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k Main issues

Notion of small and large rooms (as compared to
wavelength)

From reflections to reverberation

The notion and characteristics of reverberation
Direct and diffuse sound field

Notion and characteristics of sound absorption
Characteristics and parameters of sound absorbers
Relationship of sound absorption and reverberation
Reverberation time

Typical RTs, measurement and design



. What is small, whatis large ?




?3}\ Various models in room acoustic s

* Low frequency: wave acoustics
« dimensions comparable to wavelength

= Medium to high frequency: geometrical acoustics

» High frequency: statistical acoustics
e dimensions much larger than the wavelength
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Reflections
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co}\ An important descriptor: the impulse response
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. Whatis the effect of reflections ?

= Early reflections (< 50 ms, not too many)

* one cannot distinguish between direct and reflected sound
> Haas-effect

 increased loudness
« advantageous, no amplification is needed
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. Whatis the effect of reflections ?

= Medium reflections
o still cannot be heard separately
e generates spaciousness
 make music performances more enjoyable
 different pieces require different acoustic environment

= Late reflections

« plenty of them, of more or less continuous (but not uniform!)
distribution

» deteriorates or even hinders speech intelligibility
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%}\ The role of reflections In  the ancient theatres

As imagined in the 19th century:




%}\ The role of reflections iIn  the ancient theatres

And the reality: Ruins of the Dyonysos theatre at the foothill of Acropolis in Athens




Marmor thrones, dedicated to nobilities

The throne of the priest of
Dionysos Eleutherios (the god
of wine). 4th century B.C.
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Elements of the ancient greek theatres

Skene (SKAY-nay)
(Greek: tent) Building behind the orchestra;
corresponds to the Roman scaena or scaenae. Logeion (LOH-gay-on)
. (Greek: a speaking place)
Greek stage. Latin: pulpitum.

Hellenistic Reconstruction

Proskenion (proh-SKAY-nee-on;
proh-SKEE-nee-on)

(Greek; Latin: proscaenium) Also called the okribas. Front wall of the stage; an acting area which projected

in front of the skene (proskenion literally means "something set up before the skene"); in Classical Greek theatre,
the ground-level portion immediately in front of the skene was used as an acting area; in Hellenistic period,

the proskenion was a raised platform in front of the skene; the skene eventually included two levels, a lower level
with a roof (the Hellenistic logeion or stage) and the second story skene with openings for entrances (thyromata).



gk Am phytheatre [sound refraction and absorption]

> r’ﬁ '~','.'7
The Greek Theatre at Epidaurus - Theatron View

cavea (Roman)
theatron (Greek)




. Amphytheatre

= Orchestra (place of the dancers): floor reflection!
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‘[ Masque

* masque: a sound amplifying, impedance matching element
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@ There is nothing new under the sun: the ancient Roman theat re

Thde odeion of Herodes Atticus in Athens
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S }\ What Is the essence of room acoustics ?
V4

= The main difference: reflections

= How to discribe the reflections?
* Impulse response: response to an ideal Dirac-impulse
* Reverberation time: quantitative descriptor of energy decay
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%}\ Impulse response measurements

/

= (in earlier times) by a handgun
* Dby spark source

= Py continuous random noise

= by swept sine
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=Jn Impulse response /3




5}\ Measured Impulse response
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. Echogram
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= h Transition from directto reverberant field

= Direct sound field
e 6 dB / double distance rule

= Reverberant sound field
 In principle spatially independent

* |nfluencing parameters
« Room size
 (Room shape, to some extent)
e amount of sound absorption in the room
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. Energy considerations

* The source fills up the system with energy, the absorption
of the walls sinks

» After sufficient time energy balance is reached
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.. Whatis sound absorption ?

= Conversion of energy:

« from acoustic (movement of air particles due to wave
phenomena)

e to mechanic (movement of solid structures)
and

* to heat (increased temperature of air particles and solid
structures, due to friction)

= Description: sound absorption coefficient
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). Energy balance at a reflection

Impinging power, Reflected power,
pInging p lp1 a

in refl

Ado ter

Absorbed power,
P

abs

Transmitted power,
P

Hn = refl + I:)abs + I:?[rans

trans

1=p + a + 7T
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The simplest model:
Rayleigh’s porosity model

F =

m}\ Sound absorbing mechanisms /1

7



:}. Sound absorbing mechanisms /2

2. The structural frame (skeleton) is also set into motion:
- extra energy deduction

3. Flow resistence
- friction dissipation



: L Descriptors

= Makro level descriptors
« Sound absorption coefficient, o
« Weighted sound absorption coefficient, a,,

» |nfluencing factors
e Porosity
* Flow resistence
o Tortuosity



:} Typical sound absorbers

= Glasswool

 made of super slender wool added with phenolic resin binder
by pressing, heating and solidifying. Can be covered with Pwc
cloth or aluinium foill.

= Rock wool

« made of volcanic rock, typically basalt and/or dolomite
(nowadays also from recycled materials made from slag...)

= Plastic foam
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5}\ Some typical sound absorption curves

Sound Absorption Coefficients

Rockfon Sonar

0.40 0.45 0.55 0.60 0.50 0.45

Stone/Uinoleum 0.02 0.02 0.05 0.05 0.05 0.07
te 0.10 0.10 0.05 0.05 0.00 0.05




- k The effect of flow resistence and thickness

o Sulyozott hang-
elnyelési tényezd

o o LT i
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Tercsavok koézépfrekvenciai, Hz

Hangelnyelési tényezé

0

Cloth covered glasswool plate of various thickness and flow resistance,
measured in a reverberation room



5}\ Measurement of sound absorption /1

= Reverberation chamber method

Reverberation Time
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- 13 GWB LFA Panels (5.1%) - 13 GWB + 4 Aluminum LFA Panels (6 8 %)

—6—13 GWHB + 11 Auminum LFA Panels (10.1%) —— 13 GW8 + 17 Auminum LFA Panels (12.8%)



Impedance
tube method



“}. Sound absorption tables

INature of surface [Sound Absorption Coefficients at Frequency(Hz)
| 125|250 [500 1000 {2000 (4000

| Acoustic tile, rigid mount 02 jo4 |07 Jo8 o6 |04
IAcoustic tile, suspended IO.S |0.7 |0.6 |0.7r |0.7 ’0.5
|Acoustical plaster [0.1 |0.2 |0.5 |0.6 |0.7 |0.7
|Ordinary plaster, on lath 02 015 |01 [0.05 [0.04 [0.05

|Gypsum wallboard, 1/2" on studs|0.3 (0.1  [0.05 [0.04 [0.07 |0.1
|Plywood sheet, 1/4" onstuds (0.6 (0.3 (0.1 [0.1 (0.1 |01

|Concrete block, unpainted 04 jo4 |03 [03 (04 |03
|Conerete block, painted 0.1 [0.05 [0.06 [007 [0.1 |01
|Concrete, poured 001 [0.01 [0.02 [0.02 [0.02 [0.03
|Brick 003 [0.03 [0.03 [0.04 [0.05 [0.07
|Viny! tile on concrete 002 [0.03 [0.03 [0.03 [0.03 [0.02
|Heavy carpet on concrete [0.02 |0.06 IO. 15 |0.4 |O.6 |0.6
Heavy carpet on felt backing (0.1 (0.3 (04 (05 |06 |07
|Platform floor, wooden 04 |03 jo2 [o2 [015 o1
|Ordinary window glass 03 o2 fo2 o1  [0.07 [0.04
|Heavy plate glass 02 [0.06 [0.04 [0.03 [0.02 [0.02
|Draperies, medium velour 007 [03 |05 [07 07 |06

IUpholstered seating, unoccupied IO.Z |0.4 |0.6 |0.7 |0.6 ’0.6
|Upholstered seating, occupied (0.4 (0.6 (0.8 |09 (09 |09
|Wood seating, unoccupied 002 [0.03 [0.03 [0.06 [0.06 [0.05
|Wooden pews, occupied l0.4 ’0.4 |O.7 |0.7 |0.8 ’0.7
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Effect of air gap behind the absorber

o Sulyozott hang-
elnyelési tényezé
1,4 O
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6.17) Ezzel fiigg dssze, hogy sulyozott hang-

elnyelési tényezdje is nagyobb. 6.11. abra

Uvegszalszovettel kasirozott iveggyapot lemezek hangelnyelési jellemz6i [92]
a Merev felileten b Almennyezetként



:}\ Effect of perforation

6.3.2. A perforacié mértékének hatasa

A 6.24. dbraval a perforacio mértékének %27 a hangelnyelési tényezlre  6.27) A lyukak dsszes feliiletének %-os ardny
gyakorolt hatdsat szemléltetjiik, zengd szobaban végzett méréseink [89] @ burkolat feliiletéhez viszonyitva.

alapjan. A & 6 és 10 mm lyukakkal kiilonb6z6 mértékben perforalt 3 mm

vastag kemény farostlemez alatt minden valtozat esetében 50 mm vastag, e

livegszalszovettel kasirozott liveggyapot lemezt helyeztiink el a zengd :
szoba merev padlojan. R
a o 0o o o— 76 !
o Sulyozott hang- oo w© '
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14 y Gl
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q 00000000000 =
0 e socecboe
200 400 800 1600 3150 6300 a b ¢ d ¢ Soon
Tercsavok kozépfrekvenciai, Hz 2 perforacié 18 %
6.24. abra 15
A perforacio mértékének hatdsa a 3 mm vastag kemény farostlemezzel takart,
50 mm vastag tiveggyapot lemez hangelnyelési jellemzéire [89) 0
000000000 “:I:
; G 2 .. 000000
A 6.24. 4dbra hangelnyelési gorbéinek legfontosabb tanulsagai a d 99900—o10
kovetkezok: oo
O perforacié 34 %

¢ A 400 Hz-nél kisebb kozépfrekvenciaja tercsivokban minden véltozat
hangelnyelési tényezdje a frekvenciaval folytonosan novekszik. A @6 és 5 perforélt kemény farostlemezek alatt 16v6 iiveg-
10 mm 4tmérdjii lyukakra nézve egyarant fennall a (6.18) egyenlétlenség.  gyapot lemez jellemzéit lasd a 6.23. dbran
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Practical example: (sound absorbing) suspended ceiling

StoSilent Top StoSilent Panel

Fugenloses Akustikplattensystem mit Fugenloses Akustikplattensystem mit
feiner Schlussbeschichtung

rauer Schlussbeschichtung

StoSilent Top A-Tec — WT StoSilent A-Tec

Fugenloses nichtbrennbares Akustikplatten- Fugenloses nichtbrennbares Akustikplatten-
system mit feiner Schlussbeschichtung system mit rauer Schlussbeschichtung
StoSilent Cool Top - StoSilent Cool

Fugenloses Akustikplattensystem mit Kiihl-
und Heizfunktion, raue Oberflache




2} Spatial elements

6.20. abra
Vizszintesen elhelyezett finompérusi mlianyaghab elemek fényképe [99]



[, Membrane resonator

JELLEMZOLL HUSONLLLJUR OSSZE.

6.27. abra
Nehéz (a) és kénny( (b) PVC fdlia alkalmazasaval o Stlyozott hang-
kialakitott hajlékony lemezrezonatorok metszetei . elnyelesl tenyez0
és hangelnyelési gorbeéi [6] " Show
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: 500 hangelnyelési jellemzéinek dsszehasonlitasa [89)
|
1000



. Helmholtz -resonator




32-3}\ H-resonators in practice

FIBROUS FILLER

FUNNEL
SHAPED
SLOT

METAL SEPTUM

SEQUENTIAL CAVITIES




:}. Regions of the sound field

= Direct field and reverberant (or diffuse) field
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ék Back to the description of the reverberant sound field

/

Notion of the reverberation time, T: time period, in which the energy
content of the sound field reduces to one millionth. Expressed in SPL
this corresponds to 60 dB decrease.

FINALMPZ2 etm

1dg (0dB =0 dBFS ) Schroeder (Full IR)
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%},\ The founder of modern room acoustics

Auditorium Fogg

W. C. Sabine (1868-1919)



]\ Reverberation time

Teo = 0.16\i DO.16L_ =0.16 v
R Ao Ao+ Aoar +...+ Ahag
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* [nfluencing parameters:
 directly proportional to the volume V of the room,

 Inversely proportional to the average sound absorption & and
the total surface of surrounding walls A



z k Room constants , typical values

Volume a=0,35 a=0,3 a=0,2 a=0,15 a=0,07
[m3] Auditorium| Cinema Thatre, Concert Church
opera hall

100 150 — —_ - —

200 230 - - — -

400 350 280 - -— -

700 400 350 170 - -

1 000 650 500 250 190 -—
2 000 1150 200 450 350 167
4 000 1650 1400 700 550 240
7 000 2300 1900 900 710 320
10 000 2900 2400 1200 950 430
20 000 - 3800 1900 1430 640
30 000 - - 2500 1900 860
40 000 - — — 2400 1000




%}\ Optimal reverberation time vs volume
/

Volume of room (m?)
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. Reverb (auralization )

x(t) y(t)
ary ~ Reverbera
recording” - ted sound

X(w) Y(w)

t
y(t) =f x(t)h(t —1t)drt

Y(w)=Xw)H(w)




] Reverberation of text

Quarry in West Hungary, Fertérakos



.. Room acoustical modelling

Fg. 1. Schieren hotograph
shoarg refecticns of ulrascund
wave frocts In 2 secticnal mocel of
e Gepandrauszaal n Lepzip
(Teddrgten = frem Engl, [21M

Fig. 2. Light Dea™ rvestigpston of . B
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Ek Computer aided acoustical modelling

/




Computer aided acoustical modelling




