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Acoustics of Buildings

Conditions for Correct Acoustics

The acoustics in a hall are correct if

a. The initial sound from the source is of adequate intensity.

b. The sound should be evenly spread over the whole area covered by the audience.

c. The successive sounds should be clear and distinct.

d. The tonal quality of sound should not be altered.

e. All undesired sound should be reduced to such extent that it does not interfere with the
normal hearing or speech.

Factors Affecting Acoustics of Buildings and their Remedies

There are several factors that have an effect on the acoustical quality of a hall. They are,

a. Reverberation Time: The reverberation time should neither be too long nor too short.
In the first case, the speech becomes unintelligible and in the later case inaudible (Room
becomes ‘dead’). Typical values of reverberation time for few cases are,

Speeches & Lectures ∼ 0.6 sec Small Theatre ∼1.1 - 1.5 sec

Concerts ∼1 - 2 sec Large Theatre ∼2 - 3 sec

Remedies:

i. If reverberation time is too long, materials of high absorption should be used to decrease
the time. Reducing the volume will also help.

ii. If reverberation time is too short, materials of low absorption should be used to increase
the time. Increasing the volume will also help.

iii. Number of windows should be limited. The opening and closing of such windows should
be done wisely to obtain optimum reverberation time.
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iv. Cardboard, perforated sheets, felt, heavy curtains and thick carpets are used to increase
absorption.

v. Absorption coefficient of an individual is about 0.45 sabins. Upholstered seats are used
as they have absorption equivalent to an individual. In the absence of audience, the
chair absorbs sound energy and does not contribute when it is occupied.

b. Loudness: Sufficient loudness at every point in the hall is an important factor for satisfac-
tory hearing. Excessive absorption or lack of reflection may lead to decrease in loudness.

Remedies:

i. A hard reflecting surface positioned near the sound source improves loudness. Polished
wooden boards placed behind and the speaker helps in maintain sufficient loudness.

ii. Low ceilings also help in improving the transmission of sound energy towards the au-
dience.

iii. In a large hall, loud speakers are necessary.

c. Focussing:

Reflecting concave surfaces cause concentration of re-
flected sound, creating a sound of larger intensity at
a focal point. These points are known as sound foci.
Owing to this, other points receive less sound intensity
(spots called as dead spots). If there are highly reflect-
ing parallel surfaces, the reflected and direct sound may
form standing waves which lead to uneven distribution
of sound.

Remedies:

i. Sound foci and dead spots can be eliminated by not using curvilinear interiors.

ii. If such surfaces are present, they should be covered with highly absorptive materials.

iii. Suitable sound diffusers should also be installed.

iv. A paraboloidal reflecting surface with a speaker at the focus decreases the probability
of formation of standing waves due to reflection from parallel surfaces.

d. Echoes: When the walls of hall are parallel, hard and separated by about 17m or more,
echoes are formed. Curved smooth surfaces also produce echoes.

Remedies:

i. Use of splayed walls decreases the formation of echoes.

ii. The opposite walls should be covered with materials of high absorption to decrease
echoes.
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e. Echelon Effect:

If a hall has a flight of steps with equal width, the sound
waves reflected from them will consist of echoes with
regular phase difference. These echoes combine to pro-
duce a musical note which can make the original sound
unintelligible.

Remedies:

i. Having steps of unequal width.

ii. Steps should be covered with material having proper sound absorption.

f. Resonance: Sound waves can produce vibrations in objects like enclosed air, window panes,
walls, etc. The vibrating objects in turn produce sound waves. The frequency of the forced
vibrations may match some frequency of the sound produced resulting in resonance. Due to
resonance the original sound may get distorted.

Remedies:

i. Vibrating bodies may be suitably damped to eliminate resonance.

ii. In larger halls, resonant frequencies are quite low. Hence, by selecting large halls,
resonance defects can be eliminated.

g. Noise: Noise is the unwanted sound which masks the satisfactory hearing of speech and
music. Noise is of three types,

• Air Borne Noise: The noise that comes into the building through air from distant
sources.

Remedies:

i. The building may be located in quiet sites.

ii. The building can also be shaded by interposing a buffer zone of trees or a garden.

• Structure Borne Noise: The noise originating from impact sources on the structural
extent of the building such as footsteps, moving of furniture or operating machinery.
This noise is directly transmitted to the building by vibrations in the structure.

Remedies:

i. By placing vibration oscillators between machinery and the supports.

ii. By having cavity or compound walls.

• Internal Noise: These are noises produced all over the hall.

Remedies:

i. Walls, ceilings, floors should be provided with enough sound absorbing materials.
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Conditions for Good Acoustic Design of a Hall

The conditions for good acoustic design of a hall are,

a. Site Selection: The hall should be located in a place with quite surroundings so that noise
and vibrations of the surroundings should not interfere with the sound quality of the hall.
Elaborate and costly arrangements have to be made to reduce the noise level if the hall can’t
be located in a quite locality.
For halls without air-conditioning, windows and doors are required to be open during a
performance. Hence, the orientation of the doors and windows should be such that the
external noise is minimum. For air-conditioned halls, care should be taken to minimize the
noise generated due to the air-conditioning equipment.

b. Volume of Hall: The hall should be of sufficient volume so that sound intensity spreads
uniformly over its entire area. Smaller rooms lead to irregular distribution of sound because
of formation of standing waves.
A hall is considered large in the acoustical sense when length of the room is very large in
comparison to the longest wavelength of sound produced inside the hall. The ceiling should
be sufficiently high in a good hall. Average heights are 6 metres for small halls and 7.5
metres for large halls.

c. Shape of Hall: The shape of the hall plays an important role in providing a good acoustical
experience. The side walls and ceiling are potentially useful reflecting surfaces while the rear
walls and floors are potential sources of useless and destructive reflections. Parallel hard
walls create echoes.
Curved walls and corners, concave domes, curved arches and barreled ceilings should be
avoided as they create focussing and concentration of sound at one place. This also results
in dead spaces (no sound) at other places. Curved rear walls can also cause delayed echoes.
A fan shaped hall with splayed side walls is the preferred acoustical design.

d. Control of Reverberation: Use of optimum reverberation time is required for good acous-
tic design. To optimize the reverberation time, sufficient amount of sound absorbent mate-
rials should be used especially in the rear wall and the floor.
Sound diffusing materials such as celotex, perforated cardboards, coarse cloth, pictures, felt,
heavy curtains, etc. are used on the walls to diffuse the sound. The floor is to be covered
with heavy carpet for absorption.
A large audience is required for proper reverberation. If the hall is not full, upholstered
seats can help in absorption of sound and avoid approximately the effects of the presence or
absence of the audience.

e. Seating Arrangement: The speaker should be at the focus of a paraboloid reflecting
surface so that the sound reaches to audience uniformly. The seats should be arranged in
concentric arcs of the circles. Flat floor seating deprives the audience of good visibility and
good acoustics. Sloped floor seating rectifies this problem.
The successive rows of seats should be raised over the preceding ones with the result that
the floor level gradually rises as one goes from the source to the rear wall. This will promote
a free flow of a direct sound from the source to the listeners.
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Stroboscope

A stroboscope, also known as strobe, is an instrument used to make a cyclically moving object
appear to be slow moving or stationary. It is used for the study of rotating, reciprocating, oscil-
lating or vibrating objects.

Construction of Stroboscope

In electronic stroboscopes, a flashing light with adjustable frequency is used on the rotating object
of which the rotations are to be measured. A schematic of the stroboscope is shown in figure (1).

Figure 1: Schematic of Stroboscope

A variable frequency source is connected to a flasher unit which controls a lamp. The light from
the lamp is made to fall on the rotating shaft of the object. The illuminated shaft is made visible
in separate time intervals that are very small by comparison with the period of the object’s motion.
Neon lamps or light emitting diodes are commonly used for low intensity strobe applications while
Xenon flash lamps are used for medium and high intensity strobe applications. The frequency of
the light used can be seen in the speed display.

Principle and Working of Stroboscope

(A) (B)

(C) (D)

Figure 2: Working of Stroboscope
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A mark is made on the object and the object is spun up to speed. The frequency source is set to
a low frequency to start with, and the light is shone at the object where the mark is. Depending
upon the frequency of the light source and the frequency of the rotating object, we get the following
conditions as shown in figure (2).

A. When the frequency of the light source is quite less than the frequency of the rotating object,
the mark will appear at random points around the object as shown in figure (2A).

B. When the frequency of the light source is equal to the frequency of the rotating object, the
mark will appears to remain stationary as shown in figure (2B).

C. When the frequency of the light source is slightly less than the frequency of the rotating
object, the mark will appear to creep forward as shown in figure (2C).

D. When the frequency of the light source is slightly more than the frequency of the rotating
object, the mark will appear to creep backwards as shown in figure (2D).

When it is stationary, the light source is flashing at the same frequency as the object is rotating.
Since the frequency is known, the rotational speed is also known, and can be stated in RPM
(revolutions per minute) using the formula: RPM = 60 × fstrobe.
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