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Éditorial
Editor's note

« Hello World!» Hello World!

es deux mots,  habituellement utilisés par
tout programmeur informatique lors de ses
premiers  essais,  résument  bien  l'état

d'esprit  qui  est  le  mien  à  la  rédaction  de  mon
premier  éditorial  pour  la  revue  Acoustique
canadienne.  Je  suis  très  reconnaissant  vis-à-vis
des  membres  du  comité  de  direction  de
l'Association  canadienne  acoustique  et  en
particulier  de  mon  prédécesseur,  le  professeur
Ramani  Ramakrishnan,  de  d'avoir  confié  la
responsabilité  de  rédacteur-en-chef.  J'en  profite
aussi  pour  remercier  le  professeur  Frank  Russo
d'avoir  assuré  l'intérim  et  s'être  vaillamment
occupé  des  numéros  de  notre  revue  durant  les
derniers 16 mois. 

C

Le numéro combiné que vous avez en main est
d'une  forme  particulière.  Il  contient
essentiellement les articles prévus pour le numéro
de Décembre 2013,  tout  en revêtant  la  nouvelle
mise  en  page  prévue  pour  le  numéro  de  Mars
2014.  En  effet,  vous  n'êtes  pas  sans  savoir  que
depuis  presque  18  mois,  la  revue  Acoustique
canadienne  est  publiée  en  ligne  sur  le  site
http://jcaa.caa-aca.ca,  grâce  au  très  complet
« Open Journal Systems ». Or ce même système
permet  également  la  gestion  éditoriale  complète
d'une  revue  scientifique  depuis  la  gestion  des
soumissions  électroniques,  jusqu'à la  préparation
du contenu en ligne, en passant par l'indispensable
processus de revue par les pairs. Il ne restait donc

hese  words,  used  by  computer
programmers in their early stages, fittingly
describe my state of mind as I embark on

writting  my  first  editor's  note  for  Canadian
Acoustics.  To  begin,  allow  me  to  express  my
gratitude to the executive board of the Canadian
Acoustics  Association  and  in  particular,  to  my
predecessor, Professor Ramani Ramakrishnan, for
conferring me the task of Editor. I would also like
to  thank  Professor  Frank  Russo  for  his  time  as
interim  Editor  and  for  carefully  overseeing  the
journal issues during the last 16 months.  

T

This  combined  issue  is  somewhat  different  in
format.  It  contains  mostly  articles  selected  for
December  2013,  while  donning  the  new  page
layout intended for March 2014. As you may be
aware,  for  almost  18 months  now the  Canadian
Acoustics  journal  has  been  accessible  online  at
http://  jcaa.caa-aca.ca,  using  the  comprehensive
“Open Journal Systems”. This software provides
for all editing aspects of a scientific journal, from
managing  electronic  submissions  to  formatting
online material, not to mention the crucial process
of  peer-review.  The  software  only  lacked
functionality to print a “paper” version and needed
converter  software.  Eugen  Popovici  -the  man
behind the success of our migration online- along
with  Cécile  Le Cocq -our  new copyeditor-  have
met  this  challenge  successfully  and nearly  on  a
voluntary  basis,  given  the  hours  they  dedicated
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plus  qu'à  greffer  à  ce  système  un  convertisseur
capable  de  produire  la  version  "papier"  de  la
revue.  Eugen  Popovici  -l'homme  derrière  la
réussite  de  notre  migration  en  ligne-  et  Cécile
Le Cocq  -notre  nouvelle  relectrice-réviseur-  ont
relevé  ce  défi  avec  brio  et  de  façon  quasi
bénévole,  compte  tenu du temps  consacré  et  de
notre  maigre  budget.  Je  tiens  en  effet  à  les
remercier,  au  nom  de  l'Acoustique  canadienne
pour  leur  remarquable  contribution  qui  assure
ainsi la pérennité technologique de notre journal
basé  maintenant  uniquement  sur  des  logiciels
libres et gratuits. Ce système permettra également
à notre comité éditorial et  nos éditeurs associés,
dont  vous  trouverez  les  noms  à  la  page  43,  de
mieux  gérer  les  courriels  et  les  documents
électroniques. Vous constaterez aussi, à cette page,
que  le  poste  d'éditeur  associé  pour  la  section
« Contrôle  du  bruit/  Ingénierie  acoustique »  est
vacant; n'hésitez pas à me contacter si le défi vous
intéresse!

Ce  numéro  comporte  en  plus  des  trois  articles
scientifiques, un hommage à Floyd E. Toole aux
travaux  duquel  notre  illustration  couverture  fait
référence. 

Enfin, vous trouverez à la page  62 l'annuaire des
membres  2013  de  l'Association  canadienne
d'acoustique. Cet annuaire est bien pratique pour
savoir qui fait quoi dans le domaine au Canada et
il est traditionnellement envoyé dans le numéro de
décembre. Il ne l'a pas été en 2013, car nous étions
alors en pleine migration de nos bases de données.
Ainsi, il serait bien important que vous preniez le
temps de vérifier l'exactitude de vos coordonnées
et de les corrigiez directement, le cas échéant, en
vous  connectant  sur  le  site  de  la  revue
http://jcaa.caa-aca.ca

Sur ce, je vous souhaite une bonne lecture de ce
numéro  combiné  et  je  vous  salue  tous  d'un
cordial : « Hello world ! »

and  our  limited  budget.  On  behalf  of  Canadian
Acoustics,  I  would  like  to  thank them for  their
remarkable  contribution,  as  it  will  allow  our
journal to continue using technology based solely
on free and open software. This system will also
enable  our  editing  committee  and  associate
editors,  whose  names  appear  on  page 43, to
manage  emails  and  electronic  documents  more
efficiently. Also, that page, you will find that the
position  for  associate  editor  for  “Engineering
Acoustics/Noise  Control”  is  vacant;  feel  free  to
contact me if you are interested! 

This  issue  features,  on  top  of  three  scientific
articles, a tribute to Floyd E. Toole whose research
work is referenced by our cover art.

In  closing,  please  note  that  the  2013  member
directory for the Canadian Acoustics Association
appears on page  62 of this  issue.  This directory
lists  who does  what  in  the  field  in  Canada and
usually appears in the December issue. However,
it did not in 2013 given that we were in the midst
of moving our database online. Thus, please take a
moment  to  verify  your  contact  information  and
make any necessary corrections directly by means
of the journal website http://jcaa.caa-aca.ca

With  this,  I  hope  you  will  enjoy  reading  this
combined issue and I greet you all with a cordial:
“Hello world!”

 

Jérémie Voix
Rédacteur-en-chef

Jérémie Voix
Editor
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ABSTRACT 

 

This paper describes the acoustic evaluation of historical baroque church in Brazil - 
Igreja Nossa Senhora do Rosário de São Benedito (Church of Our Lady of the Rosary 
of St. Benedict), built in the 18th century. The evaluation was performed in three stages: 
1) in situ measurements of reverberation time (RT), early decay time (EDT), definition 
(D50) and clarity (C80); 2) reproduction of field conditions in a computational simulation 
using ODEON room acoustics prediction software, and 3) statistical analysis of the data. 
The integrated impulse response method was used here, as recommended by the 
ISO/3382-1:2009 standard. Results were subjected to an analysis of variance (ANOVA) 
to test the accuracy of the model. The model can be considered accurate, especially as 
far as reverberation times are concerned.     
 

RÉSUMÉ 
 

Cet article détaille l’évaluation acoustique d’une église baroque construite au 18e siècle 
et faisant partie du patrimoine du Brésil - Igreja Nossa Senhora do Rosário de São 
Benedito (église Notre-Dame du Rosaire de St-Benoit).  L’évaluation a été réalisée en 
trois étapes : 1) Mesure sur site (in situ) du temps de réverbération (RT), le temps de 
décroissance initiale (EDT), de la définition (D50) et de la clarté (C80); 2) Simulation 
numérique à l’aide d’ODEON, un logiciel d’analyse acoustique, à partir des conditions 
observées sur site, et 3) Analyse statistique des données.  Tel que suggérée par la norme 
ISO/3382-1:2009, la réponse impulsionnelle intégrée a été utilisé pour les fins de la 
présente étude.  Les résultats obtenus ont ensuite été soumis à une analyse de la variance 
(ANOVA) pour vérifier la précision du modèle.  En ce qui concerne les temps de 
réverbération, le modèle élaborée peut être considéré valide. 

 
 

1. INTRODUCTION 

The development of room acoustic 
prediction techniques is quite recent. The first 
efforts in this area emerged in the early 20th 
century with the works of Wallace Clement 
Sabine. Until that time, the acoustic quality of a 
room was determined by trial and error and a 
little luck, or through the reproduction of 
successful cases [1, 2]. 

In the following decades, several 
investigation techniques to find analysis solutions 
for room acoustics were developed, including the 

use of physical scale models. These models were 
widely employed for testing concert hall designs. 
Despite their efficiency, however, scale models 
have gradually been abandoned as modern 
computer processing capabilities improve. 

Digital models often save time and costs for 
evaluation, and also offer the flexibility to easily 
change various acoustical parameters such as 
building materials, room occupancy, etc [3, 4, 5]. 
However, computer models must still be treated 
with some care. According to Long [2]: “The 
simplifications necessary to be able to carry out 
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the calculations in a reasonable time still leave us 
with an imperfect picture, but as technical 
sophistication and computing ability increase, the 
models are improving”. 

Computational predictions have become the 
object of periodic assessments by the 
international scientific community. Vorländer [6] 
and Bork [7, 8, 9] conducted international round 
robin calculations to evaluate the performance of 
room acoustics simulation software. These 
authors found that the weaknesses of all the 
software they evaluated involved the calculations 
of low frequencies and the treatment of the 
effects of edge diffraction, especially in seating 
areas. Other difficulties encountered in these 
models involved the correct characterization of 
surfaces in terms of their sound absorption and 
diffusion properties [10, 11, 12, 13, 14].  

A comparison of calculated values and data 
obtained by measurements is fundamental in 
checking the quality of the model. According to 
Bradley and Wang [15]: “…reverberation time 
has been the parameter most widely used by 
academics and industry to calibrate models”. The 

reasons for this are that this parameter is easy to 
measure, its sensitivity in relation to positions is 
low, thus increasing the repeatability of sampling, 
and the fact that these programs calculate 
reverberation time consistently, which simplifies 
its statistical treatment [15]. 

In addition, predictions should be compared 
with optimal reference values in order to assess 
the acoustic quality of the digital prediction 
model. The ISO/3382-1:2009 [16] standard 
shows optimum values for several metrics, as 
well as the perception threshold for mean 
frequency values in a single position in concert 
halls and multipurpose auditoriums  with volumes 
exceeding 25,000 m3 (Table 1). 

In Brazil, room acoustics is being 
standardized and the criteria for acoustic 
treatments of enclosed spaces are recommended 
by the Brazilian standard NBR 12179:1992 [17, 
18, 19, 20]. This standard considers only 
reverberation time for acoustic conditioning [18]. 
It recommends the use of the classical equations 
of Sabine or Eyring [5, 21, 22]. 

 

 

Subjective 
impression of the 

sound field 

Objective 
descriptor 

Single number 
frequency 
averaging* 

[Hz] 

Perceptible 
difference 

Typical interval ** 

Reverberation Early Decay Time 500 to 1000 Rel. 5% 1.0 s to 3.0 s 

Perceived sound 
quality 

Clarity, C80, in dB 
Definition, D50 

Center time, Ts, in 
ms 

500 to 1000 
500 to 1000 
500 to 1000 

1 dB 
0.05 

10 ms 

-5 dB to +5 dB 
0.3 to 0.7 

60 ms to 260 ms 

*The single number frequency averaging denotes the arithmetical average for the octave bands. 

**The typical interval is for mean values over the frequency in a single position in concert halls and multipurpose 
auditoriums with volumes above 25,000 m3 (ISO3382-1 [16]) 

 

Table 1. Values of some acoustic descriptors suggested by ISO 3382-1:2009 (Adapted from ISO3382-1 
[16]) 

 

2. MATERIALS AND METHODS 

The objective of this paper is to present the 
calibration of a computational model for 
predicting the acoustic parameters of a baroque 
church in the city of Curitiba, Brazil. The 
calibration will be performed based on a 
statistical comparison of the reverberation time of 
values measured in situ and values obtained by 

computer simulation. This work was divided into 
three stages: 1) Characterization of the room and 
in situ measurements of reverberation time (RT), 
early decay time (EDT), definition (D50) and 
clarity (C80), 2) Reproduction of field conditions 
in a computational simulation with ODEON 
version 9.0 room acoustic prediction software and 
3) Statistical analysis of the data.  
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2.1 Characterization of the room and in situ 
measurements  

The Igreja Nossa Senhora do Rosário de 
São Benedito (Church of Our Lady of the Rosary 
of St. Benedict) is an 18th century building of 
baroque architecture. This church was 
constructed on the site of a former colonial-style 
chapel built for slaves, which was called Igreja 
Rosário dos Pretos de São Benedito (Church of 
the Rosary of the Blacks of St. Benedict). The 
original church was inaugurated in 1737 and 
served as the headquarters of the Catholic Church 
in Curitiba (Brazil) from 1875 to 1893, during the 
construction of the Metropolitan Cathedral 
(Figure 1). 

The building is made of stone masonry and 
its interior walls are plastered and painted with 
water based paint. Stained glass windows 
illuminate the interior of the church. 

The floor is made of parquet laid on 
concrete and the wooden ceiling is painted with 
oil-based paint, with no decorations of any kind. 
The bare wooden benches are unpadded.  The 

benches in the aisles seat approximately 310 
people. In the choir above the entrance is a tube 
organ. Table 2 describes the main dimensions of 
this enclosed space. 

 

 
Figure 1. Inside view of the Church - Nossa 

Senhora do Rosário de São Benedito 

 
 

 

Architectural characteristics Dimensions 

Maximum width – including side chapels 13.5 m. 

Maximum length– measured in front of the altar 28 m. 

Maximum height– measured from floor to ceiling at the highest point of the arch, vault or 
flat ceiling 

8.6 m. 

Height of the altar – measured from the floor of the altar to the highest point of the ceiling 8.5 m. 

Total volume  2488.6 m3 

Total floor area 305.4 m2 

Table 2. Interior dimensions of Nossa Senhora do Rosário de São Benedito Church 

 
2.2 In situ measurements 

The following equipment was used for the 
measurements of the interior of the church: 1) A 
omnidirectional sound source connected to a 
power amplifier; 2) A omnidirectional 
microphone connected to a sound level meter; 3) 
DIRAC 3.1 signal generating and decay curve 
recording software installed in a microcomputer; 
4) RME Fireface 800 - firewire audio interface 
circuit board used for connecting the equipment 
to the microcomputer. 

 

The loudspeakers were positioned at two 
points in the presbytery (Figure 2 - Source 
position S1, S2), one on the axis of symmetry of 
the main chapel and the other on the lectern 
facing the congregation. The receiver points were 
distributed around the naves in a regular 5x5 
meter grid, making a total of six points in the 
principal nave and two points in the lateral nave 
(Figure 2). The microphone (Figure 2 – 
Microphone position - MP - 1 to 8) was 
sequentially positioned in the seating between the 
benches, at a height of 1.2 m from the floor, 
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which reproduces the condition of the seated 
audience [16]. At each position impulse response 
was measured using exponential sweep signal to 
excite the air volume inside the room and then the 
various acoustical parameters were calculated by 

DIRAC 3.1 [23]. Triplicate measurements were 
also taken in for each combined loudspeaker and 
microphone pair, which yielded the average for 
the analysis. 

 
 

 
Figure 2. Nossa Senhora do Rosário Church – floor plan of the nave and presbytery 

 

2.3 Computational Model  

The acoustic simulation was performed 
using the Odeon 9.0 software [24] and consisted 
of the following steps: 1) Test of the geometry – 
identification of errors of the three-dimensional 
surfaces; 2) Positioning of the loudspeaker and 
receiver points according to the field survey; 3) 
Characterization of the surfaces as a function of 
the sound absorption and diffusion coefficients of 

the finishing materials found in the room. The 
digital three-dimensional model was created 
using VectorWorks 11.5 software [25] and, albeit 
simplified, it reproduces the main geometric 
characteristics of the enclosed space under study. 
Most of the sound absorption coefficients used 
here were available in the library of the software 
ODEON. The absorption coefficients used in the 
model are listed in Table 3 [26]. 

. 
 

Materials 
Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

Wood sheathing, pine 0.10 0.11 0.10 0.08 0.08 0.11 

Chairs, lightly upholstered concert hall chairs, average 0.35 0.45 0.57 0.61 0.59 0.55 

Lime cement plaster 0.02 0.02 0.03 0.04 0.05 0.05 
Single pane of glass, 3mm 0.08 0.04 0.03 0.03 0.02 0.02 

Solid wooden door 0.14 0.10 0.06 0.08 0.10 0.10 
Ceilings, plasterboard ceiling on battens with  

large air-space above 
0.20 0.15 0.10 0.08 0.04 0.02 

Floors, wood parquet on concrete 0.04 0.04 0.07 0.06 0.06 0.07 
Windows, window glass 0.35 0.25 0.18 0.12 0.07 0.04 

 

Table 3. Absorption coefficients of finishing materials used in churches [26] 
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Another important acoustic characteristic 

of surfaces is their property of diffusing reflected 
rays. Due to the scantiness of data on the 
diffusion coefficients of materials and because 
their applicability is based to a large extent on the 

experience of technicians and researchers [27, 
28], the diffusion coefficients used in this model 
are the ones suggested by the manufacturer of the 
simulation program used here [29].  Table 4 
describes the practical rules for its application. 

 

Characteristics of surfaces Sound diffusion coefficient 

Large rigid or solid surfaces 0.1 

Highly diffusive surfaces such as audiences in concert halls 0.7 

Rooms with many small items, such as classrooms and offices, 
that are ignored in the modeling process 

0.3 

Table 4. Practical criteria for application of the sound diffusion coefficient – characterization of 
surfaces (Adapted from Christensen [29]) 
 

The ODEON software has three precision 
levels to calculate acoustical parameters [24]: 1) 
Survey, 2) Engineering, and 3) Precision.  These 
three levels of precision have been associated to 
two methods of computing diffusion – total 
diffusion and Lambert´s cosine law (Lambert´s 
oblique) – and have been applied to two distinct 
situations: 1) all materials, or 2) soft material 
only. From these parameters, 12 different 
calculation combinations are possible, with each 
one producing a set of results - as can be seen in 
Table 5. In view of the innumerable/diverse 
possibilities of the software, the results should be 
compared to determine which level of precision 
and method of calculation is the most accurate.  
 

2.4 Statistical treatment 

Statistical treatments were applied as an 
auxiliary tool for the calibration of the models. 
Only data for the reverberation time (RT) were 
analyzed. Statistical analysis of the reverberation 
time by octave band facilitates the application of 
analysis of variance tests, because values vary 
very little with the position and its distribution 
throughout the room tends to normality [30, 31, 
32, 33]. 

As mentioned in Section 2.3, 12 groups 
were obtained through computational predictions, 
and one group from measurements taken in the 
Nossa Senhora do Rosário church. For purposes 

of comparison, this is the control group against 
which all the other groups were compared. The 
prediction groups were numbered 2 to 13. The 
groups were created from the combinations 
provided by the software Odeon (Table 5), and 
were subjected to Kolmogorov-Smirnov, 
ANOVA, Tamhane and LSD tests [30, 31, 32, 
33].  

Data have been subjected to the ANOVA 
(Analysis of Variance). According to Vieira [32]: 
“One ANOVA should only be applied to a set of 
observations if the conditions of Independence, 
equality of variances and normality of the 
samples are met. In practical terms, however, 
these 3 assumptions are hardly all met.”  

One of the most widespread test for 
verification of sample normality is that of 
Kolmogorov-Smirnov [32]. This test assesses the 
correlation between the observed distribution of 
the sample and a particular theoretical 
distribution. If the hypothesis of normality of data 
is confirmed, the analysis of variance (ANOVA) 
can be performed. 

The ANOVA is employed in order to 
compare the means of more than two groups at 
the same time. It is an extension of the Student´s 
t-test [32]. According to Bisquerra et.al [33]: 
“The null hypothesis can be so named: there are 
no diferences between the observed means, that 
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is, the observed differences are a result of 
random phenomena. Thus, one can consider that 
the different samples belong to a single 
population. With the ANOVA, one can conclude 
whether the hypothesis of difference between a 
pair of groups can or cannot be accepted”. 

With ANOVA, one comes to the 
conclusion, to accept or reject the hypothesis of 
difference between the means of the groups, as a 
result of a certain source of variation. But in order 
to localize the differences between the groups, 
multiple comparison tests are then performed 
(post hoc tests). In this work we used Tamhane 
and LSD tests [30, 31, 32, 33]. Tamhane's test is 
applied to not homoscedastic samples, i.e., those 
having non-homogeneous variance. With the 
same purpose, samples with homogeneous or 
homoscedastic variance were treated with LSD 
test [30, 31, 32, 33]. 

The 12 groups of prediction are presented 
in Table 5. 

3. RESULTS AND ANALYSIS    

First, the in situ measurements were 
analyzed and compiled. Then, the predicted 
reverberation time for each Group were compared 
against the measured ones to determine which 
prediction Group agrees more with the on-site 
results.  Afterwards, the predicted and measured 
values for the other acoustical parameters were 
compared. 

 
3.1. Reverberation time inside Nossa Senhora 
do Rosário Church 

From the analysis of the measured impulse 
response, the following reverberation times were 
obtained for each source and microphone 
position. 

 

Group description  Group no. 

Measured values  1 
 

Survey + Lambert + soft materials only 
 
2 

Survey + Lambert + all materials 3 
Survey + full diffusion + soft materials only 4 

Survey + full diffusion + all materials 
 

5 
 

 
Engineering + Lambert + soft materials only 

 
6 

Engineering + Lambert + all materials 7 
Engineering + full diffusion + soft materials only 8 

Engineering + full diffusion + all materials 
 

9 
 

 
Precision + Lambert + soft materials only 

 
10 

Precision + Lambert + all materials 11 
Precision + full diffusion + soft materials only 12 

Precision + full diffusion + all materials 13 
 

Table 5. Statistically tested acoustic prediction group 
 

Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 3.05 2.99 3.29 3.18 2.94 2.44 

S1-MP2 2.83 3.05 3.32 3.16 2.89 2.40 
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S1-MP3 3.00 3.17 3.35 3.12 2.91 2.32 

S1-MP4 2.86 3.05 3.37 3.21 2.96 2.48 

S1-MP5 2.92 3.15 3.32 3.17 2.96 2.46 

S1-MP6 3.04 2.98 3.27 3.23 2.96 2.43 

S1-MP7 2.97 3.15 3.28 3.20 3.01 2.48 

S1-MP8 2.93 3.03 3.36 3.26 3.03 2.39 

Table 6. Measured Reverberation Time T30 for sound source in position S1  

 

Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S2-MP1 3.06 3.02 3.23 3.21 2.94 2.38 

S2-MP2 3.17 3.04 3.23 3.14 3.00 2.43 

S2-MP3 2.94 2.93 3.31 3.21 2.96 2.48 

S2-MP4 3.03 3.05 3.28 3.21 3.02 2.50 

S2-MP5 2.64 3.01 3.31 3.32 3.00 2.45 

S2-MP6 2.98 2.99 3.34 3.14 2.97 2.41 

S2-MP7 2.84 3.11 3.39 3.21 2.98 2.42 

S2-MP8 2.87 3.07 3.31 3.20 2.97 2.48 

Table 7. Measured Reverberation Time T30 for sound source in position S2  

 
3.2. Statistical analysis between predicted and 
measured results 

The 12 prediction groups along with the 
measured group were statistically analyzed, based 
on T30, as follow. The normality test 
(Kolmogorov-Smirnov applied respectively to 
each group) showed a p-value higher than 0.05 
for all the groups analyzed in the Nossa Senhora 
do Rosário church. This shows that within each 
groups the reverberation times are distributed 
normally in all the loudspeaker frequencies and 
positions.  

From the homogeneity of Variance test 
apply to the reverberation time of all predicted 
groups (Table 8), it appears that the span of the 
results from group to group is dependant of the 
source position.  With p-value higher than 0.05 
except at 125 Hz, the predictions with the 
loudspeaker in position S1 provided samples with 
homogeneous variance, meaning small 
differences from group to group results. In 
contrast, for all the prediction groups and at all 

the frequencies, the variances in position S2 of 
the loudspeaker were inhomogeneous (Table 8); 
the difference between the results of each 
prediction group is then significant for this source 
position. 

 
In addition to being inhomogeneous, the 

null hypothesis for significant differences among 
the groups was not accepted for any of the 
samples subjected to analysis of variance (Table 
9) – p-value is lower than 0.05.  There are then 
quite possibly large differences between the 
means of the reverberation time predicted by 
Odeon while varying the calculation parameters 
(12 different calculation combination, see table 
5). 

The multiple comparison tests detected 
significant differences between all the prediction 
groups and the measured values. These 
differences were concentrated mostly at the 
frequencies of 250 Hz and 4000 Hz, and were 
distributed more uniformly among the others. In a 

Canadian Acoustics / Acoustique canadienne Vol. 42 No. 1 (2014) - 9



comparison of the different positions of the 
loudspeaker, the simulations for the speaker in 
position S2 showed a significantly better 
performance (Table 10). 

  As one can see in the table 10, Group 7 
showed the best reproduction of the measured 
values (p-value > 0.05) in the largest number of 
octave bands, and therefore has been used for the 
following steps of the study.  

 
 

Loudspeaker position  
p-value per Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 
S1 0.007 0.087 0.116 0.123 0.212 0.363 
S2 0.019 0.006 0.000 0.000 0.003 0.003 

Table 8. Homogeneity of Variance Test 
 

Loudspeaker position 
p-value per Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 
S1 0.000 0.000 0.000 0.000 0.000 0.000 
S2 0.000 0.000 0.001 0.000 0.000 0.000 

Table 9. ANOVA Test  
 
 

Group description Group no. 
Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

Survey + Lambert + soft materials only 2 ▪   ▪ ▪  

Survey + Lambert + all materials 3     ▪  

Survey + full diffusion + soft materials only 4 ▪  ▪    

Survey + full diffusion + all materials 5   ▪ ▪ ▪  

Engineering + Lambert + soft materials only 6 ▪   ▪   

Engineering + Lambert + all materials 7 ▪  ▪ ▪ ▪  
Engineering + full diffusion + soft materials 

only 
8 ▪  ▪    

Engineering + full diffusion + all materials 9    ▪ ▪  

Precision + Lambert + soft materials only 10   ▪ ▪   

Precision + Lambert + all materials 11 ▪   ▪ ▪  

Precision + full diffusion + soft materials only 12 ▪  ▪    

Precision + full diffusion + all materials 13   ▪ ▪ ▪ 
        

Legend:        

p-value < 0.05 for S1 and S2        

p-value < 0.05 for S1        

p-value < 0.05 for S2 □       

p-value > 0.05 ▪       
 

Table 10.  Multiple Comparison Test between all the Prediction Groups and the Measured T30 Values 
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3.3. Comparison between measured and 
predicted reverberation time 

Figures 3 and 4 indicate the measured and 
calculated/predicted (Group 7 – reverberation 
times). The best statistical performance for the 
prediction of Speaker S2 is shown in Figure 4. In 
this case the calculated best mach the measured 
data. The standard ISO/3382-1 [16] recommends 
that the results for (RT) are presented as a “single 
number frequency averaging”, according to Table 
1: “The single number frequency averaging 
denotes the arithmetical average for the octave 
bands, 500 to 1000 Hz”. 
It was found that the simulated results of Group 7 
for this enclosed space presented differences of 

less than 0.16 seconds, i.e., differences of less 
than 5% from the T30 measured from point to 
point in the room. This performance meets the 
value proposed by ISO/3382-1:2009 [16] which 
recommends a tolerable difference of 5%. In view 
of this finding, the modeling of Group 7 was 
taken as representative of the existing room. 
Moreover, since the remaining calculated 
parameters originated from the room’s 
reverberant field, the results of the other three 
metrics (EDT, C80 and D50) will be presented and 
compared with their respective measured values. 

Tables 11 and 12 show the results for the 
predicted reverberation time (RT). 

 

 
Figure 3. Measured and predicted reverberation time (T500+1000Hz) for Loudspeaker position S1

 

Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 2,98 3,27 3,19 3,16 2,89 2,05 

S1-MP2 2,80 3,23 3,19 3,17 2,79 2,17 

S1-MP3 2,71 3,41 3,34 3,37 2,96 2,15 

S1-MP4 2,88 3,49 3,27 3,26 2,98 1,99 

S1-MP5 2,74 3,41 3,40 3,36 2,95 2,04 

S1-MP6 2,65 3,24 3,17 3,21 3,01 2,16 

S1-MP7 2,82 3,68 3,26 3,33 3,00 2,02 

S1-MP8 2,70 3,32 3,18 3,33 2,94 2,01 

Table 11. Predicted Reverberation Time T30 for sound source in position S1 
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Figure 4. Measured and predicted reverberation times (T500+1000Hz) for Loudspeaker position S2 

 

 

Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 2,92 3,36 3,31 3,28 3,06 2,14 

S1-MP2 2,97 3,38 3,21 3,28 3,01 2,07 

S1-MP3 2,88 3,35 3,27 3,2 2,91 2,14 

S1-MP4 2,92 3,49 3,23 3,32 3,05 2,13 

S1-MP5 3,14 3,47 3,23 3,21 3,01 2,15 

S1-MP6 3,53 3,63 3,42 3,39 2,98 1,96 

S1-MP7 3,1 3,35 3,3 3,09 2,92 2,1 

S1-MP8 3 3,18 3,26 3,18 2,87 2,11 

Table 12. Predicted Reverberation Time T30 for sound source in position S2 

 
3.4. Comparison of the measured and 
calculated results for EDT 

The prediction of Early Decay Time 
(EDT) for the N. Sra. Do Rosário Church 
produced results which deviated by 5% to 16% 
from the measured values. These results indicate 
a random dispersion of the data with respect to 
the tendency of the measurements. Although the 
difference between the values is less than 5% for 
most of the points linked to Loudspeaker S1, the 
calculated results do not show a tendency 

consistent with the measured results (Figures 5 
and 6). Tables 13 and 14 show measured levels of 
EDT and Tables 15 and 16 show predicted levels 
for EDT. The standard ISO/3382-1 [16] 
recommends that the results for (EDT) are 
presented as a “single number frequency 
averaging”, according to Table 1: “The single 
number frequency averaging denotes the 
arithmetical average for the octave bands, 500 to 
1000 Hz”. 
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Figure 5. Measured and predicted Early Decay Times (EDT500+1000Hz) for Loudspeaker position S1 

 

 
Figure 6. Measured and predicted Early Decay Times (EDT500+1000 Hz) for Loudspeacker position S2 

 

Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 3.12 3.24 3.59 3.14 3.05 2.40 

S1-MP2 3.38 3.36 3.21 3.39 2.94 2.27 

S1-MP3 3.18 2.71 3.34 3.22 2.98 2.29 

S1-MP4 2.84 3.12 3.10 3.23 3.02 2.35 

S1-MP5 2.93 2.90 3.23 3.34 2.91 2.34 

S1-MP6 3.23 3.14 3.31 3.28 3.12 2.38 

S1-MP7 3.20 2.79 3.30 3.20 2.98 2.50 

S1-MP8 2.31 3.04 3.10 3.24 2.95 2.43 

Table 13. Measured Early Decay Time EDT for sound source in position S1  
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Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S2-MP1 2.75 3.05 3.50 3.11 3.17 2.48 

S2-MP2 2.57 3.05 3.48 3.37 2.86 2.20 

S2-MP3 2.37 2.88 3.28 3.38 2.96 2.25 

S2-MP4 2.81 2.94 3.36 3.24 2.97 2.33 

S2-MP5 3.48 3.31 3.45 3.18 2.95 2.34 

S2-MP6 3.12 3.21 3.10 2.93 3.02 2.31 

S2-MP7 2.85 3.01 3.03 3.61 3.28 2.47 

S2-MP8 2.95 3.03 3.42 3.36 3.22 2.55 

Table 14. Measured Early Decay Time EDT for sound source in position S2  

 

Combination  
 (Source-Microphone Position) 

(S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 3.22 3.78 3.53 3.54 3.13 2.22 

S1-MP2 2.62 3.40 3.10 3.34 3.04 2.06 

S1-MP3 2.87 3.42 3.21 3.21 2.88 2.18 

S1-MP4 3.01 3.53 3.39 3.38 2.93 2.04 

S1-MP5 2.88 3.45 3.19 3.17 2.94 2.11 

S1-MP6 2.75 3.38 3.27 3.19 3.03 2.24 

S1-MP7 3.10 3.56 3.28 3.20 3.16 2.20 

S1-MP8 3.20 3.97 3.77 3.60 3.12 2.20 

 Table 15. Predicted Early Decay Time EDT for sound source in position S1  

 

Combination  
 (Source-Microphone Position) 

(S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S2-MP1 2.93 3.44 3.27 3.28 3.00 2.07 

S2-MP2 2.90 3.40 3.26 3.14 3.02 2.20 

S2-MP3 2.48 3.15 3.09 3.01 2.83 2.05 

S2-MP4 2.96 3.49 3.42 3.55 3.09 2.28 

S2-MP5 2.77 3.60 3.45 3.33 2.98 2.07 

S2-MP6 2.87 3.42 3.45 3.29 2.85 2.05 

S2-MP7 3.00 3.58 3.33 3.39 3.20 2.10 

S2-MP8 2.87 3.51 3.33 3.15 3.11 2.35 
 

Table 16. Predicted Early Decay Time EDT for sound source in position S2 
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Large deviations in the simulations of Early 
Decay Time were also observed by other authors 
[8, 9, 15]. This descriptor of reverberation, unlike 
reverberation time, is significantly dependent on 
early sound (direct sound and early reflections), 
thus resulting in overestimated values for the 
points further away from the loudspeaker and, 
inversely, underestimated values for the closest 
points. The results indicate that, insofar as 
reverberation descriptors are concerned, 
computer models perform better in the calculation 
of reverberation time T30 than of Early Decay 
Time.  

 
3.5. Comparison of the measured and 
calculated results for (C80)  

For Clarity (C80), the differences between 
the calculated values of (C80) and the ones 
existing in the real room were described in 

Figures 7 and 8. The computer model 
overestimated most of the points for the 
configuration of loudspeaker S1. Nevertheless, 
the reproduction of the calculated values 
presented a difference of about 1 dB, the limit of 
the perceptible difference for this parameter, 
which characterizes a good performance of the 
model [16]. The predicted data for loudspeaker 
S2 presented a higher deviation at the points more 
distant from the loudspeaker (above 10 meters) 
and a better reproduction of the closer points. 
Tables 16 and 17 show measured values for C80, 
and Tables 18 and 19 show predicted C80 values. 
The standard ISO/3382-1 [16] recommends that 
the results for (C80) are presented as a “single 
number frequency averaging”, according to Table 
1: “The single number frequency averaging 
denotes the arithmetical average for the octave 
bands, 500 to 1000 Hz”. 

 
 
 
 

 

Figure 7. Measured and predicted values of Clarity (C80) (500+1000 Hz) for Loudspeaker position 1 

 

 

Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 -2.81 -6.16 -5.44 -7.46 -6.85 -3.82 

S1-MP2 -3.00 -3.13 -4.68 -4.15 -3.25 -1.51 

S1-MP3 -2.44 -2.21 -3.32 -4.38 -4.20 -1.55 
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S1-MP4 -4.92 -5.26 -6.55 -5.26 -4.25 -2.47 

S1-MP5 -4.72 -3.82 -5.50 -4.24 -3.69 -1.47 

S1-MP6 -4.77 -4.54 -5.91 -6.02 -4.84 -2.88 

S1-MP7 -4.95 -6.99 -5.96 -6.18 -5.49 -2.80 

S1-MP8 -4.35 -6.25 -6.74 -4.37 -4.97 -3.40 

Table 16. Measured Clarity C80 for sound source in position S1  
 
 
 
 

 

Figure 8. Measured and predicted values of Clarity (C80) (500+1000 Hz) for Loudspeaker position 2 

 

 

 

 

Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S2-MP1 -0.86 -4.26 -4.99 -6.39 -5.06 -3.18 

S2-MP2 1.76 -3.11 -4.07 -3.52 -3.29 -1.20 

S2-MP3 -7.13 -4.16 -2.18 -2.75 -3.15 -1.66 

S2-MP4 -3.93 -7.64 -7.02 -5.52 -3.89 -2.75 

S2-MP5 0.18 -3.43 -3.21 -4.74 -4.50 -2.53 

S2-MP6 -1.12 -2.82 -6.11 -4.31 -3.72 -3.14 

S2-MP7 -8.13 -4.42 -7.02 -3.95 -4.13 -2.63 

S2-MP8 -6.05 -5.22 -6.25 -6.70 -5.76 -3.71 
 

Table 17. Measured Clarity C80 for sound source in position S2  
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Combination  

Source/Microphone Position  
 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 -4.50 -5.70 -5.70 -5.60 -5.20 -3.40 

S1-MP2 -2.40 -3.70 -3.70 -3.60 -2.90 -1.00 

S1-MP3 -2.80 -4.00 -4.00 -4.00 -3.50 -1.70 

S1-MP4 -4.50 -5.60 -5.40 -5.40 -5.00 -3.30 

S1-MP5 -4.10 -5.20 -5.10 -5.10 -4.70 -2.80 

S1-MP6 -4.20 -5.20 -5.00 -4.90 -4.40 -2.50 

S1-MP7 -4.50 -5.60 -5.10 -4.90 -4.30 -2.40 

S1-MP8 -4.90 -6.10 -5.60 -5.40 -4.90 -2.90 

Table 18. Predicted Clarity C80 for sound source in position S1   
 
 

Combination  

Source/Microphone Position  
 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S2-MP1 -2.70 -3.80 -3.70 -3.60 -3.20 -1.50 

S2-MP2 -2.10 -3.30 -3.20 -3.20 -2.80 -0.70 

S2-MP3 -1.00 -2.10 -2.10 -2.10 -1.60 0.30 

S2-MP4 -5.20 -6.30 -6.20 -6.20 -5.70 -3.60 

S2-MP5 -3.20 -4.30 -4.10 -4.10 -3.60 -1.60 

S2-MP6 -3.10 -4.20 -4.00 -3.90 -3.40 -1.30 

S2-MP7 -3.70 -4.80 -4.30 -4.20 -3.60 -1.60 

S2-MP8 -6.50 -7.70 -7.20 -7.20 -6.50 -4.50 

Table 19. Predicted Clarity C80 for sound source in position S2  
 
 
3.6. Comparison of the measured and 
calculated results for (D50) 

The simulation of Definition (D50) 
presented lower deviations from the measured 
values than those obtained in the prediction of 
C80.  Differences of less than 0.05 (Figure 9 and 
10) were observed between the measured and 
calculated data for both loudspeaker S1 and S2. 
The performance of the simulations for the 
second position of the loudspeaker, however, 
presented two points with differences of 0.05 to 

0.10. In both these cases, the tolerance for the 
prediction was exceeded (Figure 10). Tables 20 
and 21 show measured D50 values, and Tables 22 
and 23 show predicted D50 values. The standard 
ISO/3382-1 [16] recommends that the results for 
(D50) are presented as a “single number frequency 
averaging”, according to Table 1: “The single 
number frequency averaging denotes the 
arithmetical average for the octave bands, 500 to 
1000 Hz”. 
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Figure 9. Measured and predicted values of Definition (D50) (500+1000 Hz) for Loudspeaker position 1. 

 

Figure 10. Measured and predicted values of Definition (D50) (500+1000 Hz) for Loudspeaker position 2. 
 

Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 0.20 0.13 0.15 0.09 0.09 0.18 

S1-MP2 0.21 0.24 0.21 0.19 0.23 0.30 

S1-MP3 0.26 0.27 0.20 0.18 0.19 0.31 

S1-MP4 0.17 0.16 0.12 0.15 0.17 0.23 

S1-MP5 0.15 0.19 0.11 0.17 0.21 0.29 

S1-MP6 0.20 0.19 0.09 0.13 0.17 0.22 

S1-MP7 0.07 0.04 0.12 0.10 0.15 0.25 

S1-MP8 0.19 0.14 0.12 0.16 0.13 0.22 
Table 20. Measured Definition (D50) for sound source in position S1   
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Combination  

Source/Microphone Position  

 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S2-MP1 0.42 0.18 0.17 0.11 0.14 0.23 

S2-MP2 0.49 0.19 0.21 0.22 0.21 0.32 

S2-MP3 0.10 0.19 0.33 0.28 0.23 0.31 

S2-MP4 0.24 0.09 0.07 0.14 0.21 0.25 

S2-MP5 0.34 0.15 0.17 0.14 0.16 0.24 

S2-MP6 0.38 0.17 0.10 0.15 0.19 0.22 

S2-MP7 0.07 0.11 0.09 0.22 0.20 0.24 

S2-MP8 0.09 0.14 0.09 0.07 0.12 0.19 

Table 21. Measured Definition D50 for sound source in position S2  

 

Combination  

Source/Microphone Position  
 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S1-MP1 0.13 0.10 0.10 0.10 0.11 0.16 

S1-MP2 0.26 0.21 0.21 0.21 0.24 0.33 

S1-MP3 0.26 0.21 0.21 0.21 0.23 0.30 

S1-MP4 0.17 0.14 0.14 0.14 0.15 0.21 

S1-MP5 0.16 0.13 0.13 0.13 0.14 0.20 

S1-MP6 0.15 0.12 0.12 0.12 0.14 0.19 

S1-MP7 0.15 0.12 0.14 0.15 0.17 0.23 

S1-MP8 0.13 0.11 0.12 0.12 0.14 0.19 

Table 22. Predicted Definition D50 for sound source in position S1  

 

Combination  

Source/Microphone Position  
 (S-MP) 

Frequency in octave bands (Hz) 

125 250 500 1000 2000 4000 

S2-MP1 0.25 0.20 0.21 0.21 0.22 0.29 

S2-MP2 0.30 0.25 0.25 0.25 0.28 0.38 

S2-MP3 0.39 0.33 0.33 0.33 0.36 0.46 

S2-MP4 0.15 0.12 0.12 0.12 0.14 0.20 

S2-MP5 0.22 0.18 0.19 0.19 0.21 0.28 

S2-MP6 0.23 0.19 0.20 0.20 0.22 0.31 

S2-MP7 0.20 0.17 0.18 0.19 0.21 0.29 

S2-MP8 0.11 0.08 0.09 0.09 0.10 0.15 

Table 23. Predicted Definition D50 for sound source in position S2  
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4. CONCLUSIONS 

This study reports an evaluation of the 
acoustics of a Brazilian baroque church - Nossa 
Senhora do Rosário Church. The evaluation was 
performed in three stages: 1) in situ 
measurements of reverberation time (RT), early 
decay time (EDT), definition (D50) and clarity 
(C80); 2) reproduction of field conditions in a 
computational simulation using ODEON room 
acoustics prediction software, and 3) statistical 
analysis of the data. 

The results were subjected to an analysis of 
variance (ANOVA) to test the accuracy of the 
model and can be considered accurate, especially 
insofar as reverberation times are concerned. The 
models tested here performed better in the 
calculation of reverberation time (RT) than of 
(EDT). 

Statistical analysis is a useful tool for the 
selection of the best prediction. In this work, the 
prediction obtained by simulation of Group 7 
(Table 8), which used the engineering level of 
precision combined with Lambert’s sound 
diffusion method applied to all materials, 
produced results, when compared to the in situ 
measurements, within the deviation limits of ISO 
3382-1:2009 for (RT60) and (C80), and relatively 
good correlations for (EDT) and (D50). 

 

5. ACKNOWLEDGMENT 

Authors wish to thank CNPq – Brazilian 
National Council of Research and Development 
and DAAD – German Academic Exchange 
Service for financial support in obtaining 
equipment and the software used in the research 
here reported. Authors also wish to acknowledge 
the kind evaluation and valuable suggestions 
provided by the anonymous reviewers, and the 
generous help of the Associate Editor in 
translating our Abstract to French. 

REFERENCES 

[1] Cirillo E, and Martellotta F. (2006). Worship, 
acoustics, and architecture. Essex: Multi-
Science Publishing Company Ltd. 

[2] Long, M. (2006). Architectural Acoustics. 
Academic Press. 

[3] Zannin, P.H.T., Passero, C.R.M., and de 
Sant’Ana, D.Q. (2009). Acoustic Design of 
Enclosed Spaces. In: Ergonomics – Design, 
Integration and Implementation. Nova 
Science Publishers, Inc. 

[4] Zannin, P.H.T., Passero, C.R.M., de 
Sant’Ana, D.Q., Bunn, F., Fiedler, P.E.K., 
and Ferreira, A.M.C. (2012). Classroom 
Acoustics: Measurements, Simulations and 
Applications. In: Classrooms – Management, 
Effectiveness and Challenges. Nova Science 
Publishers, Inc. 

[5] Passero C, and Zannin PHT. (2010). 
Statistical comparison of reverberation times 
measured by the integrated impulse response 
and interrupted noise methods, 
computationally simulated with ODEON 
software, and calculated by Sabine, Eyring 
and Arau-Puchades formulas. Applied 
Acoustics. 71, 1204-1210. 

[6] Vorländer, M. (1995). International round 
robin on room acoustical computer 
simulations. In: 15th International Congress 
on Acoustics - ICA95, pp. 689 – 692. 
Trondheim, June 1995, Norway.  

[7] Bork I. (2000). A comparison of room 
simulation software e the 2nd round robin on 
room acoustical computer simulation. Acust 
Acta Acust. 86, 943-56.  

[8] Bork I. (2005). Report on the 3rd round robin 
on room acoustical computer simulatione 
part I: measurements. Acust Acta Acust. 91, 
740-52.  

[9] Bork I. (2005). Report on the 3rd round robin 
on room acoustical computer simulatione 
part II: calculations. Acust Acta Acust. 91, 
753-63. 

[10] Vorländer M. (1989). Simulation of the 
transient and Steady State sound propagation 
in rooms using a new combined ray-
tracing/image-source algorithm. Journal of 
the Acoustical Society of America. 86, (1) 
172-178. 

[11] Mommertz E. (2000). Determination of 
scattering coefficients from the reflection 

20 - Vol. 42 No. 1 (2014) Canadian Acoustics / Acoustique canadienne



directivity of architectural surfaces. Applied 
Acoustics. 60, 201-203.  

[12] Rindel JH. (2000). The use of computer 
modeling in room acoustics. Journal of 
Vibroengineering. 3, (4) 219-224. index 41-
72, Paper of the International Conference 
BALTIC-ACOUSTIC 2000.  

[13] Vorländer M, and Mommertz E. (2000). 
Definition and measurement of random-
incidence scattering coefficients. Applied 
Acoustics. 60, 187-199. 

[14] Jeon JY, Lee SC, and Vorländer M. (2004). 
Development of scattering surfaces for 
concert halls. Applied Acoustics. 65, 341-
355. 

[15] Bradley DT, and Wang LM. (2007). 
Comparison of measured and computer-
modeled objective parameters for an existing 
coupled volume concert hall. Building 
Acoustics. 14, (2) 79-90. 

[16] International Organization for 
Standardization. (2009). ISO 3382-1:2009 - 
Acoustics — Measurement of room acoustic 
parameters. Part 1: Performance spaces. 
Switzerland. 

[17] ABNT – Associação brasileira de normas 
técnicas (Brazilian Technical Standards 
Association) (1992). NBR 12179 Tratamento 
acústico em recintos fechados (Acoustic 
treatment of enclosed spaces). Rio de 
Janeiro. (in Portuguese). 

[18] Zannin PHT, Marcon CR. (2007). Objective 
and subjective evaluation of the acoustic 
comfort in classrooms. Applied Ergonomics. 
38, 675-680. 

[19] Zannin PHT, Zwirtes DPZ. (2009). 
Evaluation of the acoustic performance of 
classrooms in public schools. Applied 
Acoustics70, 626-635. 

[20] Zannin PHT, Ferreira AMC. (2009). Field 
measurements of acoustic quality in 
university classrooms. Journal of Scientific 
& Industrial Research, 68, 1053-1057. 

[21] Sant’Ana DQ, and Zannin PHT. (2011). 

Acoustic evaluation of a contemporary 
church based on in situ measurementsof 
reverberation time, definition, and computer-
predicted speech transmission índex. 
Building and Environment. 46, 511-517. 

[22] Eyring, C.F. (1930). Reverberation time in 
“dead” rooms. Journal of the Acoustical 
Society of America. 1, 217-241. 

[23] Brüel & Kjaer – Sound and Vibration 
Measurements A/S.  DIRAC – Room 
Acoustics Software Type 7841 – Instruction 
manual. Denmark, 2003. 

[24] ODEON A/S. (2005). ODEON for windows. 
Version 9.0. ODEON A/S. [CD-ROM].  

[25] Nemetschek North America (2005). 
Vectorworks for windows. Version 11.5. 
Nemetschek NA. [CD-ROM].  

[26] Knudsen VO, and Harris CM. (1978). 
Acoustical design in architecture. 5th ed. 
New York: Acoustical Society of America. 

[27] Naylor G, and Rindel JH. (1992). Predicting 
room acoustical behavior with the odeon 
computer model. In: 124th ASA Meeting, 
New Orleans. 

[28] Zeng X, Christensen CL, and Rindel JH. 
(2006). Practical methods to define scattering 
coefficients in a room acoustics computer 
model. Appl Acoust. 67, 771-86.  

[29] Christensen CL. (2003). ODEON room 
acoustics program user manual version 7.0. 
1st ed. Nærum: ODEON A/S.  

[30] Maroco, J. (2007). Análise Estatística: com 
utilização do SPSS. Lisboa, Portugal: 
Edições Sílabo Ltda, 3ª Edição. 

[31] Barbetta, A. P., (2002). Estatística Aplicada 
às Ciências Sociais. 5th Ed., UFSC, 
Florianópolis. 

[32] Vieira, S. (2006). Análise de variância: 
(ANOVA). 1a ed. São Paulo: Atlas. 

[33] Bisquerra, R., Sarriera, J.C., Martínez, F. 
(2004). Introdução a estatística: enfoque 
informático com o pacote estatístico SPSS. 
1a ed. Porto Alegre, Artmed. 

Canadian Acoustics / Acoustique canadienne Vol. 42 No. 1 (2014) - 21



22 - Vol. 42 No. 1 (2014) Canadian Acoustics / Acoustique canadienne



NOISE OUTPUT OF ROAD RACING MOTORCYCLES FROM MEASURED Leq 

DATA 
 

A.K. Mitchell
1 

1
School of Engineering, Acadia University, Wolfville, Nova Scotia, Canada 

[Andrew.Mitchell@acadiau.ca] 

 

ABSTRACT 

This paper reports the results of an experimental study of the noise output from 

road racing motorcycles competing in the Canadian Superbike race series. Leq 

data from single-point measurements are presented for five events, which are then 

analyzed to determine an energy average noise output per competitor at each 

event. The analysis, which considers track geometry and total time spent on track 

by all competitors, seems to indicate a moderately rising trend in the noise output 

per participant over time that is attributed to the changing composition of the 

field.  The single-number noise descriptor obtained is suggested as a useful tool 

for predicting noise levels at future events at this or other venues. 

 

 

RÉSUMÉ 

Cet article présente les résultats d’une étude expérimentale sur le bruit des 

motocyclettes de courses de la série «Canadian Superbike». Les valeurs Leq 

enregistrées en un seul point pour les cinq courses sont présentées et sont ensuite 

analysée afin de déterminer une moyenne énergétique du bruit produit par chaque 

concurrent pour chaque évènement. L’analyse, qui comprend la géométrie de la 

piste et le temps passé par chaque concurrent sur la piste, semble indiquer une 

augmentation du niveau de bruit par concurrent au fil du temps. Ceci pourrait être 

a  ri u  au c an emen  de la composi ion du  roupe de mo ocycle  es sur la pis e 

duran  l’évènement. Le descripteur de niveau à chiffre unique pourrait être u ilis  

outil pour prédire le ni eau de  rui  au  courses   l’a enir   ce  endroi  ou sur 

d’autres pistes de course. 
 

1. INTRODUCTION 

 

Road racing is a form of motorsport that 

sometimes produces noise annoying to those 

living nearby. This noise is often variable in 

level and intermittent, making it difficult to 

quantify with a single measurement. The 

courses used for competition are often several 

kilometers in length and cover significant 

geographical areas, which can also make it 

difficult to predict and/or monitor noise 

exposure at every potentially sensitive 

receiving location.  Reference [1] describes 

some of the noise-related problems recently 

encountered at one prominent Canadian road 

racing site. Other venues have faced similar 

issues. 

As part of an ongoing noise monitoring 

program, Atlantic Motorsport Park (a 2.56 km 

road racing facility located near Halifax, N.S.) 

has been recording A-weighted Leq noise data 

at Canadian Superbike race series events held 

there since 2008. The equivalent continuous 

sound pressure level Leq is a common measure 

used to describe time varying noise. In A-

weighted form it is thought to reliably indicate 

the onset of community annoyance problems, 

and is used as the basis for many widely 

accepted noise control standards [2]. Data was 

collected for five events, but meaningful 

comparisons of the noise levels obtained from 

year to year were impossible because of 

inconsistencies in the recording techniques 

used, the variable numbers of competitors 

Canadian Acoustics / Acoustique canadienne Vol. 42 No. 1 (2014) - 23



contributing to each recording and the 

intermittent, unpredictable way the race 

programs unfolded during the monitoring 

periods.  

An investigation was begun to assess 

trends from year to year and determine the 

effectiveness of noise control regulations in 

effect at the time of each competition. This 

paper is the result of that effort. It describes a 

way to extract an energy-average noise output 

per competitor at each event from the available 

data. The analysis is based on the actual pattern 

of usage observed on track during each 

monitoring period and seeks to determine the 

noise level that a corresponding number of 

ideal, constant-output, uniformly radiating 

moving noise sources would have to produce in 

order to match the observed Leq. Although 

perhaps simplistic, this approach produces a 

single-number descriptor that is thought to be 

not only useful for comparing trends in the data 

from year to year but could also be used for 

other purposes such as making estimates of the 

noise impact of similar future events at this or 

other venues.  

 

2. LITERATURE REVIEW 
 

Several authors have explored ways to 

predict Leq’s in the surrounding community 

resulting from motorsport noise, but none have 

attempted to determine information about the 

source from an observed result. In 1989 

Dearden and Jennison [3] presented a 

technique for predicting levels near idealized 

circular and elliptical shaped race tracks with 

multiple moving sources. Also in 1989, Wilson 

[2] included an example community noise 

assessment of an imaginary go-kart track using 

a Leq technique in his book. In 1997 Fillery and 

Thorpe [4] described how to estimate trackside 

Leq’s for various types of car racing events 

from experimental pass-by measurements. And 

finally, Mitchell [5] in 2009 demonstrated how 

geomatics information for complex track 

shapes could be used to predict Leq’s a  

surrounding arbitrary locations.   

 

3. THEORY 
 

Assume that every vehicle on a race track 

contributing to a measured Leq can be 

represented as an identical point source, 

radiating sound uniformly in all directions at a 

constant level as it moves around the course. 

Neglecting directivity and shielding effects, a 

conservative (over) estimate of the 

instantaneous sound pressure level L from any 

one of these imaginary point sources at an 

arbitrary measurement location would be 
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) 

 

Where L0 is the level of the constant source 

measured at some known distance r0 and r is 

the actual distance between source and the 

receiver. The Leq is defined as 
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Where T is the period over which the 

measurement is to be carried out, L is the level 

of the time-varying noise at the observation 

point and t is time. Combining the previous 

two expressions gives the following: 
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Now introducing a summation to account for 

the possibility of m non-correlated sources 

contributing to the measured Leq and 

recognizing that L0 and r0 are constant for all 

vehicles and with respect to time gives 
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Assuming that each vehicle completes an 

integer number of laps of the track during the 

measurement period (a reasonable assumption 

in a racetrack scenario), the integral term on 
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the right can be approximately evaluated by 

subdividing the path around the track into k 

sectors of equal time duration     each and 

using a summation, i.e. 
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Where    is the total time on track for the i
th

 

vehicle and the rj’s are the distances between 

the centers of the equal-time segments and the 

receiver. For simplicity, a new variable, reff, is 

defined as follows  
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The Leq expression then becomes 

 

         
 

 
 ∑     

  
  ⁄  

  
 

    
 

 

   

 

 

The reff term just introduced can be thought of 

as a sin le num er descrip or of   e “effec i e” 

distance between the source and the receiver. It 

is a function of the shape of the track, 

placement of the microphone and the relative 

speed of a given vehicle as it moves around the 

track. Most vehicles on a race track would 

experience similar relative speed variations as 

they move around the course (and all follow 

essentially the same path), so it seems 

reasonable to assume that reff will be nearly 

constant from vehicle to vehicle. Taking reff as 

a constant, the Leq expression can be written as 
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Where TT has replaced the summation of the 

individual Ti’s and represents the total 

cumulative time that all vehicles spend on track 

during a measurement.  

 

The previous expression may, for convenience, 

be separated into individual terms as follows: 
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Re-arranging Eq. (2) gives  

 

            
    

  
       

 

  
 (3) 

 

which allows the sound pressure level Lo of the 

imaginary source proposed at the beginning of 

the derivation to be calculated from the 

observable data. 

 

4. MEASUREMENTS 
 

As mentioned in the introduction, Leq 

results were obtained for five events in the 

Canadian Superbike series at Atlantic 

Motorsport Park. This is the premier 

motorcycle road racing series in Canada, 

crowning a national champion every year based 

on six to eight events held at venues across the 

country.  

 

Fig. 1: Aerial view of Atlantic Motorsport 

Park. 

 

A typical Superbike event consists of 

three days of practice, qualifying and racing for 
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various classes of rider and machine. More on-

track time is spent practicing than actually 

racing, which happens only on the final 

afternoon of an event. Some events are run as 

four day “dou le eaders” wi   racing on two 

consecutive afternoons, but this is unusual. 

The series makes an annual visit to AMP, 

which is located about 60 km west of Halifax, 

Nova Scotia, Canada. An aerial view of the 

facility is shown in Figure 1. Sound levels were 

recorded for two events forming a 

“dou le eader” weekend on Au us  9-10 2008, 

a second double weekend on August 7-8 2010 

and a single event August 7, 2011. No data was 

obtained in 2009 because of inclement weather.  

Two different recording locations were 

used in obtaining the noise data, approximately 

located as shown in Figure 1. Measurement 

location A straddled a property line at the 

eastern end of the facility while location B was 

in a cleared infield area normally reserved for 

emergency medical helicopter landings. Both 

areas were off-limits to the public to prevent 

non-racing related noise from contaminating 

the measurements. Background noise at these 

locations due to external events (i.e. airplane 

flyovers, thunder, etc.) was insignificant 

compared to that generated by the motorsports 

activity during each measurement period. 

Location A was used for the two events held in 

2008, after which data collection shifted to 

location B. 

Measurements at both sites were made 

using a Larson-Davis model 712 integrating 

sound level meter, calibrated before use by a 

matching Larson-Davis CAL150 pistonphone 

calibrator. Data was collected in the form of a 

series of consecutive ½ hour duration Leq‘s 

eac  day usin  “A” wei   in  and   e slow 

meter constant. A tripod held the microphone 

approximately 0.25 m above ground at each 

site and directed towards the nearest approach 

of the track surface. A hand-held GPS device 

was used to precisely determine the longitude 

and latitude of each measurement location for 

use in later calculations. 

The results obtained each day are given 

in Table 1. Although recording generally began 

each day at 8:30 A.M. and continued until the 

end of on-track activity, values are only 

reported here for the afternoon sessions when 

racing was actually taking place.  

 
 

Interval 
Start, 
P.M. 

Aug. 
9

th
, 

2008 

Aug. 
10

th
, 

2008 

Aug. 
7

th
, 

2010 

Aug 
8

th
, 

2010 

Aug. 
7

th
, 

2011 

1:00 69.2 70.6 79.5 77.6 76.3 

1:30 53.1 61.9 71.1 73.6 64.6 

2:00 72.3 73.3 74.2 73.4 73.1 

2:30 62.3 68.9 76.1 70 76.2 

3:00 70.4 67.5 76.6 74.9 77.1 

3:30 66.5 66.1 77.5 69.4 76.9 

4:00 65.7 73.1 66 76.4 78.4 

4:30 72.2 61.3 72 72.2 - 

5:00 67.6 72.3 73.9 74.9 - 

5:30 69.4 - - - - 
 

Table 1. Recorded ½ hour Leq data (dBA). 
 

5. Calculations 

 

Before the average output level Lo of the 

competitors on a given race afternoon could be 

calculated from Equation 3, it was necessary to 

determine the overall Leq value and 

measurement time T for the particular day, the 

total cumulative time TT spent on track by all 

competitors and the reff value for the 

microphone location used.  

The overall time duration T for each 

measurement day was found by adding the 

time together for all intervals in Table 1 that 

have recorded data. The Leq results were 

consolidated into a single overall Leq for each 

day using the formula 

 

          (
 

 
∑      ⁄

 

   

) 

 

where Li are the individual ½ hour Leq’s 

recorded for the day and i is the total number of 

intervals used. Both sets of calculated values 

appear in Table 3. 

TT values for each event were calculated 

from published race results. Since no activity 

Measurement 
Location “A” 

Measurement 
Location “B” 
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other than racing took place on the track on the 

afternoons studied, these provided an accurate 

record of all on-track activity during each 

measurement period. Table 2 shows a summary 

of lap data from the five afternoons studied. 

Total time on track TT each day was calculated 

from this data by multiplying all of the laps run 

in each class on a given day by the 

representative lap time for that class listed in 

the table and summing the results. The 

calculated values are again listed in Table 3. 

The reff value at each of the measurement sites 

was determined using experimental data 

captured by a GPS data acquisition system 

mounted on a race motorcycle. 

Figure 2. GPS data used to calculate reff. 
 

This GPS system recorded five longitude and 

latitude position samples each second as it was 

carried around the track at speed. A 76 second 

s practice lap was used in the analysis, which 

gave 383 equally-time-spaced data point pairs 

outlining the track shape. The recorded 

position data was transferred to an excel 

spreadsheet, where it was used with the 

previously obtained positions of the 

microphone locations in Eq. (1) to calculate reff 

values for each site. Figure 2 graphically 

displays the GPS data used in calculations and 

the relative positions of the two recording 

locations (the diamond marker is at location A 

and the triangle marker is position B). These 

results are also given in Table 3. 

 

 

6. RESULTS AND DISCUSSION 
 

The final calculated Lo results for each 

event are listed at the bottom of Table 3 and are 

presented graphically in Figure 3. An arbitrary 

ro value of 15.24 m was used in these 

calculations, primarily because this allowed an 

easy comparison with a previously obtained set 

of “pass  y” measurements for similar 

motorcycles at that distance. The agreement 

between calculated Lo values for events on the 

same weekend is quite good, but there seems to 

be a trend towards increasing levels as time 

moves forward. 
 

Race 
Class 

Aug. 
9

th
, 

2008 

Aug. 
10

th
, 

2008 

Aug. 
7

th
, 

2010 

Aug 
8

th
, 

2010 

Aug. 
7

th
, 

2011 

Tlap, 
sec. 

Pro 600 211 251 269 239 136 70 
Thunder 220 211 - - - 71 
AM 600 262 288 251 278 166 73 
Pro SBK 415 371 392 322 306 69 
SV cup 99 113 84 77 - 74 

AM SBK   166 155 - 73 
CB 125   266 132 - 95 

XR 1200   - - 204 73 

Table 2. Laps by class and event. 
 

Calc’d 
Value 

Aug. 
9

th
, 

2008 

Aug. 
10

th
, 

2008 

Aug. 
7

th
, 

2010 

Aug 
8

th
, 

2010 

Aug. 
7

th
, 

2011 

Leq,dBA 68.89 70.03 75.44 74.31 76.00 

T, sec 18000 16200 16200 16200 12600 

TT, sec 85477 87536 107805 88795 57644 

reff, m 172.5 172.5 136.9 136.9 136.9 

Lo, dBA 83.19 83.77 86.26 85.98 88.45 

Table 3. Calculated values. 
 

Several explanations can be advanced to 

account for the variations seen in the calculated 

levels. Foremost would be the fact that at 

location A the microphone was partially 

screened from the track by 2-3 meters of light 

vegetation, while at location B it had an 

unimpeded line of sight access to the racing 

surface. This would tend to artificially reduce 

the recorded noise levels at the 2008 events. 

The amount of attenuation caused by the 

screening is impossible to calculate exactly, but 

it does not seem unreasonable to attribute at 

63,446

63,447

63,448

63,449

63,45

63,451

63,452

45,14 45,142 45,144 45,146 45,148 45,15

Lo
n

gi
tu

d
e,

 W
 

Latitude, N 

Canadian Acoustics / Acoustique canadienne Vol. 42 No. 1 (2014) - 27



least part of the roughly 3 dBA difference seen 

between the 2008 and 2010 results to this 

effect. 

Another factor thought to have a 

significant effect on the observed results was 

the changing mix of machines participating in 

the events. In 2011 a new class of large-

capacity, air-cooled twin cylinder machines 

was added to the race schedule and these 

machines accounted for quite a high percentage 

of the laps run. Air-cooled motorcycles are 

known to generate higher noise levels than the 

more common water-cooled machines used for 

other classes, so this could well account for the 

higher calculated Lo value obtained for the 

2011 event. 

A more subtle effect that might 

contribute to the depression of the 2008 values 

involves the placement of the recording 

microphones. Recall that the Lo value is 

calculated from the Leq, which is an energy 

average that is disproportionately affected by 

the loudest sounds received during a 

measurement. The loudest sounds here would 

tend to occur as the moving vehicles reach their 

point of nearest approach to the measurement 

locations. At location A this would occur on a 

gently curving section of the track normally 

taken at part throttle; at location B it was on a 

straight section where the vehicles were under 

maximum acceleration. The sound power 

output from the same vehicle might be quite 

different in these two situations. The Lo values 

would tend to reflect this, as the sound power 

of the sources at the sections of track having 

the greatest influence on the Leq measurement 

would be different. It is unclear just how 

significant this effect might be, but in any case 

it could not be used to explain the observed 

difference between the 2010 and 2011 results. 

 
      Figure 3. Calculated Lo values by year. 

 

As mentioned in the introduction, part of the 

rationale for the study was to determine the 

effectiveness of noise control regulations in 

effect at the time of the competition. 

Unfortunately, this still proved difficult to do. 

The Canadian Superbike series (in common 

with most other North American road racing 

series for motorcycles) sets its maximum 

allowable noise level for competitors based on 

a test procedure loosely following the SAE 

J1287 standard. In this type of test, the 

microphone is held at a distance of 0.5m away 

from the exit of the exhaust pipe and at a 45 

degree angle to the long axis of the motorcycle 

while the engine is run at part of its maximum 

speed. In 2010, the series limit was set to be 

106 dB under ½ throttle conditions (with no 

mention of A-weighting appearing in the rules 

as written). Re-calculating the Lo values given 

in table 3 with a new ro value of 0.5m simply 

adds 29.68 dB to each measurement obtained. 

This would put all of the Lo values obtained 

above the 106 dB maximum allowed in the 

series noise test when corrected for distance, 

with the 2011 event being the worst offender at 

118.1 dBA. However, these values were 

obtained under racing conditions where engine 

speeds would be at or near their maximum, 

while the limit was specified at partial throttle. 

It is impossible to account for the difference in 

engine speed between the observed results and 

that called for in the test procedure, so no 

conclusions regarding overall compliance can 

be drawn.  
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The effect of the using the A-weighting 

network during recording (versus lack of same 

during series noise testing) would always be to 

reduce the levels obtained to less than would 

otherwise be observed though, so this would 

tend to make the calculated results a bit more 

conservative with respect to the rules than 

might actually be true. 

As a point of discussion, it should be 

noted that despite the widespread acceptance of 

Leq measurements for community noise 

monitoring, real-time systems for trackside 

noise control have proven difficult and costly 

to implement. Watson [6,7,8] has written quite 

extensively describing his experiences in the 

UK on this topic. Simpler testing methods such 

as the SAE test just mentioned are much more 

commonly used for on-site noise control at race 

tracks. These generally break down into two 

types of tests, static or pass-by. In North 

America motorcycle racing organizations tend 

to favor the static test, whereas car racing 

organizations such as the Sports Car Club of 

America prefer the pass-by technique. The 

advantages and disadvantages of both types of 

tests are discussed in Reference [9] 

Even when searching for data collected 

using these simpler techniques, relatively little 

material appears in the literature that can be 

used for directly comparative purposes. In 

1967 Ford [10] reported levels of 110-112 dBA 

for 1000 c.c. racing motorcycles when 

measured at a distance of 10 yards, but the 

machines he studied were all unsilenced. 

Modern superbikes such as those studied here 

are required to carry commercial silencers 

certified for street use. In 1999 Roberts [11] 

published an extensive study carried out at a 

number of Australian tracks in which he claims 

to have measured a noise level of 96 dBA at a 

distance of 30 m for a group of modern 

superbikes. No mention is made of how many 

machines made up the group, however.  

The results do agree well with a 

secondary study carried out by the author that 

measured the noise output of a group of club 

racing motorcycles broadly similar to those in 

the Superbike series. In this study 191 

measurements were obtained using the pass by 

technique described in Ref. [9], with the sound 

le el me er in “peak  old” mode and loca ed a 

distance r0=15.24m from the racing surface. 

The average result obtained was 88.6 dBA, 

which compared well with the calculated Lo 

results from the first four events, considering 

that these were peak values and the calculated 

results were of   e “equi alen  con inuous” 

type. No XR1200 type machines (thought to be 

responsible for the rise in overall levels 

observed at the 2011 event) were present when 

the club racing results were recorded.  

It would be straightforward to use the Lo 

data obtained here in Eq. (2) to predict Leq 

levels for future events provided the 

composition of the field was similar. All that 

would be required would be the selection of an 

appropriate reff value and the specification of 

new values for the overall time spent on track 

TT and event duration T. Because of the 

relatively large amount of data used in this 

study (Five events comprising 5,884 laps of 

competition for 8 different classes of machine) 

it might reasonably be expected that the Lo 

values obtained here would have some 

statistical validity when used in this way. 

Equation 2 could even be used as a planning 

tool, allowing organizers to adjust the planned 

TT for a hypothetical event to achieve a desired 

Leq at some selected location.  

The Lo results could also be used to 

predict levels at other venues holding similar 

events provided an appropriate reff value could 

be obtained. This would require obtaining a 

GPS trace for the new venue similar to the one 

used here and performing new calculations. For 

best accuracy, the type of vehicle used to 

obtain the trace should match as closely as 

possible the characteristics of the motorcycles 

used to obtain the original Lo values. 

It would be quite easy to obtain Lo data 

for specific classes of machine with the 

technique described here by recording 

individual Leq’s for the individual races and/or 

practice sessions and analyzing them 

separately. This method might have allowed 

more definite conclusions to be drawn 
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regarding the cause of the rise observed in the 

overall 2011 results by isolating results for the 

various groups participating. It would also be 

possible to incorporate separate Lo information 

for different classes in any future predictions 

made using Equation 2.  

Finally, the accuracy of results obtained 

in either the analysis or predictive stages could 

be improved by modifying the reff calculation 

to include equivalent distances to match known 

excess attenuation at individual points around 

the track resulting from topographical changes, 

barriers, etc. 

The reader is reminded that L0 values of 

the type obtained here are not Leq’s in   e 

normal sense; they are simply an abstraction 

used to describe the observed energy average 

noise output per competitor. Also, Leq 

measurements, although widely used, do not 

always accurately predict the onset of 

community noise annoyance problems.  

 

7. CONCLUSIONS 
 

A method for obtaining the aggregate 

energy averaged equivalent continuous noise 

level per competitor at motorsport events from 

Leq data has been presented. The analysis takes 

into account track geometry, the speed 

variation of the vehicles and the number of 

competitors present during each measurement 

period. The noise model obtained could 

plausibly be used to predict noise impact of 

similar constituted fields of competitors at 

other events or venues.  

The analysis, when applied to the events 

in the Canadian Superbike race series studied, 

seems to indicate a moderately rising trend in 

the noise output per participant over time that 

is primarily attributed to the changing 

composition of the race field.  
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ABSTRACT 

The flow-sound interaction mechanism of a single cylinder in cross-flow is investigated 
experimentally. The cylinder is located at different vertical locations inside a rectangular duct in order 
to investigate the effect of the cylinder location on the excitation mechanism of acoustic resonance. 
During the tests, the acoustic cross-modes of the duct housing the cylinder are self-excited. It is found 
that the cylinder location affects the process of the flow-excited acoustic resonance and the levels of 
the generated acoustic pressure. The resonance of a specific acoustic cross-mode is excited when the 
cylinder is located at its acoustic pressure node, which is the acoustic particle velocity anti-node.  
However, when the cylinder is shifted away from the pressure node of a certain acoustic cross-mode, a 
combination of cross-modes is excited and their intensity seems to be proportional to the ratio of the 
acoustic particle velocities of these  modes  at  the  cylinder’s  location. Moreover, as the cylinder moves 
closer to the top wall (or the bottom wall) of the rectangular duct, the Strouhal number value decreases 
due to the interference between the wake of the cylinder and the duct wall. Therefore, the onset of 
acoustic resonance for this case occurs at a higher value of reduced flow velocity.  

RÉSUMÉ 

Le mécanisme d'interaction d'un seul cylindre soumis à un écoulement  transverse est étudié 
expérimentalement. Le cylindre est placé à des endroits différents dans un conduit rectangulaire afin 
de découvrir les effets de l'emplacement du cylindre sur le mécanisme d'excitation de résonance 
acoustique. Pendant les tests, les modes transversaux du conduit sont auto-excités. Les résultats 
montrent que le phénomène de résonance acoustique excitée par l'écoulement ainsi que le niveau de 
pression acoustique sont affectés par l'emplacement du cylindre. La résonance d'un certain mode 
acoustique  transversal  est  excitée  quand  le  cylindre  se  situe  au  nœud  de  pression  acoustique,  ce  qui  est  
également l'anti-noeud de vitesse de particule acoustique. Néanmoins, lorsque le cylindre est décalé 
loin   du   nœud   de   pression   d'un   certain   mode   acoustique   transversal,   une   combinaison   de   mode  
transversaux est excitée et leur intensité semble être proportionnelle au rapport entre la vitesse de 
particule acoustique de ces modes à l'emplacement du cylindre. De plus, le nombre de Strouhal 
diminue si le cylindre  approche la paroi du conduit  paroi du haut ou du bas à cause de l'interférence 
entre le sillage du cylindre et la paroi du conduit. Par conséquent, le début de la résonance acoustique 
pour ce cas a lieu à une valeur plus élevée de la vitesse réduite de l'écoulement. 

1. INTRODUCTION 
 
The   aeroacoustic   sound   or   ‘Aeolian   tones’   was   first  
observed by Strouhal in 1878. The phenomenon was 
attributed to the friction between the air stream and any 
moving   body   and   thus   referred   to   by   a   ‘friction   tone’ 
[1]. Subsequently, this phenomenon became of interest 
for many researchers, (e.g. Rayleigh [2], Bernard [3], 
and Relf [4]) who concluded that the sound is actually a 
result of the periodic vortex shedding behind any bluff 
body [5]. For a bluff body contained inside a duct, 
when the vortex shedding frequency coincides with one 
of the acoustic natural frequencies of the duct, a 

feedback cycle may occur where the vortex shedding 
acts as a sound source and excites an acoustic standing 
wave which, in turn, enhances the shedding process and 
thereby creates a strong acoustic resonance. This 
process is known as the flow-excited acoustic 
resonance and it often leads to the generation of acute 
noise problems and/or excessive vibrations [6]. Since 
the acoustic resonance phenomenon is not yet fully 
understood, it can be dangerously unpredictable and 
may cause catastrophic failures in many applications 
such as power generation and transport. Acoustic 
resonance in tube bundles of heat exchangers has 
received a considerable amount of attention over the 
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past few decades because of its relevance to many 
industrial applications (e.g. Blevins and Bressler [7], 
Ziada et al. [8], Ziada and Oengoren [9, 10], Oengoren 
and Ziada [11], Eisinger et al. [12], Eisinger and 
Sullivan [13], and Feenstra et al. [14]). Nevertheless, 
the excitation mechanisms of acoustic resonance are 
still not fully understood. The primary reason for this is 
that most of the previous studies were directed toward 
finding solutions to specific existing problems rather 
than understanding the underlying physics of these 
excitation mechanisms, as discussed in detail by 
Weaver [15]. Several techniques have been suggested 
to supress the acoustic resonance in tube bundles. One 
of these techniques is to change the frequency of the 
excited acoustic mode of the system by placing baffles 
in the tube bundle. Basically, this technique shifts the 
acoustic resonance frequency above the vortex 
shedding frequency and therefore the acoustic 
resonance would not occur at a specific range of flow 
velocities. However, this technique is not effective to 
supress the higher acoustic modes [16]. Zdravkovich 
and Nuttall [17] investigated the suppression of the 
acoustic resonance in staggered tube arrays by 
eliminating different cylinders from specific locations 
inside the tube bundle. They have found that the 
removal of any of the cylinders that are located in the 
first row would eliminate the acoustic resonance. 
However, for the second row, only removal of the 
cylinders that are located at the acoustic pressure node 
of a certain cross-mode would be effective to suppress 
the acoustic resonance. Furthermore, for the third row, 
the removal of any cylinder did not suppress the 
acoustic resonance even when the cylinders located at 
the acoustic pressure node were removed. These results 
are quite surprising and thus, the relationship between 
the cylinder location inside a tube bundle and the 
acoustic resonance mechanism needs to be further 
investigated. Therefore, the main objective of this work 
is to investigate the flow-sound interaction mechanism 
of single cylinder located at different locations inside a 
rectangular duct and subjected to cross-flow. The 
outcome of this work shall clarify how the tubes located 
away from the location of the maximum acoustic 
particle velocity contribute to the excitation mechanism 
of acoustic resonance.  

2. ACOUSTIC CROSS-MODES IN A DUCT  
The acoustic cross-modes of a duct are the modes that 
excite acoustic standing wave inside the duct that 
oscillate in a direction perpendicular to both the 
cylinder axis and the main flow velocity. These 
acoustic cross-modes oscillate with a simple harmonic 
motion in time [18]. The frequencies of these cross-
modes are given by:  
 

,           ,             1,  2,  3,  ...                  (1)
2a n
cf n n
h

   

where fa is the natural frequency of a certain acoustic 
mode, n is an index that indicates the order of this 
mode, c is the speed of sound, and h is the duct height. 
Figure (1) shows the distribution of both the acoustic 
pressure and the acoustic particle velocity along the 
duct height for the first three cross-modes. The acoustic 
pressure for the build-up standing wave follows a 
sinusoidal distribution along the duct height. The 
acoustic particle velocity will also take a similar 
sinusoidal distribution with 90o phase shift. The 
acoustic pressure field inside the duct for the first 
acoustic cross-mode is simulated and shown in Figure 
(2). The resonant fields in the duct housing the cylinder 
are obtained using finite-element analysis (FEA) in 
ABAQUS. The acoustic pressure of the resonant mode 
can be expressed as: 

(2 ) i f tp e     (2) 

where φ is a variable that satisfies the following 
Helmholtz equation: 

2 2 0k       (3) 

where k is the wave number ( 2 /ak f c ) and c is the 
speed of sound. At the inlet and the outlet section of the 
duct, the boundary condition for the lowest acoustic 
modes is approximately zero acoustic pressure. More 
details about the simulation technique can be found in 
Mohany and Ziada [19]. It is observed from Figure (2) 
that the cylinder is located at the acoustic pressure node 
for the first cross-mode. The relation between the 
cylinder location and the pressure node of each cross-
mode will dictate the excitation mechanism, which is 
discussed in detail in the results section. 

3. VORTEX SHEDDING FREQUENCY 
The value of the vortex shedding frequency behind a 
circular cylinder depends on the flow velocity and 
cylinder’s   diameter.   The   vortex   shedding   frequency   is 
given by:  

 U  v
Stf

D
    (4) 

where fv is the vortex shedding frequency, St is the 
Strouhal Number, U is the flow velocity, D is the 
diameter of the cylinder.  For a single cylinder, the 
Strouhal number has a constant value around 0.2 over a 
wide range of Reynolds numbers [20]. This indicates 
that the relationship between the flow velocity and the 
vortex shedding frequency will be linear. The flow-
excited acoustic resonance will occur upon the 
coincidence of the vortex shedding frequency with one 
of the acoustic cross-modes frequencies of the duct, 

34 - Vol. 42 No. 1 (2014) Canadian Acoustics / Acoustique canadienne



 

provided that the excitation energy of the flow is high 
enough to overcome the acoustic damping of the 
system.     

Figure 1: Normalized acoustic pressure and acoustic 
particle velocity distribution along the duct height (H).  
 

 
Figure 2: Acoustic pressure field inside the duct housing 
the cylinder for the first cross-mode. The cylinder is 
located in the middle of the duct height. 
 
4. EXPERIMENTAL SETUP 

 
An experimental set-up was designed specifically for 
this work, which is conducive to self-generation of 
acoustic resonance for the first three acoustic cross-
modes of the duct housing the cylinder. The 
experimental setup consists of an open loop wind tunnel 
connected to a centrifugal air blower that is driven by 
an electrical motor with a variable frequency drive to 
control the air velocity inside the duct, as shown 
schematically in Figure (3). The test section height is 
254 mm and the width is 127 mm. The test section is 
connected to a single-sided diffuser with an inclusion 
angle of 14o and both of them are manufactured out of 
plywood with 19 mm thickness. The diffuser is 
connected to the blower via a flexible connection in 
order to reduce any vibration transmission to the test 
section. The maximum flow velocity achievable in this 

test section is 160 m/s. The tested cylinder is rigidly 
mounted between the walls of the test section at various 
heights and subjected to cross-flow air stream. The 
aeroacoustic response is measured for each position by 
a pressure-field microphone. Figure (4) shows the 
microphone position with respect to the cylinder’s  
location. The microphone is located at the position of 
the maximum acoustic pressure, which was determined 
in a separate experiment as shown in Figure (5).  

 
Figure 4: Schematic side view of the test section showing 
the coordinates system, the cylinder is positioned at Y/H= 
0 and X/H= 0, the microphone is flush-mounted on the top 
wall at X/H= -0.1. 

 
Figure 5: Peaks of the acoustic pressure of the first cross-
mode versus the microphone positions for a single 
cylinder, D= 19 mm and U= 70.3 m/s. The cylinder is 
located at Y/H= 0 and X/H=0. Negative values represent 
the downstream direction. 
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Figure 3: Schematic drawing of the experimental setup, all dimensions are in millimeters. 
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In that experiment, the microphone was flush-mounted 
at the top wall of the test section and moved to several 
stream-wise locations, with respect to the cylinder, in 
order to determine the location of the maximum 
acoustic pressure when a specific acoustic resonance 
mode is excited. The microphone signal is recorded 
with a data acquisition card (National Instruments, 
model number: PCI-6035E) and a LabView program is 
used for spectral analysis. Each spectrum is obtained by 
averaging 100 samples and the data is collected at a 
sampling rate of 10 kHz. 

5. RESULTS 
The aeroacoustic response of the cylinder is obtained by 
performing spectral analysis for the measured acoustic 
pressure. Figure (6) shows a waterfall plot of the 
acoustic pressure spectra for a cylinder positioned in the 
middle of the duct height, Y/H= 0, while Figure (7) 
shows the aeroacoustic response for the same case. 
Figure (7) is extracted from the waterfall plot of the 
acoustic pressure spectra where each point represents 
the amplitude and frequency of the vortex shedding 
component taken from the pressure spectrum at each 
flow velocity. Since the values of the vortex shedding 
frequency  depend  on   the  cylinder’s  diameter  as  shown  
in Eqn. (4), the frequency coincidence will occur over 
different   velocity   range   depending   on   the   cylinder’s  
diameter. Thus, the reduced velocity, Ur, will be used to 
represent the flow velocity. The reduced velocity is 
given by: 

                                (5)
 r

a

UU
f D

  

 

 
Figure 6: Waterfall plot of the pressure spectra for a 
cylinder positioned at Y/H=0, D= 15.7 mm. 
 

Figure (7) shows that the frequency of the vortex 
shedding progresses with the flow velocity following a 
linear relationship with an average Strouhal number of 
0.196. When the value of the vortex shedding frequency 
coincides with the frequency of the first acoustic cross- 

mode, acute acoustic pressure is generated. Moreover, 
the frequency is retrained at the value of the first 
acoustic cross-mode over a certain range of velocities, 
which is referred to by the lock-in region. As the flow 
velocity increases, the vortex-shedding frequency exits 
the lock-in region and follows the same linear 
relationship until reaching the frequency of the third 
acoustic cross-mode, where another lock-in region is 
obtained and severe noise is generated. The second 
acoustic cross-mode is not excited in this case as the 
cylinder is located at its acoustic pressure anti-node, 
which is an acoustic particle velocity node, as shown in 
Figure (1). Figure (8) shows a waterfall plot of the 
acoustic pressure spectra for a cylinder positioned at 
63.5 mm away from the duct’s   centerline, i.e. 
Y/H=0.25, while Figure (9) shows the aeroacoustic 
response for the same case. 

 

 
Figure 7: Aeroacoustic response of a single cylinder in 
cross-flow positioned at Y/H=0, D= 15.7 mm. 
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Figure 8: Waterfall plot of the pressure spectra for a 
cylinder positioned at Y/H=0.25, D= 15.7 mm. 

 

Figure 9: Aeroacoustic response of single cylinder in 
cross-flow positioned at Y/H=0.25, D= 15.7 mm. 

It is clear from Figure (9) that the second acoustic 
cross-mode excitation is dominant as the cylinder is 
located at its acoustic pressure node. However, the first 
and the third cross-modes are also excited in this case 
as the cylinder is not located at any of their acoustic 
pressure anti-nodes. The generated acoustic pressure 
depends on the dynamic head of the flow and thus, on 
the flow velocity. As mentioned before, the velocity of 
frequency coincidence depends on the cylinder 
diameter. This indicates that different levels of acoustic 
pressures will be obtained when using different cylinder 
diameters. Thus, the logarithmic sound pressure level 
(SPL) will be used to represent the acoustic pressure in 
order to compare the results. The sound pressure level 
(in dB) is calculated by: 

20 log  rms

ref

PSPL
P

 
   

 
  (6)   

Where Prms is the root mean square value of the 
acoustic pressure and Pref is a reference pressure value 
that  equals  to  20  μPa.   
 
 Figure (10) shows a comparison of the sound 
pressure levels for a single cylinder with a diameter of 
12.7 mm, at several vertical locations inside the duct. 
Figure (11) shows the same comparison for another 
cylinder with a diameter of 15.7 mm, at the same 
vertical locations. It is observed that when the cylinder 
is located in the middle of the duct height, i.e. Y/H=0, 
the excitation of the first and the third acoustic cross-
modes is the highest among the other locations. This is 
due to the fact that this location is the acoustic particle 
velocity anti-node for both the first and the third 
acoustic cross-modes; refer to Figure (1). Moreover, it 
is clear from Figure (10) that as the cylinder moves 
away from the duct centerline, the excitation levels of 
the first and the third acoustic cross-modes around 
reduced velocity values of 5 and 15, respectively, 
decreases. It is also observed that as the cylinder 
approaches Y/H = 0.25, which is the acoustic particle 
velocity anti-node of the second mode, the level of 
excitation of the second cross-mode increases. Yet, this 
level decreases as the cylinder moves beyond the 
acoustic pressure node, i.e. at Y/H = 0.375. Similar 
results are observed for another single cylinder with a 
diameter of 15.7 mm, as shown in Figure (11), which 
indicates that this behaviour is independent of the 
cylinder diameter. 

 It is clear from Figures (10) and (11) that the level 
of the excited acoustic pressure for each acoustic cross-
mode varies depending  on  the  cylinder’s  location. Since 
the acoustic resonance mechanism seems to be 
triggered by the acoustic particle velocity at the 
cylinder’s location, it is interesting to determine if the 
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levels of the excited acoustic pressure at different 
cylinder locations are proportional to the normalized 
acoustic particle velocity distribution for each cross-
mode. Figure (12) shows the ratio of the acoustic 
particle velocity at   the   cylinder’s   location   to the 
maximum acoustic particle velocity for each cross-
mode. This ratio is equal to the ratio of the acoustic 
pressure excited  at  a  specific  cylinder’s   location   to the 
maximum acoustic pressure obtained when the cylinder 
is located at the acoustic pressure node of a certain 
cross-mode.  

 

Figure 10: Comparison of the sound pressure levels at 
different vertical cylinder’s locations, D= 12.7 mm. 

 

Figure 11: Comparison of the sound pressure levels at 
different vertical cylinder’s locations, D= 15.7 mm. 

 

Figure 12: Distribution of the ratio of acoustic particle 
velocity to the maximum value of acoustic particle velocity 
along the duct height for (a) first, (b) second, (c) third 
cross-modes. The theoretical normalized distribution of 
the acoustic particle velocity is shown in each case.    
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It is observed from Figure (12) that the distribution 
seems to follow the theoretical sinusoidal distribution 
of the acoustic particle velocity. This indicates that the 
excitation mechanism depends, to some extent, on the 
acoustic particle velocity distribution rather than the 
acoustic pressure distribution. It is also worth to 
mention that the frequency values of each excited 
acoustic cross-mode were not constant for all the tested 
cases. Tables (1) and (2) show the acoustic resonance 
frequencies for the first three cross-modes for a cylinder 
diameter of 12.7 and 15.7 mm, respectively. The 
variation in the resonance frequencies can be explained 
by the fact that the existence of the cylinder changes the 
path of the oscillating fluid particles, and hence the 
frequency will differ for different cylinder diameters. 
However, this effect is more pronounced for the third 
acoustic cross-mode, which could be the result of an 
added acoustic damping.   Caughey   and   O’Kelly   [21] 
observed similar trend for a linear dynamic system and 
reported that the highest natural frequency decreases 
because of the added damping effect.   

Table 1: Frequency values of each excited acoustic cross-
mode, D=12.7 mm. 

Y/H 
First 

 cross-mode  
(Hz)  

Second 
cross-mode 

(Hz) 

Third  
cross-mode 

(Hz) 
0 678 (not excited) 1884 
0.125 682 1327 1921 
0.1667 679 1323 (not excited) 
0.25 681 1326 1886 
0.375 681 1324 1914 

 

Table 2: Frequency values of each excited acoustic cross-
mode, D=15.7 mm. 

Y/H 
First 

 cross-mode 
(Hz)  

Second 
 cross-mode 

(Hz) 

Third  
cross-mode 

(Hz) 
0 676 (not excited) 1812 
0.125 676 1319 1855 
0.1667 676 1321 (not excited) 
0.25 677 1319 1826 
0.375 679 1327 1846 

 

Finally, the Strouhal number values were investigated 
for different cylinder’s locations. Rao et al. [22] 
investigated the characteristic of the wake of a cylinder 
close to solid boundary. They have shown that the 
average Strouhal number value varies with the gap 
distance. This Strouhal number variation affects the 
relationship between the frequency and flow velocity 
and thus may change the onset of acoustic resonance. 
Figure (13) shows the variation of Strouhal number 
with the cylinder’s locations. As the cylinder moves 

closer to the wall, the average Strouhal number 
decreases due to the interference between the wake of 
the  cylinder  and  the  duct’s  wall.  Therefore,  the  onset  of  
acoustic resonance for such cases occurs at higher flow 
velocities, as can be seen in Figures (10) and (11).  

 

Figure 13: Average Strouhal number versus the cylinder’s 
location. 
 
6. CONCLUSIONS 
 
The effect of cylinder location on the excitation 
mechanism of the flow-excited acoustic resonance is 
presented in this work. It has been found that the 
cylinder’s location affects the level of acoustic 
excitation for each cross-mode. It is observed that when 
the cylinder is placed at the acoustic pressure node of a 
certain cross-mode, which is the acoustic particle 
velocity anti-node, the excitation of this particular 
cross-mode is dominant. It is also observed that as the 
cylinder moves away from the acoustic particle velocity 
anti-node of a certain cross-mode, the levels of the 
generated acoustic pressure decrease. This variation in 
the excitation levels seems to follow the theoretical 
sinusoidal distribution of the acoustic particle velocity 
which indicates that the excitation mechanism depends 
on the acoustic particle velocity distribution rather than 
the acoustic pressure distribution. The Strouhal number 
is calculated for different cylinder locations and is 
shown to decrease as the cylinder moves away from the 
duct’s   centerline.   This,   in   turn,   shifts the onset of 
acoustic resonance to occur at higher flow velocities for 
these cases.    
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Canadian Acoustical Association

Minutes of the Board of Directors Meeting 
Teleconference

November 9th, 2013

Present: Christian Giguère (chair), Jérémie Voix, Hugues Nélisse, Stan Dosso, Dalila Giusti, Chantal
Laroche, Roberto Racca, Kathy Pichora-Fuller, Frank Russo, Bill Gastmeier

Regrets:  Sean Pecknold, Bryan Gick, Clair Wakefield

The meeting was called to order at 10:07AM.  Minutes of the previous Board of Directors’ meeting on
June 4th 2013 were approved with a minor correction to the Membership table.  The 2nd column should
have read “Paid 2013” instead of “Paid 2011” (Moved by J. Voix, seconded by S. Dosso, carried).

President’s Report

Christian Giguère thanked everyone involved in
various initiatives over the past six years, such
as the online membership, online publication of
Canadian Acoustics, the new website, and new
awards. He is looking forward to supporting the
Association in his new role as Past President.
He  welcomed  Frank  Russo  as  the  new
President-Elect,  effective  after  the  Board
Meeting, and thanked him for his continued and
accrued  involvement  in  the  CAA.  He  also
expressed  gratitude  towards  the  exiting  Past
President Stan Dosso for many years of service
with the Executive and as Convenor of the 2010
and 2012 AWC meetings. (Approval  of  report
moved by C. Laroche, Seconded by F. Russo,
carried)

Board members thanked Christian for his very
valuable  contribution  as  President  of  CAA for
the last 6 years.

Secretary’s Report

Chantal Laroche reported 452 active members,
up  by  31  from  last  year  (See  Table).   Not
included  in  the  total  are  61  ICA  special
members  who  received  a  6-month  free
membership  at  ICA in  Montreal  (free  internet
access  to  Canadian  Acoustics).   Seeing  that
they  did  not  have  access  to  the  June  and
September issues, due to a delay in production,
it  was suggested that these members only be
solicited in January (after a special mail offer of
the  September  issue) to  renew  their
membership as regular paying members.

Category Paid
2013
(Nov.

2013)

Paid
2013
(June)

Change
from
2012

Member 292 290 + 18

Emeritus 1 1 0

Student 81 78 + 7

Sustaining subscriber 53 51 + 6

Indirect subscribers

- Canada

- USA

- International

9

6

5

9

6

5

0

0

0

Direct subscribers 5 5 0

ICA Special (free) 61* - -

Total 452  445 + 31

*Not included in the total

There were  no operating  costs  from June 1st to
October 31st 2013, and the account balance totals
$724.38. Board members discussed mailing costs
for  international  and  USA  indirect  subscribers.
Chantal  will  inquire about supplemental  costs for
shipping Canadian Acoustics outside Canada and
send  the  11  members  concerned  a  notice
regarding these extra costs.  

(Approval of report moved by F. Russo, Seconded
by Roberto Racca, carried)
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Treasurer’s Report

The Treasurer, Dalila Giusti, submitted a report
comparing proposed and actual budgets.  CAA
finances  are  in  reasonably  good  standing.
While  the  Banff  2012  Conference  generated
$21300  in  revenue  and  the  ISRA  meeting
(Toronto)  generated  a  surplus  of  $6800, a
possible  deficit  may be  incurred  at  ICA 2013
(Montreal).  Finally,  $6650  was  distributed  in
awards at the 2013 ICA/CAA Joint Conference. 

Dalila noted that revenue from advertising fees
was down in 2013.  Frank will inquire with the
Advertising coordinator, Clair  Wakefield,  about
this issue and his role in collecting these fees.
A proposal was brought forward to review the
“CAA Operation  Manual”,  particularly  to  better
define  Board  member  roles.  No  increase  in
dues is proposed for 2014.

(Approval of report moved by J. Voix, seconded
by Bill Gastmeier, carried)

Editor’s Report

Frank Russo provided an update on the delay
for the June and September issues, which are
now expected to be sent out on Nov. 20th (June
issue) and on Dec. 4th  (September issue). The
December  issue  is  scheduled  for  Dec.  20th.
Paper acceptance rate is about 2/3. Transition
in  the  role  of  editor,  from  Frank  Russo  to
Jérémie  Voix,  should  be completed by  March
2014. 

After  discussion,  a motion was put  forward to
approve the EBSCO licensing agreement, and
the  Author’s  declarations  and  new  copyright
clauses  for  publishing  in  Canadian  Acoustics
(Moved by F. Russo, Seconded by C. Laroche,
carried) 

Christian Giguère and Roberto Racca will ask a
lawyer  to  review  the  final  version  of  the
copyright  clauses,  before  translation  into
French. Frank Russo and Chantal Laroche (or
Dalila  Giusti)  will  sign  the  final  licensing
agreement,  which  will  be  sent  to  EBSCO  for
approval.   Christian  will  ensure  adequate
follow-up.

CAA Conferences – Past, Present & Future 

2013  (Montreal,  ICA  2013): This  meeting  is
deemed to be the 3rd largest meeting ever held in
in  Acoustics  and  it  was  a  huge  success  on  the
technical  front.  However,  the  meeting  may  be
heading  towards  a  financial  deficit.  Audit  results
conducted  on  behalf  of  ASA  are  expected  by
spring  2014.  Board  members  thanked  Mike
Stinson  for  his  work  in  organizing  such  a  large
conference.

2013  (Toronto,  ISRA 2013): The  Board  thanked
John Bradley and John O’Keefe for their detailed
report on the very successful ISRA meeting. The
meeting generated $6800 in surplus for CAA.  

2014 (Winnipeg): Karen Turner, in charge of local
organization, is still gathering information on hotel
venues.  Ramani  Ramakrishnan  will  act  as  the
Technical chair. The Exhibitor coordinator is still to
be decided, but we have a prospect. Academics in
Speech  from  U.  of  Manitoba  will  also  be
approached  to  get  involved  in  the  meeting’s
organization  as  well  as  Patrick  Oliver  at  Price.
Jérémie Voix proposed using an online conference
system  and  will  send  information  to  Christian
Giguère for consideration.

2015:   Halifax is still  an option.   Sean Pecknold
informed Christian Giguère through email that he’ll
check with his organization. Roberto Racca could
be of some assistance in conjunction with JASCO
Applied Sciences office in Halifax.

2016:  The wider Toronto area was proposed as
the venue by Christian Giguère since many active
CAA members could help organize the conference,
and  some have  approaching  him in  this  regard.
Kathy  Pichora-Fuller  mentioned  that  the  World
Congress in Audiology will  be held in Vancouver
(Sept. 18-22, 2016) and suggested Vancouver as
an alternative, with a one-day overlap in the two
meetings  to  facilitate  session  sharing  or
back-to-back meetings.

Christian Giguère will follow-up on these meetings.
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Awards

Hugues  Nélisse  presented  a  report
summarizing decisions from all individual prize
coordinators.  Winners  were announced  at  the
joint ICA/ASA/CAA Awards Ceremony on June
5th.  The Directors’ awards have been selected
and Dalila Giusti will send awardees their prize
money.   The  John  Bradley  scholarship,
announced at the ISRA meeting in Toronto, will
be  discussed  at  a  later  date  by  an  adhoc
committee  (Christian  Giguère,  Kathy
Pichora-Fuller,  Hugues  Nélisse  (Chair),  John
O’Keefe and John Bradley) to better define the
designation  of  this  scholarship,  which  should
reflect  the  interdisciplinary  work  of  John
Bradley.  Clair  Wakefield  will  replace  Murray
Hodgson as the new coordinator of  the Eckel
Student Prize in Noise Control.
     
Acoustical Standards Committee

Tim Kelsall, Chair of the Committee, was invited
to present the Terms of reference of the CAA
Technical  Committee  on  Standards,  which
started  its  activities  in  2010,  and  asked  the
Board to approve these and to post them on the
CAA  website.   (Moved  by  Bill  Gastmeier,
Seconded, Kathy Pichora-Fuller, carried)

Tim  Kelsall  also  presented  the  Copyright
Assignment  between  the Canadian  Standards
Association (owner of certain copyrights in the
literary  work  entitled  Z107.10,  Guide  For  The
Use Of  Acoustical  Standards  In  Canada)  and
the  Canadian  Acoustical  Association.  This
assignment will  be signed by two members of
the Executive Board (Moved by Bill Gastmeier,
Seconded by F. Russo, carried).

Before posting the CAA Guide for  the Use of
Acoustical  Standards  in  Canada  on  the  CAA
website,  Board  members  want  to  review  the
final document for approval.  Production of the
French  version  was  also  discussed,  but  no
resources are readily available at the moment.
Given  the  highly  technical  nature  of  the

document, the Board indicated that the Committee
could explore producing a bilingual  Guide where
the core  structure  of  the  document  would  be  in
both  languages  but  the  technical  content  (e.g.
standards’  summaries)  only  in  the  language(s)
where it is available.  Christian will follow-up with
Tim Kelsall.

CAA Website

Sean  Pecknold  sent  his  report  and  Christian
Giguère  updated  the  Board  members.
Changeover to the new Wordpress website seems
to have been smooth. Similarly, updated website
contents are fairly straightforward.   2013 Awards
listings will be posted on the website by December.
As the online journal migration to the CAA website
server  remains  problematic,  the  Board  indicated
that a move to another webhosting provider can be
evaluated.

New logo

A proposal was made for the graphic designer to
prepare  a  letterhead  version  of  the  logo  and  to
improve its resolution.  Replacing the current logo
text  (Canadian Acoustical  Association/Association
canadienne d’acoustique)  by CAA/ACA was also
recommended.   Frank  Russo  will  follow-up  on
these issues.

Adjournment 
Meeting adjourned at 1:10PM (Moved by J. Voix,
seconded by C. Laroche, carried)
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Come To Winnipeg 
The Heart of the Continent 

ACOUSTICS WEEK IN CANADA 
October 8-10, 2014 

 
Canadian Museum For Human Rights, and the Riel Esplanade, with downtown Winnipeg beyond. 

Photo by Dan Harper, Courtesy of Tourism Winnipeg 
 

For the first time, Acoustics Week In Canada will be held in Winnipeg, Manitoba. This central location 
should make it easy for participants from all areas of the country to come together for 3 days of plenary 
lectures and technical sessions, along with the acoustical standards committee meeting, the exhibition 
of acoustical equipment and services, the Canadian Acoustical Association Annual General Meeting, 
the conference banquet and other special events. The conference will be held in the heart of Winnipeg, 
just off the famous corner of Portage and Main, surrounded by restaurants, theatres, and within easy 
walking distance of the spectacular new Canadian Museum of Human Rights, and The Forks recreation 
area, featuring more great shopping, restaurants, and activities. Conference participants can be among 
the first in Canada to view the new Canadian Museum Of Human Rights, which is scheduled to 
officially open in September 2014.  
 
Venue & Accommodation – The conference will be held at The Fairmont, Winnipeg’s 
premiere hotel. It features recently re-furbished comfortable rooms, and an excellent exercise facility, 
including a large salt-water pool, steam room, and luxury spa, all with excellent city views 
(http://www.fairmont.com/winnipeg/). The Velvet Glove restaurant is routinely rated as one of 
Canada’s finest, and features inspired Manitoba sourced cuisine, and a unique wine list. A block of 
rooms is available until September 8, 2014 at the special rate of $149.00 per night, and a limited 
number of rooms will be available for students at $119.00. Call 1-800-257-7744 to reserve your room 
before the deadline, and please be sure to specify that you are with the “Canadian Acoustical 
Association”. 
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Plenary Lectures/Technical Sessions – There will be several plenary lectures slated covering 
current acoustical topics, and highlighting regional expertise and situations. Technical sessions will 
cover all major areas of acoustic interest, including Hearing Loss Prevention, Acoustical Standards, 
Architectural Acoustics, Noise Control, Shock and Vibration, Hearing and Speech Sciences, Musical 
Acoustics, Underwater Acoustics and other topics. If you would like to propose and/or organize a 
special session on a specific topic please contact the Technical Chair as soon as possible. 
 
Exhibition & Sponsorship – There will be an exhibition area for acoustical equipment, products, 
and services on Thursday October 9. If you or your company is interested in exhibiting, or if you 
would be interested in sponsoring a conference social event, technical session, coffee breaks, or student 
prizes, please contact the Exhibition Coordinator. The conference offers an excellent opportunity to 
showcase your company and products or services.   
 
Student Participation – Students are enthusiastically encouraged to attend the conference. Travel 
subsidies and reduced registration fees will be available, along with the special $119.00 hotel rate. 
Student presenters are eligible to win prizes for best presentations.  
 
Paper Submissions – The abstract deadline is June 15, 2014. Two-page summaries for publication 
in the proceedings of Canadian Acoustics are due by August 1, 2014. Please see further details on the 
conference website.  
 
Registration – Details will be available shortly at the conference website. Early registration at a 
reduced fee is available until September 8, 2014.   
 

Contacts/Organizing Committee 

 Conference Chair:  Karen Turner, Protec Hearing Inc. 
 Technical Chair: Ramani Ramakrihnan, Ryerson University 
  
 

CONFERENCE WEBSITE AT:    www.caa-aca.ca/meetings  
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Venez à Winnipeg! 
Au cœur du continent 

SEMAINE CANADIENNE D’ACOUSTIQUE 
8 au 10 octobre 2014 

 
Canadian Museum for Human Rights  

Photo par Josel Catindoy, courtoisie de Tourism Winnipeg 

 
Pour la toute première fois, la Semaine canadienne d’acoustique se tiendra à Winnipeg au Manitoba. 
Cette destination centrale facilitera la venue des participants de tous les coins du pays pour 3 jours de 
séances plénières et sessions scientifiques, ainsi que la rencontre du comité des normes en acoustique, 
l’exposition d’équipement et de services en acoustique, l’assemblée générale annuelle de l’Association 
canadienne d’acoustique, le banquet du congrès et autres événements spéciaux. Le congrès aura lieu au 
cœur même de Winnipeg tout près de la célèbre intersection Portage et Main, entourée de restaurants et 
théâtres, à une courte distance à pied du spectaculaire nouveau « Musée canadien des droits de 
l’homme » et du quartier « The Forks » avec plusieurs grands magasins, restaurants et une foule 
d’activités. Les participants au congrès seront parmi les premiers au Canada à voir le tout nouveau 
Musée canadien des droits de l'homme dont l’ouverture officielle est prévue pour septembre 2014.  
 
Lieu du Congrès et Hébergement – Le congrès se tiendra à l'hôtel Fairmont, le meilleur hôtel 
de Winnipeg. Il dispose de chambres confortables récemment rénovées et d’un excellent centre de mise 
en forme, y compris une grande piscine d'eau salée, un sauna et un spa de luxe, le tout avec une vue 
imprenable sur la ville (http://www.fairmont.com/winnipeg/). Le restaurant Velvet Glove est 
régulièrement coté l’un des meilleurs au Canada et offre des plats inspirés de la cuisine du Manitoba et 
une carte de vins unique. Un bloc de chambres est offert au taux préférentiel de $149,00 par nuit avant 
le 8 septembre 2014. Un nombre limité de chambres seront disponibles pour les étudiants au taux de 
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$119,00. Veuillez composer le 1-800-257-7744 pour réserver votre chambre avant la date limite. 
Il est important préciser que vous êtes avec l 'Association canadienne d'acoustique. 

 
Centre de mise en forme, Photos courtoisie de l’hôtel Fairmont Winnipeg  

 

Séances plénières et sessions scientifiques – Plusieurs présentations plénières dans des 
domaines d’intérêt en acoustique sont prévues, mettant en évidence l'expertise et le cadre régional. Des 
sessions scientifiques seront organisées dans tous les domaines principaux de l’acoustique, incluant la 
prévention de la perte auditive, la normalisation, l’acoustique architecturale, le contrôle du bruit, les 
chocs et vibrations, les sciences de la parole et de l’audition, l’acoustique musicale, l’acoustique sous-
marine et autres sujets. Si vous désirez suggérer ou organiser une session spéciale, veuillez 
communiquer avec le directeur scientifique le plus tôt possible.  
 
Exposition technique et Commandite – Il y aura une exposition d’équipement, produits et 
services en acoustique le jeudi 9 octobre. Si vous ou votre entreprise êtes intéressés à réserver une table 
d’exposant ou commanditer des événements sociaux, des sessions scientifiques, des pauses café, ou des 
prix étudiants, veuillez communiquer avec le coordinateur de l’exposition technique. La conférence 
offre une excellente occasion de promouvoir votre compagnie, vos produits, ou vos services.  
 
Participation étudiante – La participation étudiante est fortement encouragée. Des subventions 
de voyages et des frais d’inscription réduits seront offerts en plus d’un taux spécial de $119.00 pour la 
chambre d’hôtel. Des prix seront décernés pour les meilleures présentations étudiantes.  
 
Soumissions de communications – La date d’échéance pour la soumission des résumés de 
présentation est le 15 juin 2014. Les articles de deux pages pour publication dans le numéro spécial des 
actes de congrès dans l’Acoustique canadienne sont dus le 1 août 2014. Plus de renseignements 
suivront sur le site internet du congrès.  
 
Inscription – Les renseignements seront disponibles sous peu sur le site internet du congrès. 
L’inscription hâtive à taux réduit sera disponible jusqu’au 8 septembre 2014.  
 

Personnes contacts/Comité organisateur 

 Président de congrès:  Karen Turner, Protec Hearing Inc. 
 Directeur scientifique: Ramani Ramakrihnan, Ryerson University 
  

 
SITE INTERNET DU CONGRÈS:    www.caa-aca.ca/fr/meetings  
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PRIZE ANNOUNCEMENT •  ANNONCE DE PRIX 

 

 
Prize 

EDGAR AND MILLICENT SHAW POSTDOCTORAL PRIZE IN ACOUSTICS 
ALEXANDER G. BELL GRADUATE STUDENT PRIZE IN SPEECH COMMUNICATION AND HEARING 

ECKEL GRADUATE STUDENT PRIZE IN NOISE CONTROL 
FESSENDEN GRADUATE STUDENT PRIZE IN UNDERWATER ACOUSTICS 

RAYMOND HETU UNDERGRADUATE STUDENT PRIZE IN ACOUSTICS 
THOMAS D. NORTHWOOD GRADUATE STUDENT PRIZE IN ARCHITECTURAL AND ROOM ACOUSTICS 

ALBERT S. BREGMAN GRADUATE STUDENT PRIZE IN PSYCHOLOGICAL ACOUSTICS 

Prix 
PRIX POST-DOCTORAL EDGAR ET MILLICENT SHAW EN ACOUSTIQUE 

PRIX ETUDIANT ALEXANDER G. BELL EN COMMUNICATION ORALE ET AUDITION (2E OU 3E CYCLE) 
PRIX ETUDIANT ECKEL EN CONTROLE DU BRUIT (2E OU 3E CYCLE) 

PRIX ETUDIANT FESSENDEN EN ACOUSTIQUE SOUS-MARINE (2E OU 3E CYCLE) 
PRIX ETUDIANT RAYMOND HETU EN ACOUSTIQUE (1ER CYCLE) 

PRIX ETUDIANT THOMAS D. NORTHWOOD EN ACOUSTIQUE ARCHITECTURALE ET ACOUSTIQUE DES 
SALLES (2E OU 3E CYCLE) 

PRIX ETUDIANT ALBERT S. BREGMAN EN PSYCHOACOUSTIQUE (2E OU 3E CYCLE) 
 
 

Deadline for Applications:  
April 30th 2014 

 

Date limite de soumission des demandes: 
30 Avril 2014 

 
Consult CAA website for more information 

Consultez le site Internet de l’ACA pour de plus amples renseignements  
(http://www.caa-aca.ca) 
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President' Message
Message du Président

his  address  marks  my  first  official
correspondence  as  President  of  our
Association.  It  is  with  considerable

humility that I put together my reflections on the
year just passed and the year ahead. I would like
to thank Christian Giguère for over six years of
outstanding  service  as  President.  Under  his
thoughtful  leadership,  the  Association  has
continued  to  extend  its  reach  and  impact.
Christian has cultivated a number of national and
international  initiatives  that  have  helped  to
advance  research,  practice,  and  education  in
Acoustics. With 452 members we are 22% larger
than we were when Christian started his term in
2007.  Christian  will  continue  to  serve  as
Past-President, which will help immensely during
this transition period. I also expect to rely heavily
on the wisdom and experience of Chantal Laroche
(Secretary) and Dalila Giusti (Treasurer). 

T

This  past  year  our Association co-sponsored the
21st  International  Congress  on  Acoustics  (ICA)
together with the Acoustical Society of America.
The meeting was held in Montréal and chaired by
Michael Stinson. It was an absolute success with
respect to technical content as well as attendance,
apparently the third largest Acoustics meeting on
record.  The  Association  also  sponsored  ISRA
(International Symposium on Room Acoustics), a
satellite  meeting  of  ICA that  was co-chaired  by
John  Bradley  and  John  O’Keefe.  I  hope  to  see
many of you join us for Acoustics Week in Canada
(AWC),  held  this  year  for  the  first  time  in
Winnipeg!  The meeting will  take place between
October 8th and 10th.  Karen Turner will serve as
conference chair and Ramani Ramakrishnan will
serve  as  technical  chair.  A team  consisting  of

ette  adresse  marque  ma  première
correspondance  officielle  en  tant  que
président de notre Association. C'est avec

beaucoup  d’humilité  que  j'ai  rassemblé mes
réflexions sur l'année passée et l'année à venir. Je
tiens  à  remercier  Christian  Giguère  pour  un
service exceptionnel en tant que président pendant
plus  de  six  ans.   Sous  son  leadership  réfléchi,
l'Association a continué à élargir les frontières de
son impact  et  de  sa  portée.  Christian  a  mis  sur
pied un certain nombre d'initiatives nationales et
internationales qui ont contribuées à l’avancement
de  la  recherche,  la  pratique  et  l'éducation  de
l’acoustique.  Comptant maintenant 452 membres,
nous  sommes  22%  plus  nombreux  que  nous
l’étions lorsque Christian a commencé son mandat
en  2007.  Christian  continuera  à  servir  en  tant
qu’Ancien-Président,  ce  qui  aidera  énormément
durant cette période de transition. Je prévois aussi
prendre  grande  avantage  de  la  sagesse  et  de
l'expérience  de  Chantal  Laroche  (secrétaire)  et
Dalila Giusti (trésorier).

C

Cette dernière année, notre Association coparrainé
avec  la  Acoustical  Society  of  America  le  21e

International  Congress  of  Acoustics  (ICA).  La
réunion a eu lieu à Montréal et a été présidé par
Michael  Stinson.  Ce  fut  un  succès  complet  par
rapport  au  contenu  technique  ainsi  qu’à  la
participation,  apparemment  la  troisième  plus
grande foule que l’on ait connue à une réunion sur
l’Acoustique. L'Association a également parrainé
l'ISRA  (International  Symposium  on  Room
Acoustics), une réunion satellite de l'ICA qui a été
co-présidée  par  John  Bradley  et  John  O'Keefe.
J'espère que beaucoup d'entre vous vont se joindre
à nous pour  la Semaine canadienne d’acoustique,
qui  se  tient  cette  année  pour  la  première  fois  à
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Christian  Giguère,  Ramani  Ramakrishnan  and
Jérémie Voix,  are  working on the adoption of  a
system that  will  allow  for  automation  of  many
conference  management  tasks  (registration,
abstract submissions, program & schedule, etc.).

The current issue of the journal marks the official
transition  to  Jérémie  Voix  as  Editor-in-Chief.
Jérémie has recently completed a 6-year term on
the Board of Directors and has been instrumental
in  shifting  the  journal  content  and  membership
administration  online  over  the  last  few  years.
Jérémie will continue to advance the profile of the
journal in consultation with the newly established
Advisory  Board,  consisting  of  Bryan  Gick,
Ramani Ramakrishnan and myself. 

Alberto Behar has replaced Jérémie on the Board
of Directors.  Many of you will  be familiar  with
Alberto  as  a  long-standing  member  of  the
Association and as a previous Board member.

In sum, the Association is  in  a good place with
respect  to  its  membership  and  its  mandate.
However,  as  a  volunteer  organization,  we  are
always in need of helping hands. If you wish to
get involved, there are several ways to do so and
with varying levels of commitment. Please speak
with  me  or  another  member  of  the  Board  of
Directors  if  you  think  you  might  want  to
volunteer.  Finally,  as  the  outgoing  Editor  of
Canadian Acoustics, it would be remiss of me to
not  encourage  you to publish your  work  in  our
Association’s  journal.  Canadian  Acoustics  is  a
peer-reviewed,  open  access,  interdisciplinary
journal  providing  rapid  publication  of  research
from all subfields of Acoustics. 

Winnipeg!  La  réunion  aura  lieu  du  8  au  10
octobre. Karen Turner présidera la conférence et
Ramani  Ramakrishnan  servira  en  tant  que
président  technique.  Une  équipe  composée  de
Christian  Giguère,  Ramani  Ramakrishnan  et
Jérémie  Voix  s’efforce  pour  adopter  un  système
qui  permettra  l'automatisation  de  nombreuses
tâches  de  gestion  de  conférence  (inscription,
soumissions de résumés).

Le  présent  numéro  de  la  revue  marque  la
transition officielle du rôle de rédacteur en chef à
Jérémie  Voix.  Jérémie  a  récemment  terminé  un
mandat de 6 ans en tant que membre au conseil
d’administration et au cours des dernières années
a contribué à la transition du contenu de la revue
et de l'administration d'adhésion en ligne. Jérémie
continuera à promouvoir le profil de la revue en
concertation  avec  le  comité  consultatif
nouvellement  créé,  composé  de  Bryan  Gick,
Ramani Ramakrishnan et moi-même.

Alberto Behar a pris la place de Jérémie au conseil
d’administration.  Beaucoup  d'entre  vous  seront
familiers  avec  Alberto  en  tant  que  membre  de
longue date de l'Association et ancien membre du
conseil.

En somme, l'Association est en bonne position par
rapport  à  sa  composition  et  son  mandat.
Cependant,  comme  organisation  bénévole,  nous
sommes  toujours  en  besoins  d’aide  de  nos
membres.  Si  vous  êtes  intéressé,  il  y  existe
plusieurs rôles bénévoles avec différents niveaux
d'engagement. S'il vous plaît vous adresser à moi
ou un autre membre du conseil d'administration si
vous pensez  vouloir  vous impliquer  en tant  que
bénévole.  Enfin,  comme  éditeur  sortant
d’Acoustique  Canadienne,  il  serait  négligent  de
ma part de ne pas vous encourager à publier vos
travaux  dans  la  revue  de  notre  association.
Acoustique  Canadienne  est  une  revue
interdisciplinaire  à  libre  accès,  soumis  à
l’évaluation par les pairs, offrant une publication
rapide de la recherche de tous les sous-domaines
de l'acoustique.

Frank A. Russo
President

Frank A. Russo
Président
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To all Member Societies and International Affiliates 
 
Please receive best wishes for your organization for the 
New Year of 2014. 
 
The highlight for the ICA in the year of 2013 was the 21st 
ICA congress in Montreal, Canada. This meeting was 
jointly organized by the Canadian Acoustical Association 
and the Acoustical Society of America and there was a 
record attendance during the 5 day congress with 2300 
registrants and over 1600 technical papers presented 
and 49 Exposition booths. Sincere thanks are due to the 
excellent planning and organization by the local team 
around Mike Stinson, Gilles Daigle and Luc Mongeau. 
 
The General Assembly for the ICA was held during this 
conference.  The proposed changes in governance were 
all accepted and the new board elected under the new 
rules.  The benefit of the new governance was 
immediately obvious from the number of nominees for 
the positions on the board.  Following the election the 
Board now comprises Júlio A. Cordioli (Brazil), Dorte 
Hammershøi (Denmark), Bertrand Dubus (France), 
Roberto Pompoli (Italy), Kohei Yamamoto (Japan), 
Jeong-Guon Ih (Korea), Grazyna Grelowska (Poland), 
Monika Rychtarikova (Slovakia), Yiu Lam (UK) and Mark 
Hamilton (USA).  The executive are Marion Burgess as 
President, Michael Vorlander as Past President, Jing 
Tian as Vice President, Mike Stinson as Secretary 
General and Antonio Perez-Lopez as Treasurer.  Those 
board members retiring at the time of the General 
Assembly included some who had served many terms in 
various positions and were all warmly thanked for their 
contributions to the board and the ICA. 
 
The ICA is continuing to grow with the new members, 
Israel and Nigeria welcomed at the General Assembly.  
This took our membership to 47 member organizations 
and 8 International Affiliates. 
 
Increasing the awareness around the world of the 
science and technology of sound is an important task for 
the ICA. The ICA is an Affiliate Member of the global 
organization for science, the International Council for 
Science, ICSU as well as Associate Member of 
International Union for Pure and Applied Physics 
(IUPAP) and the International Union of Theoretical and 
Applied Mechanics (IUTAM).  
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