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1. Fundamentals of sound propagation
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Sound is longitudinal vibration

C mis)=f Hz). N (m) = const. = ~ 340 m/s
Speed of light is ~ 300 000 000 m/s i.e. 880 000 x more

Speed of sound (ft/sec)
Frequency (Hz)

Wavelength (ft) =

Wavelength
e |

(1-1)

Peak
amplitude

Time >

Ficure 1-7 Wavelength is the distance a wave travels in the time it takes to complete one cycle. It
can also be expressed as the distance from one point on a periodic wave to the corresponding point
on the next cycle of the wave.
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Changes in atmospherlc pressure
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FIGURE 1-6 Pressure variations of sound waves are superimposed on prevailing barometric
pressure. (A) An instantaneous view of the compressed and rarefied regions of a sound wave in air.
(B) The compressed regions are very slightly above and the rarefied regions very slightly below
atmospheric pressure.
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Definition of sound:
Time dependent mechanical deformation of the elastic medium

Understanding the physical and psychic properties of the nature of sound propagation is essential
for designing, troubleshooting and analyzing noise protection

Prevention of the transition of the sound energy, i.e. sound insulation, can be achived in two ways:
- by energy loss (conversion of mechanical energy into heat), or
- with return of sound energy (reflection)
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Fourier transformation
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Sound Pressure Level: SPL =20 . log (Prus/ Po)
Reference pressure: p, = 20 uPa = 0.00002 Pa = 20 . 10 N/m?

Sound-Pressure Level*

Sound Source Sound Pressure (Pa) (dB, A-Welghted)
Satum rocket 100,000 | 194
Ram Jet 2,000 ‘ 160
Propeller aircraft - 200 | 140
Riveter | 20 | 120
Heavy truck ‘ 2 100
Noisy office or heavy traffic | 0.2 | 80
Conversational speech | 0.02 ' 60

' Quiet residence ‘ 0.002 ' 40
Leaves rustling 0.0002 | 20
Hearing threshold, excellent ears at | 0.00002 | 0
frequency maximum response

Sound Power Level:

SWL =10.. log (Wgys | W.)

*Reference pressure (these are identical):
20 uPa (micropascals)
0.00002 Pa (pascals)
2x10°N/m?

0.0002 dyne/cm? or pbar

Reference power: W, = 10-12W

TABLE 2-5 Examples of Sound Pressures, and Sound-Pressure Levels

13
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2. Psychophysical response of humans on noise
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What is dB

Because the relationship between values in acoustics are extremely high (from the most silent to
the most noisy, intensities of sound or source powers are in relation even up to 1 : 10%2) and because the human
response to sound is in approximately logarithmical relation, the following relationship is used:

d B is a logarithmic ratio of two values
(values in dB are always related to reference values of pressure, power, intensity...)

n=101log I, /] | .... Intensity of sound / noise (W/m?)
1172

n=10logP,/P,  P....Power of source (W)
n=20logv,/v, V... Speed of (air) particles (m/s)

n=20logp,/p, p....Sound pressure (N/m?=Pa)

15
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Reference pressure: p, = 20 yPa = 0,00002 Pa = 20 . 10-5 N/m?
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Speed of sound in different materials

Speed of
Medium Sound ft/sec m/sec
Air 1,130 344
Seawater 4,900 1,500
Wood, fir 12,500 3,800
Steel bar 16,600 5,050
Gypsum board 22.300 6,800

| Examples of Speed of Sound 1n Different Materials
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Equal-loudness contours of the human ear response for pure tones
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FiGure 4-6 Equal-loudness contours of the human ear for pure tones. These contours reveal the
relative lack of sensitivity of the ear to bass tones, especially at lower sound levels. Inverting these
curves gives the frequency response of the ear in terms of loudness level. These data are taken for a
sound source directly in front of the listener, pure tones, binaural listening, and subjects aged 18 to

18
25. (Robinson and Dadson.)
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Difference between dB in Phone curves
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FiGure 4-7 A comparison of the ear’s response at 20 Hz, to the response at 1 kHz. At a loudness
level of 30 phons, the sound-pressure level of a 20-Hz tone must be 58 dB higher than that at 1 kHz to
have the same loudness. At a 90-phon loudness level, an increase of only 32 dB is required. The
ear’s response is somewhat flatter at high loudness levels. Loudness level is only an intermediate
step to true subjective loudness.
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A, B & C weighting
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FIGURE 2-3 The A, B, and C weighting response characteristics for sound-level meters. (ANSI
S1.4-1981.) A weighting 1s most commonly used.

» For sound-pressure levels of 20 to 55 dB, use network A.
» For sound-pressure levels of 55 to 85 dB, use network B.
» For sound-pressure levels of 85 to 140 dB, use network C. ’
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Sound pressure level in relation to frequency of sound,

for speech, music, thresholds of hearing and pain

Equal loudness coutours:
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White & Pink Noise
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FIGURE 5-16 (A) Random white noise has constant energy per hertz. If the spectrum of random
white noise 1s measured with an analyzer of fixed bandwidth, the resulting spectrum will be flat with
frequency. (B) If white noise is measured with an analyzer whose passband width is a given
percentage of the frequency to which 1t 1s tuned, the spectrum will slope upward at 3 dB/octave. (C)
Pink noise 1s obtained by low-pass filtering white noise with a characteristic that slopes downward
at 3 dB/octave.
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Problem of noise in EU (source: WHO)

>40% of population is daily exposed to >65dB(A) and
through nights >50dB(A)

>20% of working population is exposed to more than
acceptable noise levels ( more than one half to >80dB(A) )

Facts:

Noise <65 dB(A) on long period normally does not lead to permanent hearing failures.
Short exposure generally does not lead to permanent hearing loss. Short exposures do not
have detachable effects on temporary hearing loss.

Noise >65dB(A) exposure for years may lead to problems with hearing loss

Noise >80B(A) exposure for many years leads to great certainty to permanent hearing loss

24
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4. Sound insulation of buildings

* We distinguish:

« Sound insulation against airborne sound v’

 Sound insulation against impact sound v’

 Sound insulation against vibrations of installations v/

+ Sound insulation against environmental (municipal) noise v’

 Acoustics of interior space (reverberation noise) v/

25
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Sound insulation against airborne noise:

« Emitter: sound vibrations in the air (speech, audio speaker, musical instruments ...)

* Transmitter: from the air, through solid construction material, partition walls, doors,
windows and sound in the air again

* Receiver: airborne sound in receiving room (ear, microphone of measuring
instrument...)

« Basic rule: maximizing the mass of the wall, ceiling or intermediate barriers per unit
area leads to higher sound insulation values.

Noise reduction insulation materials (mainly porous) do not directly affect the reduction
of sound propagation against airborne sound. Those materials are primarily used for
lowering noise level by reducing echo effect and to lower reverberation time of the
interior spaces

26
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Sound insulation against impact sound:

« Emitter: vibrations, walking, different bumps, moving chairs and furniture, various
assembly and finishing construction works

* Transmitter: massive solid construction material and sound in the air

 Receiver: sound in receiving room (ear, microphone of measuring instrument...)

IR, 1 1 L
AN S S > plavajocs pod

vimel dusdka L aolacipii  matersal
/ nosina  konstrukcip
7

Medel plavajolega poda

« Basic rule: to prevent access of impact sound to enter into massive construction
(floor or wall constructions) — all other preventive approaches are much less
effective

27
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Sound insulation against vibrations and installations

« Emitter: vibrations and forced vibrations of installations and other operating equipment,
vibrations transmitted from the air or impact sound into installation lines,

« Transmitter: installation lines, direct connections of installation lines into massive bearing
constructions,

 Receiver: sound in receiving room (ear, microphone of measuring instrument...)

: =0
. Q%E: to prevent the access of sound into installations. @ v e
To minimize transfer and sources of forced oscillations or vibrations.
All passages of installations through constructions should be sealed with elastic 4ad acousti

insulated materials.

28
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Insulation against environmental
(municipal) noise

* Sources of the noise are usually: transport (road, railway, airplane, sea
transport...), industry, children‘s playgrounds, sport or other events...

- Barriers against noise are normally used

We distinguish between:

* Active noise protection (reduction of noise at the source side) — very
effective and less costly
* Passive noise protection (reduction of noise at the receiver side) ~less

effective and more expensive

29
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Acoustics of interior space (reverberation noise):

« Agoalis to control (to lower) reverberation time of interior space (indoors)

We distinguish between: il

* Acoustics of spaces intended for speech (importance of clarity and
understanding of human voice or speaker — comprehensibility)

 Acoustics of spaces intended for music (importance of various aesthetic
and artistic criteria)

Reverberation time is reduced by installing absorbent surfaces on
walls, ceilings and floors of interior space

30
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Ways of passing acoustic energy through the dividing wall

The energy of sound is approximately constant in the inner space and penetrates at the same time on all six surfaces

Sound energy passing from inner room into another room :

 Through a wall that separates them — direct transmission,
 Through the side walls — flanking transmission,

 Through combined routes, 7T 1S
 Through openings (windows, doors,) 1 11T
 Through joints, gaps, dilatations, ~N

«  Through installation lines. N7
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Measurements of sound insulation against airborne sound

Ly Lz

Sound reduction index (R,):
R',=L,-L,+10log (S/A)=L,-L,+ 10 log (RT/RT)

L, and L, represent the sound pressure level in emitting and receiving room,
S means the area of the separating construction (m?),

A is equivalent absorption area of the receiving room (m?),

RT means reverberation time (s),

RT, is normalized value of the reverberation time (s)

33
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In order to model the process of transferring energy specific
resistance of medium (Z,) is introduced

Zo=I|pC o - density of the medium (kg/m3),
S c — speed of sound (m/s)

When a sound wave strikes the change in the acoustic resistance causes reflection !

Reflected wave c=u
\/ < =
~OZ - S
N Incident wave 2
I > | ©
4]
o
n
: =
0 X

To achieve the sound insulation, on the path of the sound transmission in a certain
medium discontinuity isneeded

34
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Mass law, resonant and coincidence frequency
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Effects of weak window in a strong insulated wall

40 I 1

A0
\as®
Y, ,H..
30 ,‘L W 3\’\(*/ /
B e =
V)
20 /

Reduction in wall TL - dB

\
A

10
| il
0 l———
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Glass area divided by total wall area

RE 18-19 Graphical method for estimating the effect of a weak window in a strong wall.
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.

Case study — housing
Innes ity devaelopment, Munich
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6. Sound insulation against impact sound

WINE W Wi,
I FLE & %
. - ..-w e, N—

Fig. 5.6.1. Principle of measuring the impact sound pressure level from a floor fo a receiving
room (2)

To stimulate or create impact sound vibrations,
standardized impact sound source ('knocker”) is used
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Sound pressure level of impact sound (L*y) :

L, = L% + 10 log (A/A,) = LY, + 10 log (RT/RT,)

Ly e, represents the sound pressure level in receiving room,
A ... is equivalent absorption area of the receiving room (m?),
A, . means normalized value of the absorption area (m?)

RT ...... is reverberation time (),

RT, .. means normalized reverberation time (s),

f;% F
—— | | mass
Microphone elasticity

I\ ,, % surface

Pair of rocens with tapgung muchsne
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Floated floor
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6. Sound insulation against environmental (municipal) noise
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Sound barriers / noise barriers
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FIGURE 7-3  The soumd striking a soli d trafMic barriee will be pardy daffiacted and partly reflected.
(A) High-frequency traffic sounds are successfidly anemsted on the other side of the barrier because
ofli ninddim o, (B) Low-freqoency i aﬁcmnusmlssmmmorme
proeenent diffraction. Sound passing the top edge of the barrier acts as though the wavedronts are
lines of sowrces, radiating sowxd energy o the sladow zone,
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Effectiveness of a traffic sound barriers
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FiGURE 7-4 An estimation of the effectiveness of a traffic barrier in terms of sound (or noise)
attenuation as a fumction of frequency and barrier height. (Rettinger.)
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Case of glass facade designed as a noise barrier for
protecting facade of offices and atrium

Munchen
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Green facades are also good noise absorbers

Reverberation time is
lower and consequently
also noise disturbance
IS lower
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7. Sound insulation against vibrations

Testing / verification:
 Destructive (during the measurements with load, collapse of specimen is caused)

* Non-destructive (the measurement does not cause the collapse of specimen)

For the measurement of sound insulation and vibration only
non-destructive testing / verification is used, which is divided into:

° Systematic — (measurements on an integrated system, without any additional “load”)

o Signal - (measurements with additional load — sound or vibration signal)
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Mathematical model of single

degree vibrations
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Fig 3.1. Models of a single degree-ol-frevdom system
al System (n lree vibrations
b) System in locced vibrations

Simplified mechanical system
representing human bhody
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Fig.5.1. Simplified mechanical system representing the human body standing
on & vertically vibrating platform. {After Coerman ot al )




Schematic presentation of vibration transfer between constructions and installations or
operation equipment (Slovenian technical guidelines for noise protection in buildings)

Sevanje
hrupa

Fleksibilna
povezava

q
' . Vibrac

Elasticna
pritrditev

Toga

gy Elasticni
material

Nepravilno Pravilno

Risba 7: Nacini pritrditve cevi za vodo na gradbeno konstruk-
cijo z namenom zmanj3anja hrupa zaradi neposrednega
vzbujanja gradbene konstrukcije



Attenuation of vibration at 50 Hz along human body of
(A) hand and (B) feet platform

Vibration attenuation, dB

F ]
\
A

Fig.5.4. Attenuation of vibration at 50 Hz along human body. The attenuation
is expressed in decibels below values at the point of excitation. For
excitation of (A) hand, and (B) platform on which subject stands. (Af-
ter von Bekesy)

10 20 30

Vibration attenuation, dB
271287
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Damping of vibrations

Vibration damping is effective only so far as system‘s own resonant frequency is much lower
than the frequency of the forcing vibration:

F res S FORC/ \/2 = 0.707 frore ...

. 1]
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Reverberation testing room: diffusors, low frequency absorbers,
microphones, noise source (loudspeakers in all directions)
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Industrial fan — ventilator is prepared for testing
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Vibration measurements: equipment and aims

General-purpose Traxial COLD Accelerometers with TEDS

Type 45335-B and 4535-8-001
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Bruel & Kjaer , Type 4525 B, Triaxial Accelometer,
Serial no. 55911
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Bruel & Kjaer , Type 7533, Bruel & Kjaer , Working
LAN Interface Model, with computer program
PULSE

Ser.no. 4202202
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Industrial fan — Witt &
Sohn -Technical data

WITTsSOHN

Maximal zulassige Lifterschwingungen aR 1SO 14694 /1SO 10816-3
Max. allowed fan vibrations according ISO 14694 /15O 10816-3

Zusammen{aseung Conclusion

Esgttzasir e die Al und
die 2chwingwerie von industrie-Vengiatoren festiegan. in der
nachiogencen Lisie werden sile wichtigen Eckdaten Xr dle veo VITT
& BOHN peferigten Ventiiatcren susgefinet.

There are twe intematicnal stsncands that spacity the baance quaity
and vibraticn levess of industrial fans. in the ist Decw we have
dundied 2 reievant aats for the fans manufactured by WITT & 20KN
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Echwingwerte werden an den Lapem des Motors ! Blockingers
gemessen. Nuryesr 3ind, dann wird wie foigt
gemessen (hier kdnnen sber héhere Were auftreten ! )

Vibraticr: levels are measured on the desring of the motoe / biock
Dbearing Instalied on the fan.
measure a3 ©olows { then higher leve’s may ozcur!) :

S Yertical
“w Horzotst
- Axisi

UL FGG KSKE Roman Kunic

Ziehl - Abegg, Type RH
35 F, industrial fan
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Schematic model of vibration measurements of industrial fan
Standard ISO FDIS 14694 (speed of vibration is limited to maximum peak value of 19.1 m/s and RMS
value of speed to 14.0 m/s in all three directions of vibration movement). Our measurements are assumed
X-axis in the direction of the rotation axes, perpendicular and horizontal is Y-axis and vertical is Z-axis

Left Support Plane Right Support Plane
| Unbalance 2 ’
Unbalance 1 | l
xL [ ' ‘ xR
- 9 |
+ . Uy l *
C " -
9 I
—eg=l - — =g
R — =
: l T |
Rotor ' |
g v ‘ ‘ | U,
k c I Iy [ k g ' c
LD DT e o2y R "
- —
. I lr '
7’77777?7 77L77777’7 7905139

Fig.171.3. Unbalance of a rotating body vibrating with two degrees of freedom
x, 8 58
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Measurement point 20, velocity in X direction is higher than allowed value, i.e. 26.66 m/s

UL FGG KSKE

Roman Kuni¢

(according to Standard ISO FDIS 14694, where velocities up to peak values of 19.1m/s or RMS up

to 14.0m/s are allowed). Velocities in Y and Z directions are bellow allowed limits

IE! IE!
PAS - Absolute (20X+44X+) (Magnitude)

| [m/s]

Harmonic Cursor | *

[Hz]

Fundamental:295.0
10m Cursor values
1m X: 29.00 Hz
1004 ¥ 26.66m mys
10u
1u
100n
IZII 4IEI BII:I 12|EI léD ZIIIIEI
[Hz] .
PAS - Absolute (20%+,44X+) (Magnitude) Harmonic Cursor
{[m/s] Fundamental:295.0
1E|rr1-| ' Cursor values
im X: 29.00 Hz
10u
1u
100n
EII 4IEI BII:I 12|EI lﬁllil 2I:|IEI
[Hz] »
PAS - Absolute (20Z+,44X+) (Magnitude) Harmonic Cursor
[mys] . Fundamental:295.0
10m+ ' Cursor values
1rm- X: 29.00 Hz
lljﬂu—w ¥: 3.22m m/fs
100+
1u+
100n+
] 4IEI BII:I 12|EI lﬁllil EIIIIEI
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Measurement point 35, velocity in X direction is higher than allowed value, i.e. 30.00 m/s
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Roman Kuni¢

(according to Standard ISO FDIS 14694, where velocities up to peak values of 19.1m/s or RMS up

to 14.0m/s are allowed). Velocities in Y and Z directions are bellow allowed limits

FPAS - Absolute (39x+,44X+) (Magnitude)

| Harmonic Cursor

l [my/s]

Fundamental:295.0
10m- Cursor values
1md X: 29.00 Hz
1DDu—\/J Y¥: 30.00m my/s
10w+
1u
100n-
0 4h Bh 1iD léD 260
[HZ] »
FPAS - Absolute (35Y+,44X+) (Magnitude) | Harmonic Cursor
Lmy =] . Fundamental:295.0
10m- ' Cursor values
1md X: 29.00 Hz
llillju—\“) ¥: 3.55m myfs
10w+
1u
100n-
0 4h Bh 1iD léD 260
[HZ] »
PAS - Absolute (35Z+,44X+) (Magnitude) | Harmonic Cursor
Lmy =] Fundamental:295.0
10m : Cursor values
im X: 29.00 Hz
1oou W vesEmmeE
10u
1u
100n
6 4h Bb 1iD léD 260
[Hz] .
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Measurement point 41, velocity in X direction is higher than allowed value, i.e. 31.08 m/s

UL FGG KSKE

Roman Kuni¢

(according to Standard ISO FDIS 14694, where velocities up to peak values of 19.1m/s or RMS up
to 14.0m/s are allowed). Velocities in Y and Z directions are bellow allowed limits

14 14
' PAS - Absolute (41X+,44X+) (Magnitude) Harmonic Cursor
[m,s] Fundamental :295.0
10m- Cursor values
1 ¥: 29.00 Hz
1I:II:IL.|—\A// Y¥i: 31.08m my's
10w
1
100n+
i 4h Sh 1iD léD 260
[Hz] .
PAS - Absolute (41%+,44X+) (Magnitude) Harmonic Cursor
[mys] . Fundamental:295.0
10m- Cursor values
1 X: 29.00 Hz
1DDu—\JJ ¥: 12.61m mys
10w
1
100n-
0 4h Bh 1éD léD 260
[H=z] 3
PAS - Absolute (41Z+,44X+) (Magnitude) Harmonic Cursor
[mys] . Fundamental:295.0
10m Cursor values
1 X: 29.00 Hz
1””“‘\\MJ\\“WM v ermme
10w
1
100n+
i 4h Bh liD léD 260
[Hz] .
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Measurement points 35, 20 in 41 only in X direction, velocities of values 30.00, 26.66 and 31.08
m/s are too high (above allowed limits according to Standard ISO FDIS 14694, where velocities up
to peak values of 19.1m/s or RMS up to 14.0m/s are allowed).

PAS - Absolute (35X+44X+) (Magnitude) || Harmonic Cursor
[mys] Fundamental :295.0
10m Cursor values
im X: 29.00 Hz
100U ¥ 30.00m mys
10u
1u
100n
I:II 4IEI BII:I 12II:I IEII:I EIIIII:I
[Hz] .
PAS - Absolute (20X+,44X+) (Magnitude) | Harmonic Cursor
mys] Fundamental :295.0
10m Cursor values
1m X: 29.00 Hz
100w Y 26.66m ms
10u
1lu
100n
I:II 4IEI BII:I 12II:I IEII:I EIIIII:I
[Hz] 1
PAS - Absolute (4134 44X+) (Magnitude) | Harmonic Cursor
Lm/s] Fundamental:295.0
10m Cursor values
im ¥: 20.00 Hz
1000 ¥: 31.08m mys
10u
1lu
100n
I:II 4IEI BII:I 12II:I IEII:I EIIIII:I
[HE] 3
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Displacement of measurements points 35, 20 and 41 (um)
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FPAS - Absolute (35X+ 44X+) (Magnitude)

| Harmonic Cursor

[m]
10m

1im

SRR

200

Fundamental:29.50
Cursor values
#2900 Hz

¥ 1le4. 66U m

[Hz]

12EI
[Hz] -
PAS - Absolute (20x+,44X+) (Magnitude) | Harmonic Cursor
{[m] . Fundamental:295.0
10m : Cursor values
1m1 ; ¥: 29.00 Hz
100U ¥ 146.290 m
10u
1u [\
1000 ] Ui v
0 40 12EI lﬁEl 200
[Hz] -
PAS - Absolute (41X+,44X+) (Magnitude) | Harmonic Cursor
{[m] Fundamental:295.0
10m Cursor values
1m X: 29.00 Hz
100U ¥ 170.58u m
10u
1u
e ﬂ "
EII 12EI 200

A
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Measurements of vibrations of industrial fan

Vibration limits for tests of industrial fan - Ziehl- Abegg, Type RH35 F

According fo ISO FDS 14694 — Industrial fans — Specifications for balance quality and vibration levels
Category BVZ — peak velocity value = max. 19.1 mm/s and r.m.s. velocity value = max. 14.0 m/s

Point Direction Yelodly True or false Displacement
(mm/s) ((mm )
Point 20 X 26.66 NOT O.K. 0.141
Y 3.61 0.K. 0.019
Vi 3.22 0.K. 0.017
Point 35 X 30.00 NOT O.K. 0.158
Y 3.55 0.K. 0.019
Vi 6.52 0.K. 0.035
Point 41 X 31.08 NOT O.K. 0.170
Y 12.61 0.K. 0.069
Vi 10.67 0.K. 0.059
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Vibrationdimits fortestsofindustrial fan-~-Ziehl—Abegg, Type RH-35Fo

According -to-150- F DE-14884— Industrial fans-— Specifications- for balance-quality -and -wvibrationdewelsy]
Category BVWV2—peak-welocity- value-=-masx. - 13,1 mmds-and -r.m.s. walocty- value-=-max. - 14.04mfso

bl
WVelocitys
Bruel-& Hjaer-PULSE 1ahShop-flen Pointo Diirectiono Trus-or-faleso
{-mm-{-5-)=
g9 Xo 3.03= O.K=
AirDon-2-- 27z - post-analysis 201508 25w 1o
g9 Xo 3.89= O.K=
i50 Xo 13.03n OK=
Eieoemmaqa L iErEEmEeSEnEES 200 Ko 0.102o O.K.=
Ao Mo 0. 472 O Ko
g2o Xo 36.88= MOT-O.K.o
:-:.1?0-15 20,5+ - posTanalss 20150925 P Yo 4070 OK=o
g2 Zo 5. 51= O.K=
g2 Xo 26.82n NOT-O.K.o
AirCon-4-30Hz postanalyS=2015 0925w 1n O30 o 3.250 O K=
- Fo 3 250 O K
g2o Xo 26.82n NOT-O.K.o
P g2c Yo 3250 O.K.=
g2o Zo 3.25= O.K=
g2 Xo 26.980 NOT-O.K.o
.f._"E‘:?:S S0 - A0tor 2 posT-analyss-20 1508 920 YD 324II DHE
g2o Zo 3.26= O.K=
g2 Xo 94 850 NOT-O.K.o
.f._??:S S0 - Aot S post analEs 20158 g0 - 010z 0K
- Fo 0_10= O Ko
g2o Xo 94 850 NOT-O.K.o
.f._??:-a SO - AA0nor-4 posT-analyss 201508 920 ‘rrﬂ |:|'1 |:|II DHII
g2o Zo 0.10= O.K=
200 Xo 26.662 NOT-O.K.o
.f:._ _-1:2‘315':'9'34 & 10 posi-anayss201502 o - 2 1o 0Kz
200 Zo 3220 O.K=
i50 Xo 30,00z NOT-O.K.o
i 20 X 26663 NOT-O.K.o
ERT: Mo 31080 NOT-O. K. o
- - . a1 ~ e .
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9. Acoustics of interior space (reverberation noise)
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Reverberation time TR, (s)
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dB

FIGURE 11-3 The length of the decay trace depends on the strength of the source and the noise level.

(A) An example of a full 60-dB decay. Practical circumstances rarely allow this. (B) The slope of

the limited decay 1s extrapolated to determine the reverberation time.

67



University of Ljubljana, Faculty of Civil and Geodetic Engineering UL FGG KSKE Roman Kunic¢

Sabin equation for reverberation time of interior space (Wallace Clement Sabine, 1868-1919)

RTg =0.161 Vmy/ Amay (s) also: RTe, = (0,163 V)Y (A + 4mV)

A=ZXaxS (m?

Voo, Volume (md)

A=ZaxS ... Equivalent absorption area (m?)

o A Absorption coefficient of certain surface (-)
Si i, Absorption area of certain material (m?)
dmV ... Absorption of sound in the air

Eyring formula:

TR, = (0,163 V)/ (-S * In(1- aty) + 4mV)  (s)

S sum of all surfaces in room

Olpy  eeeennnns average absorption coefficient of all surfaces of certain room
dmV ... Absorption of sound in the air
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|deal values of the reverberation time in
dependence on the volume of the interior space
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|ldeal values of the reverberation time in

dependence on the volume of the interior space

Mid-frequency reverberation time (s)

30
20
i Cinemas
1.0 /
Studios (music)% s
tandar v
a AN Television studios
il e
IH IS \?\7\‘ ; Open plan offices
SHIDD PG A :
ﬂ::;t:‘) Conference rooms
Lecture theatres
l Executive offices
050 100 500 1000 5000 10000

Room volume (m?)

UL FGGKSKE

T

L
AL ]
10

Roman Kuni¢

A

[ o

X e

5 //;/

: w/

. -

" =

:L-A-uual__a_u.nml_;_._uu..
10e 1000 10000

prostorrm V i)

) Ochrnest G, v covinnent 02 prostarane I weks Sesbe 1991

70



University of Ljubljana, Faculty of Civil and Geodetic Engineering UL FGG KSKE Roman Kunic¢

Ideal values of the reverberation time in dependence on the
volume of the interior space or frequency of sound
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Ideal values of the reverberation time of interior space for
recording are considerably smaller (shorter reverberation time)

4
3
§ Speech and
5 recording
g
g2
®
o
’g AT . Recording studios
é for speech /
l ~— Jp— - - =
-.__—/ — w— (ot g
- Television studios
0 Lo gl 1 £ 1 a gl 1 e O R
0 10,000 100,000 1,000,000

Volume - ft3

FIGURE 11-15 Spaces designed for speech and music recording require short reverberation times.
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Types of absorbers: porous, membrane,
Helmholtz, comprehensive (integrated)

a7 - /%—Fﬁ:us absorber
7 H‘\,\
;"l : ; Hh"""'-..,‘
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e i )
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™
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0.6 f— ; ‘\._‘___.:_
Marrlbrane absorber
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04 |- Frequency Hz

o
(X
|

Sound absorption coefficient, «

Non-porous absorber

I [ L | | |
63 125 250 500 1000 2000 4000
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o

Charactenistic frequency absorption curves.
73



University of Ljubljana, Faculty of Civiland Geodetic Engineering UL FGG KSKE Roman Kuni¢

Porous absorber
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Membrane absorber
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Helmholtz absorber / resonator

koeficient absorpcije ol
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Helmholtz resonator

FIGURE 12-30 Pots embedded in the walls of medieval churches in Sweden and Denmark served as
Helmholtz resonators, absorbing sound. Ashes, found in some of the pots, may have served as a
dissipative agent. (Briiel.)
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Correction of reverberation time at problematic frequency
(around 40 Hz) with Helmholtz absorbers (resonators)
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Rcuke 12-38  Low-frequency modal stuctire of the sound fiebd of & sawll room before
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Comprehensive (integrated) absorbers:
acoustical plates, acoustical panels

koeficient absorpcije ol
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Reverberation time before and after acoustic treatment in the
interior space in relation to frequency

1.2

1.0 /\

08 / LN

/ \..~~ , | Untreated

o /'y \-\
z' 0.6 ‘ \
4 \

04

'~~.-.4.\ Ilrgatvd Bt
R sl il
0.2 = <y
0
50 100 500 1k 5k 10k

Frequency - Hz

FIGURE 11-10  An example of a room’s reverberation characteristic before and after room treatment.
A sigmificant rise 1n reverberation time n the upper bass and lower nudrange 1s changed to a flatter
characteristic with a moderate increase in reverberation tiume at low frequencies.
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Absorption coefficient d
Absorption coefficient O ()
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Measuring the absorption coefficient (0) of absorbing
materials (Kundt tube)

Pressure

Sample Impedance tube

Backing plate
Probe tube

FIGURE 12-2 The impedance tube method of measuring the absorption coefficient of absorbing
materials at normal incidence.
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Standing waves
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Standing waves

¥

Ficume 13-  Crientation of rectangular room of length £, width 7 and beight 5 with sespect o te
x, v, and = eoordinntes for caloulating roomemeds roguencies,

me-&.f§+%+£g (13-3)
where L, B H =
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inbegers 0, 1,2, 3, ...

ﬂ-:

FIGURE 13-5  Visualization of axial, tangential, and oblique room modes wxing the ray concept.
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Bruel & Kjaer, Type 2250, Sound Pressure Meter, Ser.no. 3001735

Bruel & Kjaer, Type 4189, %»” Microphone, Ser.no. 2831973

(+ impact sound source )




HM — Hochschule Minchen, Old building (built around 1930°)
Class A 409 (identical to class A408)

Project 037, Project 038, Project 039, Project 040, Project 041 & Project 042
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HM = Hochschule Miinchen, Old building (around 1930) (A 409 and A 408)

Reverberation time in empty classroom (not occupied by students) is very long and is from minimum 1.38 up to 4.50
seconds.

Average reverberation time in speech frequencies for empty classroom is between 1.50 and 2.50 seconds.

If we compensate this reverberation time with standard DIN 18041, then corrected reverberation time for 2/3 full of
students, which represents approx. 40 adult people, is between 0.80 and approx.. 1.50 seconds.

This is higher reverberation time than ideal (ideal reverberation time for partly - around 2/3 - occupied classroom with
students — 40 adult people - is from 0.70 to 1.20 seconds).
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HM — Hochschule Miinchen, New building (built around 1988):

Class G 3.42 - Project 045, Project 046 & Project 047
Class G 3.38 - Project 043 & Project 044

esmmProject 047
esmmProject 046
ammmProject 045
«eProject 044

emmProject 043
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HM — Hochschule Miinchen, New building (G 3,38 und G 3,42):

Rooms are acoustically treated with absorbers. Reverberation time in empty classroom (not occupied by students) is from

minimum 0.77 up to 1.69 seconds.
Average reverberation time in speech frequencies is between 1.00 and 1.40 seconds.
If we compensate this reverberation time with standard DIN 18041, then corrected reverberation time for 2/3 full room of

students, which represents approx. 30 adult people, is between 0.80 and 1.05 seconds.
This reverberation time is in ideal region (ideal reverberation time for partly - around 2/3 - occupied classroom with

students — adult people - is from 0.70 to 1.20 seconds).
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Sound insulation against airborne sound

Bruel & Kjaer, Type 4204, Reference Sound Source,

Ser.no. 2334341, 2001
Standardized reference sound source of continuous sound
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Old building
1 m from source, oriented to
source (74.5 dB(A))

[dB)

Cursor values
X: 800 Hz

LzZFmax: 74,5 dB
LZSmax: 73,7 dB
1Zeq: 73,1 dB

[dB]

Old building
8 m from source, oriented to
source (3.2 dB lower)

Project 018 Cursor values
X: 800 Hz
X: 71,
ZSmax: 70,4 dB

6938
LZSmin: 68,9 dB
LZFmin: 67,7 dB
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Old building Old building
1 m from source, oriented to On the other side of the door,

source (74.5 dB(A)) 1 m from the door (27.0 dB lower)
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Old building Old building

1 m from source, oriented to In an other room (A408),
source (74.5 dB(A)) 1 m from wall (45.5 dB lower)

LzZFmax: 74,5 dB
LZSmax: 73,7 dB
1Zeq: 73,1 dB

'Smin: 25,4 dB
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New building New building
1 m from source, oriented to 6 m from source, oriented to the

the source (74.4 dB(A)) source (4.1 dB lower)
(old building 3.2 dB lower /8 m)




New building

New building

1 m from source, oriented to the On the other side of the door,

source (74. dB(A))

1 m from the door (30.0 dB lower)
(old building 27.0 dB lower)

EEVER
1ilde
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New building New building

- In another room (G3.42),
1 m form source, oriented to 1 m from the wall (42.5 dB lower)

the source (74.4 dB(A)) (old building 45.5 dB lower)
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@ 001042 £ 0

Our measuring equipment (at UL FGG):
LARSON DAVIS 831, Sound Level Meter

[RT-60 BEEEE e

4p 1/1 Octave
T20 1.65 s
T30 1.65 s

Ensemble

@ 0:01:04.2 £ 0

RT_Data.02? RT60imp

0 o o
4 1/1 Octave 1.00kHz(t)

T20 165 s &
T30 165 = &
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Sound, noise, sound insulation, acoustics & vibrations

Many thanks !

Any questions?

Roman Kunic¢
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o O W >

T3: Audibility of differences in level

Difference in levels Audibility
1dB Just audible
3dB Audible Sound Power Level:
5dB Clearly audible
10 dB Subjective doubling of SWL=10.log (Wgys/ W,)
loudness
20 dB Subjective four-fold
increase in loudness
T4: Sound power levels of musical instruments Reference power:
and singing voices Wo = 1012 W
Sound source Sound power level
L, [dB] pp-ff
String instruments 55-95
Woodwind instruments 70-100
Brass instruments 70-115
Grand piano 70-115
Percussion instruments  90-120
Organ, whole orchestra  up to 135
Singing voices 80-115
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Standing
Waves
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t=170ms
Time (milliseconds)
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—— { \
P ! :
- H
Source Source
A B

Ficure 7-1 Difiraction varies according to the wavelength of sound and the size of an obstacle. (A)
An obstacle very much smaller than the wavelength of sound allows the wavefronts to pass
essentially undisturbed. (B) An obstacle larger than the wavelength casts an acoustical shadow.
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Difrakcije 2voks zelo vpliva na svolno sliko ( vise-
¥4 predmeti, crmamsnti, nepravilse oblike povedin ... ).
2,08 Refrakcijs avolnih wnlow

'::"‘ .n.l o

PN va‘\\‘ — .l
N
X

snov )

FIGURE 8-2 Rays of sound in thes example are refracted when traveling from a denser medium
having a higher sound speed info a less dense medivm having a lower soind speed. The wavefront
A-B 15 not parallel to wavefront C-D because the direction of the wave is changed due to refraction
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Quter ear Middle ear Inner ear
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FIGURE 4-5 Idealized sketch of the human ear showing the uncoiled fluid-filled cochlea. Sound
entering the ear canal causes the eardrum to vibrate. This vibration is transmitted to the cochlea

through the mechanical linkage of the middle ear. The sound is analyzed through standing waves set
up on the basilar membrane.
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Loudness level-phons

\ \\\ e
120 \\\\ Wi 120 /| //
NN - 110N A
NN 4 &
100 \\\\ \\~'\ 100 N 1/’ \'/
N \ \\ C— ™ / —
NN N
NNAN D " N
3 80 S - Sivd o
$ \ N[N e /LN
- \\\\\§\\\ o e AT T Phon = dB (1000 Hz)
5 o NN (111 60 e S
2 NN 50 |~ TN
& NN | iy
g 40 b‘\t\‘\\ \‘ 40‘ ik //f"\/
& \\\ \\\ 30 \~—’// \/1
N ] 3 ey L/
20 \ \‘\_,k 20 et V, /i
Mi \ B - 10 — ".\/
inimum —t<g —
0 audible —~— _ T~1/
threshold T~
| |
20 50 100 300 1k 3k 10k 20k

Frequency - Hz

Ficure 4-6 Equal-loudness contours of the human ear for pure tones. These contours reveal the
relative lack of sensitivity of the ear to bass tones, especially at lower sound levels. Inverting these
curves gives the frequency response of the ear in terms of loudness level. These data are taken for a
sound source directly in front of the listener, pure tones, binaural listening, and subjects aged 18 to
25. (Robinson and Dadson.)
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Ficure 4-7 A comparison of the ear’s response at 20 Hz, to the response at 1 kHz. At a loudness
level of 30 phons, the sound-pressure level of a 20-Hz tone must be 58 dB higher than that at 1 kHz to
have the same loudness. At a 90-phon loudness level, an increase of only 32 dB is required. The
ear’s response is somewhat flatter at high loudness levels. Loudness level is only an intermediate
step to true subjective loudness.
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Threshold of feeling
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FicUre 4-8 The auditory area of the human ear 1s bounded by two threshold contours. (A) The

.
threshold of hearing delineates the lowest level sounds the ear can detect. (B) The threshold of
feeling defines the upper extreme. All of our auditory experiences occur within this area.
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“Ciff 2v0Ene’iz6limost j& doseganie zmanj§anja zvocre ravni med prostorom 2 izvordm zvoka

in sprejemnim prostorom

zvocna izolacija

Zvocni izvor

_Oﬁ

izolativnost
Opredelitve osnovnih pojmov:
razlika zvoCne ravni D (L,-Ly)
zvocCna izolacija R lastnost pregrade da zadrzi / oslabi zvok

ZvocCna zasCita se ukvarja s prilagoditvijo D med prostori v stavbi
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Osnovni problem pri doseganju zadostne zvocne izolativnosti je v tem, da ima Cut sluha ekstremne

zahteve — torej je izredno obcCutljiv.
Zato se zahtevajo izjemno velika dusenja zvocne energije v pregradnih stenah, medetaznih
konstrukcijah.....

Zadovoljiva izolativnost 60 dB predstavlja padec energije na milijonti del prvotne
energije.

ZvocCni izvor

S

L,=90 dB
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ZvocCni izvor

//l\\

Za primere normalnih okoliSCin so v predpisih predvidene pricakovane vrednosti L, za prostore z
izvorom zvoka, kot n.pr stanovanja, pisarne......

Da bi dosegli doloCeno akusti¢no udobje v sosednih prostorih, se definirajo minimalne vrednosti
izlativnosti za vmesne pregrade R, ..
Kadar ne obstaja ena jasno definirana vmesna pregrada izmed dveh prostorov, takrat se definira
minimalna izolativnost D

min-
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Vpliv frekvence na zvocno izolacijo pregrade

~

KarakteristiCni diagram zvocne izolativnosti R v
odvisnosti od frekvence fv skladu z zakonom mase

/ za doloCeno pregrado mase m

(o2}

Izolaciona moc R, dB —p»

. / Zvocna izolacija vsake pregrade raste s frekvenco
zvoka (tudi z lastno maso pregrade)

2 1 1 1 1 1 1 1 1 1 1 1 1

100 200 400 800 1600 3150
frekvencija, f, Hz —
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Vpliv mase pregrade na zvocno izolacijo

(o]

I o 20 cm |  Primer: zvoCna izolativnost pregrade iz
o e e15cm | armiranega betona
§7 ‘l ,‘l
/ @
g ® ,. ,@10cm v . , :
§ R parameter oznacCen na diagramu je debelina
g e '/' pregrade)
'.' ‘ /7 /
o o7 o
‘/ /‘ Io
5 "147!' e",
/ @ o
9o/
,I o o
e
/ / A
40 ! ,
z¢ls.l/.
ot zvocna izolativnost stene je neposredno
3 sorazmerna z njeno povrsinsko maso
2 1 1 1 1 1 1 1 1 1 1 1 1 1

100 200 400 800 1600 3150

Frekvenca f [Hz] >
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Poseben primer vecplastnih pregrad so mavCne pregrade (narejene iz

mavcno — kartonskih ploS¢ na podkonstrukciji)

C
=
O

) _ . ) o | . 2x125cm | 2x1,25 cm
Njihov ucinek v izolaciji se doseze z vec prekinitvami in vmesno izolacijo kot gips gips
polnilu, ki prinaSa izgubo energije zvoka pri prehodu skozi pregradno steno 1 vuna

1 8cm

A YA YA YA YA YA YA AYAYA YA ATAYATATAYAYAY:S

7

|deja temelji na zmanjSanju povezave med oblogami. Za to se uporabljajo
elastiCni elementi v stiku s kovinsko podkonstrukcijo..

VeCja vrednost zvocCne izolirnosti se doseze z loCenima
podkonstrukcijama, saj ni togega stikovanja v sami dvojni pregradni steni.

M7
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Tipicni problemi s stranskim prenosom zvoka po zraku
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plavajoCim podom

e ‘.;?..)"\}'," Ay
_ JOSR AT

PlavajoCi pod zelo malo prispeva k zvocni izolaciji stropa pri
zvoku, ki se Siri po zraku
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Natural frequencies f -

A

R

Mass density of beam material

2n V pSIt
where E = Young's modulus
I =
section
| = Laength ol beam
p-
S = Area of crosssection
A =

Coetficient from table below

Area moment of inertin of bearm cross

Clamped — free

. '! aFTae

i 0500 O086E

y 0456 0644 o008
2 j i
(Cantilever) i e \
A =« A5 A~ 228 A~ By
0500 6333 0,687 935 050 0.75
Hinged — E = -
hinged (Simple) | I
A - ol A = 205 A« Z8S A = 168
Clamped — 2 QS0 4 ©Oass o.s‘u 0,278 0,500 0,722
clamped ——— 7 ’g\/\% ‘%\A’é M
(Built-in) A - 124 A = aur : A = 12y n -
0.004 0 02
0324 77 0592 A0 OFEs | _bass M4 008 oors 7]”tuﬁun |’aus:7
Free — free H — T S i e P~
A - 224 A = BLY A - 12 A - 200
0680 038 opae 0.629
Ciamped — > ; 228 ) A4 028s | ares
ningec - y ? :
A= 194 A = 00 A = 1D A - 178
aAT 0§22
0.736 o,o:u 0883 0308 "‘-" 0.808 0235 0.707
A= 154 A = 200 A = 104 A = 120

aJrixer

Fig.3.20. Examples of boundary conditions and mode-shapes for various

single uniform beam configurations




—_ I B T T
w0 Frmuency Hr ooy
Froquency. W1 Fig 5.3. Transmussitilty of vertical vibration from table to various parts of a

seated human subject as a function of frequency. (Alter Dieckmann)

-F

Fig 5.2 Transmussibility of vertical vibration from table to various parts of
body of a standing human sulyect as a function of frequency. (After
Diackmann; data lor transmission to belt. after Radke)
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'rms value of acceleration a,y,, ayp, a, in m/s?

250,00
200,00
160,00
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100,00
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31,50
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12,50
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2,50
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1,60 +

124
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Fig.5.8. Exposure guidelines for vibration transmitted to the hand
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T renct per
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Fig 8.7 Tolerance of hman subfacts in the standing or supeme position to re
pottve vertical impact pulses representative of mpacts from pifo
dewvers, heavy tools, heavy tratfic. et Sulyective (asction is plotted
us 3 function of the maximum displacement of the intiel pulse and
s rise Ume. The nwnbars mdicate the following resctions for the
areas between the lines: | a, thrashold of perception 1 b, for essy per-
coption, /¢, of strang parcaption, annoying: N s, vevy onplessant, pot-
wtial danger for long exposures: Nb. extremaly wipleassnt. delin

. The decay process of the impect pulses was found
to bw of fttle practicw! significance. (Afrer Rethor and Meister)
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Amplituda vibraci)

100

50

20

o O W >

10

Frequency (Hz)

0.001 0.01 0.1 1 10
Vibration amplitude (mm)
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Sound-pressure kevel - dB

&

FictRe 11-11  Reverberatory decay with a double slope due to acoustically coupled spaces. The
shorter reverbezation time represented by slope A ts that of the nmm room. A second, leghly

reflective space 15 coupled through an epen doorway; its longer reverberation time 1s represented by
slope B, Those seated near the doorway are subjected first 1o the nstin-room response and then to the

decay of the coupled space
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Time
-

Roman Kuni¢

60

dB

FIGURE 11-3 The length of the decay trace depends on the strength of the source and the noise level.

(A) An example of a full 60-dB decay. Practical circumstances rarely allow this. (B) The slope of

the limited decay 1s extrapolated to determine the reverberation time.
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Speech

Music

and music

Speech

[ Liturgical works (orchestrd, choir, organ)
Symphonic works
Chamber musig
Rock and jpop conceris (large venues)
Operetta, musicals
Jazz cub
i Churches Cathedrals
Parigh halls, schpol auditoria) city halls, multipurpose halls
Cinemas
Theatres
Lectlre theatres jand conferehce rooms
clasgooms
studios (also music)
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

Reverberation time 7[s]
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treatment

Absorption

Reflection

Diffusion

response

Direct sound
Attenuated
reflection

l

response

0

-30.

UL FGG KSKE Roman Kuni¢

_ Specular
reflection

. 10 msec
Diffusion

Time - msec

FIGURE 14-6 A comparison of the physical characteristics of three treatments, showing temporal
response and spatial response. (A) Absorption (B) Reflection (C) Diffusion (D' Antonio.)
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Ko pride zvok v gradbene materiale
stavbe o0z. konstrukcijske sklope, se
energije zvoka Siri skozi stene in
medetazne konstrukcije.

Tako zvok prihaja do diagonalno
postavljenih prostorov (1), pa tudi
do oddaljenih enot (2)




Hnversiy ofbubians. P e A i dG?Og o Je%ee"naa prosltor%\GvKa( iva na rezultat? """

|zolacija je v spodnjem primeru za kar 3 dB slabsa /
nizjal
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Primer zahtevnosti za vazvusni zvok

4 R TSN T N
AR Sl

AT W MU SRmeATs o

N L A 3 - ~
R Ao L e s Vs PARTO

.Y
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Primer zahtevnosti udarnega zvoka

R P LY f-4o‘ VAN Y Y AN A Y AT VUT 7 S A iR AT
T, e
- L2 5 v‘f, e VN, A VAP ML SN E Y R F LAR TN Wooes

RS
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Kaksni so lahko stiki?
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Primer prekinitve v sestavi
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Primer prekinitve v sestavi




Weighted sound reduction index R, [dB] n

o

40
200 300 400 500 600 700 800 900

(@ Corridor wal i0om? R, =42dB

@Dmr 2m* R, =27dB

Corridor wall

with door 12m* R, =34d8B
70

= //—"'
60 //

e

Mass per unit area m [kg/m?]
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SOUND PRESSURE SOUND PRESSURE LEVEL
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Sound Pressure Level: SPL=20.109 (Prms / Po)
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Problem of noise in EU (source: WHO)

>40% of population is daily exposed to >65dB(A) and
through nights >50dB(A)

>20% of working population is exposed to more than
acceptable noise levels ( more than one half to >80dB(A) )

Facts:

Noise <65 dB(A) on long period normally does not lead to permanent hearing failures. Short
exposure generally does not lead to permanent hearing loss. Short exposures do not have
detachable effects on temporary hearing loss.

Noise >65dB(A) exposure for years may lead to problems with hearing loss

Noise >80B(A) exposure for many years leads to great certainty to permanent hearing loss
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Sound insulation of buildings

e Sound insulation against airborne sound v

« Sound insulation against impact sound v

« Sound insulation against vibrations of installations v/
e Sound insulation against environmental (municipal)

S noise v’

L J . . : : .
o Acoustics of interior space (reverberation noise) v

?
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Sound insulation against impact sound:

« Emitter: vibrations, walking, different bumps, moving chairs and
furniture, various assembly and finishing consfruction works

 Transmitter: massive solid construction material and sound in the air

« Receiver: sound in receiving room (ear, microphone of measuring
insfrument...) -

7 }puvaaoe. pod

L aslaciphi  material = b

//A‘ nosknd  konstrukcip

MNedel plavajofega poda | )

» Basic rule: to prevent access of impact sound to enter into massive
construction (floor or wall constructions) — all other preventive
approaches are much less effective
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Insulation against environmental noise starts with urban design
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Case of glass facade designed as a noise barrier for
protecting facade of offices and atrium

Munchen
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Green facades are also good noise absorbers

Reverberation time is
lower and consequently
also noise disturbance
IS lower
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Acoustics of interior space (reverberation noise):

« A goalis to control (o lower) reverberation time of interior space
(indoors)

We distinguish between: i’

« Acoustics of spaces intended for speech (importance of
clarity and understanding of human voice or speaker —
comprehensibility)

« Acoustics of spaces intended for music (importance of
various aesthetic and arfistic criteriq)

Reverberation time is reduced by installing absorbent surfaces on

walls, ceilings and floors of interior space
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ARTIE - raCunalniski program za analizo
akustike notranjega prostora

Nas raCunalniski program za analizo akustike notranjega
prostora
ARTIE (Analysis of Reverberation Time in Indoor Environments)

pokriva racunalnisko simulacijo odmevnega hrupa notranjega prostora
(he pa gradbene akustike — torej prehoda zvoka zaradi zvoka v zraku
ali udarnega zvoka, komunalnega hrupa...)
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Acoustics of interior space (reverpberation noise)
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Sabin equation for reverberation time of interior space (Wallace Clement Sabine, 1868-1919)

RTg =0.161 Vmy/ Amay (s) also: RTe, = (0,163 V)Y (A + 4mV)

A=ZXaxS (m?

Voo, Volume (md)

A=ZaxS ... Equivalent absorption area (m?) -
o A Absorption coefficient of certain surface (-)

Si i, Absorption area of certain material (m?)

dmV ... Absorption of sound in the air

Eyring formula:

TR, = (0,163 V)/ (-S * In(1- aty) + 4mV)  (s)

S sum of all surfaces in room

Olpy  eeeennnns average absorption coefficient of all surfaces of certain room
dmV ... Absorption of sound in the air
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Ideal values of the reverberation time in
dependence on the volume of the interior space
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Ideal values of the reverberation time of interior space for
recording are considerably smaller (shorter reverberation time)

4
3
§ Speech and
5 recording
g
£ 2
_Q . .
§ P — Recording studios
o~ for speech ‘/- -
L= / s A
4—-*—— -

p———
_.-“-
— \

- Television studios

0 i i aped [} s g @ dcw gl 1 [ I N A |
0 10,000 100,000 1,000,000

Volume - ft3

FIGURE 11-15 Spaces designed for speech and music recording require short reverberation times.
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Types of absorbers: porous, membrane,
Helmholtz, comprehensive (infegrated)

a7 - /%—Fﬁ:us absorber
7 : ; Hh"""-..h

Cavity absorber " Resbnator absorber
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2 % ®m6 w0 1000 200 & 000
g' 04 - Frequency Hz
8
©
2 02 |-
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0 | L L | | |
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Charactenistic frequency absorption curves.
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Porous absorber
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Membrane absorber

koeficient absorpcije ol
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Helmholiz absorber / resonator

koeficient absorpcije ol
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Comprehensive (integrated) absorbers:
acoustical plates, acoustical panels
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Reverberation time before and after acoustic tfreatment in the
interior space in relation to frequency

12
1.0 /\
08 Vi \
/ \'~~... | Untreated
» -
g AT e
. 0.6
2
=
04 "'~-..\ | Treated Bt
e T
0.2 J
0
50 100 500 1k 5k 10k
Frequency - Hz

FIGURE 11-10  An example of a room’s reverberation characteristic before and after room treatment.
A significant rise 1n reverberation time in the upper bass and lower nudrange 1s changed to a flatter
characteristic with a moderate increase in reverberation tune at low frequencies.
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Acoustical Analysis and Adaptation of a
Playroom

Prototypical Acoustic Elements

Ceiling Elements
Hanging Wall Rpck wool: 5cm
* airspace behind
Element
the element
* Felt:2+2cm ,
. * covered with
* airspace
paper

between layers
and behind the
element

Temporary Elements
* Felt:2cm
* airspace behind

Floor Element the element or
* Feltt2+2+2+2cm Sound absorption properties of different felts freely hung
* covered with 1.0 —— * partly coloured
textile =l Do ] e (A) felt- 2 cm
0.8
z 0.6 '/ ' (B) felt - 8 cm
'E 04 (C)felt8cm +12 cm
..... of airspace
0.2 EEREae (D) felt (C) + paper
0.0 (E) felt (C) + cloth

125 250 500 1000 2000 4000 8000
frequency [Hz]
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Acoustical Analysis and Adaptation of a
Playroom

Reverberation Time Measurements
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Advanced insulation materials and systems
in buildings,
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