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Abstract 

Building designers are currently subjected to strict requirements on acoustic insulation. 
These requirements usually stem from local Building Codes. A traditional approach to the 
assessment of the acoustic insulation compliance of a building is to assume that a few pairs 
of rooms can be located that represent the worst performance in the building. The selection 
of the critical pairs usually relies on the acoustic expertise of the designer. Then, typically, 
software tools that analyze the behavior of a pair of rooms according to a set of more or less 
flexible typologies are used to assess the acoustic performance of the selected pairs, which 
acts then as an indicator of the compliance of the entire building. This is far from trivial, and 
complex geometries are often encountered which hinder the intuition of the designer, and 
also the reliability of conventional tools. Moreover, the critical pairs, if correctly chosen and 
modeled, could suffice to assess the compliance of the building, but do not provide 
information on the overall acoustic performance of the building. We present a new design 
tool allowing the computation of EN 12354 in the entire building, taking into account every 
room in the building, allowing any regular geometry, and reporting the acoustic performance 
of the entire building. This tool helps to allocate those critical rooms, so it also helps with the 
acoustic measurements needed to verify the legal requirements. Besides, it opens the way 
for a sound insulation quality classification scheme for entire buildings.  

Keywords: EN 12354, acoustic insulation prediction, acoustic quality. 

1 Introduction 

In the last decade, new building regulations have been specified throughout Europe to 
ensure a better acoustical comfort in dwellings. To achieve that, regulations specify sound 
insulation requirements that should be fulfilled from building design, according to the EN ISO 
12354 family [7], to prospective measurements. As stated by Rasmussen [3], ñto meet 
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specific sound insulation requirements efficiently and effectively, appropriate design tools are 
important, and there should be a high correlation between construction data, the predicted 
sound (designed) sound insulation, the measured sound insulation in the finished building 
and the occupantsô evaluationò. 
 
The correlation between measurements and the subjective evaluation of sound insulation 
has been thoroughly analysed in an study carried out in 1998/99 at the Technical University 
of Denmark [12, 13]. The study found a good correlation between measured A-weighted level 
and perceived loudness. The annoyance slope ranged from 4% to 6% per dB(A) depending 
on the type of noise, resulting in a mean slope of approximately 4% per dB(A) in the middle 
part of the regression line [8]. 
 
The correlation between predicted and measured sound insulation has led to a heated 
debate in the community, divided between the need for accuracy and the urgent necessity of 
a method to compute sound insulation in buildings. Statistical energy analysis (SEA), which 
is under the EN ISO 12354 specification, provides simple algebraic relations that enable us 
to compute sound insulation. However, besides the fact that SEA, in its present form, is 
applicable only to weakly coupled systems, the uncertainty in the coupling loss factor (CLF) 
of the elements in actual buildings (which are rarely homogeneous and isotropic) may lead to 
important divergences. It seems unlikely that a solution will arise soon that will convince 
everyone, whether it comes from an improvement of the current SEA or, maybe, from 
numerical computation of the entire building. 
 
However there is still work to do in the mere application of EN ISO 12354 to real buildings, 
regarding the need of appropriate design tools noticed by Rasmusen [3].  
 

Consider the geometry shown in Figure 1: Two 
rooms with two separating walls. With 
conventional tools both rooms must be 
approximated through rectangular boxes and it 
must be assumed that the two separating walls 
are just one. This assumption implies important 
deviations in the computation of the structural 
reverberation time of the separating elements 

ὝίὭὸό and of the equivalent absorption length, 
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needed to obtain the in situ values. In addition 
the rectangular box approximation will need of 
special care to preserve the area of the modified 
flanking walls, floor, and ceiling, in order to keep 
unaltered their respective in situ sound reduction 
index. In the case of U-shaped or L-shaped 
vertical enclosures, the rectangular box 

assumption is simply not possible. It must be remarked that these are not limitations of the 
EN ISO 12354 standard, which is clear about how to compute the flanking transmission 
whatever the number of flanks, but of the geometrical limitations of the usual tools, 
constrained to a rectangular box approximation. 
 

Figure 1 Geometry of a pair of rooms in a real building 
from SONarchitect ISO software 
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Another common source of error came from the impracticability of computing each and every 
pair of rooms in a building. In Figure 2, a 3D model of an actual hospital (with 1 256 
enclosures) built in Bilbao (Spain) is shown. To fully compute the sound insulation between 
every pair of rooms, 5 209 computations of airborne sound insulation and 6 035 
computations of impact sound insulation are needed. This is beyond the capabilities of 
conventional tools, and, as a consequence, the acoustic consultants were forced to choose 
pairs of rooms supposed to represent the ôworst casesô. 
 

 
 
 
However this task is far from evident, due to the huge variability in volumes, shapes, 
encounters, uses, and materials.  
 
Rules of thumb such as òthe smaller the volume, the worseò are not always safe, since the 
flanking transmission spreads the sound insulation result, leading to wide probability density 
functions and fuzzy limits. In Figure 3 the sound insulation histograms of Bilbaoôs hospital are 
shown, for the apparent sound reduction index (Rôw) and the normalized impact noise 
pressure level (LônT,w).  
 
Even though the materials used in all rooms are nearly the same, the sparsity shown by the 
results in Figure 3 is notable. The airborne results show a clear bimodal density function, 
born from the different acoustic performance of vertical (from 54 dB to 68 dB) and horizontal 
(from 73 dB to 85 dB) separating elements. The impact sound results present a single mode, 
but with much greater deviation, ranging from 13 dB to 54 dB1. The óworst casesô are those in 
the extreme bars of the airborne/impact histograms, 14 and 6 respectively. This yields 20 
óworst casesô to verify against two requirements. 
 
 
 

                                                
 
1 Such high insulation values, such as Rôw=58 dB or LônT,w=13 dB, should not impress the reader, since acoustic insulation was 

computed for all separating walls and slabs, including those with very small area. 

 

Figure 2 - 3D model of a hospital in Bilbao, as modelled by SONarchitect ISO 
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If more than two requirements must be checked (which is usually the case in European 
building codes) the number of óworst casesô is multiplied, growing to 132 in the case of the 
Spanish regulation. In addition, if the cases in the adjacent bar were also checked, the 
number of óworst casesô would grow up to several hundreds. 
 
Of course, stepping from 11 244 cases down to 132 cases means a useful and appreciable 
simplification that a reliable acoustic consultant could perhaps  provide, but, even then, there 
will never be guarantee that no one is missed, unless each and every case is computed. 
 
In October 2009, a new design tool, SONarchitect ISO, was presented [14], enabling the 
computation of EN ISO 12354 in entire buildings, with no geometric restrictions, 
automatically checking the 100% of the pairs in the building. Validation studies were carried 
out, both in real buildings and against EN ISO 12354 examples, showing very good 
agreement. The computing time, in the order of seconds2, makes it possible to optimise the 
design, increasing both the quality and the throughput, boosting the productivity, and 
establishing a new work flow for building acoustics consultancies or acoustic design studios.  
  
In this paper, some features of this tool are reviewed, and new capabilities are presented, 
such as the built-in implementation of the classification schemes of Denmark, Finland, 
Iceland, Norway, Sweden, France, Germany, Lithuania, and The Netherlands, as well as an 
auralisation tool for subjective evaluation of the acoustic design of buildings, that will ease 
the understanding of some acoustic concepts by architects, civil engineers, and end users. 
The definition of an acoustic label is proposed, and the need of classification of entire 
dwellings is stressed. Classification of the whole building is also discussed.  

                                                
 
2 Computation time of Bilbaoôs hospital (11 244 cases) was 4.37 seconds in an Intel Core 2 Duo CPU E8200 @ 2.66 GHz 

machine with 2 GB RAM. 

 

Figure 3 ï Histograms of the insulation results of hospital in Bilbao, computed 
with SONarchitect ISO software 
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2 Automated computation of ISO12354: General Review 

Sonarchitect ISO provides automatic computation of the sound insulation in a whole building 
for airborne and noise impact, outdoor noise, noise emission, and reverberation time, 
according to EN ISO 12354 parts 1, 2, 3, 4, and 6. Calculations are performed on plans with 
no geometric restrictions. The vibration reduction indices Kij are automatically chosen 
according to the junction configuration and the element material. Results are provided in one-
third octave values, and configurable requirements are automatically checked. Results can 
be inspected in the whole 3D building, enabling the optimization of the design, or printed 
together with the statistics of the whole building for submitting to the local authorities. 
 
Metzen analyzes in [6] the impact on EN ISO 12354 calculations of the assumptions that an 
operator must make during the modeling process. As already stated, one of the main 
problems related to the use of traditional design tools was the difficulty to deal with complex 
geometries. The user was forced to approximate all geometries in a building by rectangular 
box shaped rooms, resulting in errors in the reverberation time computation ὝίὭὸό and in the 

equivalent absorption length ὥίὭὸό, when two or more separating elements exist between the 
pair of rooms. She was also forced to define and compute ñequivalent roomsò taking special 
care of the modified flanking walls, floor and ceiling, to preserve their area and, thus, keep 
unaltered their respective in situ flanking sound reduction index Rij,situ.  
 
Some geometries, such as those shown in Figure 4, cannot be directly approximated through 
the rectangular box assumption. And even if a safe approximation is achieved through an 
equivalent pair of rectangular rooms, the computation of the equivalent areas will make that 
task extenuating.  
 

 

 

Figure 4 ï Examples of cases which cannot be approximated through rectangular box shaped rooms 
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SONarchitect ISO computes the sound transmission through every separating element and 
pair of flanking elements, whatever they are, performing the summations of all transmissions 
coefficients from source to receiver.  
 
The program includes basic drawing tools which allow inserting the geometry of the whole 
building. Tracing plans can be imported as ñ.dxfò files (drawing exchange format), see Figure 
5, enabling to stick the drawn lines to the imported lines.  
 

 
 
 
 
Using powerful geometric parsing technology, the enclosed volumes are automatically 
recognized, intersections detected, and encounters between floors resolved. The building 
definition can be done without any geometric restriction. 100% of the adjacency relations are 
solved at high speed. 
 
The Smart-2DJ © technology enables SONarchitect to automatically process the junction 
geometry and to select the appropriate vibration reduction index Kij for each junction in the 
building. Contrary to conventional tools, in SONarchitect there is no need of specifying 
whether a junction is ñTò, ñLò, or ñX-shapedò, whether the elements are ñlightò or ñsolidò, or 
whether the junction corresponds to a ñlight fa­adeò. All this information is already implicit in 
the geometry and the material specification, and Smart-2DJ technology is able to compute it 
for any junction geometry without user intervention. Some extensions of the model  [10] are 
used for junctions which are not included in the EN ISO 12354-1 Appendix E, such as heavy 
double walls. New improved expressions are currently being developed using FEM 
calculations [11]. 
  

Figure 5 ï Drawing process in SONarchitect ISO over the tracing plan 
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In addition, if the user wants to place a resilient inter-layer between two elements, this can be 
easily done through the elastic junction configuration mode, see Figure 6, which implements 
the JLAN interface. New improvements are scheduled to be released in summer 2010, 
which will enable the definition of rigid connections between double walls in the special cases 
where it may be required. 
 
Building materials are selected from a database, see Figure 7, with over 500 solutions from 
different European countries, manufacturers and classical references in the literature. The 
user can add new materials and custom solutions. Several tools are built in to help the user 
to define new customized materials, using the predicting formulas in Appendix B of EN ISO 
12354-1, Appendix C of EN ISO 12354-2, and several mass laws such as Cremerôs, 
Londonôs, Josse-Lamureôs, Price-Crockerôs, Sewellôs, Brekkeôs, and Arauôs. The impedance 
method for multilayer media is also implemented. 
 

 
 

 
 
Results are presented through a result tree, see Figure 8, showing at the same time the 
results in one-third octave bands and the location of the pair of rooms in the building. Every 
result in the tree, from the performance of each separating element to the contribution of 

Figure 6 ï JLANv1 interface implementation 

 

Figure 7 ï SONarchitect database 
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each flanking path, can be conveniently examined. For each result, a record can be printed 
in pdf format. 
 

 
 
 
 
Those pairs of rooms which do not fulfill the customizable requirements are represented in 
red. The program automatically detects which are the predominant transmission paths and 
marks them in red, if only one exists, or orange, if more than one is responsible of 
decreasing the acoustic insulation between the pair of rooms. Thus, the weakest path can be 
easily identified and acted upon. 
 
The A-weighted sound pressure level noise map is calculated around the building according 
to EN ISO 12354-4 (see Figure 9), if the indoor sound pressure levels in the noisy rooms are 
specified. The total acoustic power radiated by each element (façade, slab, or cover) can be 
examined and reported. 
  

 
 
 
 
Results are summarized in a configurable report, containing building statistics, histograms, 
selected requirements, a collection of calculation records, shown in Figure 10 (a customized 
selection or an automatic selection of the worst cases), the bill of quantities, and a 
compliance statement for the local authorities. 
 

Figure 8 ï SONarchitect 3D results inspection 

 

Figure 9 ï Outdoor noise map according EN ISO12354-4:2000 

 


