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Abstract
Acoustical comfort of the acoustically critical spaces is
coming up as important aspect of the designing these
days. Unlike in the past where it was achieved with the
mere retrofitting after the acoustic discomfort arrives.
Recognising the criticality of acoustical comfort
especially for spaces like auditorium, meeting and
conference rooms etc. right at the designing stage gives
advantage in terms of quality, un-necessary retrofitting,
and many more issues arriving out of it. It can also save
a lot of money by optimizing the acoustic design and
avoiding overdesigning, which is very common.
This paper deals with the similar study where design
optimization of auditorium in the office campus, which
was carried out in order to achieve acoustical comfort as
well as value engineering. The space is auditorium with
the seating capacity of 250 people. Objective of the
study is to provide the acoustic comfort for the user by
optimizing the acoustic design of the auditorium using
Parametric Analysis. The EASE software is used for
analysis and predicting the performance of the
auditorium for different functions such as speech as well
as music performances. Based on the EASE analysis,
the acoustic design and the building materials are
proposed to achieve the optimum acoustic comfort
across various parameters. Substantial amount of
quantities for various acoustic materials as well as the
cost of the project was reduced by undertaking the
acoustical analysis of the auditorium.

Introduction
Modern corporate office campuses are equipped with
various functional spaces along with the workspace.
These spaces are mainly administrative space, working
space, recreation area, food and canteen areas, meetings
and conference rooms, auditoriums, open-air theatres,
indoor sports facilities etc. Each space has its own
functional requirements in terms of various parameters
such as comfort (visual, thermal, acoustic) level,

occupancy timings, lighting requirements, space
requirements, hygienic requirements etc. User comfort
is the paramount parameter in order to maximise
productivity of its occupants, which is the prime
objective of such spaces. Acoustic comfort plays
important role alongside thermal and visual comforts,
which affects the efficiency of the employee. One such
important space in the office campus demanding
absolute acoustic comfort is Auditorium.
In ongoing corporate office projects undertaken by
L&T, we got the opportunity to review, redesign and
validate auditorium design to achieve the required
acoustic comfort. The acoustic comfort requirements for
auditorium has been specified in The Design Brief
Report in terms of various parameters.
The preliminary design (as per the design intent and
architectural team) was taken as a base case. It was then
analysed from the acoustical quality perspective to
validate or improve the design if required. This can be
done using tangible parameters, which will give actual
idea to the designer of the acoustical quality. Various
parameters which can be used are reverberation time
(EDT, T20, T30), clarity (C50 and C80), sound
transmission index (STI), articulation loss (AlCons),
Noise to signal ratio, definition (D50) etc.
Many of these acoustical parameter depend on
Geometry of room (volume, shape, surface areas etc.),
Materials inside room (absorption coefficient of the
materials), PA system (sound power level, wattage,
location and layout of speakers) etc.
The scope of the project limits to architectural design
which means sound reinforcement system (PA system)
is not part of the design scope. Hence many parameters
which partially or fully depend on the PA system
analysis cannot be considered for the evolution of
design. This leaves us with only one parameter i.e.
reverberation time which depends on the geometry of
the room and the materials inside room.
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Reverberation time gives us the insight of the acoustic
quality of room based on the architectural design,
interior design alone. Requirement criteria for the
reverberation time was set using applicable national
standards, various case studies, old projects. The base
case design was simulated, analysed and then optimised
to achieve sound acoustical qualities through
appropriate reverberation time. This paper does not
cover the acoustical qualities dependent on the sound
reinforcement system as scope of project does not gives
control over the PA system design.
The base case design could be the case of under
treatment or overtreatment as it is spearheaded by
design intent solely based on aesthetics. The objective
of the analysis is to determine the optimum design
proposal with minimum acoustic treatment without
compromising the technical requirements and also
maintain the aesthetical features of the room.
EASE, one of the world’s leading acoustical simulation
program for acoustical room design was used for
simulating the interior acoustics. EASE uses the imagesource method combined with ray tracing for simulating
the acoustical performance. Given the geometry and
surface properties, the acoustical results can be
predicated.

The Göttingen Stadthalle, Germany
In the 1950s and ‘60s there were many new concert
auditoria with reverberation times shorter than predicted
[3]. The Göttingen Stadthalle had the opposite
characteristic. With the acoustic consultancy coming
from the IIIrd Physikalisches Institut of Göttingen
University, it is fortunate that a thorough study of this
acoustic phenomenon was published [4]. The Stadthalle
was designed as a multi-purpose space. It opened in
1964, seats 1250 in a volume of 8200 m3, which works
out at 6.6 m3/person. The ceiling height is 12 m.
Because of the varied uses for the hall, which include
orchestral concerts, theatre, conferences and social
events, the main floor is flat, while there is a single
balcony. The plan is a regular hexagon, with the stage
off one side, Figure 1. The walls are plane, whereas the
ceiling is covered with pyramids 300 mm deep intended
to promote diffusion. A similar ceiling was used in the
Beethovenhalle, Bonn of 1959 [5,3].

Figure 1 : Long section and plan of the Göttingen Stadthalle

The predicted occupied reverberation time (RT) was 1.6
s, whereas the measured value at mid-frequencies was
around 2.0 s, a 25% increase. A high proportion of the
decays were sagging and higher reverberation times
were measured near the ceiling than in the Stalls.
Extensive measurements were made in both the actual
hall and in a 1:15 scale model [6]. These established
that a horizontal sound field was developing in the
upper region of the hall with sound reflecting between
the plane vertical walls; it was little influenced by the
absorbing audience and scattering ceiling. For sound to
reach this region of the hall, reflections off the balcony
fronts and the risers of the steps which linked the Stalls
with the Balcony were isolated. Figure. 2 shows the
results of RT measurements in the unoccupied hall first
in the condition as built, then with absorption applied to
the central balcony front, thirdly absorption on the
whole length of balcony front and then the stair risers as
well. The original authors point out that absorbing
material is more effective than geometrical changes
(such as inclining the balcony fronts or making them
scattering) because the former is unaffected by
diffraction. One notes that making the ceiling highly
scattering did not result in a diffuse sound field; this
design had resulted in a subdivided acoustic space.
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materials done on the basis of both its sound absorption
coefficient at different frequencies and its costing
though its not explored on this paper.
After evaluating various design options and closely
consulting with architectural team to retain the design
intent of the space, optimum design is selected which
suffices both acoustical (reverberation time) as well as
architectural interests.

Room Details
Figure 2: Measured reverberation times in the unoccupied
Göttingen Stadthalle [6]., as built;, with absorption on central
balcony front; s––s, with absorption over whole balcony front;
D–––D, with absorption over whole balcony front and stair
risers.

The predicted occupied RT had been chosen as a
compromise value for multi-purpose use. A value of 1.6
s was considered to be the lower limit for orchestral
music, while being acceptable for conference use.
Figure. 2 however shows that not only is the
reverberation time longer than expected but that it is
possible to reduce it by treating only a small surface
area – in other words, variable acoustics had been
created. The original paper on the hall includes the
following regarding subjective response: ‘‘Comments
on the acoustics in the Stadthalle have only been
positive from both listeners and performers. . . . It has
also been noted that the sound has a definite warm
character in this hall.” (translation from the German
original). The hall was also praised for use for opera and
chamber music. Users appear not to be concerned by
sound persisting that arrives from above.

Methodology
As mentioned in the case study, material areas and their
sound absorption qualities have major impact on the
reverberation time of the room rather than the geometry
of the room. Considering the reverberation, time is the
only parameter considered for acoustic design in this
case, and geometry of the room is rigid for altering the
base case is redesigned with different materials and
materials layouts.
Base case design is first analysed and the defects and its
causes are established to decide the way forward. Based
on the results of base case design the various other
designs are tried to rectify the shortcomings in the base
case design. Costing of the materials is also considered
along with the absorption coefficient of the materials
during selecting the acoustic materials due to
practicability of the project. Hence the selection of

Auditorium Dimensions
The plan of the Auditorium is given in Figure. 1. The
Auditorium dimensions are roughly 21.8m x 17.4m
(Figure. 1). The detailed room information for the hall is
given in Table 1.

Figure 3 : Auditorium Plan
Table 1 : Auditorium Information (EASE)

Quantities
Total Surface area (SQM)
Estimated room Volume
(m3)
Air Parameters
Humidity (%)
Temperature (°C)
Pressure (hPa)
Noise Parameter
Background Noise Level
(NC)

1760
2098
60
25
1013
35

EASE Model of the Auditorium
The acoustical treatment for the different surfaces of the
Room is the combination of the sound reflective and
sound absorbing materials.
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Acoustical Performance Quality Indicators
Reverberation Time
Reverberation is the persistence of sound in a particular
space after the original sound is produced[5]. The
interval between the initial direct arrival of sound and
the last audible reflected wave is called reverberation
time.

Figure 4 : EASE model of the auditorium

Acoustical Properties of Materials
The material specifications and quantities of all interior
faces are considered as per the Architect’s inputs.
Materials considered for the hall are mentioned below in
Table 2. The table gives the noise reduction coefficient
of all the face materials.
Ceiling is comprised of mineral fibreboards and
gypsum boards. Wall is treated with acoustic material
Channelled Woodworks perforated panels or wood wool
panels along with plastered surface as non-treated
surface.

Figure 5 : Reverberation Time requirement against room
volume (IS: 2526-1963)

Optimal Reverberation Time is dependent on two main
factors – type of usage and volume of the space.[6] The
Figure. 4 provide a quick reference for the relation
between volume of space and desirable RT for various
types of performances. Based on the Figure. 5 graph
desired reverberation time for Auditorium is

Floor for the auditorium is fitted with carpet and stage is
fitted with parquet flooring.
The chairs for the audience are considered as the lightly
upholstered chairs as per architectural team input.

Table 2 : Different Acoustical Design Options (source- EASE Material Library)

63Hz

125
Hz

Sound Absorbing Coefficient
250
500
1000
2000
Hz
Hz
Hz
Hz

4000
Hz

8000
Hz

0.71

0.40

0.55

0.50

0.65

0.80

0.90

0.85

0.85

0.96

0.35

0.45

0.90

1.00

0.95

1.00

1.00

1.00

0.06

0.14

0.14

0.1

0.06

0.04

0.04

0.03

0.03

0.56

0.30

0.35

0.76

0.48

0.50

0.50

0.57

0.57

0.70

0.20

0.25

0.70

0.75

0.60

0.75

0.95

0.70

0.01

0.14

0.14

0.1

0.06

0.04

0.04

0.03

0.03

Carpet (flooring)

0.65

0.16

0.4

0.65

0.7

0.65

0.6

0.6

0.5

Parquet
(flooring)

0.06

0.04

0.04

0.04

0.07

0.06

0.06

0.07

0.07

Material

NRC

Mineral
Fibre
Tiles (false ceiling)
Mineral
Fibre
Tiles (higher NRC)
(false ceiling)
Gypsum Paneling
finished in paint
(false ceiling)
Perforated
wooden
panels
(wall surface)
Wood
wool
acoustic
panels
(wall surface)
Paint finish (wall
surface)

tiles
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determined.
Table 3 : Reverberation Time requirement as per IS: 25261963

Room Volume

2098 CUM

Desired
Reverberation Time

0.8-1.0 sec

Acoustic Treatment
The proposed design (base case) for the conference
room was modelled and simulated along with 5 other
options of wall and ceiling configuration to determine
the optimum design which complies with the RT
requirement as per Design Brief
Requirements and codes compliance. The different
design options along with their material distribution are
given in Table No. 2.

Acoustical Performance Evaluation
The Reverberation time should be as low as possible to
achieve best speech intelligibility with the maximum
threshold of 1.0sec.. The frequency range between

250Hz and 2000Hz (range of human speech) is focused
upon as the room is mostly going to be used for
speech.[7]
Reverberation time for the each 1/3rd octave band (63
Hz to 8k Hz) for all the options is listed in Table 4.
After modelling and simulating each option in EASE
software, the effect of all the combinations on the
resultant reverberation time for the detailed spectrum
(63Hz to 8000Hz) was analysed and compared. The
graph in Figure. 4 shows the graphical representation of
the reverberation time achieved for each of the options.
From the figure 5, it is evident that base case (option no
1) is 2nd best design among all. But it can be considered
as the overtreatment. Hence there is scope for the value
engineering without compromising the technical
requirement. As shown in the graph maximum
reverberation time is attained in Option 5, with all the
reverberation time values under 0.8sec as per
requirement.
Hence we can bring down the acoustic material
quantities for false ceiling from 73% to 56% and for
wall from 100% to 39% and still complying the
technical requirement by a very long margin.

Table 4 : Reverberation times for different design options

Floor

Ceiling
Total
Area
SQM

Wall

C1Perfora
ted
wooden
Panels

C2Wood
wool
acoustic
panels

C3Gypsu
m
Board

Total
Area
SQM

W1Perfora
ted
wooden
Panels

W2Wood
wool
acoustic
panels

W3No
treatm
ent

F1Carpet

F2Parquet

opt 1

78%

22%

73%

0%

27%

100%

0%

0%

opt 2

78%

22%

0%

73%

27%

0%

100%

0%

opt 3

78%

22%

73%

0%

27%

49%

0%

51%

321

454

Total
Area
(SQM)

778

opt 4

78%

22%

0%

73%

27%

0%

49%

51%

opt 5

78%

22%

56%

0%

44%

39%

0%

61%

opt 6

78%

22%

0%

56%

44%

0%

39%

61%
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Table 5 : Reverberation times for different options

Reverberation Time in second (frequency wise)
Options

125 Hz

250 Hz

500 Hz

1000 Hz

2000 Hz

4000 Hz

8000 Hz

Option 1

0.56

0.35

0.38

0.34

0.33

0.3

0.29

Avg
RT
0.36

Option 2

0.68

0.32

0.29

0.3

0.27

0.24

0.25

0.34

Option 3

0.64

0.47

0.47

0.41

0.39

0.37

0.36

0.44

Option 4

0.74

0.41

0.37

0.37

0.35

0.31

0.31

0.41

Option 5

0.71

0.55

0.53

0.47

0.45

0.42

0.4

0.50

Option 6

0.8

0.48

0.43

0.43

0.4

0.36

0.35

0.46

Reverberation Time (sec) vs Frequency (Hz) Graph
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
125 Hz

250 Hz

Option 1

Option 2

500 Hz

1000 Hz
Option 3

2000 Hz
Option 4

4000 Hz
Option 5

8000 Hz
Option 6

Figure 6 : Reverberation time vs frequency graph for various design options

Conclusion
The case study shows that the material properties and
materials layout plays major role compared to the
geometry of the room for the reverberation time
parameter. The initial analysis of the base case design
(option 1) also suggest the overtreatment done to the
auditorium, which is un-necessary. The reverberation
time requirement as per local standards and global
standard suggest far bigger values than the one achieved
in the base case. It gives the window to the designer to
remove some of sound absorbing materials, which are
unnecessary as well as costly. It solves both purposes of
saving cost as well as achieving correct range of
reverberation time based on its volume.

The amount of the acoustic materials to be reduced is
dependent on the various factors. Like improved
reverberating time, aesthetics, cost etc.,Various design
options (design option 2-6) are tried and analysed
considering all the factors and thenm the optimum
design option-5 is selected as the most optimum
fulfilling all the 3 criteria.
The option 1 is achieving average reverberation time of
0.36sec. The RT of 0.36 sec (base case) can be raised to
0.46 sec with necessary changes in the material
distribution and the quantities and still meeting the 0.8
sec requirement.
The gap between 0.46sec (achieved reverberation time)
and the 0.9sec (required reverberation time) gives us the
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cushion to take into account the all the other practical
irregularities and safety margin. As the findings are
based on simulation results, we have to consider these
irregularities, as achieving the simulation environment
and materials finis, scattering, absorption coefficients is
practically impossible on site.
Reverberation time is peak at the low frequency (63Hz
& 250Hz) for all options, which is out of human speech
frequency range and hence it is not the deciding factor
for the material quantities. Based on the study it was
recommended to use design option 5 i.e. bringing down
the acoustic material quantities for false ceiling from
73% to 56% and for wall from 100% to 39%, to
optimise the quantity of the acoustical materials. The
recommended design (option 5) is complying the
reverberation time requirement and is also the solution
for the overtreatment done in the base case which was
not necessary.
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