
 - 1 - 

ACOUSTIC  ANALYSIS  OF  A  COUNCIL  CHAMBER 
 
 

Mark B. Luther,  Andrew Edwards 
Built Environment Research Group,  Deakin University, Geelong, VIC. Australia 3217 

luther@deakin.edu.au 
and 

Brian  Chillcott 
BOSE  Australia,  Parramatta  NSW  Australia  2150  

Brian_Chilcott@bose.com 
 
 

SUMMARY 
 

The acoustics of a university council chamber room in a retrofitted and restored woolstore 
building presented a problem of speech intelligibility.  A decision was made by the university 
to engage the Built Environment Research Group (BERG) in an acoustical analysis of the 
space before the installation of a costly sound amplification system.  This analysis included 
the results obtained using a B&K-Investigator (acoustic meter) for reverberation and 
background noise level measurements.  These measurements were incorporated into the 
virtual model, BOSE-Modeller, acoustic software package.  After adjusting and tuning the 
virtual model to match the measured results, an analysis of speech intelligibility levels and 
acoustic alterations to the space were undertaken.   This paper presents the process between 
acoustic measurement of a space and its analysis via a computer program.  It reports a 
method of how acoustic problems can be solved and studied before real-world 
implementation.  

 
 

Figure 1   The Council Chamber 
INTRODUCTION 
 
This project evolved from an ongoing acoustic speech intelligibility problem with the Council 
Chambers at the Deakin University Waterfront Campus in Geelong.  The room holds around 
forty-eight people, twenty of which are observers that sit to one side of the chamber (just 
visible to the left in Figure 1).  The building has been converted from an old brick woolstore 
into a contemporary education building. 
 
The council chamber room is a double storey space, with framework and other structural 
elements used as a feature of the space.  Walls are typically plasterboard, which either have 
simple sound insulation boards, affixed at a 2.5m height, or plywood panels at the wall floor 
level.  The main exception is the east wall, painted brick, producing a highly reflective surface.  
The ceiling is a sawtooth form, with timber lining and large glass windows.  The floor is 
carpeted, with a large wooden table that dominates the space. 
 
Observers at the meetings were expressing concern over their ability to coherently follow the 
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speech content of the councillors in the space.  In an effort to improve this situation this study 
was undertaken to determine possible architectural acoustic improvements before the 
addition of a sound system.  To further the scope it was decided to investigate the 
architectural options to improve the acoustical qualities of the space. 
 
At the investigation time the University was suggesting that the solution to this problem would 
be through the installation of a PA system where members of the council would have access 
to a microphone at their seat.  A decision was made to investigate the room acoustics through 
actual reverberation time measurements and available background noise levels using 
appropriate instrumentation. 
 
The Method of Analysis 
 
It was believed that once an accurate acoustic simulation model was established through real 
measurements that a trusted revision could commence.  This report examines the before and 
after effects of altering the room acoustics through computer simulation with respect to a 
verified existing condition.   It is believed that the best and most accurate state-of-the art 
method has been selected in this investigation.  Decisions are based on the inputs of 
established material information and may pose some inaccuracies and limitations on the 
simulated results. 
 
This report is divided into two main sections.  The first is the empirical determination of the 
acoustic profile of the room.  This indicates the main problems that will be the focus of further 
study.  The second part documents the creation and tuning of the computer model for the 
investigation of architectural solutions. The model was altered to simulate potential acoustic 
treatment of the space and to determine architectural acoustic improvements to the chamber. 
Options are judged on the speech intelligibility and sound level coverage in the space. 
 
The method used for speech intelligibility in this study is the Speech Transmission Index 
value.  The STI level indicates the expected level of comprehension for a person at the 
designated location.  The values and their indication are shown below in Table 1: 
 

STI Level Intelligibility level. 
Under 0.45 Extremely poor intelligibility. 
0.45 to 0.54 Acceptable intelligibility. 
0.55 to 0.70 Good to Very Good Intelligibility. 
Over 0.70 Excellent Intelligibility. 

 
Table 1   Speech Transmission Index  Ratings 

 
These should not be taken on their own as definitive of intelligibility and must take 
background sound levels into consideration.  It is unreasonable to consider exposure to high 
sound pressure levels while providing acceptable speech intelligibility.  
 
The intent of this study is to optimise the speech intelligibility and therefore the comfort of the 
users of this space.  This has been done through analysis and assessment of proposed 
architectural solutions. 
 
Measuring Criteria 
 
Initial measurement of any space for acoustic performance involves the most technically 
advanced apparatus available, the ear.  By spending time in the space and listening, it is 
possible to understand the problems that this particular space presents.  Simple sounds such 
as claps, clicks and even just sitting quietly can expose flutters, echoes and subjective 
reverberation levels before any instrument study is performed.  This is essential in attaining a 
feel for the project at hand. 
 
Reverberation is one of the fundamental parameters that affect the quality of speech in an 
architectural space.  Given the large volume of the space, around 1420 m3, a high 
reverberation time was expected.  Another essential factor is the background noise level.  
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Both of these acoustic parameters have direct influence on the intelligibility of speech.  
Such factors relate directly to the reverberation time of the space, where a high reverberation 
level can acoustically amplify the background noise soources. 
 
It is not intended to provide an analysis of the computed STI method as this has been carried 
out in numerous other papers.  The system has been shown to provide a suitable guide in the 
determination of speech intelligibility (Jacob, Birkle & Ickler, 1991).1 
 
 
SPACE MEASUREMENT 
 
Electronic measurements were taken at several points with the existing condition of the 
council chamber.  The procedure2 comprised reverberation time measurement (T60) at four 
locations, at which virtual listeners would be located during modelling (AS2460 - 1981 pg.4).  
These are the locations of testing with the B&K instrument as well as the locations of listeners 
assumed in the simulation program.  The sound source is provided by the B&K instrument 
and is amplified through a PA system with two speakers located in the middle of the main 
table.  The chamber was tested in the empty state.  Listener and sound source locations are 
shown in Figure 2. 
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Figure 2 Floor plan of conference room showing listener locations (0 to 3), ‘Talker location’ 
(A) and   T60 source location (model and actual). 

 
 
Reverberation Time 
 
Measurements at the locations in Figure 2 produced the various reverberations charted in 
Table 2. Measured reverberation time was compared to levels suggested for this kind of 
space in the Standards AS2107 - 1987.  Given the volume of the space is about 1400m3 the 
mid frequency reverberation time according to the Australian Standard is approximately 0.85 
seconds. Too low a level produces a dead space that is hard to concentrate in, too high a 
level is too active, with overall sound levels potentially drowning out the direct input. The latter 
is the present case for the conference room. 
 

                                                            
1 This is one example where the STI was determined using computational methods and the 
accuracy was determined to be ±5.4%. 
2 Procedure follows Australian Standard 2460 - 1981, Acoustics - Method for the 
Measurement of Reverberation Time in Enclosures. 
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T60   B&K 2260 Positions
Freq. Hz.    Average 0 1 2 3

125 0.95 0.93 1.03 0.93 0.94
250 1.2 1.26 1.18 1.11 1.27
500 1.27 1.21 1.28 1.28 1.32
1k 1.18 1.17 1.18 1.16 1.24
2k 1.06 1.09 1.03 1.04 1.09
4k 1.02 1.04 1.04 0.97 1.03

 
Table 2  T60 Measurement for each location 

 
Background  Noise  Level 
 
The next phase involved the measurement of the background noise levels in the space.  
Background noise level of the room are affected by: 

• the external (sound) environment 
• time of day 
• location of the measurement in the space 
• room volume 
• reverberation of the space 
• an occupied or unoccupied room  
• and mechanical equipment 

 
It is conceivable that such measurements can vary greatly from venue to venue.  This can 
have a significant influence on the testing of the virtual model.  Background noise is also a 
good indicator of other potential problem areas, particularly in the 125 Hz to 4 kHz range.  
The linear dB measured results from the council chamber room, at octave band frequencies, 
are shown in Table 3. 
 
 

Frequency 31 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 16 kHz
dB (Linear) 55 52 47 46 41 32 28 14 12 13  

 
Table 3  Measured Background Noise Levels 

 
The average noise level as converted to dB(A) level is 42, which is higher than the desired 
levels indicated in AS2107.   In table 1 of the Australian Standard the recommended sound 
level for a board room is 30 dB(A) and for council chambers 25 dB(A).  The maximum level is 
35 dB(A) and 30 dB(A) respectively.   This gives an excess in background noise of 7 to 12 dB 
for the space analysed. 
 
Measurement Summary 
 
At this point it is realised that the background noise distribution is due to the mechanical 
system fans and duct work.  Larger duct cross-sections reduce air turbulence and high 
pitched noises and produce lower, more desirable frequencies.  It should also be understood 
that this background noise is amplified due to the high reverberation of the existing space. 
 
Ultimately, our findings indicate that the excessive reverberation time is the detrimental factor 
in the profile of this space.  Given a desired T60 of 0.85 seconds at 500 Hz for this room, the 
(average) result of 1.27 seconds suggests that there is excessive reverberation.  For any 
effective improvement to the space it is essential to reduce this time closer to the desired 
level.  Any reduction in reverberation will assist in reducing the impact of background noise 
and thus increase intelligibility. 
 
Consequentially, the main focus will be the architectural treatment of the space as well as the 
reverberant characteristics, and not directly on the exclusion or reduction of background 
noise. 
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CREATING THE MODEL AND DYNAMIC TUNING 
 
The simulation program used for the study is Bose Modeller, an application which allows the 
designer to create a three-dimensional acoustic model of a space, with full acoustic qualities 
for all surfaces.  Within this virtual model, various acoustical attributes can be calculated, such 
as reverberation time, sound pressure level coverage maps and speech intelligibility indices.  
 
With the empirical data gathered earlier (Tables 2 & 3) the next step was the development of 
an accurate model in Bose Modeller.  The model was created with all surfaces defined to 
match the absorption of those in the space.  Listeners, a T60 source and a B&K ‘Talker’ are 
placed in the space as previously indicated.  The model is seen in Figure 3 with proposed 
treatments. 

 
Figure 3   A simplified model of the conference room, showing the locations of the listeners 

(0,1,2,3) and the B&K Talker (A) 
 
To dynamically tune the space the existing sound panels at the north and south ends were 
virtually adjusted, so that simulated values matched those existing in the space.  To evaluate 
the material alterations the octave band reverberation times obtained in the empirical study 
were used.  Reverberation time served as a baseline to justify material alterations used in the 
simulation model.  Only after an accurate model is produced can alternatives to the space be 
tested through the simulation method. 
 
Exploration of  Alterations 
 
After an accurate model was developed (see Table 4) the first investigation was to see what 
materials could be applied to reduce the reverberation time.  The 'Target' (shaded) values 
were obtained from the Australian Standard AS2460 and the B&K 'Measurements in Building 
Acoustics' booklet. To achieve the reduced reverberation in the space three new panels were 
placed on the western and eastern walls; both located between the windows on these walls 
(see Figure 2).  The panels were then given a variety of materials to establish which would 
give the closest match to the desired reverberation time. 
 
The graph of these alterations is indicated in Table 4.  The top line indicates both the existing 
conditions in the space and the model, with a minor variance occurring at either end.  The 
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base line is the desired condition of the space, with the other lines showing results of acoustic 
treatment materials used on the east and west wall to reduce the reverberation time.  As can 
be seen the 2" Decoustic panels had the greater effect, but due to the preferred RT60 value 
of the 125-Herz range the 2" fibreglass is the better option. 

 
Frequency:

Material: 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz
Existing 0.95 1.2 1.27 1.18 1.06 1.02
Model 0.96 1.2 1.27 1.18 1.05 0.99
Target 1.1 0.76 0.85 0.76 0.85 0.95
Velour 0.92 1.04 1.01 0.9 0.82 0.8

2" Fibreglass 0.9 0.89 0.86 0.82 0.75 0.72
2" Decoustic  0.83 0.88 0.86 0.82 0.76 0.74

Capaul Softscape  0.94 1.04 0.92 0.82 0.75 0.72  
 
Table 4: T60 results for alternative materials. 
 
 
The Room-Tuning Results 
 
The investigation indicates 2” (~50mm) fibreglass insulation as the best material for reducing 
the T60 level.  A solution would be to mount this material in frames upon the wall with a cloth 
covering, such as tapestries.  Wool tapestries would suit the history of the building. Drapes on 
the eastern wall would assist in covering the reflective glass window surfaces when council is 
in session.  Combined with the installation of fibreglass/tapestry panels, markedly on the 
lower half, the intelligibility levels should improve greatly. 
 
The critical situation within this space is when the Talker (speaker) is located at the A position 
on the plan (Figure 2).  The sound should be able to reflect off the West Wall so as to 
increase the volume levels that arrive at position 3.  The wall behind this listener should be 
deadened to reduce further reflections and to reduce the rooms' reverberant energy.  In larger 
rooms this distance may extend too far resulting in a late arrival of the sound, confusing the 
listener.   
 
 
MODELLING SOUND COVERAGE AND STI 
 
The following cases will be simulated using the Bose Modeler program: 
 

• The Existing Space with No Alterations 
• Architectural Acoustic Alterations with No Audio System 

 
The first of these cases will be the benchmark, as it indicates the variation in parameters and 
improvements.  The worse case scenario arises when a talker is located on the eastern side 
of the table (position A, Figure 9).  They face in the opposite direction to the observers in the 
rear area, the direct field of their speech content propagates across the table.  The sound 
waves that provide the information for speech intelligibility to the observers (position 3) are 
therefore mostly reflected energy.  Compounding the problem is also the high level of 
reflected energy that is coming from the eastern wall, which can produce late energy arrivals 
and result in detrimental information for speech intelligibility as heard by the observers.  This 
is recognised in the results for condition one in the following pages. 
 
 
Sound Coverage Maps (SPL) 
 
Figure 9 shows the coverage map of Direct sound (left) and Direct + Reverberant sound 
(right) only for the unaltered (benchmark) case.  There are no panel improvements or 
acoustical treatment other than that already in existence.  The SPL (Sound Pressure Level) 
charts indicate the difference between the direct and the direct and reverberant coverage of 
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sound.  An optimum situation would have a minimal difference between one listening location 
and the others in SPL value. 
 

 
 

Figure 9   The Benchmark Case: Direct (right) and Direct + Reverberant (left) Sound 
Coverage Maps (SPL) 

 
It is noticed that the Direct SPL (74dB) is 11dB less than the Direct and Reverberant (85dB) 
(top upper left corner of the charts), further emphasising the need for sound level reduction. 
Note that the dB system is a logarithmic scale and a variance of 10 dB equates to a sound 
increase of double. This means that this space would hypothetically sound half as loud if there 
were no walls. 
 
 

Position 0 – STI  0.58 Position 1 – STI   0.64 

Position 2 – STI  0.59 Position 3 – STI   0.48 
 
The resulting STI levels indicate sufficient hearing ability around the table. The level at position 
three, however, indicates a severe lack of comprehension.  Previous investigation already 
established that the reverberation level is exceptionally high for this kind of space. 
 
After acoustic alterations to the space are made virtually, the 'treatment to walls with no sound 
system' case is observed.   Although a sound level difference between the two SPL charts 
(Direct and Direct + Reverberant) still remains, it is the reduced overall SPL (from the existing 
condition) which improves intelligibility. The new difference between the Direct and the Direct + 
Reverberant result with alterations is now 7dB, which indicates that the residual sound level is 
still too high, suggesting a further need for reduced reverberation. 
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Once again, the STI levels around the table indicate sufficient hearing ability. The level at position 
three indicates a definite improvement with alternations to the room (Table 4).  With further alterations 
to the sound panels to the north and south the intelligibility should continue to improve. 
 

Position 0 1 2 3
STI  Rating 0.63 0.69 0.64 0.53

 
Table 4   STI Ratings for the Altered Space 

 
The new reverberation level (Rt = 0.98) is still high, though much less than the original space.  Again 
further reductions in reverberation will occur with treatment to the existing surfaces. 
 
 
CONCLUSIONS 
 
To merely install a speaker system is absurd, since it will only magnify the existing problems of the 
space.  Getting the room acoustics correct for this space before any sound system is introduced is of 
prime importance.  Any sound generated by a speaker system will improve hearing, but will also 
generate greater levels of sound.  Meetings could become quite loud, resulting in an effort towards 
understanding. 
 
The ability to alter the spatial conditions using Bose Modeller is excellent for examining acoustic 
design and operational decisions.  Acoustic treatment of the space is much the preferred option, 
potentially correcting the existing problem.  To further investigate the virtual accuracy of BOSE 
Modeller the conference room should be tested once modifications are carried out.  This would justify 
the accuracy and confirm the application of the modelling program. 
 
The main limitations of this study are with the acoustic absorption coefficients provided at various 
frequencies entered into the model.  The material properties are the generic types given in texts and 
provided by the program.  In-situ characteristics may differ, depending on the structure and the 
composition of materials.  It is possible to measure the true absorption coefficients of materials and 
this should be done for this space to improve the accuracy of the model. 
 
In summary, a virtual tool assisted in improving the acoustical quality of the council chamber.  Room 
acoustic alterations alone indicated that speech intelligibility was improved at difficult areas of 
listening in the room.  The application of a virtual acoustic simulator proved to be extremely useful in 
the analysis of this space. 
 
 
REFERENCES 
AS2107 - 1987 Acoustics - Recommended sound levels and reverberation times for building interiors. 
 
AS2460 - 1981 Acoustics -Method for the Reverberation Time in Enclosures. 
 
BOSE Modeller,  Users Manual Version 4.3, BOSE Corporation, Framingham MA, 1994. 
 
Bradley J.S.,  Relationships among Measures of Speech Intelligibility in Rooms, Journal of Audio 
Engineering Society, Vol. 46, No. 5, May 1998. 
 
Bruel & Kjaer , Measurements in Building Acoustics - Booklet, Naerum Denmark, 1988. 
 
Jacob, Birkle and Ickler,  Accurate Prediction of Speech Intelligibility without the Use of In-room 
Measurements, Journal of Audio Engineers Society, Vol. 39 No.4, 1991. 
 
Salter, G.M., Acoustics: Architecture Engineering and the Environment, William Stout Publishers, San 
Francisco, 1998. 
 
 


