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Abstract
The ISO 12354 standards provide a method for modelling

the sound insulation of building elements using the perfor-
mance of the single elements as a starting point. The revision
of the ISO 12354 Part 1 and 2 standard makes it possible to
model timber buildings. In particular, the standards provide
prediction formulas for estimating the vibration reduction
index (Kij) of heavy and light weight junctions and CLT junc-
tions. The aim of this research is to study the dependence of
the ISO 12354 output values on the input data fed to the
model, in the specific case of timber buildings. The predic-
tion tools were applied to three different timber buildings
on which sound insulation and flanking transmission
measurements were carried out on site. Different input
data were used: laboratory and in situ measured values of
airborne sound insulation, impact sound insulation and
flanking transmission. The calculated values are com-
pared with in situ acoustic tests of airborne sound insula-
tion and impact sound insulation. The results show that
the blind application of the ISO 12354 model can provide
results that differ significantly from the measured on-site
values; considerations are drawn concerning the availabil-

ity of input data and the resonant transmission.

1. Introduction

The series of ISO 12354 standards provides a SEA-
based method for modelling the sound insulation of
building elements, starting from the characteriza-
tion of the performance of the single elements. In
particular, Parts 1 and 2 provide estimates of the ap-
parent sound reduction index and the apparent im-
pact sound insulation through the evaluation of the

flanking transmission paths.

Part of

Timber buildings represent a relevant share in the
market of new constructions (Caniato and Gas-
parella, 2019). Be it mass timber construction or tim-
ber frames, the prediction tools that have been suc-
cessfully applied to traditional heavy construction
have been found to be inadequate when applied
blindly to timber structures. This is due to several
factors; first, all the data relative to the “deltas” that
have been previously measured on heavy elements
cannot be directly used for timber elements, which
are characterised by different mass and stiffness.
The modelling of the flanking transmission also de-
serves attention, particularly for mixed structures.
This work therefore discusses the application of the
ISO 12354 model to timber buildings, with the aim
of highlighting which precautions should be used
when approaching the calculation of these struc-
tures. Acoustic tests of airborne sound insulation
and impact sound insulation were conducted on site
in three case studies. The descriptions of the con-
struction details were used to generate the input
data of the model. Whenever possible, the input
data were retrieved from laboratory measurements
taken by the University of Bologna and the Univer-
sity of Padova, concerning the sound insulation and
flanking transmission measurements.

The results of the application of the model to the
case studies are presented and discussed, along

with some general remarks.
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2. Research Method

This work has focused on implementation and veri-
fication of the new CEN calculation model for the
estimation of acoustic performance of buildings, ac-
cording to the recent revision of the series of ISO
12354 standards. The main innovations introduced
concern: (i) the new classification of structures, cur-
rently divided into “type A” and “type B” struc-
tures, (ii) the introduction of new methods to calcu-
late and consider only the resonant transmission for
the lateral elements and (iii) the new methods for
calculating the lateral transmission for Cross Lami-
nated Timber (CLT) and timber frame structures. In
general, an overall improvement was made to the
calculation model, but the application of the model
to three different case studies has highlighted some
unresolved criticalities. The calculation model was
implemented on software using the Visual Basic for
Excel programming language and preliminarily cal-
ibrated on the examples given in the appendix to
ISO 12354.
The case studies are three different wooden build-
ings, in which detailed measurements were carried
out, in accordance with the ISO 16283 standards,
during intermediate construction stages and after
the completion of the works. In the three cases, the
study was conducted on the sound insulation of the
floor, which made it possible to simulate both the
airborne sound insulation and the impact sound in-
sulation. In particular, the three case studies are:

A. timber frame building in Rimini: CLT floor 180
mm and lightweight multi-layer walls with in-
ternal layer in gypsum board;

B. CLT building in Graz: CLT floor 160 mm and
CLT walls 100 mm with multi-layer coverings;

C. CLT building in Bologna: CLT floor 180 mm
and CLT walls 120 mm with multi-layer cover-
ings.

One of the main difficulties encountered was the

scarce availability of input data for airborne and im-

pact sound insulation of the single partitions. Input

data were partially retrieved from laboratory meas-
urements carried out on floors (University of Bolo-
gna) and on walls (University of Padova) (Di Bella
et al. 2016, 2018) as recommended by the legislation.
When these data were not available, a commercial

software was used to simulate the partition.
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Fig. 1 — Flow chart of research method applied

3. The ISO 12354 Model

3.1 Apparent Sound Reduction Index R’

The apparent sound reduction index R’ is deter-
mined through the logarithmic summation of all di-
rect and flanking transmission terms through Equa-

tion 1.
_Rpa Ry
R’=—101g<10 10 +Z’]-1=110 10) (1)

The contribution of the direct transmission is given
by the sum of the sound reduction index of the sep-
arating element Rssie and of the contribution of ad-

ditional layers ARpsim and ARagsite as in Equation 2.
RD,d = Rs,situ + ARD,situ + ARd,situ )

For each transmission path, the respective sound re-
duction index can be calculated according to Equa-

tion 3:

_ Ri,situ+Rj,situ B U—
Rij - 2 + ARi,situ + ARj,situ + Dv,l],sttu +

Ss
+10 lg—m (3)

where Rigsie is the sound reduction index of ele-
ment i (j), ARiGsi is the increase of sound reduction
index of element i (j) due to additional linings,
m is the average insulation of vibration in the
junction between elements i and j, Ss is the surface
of the separating element, Si is the surface of ele-
ment i in the source room, S; is the surface of ele-

ment j in the receiving room.
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3.2 Normalized Impact Sound
Insulation L},

Similarly, the prediction of the normalised impact

sound insulation L." can be expressed as:
Lna Ln,ij
L, =10lg (10? +3n, 107) 4)

where the contribution of direct transmission L, is
given by the summation of the normalised impact
sound insulation of the separating element Lu,sit, of
the attenuation due to the presence of a floating
floor ALsiu and the attenuation due to the presence
of additional linings on the side of the receiving

room (counter ceiling) ALasit, as in Equation 5.
Ln,d = Ln,situ = ALgip, — ALd,situ (5)

For each flanking transmission path, the normalised
impact sound insulation can be calculated using the

formulation in Equation 6.

_ Risitu—Rjsitu
Lnij = Lnsitu = DLgicw + =5 — ARjsiru —

- Dv,L],SLtu -10 lg\/;j (6)

3.3 Flanking Transmission

The flanking transmission was evaluated in three
different ways: the Kj provided by the ISO 12354
were used, considering the presence of the resilient
interlayer, the Kij values measured in situ and in a
test facility. The values of Kj, calculated according
to the formulas contained in the annex F of the ISO
12354-1 standard, do not include the presence of dif-
ferent types of fastening systems or resilient layers
(Morandi et al., 2018). In order to estimate the con-
tribution of the resilient interlayer, the corrective
term Al - described for the rigid junctions as in an-
nex E - was used (Rabold, 2017).

3.4 Structural reverberation time

For in situ correction the structural reverberation

time was calculated with Equation 7:

22
s fieor @)

where the total loss factor is:
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The internal loss factor of the CLT elements is > 0.03
(Schoenwald et al., 2013) and the ax depend on the

structural elements connected at the perimeter.

4. Case Studies

In the following paragraphs the three case studies
are shown. Airborne and impact sound insulation
tests were conducted in accordance with ISO
16283-1 and ISO 16283-2, respectively. Moreover,
the flanking transmission of the CLT junctions were
measured in an area of the construction site that was
still under construction (not for case C).

In the discussion of the results, these three measure-
ments will be combined to optimise the modelling

of the partition under study.

4.1 A. Timber Frame Building in Rimini

The first building, located in Rimini (Italy), is made
with light-weight timber frame walls and CLT
floors. The floating floor is made by a dry solution

with gravel and concrete fiber board.

Wall a A=8.7mq
L ™ V=234mc
® L =
S Floor &
= o
"Wallb [ y
" |
(a)
(b) (c)

Fig. 2 — Distribution of the elements in the plan (a) and construction
details: external wall type a — floor (b) and internal wall type b —
floor (c)
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Fig. 3 — In situ impact sound measured in case A

4.2 B. CLT building in Bologna

The second building, located in Bologna (Italy), is a
CLT structure. The floating floor is made by a wet
solution with cement and a resilient interlayer. The
interior lining is fiber gypsum board and mineral

wool. The exterior lining is plaster and mineral

wool.
A=146mq
V=46.7 mc
11
= Floor
=
Wall d
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Wall b Wall ¢ Wall d
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Fig. 4 — Distribution of the elements in the plan (a) and construction
elements: external wall type a (b), separating floor (c) and internal
wall (d)
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Fig. 5 — In situ sound reduction index and impact sound measured
in case B

4.3 C. CLT building with resilient layer in
Graz

The third building, located in Graz (Austria), is a
CLT structure. The floating floor is made by a wet
solution with cement and mineral wool. External
walls are made with finishing, 140 mm mineral
wool, CLT, 40 mm acoustic layer, 25 mm double
fire-resistant gypsum board. The internal wall is a
double wall with double fire-resistant gypsum
board, CLT, 25 mm double fire-resistant gypsum
board.

The resilient interlayer was placed between the floor

and the upper wall.
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Fig. 6 — Distribution of the elements in the plan (a) and construction
elements: external wall type b (b), internal wall type d (c) and detail

internal wall type c - floor (d)
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Fig. 7 — In situ sound reduction index and impact sound measured
in case C

5. Application of the ISO Calculation
Model

For each of the input floors described in Chapter 4,
the apparent sound reduction index and impact
sound modelled in accordance with the ISO 12354
standard are presented. All results are compared

with in situ measurements.

51 CaseA

In case A, 5 different calculation variables were

evaluated:

- the data inputs are from laboratory measure-
ments of similar solutions (label: ISO 12354);

- ALux, AR are from measurements on site (label:
ISO 12354_Var. 1);

- the application of transmission resonant R* for
each flanking path transmission (label: ISO
12354 _Var. 2);

- the Kjj values are calculated with empirical for-
mulas for CLT junctions (Annex E) (label: ISO
12354 _Var. 3);

- the Kjj values retrieved from measurements on
site (label: ISO 12354_Var. 4).

In Fig.s 8 and 9, the importance of data input for L’»
and the effect of Kij are shown.
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Fig. 8 — Comparison between impact sound measured and calcu-
lated values in case A: data input
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Fig. 9 — Comparison between impact sound measured and calcu-
lated values in case A: flanking transmission

5.2 CaseB

In case B, 3 different calculation variables were eval-

uated:

- thedata inputs are from simulations using com-
mercial software (label: ISO 12354_Var.1);

- ALs, AR are from laboratory measurements of
similar solutions (label: ISO 12354_Var. 2);

- the K;j values are measured in accordance with

ISO 10848 (label: ISO 12354_Var. 3).
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Fig. 10 — Comparison between sound insulation index measured
and calculated values in case B
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Fig. 11 — Comparison between impact sound measured and calcu-
lated values in case B

In ISO 12354_Var. 3 the measured values are used be-
cause the ISO Standard empirical formulas are not

available.

5.3 CaseC

In case C, 4 different calculation variables were eval-

uated:

- the K;j values are calculated in accordance with
ISO 12354, without resilient interlayer (label:
ISO 12354);

- the K;j values are calculated in accordance with
ISO 12354, considering the presence of resilient
interlayer (Annex E) (label: ISO 12354_Var.1);

- the Kjj values are measured in accordance with
ISO 10848 (label: ISO 12354_Var.2);

- the Kjj values are calculated in accordance with
ISO 12354, considering the T of internal lining of
the elements (label: ISO 12354_Var.3);

- the K;j values are correct in relation to the areas
of the elements (label: ISO 12354_Var.).

In this case, the importance of flanking transmission

data is evaluated. As in case B, there are no provi-

sional formulas for the junction between the panels
in CLT.

4 4
—

1 1 3
2 2

Fig. 12 — Arrangement of the panels: on the left “T” junction in case
B, on the right “X” junction in case C. The black strip represents
the resilient interlayer

146

S S S DS
GRS S S A SR I S

= = = Measured 1S0 12354
—— S0 12354 _Var. 1 1SO 12354 _Var. 2

Fig. 13 — Comparison between sound insulation index measured
and calculated values in case C: K values are calculated and
measured
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Fig. 14 — Comparison between sound insulation index measured
and calculated values in case C: Kj values are calculated and cor-
rect with Ts and areas of the elements

6. Results

The comparison between the three case studies
showed with a good agreement that there are some
precautions that should be considered when model-
ling timber buildings. The availability of data for the
input of the model is extremely relevant. The same
partitions modelled with commercial software and
with experimental measurements provide different
results, which strongly affect the final benchmark-
ing. When possible, a direct reference to laboratory
measurements should be made.

The Kij values used as input also have a strong influ-
ence on the results. In particular, formulas provided
in the ISO standard for CLT elements were shown
to give very different results from the measured val-
ues, but when using the measured value in the ISO
12354 model, the simulations carried out with the

ISO value fit better the experimental results.
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The modelling of mixed junctions is critical because
there is no reference on how to deal with the evalu-
ation of the vibration reduction index (or normal-
ized direction-averaged vibration level difference)
and few experimental data are publicly available to
the authors’ knowledge.

The impact sound insulation is less affected by the
flanking transmission paths compared to the air-
borne sound insulation; to evaluate the correctness
of the modelling procedure, it is safer to rely on the
airborne excitation.

The correction for resonant transmission should not
be applied to CLT elements, while the modelling of
the mixed junction needs this compensation to pro-
vide a good fitting with the experimental results.
This outcome is consistent with recent literature on

the mass timber elements.

7. Conclusion

The aim of this contribution is to use the detailed
method provided by the series of ISO 12354 stand-
ards to model timber buildings in order to highlight
the precautions that should be adopted and the need
for future research. Three case studies, characterised
by similar mass timber structures, which changed
slightly from case to case, were analysed, and the ef-
fect of each modelling choice on the overall perfor-
mance of the model was discussed. The availability
of measured data is still the main point that needs
to be addressed jointly by the scientific community,
together with an insight on the modelling of the vi-

bration reduction indices.
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