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Abstract 
Auditorium buildings are special structures needing much attention for it to 
function properly. Generally, consideration should be given to seating, sight-
lines, and acoustic requirements. In addition, the design should ensure per-
former-audience intimacy as much as possible. The focus of the study is to 
review design strategies for auditoria on the Kwame Nkrumah University of 
Science and Technology, Kumasi campus towards compliance and to develop 
solutions for improvements that will enhance the performance of 4 selected 
auditorium facilities. Case study, observation and measurements were the 
main strategies used. The results revealed that the approaches involved in 
auditorium designs are shape, volume, surface boundary dimensions and 
materials, stage, seating, foyers and sightlines. These parameters are grouped 
under acoustical, functional and programmatic parameters. Reverberation 
time calculated was high which indicated speech intelligibility problems, 
hence, improvement efforts were made to change the floor materials from 
polished tiles to carpeted floors, and high absorption wall claddings. In the 
process, the reverberation time was reduced from 1.47 - 2.23 to 0.84 - 1.73 for 
the studied buildings. The study recommends strict adherence to standards 
and guidelines, and for designers to have a keen focus on designing these spe-
cial buildings. A renovation effort when undertaken, will lead to improve-
ments in the performance of the selected buildings. 
 

Keywords 
Design Strategies, Speech Intelligibility, Reverberation Time, Acoustics, 
Simulation 

 

1. Introduction 

In recent times, important events such as conferences and concerts take place in 

How to cite this paper: Koranteng, C., 
Simons, B. and Fiati, S. (2019) Audit of 
Auditoriums in an Academic Setting, Ghana. 
Journal of Building Construction and Plan-
ning Research, 7, 99-114. 
https://doi.org/10.4236/jbcpr.2019.74007 
 
Received: May 13, 2019 
Accepted: November 13, 2019 
Published: November 26, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jbcpr
https://doi.org/10.4236/jbcpr.2019.74007
https://www.scirp.org/
https://doi.org/10.4236/jbcpr.2019.74007
http://creativecommons.org/licenses/by/4.0/


C. Koranteng et al. 
 

 

DOI: 10.4236/jbcpr.2019.74007 100 Journal of Building Construction and Planning Research 
 

enclosed spaces [1]. These enclosed spaces classified as auditorium facilities are 
purposely built halls for audition [2]. According to the Whole Building Design 
Guide Staff [3] auditorium facilities are used for large meetings, presentations, 
and performances. These facilities may include assembly halls, exhibit halls, and 
theatres. 

1.1. Research Objectives 

The study has the following objectives: 
1) To investigate the strategies involved in auditoria design, 
2) To audit selected auditorium buildings in an educational setting towards 

compliance to accepted strategies. 

1.2. Auditorium Design 

“Auditorium design begins with the loudspeaker and how it plays sound into the 
hall. It ends with how the hall returns reflections of the sound back to the audi-
ence” [2]. As such, the auditorium design criteria suggested by [4] includes the 
following;  
 Ensuring very low background noise from external and internal sources; 
 Sound produced must be reasonably loud; 
 Providing appropriate reverberation time; and 
 Avoiding acoustical defects such as echoes, long-delayed reflections and 

sound shadows as shown in Figure 1. 
Echo (Figure 1) is the delay in receiving sound from multiple reflections and 

producing confusing sound [5]. To prevent the occurrence of echoes, sound 
absorbing materials can be installed along the reflective surfaces producing this 
defect [6]. 

Similar views have been supported by [7] but according to the author, archi-
tectural considerations such as shape, dimensions, volume, layout of boundary 
surfaces, seating arrangements and audience capacity, affect hearing conditions 
in any auditorium. Figure 1 demonstrates acoustical flaws in auditorium build-
ings.  

In order to achieve optimum acoustics in educational facilities, it is important 
to consider reducing background noise and the reverberation time. According to 
[8], several works have been carried out on standard reverberation time for 
various spaces. Thus, authors have suggested recommendations for reverberation  
 

 
Figure 1. Acoustical defects in Auditorium  
(https://karagioza.wordpress.com/2014/04/14/reflection/). 
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time as a fixed number independent of the room volume while other authors 
recommend reverberation times as a fixed number for a range of room volumes. 
Unlike the first two schools of thought, there is a third school of thought that 
suggests reverberation time as dependent on the room volume using formulae 
[9]. For Spoken word and amplified music, recommended optimum Reverbera-
tion Time (RT) is given by [10] as a function of the room volume as shown in 
Table 1 and Table 2.  

[10] again highlights that for multipurpose auditoria, reverberation time may 
not be enough for music, but may be excessive for spoken word. [11] in a review 
of acoustical standards in the design of school spaces agrees with [10] that the 
reverberation time could be compromised to 1 s ±10%. However, [10] introduc-
es the role of active acoustics (the use of microphones, loudspeakers and signal 
processing) to vary reverberation time than will be possible with just passive va-
riable acoustics. Therefore, active acoustic systems give the potential for a 
speech- oriented hall to be used for music performances. 

As suggested by [3], [12], and [13] careful attention should be given to seating, 
sightlines, and acoustic requirements. In addition, the design should ensure 
performer-audience intimacy as much as possible. All these factors are grouped 
into acoustical, functional, and programmatic parameters [14]. 

1.2.1. Acoustic Parameters 
According to [13] and [14] the requirement to achieve good acoustical condi-
tions should be the principal determinant of the geometrical form. For instance, 
[15] observed that concave, round shapes, including parabolic walls, and domed 
ceilings are the worst shapes for a room in which speech is important. [7] in-
clude the shape or form, volume, and dimensions of the hall as important crite-
ria to consider during the design of auditoria. Concerns on the form, volume, 
and dimensions of the auditorium being addressed at an early stage during de-
sign are also expressed by [16]. Noteworthy is the shape, volume and character-
istics of the boundary surfaces in determining the acoustic qualities based on the 
reverberation time, sound strength and intelligibility [17]. 

Shape 
The internal shape of an auditorium is considered to ensure audience visibility 

of the stage [18]. Examples of hall shapes include the following: 
 
Table 1. Optimal Reverberation Time (RT) for spoken word. 

Volume (m3) 1000 5000 10,000 20,000 

RT 0.7 0.8 0.85 1.1 

 
Table 2. Optimal Reverberation Time (RT) for amplified music. 

Volume (m3) 1000 2500 5000 6500 

RT 0.65 0.8 1.05 1.2 
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 Rectangular (shoebox-type) hall: According to [7], this type of hall shape is 
suitable for music halls and small speech halls. [18]further suggests that in 
the rectangular shaped hall, reflectors could be used to direct sound to the 
rear of the hall and absorbers could be used to reduce reflections. 

 Wide fan: Normally used in modern hall design and can accommodate large 
volume of occupants. It gives a better view of stage and a good sound [18]. 
However, this plan shape is not suitable for music performances [7]. 

 Raked seats: Normally found in cinema theatres with straightforward de-
signs. Even though it has good audience seating, it provides less sound quali-
ty [18]. 

According to [7], sidewalls should be splayed from stage which allows a 
greater seating capacity relatively close to the stage. A sidewall splay may range 
from 30˚ to 60˚ and useful to reflect sound to the rear halls. Other forms of 
shape include diamond and horseshoe. The worst shape for a hall is a cube be-
cause all three surfaces resonate with the same frequencies [7]. 

Volume 
The auditorium must be shaped to ensure the audience is closer to the speaker 

[19]. [20] recommends that the air volume per spectator should be 4 - 5 for 
playhouses and 6 - 8 for opera halls. [5] however, suggests that “the ratio of 
auditoriums length, width, and height are the simplest and most effective tool 
for achieving good acoustic results”. [7] concurs with [5] by giving the ratios 
1:1.14:1.39 as the minimum ratio of height to width to length, and the maximum 
being 1:1.60:2.33. Generally, the larger the volume, the longer the reverberation 
time, this creates echoes in the space. 

Boundary surfaces and dimensions 
 Floor: According to [21] and [22], the floor design should be flexible enough 

to accommodate variable seating and acoustic requirements. In addition, 
even though carpet is often used, timber floors offer better acoustics. The [3], 
is of the view that “sloped floors, with level terraces for each row of seating 
provides proper sight and sound lines from the audience to the stage”. The 
floor of an auditorium should have a minimum slope of 8° whilst that of a 
lecture-demonstration hall is 15˚ [7]. [23] opine that in auditorium spaces 
that have only vertical walls, the main surface where sound absorption is 
predominantly concentrated is the floor. Timber floors offer better acoustical 
performance as compared to ceramic tiles and concrete floors. For example, 
at a frequency of 500 Hz, heavy carpet on screed or concrete floors also ab-
sorbs 0.14 dB of sound as compared to ceramic tiles of 0.01 dB.  

 Ceiling: [24] explains that both the wall and ceiling should be shaped to di-
rect sound to the seating areas of the auditorium. It is essential that smooth 
ceilings are not made parallel to the floors to avoid echoes [7]. [22] is also of 
the view that high ceilings are suitable for concerts, musicals, and opera halls 
whilst lower ceilings are used for drama and speech halls. 

 Wall: Regarding the views of [7], [15], and [24], concave, round, parabolic 
wall shapes, domed, barreled and cylindrical ceilings must be avoided be-
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cause of the undesirable sound foci they create making some areas louder 
than other parts. [7] further explains that the ceiling height is dependent on 
the overall room volume and should be about one-third to two-thirds of the 
room width. On the contrary, [24] suggests that in auditorium design, the 
recommended ceiling height should be between 8 - 12 m to ensure useful 
sound reflections by the ceiling. [12]also proposes a ceiling height of 13 m for 
a hall without gallery but with a fully covered floor area by the audience and 
performers. 

 Gallery: Galleries can be used to increase seating capacity and reduce the 
distance of the farthest row of seats from the stage [19]. [22] suggests that the 
angle of the sightline from the balcony to the stage should not exceed 30˚. 
[23] explains that there should be enough free height between the audience 
beneath the gallery and the gallery ceiling. Also, the depth of the seating be-
neath the gallery should not exceed twice this height. [22] recommends a 
depth to height ratio for galleries in concert halls to be 1:1, whilst that for 
opera and drama is to be 2:1. [6] and [7] further explain that deep galleries 
can create acoustical shadows. Moreover, the front of the gallery parapet 
should be designed to avoid reflections that would affect the sound quality. 

1.2.2. Functional and Programmatic Parameters 
According to [14], functional parameters consist of anthropometric constraints 
such as sightlines and conditions for visual clarity. Programmatic parameters 
deal with the dimensions of the stage and seating area, type of performance to 
take place in the auditorium and the capacity of the auditorium. The following 
explains some of these functional and programmatic parameters required in 
auditorium design. 

Sightlines 
It is necessary for the section and plan of an auditorium to meet certain re-

quirements regarding vertical and horizontal sightlines [22]. [7] and [20] pro-
pose that the minimum eye height should be 1100 mm. On the contrary, the av-
erage eye height according to Appleton et al. (2008) should be 1120 mm. [22] 
further states that the eye height should be 1120 ± 100 mm. 

Seating 
Generally, the seating layout is straight or curved and focused towards the 

stage or platform [21]. [22] also suggests that the seating layouts could be 
straight, straight with curved ends, curved, angled or straight rows in blocks at 
different angles. Likewise, [25] asserts that the seat surfaces in auditorium are 
the most important absorption surface in the main hall of auditoria, since the 
surface of the seats is by large the most important sound absorbing surface in the 
main hall. 

Stage 
[21] describes the stage as the main performance area and its associated side 

and rear spaces. [22] classifies the stage into different types such as proscenium, 
thrust, and open stages. To add to this, [21] gives five variations for the open 
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stage formats as follows: end stage, fan-shaped, thrust stage, theatre-in-the-round, 
and transverse stage. The author also states that for a raised stage, the height 
should be between 600 mm and 1100 mm and could have a straight, angled, or 
curved front edge. 

Foyers 
[26] is of the view that an entrance lobby must be provided and ought to be 

designed such that at least 50% of the audience will be able to exit though it since 
it serves as the main entry and exit point. Furthermore, the lobby serves as a 
circulation space, selling refreshments, and displaying information. [24] pro-
poses that lobby areas should be at least one-third of the total auditorium seating 
area.  

Literature reviewed shows that acoustical, functional and programmatic pa-
rameters influence key indicators of sound intelligibility such as the reverbera-
tion time, sound strength and speech clarity. This paper focuses on evaluating 
the acoustic characteristics/qualities in terms of the afore-mentioned parameters 
of selected auditoria. Moreover, the influence of the acoustic, functional and 
programmatic design parameters is reviewed to provide improvement to the se-
lected buildings. 

2. Research Methodology 

The empirical location for the study is Kwame Nkrumah University of Science 
and Technology (KNUST) campus in Kumasi, Ghana. The strategy adopted for 
the study included observation and case studies.  

2.1. Research Strategy 

The main strategy used was case studies. Four (4) cases all located on KNUST 
campus in Kumasi were purposively sampled for the study. The facilities selected 
are the KNUST School of Business auditorium, known as the Saarah-Mensah 
auditorium (KSB), College of Engineering auditorium (CE), the Great Hall (GH) 
and the Evans Anfom auditorium (CCB). These facilities form 90% of existing 
auditoria at KNUST and it is imperative to find out the strategies applied in their 
designs towards compliance and to suggest improvements for their performance. 

2.2. Data Collection Tools 

Objective Measurement:  
Objective measurements were carried out in all the cases using a surveyors’ 

tape and infrared measuring tools to have an idea of the spatial and seating pro-
visions in the selected facilities. 

Observation:  
Observation was useful in documenting activities and physical aspects such as 

the layout and the design strategies used in the selected cases. The observation 
carried out was done with the aid of a prepared guideline. The guideline was on 
shape and form of the auditorium, volume, and materials used, characteristics of 
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the stage area, seating area, and foyer. 
Simulation: 
The reverberation time was calculated manually using the Sabine’s Formula,  

0.16T V A= ×  

where “T” is the reverberation time, “V” is the volume of the space in cubic me-
ters and “A” is the total absorption (absorption coefficient of the boundary sur-
faces x surface area) as cited in [17].  

The Reverberation time for the various auditoria studied was again calculated 
using the Saint Gobain Ecophon room acoustic calculator software (simulator) 
and the results were compared to the manually calculated values. 

Notable is that the Ecophon acoustic calculator does not have multipurpose 
halls as a category for the room types. The closest option was lecture theatre, 
conference room and music room. Meanwhile, the auditoria studied were mostly 
multi-purpose halls for both music, concerts, conferences, and in the case of the 
Great Hall, music, concerts, conferences, dinner, and other ceremonies. Hence, 
the engineering auditorium was assumed to be a conference room. The KSB 
auditorium was taken to be a lecture theatre, the Great Hall a music room and 
the CCB auditorium a conference room. 

In addition to the above, the Ecophon acoustic calculator has default ceiling 
systems and as a result, choices were made on best fit for the various auditoria. 
For the CE, CCB and GH auditoriums the “Ecophon Flexiform A 30 mm” was 
selected as ceiling systems, and for the KSB, “Ecophon Master Matrix” was used. 

2.3. Data Analysis 

Data obtained was analysed and compared to the codes and standards derived 
from the literature reviewed. This brought to light the strengths and weaknesses 
of the facilities to be able to develop solutions that will enhance auditorium de-
signs both in the present and in the foreseeable future. 

2.4. Description of Case Studies 
2.4.1. The College of Engineering Auditorium (CE) 
The Engineering auditorium has a gross floor area of 564 m2 and a capacity of 
870. It serves as a lecture hall, an auditorium for music concerts, conferences and 
other ceremonies. Figure 2 and Figure 3 show images of the auditorium and 
Table 3 illustrates the acoustics parameters. 
 

 
Figure 2. Interior and exterior views of CE. 
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Table 3. Acoustic, functional and programmatic characteristics of Engineering auditorium. 

Acoustic design parameters Functional parameters 

Shape Volume Boundary surfaces Stage Seating Foyers 

Hexagonal 
with 

splayed walls 

Height: 9.5 m 
Width: 21.2 m 
Length: 26.6 m 
Volume ratio: 

1:1.60:2.8 
Air volume per 

person: 
6.2 m3/person 

Element Material 
Sound 

absorption 
index 

Area: 
59.92 m2 

Fan-shaped 
Area: 502 m2 
Sightline: 33˚ 

α @ 500 Hz: 0.84 

Area: 
280 m2 

Wall 
Concrete masonry 0.02 

Timber cladding 0.10 

Window and door Glass 0.03 

Floor Carpet 0.25 

Ceiling: Gypsum boards 0.8 

Gallery floor slope: 17˚ Ceramic tiles 0.01 

Gallery depth-height ratio = 6.23:6 = 1:1 

 

 
Figure 3. Images of timber cladded walls at the stage and gallery. 

2.4.2. Saarah-Mensah Auditorium (KSB) 
The Saarah-Mensah auditorium was designed for teaching, learning and re-
search in the business school with a seating capacity of 950. Detailed descrip-
tions of the facility are shown in Figure 4 and Figure 5 and Table 4. The effect 
of these high reflectance coefficient materials results in poor performance of the 
space.  

2.4.3. The Great Hall (GH) 
This auditorium was designed as a multi-purpose hall and hence, it has a more 
generalized and flexible layout with a capacity of 1600. Figure 6 and Table 5 
show the details of the facility.  

2.4.4. Evans Anfom Auditorium (CCB) 
The Evans Anfom Auditorium has served as a multipurpose auditorium facility 
holding programs such as conferences, lectures, graduation ceremonies, musical 
and drama shows. It has a total seating capacity of 1200. Detailed descriptions of 
the facility are shown in Figure 7 and Table 6.  

3. Results and Discussion 
3.1. Shape 

The internal shape of an auditorium is considered to ensure audience visibility  
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Table 4. Acoustic, functional and programmatic characteristics of KSB auditorium. 

Acoustic design parameters Functional parameters 

Shape Volume Boundary surfaces Stage Seating Foyer 

Shoe-box 

Height(h) = 12.80 m 
Width(w) = 21.00 m 
Length(l) = 43.10 m 

Ratio = 1:1.6:3.4 
Volume per person: 

12.2 m3/person 

Element Material 
Sound 

absorption 
index 

Area: 
124.36 m2 

Rectangular  
Area: 783.91 m2 

Wooden tables 
and chairs  

α @ 500 Hz = 0.15 
Sightline from 
gallery = 12˚ 

Area: 
346.4 m2 

Walls 
Concrete masonry 0.02 

Curtains 0.35 

Windows Glass 0.03 

Floor slope of 2.4˚ Porcelain tiles 0.01 

Ceiling:  PVC foam boards 0.04 

Gallery floor slope: 6.4˚ Porcelain tiles 0.01 

Gallery depth-height ratio = 16.75:3.15 = 5:1 

 
Table 5. Acoustic, functional and programmatic characteristics of the Great Hall. 

Acoustic design parameters Functional parameters 

Shape Volume Boundary surfaces Stage Seating Foyers 

Shoebox 

Height: 7.5 m 
Width: 26.5 m 
Length: 33.0 m 
Volume ratio: 

1: 3.53: 4.4 
Air volume 

per person: 4.1 
m3/person 

Element Material 
Sound 

absorption 
index 

Area: 59.92 m2 

Splayed timber 
paneled walls.  

α @ 500 Hz = 0.10 
Floor material: 
Ceramic tiles- 

α @ 500 Hz = 0.01 

Rectangular aisles 
Area: α @ 500 Hz: 

0.80 per square area 

Area: 
280 m2 

Walls: 

foam boards 0.8 

with timber strips 0.17 

glass 0.03 

Concrete masonry 0.02 

Floor: Flat floor, Ceramic tiles 0.01 

Ceiling: Plaster board 0.15 

Gallery floor slope: 7.95˚ 
timber parquet 

flooring 
0.07 

Gallery depth-height ratio = 1.2:1 

 
Table 6. Acoustic, functional and programmatic characteristics of CCB auditorium. 

Acoustic design parameters Functional parameters 

Shape Volume Boundary surfaces Stage Seating Foyers 

Rectangular 
with Splayed 

sidewalls at 8˚ 

10,898.1 m3 
Height: 13 

Width: 21.2 m 
Length: 46.9 m 
Ratio of height:  
width: length = 

1:1.66:3.61 
Air volume 
per person: 

9.1 m3/person 

Element Material 
Sound 

absorption 
index 

Area: 98.8 m2 

Stepped 
seating at 4.8˚. 
height of 450 m 

Area: 739.5 m2 

Fixed Seating, 
Raked floors 

581.5 m2 

Walls Perimeter: 
285.99 m 

Concrete 
masonry 

0.2 

Windows Glass 0.03 

Floor 4.8˚ Porcelain tiles 0.01 

Ceiling: Gypsum boards 0.8 

Gallery floor slope: 
9.5˚ 

Ceramic tiles 0.01 

Gallery depth-height ratio = 3:1 
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Figure 4. Exterior and interior images of the KSB auditorium. 
 

 
Figure 5. Sectional view of the KSB auditorium. 
 

 
Figure 6. Exterior and interior images of the Great Hall. 
 

 
Figure 7. Exterior and interior images of the CCB auditorium with its plan and section. 
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of the stage and effective sound distribution to the audience [18]. The CE audi-
torium and the CCB auditorium both had a hexagonal shape. The side walls are 
splayed as recommended by [7]. However, the side walls of the CCB auditorium 
were splayed at an 8˚ angle which is less than the 30˚ - 60˚ angle recommended 
by [7]. Hence, the purpose of ensuring useful sound reflections may not be 
achieved as accurately as predicted in the CCB auditorium. The KSB and GH 
auditoriums both have a shoebox shape, ideal for music and small speech halls.  

3.2. Volume 

The volume of an auditorium is a key determinant of the quality of sound in an 
auditorium. According to [27], the air volume per person is a primary indicator 
for speech quality. For speech-oriented rooms or auditoria, the recommended 
volume (m3)/per person should be between 3 and 5 [27] while the optimum air 
volume for music (opera) halls should be between 6 - 8 m3/person [20]. 

The Engineering auditorium (CE) which was designed to a capacity of 870 
seats has a 6.2 m3/person. This is within the recommended optimum air volume 
per person for music halls. The Great Hall, also a multi-purpose auditorium has 
an average air volume per person of 4.1. This is within the ideal range for a hall 
that has a multipurpose function with speech (conferences) being the least re-
verberant use of the auditorium. 

The KSB auditorium which is a speech auditorium, however, has an air vol-
ume per person of 12.2 which far exceeds the optimum recommendation for a 
speech hall which is 3 - 5 m3/person. This is likely to cause a longer than opti-
mum reverberation time unless other acoustic design interventions are taken 
such as the dimensions and material properties of the auditorium boundary sur-
faces to regulate the reverberation time to optimum levels as suggested by [27]. 
The CCB auditorium too has an air volume per person of 9.0 which exceeds the 
optimum guideline for both speech and music.  

3.3. Boundary Surfaces Materials and Dimensions 

Floor: The [3] is of the view that “sloped floors, with level terraces for each 
row of seating provides proper sightlines and sound lines from the audience to 
the stage”. [7] adds that the floor of an auditorium should have a minimum 
slope of 8˚ whilst that of a lecture-demonstration hall is 15˚. The Engineering 
auditorium has a raked floor with a slope of 17˚ which exceeds the minimum 
slope of 8˚ for a general auditorium and is suitable for ensuring good sightlines 
and sound lines as recommended by [7]. Yet, the KSB auditorium has a floor 
slope of 2.4˚ and a gallery slope of 6.4˚ while the CCB has a floor slope of 4.8˚ 

which is less than the ideal slope of 8˚. The GH auditorium on the other hand 
which was also designed for multiple functions including dinners has a flat floor. 

Walls: Concave, round and parabolic wall shapes should be avoided because 
they create undesirable foci. From the study, none of the 4 structures had curved 
or round walls. 
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Ceiling: According to reviewed literature, the ceiling should not be parallel to 
the floor but should be shaped to direct sound to the seating areas of the audi-
torium and avoid echoes. With respect to the study, the CE, CCB, and GH au-
ditoria have convex ceiling panels designed to direct sound to the audience. 
The KSB auditorium on the other hand had a large single concave suspended 
ceiling as shown in Figure 8. This is contrary to recommendations by [7], [15] 
and [24].  

Gallery: 
[22] suggests that the angle of the sightline from the balcony (gallery) to the 

stage should not exceed 30°. From the study, all four auditoria had good sight 
lines and sound lines. Yet, an area of concern is the quality of sound received by 
the audience beneath the gallery. Recommended depth to height ratio for galler-
ies in concert halls is 1:1, whilst that for opera and drama is to be 2:1 to avoid 
acoustic shadows [6] [7] [22] [24]. From the study, the Engineering auditorium 
had a gallery depth to height ratio of 1:1 while the Great Hall has a gallery 
depth-height ratio of 1.2:1 which is ideal for proper sound distribution to the 
audience beneath the gallery with no acoustic shadows. The KSB and CCB halls 
on the other hand have gallery depth to height ratios of 5:1 and 3:1 respectively. 
These results far exceed the suggested maximum ratio of 2:1 [22]. The poor ratio 
in these two halls will lead to acoustic shadows beneath the gallery as shown in 
Figure 9. 
 

 
Figure 8. Interior view of the KSB auditorium showing the shape of existing ceiling. 
 

 
Figure 9. Sectional view of the KSB auditorium showing deep gallery and area of acoustic 
shadow. 
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Materials of the boundary surfaces and Reverberation Time: 
Existing literature reveals that it is advisable for the enclosing surfaces of an 

auditorium to be made of materials with good acoustic properties to improve the 
key acoustic performance indicators such as the reverberation time [21] [22]. It 
is therefore key that materials with high sound absorption coefficients are used. 
According to [12], the reverberation time for a speech and music auditorium 
should be between 1.5 s and 2.5 s. This is highly dependent on the volume of the 
room and the absorption coefficients of the enclosing surface materials.  

Calculating the reverberation time using Sabine’s formulae manually, and 
with the Ecophon Acoustic calculation tool for the existing and improved situa-
tion for the various halls resulted in the results shown in Table 7.  

The reverberation time for the engineering auditorium (CE) using the Sabine 
formula resulted in1.15 seconds. This varied slightly from the results obtained 
using the Ecophon acoustic calculator with a difference of 0.32. 

According to [10], optimum reverberation time for speech halls with a volume 
of 10,000 m3 to 20,000 m3 as 0.85 seconds to 1.1 seconds. Hence, improvements 
were made by changing the floor material from tiles (absorption coefficient of 
0.03) to carpet (absorption coefficient of 0.25) on concrete floor and the wall 
cladding material from timber panelling (absorption coefficient of 0.04) to glass 
wool panel (absorption coefficient of 1.0) which resulted in an improved rever-
beration time of 0.84 seconds. 

Furthermore, having considered the various absorption coefficients of the 
concrete masonry enclosing wall, the glass windows, the heavy curtains, the fur-
niture, floor, soffit and the ceiling material of the KSB auditorium which has a 
volume of 11,585.28 m3, manual calculations resulted in a reverberation time of 
2.7 seconds while the Ecophon calculator gave a reverberation time of 1.73 sec-
onds. The difference of 1s was because of the improvement assumptions made 
on the ceiling material in the software (Ecophon master matrix 40 mm, 85% ab-
sorption instead of the existing PVC foam boards, 4% absorption). However, the 
value obtained does not meet the optimum reverberation time of 0.8 seconds to 
1.1 seconds for KSB auditorium which has a volume of 11,585.28 m3. Improve-
ments were therefore made in the software by the addition of acoustic wall pan-
els to cover about 70% of the existing concrete masonry stage (front) wall and 
the rear wall. The panel system had an absorption coefficient of 1.0 and hence 
the acoustic improvements made to the walls resulted in an improved reverbera-
tion time of 0.9 seconds. 
 

Table 7. Summary of calculated and improved reverberation time (RT). 

Hall Vol. (m3) Capacity 
Air Vol 

(m3/person) 
Gallery 

d:h ratio 
RT 

Manual @ 500 Hz 
RT 

(Ecophon@ 500 Hz) 
Ecophon 

improvement 

CE 5357.24 870 6.2 1:1 1.15 1.47 0.84 

KSB 11,585.28 950 12.2 5:1 2.7 1.73 0.9 

GH 6558.75 1600 4:1 1.2:1 1.89 1.92 0.89 

CCB 13,169.52 1200 9.1 3:1 2.23 2.23 1.73 
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The reverberation time for the GH auditorium was also calculated manually 
using the Sabine formula and a reverberation time of 1.89 seconds was obtained. 
This varied slightly from the results obtained using the Ecophon acoustic calcu-
lator, 1.92 seconds with a difference of 0.03.  

According to [10], optimum reverberation time for amplified music in music 
halls with volume of 6500 m3 should be at least 1.2 seconds and for speech 0.80 
seconds to 0.85 seconds. However, for multipurpose auditoriums, reverberation 
time may not be enough for music but may be excessive for spoken word. 
Hence, there verberation time for a multi-purpose auditorium should be short 
enough for the least reverberant use. Improvements were therefore made in the 
software calculation by the change in the ceiling material to a more absorbent 
ceiling system (absorption coefficient of 0.95) and addition of acoustic wall pan-
els (absorption coefficient of 1.0). This resulted in an improved reverberation 
time from 1.9 seconds to 1.07 seconds. According to [23], in auditorium spaces 
that have only vertical walls, the main surface where sound absorption is pre-
dominantly concentrated is the floor. Therefore, an improvement in the floor 
material resulted in a substantive improvement of the reverb time. 

4. Conclusion and Recommendations 
4.1. Conclusion 

The focus of the study was to review strategies on auditoria design, see how 
they are being applied to buildings on KNUST campus, and suggest improve-
ment on the performance of the halls. The paper revealed that the strategies 
involved in auditorium design are shape, volume, surface boundary dimen-
sions and materials, stage, seating, foyers and sightlines. These parameters are 
grouped under acoustical, functional and programmatic parameters. The study 
shows that engineering auditorium and Great Hall met the optimum require-
ment for air volume per person. However, the KSB and CCB auditorium had 
volume which exceeded the standard requirement for both speech and music 
auditorium. Therefore, the calculated reverberation time for the KSB and CCB 
far exceeded the recommended reverberation time for auditoriums with similar 
volumes and functions.  

Additionally, the study also confirmed that the volume of an auditorium is not 
the only factor that affects the reverberation time. The characteristic of the 
boundary surfaces is a great determinant of the reverberation time. 

With respect to ensuring speech intelligibility of auditorium spaces, based on 
recommendations, acoustical flaws such as echoes, long-delayed reflections and 
acoustical shadows should be avoided by the design while providing for appro-
priate reverberation time based on the volume and function of the auditorium. 
Specifically, the ideal ratio of an auditorium’s height to width to length should be 
between 1:1.14:1.39 and 1:1.60:2.33 to avoid long delayed reflections. Also, the 
design of gallery in the auditorium should be according to the depth-height ratio 
not more than 2:1 to avoid acoustical shadow regions beneath the gallery. Fi-

https://doi.org/10.4236/jbcpr.2019.74007


C. Koranteng et al. 
 

 

DOI: 10.4236/jbcpr.2019.74007 113 Journal of Building Construction and Planning Research 
 

nally, the boundary surfaces of the auditorium should have high absorption co-
efficients so as to prevent unwanted sound deflections and echoes. 

4.2. Recommendations 

From the study, an improvement in materials with better absorption coefficient 
resulted in a substantial improvement in the reverberation time for all 4 audi-
toria studied. A rehabilitation effort should be undertaken to improve the per-
formance of the halls. Moreover, Architects and Architecture schools are to fo-
cus more on the standards and recommendations to design comfortable audi-
toria. 
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