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ABSTRACT

A Music Industry is a controlled Environment used for the
Production and Recording of Music. Music is a properly organised
sound with a definite tone and a pitch running between a low

and high scale, or a noisy sound with no perceptible pitch at all.

The perceived quality of Music depends on two major factors;
an Administrative factor on the one hand and an acoustical one
on the other. The producer's and Artiste's wish, industry's
recording system, and the condition of the Recording Instruments
falls under the Administrative factors while the Acoustical
factors comprise of the geometry of the room, its construction
method and materials used, finishes, services incorporated into
the buildings, and its position on site in relation to other
activities around it. It is not on exageration when one says
that the quality of music produced in a space depends on the
Architectural solution employed on the site as a whole and on
the space itself, this is to say it depends on the acoustical
guality of the space.

This thesis will delve into the Architectural factors that
affect the quality of music, This is to say that | am goin to
research into the area of Architectural Acoustics and noise \
control viz - a - viz the buildings used for Recording Music.

Creation of ideal Acoustical Environments needed for the
recording of Music is an Architectural problem, it is envisaged
that this thesis will show us how to solve the biggest problem
facing the listening and production of Music.
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INTRODUCTTION

-

We are living in an age of high technological knowhow with
everything revolving around mechanization and the economic use
of materials, this can be seen in the buildings we build nowadays,
with prefabricated materials and their interiors filled
with electronics and other electrical gadgets, These gadgets
produce noise, while the thin building materials transmit this
noise to other rooms, thereby bringing up problems of noise
control for Architects to sclve. This problem is that of providing
quite environments needed by people for their physiological
well being on the one hand and for them to carry out some of
their activities that require quite environments, for example
the recording of Music, In order to be able to provide this
quite environments, a good knowledge of Acoustics is needed by
the Architects and planners,

Music 18 synonymous with organized scunds, For sounds to
be properly perceived and understood, conditions that favour
their production, transmission and reception are needed, in
other words a good acoustical environment is a
pre-requisite for a sound communication in a space, This
requirement can be met by designing surfaces that can reinforce
sound reflections on the one hand, and suppless unwanted sounds
from interfering with the activity going on, The former falls
under room acoustics, it is a major area in the field of
Architectural sound control, while the latter is in the field
of Noise control in buildings,

In this thesis I am going to limit my study into the areas of
Noise and Architectural sound control as it affects a Music
Industry. The areas of Interior design, materials and finishes
and space Acoustics, Fall under Architectural sound control while

mechanical noise and vibrations due to services incorporated
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into the building and noise infiltration from the external
source:TLnder noise control.

It is hoped that this thesis will help in raising the
standards of the Nigerian Produced Music by providing
knowledge on how to create studios which can respond to the
different Acoustical situations needed for producing the
different types of Music available in this country,



4=
CHAPTER ONE
SOUND
For a successful study in Acoustics, the nature and

properties of sound has to be known,

1.1 what is Sound
Sound cen be defined in two ways, either by taking its

physical nature, or its effect on a subject into consideration

Physically, sound is 2 pressure fluctuation in the air, a
particle displacement in an elastic medium, Fhysiologically
it ig anondi®Ory gensation brought up by particle displacement
in an elastic medium,

Sound is produced by vibrating elements, modulated flow
of fluid or a turbulent flow of air and it needs a medium to

propagate,

1.1.17 Kinds of ds (Figure 1,1

Sounds can be divided into three kinds, A pure tone is
the simplest kind of sound composed of a waves with a single
frequency, A pure tone is produced by striking a tuning fork,
A musical tone is the other kind of sound, it is produced by a
combination of many pure tones, The last group is that of
common sounds, these are the speech, music and noise, They are
composed of complex tones with varied frequency and loudness,

1.2 Properties of Sound
1.2.1 Velocity (v)

The velocity of sound is the speed at which it travels
measured in metres per second (m/sec).
Ve fX
vYhere f = frequency in H,

A= Wave lenght in m,
-1-



MUSICAL NOTE.
[CONBINATION OF SEVERAL PURE TONES]

FIGURE 1| KINDS OF SOUND.
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The velocity of sound waves depends on the degree of elesticity
and the density of the medium, The velocity of sound waves

in air at 20°C is 344m/sec, this low speed of sound brought
about the problem of echo,

1:2.2 Frequency (f)
This is the number of complete oscillations that occur
every second, f = 1/T
where T = period of oscillation in seconds,
The audio frequency is between 20H, and 20,000 H,e This is
the region within which the ear is sensitive, The human voice

has a frequency range of about &0liz for a low bass upto 1100Hg
for a nigh soprano, The lowest freguency present in a complex
tone is called the fundamental, *+*e r~~mnonents of hizher

fpequencies are called par'tials,mip;lgstg?yt%?fundamentalg
tLvn thay are termed harmorics,

An octave is a succession of eight notes, where the
eighthhas a frequency double that of the first, for example

in do,re,mi,fa,soh,le,ti, do.

2.3 Intensity and Loudness

It is 2 measure of the energy of =ound, The ear can
detect a =mall change in loudness, The smallest change
normally heard iy the phon , The loudness level of a sound

in phons is equal to the intensity level in dB at 1000H,
(figure 1.2)., There is 2lso a relationship between sound

pressure level and relative loudness, An increase of 104B in
intensity will double the loudness (figure 1,3). The sone is
a unit of assessing loudness, Py doubling its number the

intensity will increase by 10 phons
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1.2.4 Pitch

This is the subjective measure of the frequency of the
sound, The ear can detect doubling in sound frequency much
more than in case of loudness, Fitch racult; 1s the ability
to detect differences in pitch, (Figure 1.4)

1.2.5 gbre(Cuality)

It is that subjective characteristics of sound which
enables one to distinsuish it from other sounds of the same
pitch and loudness, The quality of the sound is determined

by the harmonics that a particular source adds to a2 note.

1.2.6 Directionality of Sound Sources

In a space free from reflecting surfaces the intensity
of the emitted sound may be more pronounced in a given direction,
although sound sources radiate waves in 211 directions,

This phenomenon is noticeable with most musical instruments
such as the human voice, loud speakers and so on,

The radiation of a high frequency sound is more
directional than that of sounds within the medium and low
frequency ranges within the medium and low frequency ranges
which tend to be more uniform in all directions (figure 1,5).

1.2.7 Masking

The masking of a sound is defined as the number of
decibels the sound has to be raised above its normal threshold
in order to hbe perceived in the presence of another =ound,
The amount of masking depends on the time and frequency.,
Upto 300 milliseconds may elapse before a second sound is
perceived particularly at threshold levels, A low frequency

sound is more likely to mask a high frequency one., The
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phenomenon of masking is more exploited in environmental
noise control,
1428 Sound and direction

The reduction in sound intensity is regarded as 6dB
each time the distance from the source is doubled, It should
be noted that this does not happen if the surface is a hard
one, In a free field the intensity of sound at any point is
universely proportional to the square of the distance from
the source point, This is the inverse sequare law (figure 1,6)
in architectural acoustics, This phenomenon explains why
there is inadequate loudness at the remote seats of large
auditoriums,
1.2.9 HReflection

Sound is reflected from plane and curved surfaces in the
same way as light is, Feflection occurs if the angle of
incidence (i) is equal to the angle of reflection(r), Figure
1.7 show the reflections of sound from different boundaries.
The reflected sounds from a concave surface converge at a
point, while on a diffuse surface a diffused reflection is
noticed.

142.10 Refraction

This is the change in the speed and direction of a sound
wave when it passes from one medium to another (figure 1.8).
Refraction of sound can happen in the same material if the
temperature is different at different points. Figure 1,9
illustrates this point, the velocity of sound increases with
temperature and so does the wavelength, Such a situation
occurs over a calm lake in the evening after a hot day, the

air at the surface is cooler and warmer gzbove,
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12,11 Diffraction
This is the bending of sound waves around an object.
This occurs when the size of the object is comparable to the
wavelenght of the wave, This is why low frequency sounds
are easily heard far off the axis of a loudspeaker than the
high frequency sounds,
The frequencies that are diffracted can be calculated
from the formula given below,
d = v/a
where v = velocity of sound in air
A= diamemeter of obstacle in metres,
For example an obstacle that is one meter wide is placed in
front of a spesker, calculate the frequency range of sounds
that would be diffracted.
d = v/A

- ;ﬂg§[£ = 340/s = 3LOH,
1t shows that frequencies below 340H, will be diffracted.

Diffraction o sound also happens when waves fall on
small openings, if they are in the order of the wavelengcht of €«

the sound,

1.3 Recording of Sound
*The recording of sound starts with the acoustical signal

in its proper acoustic environment" Josephs (1967), The
environment could be an auditorium, studio or any rom suitable
for recording, In the case of a Music industry it is in a
recording studio,
1.3.1 Recording on Wax

Leon Scott used an Apparatus he called the phonautograph
to demonstrate the recording of sound in 1859, This was the
first time the recording of sound was done, It consisted of a
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cylinder mounted on bearings with a handle attached to one
end of the spindle. He used a large parabolic horm to
collect the sound and a pencil made a lateral trace of the
vibrations on the cylinder, The pencil was carried by a lever,
In 1878 Edison produced the first telking machine, He
did this by rerlacing the lever with a rigid point and covered
the brass cylinder with tinfoil, The furrow cut was of
varying depth, "hill and dale" recording, It was called the
phonograph (Figure 1,10A), The cuality of reproduction was
improved by Eerliner in 1887py the introduction of "lateral
or 'side to side' recording" \Vinstanley (1952), The disc was
of a metal coated with wax, the stylus removes part of it when
moving and exposes the metal, "Acid was then used to 'bite'
the trace into the met2l" Winstanley (1952), The reproduced
gound came out of the smell horn,
In 189F Berliner improved his apparstus with a new model
with & clockwork drive and the horn ended with a flare,
(Figure 1,10 B and C show the early and improved models
respectively).
" 1924 an important advance was made by the introduction
of electrical recording which required a new type of gramophone
to handle the more intense vibrations more efficiently. The
sound is picked up by the microphone then amplified, This creates
a current in the electromagnet which attracts the metal armature
end consequently the stylus, The distance through which the
armature is attracted depends on the signal received, Fig, 1.1
illustrates the electrical recording apparatus, The wax disc is

then electroplated in an electrolytic bath and g thin strong
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"negative" is produced, This "negative" is known as the
"master”, It is then immersed again to form & "positive" called
the "mother", The "mother" is put back into the bath to form
the "stamper" which is the "working matrix", Records are then
pressed from the working matrix, "The maeterial used for the
records is 2 mixture of shellsc, resin, copal and a number of
other ingredients; it becomes plastic when hot but is hard at
normal temperature" Yarwood (1953)., The material is then
graded to uniform thickness to form the sheets, When the
sheet becomes cold and hardened (biscuits), they are broken
off and taken to the press room, In the vress room two
matrices are fixed in position to make a double-sided record.
The requisite label is put at the centre of each matrix, and
from a heated slat one of the biscuits is rolled into a bsll
and placed at the centre of the lower matrix, By clossing the
rlates bearing the matrices, a pressure of about 100 tons
is applied and steam 1s eirculated behind the matrices followed
by water cooling, The nress is then opened and the disc, is
removed and the surplus materials is bmoken from the edges,
then nolishing follows, It should be noted that now the process
has changed due to mechanicsation of some of the processes and
improvements in the recording of sound.
1¢3.2 Recording on Magnetic Tape

Valdemar Poulsen of Copenhagen invented the use of
magnetic tape for recording in 1899, The machine consists of
a constant speed motor driving a ribbon of tape made up of an
iron oxide on a plastic base and a recording head,

The microphone picks up the sound and convert it into
electric signal, which is amplified by an amplifier which
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FIGURE I'lB A HYDRAULIC PRESS FOR MAKING
GRAMOPHONE RECORDS -
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feeds the recording head with the current which magnetises
the recording head, The recording head causes a chonge in the
mggnetization of the tape as it passes near the head, The
magnetization of the tape is permanent until erased, FRecording
speeds vary from 1% to 15 inches of tape per second,

The advantage of this kind ¢of recording is that, an
instant playback is possible, tape can be erased and used
again (this can also be a disdanvantage in case of accidental
erasing), long time of play and so on,

1¢3.3% Recording on film

The method employed here is to convert sounds by usze of
microphones into electric currents then record them using an
oschllograph, The record was made on a moving filmy the area
exposed was determined by the deflection of the oscilograph,
This was the system employed by W.,D,B., Duddell one of the early
inventors of photographic film recording, To reproduce the
sound, a photo electric cell is needed, The film i« directed
on to a mirror and the reflection is focussed on to a narrow
shit in a screen fixed vertiwally in front of the film (Figure 1.,12)
"The fluctuating phonic currents through the loop cause the mirror
to turn in a vibratory manner, and this causes the beam of light
to extend to varying distances across the slit and so across the
film", The intensity of the sound is given by the magnitude
of the changes in the ratio clear/opaque section across the
sound track, the pitch is indicated by the number of 'peaks'
per unit length of the film, This is the variable area
recording, -

Another system is the variable density recording, where
a narrow streak of light exposes the full width of the sound
track, and the intensity is varied by the phonic currents,
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CHAPTER_TO
ACOUSTICS AND INTERIORS

Acoustices is a branch of science which deals with the
Generation, transmission and reception of sounds,under the
generation of sounds, sources and reproducers of sounds are
found, A source of sound is anything that csn cause pressure
fluctuations in the air while electronics like tape recorders
reproduce sounds, Environmental Noise control and building
Acoustics fall under the auspices of gound transmiassion,
Reception of sound deals with Audiology and microphones,

which are sensitive instruments used for picking up sounds,

2.1 Historical Develcopment
As early as about 955 century before Christ the need for

good aconstices for satisfactory hearing has been recognised

and VitIUViUs . clearly stated this fact.  He sald “at some
places the sound wlll strike against solld bodies and check

in its return the rise of the succeeding sound so that the word
endings are migled into indistinct noises’ in his book De
architecture" Yarwood (1952),

The ancient Greeks and Romans theatres had no roofs
and their greatest defect is the lack of what Vitruvius
called the "strengthening of the voice by - reflections from
well=placed surfaces", He suggested setting bronze vases
in the theatres soc as to boost the Actor's voice by the
resonance of the air in the vessels,

The ancient Greek open theatre was divided into four
parts, the Auditorium which is used by tre audience for
seating, the Orchestra is used as the acting area which later
became the ares used by the choir, the  Froskena became
the acting area later and the skena used as the dressing room

=16 =
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and storage area,

The Church hall during the Middle Ages became the only
type of Auditorium built, These halls were characterised by
excessive reverberation, poor intelligibility and an overwhelming
fullness of tone, This was =0 because the halls were not more
open but covered., The council hall normally dbuilt within
the city hall was later introduced @fter the 11th century
mainly in Italy.

The horse-shoe-shaped opera house developed about the
17th century from the theatres that wem built after the 15th
century, This types of theatre had large stare area and
stage with rings of boxes, or tiers placed on top of each
other upto the ceiling., This helped in creating a suitable
Acoustical environment needed for the brigk tempo of Italian
Opera by shortening the reverberation time due to the
large absorption of sounds by the boxes. About this time
Athanasius Kircher wrote in his book Phonurgia sbout room
acoustical phenomena, 7This was termed as the first "scientific"
work on the subject, He reviewed the simple acoustical
practice of earliest centuries which is a contribution sowards
the historical development of Architectural Acoustics, Another
book Die Akustik (Acoustics) by a German Ernst F, Friedrick
Chladni tried to explain the phenomenon of reverberation
around the beginning of the nineteenth century,

Prior to the nineteenth century,Music was written for
particular rooms, either for public or private rooms, Church
music, Opera and choral music was written for public rooms
(halls) while Chamber and symphonic music were for private

rooms,
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The designs of opera houses in the Nineteenth century
were done without the knowledge of scientific acoustics but
that of empirical acoustics, This can be seen ",,, in the
words of Charles Garmier, the Architect of the Paris Cpera
House 'T must explain that T have adopted no principle, that
my vlan has been based on no theory; and that T leave success
or failure to chance alone’Lesglie (1972),

Prior to the 20th century only one auditorium was planned
with due consideration to acoustical requirements, Tt had no
rings of boxes or tiers and vas built to suit the wagner's

style of Music (figure 2,7),

Helmholt. , Bell, Weber and Fechner contributed immensely

to acoustics in the second half of the nineteenth century,

There has been a significant advancement in the subject
of Architecturel acoustics which is now an established branch
in the area of engineering science, It was the introduction
of the voice %o the Cinema in the 1930s that brought up the
phenomenon of high quality recording, amplification, and
reproduction of sound, The cdevelopment of the HRadio and
television broadcasting presented itself with new acoustical
problems,

Frogress was more pronounced in the area of room
acoustics than in noise control in the first half of the
twentieth century, Acoustical materiagls =re mass produced
there by providing buil-ing designers with the mecessary means
of controlling sound in Architecturel spaces,

A study in room acoustics is never complete without
mentioning the work of Wallace C, Sabine, he was called
to remedy the intolerable acoustical defect found in the
auditorium of the Fogg Art Museum, He was a Physics
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Instructor at Havard University and started his piloneering
work on acoustics at about 1895, He started his work by
laving down conditionalities that must be fulfilled in order
to achieve good hearing in the auditorium, They were loudness:
distortion and confusion,

(1) Loudness: The sound heard by the Audience must be loud
enough, For a point source of sound on a level plain the
sound spreads out in a hemispherical wave and diminishes in
intensity as it travels fwther from the source, The intensity
of the sound diminiches more if there is an audience due

to sound being absorbed by their bodies, If the source of
scund is raised above the audience, or the seats are raked,

or 2 wall 1s placed behind the spesker, or the audlence are
brought nearer to the source by providing a gallery then

we have 2 modern auditorium with z2n improved hearing condition
due to the equalization of the sound intensity hbetween the
front and rear due tc small volume and sound reflections

which reinforces the direct =sound from the speakers,

(11) Distortion: The quality of the sound produced must

not changs. Changes in the quality of the sound in the
auditorium can be by either resonance or destructive
interference, When resonance occurs there is an increase in
the intensity of sound, it happens when a component of the
sound is increased by a reinforcement, This will invariably
change the guality of the original sound., Interference occurs
due to reflections of sounds From the surfaces., It can

either be destructive interference where the incident sound
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is out of phase with the reflected one by 180°, This will
reduce the intensgity of sound, Constructive inteference
occurs when the reflected sound is in phase with the direct

one, This will bring an increase in the intensity of the sound,

(111) Confusion: There should be no overlap on the successive
sounds in the speech om Music. In other words, excessive
reverberations, echo, and added extraneous sounds should be
eliminated, TNeverberation refers to excessive reflections
from the surfaces while an echo is a single reflection which
is distinct from the origiral sound. The extraneous sounds
may be due to the operatlons of the machinery in the building,
for example the airconditioners, heating machinery and it can

be due to distracting scunds (noise) from the outside,

L

Fogg Museun: The major pretlem foun? fn ite auditorium wes
that of excessive reverberatiion, He solved the problem by
first measuring the reverberation time, he used a Gemshorn
organ pipe of 512H, and 2n initial intensity of 60dE es a
constant sound source, the ear to record when the sound becomes
inauditle and a timer, "He invented a term 'reverberation
time' as the time, it tekes for the sound that has been
meintained steady by a constent source to decay to 1/1,000,000
of its original intencsity after the source hes been stopped”,
Jess J, Josephs The Thysics of Musical sound. He found out
that the reverberation time was independent of the positions of
the source and the observer in the room, it vas found to be
5.62 secs. Cushions were then brought into the Art museum to
cover the seats and it was found that this lowered the
reverberation time, this is an indication that part of the sound

wag absorbed by the cushions,



Figure 2.3 illustrates the results of Sabines experiments in
the Fogg Museum, The result of the graph is a hyperbola
represented by the equation K = (x + a)y, where x is the
area of cushion, y is the reverberation time and a the
absorptance. The time taken for sound to fall to threshold
was taken to mean reverberation time, this means that for a
larger initial sound the constant K would be larger and as
such the need to make K independent of the loudness aroused,
A decay of 60dB was taken as the constant,

Sabine found out that the reverberation time of the Art
Museum dropped to 1,14 sec after covering all surfaces including
the sisle with the cushion, After the experiments with cushions
other materials were used and their absorption measured and
compared with that of the cushions which would produce the
same effect. Conclusions which were reached after the
experimentg were: (1) The position of the absorbers does
not affect its total absorptance (ii) The open window was
accepted as the standard unit of absorptance, due to the
fact that an open window allows all the sound to pass through,
that is to say it has a unit absorptance. He then experimented
again to find the nature of the constants K and a, He noted
that K varied in a linear manner with the volume of the room.
Each cushion was found to have an absorpténce of 0,73 open
window units; this is to say that a cushion square metre for
square meter will absordb 0,73 as much sound as an open window,
The name open window unit was later changed to sabines, To
find the total absorbing power in a room it is only necessary
to multiply the area of the surface of each material by its
absorption coefficient and add the results,
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A= aysl + a,5, + seseaindn:
Where a = sbsorption coefficient

o s = surface aresa,

Finally he carried out experiments in different rooms and
found out for a given amount of absorbing power the reverberation

time was proportional to its volume,

K/V = 0,164 if mesurements &re in metres.
Therefore At/V = 0,164

= Q.1647
To test his work he planned a new hall and his theoretical

calculations gave the correct reverberation time.

The other problem was that of an 'gr-¢irmum reverberation time,
To answer this, sabine used music judges from the faculty of
the New England conservatory of Music, There was unanimity

among them about the reverberation time, Then a survey

optimum
of musical opinions was made in order to find out the best
halls for certain purposes, their reverberation times were
then measured and compared with that of the judges,

Other factors like freedom from echo, diffusion of sound,
freedom from noise and tonel distortion affected the Acousticians

of a generation ago.

2,2 Why Acoustics for buildings
The study of Acoustics is done for buildings for the purpose

of achieving optimum conditions needed for sound communications,
This is done by providing favourable conditions for the production,
transmission and the perception of sound, protection of occupiers
of a space from noise and vibrations which could be distracting ,
annoying or dangerous to their health and for purpose of making
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laws on the sitinz of certeain 1nat1tution£T;ct1vitioa in an

area,

2.3 urce th d R ver

Every acoustical situation consists of three elements,
the source of sound which is either desirable or undesirable,
The path of trasmission of sound which includes the surfaces
that either absorbs, .- transmit or reflect the sound, and the
receiver wvhich is either the human ear or another sensitive
instrument that can detect the sound, In a Recording studio
the human ear is repleced by a sensitive instrument (microphone)
which can detect minute defects which the ear is not sensitive to,

The three elements representing all acoustical situations
are shown in figure 2.4

If the sound source is & desirable one, then conditions
that are favourable to ite production transmission and reception
must be provided. This can te done by emphasizing the source
of sound by raising it adequately so as to be perceived, the
transmission path must bte made more effective by reinforcing
reflections, and the listener must be relieved of all distracting
sounds from the interior and exterior sources, Messures that
are epplicable to the realm of nolse control must be taken in
order to suppress the intensity of the source of sound if it is
an undesirable one, Theze measures include the freduction of
the effectiveness of the trensmission path, the source of the
noise must be placed far from the receiver and or the effective
level of intensity of the noise should be reduced to a tolerable

degree by use of = masking sound,
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2.3.1 Hearing

It is the ultimate termination of most acoustic system,
it is the natural method for the perception of sound by
a listener, To be able to design acoustical spaces which
are to terminate with the listener, it is necessary to
understand some aspectes of hearing. They are
(1) The interpretative aspect: This is the characteristic
of hearing by which we recognise the sounds,

(11) The loudness aspect: The mind orders the incoming sound
on a scele from soft to loud or from quite to noisy,

(111) The ouslity aspect: The mind classifies the sound
perceived as being mellow or discordent, rich or dtsb, harsh
or pleasing. The guality of the sound is used to differentiate
sounds of egual frequencies but produced from different
instruments,

(1v) The nitch aspect: A scele rurning from low to high is
used by the mind as a means of evaluating the pnitch,

(v) The tempo: This is an aspect of hearing by which the
spesker's mood is noted, either the words were excitedly or
deliberately snoken,

1.4 Reverberation:

It 1s the persistence of egound in 2 room after the source
of sound has stopped, The reverbersnt sound gradually decay
end its durption in a room depends on the intensity of the
source gnd the smount of absorption in the room. In & highly
aebsorbent room the reverbersnt sound decaye very faet,
Reverberation is important in room acoustics due to the fact

that it helps the listener to understand what is being said
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and gives quality to the perceived sound, and excessive
reverberation intereferes with subsequent sounds and as such
it reduces speech intelligibility, Figure 2,5 shows the
detrimental effect of excessive reverberation on speech
intelligibility. In a highly reverberant room the syllable

U of the word University when uttered will persist so that
when the syllable ni is uttered it still maintains S0% of its
original intensity, when the third syllable ver is uttered the
syllable ni maintains 90% of its original value while the
first syllable hes B0¥ of its original intensity, their
persistence blurs the next syllable ver thereby reducing the
speech intelligibility, Under this condition both the speaker
amd the listeners suffer,

2,4,1 Intelligibility and Articulation:

Intelligibility is defined as the percentage of arbitrary
units correctly understood compared to the total presented,
Intelligibility increases with an increase in the average
sound pressure level and decreases as the duration of the
unit decreases, Articulation is a quantitative test measure
of the intelligibility although the test is done in an empirical
manner and the result is given in the form of an articulation
index.

2.4,2 Reverberation Time:

This is the time it tekes the sound pressure level in
a room to decay by 604F after the source of sound is stopped.
It 1s 2 standard measure in acoustics)l designs for the control
of reverberation., The Sabine formula mentioned earlier, is
still in use todayfor a simplified calculation of reverberation
time (RY).
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Where AT = reverberation time, sec
V = room volume in cuft
A = total room absorption in sq-ft Sabins
x = gir absorption coefficient,
For celculetion of Reyerberation time using the metric system
the formular below is used,

RY = i.;ﬁ};

Where Y = Feverberation time, sec
A = total room Absorption in sq-m Sabins,
X = alr absorption coefficient,

The air sbeamtion coefficient depends on the frequency of the
gound =nd on the temperature and humidity of the air in the
room, Teble 2,1 gives the values of air svsorption et
frequencies of 1000Hz and sbove,

The total room absorption A is found by multiplying its
area S by its absorption coefficient o 28 shown below,

AwS1 04 + 5282+ 353®3 ,., + SNy~
“here S51... n are individusl surfsce areas
and Where @1.,., @n their respective absorption
coefficients,

All reverberstion formulas applv only to rooms where there
is a perfect sound Aiffusion, surfaces in room are uniformly
absorbent and free from disturbing fum fluctuations, The
reverberation time of » room is also affected by the freguency

of the sound and the volume of the room, Figure 2,7 shows the
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relationship betwéen oﬁtimum reverberation time and the
velume ¢f a room., The cptimum reverbveration time depends on
the type of music or speech and the frequency. Generally
speaking optimum reverberation times for music is higher
than thet for speech, for recording studios the trend is
towards designing a "dead studio', that 1s to say a studlo
with reverberation time close to zero seconds, It should be
noted that reverberation times are normally taken for a
given frequency range and this given frequency range is
the mid frequency of the audio region that is for the octave
500 to 1000Hz. From experience it was found that excessive
variation of reverberatlion time at frequencies other than the
mid freguerncy region creates unsatiafactory hearing conditions
in a room,

| Different Reverberation time versus frequency curves
have been sugrested by Acousticians, but a flat curve above
500Hz 18 the one generzally recommended by them, Figure 2.8
shows the recommended frequency curve for Music, the
reverberation time riseg te about 1,5 times the value glven
at 500Hz at un octave less thon this value (at 425Hz).
For speech the value should remain flat down to the 125 Hz
point., A deviation of 5 to 10 percent from the selected
reverberation time vulue 1s accentable in acoustical designs
of rooms with a high degree of sound diffussion, Figure 2,9
{1llustrates the scceptable variation in the reverberation

time for different frecuencles and volumes of room,
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There are other formulae used for calculating the reverberation
time of a room, but for Architectural practice the sabine
formulae is employed, The other formulae are improvements on
the sabine formula, complex and above the scope of this thesis,

2.5, IEnteriors

When one is spesking sbout the interiors of rooms used
for the recording of Music, he is talking sbout the surfaces
that mark out this interior, The surfaces in a studio includes
the floor, ceiling and walls with their various finishes.
Each material used for the construction has ites own acoustical
properties which includes, sound absorrtion, tranesmission and
reflection values, Figure 1,10 shows the behaviour of gound

on a surface,

2.5.1 Sound Absorption

The absorption of sound takes place when sound energy
incident on a surface is turned into heat, An opening in a
room have a 100% absorption in that all of the incident energy
is turmed into heat while a massive surface has a very low

absorption with most of the incident energy reflected,

Sound absorption is important to Architects in that it
helps them to reduce noise levels, shorten or prolong
reverberation and to eliminate undesirable sound reflections,
that could ° - oceur in a given space, The unit of sound
absorption is the sabin or open window unit, It is found by
multiplying the area of an absorber by its Absorption

coefficient,
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2.5.,2 Absorption Coefficient (6€)

It is the fraction of the sound energy incident on a
surface that is absorbed, The absorption coefficient of a
material depends on its density., 7The absorption coefficient
is affected by the method of fixing and finishes applied on
it as shown in figure 2,11 and 2,12 respectively, Figure 2,11
shows that the average absorption coefficient of an acoustical
tile is more when suspended than when it is applied using an
adhesive, This is so because of the absorption by the air
between the ceiling and the roof, Figure 2,12 shows the
effect of paint on porous prefabricated acoustical units.

The chosen frequency range for absorption coefficients of
materials is between 125Hz and 4000Hz, this falls within the
chosen frequency range for acoustical solutions in Architectural
practice. The absorption coefficients of some building materials,
acoustical materiesls and room contents is given in table 2,2

This is useful in making simple reverberation time calculations,

2.6 Sound ers:

Each material ebsorbs sound to a2 certain degree, the
absorbed sound is "partially converted into heat but is
mostly transmitted to the other side of the layer, unless
such transmigsion is restrained by a backing of an impervious
heavy barrier., In other words, a good sound absorber is an
efficient sound transmitter, and consequently an inefficient
sound insulator" Leslie (1972). Sound absorbing meterials
and constructions used in acoustical designs are classified
into three (a) porous materidls (b) panel or membrane absorbers
and (¢) cavity (helmholtz) resonators,
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Frequency, Hz
Deseription 125 250 500 1000 | 2000 | 4000 | Source®

Acoustical plaster, average oor 0.17 0.50 0.60 068 | 066 8
Acoustic steel deck, 6-in. (150-mm) ribs 058 0.64 071 063 | 047 040 7
Acoustone space tile, 32 in. (81 cm) OC, per unit 022 081 1.58 228 216 1.83 7
Alr, per 1000 cu ft volume, relative humidity 50% 0.9 29 | 714 6

Per 100 cu m volume, relative humid'ity 0% 0.3 09 | 2.4 [
Ajhence, in upholstered seats, per unit floor area 0.9 0.57 0.580 0.94 092 | 087 2

Unoccupied, well-upholstered seating, per unit foor area nig 0.37 0.56 0.67 061 059 2

Unoccupied. leathercovered nphalstered seatinz, per unit 0o ks -

Roor area | 015 025 | 036 | 040 f D37 335 A
Wanden pews ccupied. per unit Hoor wea T U l 0w.n7 050 | 050 ! 0.72 l 5
Musician, with seat and instrument, per person 1o 8553 11.5 140 | 130 120 | 3

Brick, exposed. unglazed, unpainted | )y 003 | 003 0.04 ll 0.03 0.07 1
Carpet, heavy, on concrete 002 | 006y ‘ 0.14 037 | 0.60 0.65 1
Heavy, on 40-0z (1.35 kg per sq m) hair felt or foum | [ |
rubber o0y | 024 | 057 069 | 071 07 1
Concrete block, unpainted Hi6 | 0.4 | 031 029 | 0.3y 025 | 1
Painted 01 00 ) 008 L 00T | 0DY 008 1
Concrete, puurl:d_ unpaints d +onng 00l 002 ! oo | 002 . 003 2
Fabrics, medium velour, 1 oz (048 kg per W] m), dr-;n—-! to ! | |

half arva o7 1 031 049 | 075 0.70 N 60 I

Floor, concrete or terrazzo har 1 0.0l Il 0015 | o002 | 002 nn2 |
Linaleum, vimyl, rublier, or cork tile on concrete a2 | o3 | o003 | oo AT 2 1

Ok subfioor Lom [o00s | co5 | 005 | 0w | oo S

Wooden 015 L odl | 010 | 007 | 006 . 007 1

wlen platform, with air space beneath 040 030 | 020 | 017 | 013 0.10 2

# ustic tile, 32 in. (81 ¢m) OC, per nnit INE 074 | 235 2353 | 23 }.7 4

Gl.  heavy pl ite LR 006 004 003 ‘ @4.02 002 1

O dinary window . 035 0.25 0.18 0.12 | 007 0.04 1
Gypsum board ¥% in. (13 mm), on 2- Ly 4in. (30- by 100-mm) f

stud, 16 in. (41 em) OC 029 0.10 0.05 0.04 0.07 no9 | 1

Plaster, gvpsum or lime, smooth finish, on brick a3 | 0013 | 002 0.03 0.04 005 | 1
On concrete block 012 0.09 0.07 0.05 005 no4 a
On lath o | o1 | 006 004 | 04 no3 1
On lath, over air space, or on studs L] 0.15 0.10 0.05 0.04 n.05 3

Plywood, ¥, in. (8 min) over 3-in. (75-mu) air space, l-in.

(25-mm) glass-fiber backing i) 0.30 0.10 0.09 0.09 0.09 3
Soundblox unit, type B, 8-in. (20-cm) thick, painted 0.7 0.57 0.45 0.35 0.36 N34 4
Wood panel, % to '} in. (10 to 13 mm), over 2- to 4-in.

(30- to 100-mm) air space 030 0.25 0.20 0.17 0.15 n.10 2

* 1. Acoustical and Insulating Matecials Association; 2, L, L. Beranek: 3, . H. Parkin and H. R. Humphreys, 4, P. C. Ceiger and R N. Hamme,
5, National Rescarch Council of Canada; 6, C. M. Harris; 7, manufacturer's claim; 8, estimated.

TABE 22 SOUNP ABSORPTION CORFFCIENTS OF SOME BUILVING MATETUALS ANP

ROOM CONTENTS.

-
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2.6.,1 Porous Materials

They absorb sound due to frictione=1l dissipation of the air
molecules within their pores, They have a network of cellular
interlocking pores, The remaining fraction of the sound energy
that was not absorbed is reflected from the surface of the
material,

L+ r=1
where & = absorption coefficient
r = reflection coefficient
Figure 2.13 and 2.14 compares coefficient absornticon of
fibreglass blankets with that of minersl wool blankets, both
are porous materials,

Porous material (surface absorbers) have poor frequency
performance at lower frequencies and a fairly uniform sbsorption
at high frequencies, Examples of porous materials in use are
fibre boards, soft plasters, minerals wools, eel grass quilting,
curtains and generally soft furnishings,

There is a restriction in the use of porous materials
because they are generally not hard wearing and difficult
to clean., Some of them need a conteining cover, Their surfacesc
can be improved in two ways.
(a) By adding a front membrane, This is in the form of a
tough material for example a thin plastic sheet, This plastic
sheet will not effect the low frequency response upto a
particular frequency (f) above which it starts to affect it,
This frejuency can be calculated from

f=2

Where m = density of the front membrane in 1b/sqft,
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(b) By addition of a perforated panel, The absorption remains
the same upto an upper frequency (f),
f = QSP
Where P = % of open aren

d = diameter of holes in inches,

or f = 1§§

d

where d1 = diameter of a hole in centimeter,

The percentage of openings affects the absorption coefficient
of the materials as clearly shown én figure 2,17, It can
be seen that the higher the percentage of openings the more
the agbscrption,

There are three categories of commercial porocus materials.
(i) Prefabricated Acousticel units (1i) Acoustical plasters
and sprayed-on materials, and (1i1i) Acoustical (isolation)
blankets,

(1) Prefabricated Acoustical Units, There iz a wide range
within which to choose from, they can be perforated, unperforated,
fi=sured, or textured cellulose snd mineral-fibre tiles, panels,
planks, and perforated metal pans with ab=orbent pads.as the
absorber, Figure 2,18 illustrates different edge conditions

of some tiles, which can be mounted in several ways, for example
mailed or =crewed to a wood framing, suspended or cemented

to a2 s01id backing according to manufacturers' details,

Their use im acorustical treatment of surfaces offers the
advantages of being reliable with a factory guaranteed
absorption), economical installation and maintenance, some can
be redecorated without a detrimental effect on the ’
absorption, services in the building can be functionally and
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vigually integrated into them; and théy help in the noise
reduction and offer flexibility in partitioning. However
thelr application nlso rresents sz few problems of being
subscessible to wmechanlcal damage 1f installed at . lowver
levele of walls, Aifficult to conceal Joints between adjacent
unlts and the interior may look monotonous in a large room,

(11) Acoustical Plestéps -nd Svrayed-on Materials

They are mostly used for nolse reduction purposes and
sometimes in rooms where the appllication of other acoustical
treatment 1s impractical because of irregular shape or curved
surfaces. A4 spray gun or trowel is used to apply them in a
semiplastic consistency. Ixauples are sprayed limpet ‘gbestos,
Zomolite, Dekoostc and so on, _

They are more efficient at higher frequencles and this
depends on the thickness aré composition of the plaster
mixture, amount of binder usecd, condition of the undercoat
ot the time of applicatiion and the manner in which the
finish 1s aplied. In using this,manufacturémy’ srecification
migt be followed te the letter in order to obtrin the desired
result,

(114) Acousticel (Isoletion) Plankets.

They are insterlled on wood or metal framing in varyving
thickness betwveen 25and 125rm for different accoustical
purposes, a conciderable low freouency absorption could be
achieved when the thickness is upte 75w =nd sbeve, It should
be noted that thelr sbsorption incresses with thlckness, They
are manufactured from rock wool, glass flbres, wcod fibres,

hair felt and so on. They are normally covered with suitable
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perforated board, wood slats, fly screening to provide a more
aesthetic view, Figure 2,19 shows different wood slats
suitable for protecting isolation blanket, while figure 2,20
shows an existing example of the use of wood slats,
Iv) Carpets and Fabrics. Apart from their traditional role
as floor covering, carpets are being used as versatile
acoustical materials in that they absordb airbone sounds and
noises within a space, They are used in the elimination of
impact and surface noises, could be used for floor and wall
coverting for a psycological noise control in that they create
a tranquil atmosphere,
Fabrics and drapepies used for the control of light,
glare and solar heat contribute to sound gbsorption, The heavier
the fabric the higher the asbsorption (figure 2,21)., Greater
air space between the drapery and wall will increase the low
frequency absorption;
2.6.2 Panel (Membrane) Absorbers
They are impervious materials installed on a solid backing
with an air space between them, They absorb sound energy
principally by vibrating when struck by sound waves, For a
noticeable vibration to take place the panel has to be thin,
although very thin membrane will rattle when a higher frequency
absorption is needed, They are used mainly for low Tfrequency
absorption, could be used aesthetically and stiffners could be
used to strengthen the absorption when applied. Mhe front due
to the increase in the surface area by them, The maximum

absorption is found at the resonance frequency (fo).
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f6 = 60 Where M'=Sor{ace densiiy

fo = 1 ] o in Kg/m2
25 &
_ _ - space in Metars.
wvhere d = depth of alirs space behind the board in
feet (£t),
where m = surface density in lb/ftz.

Figure 2,22 illustrates the effect of the an isoclation blaket

placed behind the panel,

Wood and hardbeard panels, gypsum bozrds, suspended plaster
cellings, furred-out plasters, rigid plastic boards, windows
glazings, doors, wood floors, and platforms, and metsl plates
{radiators) ere exsmples of panel absorbers which contribute
to low frenuency absorption. |

Porous materials act 1like panel absorbers when spaced

away from their solid backing as shown in figures 2.13 and 2,14,

2.6.3 Cavity (Helmholtz) resonators

It consists of an alr cavity linked to 2 neck or a
cylindrical attachment, Such a cavity resonates at a fregquency
determined by the volume of the cavity, diameter and length of
the neck, It 1g extremely selective in absorptlon, that is to
its maximum absorption 1s confined to a narrow frequency band,
Cavity resonators can be used as (1) individual units (11)
perforated panel resonators, and (iii) slit resonators,
(1) Individual Units., They were used in madicx¥ medieval
Scandinevien Churches made of empty clay vessels, their
effective absorption spresd between 100 and 400Hz. A contemporary
uge of individual units is in the form of 2 standard concrete
blocks with slotted cavities, called soundblox units, They are
- economical to use In that additional sound-agbsorptive surface

treatment is not needed{figure 2,23%)
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Two types of the blocks are cast, type A and BE, The type A
units have spproximately 6mm slots and a noncombustible filler
elements in their cavities, Doth types have their cqvities
closed at the top combining with the slots to act like a
helmholtz resonator, Their exposed surfaces can be painted and
they are very durable, this permits their use in industrial
plants, depressed highways, swimning pools and so on,

(11) Perforated Fanel resonators

When perforated p-nels esre fixed away from a solid
backing they act 1like resonators, They contain a large number
of necks (pores) with the air space behind them divided into
bays by the elements of the framing to form the cavity, It is
evident that they have a resonable @iniform absorption with a
maximum velue in the medium region and mn spparent drop above
1000Hz (figure 2.2%).

Commercial panels or boards are »vaileble in perforated
form such as cement asbestos sheets, hardbosrds (Masonite),
plain, corrugated, and expended steel or Aluminium sheets, rigid
plastic sheets, wood and plywood pahels, reinforced fibre
glass panels are all available in the market, Figure 2,26
are examples of different perforated panel resonators used by
designers.

(111) $S1it Resonators

To achieve required absorption needed in a room relatively
inexpensive isolation blankets aslong the surfacés could be
applied, but due to their porosity they need protection against
abraision., This 1is done using elements with relatively smell
cross section and resonable spacing to permit sound waves to

penetrate and hit the sbsorbers, Figures 2,27 and 2,28 show



WA

T T ¥ ras o v

i

)

wy Ty gy

FIGURE 224 TyPIicAL INSTAUATIONS OF PERFURATEY PANEL
RESONATORS .
RATED SIOTTEP  HARPBOA
RS RSP o B 20 -

FIGURE 2-25

G s A e
o K AR
S SN NS e NSO =K

MASQONAY

2°(50mml ISOL BLAKKET Jib/MX484g/mT)
~ 17813mm) PERFORATED MASONITE

FRAMING

——— HAROWOOD MOULDING
———— 2" 113mm) ALUM. CHANMNEL

- .
A A A A A A A A N o ~ A
T e ™ NN W O O
WS '1'-'. ‘.: BN oy -\.-:-':-:n.."ql<.t:-_r_.«-t ‘(“"(j
-‘.'-(A): O S ] e

el s
e Bl

2-2"150mm) 1S0L BLANKET 3ib/13 (48ug/m3
FRAMING

/8 (A mm)PERFORATED PLYWOOD
~—ARBORITE STRIP

LITTLE THEATER | ACADENIE PE QUEBSEC | AwmTOT VAS)Y ., ARCHITECTS

b AN OO hey OO A AP AN
xf\.ﬁ.«(?ﬁ . :‘::.:%:S:‘?\Q\:\:-f. :.:-“_'q:v,:‘%, X (;_:j !{.{ﬁgn:.y._.:..h X q.:‘:.fff;?ﬁ:.:,_:’. R R R _i
———— — j g |

L) - g
I
}

wd
<
e B Co L - i e ol . MASOMRAY
AIR SPACE
FRAMING
- 2° 150 mm) ISOL BLANKET 3ib/f1 {48 ag/m3)
k] ~— ~PERFORATED CORRUGATED ALUM
" = 317271950 mm) 150L. BLANKET 3/ M348 g/ m3
vVE®RIAILLES THEATENRS . MONTREAL » ELiasamn BENSEDOwWITZ ., AMCHMITEECTS

FIGURE 2-26 !:x'tmqs OF PERFORATEY BANEL RESONATORS USED IN BUILDINGS .

\ ‘.



...................................

|.1
|
{
Ul SONRY
— F RAMING
IVETMmmNSOL BLANKET Jit/M 348k m) 2-2"180mm} 1S0L BLANKET J /11348 kg/md)
lll’ SPACE COPPER MESH
1727 (38 mm] CPENING — STEEL CHANNEL
BRICK

- 35% SDUND TRANSPARENCY

LECTURE WALL , UMNIVERIITE LAVAL , QuESEC AUDITORIUM | INSTITUY PSYCHIATRIGUE , MONTREAL
BLOUIN BEAUVAIS LusieaNan , AMCHITECTS

dAaUTHIEN GUITE , A RCHWITECTS

— W28 mm) SOL BLANKET 2 (B/03(320g/'m3) -JUTE
\ ——AIR SPACE \ ~SUPPORTING ELEMENT

'."‘\‘.'-"‘\ . ‘.... .\“'
. \ \ . r . . j
A\
\\\\\ MASONRY — 371 79mm) ISOL BLANKET 3in/f12{480g/m3)
\ A\
\

BRICK - w000 SLAT

b 2 (30mm) CPENING - - 37% SOUND TRANSPRRENCY
.
17N ISUE . BETH-L10m COmGaeLGATION MONTALAL R MO4EN CARAYUIT WECIE THAPIAQ SOLFE | ARCHITECTS

'n

~‘-.f pe O

*”| !|!g W '*]]W'“l

i ~,:|l . ‘ '_
ol

:ﬂ m
[ ———=—=9 :ﬁ
IE:;:_; e —

i

FIGURE 2-27 syt RESONATOR.



e \%L

.4, NOILD3S

ﬁl] OIZvHN3l
AONIHYISNYHL ONNDS % 9% —
iv1S QooMm

tew/Brge) gt

W | ——

ONINYHS TVIILNIA [Ww2T) .6

e JIvdS MY [wwzg)

S —

TIVM AMNOSYN

LEFS A Al

@ luuh.hdt

* 0%
SMI0T8 ALIAYD 40 JOVINIOMIS HIM INIWIVIML "IvM

T g
L | o'l T___ rv.__,. _
I_ _ﬁ l :_{

I
i e

L 311 * 02

_ Eﬁ

M8 GO -

-

LM OADNINDZH4-0IN

(zugQOlzti@8 e L¥3IS / ¥YINY 3IINIIONY

(gwWH'S)el) 061 =
(2w gEY) 21 002'G =
(W OSI'p) £1) COO'IMI

dY NG~y |

/ ﬁl' LINNYIE FI08) (WWaR) 2/ | — e
A ONINYHI TYLINCZINOH (wWWeg) 2. 1

__T

=250

Slimva

.r..r..__—.r..r_rLL {

L}

LV IS /7 'V NI0A
vIMY 3IINNONY
iIPNT0A
0Ll * ALIDJYdYD ¢ N LV3S
INIG (et gengy P B
Thd I@WOG g we 2
3708 AN %
(- L R RTER L 10
NYd
-z e g
\\t\.\\\ gt ” -
f ¥ . .Jg! .f.-
g7 Fe
3%
eSS ' = Ak
> L .m.,-
NDILD1S ‘ .
v TV "
L] = o & |
.-=+ 2
e . r
y . b s 0
.JF. fenwi 40 mopine | H 2

M01L237434 QOHNOS
030N34SNS - 378Y.LSNrAY

INYLINENGD IYINEA0DY 3TTY00 0

“[@%61] 22g20p ’ 2|(IAXOUVPY / Ry naiun sdoue'Q’ ajoey

A A0 L L ..:..n.q Q00MYIY NOLYON

ALETS L a.a c

L

¥ _|I
imae ot o o

NN

-

NYd
ONITI3D
Q31237434

NOILD3S

-
¥I0R INOD 0108 (WwWOd) » -
WIOM ANOD AL AY) (WEOON), + - —
VS WiV (WeRT) 2401 - o
e/ e g/ p
AFINNYIR 08 (WWRE) 24 )
TIYM AUNOSY
[ ? ]
-b M : ~- . .d nsrane

! W otz | oAy
- .r:.i..-:.w HEZZA J .rx.L:_ F.,.._.
; E,, AL 44 UG

{ww o

@ NMILLIY4 10 TIYL130

FIGURE 2-2BA cUT RESONATORS .



- 50 -

some slit resonators in use in acoustical treatments of
surfaces,

The slit resonator works like the panel resonator and
should have a sound transparency not less than 35 percent
of the total area of the acoustical treatment, Its popularity
lies on the fact that it offers a wide choice for individual
design, although they =re more expensive then the commercial

sometimes monotonous standard acoustical materizls.

(1v) Space Absorbers

They are individual sound sbsorbing units suspended
from the ceiling (figure 2.29) when the surface of the room
do not provide suitable or asdequate area for conventionel
acousticasl treatment,

They have =n advantage of being easily installed or
removed without interfering with existing equipments, They
are made of perforated metal or hardboard sheets using
different shapes and filled with or lined with sound absorbing
materisls such as rocck, wool, glass wool =nd so on,

They are particularigood for treatment of noisy spaces
for example » production hall due to the fact that the noise
produced will hit it from »11 sides and as such the sbsorption
will be high, Their efficiency depends on their sracings
and they should be co-ordinated with the lighting layout,

(v) Varigble Absorbers

They are designed for rooms where there is a marked
difference in the reverberation time requirement for
different activities, Figure 2,30 illustrates different
possibilities to their degisns,
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Varieble Absorbers ahbuld be designedlfor rooms with
treined personnel permanently around, like in the recording
studios, Their construction is Justified only if 1t will be
capable of producing a 20 percent (minimum) change in the
total absorption over a considerable reglion of the audio
frequency. _ | o
2.6,4 Criteria for Choosing Sound Absorbers

Conslderations other than acousticsl ones need be taken
before selecting azcoustical materlasls and constructions to be

usgsed since they form the finishes of the interior,

Far @ uniform reververation time to be achieved, finighes
that will produce uniform absorntion characteristics throughout
the audio-freauency ronge must be choseny 1f it were perforated
panel or slit resonator they have excessive medium and high
frequency sabscrptlon) then this wmust he counter balanced by
instzlliing low-freguency panel absorbers,

The criteria for choosing sound absorbing finishes and
constructions are as follows: | o
{1) The sound absorption coefficients at represent-tive
frequencies, _

(2) Apvearance, which iricludes the size, edges, Jbints,
colour and texture.

{(3) Degree of fire resistance needed,

(&) Cost of instelletion

(5) ELase of inst:llation and removal.

(6) Durabllity which inciludes the degrea of reslistance to

impact, abraision and so on needed
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(7) Light reflecthnce
(8) Maintenance snd effect of redecoration on the absorption
(9) Job conditions, that is to say the temperature and
humudity during installation and readiness of backings,
(10) Sound insulation reguirement
(11) Thermal insulation value
(12) Intergration of room elements like windows, doors and
services
(13) Accessibility to the ceilings or furred spaces,
(14) Thickness and weight of materials
(15) Moisture and condensation resistance
(16) Attraction for vermin, dry rot and fungus,.
(17) The space availsble for the treatment,

2.7 Sound Reflectors

As earlier mentioned the other fraction of sound that is
not absorbed by a surface is either reflected or transmitted
through the surface, glthough the reflected sound is with en
energy less than that of the incident sound, Sound reflectors
are used for the reinforcement of the direct sound in = space
and for insulation of the other space next to the source of
sound, A good sound reflector is an efficient sound insulator,
since most of the sound energy is reflected,

The degree of reflection of the sound depends on the
dengity of the materisl, For an incident pressure pi

BOUNTARY -
pi = A1 Cos (Wt - Kix). &
9]
for the reflected pressure wave e, es e
P 5 9
pr = B1 cos (wt + Kix) ‘T Ca

rnd the transmitted pressure wave
Pt = A2 cor (Wt = K2x)
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Pressure is continuous accross the boundary

Therefore pl + pr = pt

A1

eﬂc1

cosg

A1 cos (Wt - kix) + Bicos (wt +kix) = A2cos (Wt - k2x)

| - Equation (1) ;H\: T
Similarly particle velocity is contineous scross the
boundary N

ul + ur = Ut

_ _ o A2 cos (@t = K2x)
fuwt k1x) %%bi co; (wt + kx) 3532

Equation {(2)
Let the bhoundary be at x = O

Then equation (1) and (2) become

Al cosg et + B1 cos wt = A2 cos wt,

A1 cos Wt ~ B1 cos @t = A2 cos wt,
pich g1ct glc2
AM + B1 = A2 - (3
and
A4 - B4 w A2 ~ (4)

3731 | elc @2c?

Substitute for A2 from (3) end (4)

éi = B4 = A1 4+ B1
@icT 9103 . e’ c2
A1 - B = Al + B1
e1c e’c?
Al - B1 - 1el _
§1 ¥ 04 2e?

4 - B1 21c1

Al __ w @2c?
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B R A I
opg - (B

21
B1 \— e2C2

A1 | 4 C2CL
e2C2

_Qacy —@iTL &
@aCa -+ €1 C)

but %_1 is the retio of reflected pressure over incldent rressure
and in is known es the amplltude reflection coefficient, The

energy is proportional to the square of the pressure,

Therefore Fhergy reflection co-efficient (&r ) is

Gaca— 2 1Cy *
f2Ca +21C|

¥ @ici=x C2C2
«r=>0
but” 1§ e1Cy > R2C2

£r =L

Hard dense surfaces like conceete, steel nnd sc on are good
reflectors of sound, Figures 2,31 and 2,32 shovw the use of

panels as sound reflectors,

2,8 Irgnsmission of Sound

The other factor associsted with interiors of acousticsl
spaces is the trancemisgsion of sound. Like sound reflectors
the amount of sound to be transmitted through a surface depends
on its density; although in an opprosite manner, the higher the
density the less the transmission of sound through the wall,

The formulae for calculasting the energy transmission
coefficient of a material can be similarly found as done for
that of reflection,
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Quoting equation (3) sbove

S J—
B1 = A2 -« A1
Al | CONCRETE| Al
and substituting inte (4) @ @ ()
A%-ﬁl:’ = k L____q
3%5? gt | eaca e3C3
A4}
2A1 = A2 = A% Figure 9.3% transmiesion of
01 C1 e aound "I'hr'ough o] Wﬂ“-

2A1-A? - 31%_

2 -8— -8
%

ﬁ, (1+g%§8 = 2

A2 is the
02C2 + @1C1 amplitude transmission
coefficlent,

Energy transmission coefficient (dt) is obtained from

P2
I =2 %

Where I = Tncident intensity

] %_ = transmitted intensity

Therefore tl = ﬂ“ X gic1
et A2
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= L @1C C2
(e2c2 + e1C1)?

If 8101 D) @202

at = LB1CH ggcz
(e1c1)
e O
but if BT e1C1 = P2C2

at = ‘Fa(caz 5
- 1,
Transmission of sound through a well decreases with the
frequency of the gound. A wall consist of two boundaries
that is Air concrete - Alr (figure 2,33)
let 1 = wall thickness in m

k:, = wave number in wall

which 1s -z&_

X = wavelength in wall,
moting the result without proof.

- & e 1C1 2
SRR A AT BE TR T Y ke
2C?
if P1C1 = €3C3, then

-
4 P1°C1
_E?P‘lﬂﬂf cos“1k2 + (B2C2 + 1!‘31!)! ain! 1k2,

but in practice £2C2 >) @1C1.
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Therefore dt =

4
2 .
4 cos (é§51_3 + P2Cc2 2
S 5737 sin 291 1

but at low frequencles

AL

Therefore

4 §1%c1x2?
@ = srplercca™

The atudy of sound transmission in buiidings can not be in
igolnation of noise control, 30 1t will be done under the

chapter on nolse control,

2}9 Geometric:l Factors In —oom acoustlica

The size and shape of o studio affects the general acoustical
condition of the stuvdio. Various shapes ere availsble from
which to choose, but the length should not ve upto 17y on else
echo will be produced Iin the room. In cases where a particular
dimension has to be upto 17m, then the back should be treated
with sound absorbing materials or it should be made irregular
80 as to produce & diffuse sound. GSome typical room plans are

treated below,

2:.9.,1 Rectangvlar Shrpes
Two sets of parallel wells are used. Multiple reflections
take place between the walls and standing waves can occur,

Sound tends to repeat the same path round the room (figure 2,34)
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If the path of sound is equal to an integral number of
wavelenzth, then resonance occurs, Right angled corners
tend to return sound along the direction of incidence or
back to the source, This does not help in diffusing the
sound,
2,9.2 Concave Shapes

Concave shape tend to focus sound to » point and thus
produce a non uniform distribution of sound energy. Figure
2.35 illustrates this point., If a concave shape is in built
in design then the focus should be outside the room,
2.,9.3. Convex Shapes

They tend to diffuse the sound, thereby produce a
uniform sound distribution in the room,

2,10 A t Design of Stu

Room acoustical requirements for recording studios must
be met with greater precision, than is applicable in auditorium,
because the ear is replaced by a more sensitive instruments
that is the microphone which could indicate any acoustical
defect in the studio, A microphone will indicate it
clearly, when the reverberation wi¥ chacteristics of the
room is not optimum, sound diffusion is low, when acoustical
defects like echo, sound concentration and so on are present
and the existence of the faintest noise or vibration,

A wider frequency renge than normal is considered in the
acoustical designs of studios (figure 2,37). The microphone
picks up sound like a person with monaural hearing (hearing

through one ear),



62 -

= S0uRCE

EIGURE 234 RECTANGUAR SHAPE -

N ot
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FIGURE 237 PREQUENCY RANGE CONSIPERED IN ACOUSTICAL TESIGNS . .
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2.,10,1 Acoustical requirements

In the design of recording studios attention must be
given to the following requirements because a studio form
an acoustical link between a sound source and microphone,
These requirements are: (1) An established optimum size and
shape is needed, The size of s studio depends on the function
it is to carry out, this is to say that it depends on the
physical spatial requirements for the occupants, equipments and
furniture, and by the acoustical requirements., The minimum
dimension acceptable is 2,4m, Table 2,3 givesthe spatial
requirements for people in the studio, TIf an audience is to be
allowed in the studio then a separate floor area should be
given to them ,

Table 2.4 shows a generally advocated room proportions
for rectahgular studio, it should be noted that there
are no Universéity or unanimously accepted ones as being
optimum, Room provortions become insignificant in studio
acoustics when the studio is non rectangular, there is a
generous application of acoustical finishes, high degree of
sound diffusion has been provided, the volume is above '710!:3
and when the ideal vekerberation characteristics has been achieved,
(11) A high degree of sound diffusion is needed, This is needed
80 as to eliminate points with noticeable sound pressure so that

microphones could be safely vlaced at any convenient place.
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(11i) Provision of idesl reverberation characteristics,
Shorter reverberstions times are needed for studiocs.than for
auditoriums, Figure 2,30 illustrates the pptimum reverberation
times needed atmid' frequency (500 - 1000Hz) range for studios,
The reverberation time characteristics is of vital importance
to the final quality of the music, L

Recording studios are used for programmes with different
reverberation times requirements and as such a flexible design
is needed, The flexibility can be achieved by using portable
acousticel screens, variable absorbers on wall or celling surfaces
or mechanismg for controlling reverberation time electronicslly.
{iv) Acoustical Defects must be prevented, Spund concentrations,
echos, must be eliminated, FParellel surfaces must be eliminated
in medium and large studios or treated wlth acoustical materials
which are highly abscrbtive throughout the frequency range
vetween 63 and 8000Hz, | o
{v) Noise and vibrations rust be eliminsted, WNoise tend to
distract attention, but a certsin degree of noise is needed to
meke music more enjoyabie, Noise and vibrations control are
treated in chapter 2. |
2¢10.2 Control rooms

This links the recording studio to the outside world,
in that it i{s here that all sound sources are controlled end
‘mixed bvefore our teking it out for processing. Visuzl contact
iz necessary between this room snd the studlos, thisg 1s done
by elther using o wide control window with an mobstructive
view to the studic or by a closed circuit, Visusl unit, If the

studio floor is not more than 75 to 110m°, then the control
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room and studio are placed on the same floor, level, but it
must be elevated {f the studio is larger then this,
The spatial requirements for s control room depends on
the eouipments and how many people it is to aceommodate,
Equipments 1ike the audio consocle, monitoring and telk back
facilities, tape and disc reproducers, tape recorders, effects
rack, intercom key panel end gests for the control personnel,
Reverberation cheracteristics gimilar to that of en
average living room igz needed in 2 contrel room. The recommended

reverberation time is 0,4 sec at the mid frecquency range.,
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CHAPTER THREE
NOISE AND VIBRATION

P N01§e

Broadly speaking nolse is defined as a sound thsast interferes
in anyway with an activity going on in a space, this is to say
that sny undesireble sound is termed as noise by the recipient,
The degree of undesirability will depend on the loudness,
frequency, continulty, time of occurence, information
content and the origin of the sound,

The provision of an acceptable acoustical environment
for various activities 1s the fundasmental objectives of noise

control in buildings.

3.1.1 Effects of Noise

Noise could be distracting. annoying on harmful teo
communication and hexlth, It has been found out that excessive
noise adversely affects the output of workers in a factory
and increase the ~ . 1iability to error, A sudden violent
nolse such as an explosion causes a change in the rate and
regularity of the heartbests and 1s a rreat shock to the whole
nervous system, A persistent series of noise have a cummulative
effect, the first symptom is a violent headache, Temporary and
in some cases perm-nent deafness resulted from prolonged
exposure to nolse level sbove 85dB, hesrt disesse, hypertension
and stomach ulwer can alse result from a proldnged exposure to
loud noise, o

3,2 Noise Sources

Sources of noise can be divided intc two groups depending
on whether they are produced within a room or from an external
source, Noise originating within a building is termed an interior

noise while the one with an external origin is an outdoor noise,
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3.2.1 Interior Noige

Common among the interior ncise soufces ére conversation,
radio and television, deor opening and closing, traffic along
the gtalrecase, children playing =nd so on, Another group of
noise is that produced by rachines and house hold equipments
termed the building noise, from fans, motors, alr conditioners
and so on. In an industry noise is prodaced within the
production hall, offices, cafetaria sand s0 of. Llifure 3,1
show some of the interior noise sources and their levels of
intensity, |

The sound level at any position in the room is made up
of itwo parts, the one directly received and the reverbersnt
gsound, urther away from the noise source the reverbersnt
sound prevails in the room, The distance at which this

happens is termed the room radius (r).

o

Where A = total sbsorption of room in sabins

3.2.72 Outdoor Noi=ze

They includes nolise produced by vehicular, rail, water
and air transportation, Noisze from exnosed mechanical
ecuipments for exammle, cooling towers, nir conditioners
compressors and so on, Hefore giting bdulldings that needs
quite, a preliminary noise survey should always be made,

Figure 3,2 gives the intensity snd sources of some
outdoor nolses. The reduction of the cutdoor neise is
covered by the inverse soucre lawe. A dron of 64B will be
noticerble every time the distance hetween the reciplent end

sound source is doubled,
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3.3 Irsnsmission of Noige
There is a differente between the transmission of zirborme

and structure borme noise, The airborne noise is normally
attemiated by the intervening enclosures and by air absorption,
thereby making it confined to the areas of its origin, In
the case of structure borne noise, the solid parts of the
building structure are set into wvibration, the effect of this
is a miltiplication of the sound = radiating surface and thus
increasing the sound pressure, In some cases the "extension
of the sound - radiating surface is useful, even desirasble,
as for such musical instruments as the cello, double bass,
and piano, In most cases this phenomenon is very harmful",
Leslie (1972).
It is important to note that different methods are

employed in insulating against either structure borme or
alrborne noises, so it must be determined whether the noise

to be controlled is airtorme or structure borne,

3¢3.1 Airborne Noise

Figure 3.,% illustrates the different routes by which
airborne noise originating from one room can be transmitted
into another, These routes are through openings (doors and
windows), ventilating ducte and grilles, crawl spaces, shaft,
gaps and cracks around the pipes, conduits and so on, and by
forced vibration set up in the boundaries of the source room
then reradiated into the receiving room,
3¢83.2 Structure-borne Noise and vibration

They are best treated by preventing the transmission of

the noise from the sources onto the structure, This can be
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done by using flexibe mountings, antivibration pads, floating
floors, for machine produced noise and by reducing impact
transmission into the floor by use of adequate resilient
flooring for example carpeting, rubber tile, cork tile and

80 s0 on,

3.4, Insulation against Airborne sound
The problem of noise control in buildings increased due

to the construction methods employed, Thin prefabricated
building elements are used in construction so as to save
time and money, due to their nature they are not good sound
insulators and as such sound insulating constructions are

needed for sensitive rooms,

3.4,1 Sound Transmission Loss (T1)

This is a maesure of the sound insulation property of a
partition stated in decibels., The transmission loss of a
partiticon is independent of the acoustical properties of the
two spaces separated by it, it varies with the frequency of
the sound but depends on the construction of the partition.
Figure 3.4 defines the transmission loss of a partition
graphically, See Appendix A and B for the sound insulation
values of partitions,

3.,4,2, Single leaf Partitions.

The freaquency of the transmitted sound and the surface
weights of the homogenous single leaf partition are the
determinants of its transmission loss, For a doubling in the
frequency of the incident sound or that of the weight the
transmission loss is increased by about 5 to 6 dB upto a limit

due to flanking transmission, The mass law assumes that there
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{8 a random incident of sound on the partition (figure 3.5),

It should be noted that the transmission loss 1s much
lenma than predicted by the mass curve for ¢ i~ some
freauenciles due to = special condition called the coincldence

eff ect,

3.4.3 Muli:i_nle Fartitions

It is more sdvisable to use a multiple partition in areas
where a high degree of sound insulation is required, than
trying to incressme the weight of the single leaf partition
due to functlional, spatial, structural =amd economic reasons,
and due to the fact that the multiple partition will rrovide
e higher transmission than would a wall with the same weight,
This 45 so6 1f thepe is 3 consistency in the separation, a
maximum distance has been established, a reasonable maximum
total weight has been established, the leaves are of different
materials or same with different thickness, Necise leaks have
been avoided and a continuous layer or patehes 0f sound
absorbing material have been mounted in the air snace,

Figure 3,6 compares effectiveness of a multiple nartition
to 2 single leaf on while figure 3.7 glves the average T1 of
multiple nartitions with different air spaces., Figure 3.8
compares the average Tl off a wall with.. an isolation blanket
with the same wall withoug the blanket,

5. 4,4 Composite Barriers

A composite barrier is a partitlon thal 1is msde up of
more than one . element, It can be a door or window or any
opening incorporated into the well, This opening affects the
overall insulation of the partition, infuct it determines the
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the total insulation property of the partition, Figure 3.9
shows how to calculate the overall transmission loss of a

composite barrier,

3.5 Sound Transmission Class (STC)

The noise reduction (NR) is used for quantifying the
sound insulatiecn properties between rooms because it takes
into consideration the acoustical properties of these rooms,
The Noise reduction (NR) expressed in dB is found from the
formula,

NR =L1 « L2
or NR = Tl + 10log Ag

Where L1 = average sound pressure level in source room,
dB

L2 = Average sound pressure level in receiving
room, dB,

Tl = Trensmission loss of partition, dBE,

A2 = total absorption of receiving room, n?

8 = area of partition, -2. an

sabins

It should be noted that if all the surfaces/the receiving eoom
are completely absorbent, then the Noige reduction will exceed
the Transmission loss by about 548, thereby making NR = T1 + 5dB,

3.7 X t Structure borne ct) Noise

As mentioned earlier structure borne noise travel
efficiently from one paert of a rigid structure to another,
A floating floor or a resiliently supported ceiling helps in
the insulation againast airborne noise (Figure 3,11)., It should
be noted that the addition of a soft floor finish does not
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provide extra insulation against airborme sound but reduces
or eliminates impact noise, other methods employed are, =
floating floor conestruction, resilient mounts, snd resiliently
sugpended solid ceiling, Figure 3,12 helps in {llustrating

the above mentioned points,

3.8 cting Build Co

Three factors are considered before the selection of a wall
or floor construction i{s done, The acceptable or desirable
masking noise in the receiving room should be established, the

level of the existing noise should be known snd the efficliency
of the enclosure should be established,

The masking noise is a melee of various noises existing
in the uncccuried room brought by the mechsnicasl and electrical
services of the building, vehicular traffic and so on, The
masking nolse should be continous, not too loud, unobstrucsive
and should carry he information (intelligible speech or
identifiadble music) for it to be effective,

3.8,1 ¥Malls
Ite degree of efficiency ageinst air borne noise will be

very high 4f, its area have a unifermly distrdbuted maes, its
periphery is effectively sealed (figure 3,13), the construction
is unobstructed both horizont~lly and vertically, and if its
built from structural slab to slab or adequate acoustical
meagures have been taken to compensate for its missing portion
above the suspended ceiling,
The sealant should be a non hardening, non skinning =nd

a nonsetting ceulking compound., Cracks on the wall should 211
be sealed by using plaster on the wall,
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3.8.2 Floors and Ceilings

An acoustically efficient floor ghould provide enough
protection agninst both airbone and impact noises, Suspended
ceilings contribute substantially to the sound insulation of
a floor against both the airbone and impact noises, if the
membrene weight not less then 25Kg/l2, if it is not too rigid,
if all the gaps between it and the structure are well sealed
if the number of suspension points is to 2 minimum and the
mounting is #n resilient hangers and not on rigid ones,
Figure 3,14 shows verious hangers used in resiliently susrended
ceilings,

3.8.3 Doors and lovable Partitions

The overall tranemission loss of a partition {s always
reduced by whenever a2 door is inectalled on it, They consgtitute
the acoustical weak elements of the walls because, their low
frequency resonances occurs at a more critical range of the
audio frequency spectrum, due to the fact that their surface
wieght is smeller than that of the wall and the gaps sround
their edges are passages for sound transmission in cases where
they are not well sealed, Figure *,15 i1llustrates methods
used for sealing sound insulating doors.

The serl slong the perimeter of a -~wnd insulating door
could be destroyed if the deor is of kmkeht light weight
materinl, so0 2 heovy =clid core construction is needed, The
bottom edges of the door could have a replaceable gtrip of
felt or foam rubber attsched to 1t, but a more effective method
is to have 2 dropbar draft excluders installed, they are called
automatic threshold closers (figure 3,15).
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In cases where a very high degree of sound insulation
is required, the doors are built so that a separation between
the two faces of the door is carried through (from edge to edge)
in both directions, It is noteworthy to know that ordinary
doors with leather padding on their surface does not help
in reducing the impact of airborne noises between the source
and receiving room,

Figure 3,16 illustrates a sound insulating double door
with a steel frame, Figure 3,17 compares the transmission loss
diagrams of various door constructions. The difference between
the transmission loss of a wall and door should be kept
between 5 and 10dB,

Sound locks could be used to create a2 high degree of
sound insulation which only an expensive sound insulating door
could provide, doors along a corridor should be staggered so
as to achieve a higher degree of acoustical privacy (figure 3,18).

Movable partitions shoulld provide hoth visual and acoustical
privacy in rooms where their use is employed and they should
not reguire space-consuming areas for storage, Their maintenance
and servicing requirements should be a minimum and the panels
used for constructing them should not warp or twist under
unfavourable conditions of temperature and humidity, Their
acoustical performance covers a wide range and could be as
high as 55dB (STC value)., Figure 3,19 illustrates the
construction of a movable partition.
3.8,4 Vindows

Like doors, they constitute another group of acoustical
weak components. They prowide a direct path for sound
transmission if their pekimeter is not well sealed., They have
the advantage of allowing masking noises to enter the building,
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Figure 3,20 compares the transmission loss value of various
window construction, It should be noted that the transmission
loss value of » window depends on their thickness, number in
use and the relstive positions of the panes, Figure 3,21 gives
the the ranges of sound insulation property of windows, The
distance between the panes in the window have an effect on the
average transmission loss, in that it increases it with an
increase in the distance, but Mg cnses where the distance can
not be increased upto a certain limit, then a thicker pane
should be used.

For better acoustical efficiency each pane should be of a
different thickness or weight per unit aerea, this will help
in eliminating resonance and acoustical coupling, The addition
of sound absorbing treatment around the perimeter and the
avoidance of parallelism between the panes will increase the
transmission loss of the window, Figure 3,22 shows the
construction of a control window,
3.8,5 Discontinuous Construction

This is a type a construction whereby the whole room is
built within a shell, This is done for rooms requiring a very
high degree of sound insulation against airborme, structure
borne and vibrations, The normal practice is to have a floating
floor and a resiliently mounted suspended ceiling figure 3,23,
The room is accessable through a sound lock,

3.9 Control of Traffic Noise
This can be done through Architectural design and by

enacting laws governing the use of vehicles which should include
speed 1imit, number of stops a2long the route, reduction in the
number of vehicles and so on. Architecturally this could be
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done by proper zoning of activities on the site and by use of
distance and barrier. There is a correlation between the
effective height of a barrier -nd‘itl noise reduction value
(figure 3.,24). Use of yreenery ‘..k:hmba and grass help in
reducing the traffic noise, The reduction is about double

of that to be received if the surface between the road and the

building were a hard one,

3.10 nt of Mec N Vib

in the control ofi mechanical noise the complete elimination
of it is not the objective, but its reductions to an acceptable
level, due to its importqonce as a mesking sound, Mechanical
noise 1s genersted by the ventilating, lightinz, hezsting,
plumbing systems and other machineries in use in the room,

The control of mechenical noise and vibration is the
responsibility of a mechanical engineer, but its knowledge is
important to an Architcct due to the fact that he does the
roning of activity on the site, and should know the spatial
requirements for duct works in order to design a building
where these equipments »nd machinery could be incorporated
aesthetically.

3.101 Sources of Mechanical Noise =nd Vibration

They can be grouped into four categories,

(1) Self noise, This is csused by the high velocity of
airflow ~round sharp bends or turbulances created by the
grilles, diffusers, dampers or pressure regulsztors in use in
the buildings,

(11) ZExterior noise, This is treansmitted through exposed
parts of the duct into the building, This group of noises are
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from the exterior sourcers like vehicular traffic, noise from
electric generastors and so on,
(111) Mechanical euirment necise, They are crused by individual
air conditioning systems or by fonsg, motors, compressors or
pumng and so on from the centralised ventilating systems., They
cculd also be crused from the machinery in use in the room or
by the lighting fi:tures, This groupo:noiac can affect rooms
that are not gerved by them,
(iv) The last cotegory of noise ls that of cross talk from one
srace t0 another, The noise travels through a supply or returm
duct work irresprective of the direction of airflovw,
3.10,2 Noise from Plumbing Sygtem

Cenerslly spee¥ing the intensity of nolses from these
syaterms is not high, dut {t can be snneying and embarrassing,
Noise from nlumbing systems could corme from any of the sources
mentioned below, cérainecge of water, hammering cauced by the
sudden interruption of w-ter flow, turbulent flow of water,
pump noise csused by motor driven pumps, loosze or defection
from parts of fixtures, running and splashing of woter wvhen a
bath tub is being filled or a rhowver is being used and by the
entrarped alr in the plumbing system,

To reduce thiz cetegory of noise, the best procedure is
to suppress it =t the source by installing supply end drain
pipes 2s far as possible from the quite areas, Transmission along
the pipe can be reduced by inserting » flexible pipe between
the sources and metsl pipe,

In 2 mueic industry noise from plumbing system does not
congtitute a2 major problen in that the aress that need the water

are nlaced far from the acoustically sensitive arees,
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3.10.3 Noise from Ventilating and Air Conditioning Systems

The level of noise created by airhandling systems should
be about 5 to 15d4B below the desired level of background noilse
in order not to interfere with intelligibility in rooms used
for listening to music, In other rooms like the offices,
restaurants and so on the aims is to create a balance between
the mechanical noise and other noises., The noise here should
be reduced upto a level that it would not interfere with the
desired activity, This level is given by the noise criteria,

For a successful control of ventilating and air conditioning
noise, the principal noise producing parts should ell be treated
These are the (i) central mechanical equipment (ii) The supply
and return duects, and (1ii) the suvply and return grilles,

The central mechanical e-uipment should be placed far
from the noise sensitive rooms and it should be a quietly
operating one, For the recording studios a low velocity system
should be used, Figure 2,25 1illustrates the method of
installation of a machinery on a floor, Additional measures
that could be employed in control noise from ventilating system
are:

(1) use of noise absorbing wall linings (figure 3,26),

(11) use of bent ductwork system,

(111) supporting ducts by resilient hangers (figure 3,25)

(iv) Acoustical separstion of ducts from walls and floors at
points of penetration,

(v) use of silencers (figures 3,27)

(vi) Absorption of noise within the room supplied by air

(vv) The use of seperate duct work for each room will help
in the reduction of cross talk (figure 3,26),
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3.11 Vibration

Vibration is the movement of s structure brought about by
some altermating force. This can be transmitted to distant
parts of the structure and reradiated from the surface of the
structure,

Vibration may, damage a building, annoy the occupants,
interfere with work and harm precision instruments, and it may
cause noise if the rate of vibration is within the audio
frequency range,

Vibration isolation could be achieved by either the two
systems mentioned below, active or passive isolation. In active
isolation the transmission of vibrations from unbalanced forces
from a machine to its foundation is prevented while in passive
isolation the vibrations from the substructure is prevented
from reaching the machine mounted on it, this is the systém
used in the instellation of precision instruments,

The sources of vibration has a driving frequency, while
the isolator has its own resonant frequency. The degree of
insulation tc be achieved depends on the ratiec of the driving
frequency and the natural frequency. It should be noted that

no isolation will be echieved if the resonant frequency
is greater that the driving frequency, and the situation will
be worsen if the frequencies are equel or near eoquel,

The vibration isolator is either of the following,

(1) A resilient floor mount (steel spring, air springs, rubber,
cork, f2lt, neoprere, precompresc<ed fibrous glass »nd so on),

(11) Resilient ceiling hanger (spring, neoprene and sc on)
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(111) Resilient wall isolator (isoletion clip, resilient
wall brace).
(iv) Flexible hose (stainless steel, reinforced rubber,
molded teflon, flexible butyl and so on),

312 Noise Criteria

These gre the limits set to the acceptable levels of

intruding noise for various occupsncies,

5¢12+1 Damage to Hearing

The ear is sensitive to sounds within the audio frequency
range of ZOHz to 20,000Hz. The normal hearing curve is
between 25H, and 18,000H,, for frequencies and between OdB and
130dB for sound intensity (figure 3.29). Above this range the
ear is subjected to damage, that is when the sound pressure
level is upto the threshold of pain (figure 3,30). It should
be noted that this level of noise do not normally occur in
buildings, but levels high enough to cause temporary or
permanent deafness do occur in industries,

Various noise criteria have been established so as not to
expose people to the danger of the commulative effect of loud
noise, One of these criteria is the Walsh-Healey public
contracts Acts (revised in 1969) of the United States, established
the maximum level of industrial noise that employees could be
subjected (figure 3,31).

The dose (P) can be cslculated using this formula,

D= C1 + C +
T%' T; + C gﬂ
¥ T
¥here C1,.,Cn = expected exposure time in hours

T1¢eeTn = Permissible exposure time in a day

in hours,
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3¢12.,2 Maximum Permisgsible Background - Noise lLevels

Thegse are the permissible levels of background nolse
that will not interfere with an activity, They are normally
gspecified in terms of noise criterion (NC) curves, illustrated
in figure 3,32,

Table 3,1 gives the value of the recommended background
noise for specific activities, The noise criterion is
similar to the noise rating curves which was established by
the intermational organisation for standardization, used
mostly in Furopean practice, It is noteworthy to know that
the intruding noise should be meaningless, but if it carries
an information then other criteria apply.
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Type of room -~ - NC number
Concert hall 15-20
Radio or recording studio 15-20
Opera house 20
Legitimate theater 20-25
Music room 20-25
Television studio 20-235
Executive office 20-30
Classroom or lecture hall 25
Motion-picture studio 25
Conference room 25-30
Church or synagogne 25-30
Courtroom 25-30
Assembly hall or school auditorium 25-35
Home (sleeping areas) 25-35
Hotel or motel 25-15
Motion-picture theater 30
Hospital 30
Semiprivate office 30-35
Library 30-15
Business office 35145
Restaurant 35-50
Drafting room 10-45
¥ Cymnasium 45-50
i Typing or accounting office 45-60
Coliseum 30

TABLE| 5| PERMISSIBLE BA ols,
|~ TIEARSAE BACKGROUNP Noist Forc_\famloUs



CHAPTER FOUR
CASE STUDIES

4,1 Criteria for Choosing Csse Studies

The following points were taken into consideration before
embarkine on the case studies,
(1) Type of construction used.
(14) Zoning of activities on the whole layout-
(141) Accessibility to the public.
(iv) Source of power and water.
(v) DNumber of recording studios in the industry =nd the methods
of control employed.
(vi) Type of insulsters and absorbers employed in the
recording studios.
(vii) Expancion possibilities on site.
(vii1i) Parking facilities aveailesble on site -

(1x) VWelfare service on site,

4,2 B Nigeria Limited

It ie a company that specialises in the recording of Music
and the production of prerecorded cassettes,

L,2,1 Site/Zoning

The site is found along Oregun road in the Ikejs ares of
Lagos, and is sbout 1400m° out of which 396m° is built un.
There is an attempt at zoning of the activities on the site.
The recording studio was rlaced far from the road,offices were
not rlaced on the studios, The zoning was destroved by attaching
the central #ir conditioning plant to the wall near the recording
studios,
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4,7,2 Construction Methods

The building is on two floors, and the structural
system used ig a beanecolumn construction roofed with
corrugated metal sheela, The walls are of sandcrete blocks
2%0mm thick and nlastered both internally and externally,
The building needs renovation, due to the fact that cracks
are very visible in some narts of the building, Repaintifig of
the whole building :As needed.

&4,2.3 Accessibility
The site is accessible from Oregun road, Fefore going

into the company a Security check is performed on you.

L,2,4 Fower and Water Supply

Electricity is suprlied to the company by the lastional
Electric .}‘owcr Authority but the company has its own standby
generstor, 7Theére is a water tank on the site, Uverflow of
water from the tank has defaced the structure carrying the tank,
The fuxxk coumpany is linked to the outside world with the telephone

line, this is needed for easy communicstioén,

4,2,5 Recording Studios
There are two recording studios in this comp-ny, en
elght ond ¢ 24 treck studios, The eight track studioc is also
being used for guditioning, Fech studio is linked to » control

room, and entrence to the studioc is through 2 sound lock,
There {e = problem of storege ares for studio ecuipments and
the number of studios ere not enough,
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4,2.,6 Acoustical Considerations

The walls of the recording studios and control rooms are
all lined with sound absorbing materials, Variable reverberation
requirements are achieved by the use of movable partitions and
electromically, The cellings of the studios are not parallel
to the floor slab, Noise insulation value is upto an acceptable
value,
4,2.7 Parking

There are no defined parking spaces and as such parking
is not well organised,

4,2,8 Welfare Facilities on site

The number of staff are few and as such a canteen was not
provided, There is a sleeping area for overnight Artistes who
can not afford the high hotel bills, The toilets are very few
and far from the people it is serving,

4,3 Record Manufacturers Nigeria Limited

They are concermed with only the manufacture of record

discs.

4L,3,1 Site/Zoning

The site is about 2&50.2 and a built up area of 950-2.
The administration area is structurally seperated from the
production area, with the welfare areas further away. Zoning
was done, though it was based on function,
4,3,2, Construction Method

The administration area is on a two storey building.
The elevation is a skeletal rectilinear one, a beam-column
construction, The production area is constructed of steel
columns, supporting steel frames with a corrugated metzl sheet

covering,
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4,3.3 Accessibility
The site is accessible from the ACME road,

4,3.4 Power and Water Supply

The pompany has its own stand by generator, but the
major electricity supplier is the National Flectric Power
Authority, There is a large water storage tank on the site,
to cater for the large quantity of water needed for the

production of record dises.

"o 3.5 Parking
There 1s a seperate parking for the staff and visitors,
The visitors are restricted to the entrance area of the

industry.

4,3,6 Welfare facilities on site
A staff canteen is provided for the employees, Toilets
and changing roomes are also provided on the site,

4,3,7 Inspection areas.
The room used for the visusl control of records is not
well lighted, while the listening room is not adequate,

There is no mother control room in the industry,

4,3,8 Matrix department

The area near the electrolytic besth is waterlogged,
Methods of draining water should have been incorporated in
the design,
4,3.,9 Ventilation and Lighting

The design was done without considering the possibilities
of using natural ventilation or lighting, this is to say that

the design is insensitive to environment,
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4,4 Austr Broadcasting Corporat ABC

Radio Accommodation in Hobart, Tasmania
4,4,1 Site/Zoning,

Zoning of functions was done, the sub station is placed
away from the acoustically sensitive rooms, The Auditorium
rooms are also placed away from the recording rooms, Offices
are on the first floor while the 2nd floor is occupied by the
central =ir conditioning plant,

L, 4,2 Construction Method
The structural elements are the beams and columns, Most

of the partitions are of timber construction,

4,4,3 Accessibility
The site is accessible to the public, There are seperate

staff and visitors entrances,

4,4,4, Power Supply and Telephone
The radio station have its own sub station, Telephone
as a means of communication is important in a radio station

and as such this station have this link,

4,4.,5 Recording Studios

All the recording studios are linked to a control room,
Entrance into them is through a sound lock, 3Some of the
recording studios are used as control rooms also, There is a
large production studio for accommodating a large audience,
The noise in the music studios is 20,
4,4,6 Acoustical Considerations

All the floors in the building are carpetted, This is
done so as to insulate them against impact noise, The ceilings

are of acoustic tiles. Walls of acoustically sensitive rooms
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were finished with sound absorption materials on both sides.
The dcors have high acoustical value, their perimeter 1s
sealed with sound sbsorption materials, There are windows
to the outside of the studio, and they are of sound
insulating glass, The advantage galined in saving lighting
cost is lost In sound insulating the windows. The partitions
are of timber construction, this is why the thickness is
more s0 as Lo glve the recuired sound insulstlion needed,

There ere offices on the recording atudios this has
increased the cost of building due to insulation costs,
This was necesgse-ry due to the fact that the site allocated
for this nurpose was limited,

4,4,7 Parking | -

Staff parking is seperated from the wisitors varking
this is good dues to the fact that a large number of people
vigit the station for various programmes, and as such traffic

1f not controlied will be confusing,

4,6,8 Velfare facilities

The toilets are placed on the remote side of the
bullding and have a biriek wall arcund them, There ig a
gtaff canteen on the first floor of the building away from
the recording studios,
L, 4,9 Others

The positioning of walls and some columng did not
follow the grid pattern of the design, this is an uneconomical
way to design., Ambient noise 1s incressed in rooms where
the recording instruments and session take place in the aare

place,
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4,5 RC MITED, AUSTRALI

4,5.1 Site/Zoni

The buildings cover 3260m° of the site, but the gross
floor area is 3500m2 of which the production and storage
2, administration and service offices 9h0n2.
technical services 360!2. The administrative and production

comprises 2200m

wings are structurally senerate,

L,5,2 Construction Method

The walls are of sandcrete blocks, The roof is of a
hollow core slab suspended from the column, This mzaterial
makes the mmof lighter than it would have been, if the it

were the normal concrete slasb that is in use,

4,5.,3 Accessibility

The entrance to the site leads one to the administration
area, from here the cther sections could be reached. The
raw materials and finished goods are shipped in and out

through the side bounded by the sea resprctively,

L,5.4 Power and Yater Supply

Beins 2 large industry it has its own electric plant,
There i=s a water storage tank, which i1s necessary for the
running of the industry.

h.5.5 Recording studios

There are four recording studios and two recording booths,
Ezch studio hes its own reverberation chapacteristics to
suit different acoustical requirements, There is a single
control room, Control i3 through the use of audio-visual
aids, This is good because it eliminates the cost to be

incurred in dbuilding control rooms for each studio,
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The studio are accessible from an office area, this is not
gdod because ©of the nrnecd for an expensive sound insulating

door,

4,5.6 Acoustical Considerations

The walls of the recording studios are lined with sound
absortive materials, There is the avoidance of parallerism
between the ggéggdgg‘thc biggest of the studio, The wall of
the | zl_;booth facing the press room is of a double thickness,
this is done s0 as to increase its sound insulastion property,
There 18 a wet moat around the area used for recording, this
restricts the distonce of ve icles and people to the walls
of the studios and as such save money to be used in sound
insulating them,
4,5.,7 Parking

Most of the parking Is done In front of the Administrative
builéing, which 1s a structurally seperate building from the

production buildine,

4,5,8 Vielfars fzellities on aite

There is & staff cafetnria for serving mesls, There are
toflets and eh nging rooms in a near central portion, The
toilets nre sharing e wall with the conference reom, This is
not zood due to acoustice) reasona,
4,5,9 Others

On the whole the design is aesthetically sound and is
gensitive to the aite conditions,
4,6 . Typicel redio Studio puite of ilsce de Fndio Cenads,

Montregl.
Fntrance to the radio studioc is through a sound lock,

this helps in eliminating the use of expensive sound doors,
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The walls are treated accoustically and the contrel window is
of a sound insulating construction, A storage areas is
attached to the studio., See accompanying figure 4,5

4.7 ZIelevision Audience studlo of Place de Radio Canada,
Montreal

Most of the wall is of a multiple partition and the
interior wallsd®@ treated with a sound sbsorption material,
The studio is linked to three seperate control rooms,
through control windows. The reververation characteristics
is controlled by use of movable partition (used for creating
scenery) and by use of a flexible thick curtein, See the
accompanying figure 4,06

4.8 Conglusions
From the studies cone above certain conclusions could

be reached and these are as follows.

4,8,1 Zoning

The activities should be divided into those requiring
a hdgh degree of nolse insulations and those that dont,
The design should locate areas that are sensitive to noise
on the reuotest pait of the site,
4,8,2 Valls

Materiels that are dense ghould be used because, they
offer a high degree cf insulation against noise, snd could

be used as sound reflecting surfaces within the studios,
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4,8,3 Services

There should be a standard Electric generating plant
on site in case of Electricity faillure or inadequacy. Water
storage facilities should be provided also, Telephone should
be provided also, Telephone should be provided to the
industry and there is the need for a central Air conditioning
plant for the recording studio., Artificial lighting is also

more favourable than the natursl one in the recording studio,

4,8,4 Acoustical treatments

The recording studios should be treated generously with
sound absorptive materials. The reverberation characteristics
can be changed by designing either, different studios with
differing reverberation characteristics, same studio with
variable acoustical treatments, studio with movable screens
to be used for different requirements or electronically if
the designed studio 1s a "dead one",
4,8,5 Control rooms

Each studio should have its own control room, and access
should be through a sound lock, In across areas with advanced
technologyyone control room could be used, with audio-visual
aids linking all the studios to it. The control rooms should
be treated with sound absorption materials,
4,8,6 The Site

It should have an expansion area, since all industries
tend to expand ~ftor come veHmj.'nm}‘lr:tisoix;ucosr?t‘gtfc&eo :ne where
acoustical 4 will not be needed, this is to say it
should naturally prodide the insulation itself,
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4,8,7 Constructions

The administrative, Production and recording buildings
should be structurslly seperate, This will help in
removing the cost of to be incurred in vibration isolation,
Inexpensive constructional solutions should be provided ,
but economical ones are better, There should be a strong
functional link between the recording studios and the
production ares. The recording studios can be termed as an

guxilliary production area.

4,8,7 Security

A workable Security network should be incorporated in
the design, It could be from the entrance, where Security
checks could be performed or within the industry with
Security posts designed,

4,8,7 Welfare Services
A resraurant and toilet facilities should be provided
for the employees,
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CHAPTER FIVE
50 SITE.
5.1 Location gGenergll

The site is in Kaduna, Kaduna is located on latitude

L L
10°ID N and lengitude 7°30 E. Kaduna town was chosen for
locating the music industry because of the following reasons:

(1) It is shightly north of the centre of gravity of the
northern Nigeria, and as such the music industry could serve
the region efficiently.
(11) There is a good communication network between Kaduna
and other major towns in the country, This communication
network includes the, telephones, air, road and railway
(figure 5.1)
(111) 1Isolated from existing cities, thus free from local
political and religious complications, This is needed for
music production which is a reflection of the types of
society.
(iv) Availability of Services

The town is limked with the National Electricity supply
grid, this is needed for the rumming of the industry,.

The town is adequately supplied with water,
(v) Industrial nature of the town, Faduna is more of an
industrial town than a commercial one, There are advantages
gained in siting an industry in an industrial town, and these
advantages are meant to be exploited by this proposal.

5.1.1 Site Location

The site is located in the southern part of the Kaduna
capital territory, called Kaduna south, Kaduna south consist
of two indigenous villages, Barnawa and Kakuri, The site is
in the industrial zone of Kakuri village along the Nassarawa
road, Figure 5,2 illustrate the location of the site,
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5.2 Physical features

., The most dominsnt physical festure in ¥aduma is the River
Kaduna, it is sn important tributary of the River Niger,
Kadunn ig founded on a rnlliing Platesu sbout 72,000 feet
above sea level with a monotomnus open grassland rolling
country broken in many vlaces by s0lid gronite domed inselbergs

which are severrl hundred feet shove the surrounding plain,

Broad shzllow valleys dissect much of the Plateau surface
with some of them being dry for most part of the year, The
valleys are the only areas of extensive woodland, sapart from
the small forezt reserves locsted in the west and north of
the town. Continous cultivetion and bush fire deforested
moat part of the town,

. The Kaduna diestrict 1s underlain by granite rocks of the
basemmnt complex which have woathered in most areas forming
layers of time textured soil. There is n physical lénmit to
development in Keduna by land liable to flood, many small

streams and numerous rock outcrops.

5.3 Morchology

The plan of Kaduns wss drawn in 1913 before the beginning

" of the major construction worka. The main residentlal,

administretive, comierclel and militsry arecs are in the northern

district of the town, while the industrial area is located in
the asoutherm district consisting of two indegenous villages,
5.4 Coumerce and Industry

Kaduna town ig more of an industrial than a commercial
city. The industries are the largest empleyers of labour,

notably, the textile industries, Brewerles end so on,
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The main commercisl area is in the Kaduna North, The
central business district s along the Ahmadu Bello VWay,

and the major thoroughfare of Sagbon gari,

505 5011

~ The =oil type in Kadunas bélengs to whet 1s ¥nown as
the "Zsria" rnoldl group, Tt have a covering mesterial which
ney be upto 4,7 metres deen, It is foermed cof a fine terture
and tends to btecome weterlogged with a heavy downrour on the
one hmd and cracks during the dry serson, This type of soill
favouras the growth of cotton. There is no known minersl

deposits in Ksduna,

5.6 Climete ond Vegetetion

56,1 Vegetstion | '

The vegetstion in Kaduna lg the type gZenerally found
in the North guines zone., It conslsts of “orchard buch®
a continoug cover of well develoned tresg =ome may reach §
to 15m hilgh often dense. This surpressecs the grass
sround it, The various activities of man has modified the
vegetation now, most places in the town are either open
or have park-like grassland, withk only = few patches of
fore«t reserves, |
5.6,2 Temperature

There 1s a marked degree bf fluctustion between the
dey and night temper:tures in Kaduna, After a very hot day,
the night can be very cold, The hotte=st menths are between
March and M-y with 2 peak in April, The temperature then
becomes relatively stable unto October, then it falls down

te form the cold monthe of the yeer (figure 5,3).
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5¢6.3 Rainfell

There are tvwo distinet seasons in Kaduna, the dry season
from hovember to March and the We¥ (rainy) season between
April and Qctcber, The dry seascn brings the harnattan wind,
which 1s ladden with dust, cold and dry, blowing from the
north east, loisture ladden wind blowing from the southwest
brings along the rains. Paradoxically rainstorms which are
preceded by driving wind and are usually violent with thunder
end lightning comes from the North east, Figure 5.4 {llustrates

the mean rainfall det= over a year,

5.6,4 wind

The wind direction is not constant, it keeps changing
and so does the velocitv, The wind moves fastest during the
peak periods of harmattan, This is to say between December
and February (Figure 5.5). During rainstorms the direction of
the wind is from the North east, so also is it during hermattan,

5.6.,5 Felative humidity

This is a measure of the moisture content in the air,
Figure 5.6 illustrates this point, The maximum humidity
period is during the months with the highest rainfall value,

5.7 Criteria for Choosing site
(1) The site should be one that would be easily reached

(accessibility)

(L1) It should be one where minimum sound insulation will be
required.

(141) It should be large enough to take care of expansions,

mOst especially in the production areas,



S = . Y ' ?f’_._..,_.__.r__
MONTH JAN. | FEB. APR. MAY JUNE JUL. | AUG. sEP | DCT | NOV. DEC
Sl Bl lﬁL IL_i____- ks

: f;|6L_Rf: 5-5 MEAN mmm—j WIND vi’tmn'g.

-

'_} |

y » % 5 ¥ O

S—

REATIVE HUMDITY W % AT 09 6m

Mont LA |Fee | MR | AR |y | DuN m[mﬂlor.f wov | pec.

FIGURE 56 MmeAaN MON‘lH.Ul RELATIVE  HUMRITY.

#



- 124 -

(1v) Services like 'lectricity, water and telephones should
be found near the site for easy tavning,.

(v) The site should be flat or relatively flet end the
ground cshould gﬁ:::Lugh to be able to carry the subetructures,

(vi) Site should be one that could be essily required,

5.8 Site Analysig

The site ls bounded on the west by the stresm on the
North by lemaco enterprises Limited and by Nassavewa road
on the east and south, The arec is about twe hectares, The
major source of noise near the gite is from the road. There
ere two major footpathes on the site one links Nagserswa village
to the road and the other running from North to south, The
gite is bare with no tree on it, although the =01l is good
for agriculture evidenced by the fsct that it 1s used for
this purpose now, The gite slones towards the stresm with
am easy grade cf 1,0%, This can be exploited for drzinage
purroses, There is a mechsnic shed 2nd a small portion used
by fish sellers on the southern »n=rt of the site, Refuse
in the form of scrap metal is being dumped on the site. The
untarred pert of the Nassarawa roa2d is now under construction
80 it would be trested as a tarred road in the design,
See figure 5,7 for the complete site snalysis's diagramme,
5.8,1 Site advantages
(1) The site has on easy nsccess from the Nassarawa road,
This road 12 not a busy roesd due to the fact that it leads
to 2 squatter settlement,
(11) There is the availability of services near the site,
they include the telephone line, electricity znd water,
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(1ii) The site is relatively quite, The activitfyes around
it are not nolsy ones,

(iv) The site slopes towards the stream, This helps in the
natural drainage of the site, snd could be used in designing
an economical and efficient drainage for the industry,

(v) The stream naturally restricts the development of other
activities towards the site, This is good in that we can

be certain that the other activities to be sited around it
will not imkmxrys intefere with the functioning of the studios,

{(vi) The soil type is good and stable, and as such will not

require an eypensive substructure,

(vii) Bush clearing will not be required here due to the

fact that there are no trees on the site,

58,2 Site disadvantages

(1) The lack of trees, means that all the ones that would
be required have to be planted, The planting can be: done
before starting the construction work or they could be started
at the time,

(11) The refuse and scrap metsl dumped on the site has to be
cleared hefore construction work begins,

5.9 Conclusion

The @divantages tc be gesined by using the site

outweigh the disadvintages, therefore it would be =2 wise
decision if the project is implemented on this site., Without
saying it, the site fulfils most of the conditions needed

for the choice of site for acoustically sen=itive projects,



CHAPTER SIX
PROJECT REPORT

6.1 Architects Brief

The design of a music industry is required in Kaduna,

6

Music is going to be recorded and the production of record
disc and cassettes is envisaged., The following departments
are needed in the industry: Administration, Marketing, Welfare,
Recording and Production,
6.1.1 Administration

Offices are needed for the deaily running of the industry,
A conference room and a library should be incorporated here,
The staff and activities to be accommodated with their

required areas are as follows:

Staff Office Area
Entrance lobby/Security 18m?
Receptionist/Waiting room 36I2
Telephone room 18|n2
Public relations officeér 36m°
Library 54m°
Compactus 12m°
Hegistry 56n2
General Officer 16m°
Personnel Manager 36:2
Secretary Typist for above 18n2
General Manager 36m°
Secretary Typist for above 18m°
Photocopy room 12!2
Conference room Lom?
Total Ares 386m°
Add 10% for circulation 38,8m°

Crand Total Area hzﬁ.alz
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6.1.4 Recording Department

Rooms requiring different acoustical qualities are
needed for the recording or rehearsal of music, It will

also include storage area for equipments end tapes,

ROOM/ACTIVITY AREA
Security Office 12m2
Receptionist/Walting room - 5hm2
Producer?s Office 24m?
Store for tapes P 15m°
Recording Studio I ' h2m2
Recording Studio IX L | 42m°
Control room I - 30m?
Control room IT - 30m°
Rehearsal/Orchestra Studio ' : 54m2
Control room for above ) olm?
Rehearsasl Studio II o 24m?
Editing room o | o 12m?
Auditorium/Recording Studio o Z&mz
Control room for above . S 12m°
Sound Locks B 36m°
Equipment store L 15m2
Demos Store S o | 150°
Tape-Tape transfer room - 36m2
Tape ~ Disc transfer room o 36m2
Total Area - skog?
Add 10% for circulation : - 54m2
Grand Total Area ,zgggfa_

6.1,5 Production Area,.



-1m-

ACTIVITY AREA
Production Managers office 36;2_
Laboratory 36m>
Matrix department 105m?
Raw Materials store 108m2
Press room/Maintenance 180m°
Inspections 36m°
Finished goods (records) store 10Em?
Stamper/Tape store 15m°
Raw materizls (cassettes) store 48m?
Production hall 60m°
Wrapping and packzging 30m2
Finished goods (cassettes store 48m°

Total Area &16m”,
Add 10% for circulstion 81,.6m
Grand total 897, 6n°

6.1.6 Auxiliary Areas
These are sreas designated for vehicular parking

and technical services,

Activity Area
Vehicular Parking (uncovered) 70&;E
Vehicular Parking (covered) 156m°
Generator house 15n2
Mr conditioning Plant 30n2
Gate House 12m°
Manouvering areas 1.55212

Totel Area 2, 769m°



- 131 =

6.2 Design Concent

The best concept used in industrial design is the
functionality concept., In this type of concept, the
functional flow is given more consideration than the others,
But in the design of acoustically sensitive bulldings, the
zoning concept based on the noise criterias for the activities
is used, Therefore, a marriage between these two concepts is

needed for a functional and economic design,

6.2.1 Functional Diagrams

Figure 6,1 illustrates the general Tlow of people and
vehicles in the industry, Figure 6,2 is an illustration of
the production process from the artiste to the record disc

or cassette as the case may be,

6.2.2 The Noise criteris for the different activities on the
site is as follows. The noise criteria for the conference
hell, library and offices of the senior staff is from 30 to

40 4B and 1t is higher in the typing offices (40 to 50dB).
Recording studios should be placed at the quietest part of
the site, because their noise criteria walue is the lowvest,
between 10 and 2048 is sccepteble, It is a 1ittle bit higher
for rehearsal studios, about 30dB is acceptsble., In the welfare
department a noise criteria value of between 35 and 45 dB is
acceptable, The production areas should be placed away

from the studios tecause the presses used in record production
produce noise, A nolse criteria value of between 50 and 75dB

is allowed.
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FIGURE 6| ﬁmm
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It is 2dvig~tle 4o s=ite the production area in a place on
the site where it can shield the recording areas from
external noise,
6.2.3 Concept chosen
Figure 6,3 1illustrates the concept that was chosen

for this design, 7The production area was sited near the road
for essy accessibility to trucks and for it to shield the
studios from the traffic noise, The pedestrian, small
vehicles and trucks traffic are seperate znd controlled
from the gate house., 7The welfare section is placed in a

central position so that all sections would enjoy its

services,

6,3 Design
6.3.,1 Site Plan

The desirn was done in such a way as to fit into the site,
The =ite has 2 gentle slope towards the western part, this
meanag that, the buildings should be sited in such a way as
to 2llow the longer sides to face East and West for drainage
purposes and to avoid cutting and filling, The administration
block could have bheen made one long block, but this was not
done, sc 28 to cut down the distances between offices at
the two extremes,

Three courtyards are designed for the industry. Two of
them are principally for ventilation and lighting purposes,
vhile the third ore is a landscavred one, to be used for
outdoor esting and seating area. Figure 5.4, gives the
details of the site plan,
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6. 3.2 Plans and [levations

The administration building being the "power block" is
housed on two floors, while the other departments. are on a
single floor, This design solution helped in maintaining
the general townscape around the site. The plans are all
retilinear in nature, the elevations (Front, back and right
side) are skeletal rectilinear with the left side elevation
being planer rectilinear (see figure 6.5 and 6.6).

6.3.3 Structures

The structural elements in the administration block are
the columns and beam spaced at a distance of 3,6m, The roof
is of a timber truss and the covering is of Aluminium roofing
sheets, with a gutter to collect the rain during rain, The
production area have concrete columns and spaced at 6m distance
with steel long span joists (top chord pitched two ways,
underslung) forming the roof structure, The roofing sheets
are also of corrugated aluminium, The walls are of 230mm
bricks, plastered both sides and painted.
The ceiling is attached to the underside of the bottom chord .
In the recording studio concrete portal frames are used, they
are spaced at 6m, A concrete slab is used for mofing the
recording studios due to its superior acoustical quality
over metal roofing sheets, A suspended ceiling is designed
for the recording studios for acoustical reasons also,
The walls in the studios are 23%0mm thick, mace .f brick,
The welfare section has a similar structural solution as the
production area, but is slightly different from it, in that
its walls are 180mm,

The administration, production, Recording and welfare

blocks are structurally seperated but functional linked,
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6.3,4 Services
The recording studios are ventilated mechanically,

A central air conditioning system is used for this purpose.
A1l service ducts and ductworks are done within the space.
between the suspended ceiling and roof, In the production hall,
ductwork and condui¥® sre to be passed between the webs of
the steel Jjoist,

6.3,5 Dralnage

Roof gutters are incorporated in the design, The
construction material is concrete and the outlet points are
coordinated with the structural grid of the building.
Their contents is then drained into the gutter on the goound
which {s running round.the buildings., Surface water will be
drained into the stream on the western side of the site, while
the effluent water and other wastes from the industry will
be treated before disposal,
6.3.6 Acoustics

The acoustical requirements of the rooms were taken into
consideration in the design, The recording studios need the

amount of acoustical Privacy-

highest studios have wyariable sound absorbers on three of
their four well surfaces, The fourth well have control window
and a door on it, they are of sound insulating materials,
The control room and recording studio are entered through a
sound lock, The advantage of a sound lock construction is
that it elininates the use of expensive sound uinsulating

doors. The walls here also are treated wlth acoustical materials.
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The rehearsal studios have s£lit resonators with sound
absorbing porous materials as the absorbers, The reverberation
time designed for this room is Q.4 secs, which is the
optimum acceptable for music over the frequency range of

63H, to 8,000H,.

The control roms have - roverberation time of 0.4 secs

also, this is goed for easSy monitoring of the music,



BIBLIOGRAPHY

1 Askill, J. (1979). Physics o llusi unds.
D, Van Nostrand Company, Iinc,

2. Doelle, L, L, (1965). Acoustics in Architectur
Bibliography No, 29 of the UE%Iann of BﬁIIglng hesearcﬁ

Ottawa.

3, Doelle, L, L, (1972). En nmental Acoustics.
McGraw=Hill Book Company,

4, Fansworth, P, R, (1969), The Soc Pgsycologzy of Musi
The Iowa State University Fress,

5. Gyan, (1985), Acoustics, Unpublished Fart III lectures,
Department of Architecture, Ahmadu Gello University, Zaria,
Nigeria.

6. Josephs, J. J, (1967), The Phvsics of Musical Sounds.
D, Van Nostrand Company, Inc,

7. Kinzey and Sharp, (1965). Te;?gg}gggeg in Architecture
Prentice-Hall, Inec, °P, 318=- .

8., Kyentu, D, 2, (1979). Factory for Rezords and Tapes, Jos.

Unpublished M,5c, Thesis, Ahmadu Bello University, Zaroe
Nigeria, :

9, London, C, C, (1951) Royal Festiwal Hall. Max Parrish
10, Mohammed, A, (1984) State Radio Broadcasting house,
Bauchi X (Architectural solutions to studio Acoustics

B:oblems). Unpublished ¥,Sc. Thesis. Ahmadu Bello
iversity, Zaria, Nigeria,

11. Navarra, J, G. (1969), Our Noisy World, Doubleday and
Company, Inc,

12. Neufert, E, (1980) Architectects Data, Cranada Publishing,
PP. 395 - 397.

13, Newman, R, B, (1974) Acoustics. In: Callender J, H,,
Q
PP.G&‘? .

14, Sabine, W, C, (1964), Collected Papers on_ Acoustics

Dover Publigations, Inc,

15. Sharland, I, (1972)., Woods Practical Guide to Noise Contrel

Woods Acoustics.

16, Walter, E, (1973). The Techn of the Film cut m
Focal Press Limited. . -28,

17. Winatanloy J. W, (1952)| Tglgbogk gn Sogd.
Longmans, &reen and Co,

18, Yarwood, M, (1953), Acoustics. Macmillan and Co,, Limited



The followine fi
with their correspondi
transmission class (ST

and research by leadinpg

and research,

L 4% (I00mm) BRICK

- 146 =
APPENDIX A

o

L §
gures A1 to A9 are of typical wall constructions
architectural - acoustical data,
given are average values derived from testing
authorities in the

It should be noted that the
the stated values due to poor workmanship a

The sound

field of acoustical testing
poor ¥alues may fall below
nd flanking transmission.

W21 mm) PLASTER

T

2. 41/2" (H4mm) BRICK
S (.

S
N,

N

b
b

r 11

,
i,

3. 3°123cm) BRICK

4, 127 (30.5cm) SRICK

e

12
(3C.3em])

1
v

w43 (2100
L RERNE LIl

STC = 40+
2" (13wl LaATEN
I U laem) PLASTER e &&CZTQ}'
- R e PSR STC ) ‘2
W mm) ASTES

L]

V2T lilmmi PLASTER

W+ 100 (490)
** (23 em) BRICH

STG = 52
VIt (13mem) PLASTER
8 (20em) BAICK

wei2115%0)

STC = 54+

4% (100mm) BAICK

5. caviTy BRICK .
e, MITH WIRE TIES b. WITHOUT
e - - =y W2 li3mm) PLASTER
£ 1 N -:\-;.‘\ ":\ .
. AT CuZ* (Hamm) BMIER
I RN
BT S | TR
i | ‘,‘:lsc--l caviTY
e L AR AR AR N
N S ]Ik\.\\'. "\\."‘\\‘.\z \ WA .l"}'llllu-l sAicH
L RRNANTARRY
"f - .I"\‘.‘:""‘;"Jl.?‘. .\'..\.i‘_\ w2 (i3me) FLASTER

FIGURE Ay. SOUND INSULATION VALUES OF
(Ke/MZ); STC W VECIBELS. L

F

Wae * 100 (430)

STCa~ 49

wa + 100 (430)

STCo= 54

AN?I»“ZB WALLS ‘W, WEIGHT IN |p/ft¥




A - 147 =

6 i
- ‘ ) -
b A —m U2 Udmm) PLASTEN
Piifiiin iz mal WOOD-WOOL SLAM
N
A
;N\\_“ V2" lidamm) BNICK
N
_.‘., W20 158%)
- '2 : SO mm) CAVITY
- STC =62
AT thamm) BRICK
1" 12%mm) WOOD-wODL SLAD
- VE l13mm) PLASTER

T 4" (100mm) HO_LOW GYPSUM BLOCK

T'E g‘-_—“%‘v‘ % e W 28.5(08)
wE "g{$:’§‘ g , 4" (100mm] GYPSUM BLOCK
|~ L ¥ .
IS . .':"‘5 \Q‘i_ V2T [13mm) PLASTER STC+ 40+
1
B. 24" (6lcm) STONE
) t
|
T e V2SS mm) PLABTE®
I -
®
- W 280 LAT0)
:' :1 14" tviem) ST0MWE
< STC=56
Y
- VI*Udmm) PLASTLR
L
9. &"(150mm) CONCRETE
1 -
T__' = 2 irmm) PLASTER
T
"’I.g " 0S0mm] CONCRETE We.801390)
{e ¢ Ca52e
= VI ilma] PLASTEE -

-4

10. &"(150mm) HOLLOW DENSE CONCRETE BLOCK

0. UNPAINTED b. PAINTED
Wa s 30 15 40

;___.“' =T q, ey lqn:—}:—_;—-__-b }‘d : famT {i4% 10 195)

i : g : R STCo = 43+
o|o : ) € (1%0m.m) CONCRETE BLOCK Wa 30 10 40

. ) .__ . - 'y 1% 1a 1as)
SR AR e L AN Y STCh = 45+

- »

FIGURE At . fcontivuer) ~INSULATION VAWES OF MASONRY  WALLS :
Ewmw N blftZ [ke/MZ , STC IN PECIBELS- ’ -




- 148 - f
v

.u_' 8"(20¢m) HOLLOW DENSE CONCRETE BLOCK
i _

. UNPAINTED b. PAINTED
| I _.__..l'“ = ] PAINT
— NI A R | TS Wa s 40 10 50
8% 5 ,33 & pl| 5. 2 ¥ *les |: 245)
X STCo = 45+

0T i20em) CONLRETE BLOCE
Wa v 40 1o 50
(195 1o 243)

PAINT STCp= 48+

V2T Iamm) PLASTER O GYESUM BOAND
FuRmiNg

et WeAs 10 85
a ; $M70sm) CONCRETL BLOCK 1220 10 270)
1= STC = 50+

FUNEING
V2T mm) BLASTER OR GTPSUN BOARD

- -

FIGURE A1 [CONTINUED] SOUNV-INSULAT DN  VALUES OF MASONRY WALLS:
W, WEIGHT IN LblF12 [K®/M“], STC IN VECIBELS.

]
13. GYPSUM WALLBOARD
-
e. 3/8"(1Cmm) s b. 172" (13mm) €. BT (6 mm) wes1.6(8) STCo = 26
) gt _ (e e wes 2000 STCe = 28
e e s =2 a o mr e [N RAN SIS S 78 S-S B 5.5 ] Tl TS TIST ._.__,,_'-.-:,_:3 wes 2713 STCe = 29

14, TWO LAYERS OF GYPSUM_ WQLLBOARD

.E' e e LAk LIPS b el i j LViTtlaml GTPL aoamp STC » 3§
15. GYPSUM SANCWICH PANEL
-1 & WITHOUT b. WiITH LEAD We = 10 (49)
T8 V2% 3mm) GYPLUM BOAND STCe = 34+
!| ! VBT idmm) LA
4 £ I"(z3mm ] GYPLUM CONEROAND WA i7en)
.Tg.__ /8" (iemm] GYPSUM BOAND - STCe» 40+
16. SOLID PLASTER
o WITHOUT BWITH 3" [19mm) CHANNEL We * 18 51(90)
R T E ] e e e iy
w| & [T 7/ e v NP AL Wa e 185 (90)
S—F St ave s, e - HEREY SEANIEL STCh= 38+

FIGURE Az. SOUNV-INSULATION VAUES OF LIGHTWE] WAUS WITH SINGLE
LEAT ASSEMBUES: W, WEIGHT IN Lbl {8 :ce)?\% j STC RATING IN



-~ 149

1 -
-
2
a. WITHOUT b. WITH 150L. BLANKET
— e
- v -~ il - L ff w—rar il 4 - -
314 (
o A
.| ‘A
— ¥ A A
1r
'!eo
a. WITHOUT b. WITH 1SOL. BLANKET
ﬁ‘_"_‘‘''''""”?‘3’1‘'‘‘''""_‘e"""""""j" s
(] Y/
-
ald q {
_.,.I‘-:_._ - / - AT EL LIS
1~
19.
a. WITHOUT —_- b. WITH I1SOL. BLANKET

| TS A S LT ETITTTLTT |

I

. 7 , o ——

20
e WITHOUT 8. WiThH ISOL, LANKET
S — ———— ]
wE | [ ! |
v o 11 wnanad nseas
- - e 8 ————— e —— ey
2l
e WITHOUT 5. MITH 150L OILANKET
- e
3 T ol
t (nssssd nnesy
e e
22
e WITHOUT 5. WITH 1S0L. BLAMKET
23,
L e ——
.
M s —————
24,
. - T |
= == e e e T e o e e |
sl% l —l\*l l'il— 1
B e e i o T |
——— . 1
1 3

YT (13mm] GYPSUM BOARD
2247 (30s100mm) #0O0 FTYUD
2°(50mm) ISOLATION BLANKET
w2 i3meml GYPSUM BOARD

AT (ieme) GYPSUM BOARD
2447 (30200mm] WOOD STUOD
2°(30mm} ISOLATION WLANKET
VAT lidmm) GTPSUM BOARD

A" k) GYPSUM BDARD
VAT [Iemml GYPIUM BOARD

1°44"(302100mm) WOOD STUD
2°190mm) ISOLATION BLANKET
AT mm) GYPSuN BOA4D

WAl G GrPjue ACaARD

MGRLO% AL FELLENT AR 2o gl OC
134" (30 0 m= i wgaY 1TUD

" 30 mmi 1§0LATION ALdMelT

18 hmem] GYESLM @T4RT

Wa Gmw]l GYPSUN BTARD

SCMIZONTAL ALSWIENT SAN Za"igits) O.C
2T 4% 1304 0mmi @000 FTLOD

2 90mm) LOLATION BianafT

ACRIZONTAL RESILENT 538 2al4icm) O.C
AT lihmal 4ATPSUN W0ARD

AR lEmm] GTPIUS BOAND

MOMIZONTAL ACRrULNT EaA 24" (SIeml O C

2"1471304100m] #9000 STWD
2°1%0mm) 1SOLATION B awall

YA (15mm] GTPSUS BIAR0
Vet Uemam) CTPSUE FuAAD

VA 1hem) GrAsSLE BOS WD
V2T (1dmm) FigiacLas 2JseQ

204" (302i00ma) 4033 STUG

LB (Mmm) GYPIUN $0a9D

V2T 3mm) GrRILM ACAAD
VE'limsi wC0Y

T 4%1500 00=mi wWOOO YN
2 {13mi woow FigEEROARY

We v 42(021)
STCa = 33
we r 4T23)
STCe =36

We + 54128
S5TCa= 34
wy * 5.9(29)
STCe =« 38

Wa » B.5142)
STCa =36
W« 31a4)

STCe =39

L

wa « 54126
STCa=33
s s 5.9129)
STCa= 47

We *= 5.4(28)
STCa = 39

wa s 53029)
STCh=49 !

We * 85(42)
STCa =+ 43

“s + jlaa)
STCa = 50

w o+ 3.8(29)

5TC = 36

w s 65132)

STC =42

FIGURE As. SOUND-INSUATION VAWES OF WOOV-STUZ BARTITION
4ICM) SPACINGS : W, WEIGHT IN

WITH 167 INCHES
m‘t?rz tKe»mg); STC RATIN

IN VB (PECIRELS] .



25.

!
= | S—
1T = — ———— -.ﬂ.___-_..__g V2" Iiimm) PLASTER
i S o 3 ' LT liom=) GTPSUN BdanD W= 14 (68)
a2 . 250471501 100mm) #OCD $TLD F-

- — — LA (0am) SYPSLUN BOA

+“_ — - W2 (idmm) PLASTE® . STC= 48

26. -
—

t == —— e — ] WR"Ii3mm) PLASTIA.
e AT i0mm) GYPFSUS B04ARD
53] £ Roi RESILIEWT Clie W13 1(64)
; 2 L 2"14%1304100mm) wOOD 3TUD

= Bl RESILIENT CLp
. — s - LAT0mm) GYPSUN BOARD STC v e

— I_' — 2T lidmm) PLASTER

FIGURE A3 (continuep)

27.

-
1§
d,,:
Q""_‘
3=
h ]
29
. £
"l
]
-
293,
3
% £
]
- ‘_'|
I

30.

L |

I . S
I (i8dmm) Y

3l

-

(TN

FIGURE ﬁ

T T —— rrri
e Y. N ...5.—_2_-1»---- NP S ST T T rz
’
} /
| 3 ]
| o s sidis e St SN RIS 55 S5 2E T PHS LI G S PAS.
I ook i ST S A Sl S o £ 7 P Sl T

——

WALLS WITH
STC RATING

4. WITHOUT b, '“:ur ISOL. BLANKET

amz k‘lﬂf»‘l}b\‘nom G;a&uesor WOooP-STU
-\ : N
- SMC. , WEIGHT IN Lb]

7 BAR
n‘(rcelm??

ey

8. WITH 150 BLAMKET

s f s S 5 7P

L 00a99s

—r
pl j!-' “.
. - -

4. WITH ADDED LAYER b. wiTHoOur

— e
-

i

A4. SOUND- INSULATION VALUES

/

f

g

Y1
L
(X

3

T

/ Yl

i f |
e e e )

v2*idmmi GYPSUM BOARD Wa » 4.2(21)
2°14%(504100mm) WOCO $TUD - 35TCa = 33
2T 1%0mm) ISOLATION BLANKET wa s 470231
Ve (idmm] GYPSUM BOARD STCe = 40

3 w8 idmal SvP3uN SOAHD

We * 3.41(26)

244" (30 00 mal @0OD 14O STCs = 38

2°190mm) (IOLATION JLAMRET Wa * 5.2(29

R gmmi ATPSUN BOARD Sl'Ca =39
.

V2Tl el '.v:\..tl. scmag 1ATOEDY Me * 2.214%)

V2 3mwm) GYPIUN AR
-

204" (504 00mm) w000 3TUD STC. 39

N We = 8.7(13)
Y2 Amm) . UM R0AD

2 li3mm) S7PiUM 20430 STCs = 41

OF WOOP STUV FARTITION WALLS

WITH 24-in.(Glem) SPACINGS: W, WEIGHT IN LblFT2(/x6IMZ); STC

RATING IN DECIBELS.

o o S AT

A G A B A 5 2

RATING IN DECIBELS.

L8 Limm) GYESUM BOARD

W 54128
20 A" (300 00mm] WODOD HTUD

STC = 39
VA" (la=m) GYPSUM BOARD
L8 iemal GYPIUM ADARD
A" Lidmm) GTPSUM SOARD Wei3.4(65)
21330478 mm) wOOD STUD

STC = 34

' likmml GYPSUM BOARD
3487 (I6mem) STRIUN BOAND

. [SOUNP - INSULATION VALUES OF WOOP-STUP PARTITION WALS
H B-in. (20-cM) SPACINGS : W

JWEIGHT IN Lb/FT2 (KG/M?Y) STC

.



-151-

32.

S = - V2 lsmmi PLASTER
s ; 18 (i0mm) GYPIUM S04RD
2l § Wsi3.5(68)
:}2 / 2447 |50 ¢ I00mal WOOD STUD
| = STC = 45+
L et WV I S
33.
s, WITHOUT B, WITH EXTHA LAYER
.+_ - =22 - FZZ7Z] 3 Ukem) GYEIUM B0ARO (EXTHA) Wesa 729
) m ; : | 2" (13mmi SYPSUM 30aRD STy 48
- 4 ' -
3! : i [/Yj ! I,! | %44 (504100wm) w000 $TuO
~N e -
Q:E Tg é(ég E -c !?l, 2U(30mel 4 ATION BLANKET Wy« TA0M
- W— ,—.H.-H%.L_— J-- - VE'D3mml 5TASUN BOARD 57Ca= 50+

A

FIGURE AS. SOUND-INSULATION VALUES OF WOOP - STUD
: PARTITION WALLS
m'njn g& (ZDcM) SPACINGS W , WE 31T IN LbIFT2 (KG/M2):STC RATING

34,
’ a WITWAUT B WITH 150L. BLANKET :
[ o Wa 4 {E8)
. e /2% (13mm) PLASTER
= = Ty Sia* toma) $¥#3uw 30amg ? STCa= 40+
T E { VT (83Am) STEEL STUD
pt ﬂ*ﬂm m 1" (29m=) 140LATION SLANSLT Wa r 130TH)
= e e T e e et Y8 " [10mm] GTRSUM BOARD
T 4:-- W' limm| PLASTER STCp = 45+
35
1 -
—_— e ——— e V2T {13 mm) PLASTER
i s -—---""’"""""""" TETTEEd  Matiioea) SYSsie sosne W = 12.3160)
~l E | RESILIENT CLIP .
Y g ?ﬂﬂ(?j\ 5? ppﬂmml'm IUe® (82mm) STEEL-TRUSS STUD
ol S? 52525? 2°(30mm) ISOLATION BLANKET -
p VA" [iomm) GYEiuM S0ARD STC = 4T
- —~ V2T (13mm) PLASTER
]
36.
i O ——_t
= e e el 3 i SYPSUM BOASD
vl E B { o TEH At liomm) GTRaUN 30ARD w75 (3N
Al g | ”. 3 iM% (ATmm] STEEL-TRUSS 3TYD
L A% e IB U mm) GYPSUM BGARD
-r—' s pEeEmwent STEEE | WATUGmm) GrPIUM BOARD STC = 48

FIGURE Ae. sounr | TION VALUES OF METAL- STUR 'FAETETK)N WALLS
WITH 16-th. (4/cm) SPACINGS: W, wuaﬂ'r IN LbIFT2(KGIM2) STC
.RATING |N DECIBELS.



A7

38.

39.

43.

44,

45.

FIGURE

- 152 =

™ oW Hour

§ L

5. wWITH !Sﬂb BLANKET

a. WITHOUT b. WITH 1S0L. BLANKET

it i e k)

L ey

12 V',

17 3ewmt
|
!

TF

a. WITHOUT b. WITH ISOL. BLANKET

J L
| P S A 2 B

i

| 3wy
————
mom

=1 r

c‘mluuut b. WiITH ISOL. BLANKET

8, WITHOUT b, WiTH (SOL 3l..l-nt£r
L,L.‘_____ ><?'>9mm [Qg

a. WMITHOUT b. WITH 150L. BLANKEY
= 3 e NS . it
t‘?"“e‘ m—— /Z #—'j
a|
2L noopeerabes
-+ : T

9. WITHOUT b, WiTH 1S0L BLANKET

I

L Jlngsanansha;

a. WITHQUT I, UTH O IS0L. BLANKET

— "'"""‘"“"'""“J’h e e

35% D:_ _Jlanassnasles
= “'#'"1'

m’; mﬁju"uJL WRQS?RRRSBEB
FLE == |

A7. SOUND |
WITH 24 in(e6l
RATING IN DEC

LATION VALWES OF METAL-STUP PART
cM svmues W, WEIGHT IN LblFT2

w2 dmml GYPLUM 80ARD
P8 timm) STEEL STUD
usquﬂ‘lu!l BLANNET

Ve lidmm) SYPSUM BOARD

m (Smml GYPIUM BOARD
I W (Almm) STEEL STUD
isoLATION SLANKET

A8 {I&mmi GYPSUM A0ARD

V2" (1 3mm) GYPIUM BO0AND
22 I83mm) STEEL 3TUD
2°(90mm) ISOLATION SLANSET
v2'iilmml GYPIUM BOARD

WAt lmm) STPIuM S0ARD
TVETIadmem]  BTEEL 3TUD
ISOLATION BLamEET

Ve lilmm) GTRLuM BDARD

V2Tt imm] GYPiuM 404AD
3 WeT JIe=) STLEL 3TUD
17130ms] 1S0LATION BLANKET
V2T(13mm] GYPIUM S04MD

W2 (1 3mmi SYPUM BOARD
Pooatel [a pagndl LEAD SmELT
3 %8° 192mm) STEEL TUD
2% |30=m) 130LATION SLANNET

v2*1dmml GYPSUM BOARD

M8 lis=m) GYPSUM BOARD
3 Va'i92mml STELL $TuD

2°(90mm) ISOLATION BLAWNET
B LiSmmal STPIUM BOARD

WZT(1Imm] GYPIUN B0ARD
WETU3mm] SYRSUM BOARD
3 Wat|%rem) STELL STWO
2 1%0mm) (SOLATION BLANKET
ME* 1 3mm)  GYPYUN  S0ARD

W2l 3mm) GYPSUM ROARD
WE (i 3mm] GYPSUM BOARD

3 WRT192mm) STEEL STUD
250 mmi “lﬂtl!loﬂ BLANSET

V2 indmmi .
V2 i smm srr:u- 'Iamln

Wa + 31,29
“STCa = 35

we + 5.3126)

STCw = 41

e + 6.1(30)
STCa* 38
wh ¢ 8.3(3)
STCs* 456

Wwa s 420210
STCa+ 36
Wy« S T7(23)
STCe~ 44

Wa ¢ 5410280
5TCa : 40
we » & 50310
STCo» 46+

Me * 4 2(1)
STCas 37
e * AT(2Y)
STCo + 46

W v 321029
STCa =40
We + 5.7(28)
STCo= 48

wa * 54(25)
STCa= 39
we * 33(29)
STCws = 47

W+ §7(33)
STCaw 32
Wy g T.2(35)
STCo = 48+

W 9243

STC = 51

(Keme) e,
Lo



46.

- 153 =

1
L3
a. WITHOUT B. WiTH ISOL. BLANKET
-
; V8" (1dmml GYPSUN HOAND
w VI (13mm) FIBERGLAS BOARD ““Té 5"‘:;’
3 WA (92mm) STEEL STUD STCa =
2T (%0mml 1SOLATION BLANNET We = 63031}
A" (iBmml GTPSUM BOARD STCu= 49
47.
VZS [ 3mm) GYPSUM BOAND
VETlidmm) WINERAL FIBERBOARD W 82 (a0)
3 WET(%Iwml STEEL STUD
2%t
= UiioNent macess riagasosns STC » 52
- ::__“"_._'_._,.._ _-._;':““"""“ = U2 (13mm) GYPSUM HOAND
L]

FIGURE A7. SOUNP INSULATION vms

WITH 24-1n (6I1cm) SPACUNGS: W w:m1 IN Lb/FTZ (kGIM?): STC,
RATING IN DECIBELS.

W 2

METAL-STUZ PARTITION WALLS

48.
W —= et e vt Mo S £ 71 ¢ ot 42 V2T i3mm) GYPSUM SO0ARD W a2(21)
~lE [ [' | 2u2*16lem) 4R SPALE
s l [_ f SR ieimen) STEEL 3TUD
e = —tee——— ] 2 mml GTRSUN BOARD STC = 34
49
o o v LN e N 434323 L] 54(28)
; l-. r [ y Yma) A8 IPACE
3 ue - L -
Li  — . '._'__’A"._E'_ C R B Pium aRD STC = 38
&0
-
3. WITHOU 5 AITH 1500 BLANKET
s = L i3mm) PLASTLA We * T3
& — e “mm a0
.. B = . !._ mal ‘:u:la STCq = 42+
3 / - o 3TE 0
2 :ki L r - “ -r.‘,m“.-'_-. [ \-,1 . ) -‘-". -I; aLATION 9\.1:;!( we » iT(EN
,“ — =X f eionsni .‘iih.:.: = '1 :z! ||3:¢:| -...;?': o STCs = 4T+

AB. SOUNV INSULATION VAWES OF STAGGERTY METAL-STUD

ARTITION WALS WITH &
bIFT?2 (KGIM2):STC, RATING

8-1n. 20M) SPACINGS: W, WEIGHT IN
IN PECIBELS.

Sl
@ WITacCUT b M IS0L. BLANKEY Wwe e 421200
‘E e ——— e | e - # st oo e ies Fith e WAnm €TCe» 29
S E l 3_:1':&‘.-: LR gPacE s 8712
ot S e ) ?Q?.@W P Usmmy SYPSUM. WOARD STCs = 44
32,
i
[P ""'"""""ffi'?";::. T A7 asear avbaom ciak AR w1365
< < | [ T5mam) AIN GPaCH
b | 1‘ ‘1 ) “Limm) | e
2 RRRAASBUARATAOATINIIN s cones. 30 STC - 54+
= ¥ ::‘. o i 3 ‘.:"""‘“‘".‘“"'"“""‘" ittt 2 i smm)  GYPSUM 904=
-
53.
. :_'; T T:T;,“’::‘__:': Wz (i3mm)  GTPSUM BOARD
n]ﬁ Si.f'b s .1_-‘_)_'?_) ﬁ)’?fﬂj?%:ﬁiym' :.::3::.'..;"-:::'.rf::t:::::u LIERIAL
-‘".: 1"129ma) GrPium CORESOARD
0| @ R — (AT (28mm) MW JPACE STC = 56+
(ol . = . = NS, N (] t:!-i GPluM COAEBOARD
}_ S e e ey W e ) WETlidmem) GYPSUM BOAND

A9. NSULATION
W, WEIGHT IN |l.blFT (Kemz

L

OF STUPLESS PARTITION WALS:
STC, RATING IN PECIBELS.



- 154 =
APPENDIX B
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The accompanying figures B1 to B4 are of typical
floor constructions with their corresponding architectural-
acoustical data. The sound transmission class (STC) given
are average values derived from tests and research carried out ‘
by leading authorities in the field of Acoustical testing and
Research, It should be noted that these values may fall below
the stated value due to poor workmanship and flanking transmission
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FIGURE. A4 (CONTINUED). AS ABOVE .



