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ABSTRACT : This research will present a preliminary for evaluation of the acoustical requirement 
being as essential design requirement for a concert hall. This article also highlights the best design 
solution for concert hall in terms of layout planning, shape and form. These 3 factors are basically 
contributed design factors that should be taken into consideration at inception design stage. This 
article concentrates Dewan Filharmonik PETRONAS, a Malaysian world-class concert hall as the 
main case study. Dewan Filharmonik PETRONAS is selected to be the main case study for this 
research as this prestigious hall has been recognized as Malaysia’s symbolized musical concert hall, 
whereby it is designed to achieve international standards level. Therefore, in order to formalize 
acoustical requirements for this building, the status level of its design should be equal to other world 

renowned concert halls. 
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INTRODUCTION 
 
In general, sound affects the occupants of a building in 

two distinct ways. First is by the quality of the sound 
generated within the building; concert/musical hall for 
instance whilst the second way is in regards with 
disturbance or annoyance of loud noise (noise is a term 
used to describe unwanted sound). 
Despite much recent research and studies done 
previously, factors that concerning the quality of sounds 
are still ambiguous yet imperfectly understood. 
Occurrence of prolonged, over vibrant or flutter noise in a 

building surroundings may result to permanent damage 
of ear. Acoustical problems in buildings could be avoided 
if such acoustic requirements being rectified and plan at 
preliminary design process. 
The major requirement of designing a concert hall is 
associated with decibel consideration and good 
acoustical design, which depends on its actual 
purpose/function. The main reasons by these 

considerations are devoted to the needs of the concert 
hall, which should be able to absorb noise and provide a 
soundproof environment to the external area. 
Consequently at the same time it should be able to 
maintain good echoes within the internal side of the 
building to achieve a good acoustic environment. In other 
meaning, both internal and external sources of noise 
should be controlled and eliminated. 

A good design of a concert hall can be successfully 
achieved by defining sources of noise; adopted with 
architectural requirements and develop both 
combinations with acoustical necessity in the building. In 
order to acquire good acoustics, design aspects such as 
layout plan, shape and form as well as the needs of 
using good reflective materials are necessary as these 
elements are the essential design requirements. This 

process participates wider expertise to address these 
acoustical needs and generally, ideas and contribution 
from architects, mechanical and electrical engineers and 
acoustic consultants are specifically imperative. 

The Dewan Filharmonik PETRONAS is the first 
dedicated classical concert venue in Malaysia; designed 

by Cesar Pelli & Associates and acousticians Kirkegaard 
& Associates. The concert hall, which adjoins the 
prestigious PETRONAS Twin Towers is the latest 
concert hall designated to achieve international standard 
requirements. This impressive hall is not only boasts 
distinctive grandeur in its design as at the same time, 
fine acoustic environment endeavored to this hall has 
deserved it to be classified as international.  

 

1. DEFINITIONS 
 
Acoustic is a term used for “sound”, but in a more in-
depth meaning, it is a technical term, dealing with the 
technologies and construction of enclosed area that able 
to enhance the hearing of sound. Sound is perceived 
when the eardrum sets actions of vibration by variations 
in the air pressure outside of ear and caused by some 
vibrating object. The scientific theories of acoustics were 

first revealed by American Physicist, Joseph Harry in 
1856 and it as then further developed by American 
Physicist, Wallace Sabine in 1900. 
Echoes from wall and furniture basically modify the 
produce of sound in an ordinary room. To modify the 
fluctuation of echoes, suitable materials for finishes is 
applied to cover these surfaces and hence, able to 
absorb or reflect sound. Normally, soft materials used for 

finishes able to absorb sound while hard materials are 
suit to reflect the sounds.  
A basic layout of hall is also affected by the arrangement 
of acoustic system either by size, shape or design of hall. 
A large auditorium may differ in terms of acoustic 
system, which depends upon seating capacity whereby 
empty seats reflect sound and audience absorbs sound. 
Shape and design of a hall also affects the acoustic 

arrangement plan; for instance, concave ceiling or wall 
may lead to occurrence of echoes in a hall. 
Another important element of acoustical concept is 
insulation materials that constitute a good façade of 
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finishes. This can be obtained by applying the best 
sealing materials to foreseen or unforeseen openings 
that may lead to leakage of noise. 
 

2. THE NEEDS OF ACOUSTIC DESIGN FOR 
CONCERT HALL 
 

2.1 General Requirements 
The concept of acoustical necessity for concert hall 
should be able to avoid intrusive noise from external 
area or from mechanical rooms. It should also be able to 
reflect pleasing sound or music and being distributed 
uniform to overcome sound defect such as echoes and 
flutter. Apart from that, such speech and announcement 
perceived in hall surroundings should be within pleasant 

satisfaction. When all these conditions given into priority, 
the design of a particular acoustic hall is considered 
established. 
 
2.2 Acoustic Design Requirements 
Acoustical design requirements is emphasized towards 
measurement stage taken on the physical qualities which 
cover the following attributable factors: 
 

2.2.1 Fundamental Principles 
The shape of the room is the most fundamental factor in 
influencing acoustic aspects. Good acoustics 
environment acquire preliminary evaluation, basic 
planning stage and also advice from a good acoustic 
consultant. 
a) Surrounding Wall Shape and Sound Reflection 
When sound is reflected from a wall surface, the 

reflected sound can be visualized in the same way as 
light reflected from a mirror. Implication of this 
conceptual could be captured where the reflected 
sounds are concentrated to a convergence point if the 
wall is concave in its shape.  The situation is 
distinguished if the sounds perceived through convex 
wall, whereby it will diffuse or absorb the reflected 
echoes or sound. Therefore, in order to have good 

diffusion, concave surfaces larger than the wavelengths 
should not be used in regards to overcome acoustical 
problems. 

 

 

 
 

Convex surfaces Concave surfaces 

Figure 1: Reflection from a curve surface 
 

b) Prevention of Echo and Flutter 
At a corner, where two planes intercept either from 
indoor or outdoor area, sound waves are reflected back 
in the reverse direction to the incident hence echoes are 
raise up as illustrated in Figure 2. A multiple reflection 
between two parallel planes may cause flutter echoes. A 

better flutter echo could be gained by diffusing sound 
waves in order to prevent audible flutters. The theories of 
both echo and flutter prevention is described and shown 
as per Figure 3 

 

  
Figure 2: Reflection at a 

corner 
Figure 3: Shapes causing 

flutter echo 

2.2.2 Selection of Local Shapes 
a) Profiles of Section. 
i) Ceiling – Reflected sound from a ceiling area is obliged 

to reinforce the direct sound, especially for audients in 

rear seats. To get a better sound distribution, it can be 
obtained by a combination of convex shapes as shown 
in Figure 4. Ceiling and rear wall is design in such a 
way to avoid echoes as illustrated in Figure 5 

 

  
Figure 4: Reflection to 

convex shapes 
Figure 5: Rear wall corner 

design 
 
ii) Balcony – The function of designing a balcony is to 

increase the audience capacity. However, the 
acoustics under the balcony becomes worse because 

of the direct sound is attenuated due to long distance 
propagation over the audience. Hence the sound 
pressure levels are poor due to lack of effective 
reflection from wall and ceilings. Furthermore, the 
reverberation time becomes shorter due to the smaller 
volume per audience. In order to overcome this 
problem, the balcony should be as short as possible 
and less than twice the maximum height as shown in 
figure 6. The front of the balcony should be properly 

design, as the echoes would not occur either in plan or 
in section. It is also important in choosing the shape of 
the balcony soffit in order to produce an effective 
reflecting surface. 

 

  
Figure 6: Section of a good 

balcony 
Figure 7: Seating floor 

section 
  
iii) Floor – Since the floor with seating capacity gives 

large absorption compared to others, direct sound is 
simultaneously being attenuated as it propagates over 
the absorbing surface. This is due to the absorption of 

porous-type provided by chairs and audiences, which 
efficient at high frequencies. The existence of spaces 
between the rows of seating capacity would cause 
resonance in low-frequency sounds that would 
produce a good attenuation. The slope of the floor 
should be increased in order to retain direct sound 
being interrupted by the front seats. The concept of 
seating floor section is shown as per Figure 7. 

b) Plan Shape. 

 

Figure 8: Treatment of circular plan shape to 
combination of convex surface 

 
The created ceiling profile design is better to obtain the 
reflected sounds from the wall, which is pointed to be 
nearest to the source of sound. It then would slowly 
merge wall finish towards a surface that absorbs 

echoes/sounds. Due to this term, concave surfaces is 
recommended to be avoided, as it would produce poor  
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sound reflection and poor acoustics. A circular and 
elliptical plan of hall also may contribute problems. In this 
case, if this type of plan is still required, a combination of 
convex surfaces should be adopted and the illustration of 

the concept is shown as per Figure 8. 
c) Sound Reflecting Panels. 
Movable of a sound reflects via walls and ceiling 
whereby it’s normally installed to the stage as an 
orchestra shell. The sound that reflects walls and ceiling 
would provide a sound energy and distribute the sound 
to be absorbed to the back stage. The sound distribution 
then will be reflected back to the players hence produce 

a pleasant listening conditions for the audience. Since 
the reflecting panels are heavy, a compound laminated 
layer of plywood and damping rubber sheet is preferable 
in order to reduce its weight. 
d) Diffusion surface or units. 
To improve sound diffusion in a hall or room, the wall or 
ceiling should be design in a zig-zag profile, cylindrical, 
spherical, pyramidal or other uneven irregular-shaped 

units that need to be installed along the boundaries. In 
fact, any of these shapes enable to diffuse sounds as 
long as the wavelength equivalent to the dimensions of 
irregularity. By adopting these irregular shapes to wall or 
ceiling surfaces, the whole shape of room established to 
be a functional acoustic system. 
 

3. CASE STUDY – DEWAN FILHARMONIK 
PETRONAS 
 

 
 

Figure 9: Dewan Filharmonik PETRONAS which is 

sandwiched between the PETRONAS Twin Tower 
 

3.1 Background 
Dewan Filharmonik PETRONAS (DFP) is a concert hall 
that was officially opened on 17 August 1998. It was 
borne out of a vision to provide proper facilities to create 
and develop a lifestyle that is rich in culture, music and 
the arts. It is sandwiched between the PETRONAS Twin 
Tower Towers that rise like sentinels in the heart of 

Kuala Lumpur, the capital of Malaysia. This halls 
specifically designed for symphonic performances  
of the highest quality. The hall has a capacity for 885 
people, which includes box seating at Stalls level and 20 
luxurious corporate suites at Circle and Upper Circle 

levels. Famed architectural firm Cesar Pelli & Associates 
and acoustics expert Kirkegaard & Associates 
collaborated to create this world-class venue. Kirkegaard 
& Associates, the acoustical design team, incorporated 

unique elements into the auditorium design in order to 
maximise the natural acoustic qualities of the wood 
interior. The concert hall represents a careful balance of 
form, materials, textures and colour. Aesthetically, it 
combines modern and traditional values of the Malaysian 
culture. DFP is a magnificent concert hall incorporating 
local design elements with state-of-the-art acoustic 
technology. 

 
3.2 Technical Information 
a) Planning layout 
The shape of the room is the most fundamental factor in 
influencing its acoustic. The layout plan of the DFP is 
inspired from the traditional shoe-box shape of the great 
19

th
 century European concert halls. This plan shape is 

widely acknowledged as the finest acoustic environment 

for the performance of symphonic orchestra. The shoe-
box shape is considered as the best acoustic plan as it 
assures total enclosure of the internal area.  
When sound is reflected from a surface, the reflected 
sound can be visualized in the same way as light 
reflected from a mirror. Concave surface reflects 
concentrated sounds whilst convex surface diffuses or 
absorbs sounds. Figure 10 indicates the reflection of 

sounds, starting from the stage, reflected to the ceiling 
and then reflected back by the balcony’s material and 
shape to the audience. The convex surface of the 
balcony’s shape and the wall panel surfaces of the 
concert hall diffuse or absorb the sounds. In short, the 
shape of the enclosed wall determines the reflection 
mode of the sound. 
When a balcony is provided, the sound reflection 
pressure level becomes poor due to lack of effective 

reflection from walls and ceilings. Furthermore, the 
reverberation time becomes shorter due to the smaller 
volume per audience. Movable acoustically absorptive 
wall panels which are of convex-shape are used to 
provide a more effective sound reflection. The movable 
acoustically absorptive walls with a zig-zag profile 
around the stage are acting as an orchestra shell. The 
benefit is this provides a sound energy that would be 

absorbed through the backstage area which has been 
treated with high absorption materials. The sound then 
will be reflected back to the orchestral players, producing 
a more quality sound to the audience.  
As the ceiling profile design, it is better to obtain the 
reflect sound from the wall which is the nearest to the 
sound source, then slowly change the wall finish towards 
a surface that absorbs. Concave surface must be 

avoided where it would produce poor sound reflection 
and poor acoustics. A circular and elliptical plan also 
gives serious problems. In this case the best solution is 
by adopting a shoe-box shape as it enhances the sound 
more compared to other types of layout plan. 
b) Volume, height and proportion 
The DFP is a triple-volume concert hall, consisting of 
three seating levels – Stalls, Circle and Upper Circle. 

The ground level of the concert hall consists of the first 
tier of seating area and the stage. Two tiers of seating 
area marked as the second and third level of the seating 
areas.  
Due to the height of the concert hall which is of triple-
volume, the needs of using various reflective sound 
absorption materials are necessary. As per following 
Figure 11, the DFP is using various sound treatments to 
improve the quality of the sound distributed and reflected 
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from one angle to another. The sound treatments in fact 
are essential in order to ensure a balance distribution of 
sound at each seating levels. The reason on adopting a 
sloping seating level is to overcome poor sound 

distribution due to the porous-type absorption provided 
by seats and audiences. Therefore, in order to overcome 

this, the seating level is built as a sloping level, 
specifically to prevent sound absorption by the seats 
and. In addition, the circulation spaces in-between of 
seating rows are of optimum dimensions, assuring good 

resonance. 
 

 

 
Figure 10: Axonometric view showing the layout plan and the sound reflection in the DFP 

 

 
Figure 11: Longitudinal section of the concert hall showing the application of various acoustic treatments to enhance 

the sound quality of the hall. 
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Figure 12: Reflection of sound from the ceiling and wall panels. 

 

 
Figure 13: Interior view of the ceiling and wall panels. 

 

Reflected sound from a ceiling plays a major role in 
reinforcing the sound, especially for listeners in rear 
seats. To get a better sound distribution, it can be 
overcome with a combination of convex shapes. In the 
case of Dewan Filharmonik PETRONAS, vaulted ceiling 
was adopted as part of the design, specifically to ensure 
good sound distribution within the concert hall, as shown 
in Figure 12 and 13. 
 

 

 
c) Acoustical treatment 

i) Auditorium 

Unique devices have been incorporated into the shoe-
box shaped auditorium to enhance its natural acoustic 
qualities. The auditorium is capable of seating 885 
people in an atmosphere of refinement as well as 20 
Corporate Suites with attached lounges. The gently 
arched perforated metal ceiling allows sound to travel 
to an upper ceiling. There are seven movable panels in 
this upper ceiling, each of which can be adjusted to 

alter the volume in the hall and simulate a wide range 
of acoustic environments. Acoustically absorptive 
panels in the sidewalls can be opened or closed to 
adjust the resonance of the auditorium. Wall, ceilings 
and balconies are specifically designed to reflect 
sound to the audience and the musicians while at the 
same time eliminating the echoing effect. The hall sits 
on resilient pads and is surrounded by two concrete 
wall separated by an isolation joint to eliminate 

external noise. Therefore, the air-conditioning is 
virtually silent. Every element in the hall, every material 
and finishing, has been designed and selected to 
create a flexible performing environment that 
complements a variety of orchestral performances. 

 
Figure 14: Overall interior view of DFP- the absorptive convex wall panels and arched perforated metal ceiling that 

contribute to good sound distribution. 
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ii) Stage 
The stage is made of tongue-and-groove timber which 
is specifically designed for flexibility. The walls 
surrounding the stage are acoustically treated to be 

sound reflective or absorbent, depending on the 
desired use. In addition, the walls are of convex 
shapes, assuring good sound distribution within the 
concert hall. 

 

CONCLUSION 

 
Designing a concert hall is a great challenge because 
this type of building requires a much greater range of 
subjective responses to be satisfied in order to obtain a 

quality sound for various styles and eras of music. 
Designers tend to deal first with those factors that have 
the greatest effects on choices of building form, design 
and technology, construction materials and texture of 
finished sufaces. 
Generally, there are three means for design control of 
sound in a concert hall, namely achitectural design, 
technology and construction development and special 

techniques. The architectural design is the most 
successful method to control sound in buildings by 
applying physics principles as the main design criteria 
which can avoid creating situations that can lead to 
acoustical defects. The technology and construction 
development of the surface forms and finishes especially 
for acoustics hall, should be controlled by the acoustic 
specialist with attention from the designers. Attention 

should also focus on the finish material and general 
sound-reflecting characteristics of the elements. The 
special technique is taken into consideration once all the 
initial options of the basic construction and technology 
are considered. Three main areas that are concern for 
acoustics design and sound management are namely 
acoustics room, noise control and sound privacy. 
The DFP concert hall gives the best acoustic reputation 

with its rectangular shape in and roughly square in 
section which takes inspiration from the traditional shoe-
box shape of the great 19th century European concert 
halls. It is also designed with absorptive convex wall 

panels and arched perforated metal ceiling along with 
sloping floor level which contribute to a high degree of 
sound distribution. Another interesting feature of this hall 
is the reflector above the stage which has been designed 

to be moveable so that it can be controlled either to 
provide reflection to the audience or otherwise.  
DFP is the focal point in Kuala Lumpur for enthusiastic 
classical music audience. It provides Malaysians and 
visiting performers from around the world with 
opportunities to contribute to the richness and diversity of 
Malaysia's evolving musical culture. From the auditorium 
to the practice rooms, every detail has been thoughtfully 

planned with the latest acoustics requirement to provide 
artists with the best performance environment, and 
music lovers, the ultimate musical experience. 
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