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Definition: Reverberation time

Sound pressure level, dB

Time, seconds

60 dB

T60



His formula

where

T=the reverberation time (s)
V=the room volume (m3)
A=the total equivalent absorption area (m2 sabin)

where
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The equivalent absorption area A for a surface with area S m2

is equal to α x S where α is the absorption coefficient for the 
surface



Acoustic design with Sabine formula

 A(before treatment)=0,161xV/T= 0,161x200/2,5=12,9 m2 sabin

 A(needed to fulfil 0,40 s)= 0,161xV/T=0,161x200/0,40=80,5 m2 sabin

 A( to be added to fulfil 0,40 s)=A(needed)-A(before)=80,5-12,9=67,6 
m2 sabin  

Example: The reverberation time in a room with a volume of 200 m3

is 2,5 s at 1000 Hz.          
Target value for the reverberation time is 0,40 s at 1000 Hz

If e.g. the absorption coefficient for a ceiling absorber is 0,90 at 1000 Hz
we will need S= A/α=67,6/0,90=75 m2



Sabine formula: How it works in theory

Absorption coefficients (500 Hz):

Walls=0,15
Ceiling=0,80
Floor=0,10

A=∑αi x Si = 0,10x6x7,5+2x0,15x7,5x2,5+2x0,15x6x2,5+0,80x6x7,5=51 m2 sabin

T60=0,161x(V/A)=0,161x112,5/51≈0,36 s



Room types

Reverberant room 
(Sabine room)

Open-plan spaces

Room with absorbent 
ceiling



Typical classroom



Effect of furniture

absorption

scattering



Reverberation decay in rooms with suspended 
absorbent ceiling

T20

Increased 
diffusivity



No boxes

Boxes on the wall

Sabine

Scattering – why is it important?

Glass wool



Absorption and scattering

absorbed specularly reflected diffusely reflected



Simulation of sound fields



Lambert’s law:

𝐼 𝜃 = 𝐼 0 cos (𝜃)

Acoustical radiosityThe image source method

PARISM – simulation tool for ordinary rooms
Industrial PhD project together with DTU

Forskning



Auralisation with loudspeaker array using higher order 
ambisonics

Forskning



Activity based acoustic design  – a method to approach room acoustic 
design

Several room 
acoustic parameters 

are needed for a 
relevant 

characterization of 
room acoustic 

conditions



Assessment of sound in rooms

Sound source

Physical region
Physiological and 
psychological 
region Room

Sensation
• Sound strength
• Clarity
• Sharpness
• …

Preference



Assessment of sound in rooms



Room types

Reverberant room (Sabine room)
Reverberation time

Open-plan spaces
Spatial decay

Room with absorbent ceiling
Speech clarity

Sound strength

Reverberation time



Room acoustic quality aspects
• Reverberation

• Speech clarity

• Auditory strength

• Spatial decay



Efterklang

• Relaterar till hur snabbt ljudenergin försvinner i ett rum

Lång efterklang 

Kort efterklang 



Parameters for performance spaces ISO 3382-1

Subjective quality Objective measure

Clarity Clarity index (C80)

Reverberance Early decay time (EDT))

Intimacy Sound strength (level)

Source broadening Early lateral fraction and 
strength

Loudness Sound strength and source-
receiver distance

M. Barron, The development of concert hall design – A 111 year experience, Proce
edings of the Institute of Acoustics, Vol. 28. Pt. 1. 2006

Ämnesområdet: Rumsakustik för arbetsmiljöer



ISO 3382-2: Reverberation
time in ordinary rooms

ISO 3382-3: Open plan offices
(T20 not included) 

Schools

Offices

Hospitals

Ämnesområdet: Rumsakustik för arbetsmiljöer



Room acoustic quality aspects and parameters

Ordinary rooms:
• Reverberation:       T20 (s),    ISO 3382-2

• Speech clarity:       C50 (dB), ISO 3382-1

• Auditory strength:  G (dB),   ISO 3382-1

Open plan spaces:
• Spatial decay: according to ISO 3382-3

Ämnesområdet: Rumsakustik för arbetsmiljöer



Useful reflections

Detrimental reflections

)
end)Energy(50

50ms)Energy(0
log(10C50 


 , dB

Definition of room acoustic measures: Speech Clarity C50 (dB)



Room acoustic measures: Sound strength G (dB)

G = LpRoom – Lp10m =Lp – Lw + 31 dB    (omni-directional sound source)

10 m

G=70 dB - 60 dB= 10 dB



Calibrated Sound Power Source



Subjective listener 
aspect

Room acoustic 
quantity

Just noticeable 
difference

Subjective level of 
sound

Sound Strength G in dB 1 dB

Perceived 
reverberance

Reverberation time T20 in 
seconds

5%

Perceived clarity of 
sound

Speech Clarity C50 in dB 1 dB

Just noticeable difference of room acoustic quantities 
according to ISO 3382-1



Microphone

Loudspeaker

Reverberation 
time, T20

Speech 
clarity, C50

Sound 
Strength, G

Impulse response 

time, s 

Room acoustic measurements



Small meeting rooms

Two similar rooms with different 

ceiling treatment.  

Room 1: Ceiling absorber αw = 1.0

Room 2: Ceiling absorber αw = 0.1

Floor area = 12 m2

Height = 2.7 m



Semantic differential 
questionnaires

Extremely Very Fairly Partly Fairly Very Extremely

Distinct Indistinct

Pleasant Unpleasant

Dry Reverberant

Best possible
listening
environment

Worst possible
listening
environment

Best possible
speaking
environmen

Worst possible
speaking

environmen

X



Semantic differential 
questionnaires

Extremely Very Fairly Partly Fairly Very Extremely

Distinct Indistinct

Pleasant Unpleasant

Dry Reverberant

Best possible
listening
environment

Worst possible
listening
environment

Best possible
speaking
environmen

Worst possible
speaking

environmen

X



Listening test



Listening test



Listening test



Listening test



Listening test



Measurement results



Measurement results, with wall panels



Ecophon recommendation: Schools

Criteria Parameter* Target values

Speech clarity C50 (dB) 6 – 8 dB     

Sound 
strength 

G (dB) 15 – 17 dB

Reverberation T20 (s) 0,40 – 0,50 s

* Average 125 to 4000 Hz



The effect of different acoustical treatment

Volume= 150 m3, Floor area=55 m2, 
ceiling height=2,70 m

• No ceiling treatment, 
no furniture

• Ceiling treatment, no 
furniture

• Ceiling treatment, 
furniture

• Wall panels
• Extra low frequency 

absorption



Classroom in different configurations

Without furniture and ceiling Without furniture, with ceiling

With furniture and ceiling With furniture, ceiling and wall panels



Without furniture and ceiling
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Average absorption coefficient of the room 
surfaces is 0,05



Practical absorption coefficient of Gedina A 
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Without furniture with ceiling
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Without furniture with ceiling
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Calculation 
according 
Sabine 
formula
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With furniture and ceiling
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With furniture and ceiling

-2

-1

0

1

2

3

4

5

125 250 500 1000 2000 4000Sp
ee

ch
 C

la
rit

y 
C5

0 
dB

Frequency Hz

Speech Clarity C50 dB

0
2
4
6
8

10
12
14
16
18

125 250 500 1000 2000 4000

So
un

d 
st

re
ng

th
 G

 d
B

Frequency Hz

Sound Strength G dB

0
0,2
0,4
0,6
0,8

1
1,2
1,4
1,6
1,8

2

125 250 500 1000 2000 4000

Re
ve

rb
er

at
io

n 
tim

e 
(s

)

Frequency (Hz)

Reverberation time T20 (s) 



The effect of wall panels

0,00

0,20

0,40

0,60

0,80

1,00

1,20

125 250 500 1000 2000 4000

Re
ve

rb
er

at
io

n 
tim

e 
(s

)

Frequency Hz

Reverberation time T20 (s)

0
1
2
3
4
5
6
7
8
9

125 250 500 1000 2000 4000

Sp
ee

ch
 C

la
rit

y 
C5

0 
dB

Frequency Hz

Speech Clarity C50 dB

0
2
4
6
8

10
12
14
16

125 250 500 1000 2000 4000

So
un

d 
St

re
ng

th
 G

 d
B

Frequency Hz

Sound Strength G dB



Ecophon Gedina A with Extra Bass



The effect of extra low frequency absorption
With 50% Ecophon Extra Bass
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Wall panels and Ecophon Extra Bass
With 50% Ecophon Extra Bass

0,00

0,20

0,40

0,60

0,80

1,00

1,20

125 250 500 1000 2000 4000

Re
ve

rb
er

at
io

n 
tim

e 
(s

)

Frequency Hz

Reverberation time T20 (s)

0
1
2
3
4
5
6
7
8
9

125 250 500 1000 2000 4000

Sp
ee

ch
 C

la
rit

y 
C5

0 
dB

Frequency Hz

Speech Clarity C50 dB

0
2
4
6
8

10
12
14
16

125 250 500 1000 2000 4000

So
un

d 
St

re
ng

th
 G

 d
B

Frequency Hz

Sound Strength G dB



S
ain

tG
o

b
ain

 E
co

p
h

o
n

©
 E

co
p

h
o

n
 G

ro
u

p

Acoustic design and 
architecture
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Effects of directional diffusion in a room with 
absorbing ceiling
Internship: Tim Näsling 2017

40 different configurations
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Diffusion at 4000 Hz
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http://www.ecophon.com/en/about-ecophon/e-tools/ecophon-acoustic-calculator/
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EAC example: Classroom with normal furnishing 
Dimension: Height x Length x Width = 3,5 x 8 x 7 meter

Component Input data Ods
(mm)

Area 
(m2)

Amount

Suspended ceiling Master Rigid + 
Extra Bass

800 -

Walls Gypsum with min-
wool (2 layers)

- -

Doors (1.9 m2) on wall 3 Door, wood 3.8 2

Windows (1.5 m) on 
wall 1

Window glass 3.0 2

Soffit Concrete - -

Floor Linoleum or vinyl 
on concrete

Soffit

Suspended. 
ceiling

ODS
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• Calculation of “true” T20, C50 and G in rooms with ceiling treatment (non-diffuse 
conditions)

• Calculation of T20 with Sabine formula and C50 and G for diffuse sound field 
conditions.

• Guidance towards good solutions for sparsely furnished rooms.

• Promote the use of C50 and G
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Acoustic measurements 
in open-plan offices
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ISO 3382-3



Content

• ISO 3382-3

• Sound propagation in open-plan offices

• Room acoustic parameters for open-plan offices

• Radius of comfort

• The effect of ceilings, screens and wall panels in open-plan offices

• Conclusions



Acoustic measurements in open-plan offices
ISO 3382-3



Open-plan Offices



ISO 3382-3
Acoustics measurements in 
open-plan offices.

ISO 3382-1: Performance 
spaces

ISO 3382-2: Reverberation 
time in ordinary room





Sound propagation in reverberant rooms



Reverberation time vs. distance
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Sound propagation in open 
plan offices



Sound propagation in an open plan office
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Room acoustic parameters for open-plan offices 

• Spatial decay rate of A-weighted SPL of speech D2,S 

• A-weighted SPL of speech at 4 meter, Lp,A,S,4m

• Distraction distance, rD (STI)

• Average A-weighted background noise level, Lp,A



The effect of STI on the performance of cognitively 
demanding tasks

y minimum change in task performance

x speech transmission index



STI

The determination of D2,S, Lp,A,S,4m and rd



Evaluation of office acoustics: 

Single value - Radius of comfort rc (m)

• Definition: the distance for a 10 dB decrease of normal “office” speech. Normal 
speech level in an office is about 58 dB(A) at 1 meter distance.

• rc is calculated from parameters defined in the measurement standard for open-
plan offices: ISO 3382-3.

Interpretation:
short radius of comfort (rc) means increased privacy 

and less disturbance between workplaces

௖ 
଴.ଷ(௅೛,ಲ,ೄ,ర೘ିସ଼)/஽మ,ೄ



Distance of comfort rc

D2,S Lp,A,S,4 m



Master Thesis: Room Acoustic Design

Objectives 

 Parametrical study  of room acoustic parameters  (stress test) of Ecophon Acoustic Calculator* 
 Control of Ecophon recommendations and adjustments for large spaces

Method 

 Setup of parametrical study concerning room dimensions and acoustical treatment
 Using the existing room acoustic calculator for calculations
 Validation with field measurements

Start date: Spring 2019

In collaboration with Ecophon

Supervisor:  Emma Arvidsson, Erling Nilsson (Ecophon, LTH)

Examinator: Delphine Bard (LTH)

Contact: emma.arvidsson@ecophon.se

erling.nilsson@ecophon.se Erling Nilsson (Ecophon, LTH)



Master Thesis: Characterization of porous materials

Objectives

 Characterization of acoustical and mechanical properties of mineral wool

Method

 Measurements of porous materials in Kundt’s tube.
 Analysis of material properties
 Simulations in the software AlphaCell.

Start date: Spring 2019

In collaboration with Ecophon

Supervisors: Emma Arvidsson, Erling Nilsson (Ecophon, LTH)

Examinator: Delphine Bard (LTH)

Contact: emma.arvidsson@ecophon.se

erling.nilsson@ecophon.se


