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Summary 

In order to enable the design of a multi-storey timber building with respect to the requirements or 

recommendations for an enhanced acoustic comfort, a collaboration of various experts is required 

during the design process creating their own individual building models. A simplification of the 

design process and the procedure of verification could be achieved if all of the experts involved 

work on one single CAD based Building Information Model (BIM). The required design tools 

(FEM and SEA for the acoustic computation) can be directly coupled to the BIM. For this 

purpose, it is necessary to allocate much more validated input data for timber building elements.  

PACS no. 43.40.At, 43.55.Rg 

 

1. Introduction
1
 

Timber buildings have been pioneering building 

constructions in terms of energy conservation and 

resource efficiency. The number of multi-storey 

residential buildings erected in timber construction 

has risen steadily in the last few years, also in 

urban areas and centres.  

Compared to similar construction projects built in 

concrete the design of a multi-storey building in 

timber construction is more demanding and 

challenging to the architect and construction 

engineer. Reasons for this are more stringent 

requirements on fire safety regulations in these 

buildings as well as the absence of sufficient 

realized examples and design tools for the proof of 

performance of vibration control and sound 

insulation. In a current project [1] these design 

tools shall be further developed by using a 

combination of FEM and SEA for the proof of 

performance based on the BIM.  

The contribution presents first an overview of the 

used computation models used. Then the SEA 

based method according to EN 12354 [2] and the 

needed input data are focused. Therefore coupling 

loss factors of several junctions built with massive 

wood elements were measured and design values 

for the vibration reduction index sampled. The 

influence of the structural reverberation time to 

the accuracy of the propagation was proofed and 

different single value methods were compared. 

                                                      

 

 

2. Overview of computation
2
 

A preliminary flow chart of the design process and 

the verification of the building properties from the 

first draft to the construction documentation are 

depicted in Figure 1. The overview shows an 

integrated computation of the required building 

properties within the planning process of the 

building design. The building information model 

is directly used for generating computational 

models for the different computations.  

The FEM model provides the basis for the 

computation of the vibrations and acoustics. The 

vibration control needs the first eigenfrequencies 

of the building. The acoustic performance of the 

building can be described by the sound reduction 

of separating elements including the transmission 

along all flanking elements. The FEM based 

acoustic model is restricted to the low frequency 

range (0 – 250 Hz). For the computation in the 

mid and high frequency range, SEA based models, 

carried out in accordance with EN 12354, are well 

suited. For these prediction models, a specific 

BIM is needed which includes not only the 

geometric information but also material data and 

measured acoustic data for the flanking elements 

and the junctions. The boxes for the material data 

and the element properties in Figure 1 represent all 

the necessary input data for the computational 

models, which have to be sampled or measured in 

the experimental part of the project. 
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Figure 2. Directional dependence of the velocity level differences at different mass ratios between the 
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4. Validation of the input data

A validation of the input data can be performed 
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These were determined by airborne sound 

excitation and successive shielding of the 

transmission paths. The computation of the 

flanking sound reduction index

according to

In addition, the calculation wa

"in-situ" correction

of structure

result.  

=ijR

 

As shown in 

For this reason t

neglected. 

Figure 6. Difference of measurement 

for R

top: calculat

mean x	�= 0

bottom: calculat

mean x	� = -3.2 dB, standard deviation 

 

Validation of the input data

A validation of the input data can be performed 

directly measured flanking transmission. 

These were determined by airborne sound 

excitation and successive shielding of the 

transmission paths. The computation of the 

lanking sound reduction index

according to (1) and (2

addition, the calculation wa

situ" correction (see

of structure-borne sound reverberation time on the 

+
+ ji

K
RR

2

As shown in Figure 6 the influence is significant. 

For this reason the correction should not be 

 

Difference of measurement 

for RFF,w, R

alculation according to 

�= 0 dB, standard deviation 

alculation according to 

� 3.2 dB, standard deviation 

Validation of the input data

A validation of the input data can be performed 

directly measured flanking transmission. 

These were determined by airborne sound 

excitation and successive shielding of the 

transmission paths. The computation of the 

lanking sound reduction index was 

2), with data 

addition, the calculation was also 

(see (8)) to study the influence 

rne sound reverberation time on the 







+ij

l

S
K log10

the influence is significant. 

he correction should not be 

Difference of measurement 

, RFd,w, and R

according to (1

standard deviation 

according to 

3.2 dB, standard deviation 

Validation of the input data 

A validation of the input data can be performed 

directly measured flanking transmission. 

These were determined by airborne sound 

excitation and successive shielding of the 

transmission paths. The computation of the 

was carried out 

with data from Tabl

s also done without

to study the influence 

rne sound reverberation time on the 








ij

Tr

ll

S

0

 

the influence is significant. 

he correction should not be 

Difference of measurement - calculation 

, and R

1),(2): n = 12, 

standard deviation σ = 1.2 dB. 

according to (8): n = 12, 

3.2 dB, standard deviation σ = 1.5 dB

A validation of the input data can be performed 

directly measured flanking transmission. 

These were determined by airborne sound 

excitation and successive shielding of the 

transmission paths. The computation of the 

arried out 

le I. 

done without 

to study the influence 

rne sound reverberation time on the 

(8) 

the influence is significant. 

he correction should not be 

calculation 

, and RDf,w 

: n = 12,  

= 1.2 dB. 

: n = 12,  

= 1.5 dB.  

 

 

However, the

correction

not yet 

comparisons with measurements 

will be required, which are scheduled for 

second

 

5. 

Within the project the directional dependency of 

the 

the 

the mass rat

element is not

input data showed a good agreement with the 

measurement results of the flank

if the 

Acknowledgement

The authors 

in particular with the cooperation partners Barbara 

Wohlmuth (TU München),

München) and

The financial support provided by the AiF and the 

DFG is also gratefully acknowledged

References

[1] Wohlmuth, B., Rank, E., Kollmannsberger, S., Schanda, 

[2] EN 12354, Building acoustics 

[3] Rabold, A., Anwen

[4] 

[5] Holtz, F., Rabold, A., Hessinger, J., Bacher, S., 

[6] Schramm, M., Vertikale Flankenübertragung bei 

[7] Dolezal, F., Bednar, T., Teibinger, M., Flankenüber

[8] Guigou

[9] 

However, the

correction for rather light solid wood 

not yet been 

comparisons with measurements 

will be required, which are scheduled for 

second part of the project.

 Conclusions

Within the project the directional dependency of 

the velocity level difference and the dependence of 

the mass ratio 

the mass ratio plays 

element is not

input data showed a good agreement with the 

measurement results of the flank

if the "in-situ" correction

Acknowledgement

The authors acknowledge the helpful discussions, 

in particular with the cooperation partners Barbara 

Wohlmuth (TU München),

München) and 

The financial support provided by the AiF and the 

DFG is also gratefully acknowledged

References 

] Wohlmuth, B., Rank, E., Kollmannsberger, S., Schanda, 
U., Rabold, A., Vibroakustik im Planungsprozess für 
Holzbauten -
Validierung, cooperation project
Rosenheim, ift Rosenheim, in 

] EN 12354, Building acoustics 
performance of buildings from the performance of 
products – Part1 and Part 2, 2000

] Rabold, A., Anwen
auf die Trittschallberechnung. 
Universität München, 2010.

 Craik, R. J.
Buildings: Using Statistical Energy Analysis, Vermont: 
Gower, 1996. 

] Holtz, F., Rabold, A., Hessinger, J., Bacher, S., 
Ergänzende Deckenmessungen zum laufenden 
Vorhaben: Integration des Holz
neue DIN 4109, Forschungsbericht ift Rosenheim, 2005

] Schramm, M., Vertikale Flankenübertragung bei 
Holzmassivdecken, Diplomarbeit Fachbereich 
Holztechnik, HS Rosenheim 2008

] Dolezal, F., Bednar, T., Teibinger, M., Flankenüber
tragung bei Massivhol
Bauphysik 2008, 30, 143

] Guigou-Carter, 
for rigid CLT junctions to CEN/TC126/WG2

] Mecking, S., Kruse, T., Schanda, U., Measurement and 
calculation of sound transmission across junctions of 
solid timber building elements, 
2015, Maastricht

However, the computation

for rather light solid wood 

been validated. For this purpose, 

comparisons with measurements 

will be required, which are scheduled for 

part of the project.  

Conclusions 

Within the project the directional dependency of 

velocity level difference and the dependence of 

mass ratio were examined. It was shown that 

io plays no role 

element is not separated. The validation of the 

input data showed a good agreement with the 

measurement results of the flank

situ" correction is

Acknowledgement 

acknowledge the helpful discussions, 

in particular with the cooperation partners Barbara 

Wohlmuth (TU München),

 Ulrich Schanda (FH Rosenheim). 

The financial support provided by the AiF and the 

DFG is also gratefully acknowledged

] Wohlmuth, B., Rank, E., Kollmannsberger, S., Schanda, 
U., Rabold, A., Vibroakustik im Planungsprozess für 

- Modellierung, numerische Simulation, 
dierung, cooperation project

Rosenheim, ift Rosenheim, in 

] EN 12354, Building acoustics 
performance of buildings from the performance of 

Part1 and Part 2, 2000

] Rabold, A., Anwendung der Finite Element Methode 
auf die Trittschallberechnung. 
Universität München, 2010. 

Craik, R. J. M., Sound Transmission Through  
Buildings: Using Statistical Energy Analysis, Vermont: 

 

] Holtz, F., Rabold, A., Hessinger, J., Bacher, S., 
Ergänzende Deckenmessungen zum laufenden 
Vorhaben: Integration des Holz
neue DIN 4109, Forschungsbericht ift Rosenheim, 2005

] Schramm, M., Vertikale Flankenübertragung bei 
Holzmassivdecken, Diplomarbeit Fachbereich 
Holztechnik, HS Rosenheim 2008

] Dolezal, F., Bednar, T., Teibinger, M., Flankenüber
tragung bei Massivholzkonstruktionen, Teil 1, 
Bauphysik 2008, 30, 143-151

Carter, C., pr EN 12354
for rigid CLT junctions to CEN/TC126/WG2

, S., Kruse, T., Schanda, U., Measurement and 
calculation of sound transmission across junctions of 
solid timber building elements, 

stricht 

computation of the 

for rather light solid wood elements

validated. For this purpose, 

comparisons with measurements on building

will be required, which are scheduled for 

 

Within the project the directional dependency of 

velocity level difference and the dependence of 

examined. It was shown that 

role as long as the flanking 

. The validation of the 

input data showed a good agreement with the 

measurement results of the flanking transmission 

is considered.

acknowledge the helpful discussions, 

in particular with the cooperation partners Barbara 

Wohlmuth (TU München), Ernst Rank (TU 

Ulrich Schanda (FH Rosenheim). 

The financial support provided by the AiF and the 

DFG is also gratefully acknowledged. 

] Wohlmuth, B., Rank, E., Kollmannsberger, S., Schanda, 
U., Rabold, A., Vibroakustik im Planungsprozess für 

Modellierung, numerische Simulation, 
dierung, cooperation project  TU München, H

Rosenheim, ift Rosenheim, in process 

] EN 12354, Building acoustics – Estimation of acoustic 
performance of buildings from the performance of 

Part1 and Part 2, 2000 

dung der Finite Element Methode 
auf die Trittschallberechnung. Dissertation, Technische 

 

M., Sound Transmission Through  
Buildings: Using Statistical Energy Analysis, Vermont: 

] Holtz, F., Rabold, A., Hessinger, J., Bacher, S., 
Ergänzende Deckenmessungen zum laufenden 
Vorhaben: Integration des Holz- und Skelettbaus in die 
neue DIN 4109, Forschungsbericht ift Rosenheim, 2005

] Schramm, M., Vertikale Flankenübertragung bei 
Holzmassivdecken, Diplomarbeit Fachbereich 
Holztechnik, HS Rosenheim 2008 

] Dolezal, F., Bednar, T., Teibinger, M., Flankenüber
zkonstruktionen, Teil 1, 

151 

pr EN 12354-1 Annex E,
for rigid CLT junctions to CEN/TC126/WG2

, S., Kruse, T., Schanda, U., Measurement and 
calculation of sound transmission across junctions of 
solid timber building elements, Euronoise

of the "in-situ" 

elements has

validated. For this purpose, 

on building sites 

will be required, which are scheduled for the 

Within the project the directional dependency of 

velocity level difference and the dependence of 

examined. It was shown that 

as long as the flanking 

. The validation of the 

input data showed a good agreement with the 

transmission 

ed. 

acknowledge the helpful discussions, 

in particular with the cooperation partners Barbara 

Ernst Rank (TU 

Ulrich Schanda (FH Rosenheim). 

The financial support provided by the AiF and the 

 

] Wohlmuth, B., Rank, E., Kollmannsberger, S., Schanda, 
U., Rabold, A., Vibroakustik im Planungsprozess für 

Modellierung, numerische Simulation, 
TU München, HS 

Estimation of acoustic 
performance of buildings from the performance of 

dung der Finite Element Methode 
Dissertation, Technische 

M., Sound Transmission Through  
Buildings: Using Statistical Energy Analysis, Vermont: 

] Holtz, F., Rabold, A., Hessinger, J., Bacher, S., 
Ergänzende Deckenmessungen zum laufenden 

und Skelettbaus in die 
neue DIN 4109, Forschungsbericht ift Rosenheim, 2005 

] Schramm, M., Vertikale Flankenübertragung bei 
Holzmassivdecken, Diplomarbeit Fachbereich 

] Dolezal, F., Bednar, T., Teibinger, M., Flankenüber-
zkonstruktionen, Teil 1, 

1 Annex E, proposed 
for rigid CLT junctions to CEN/TC126/WG2 

, S., Kruse, T., Schanda, U., Measurement and 
calculation of sound transmission across junctions of 

Euronoise proceedings,

situ" 

has 

validated. For this purpose, 

sites 

the 

Within the project the directional dependency of 

velocity level difference and the dependence of 

examined. It was shown that 

as long as the flanking 

. The validation of the 

input data showed a good agreement with the 

transmission 

acknowledge the helpful discussions, 

in particular with the cooperation partners Barbara 

Ernst Rank (TU 

Ulrich Schanda (FH Rosenheim). 

The financial support provided by the AiF and the 

] Wohlmuth, B., Rank, E., Kollmannsberger, S., Schanda, 
U., Rabold, A., Vibroakustik im Planungsprozess für 

Modellierung, numerische Simulation, 
S  

Estimation of acoustic 
performance of buildings from the performance of 

dung der Finite Element Methode 
Dissertation, Technische 

M., Sound Transmission Through  
Buildings: Using Statistical Energy Analysis, Vermont: 

] Holtz, F., Rabold, A., Hessinger, J., Bacher, S., 
Ergänzende Deckenmessungen zum laufenden 

und Skelettbaus in die 
 

] Schramm, M., Vertikale Flankenübertragung bei 
Holzmassivdecken, Diplomarbeit Fachbereich 

-
zkonstruktionen, Teil 1, 

proposed 

, S., Kruse, T., Schanda, U., Measurement and 
calculation of sound transmission across junctions of 

ceedings, 

EuroNoise 2015
31 May - 3 June, Maastricht

A. Rabold et al.: SEA based...

14


