildings, the modelling of the sound insulation is quite
challenging, if there is no measurement data from the location. In the renovation
buildings, the most challenging part of the predictions was attaining the sound
insulation data for the different structural elements. Usually, the sound insulation of
the elements was attained by modelling with Insul. The Insul models were tweaked
by comparing the sound insulation data on the measurement data.

In multiple cases, the model was tweaked by testing different structures, to find the
most accurate calculation result. It could be argued that this is not a representative
case of predictions, because the calculations were tweaked by comparing to the
measurement results. However, the lack of information about the structures and
building products might not hold in a classic design phase. When it comes to
designing buildings, the information is more easily available as to compared to
the nature of this study, where accurate information about the measurement sites
retrospectively is much more difficult to acquire.

In general, the SEA method and the standardized method presented in EN ISO
12354 have been compared in multiple studies, because there are mixed results about
their accuracies. The advantage of the classic SEA method is that it can be used to
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evaluate, which of the transmission paths in the building is dominant. After this the
calculations can be done by neglecting the unimportant transmission paths, which
simplifies the method. The comparison of the different flanking paths is also helpful
since this can be used when increasing the sound insulation by only focusing on the
dominant transmission path. In CadnaB, the individual flanking paths are presented
in one same graph, which can be used for similar purpose. However, the software
considers only first-order flanking paths. Thus, it cannot be known whether there is
some other higher order flanking path that is the dominant transmission path.

It was seen that the plotted flanking transmissions can be used as a helpful tool
in the predictions. For example, the improvement of a suspended ceiling can be
quite well predicted just with the help of the contributions of the individual flanking
transmissions.

In CadnaB, there are multiple different calculation parameters that can be
configured. The effect of these parameters was studied. It was found that the
different structural reverberation time calculation methods had the most effect on
the results and the calculation according to the old version of the standard EN
12354-2000 also affected the calculations in low frequencies. The other calculation
parameters are a correction for the radiation factor for free bending waves σ, the
limits for the absorption coefficient for bending wave field at border k of an element
αk and the minimum resolution for identifying vertical flanks. The parameter that
assigns the minimum resolution for identifying vertical flanks is available so that the
software can identify correct junctions in situations where there is very small walls
or small offsets.

The effect of the correction for the radiation factor for free bending waves σ was
unknown. Thus, it was tested during the case studies. No clear effect was found on
the results, so the parameter remains a mystery.

Even though the limits for the absorption coefficient for bending waves when
calculating the structural reverberation time can be manually set, it is not clear
whether this parameter has any effect on the results, since the parameter is related to
the calculation of structural reverberation time according to the Annex C in EN ISO
12354-1. As mentioned in Section 3.2.4, this calculation method is unavailable in the
software. Thus, it could be assumed that the αk has no effect on the calculations.
The only reason why this parameter would affect the results would be if the structural
reverberation time calculation according to Craik would involve this parameter.

It was shown in situations 4, 6 and 7 that the correction term for calculating D′
nT

from R′ values and calculating L′
nT from L′

n values does not necessarily correct the
values accurately. The calculation of these correction terms is done with Equations
(14) and (21) according to the standards [2, 43]. The calculation of the standardized
level difference and standardized impact sound pressure level is normalized with
the help of the reverberation time of the receiving room. The calculation of the
reverberation time of a room is not defined in the standards and thus it is not
implemented in CadnaB. In order to calculate D′

nT and L′
nT a simple assumption is

made, that the reverberation time of the receiving room is simply calculated with
Sabine’s Equation (13), with the help of the volume of the room and the absorption
area that is already taken into account when calculating R′ and L′

n.
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It was seen that in some cases the assumption for the correction term does hold
quite accurately (i.e. dwellings) and in other cases it does not hold (i.e. class rooms).
Basically, if the receiving room is quite large by volume, but the reverberation
time of the room is sufficiently short due to absorption, this correction term is over
exaggerated. Of course, this exception is quite simple to regard while modelling and
the usage of the receiving room is known. However, it is simply easier to conclude
that the usage of R′ and L′

n is more certain because it does not require reviewing
the results with the reverberation time in mind.

The correction term could be more accurate, if the reverberation time could
be used directly, since the acoustician could give a more accurate guess of the
reverberation time in the receiving room. The reverberation time cannot be used
directly in the correction term because the absorption area that is used in the
predictions to get the R′ values should be deduced. However, the calculation
according to the standard does not calculate the absorption area in the room and
thus it is quite difficult to deduce from the predicted R′ values.

Because the correction term added some error to the calculations of D′
nT and L′

nT ,
the accuracy of modelling in 1/3 octave frequency bands was investigated only with
R′ and L′

n parameters. The average differences of D′
nT and L′

nT in each 1/3 octave
frequency bands is also shown in the following figures and they show that R′ and L′

n

are more accurate. The inaccuracy of the correction term is more visible with L′
nT .

6.1 Modelling airborne sound insulation
With measurements of airborne sound insulation, the measurements are the most
inaccurate at low frequencies. This inaccuracy makes it hard for a modelling software
to predict the sound insulation at low frequencies, especially when the software uses
SEA based modelling. Thus, it is expected that there is some variance between the
measurements and the modelling results at low frequencies. It was seen that the
calculations were the most inaccurate in the low frequencies (50 − 63 Hz). Also,
the calculations were relatively inaccurate in the high frequencies (2500 − 5000 Hz).
However, the standard deviation between the situations was relatively low in the low
frequencies, but the standard deviation was quite high in the high frequencies. This
implies that the inaccuracy of the low frequencies is seen in most of the situations,
but the inaccuracy of the high frequencies was quite random.

The average differences between measured and modelled airborne sound insulation
values in each frequency band is shown in Figure 48. Also, the standard deviation of
the differences between different situations are shown in the same Figure.

It was seen in most of the situations that the calculated R values in high frequencies
(≥ 2500 Hz) were over estimated. However, this was not seen in all the cases and the
number of airborne sound insulation comparisons was relatively low (6). It cannot
be concluded that this is a trend always, but it can be noted that in all of the cases
the R′ values in high frequencies were either over estimated or they were modelled
very accurately.

It was seen that the calculations of airborne sound insulation seem to be most
accurate in frequency bands 250 − 315 and in 1000 Hz. However, the Ts model
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according to Craik was not as accurate in these frequencies as simplified and Fischer
et al. Ts model. The standard deviation between the situations for these frequency
bands was relatively low. The standard deviation of all the Ts models and using the
compatibility mode was the lowest in 1000 Hz. It was also seen that the calculations
of airborne sound insulation were most accurate in low frequencies (≤ 160 Hz) when
using Craik’s Ts model with compatibility mode.

Figure 48: Above is the average differences between measured and modelled airborne
sound insulation values in each frequency band. Below is the standard deviation of
the differences between different situations.

To evaluate, which of the modelling set ups was the most accurate overall in
predicting the airborne sound insulation in frequency bands, an average of the average
differences was calculated between the frequency bands. This resulted in a single
number, which describes the overall accuracy of the modelling in all the frequency
bands. According to these SNQs, the simplified Ts model using the compatibility
mode was the most accurate set up, when considering all the frequency bands.
However, as it can be seen from the Figures 48, the accuracy of the simplified and
Fischer et al. Ts model is equal in frequencies ≥ 250 Hz. Also, it was already stated
that Craik’s Ts model with the compatibility mode was the most accurate in low
frequencies. Thus, it can be concluded that the most accurate prediction combination
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is calculating the low frequencies using Craik’s Ts model with the compatibility mode
and then calculating the middle to high frequencies with simplified or Fischer et al.
Ts model.

The average differences between measured and modelled airborne sound insulation
SNQs is shown in Figure 49. Also, the standard deviation of the differences between
different situations are shown in the same Figure. The standard deviation describes
the reliability of the results. The Ts model according to Fischer et al. resulted
in the most accurate SNQs. The average difference between the measured and
modelled SNQs with Fischer et al. Ts model is ±2 dB. This is quite well in line with
the standard deviations between measurements and calculations reported in other
references (see Table 1) [2, 25, 22, 19]. Even though, the correction term of D′

nT

was shown to create errors in the results, the R′
w and D′

nT,w proved to be equally
accurate.

It was also found that the SNQs calculated with Craik’s Ts model were always
over estimated. However, with simplified and Fischer et al. Ts model this was not
the case.

Figure 49: The average differences between measured and modelled airborne sound
insulation SNQs and the standard deviation of the differences between different
situations.

6.2 Modelling impact sound insulation
The results of the impact sound insulation predictions were examined for vertical and
horizontal separately. This is because there is a clear difference with the calculations
between the two.

With measurements of impact sound insulation, the measurements are the most
inaccurate at low frequencies. This inaccuracy makes it hard for a modelling software
to predict the sound insulation at low frequencies, especially when the software uses
SEA based modelling. Thus, it is expected that there is some variance between the
measurements and the modelling results at low frequencies.
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After comparing multiple models of impact sound insulation to measurement data
it is seen that there is a lot of variance between measurements and modelling results
at low frequencies (50 − 100 Hz). Also, the standard deviation between the different
situations is relatively low in the low frequencies meaning that the inaccuracy is seen
in almost all the situations. This leads to a problem with impact sound insulation,
because the new practice is to present the impact sound insulation with the spectrum
adaptation term, LnT,w + CI,50−2500.

The spectrum adaptation term weights the single number quantity according to
the low and middle frequency content. However, when the low frequency content
of the results is the most inaccurate this will also weight the results according
the more inaccurate frequency content. This will then lead into variance between
the single number quantities of measurements and modelling results when using
LnT,w + CI,50−2500.

6.2.1 Vertical

The average differences between measured and modelled vertical impact sound
pressure level values in each frequency band is shown in Figure 50. Also, the
standard deviation of the differences between different situations are shown in the
same Figure.

It was found that the average difference was the lowest in frequencies 125−250 Hz.
Also, the standard deviation between the situations for these frequency bands was
the lowest. Thus, it can be concluded that the calculations of vertical impact sound
insulation seem to be most accurate in those frequencies. The average difference was
the lowest with the Craik’s Ts model using the compatibility mode in all frequencies.
Thus, according to these comparisons, it is recommended to use Craik’s Ts model
with the compatibility mode, when calculating vertical impact sound insulation.

No average bias was found for the calculated results in frequency bands, because
the calculated values were either over or underestimated between different situations.

The average differences between measured and modelled vertical impact sound
insulation SNQs is shown in Figure 51. Also, the standard deviation of the differences
between different situations are shown in the same Figure. The standard deviation
describes the reliability of the results. It can be seen clearly that the calculations of
L′

n,w are more accurate than calculations of L′
nT,w or L′

nT,w + CI,50−2500. This is due
to the problem with the correction term.

It was found that from the modelling set ups, the Craik’s Ts model resulted
in the most accurate SNQs. The accuracy was the same with the compatibility
mode. However, the standard deviation was higher with the compatibility mode
meaning that the calculations without compatibility mode are a bit more reliable.
The average difference between the measured and modelled SNQs with Craik’s Ts

model is ±2.4 dB. This is slightly more accurate than the standard deviations
between measurements and calculations reported in [25, 19]. However, the standard
deviation reported in the standard EN ISO 12354-2 is ±2 dB [43]. Thus, this study is
in line with the other studies with the trend that the predictions are not as accurate
as the standard promises.
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Figure 50: Above is the average differences between measured and modelled vertical
impact sound pressure level values in each frequency band. Below is the standard
deviation of the differences between different situations.

It was also found that the SNQs calculated with simplified and Fischer et al. Ts

model were always either quite accurate or over estimated. However, with the Craik’s
Ts model the predictions were always relatively accurate.

6.2.2 Horizontal

The case studies on the horizontal impact sound insulation showed some indication
of problems in the predictions. This is especially seen in situations 6 and 7. Both
cases had in common that the floor structure was very heavy and rigid and had
itself quite poor impact sound insulation. Also, in both cases the separating wall
was a lightweight double structure. Thus, it could be concluded that in situations,
where the separating wall is lightweight and the impact sound insulation of the floor
is poor, the prediction is not yet very accurate. However, it is positive, that the
prediction results had greater impact sound pressure levels than the measurements,
which would lead to exaggerated impact sound insulation design. From an acoustic
point of view, this is not a bad thing.
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Figure 51: The average differences between measured and modelled airborne sound
insulation SNQs and the standard deviation of the differences between different
situations.

In these situations, one of the structural reverberation time models is clearly
more accurate than the others. In situation 6 this was the simplified Ts model and in
situation 7 this was Craik’s model. Usually in predictions of impact sound pressure
level, Craik’s model results in lower sound pressure levels than the other models.
Due to this, Craik’s model was probably the most accurate in situation 7. However
this was not the case with situation 6, which was a bit odd.

The average differences between measured and modelled horizontal impact sound
pressure level values in each frequency band is shown in Figure 52. Also, the standard
deviation of the differences between different situations are shown in the same Figure.

It needs to be noted that there were only three different cases of horizontal impact
sound insulation. In one out of the three the simplified Ts model was clearly the
most accurate and in one the Craik’s Ts model was the most accurate. Also, in the
case where Craik’s model was the most accurate, there was still clear differences
between measurement and calculations, thus increasing the average difference. Thus,
the average differences between those three situations are a bit biased. To get more
reliable average results, a bit more situations should be studied. However, after the
three situations, the simplified Ts model has clearly the lowest standard deviation
between situations and the lowest average difference implying that it could be the
most accurate. The average difference was quite high in all frequencies, but in 2500
Hz the standard deviation was very low.

No average bias was found for the calculated results in frequency bands, because
the calculated values were overestimated in two out of three situations and mostly
underestimated in the third situation.

The average differences between measured and modelled horizontal impact sound
insulation SNQs is shown in Figure 53. Also, the standard deviation of the differences
between different situations are shown in the same Figure. The standard deviation
describes the reliability of the results. It can be seen clearly that the calculations
of L′

n,w are more accurate than calculations of L′
nT,w. This is due to the problem
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Figure 52: Above is the average differences between measured and modelled horizontal
impact sound pressure level values in each frequency band. Below is the standard
deviation of the differences between different situations.

with the correction term. However, it was very interesting that the calculations
of L′

nT,w + CI,50−2500 are more accurate than calculations of L′
n,w. The standard

deviation of L′
n,w was slightly lower than the standard deviation of L′

nT,w + CI,50−2500.
Also, it can be seen that there seems to be quite a lot of errors with the calculation
of the spectrum adaptation term CI,50−2500.

It was found that from the modelling set ups, the simplified Ts model resulted
in the most accurate SNQs. With L′

nT,w + CI,50−2500 the accuracy was the same
with the compatibility mode. However, the standard deviation was higher with the
compatibility mode meaning that the calculations without compatibility mode are a
bit more reliable. The average difference between the measured and modelled SNQs
with the simplified Ts model is ±5.7 dB. With L′

n,w the accuracy was slightly better
without the compatibility mode. The average difference between the measured and
modelled SNQs with the simplified Ts model is ±6.0 dB.

The standard deviation reported in the standard EN ISO 12354-2 for horizontal
impact sound pressure level calculations is ±3 dB [43]. Thus, according to these
three situations the predictions are not as accurate as the standard promises.
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Figure 53: The average differences between measured and modelled airborne sound
insulation SNQs and the standard deviation of the differences between different
situations.

6.3 Modelling suspended ceilings
As it was shown in Figures (23) and (24), the calculated sound insulation improve-
ments with a suspended ceiling were not very close to those that were measured.
However, it was seen that the accuracy of the calculations was better, when the sus-
pended ceiling was used. This is shown in Figure (54). In the Figure, the differences
between measured and modelled sound insulation values in frequency bands and in
SNQs are shown. The airborne sound reduction indices in frequency bands were
calculated with Fischer et al. Ts model using the compatibility mode and the impact
sound pressure levels in frequency bands were calculated with the simplified Ts model
using the compatibility mode, because these were the most accurate calculation set
ups.

The differences are overall lower with the model that used the suspended ceiling
for impact sound insulation and especially for airborne sound insulation. This is also
seen for the SNQs.

Thus, it needs to be noted that the error that was seen in the calculated im-
provements was mostly due to the errors in the prediction of the situation without
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Figure 54: The differences between measured and modelled sound insulation values
in frequency bands and in SNQs. On the left are the airborne sound insulation
differences and on the right are the impact sound insulation differences. The airborne
sound reduction indices were calculated with Fischer et al. Ts model using the
compatibility mode and the impact sound pressure levels were calculated with the
simplified Ts model using the compatibility mode.

the suspended ceiling. In this study, the interest was to test, how accurately the
calculations regard additional suspended ceilings. These results from the single
situation imply that the suspended ceiling is accounted quite accurately, since the
accuracy of the model increased when adding the suspended ceiling.

Also, in situations 2 and 3 the sound insulation improvement was tested theoreti-
cally using only the calculations. In both cases, the two suspended ceiling structures
provided vertically an airborne sound level difference improvement of 4 − 7 dB.
In both cases, this improvement would be enough sufficient to increase the sound
insulation from ≥ 55 dB to ≥ 60 dB, which is often the necessary improvement in
dwellings. Also, it was seen in situation 2 that with just an additional suspended
ceiling, the horizontal airborne sound level difference improvement was very low.
However, this was expected, due to the contributions of individual transmission paths
in the situation.
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In both cases, the suspended ceiling structure 1 provided more reliably an im-
provement of impact sound insulation of approximately 3 − 5 dB. In contrast, the
suspended ceiling structure 2 increased the impact sound pressure level in low fre-
quencies. Subjectively, this can be experienced as more annoying than the impact
sound that was present without the suspended ceiling.

6.4 Impact sound insulation of roof terraces
Impact sound insulation of roof terraces was studied with only one situation due to
lack of measurement data. Thus, no specific conclusions can be drawn. However, the
problems of modelling impact sound insulation of roof terraces were confirmed. It
was seen that the complexity of the floor structures used in roof terraces decrease
the accuracy of the calculations, and this might be a problem that is very difficult
to predict. Also, another problem that was seen, was that in cases where the roof
terrace is not well aligned with the dwelling below, the calculation of the flanking
transmissions becomes more difficult, and this creates errors.
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7 Conclusions
In this thesis, the prediction of sound insulation with CadnaB software was evaluated.
Calculations according to the standard EN ISO 12354 have been evaluated before,
and there are more comprehensive studies on that subject. However, in this study
the interest was in the flexibility of the modelling and in the specifics of the software.
The predictions made with the software are compared to standardized measurements
from similar situations. The evaluation also considered modelling in general: the
problems and the choices that the user faces while modeling. In CadnaB, there are
multiple different calculation parameters that can be configured. The effect of these
parameters was studied. It was found that the different structural reverberation time
calculation methods had the most effect on the results and the calculation according
to the old version of the standard EN ISO 12354-2000 also affected the calculations
in low frequencies.

The calculated results that were achieved in this study were compared to similar
measurement. Six different airborne sound insulation situations were studied and
eight different impact sound insulation situations, from which five were vertical and
three were horizontal, were studied. Comparisons were made between the different
calculation set ups, to find the most accurate modelling set up in different types of
calculations.

It was found that the correction term for calculating D′
nT from R′ values and

calculating L′
nT from L′

n values does not always correct the values accurately. The
inaccuracy of the correction term is due to the assumption of the reverberation time
according to Sabine’s Equation. Thus, it was found that the usage of R′ and L′

n is
more certain, when calculating sound insulation in 1/3 octave frequency bands.

For calculations of airborne sound insulation, it was found that the Ts model
according to Fischer et al. resulted in the most accurate SNQs. According to the
comparisons in this study, the average difference between the measured and modelled
SNQs with Fischer et al. Ts model was ±2 dB. The prediction of R′

w and D′
nT,w

proved to be equally accurate.
Modelling accuracy was also examined in each 1/3 octave frequency band. It was

found that the calculations of airborne sound insulation seem to be most accurate
in frequency bands 250 − 315 and in 1000 Hz. However, the Ts model according to
Craik was not as accurate in these frequencies as simplified and Fischer et al. Ts

model. Also, it was found that the calculations of airborne sound insulation were
most accurate in low frequencies (≤ 160 Hz) when using Craik’s Ts model with
compatibility mode. Thus, it can be concluded that the most accurate prediction
combination could be calculating the low frequencies using Craik’s Ts model with
the compatibility mode and then calculating the middle to high frequencies with
simplified or Fischer et al. Ts model. Using Fischer et al. Ts model is more practical
since it resulted also in the most accurate SNQ predictions.

The results of the impact sound insulation predictions were examined for vertical
and horizontal separately. This is because there is a clear difference with the
calculations between the two.

With impact sound insulation calculations, it was found that there is a lot of
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variance between measurements and modelling results at low frequencies (50 − 100
Hz). Also, the standard deviation between the different situations is relatively
low in the low frequencies meaning that the inaccuracy is seen in almost all the
situations. This leads to a problem with impact sound insulation, because the new
practice is to present the impact sound insulation with the spectrum adaptation term
LnT,w + CI,50−2500 that weights the SNQ according to the low to middle frequencies.

For vertical impact sound insulation, it was found that the calculations were
the most accurate in frequency bands 125 − 250 Hz. Also, it was found that the
most accurate prediction set up was Craik’s Ts model with the compatibility mode.
Calculations using Craik’s Ts model without the compatibility mode resulted in
the most accurate SNQ results for vertical impact sound insulation. The average
difference between the measured and modelled SNQs with Craik’s Ts model was ±2.4
dB.

The case studies on the horizontal impact sound insulation showed some indication
of problems in the predictions. The amount of data was also relatively low resulting
with unreliable conclusions. The simplified Ts model was the most accurate for
predicting the sound insulation in frequency bands and in SNQs. With L′

nT,w +
CI,50−2500 the average difference between the measured and modelled SNQs was ±5.7
dB. With horizontal impact sound insulation predictions, it was found that the
calculations of L′

nT,w + CI,50−2500 were more accurate than calculations of L′
n,w.

In this study, the interest was to also test, how accurately the calculations
regard additional suspended ceilings. Only one situation was used, where there
was measurement data with and without a suspended ceiling. Thus, the measured
sound insulation improvement was compared to the calculated improvement. The
results from the single situation imply that the suspended ceiling is accounted quite
accurately, since the accuracy of the model increased when adding the suspended
ceiling.

All the conclusions in this study require future work and comparisons to confirm
them. However, some general trends regarding calculations with CadnaB were found,
which are helpful in future design predictions.
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