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Why add sound absorption to rooms?

Increase intelligibility of teacher’s voice for students?
Improve SNR for students?

Reduce sound from student activity?

Reduce sound from external sources & HVAC?
Reduce sound level of teacher’s voice?

Change student behaviour?

Reduce build-up of sound in group activity?
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What's the best room acoustic measure®?

Speech Transmission Index, STI?
Occupied sound level, L, 17
Reverberation Time, T ?

Early Decay Time, EDT?

Signal to Noise Ratio, SNR?
Clarity, C.,?

Unfavourable ratio, U.,?
Strength, G?
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Speech intelligibility

STI

SNR
SNR = Lp,voice — Lp,noise

Clarity, Cg,

Cs0 = Lp,early - Lp,late

Unfavourable ratio, Ug,
Uso = Lp,early - Lp(Late+Noise)
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0.5 - 0.6, limits at 125Hz —2 In furnished unoccupied rooms
kHz
<0.6 In furnished unoccupied rooms
0.6-0.8 Depends on class type
. . 0.5-0.8 Depends on class type
BB 93 compared with other countries
0.4-0.6. Depends on volume of room
Why do prl ma ry & Seconda ry <0.4- 0.6 125-4 kHz, tolerances in each O.B.
H . H 0.4-0.6 Depends on class type
classroom criteria differ? P P
<0.4 optimum Depends on class type
<0.6 normal

<0.8 minimum standard

0.4-0.8 For classrooms
< 250 m3

<0.8 For 150 m3 classroom
<0.5 For classrooms < 350 m3
Tott = 0.67 “Reference Optimum time” in furnished and

80% occupied state

0.42<T<0.63 250 Hz — 2kHz

Reverberation times for mainstream classrooms in different countries
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Intelligibility of speech In classrooms, Sato & Bradley, 2008
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Intelligibility of speech In classrooms, Yang & Bradley 2009
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. W Yang, J S Bradley, JASA 2009
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Noise levels in secondary schools, B Shield, 2015

Lesson noise and UANL
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FIG. 4. (Color online) Scatter diagram showing the relationship between
lesson noise and unoccupied ambient noise level.

Bridget Shield; Robert Conetta; Julie Dockrell; Daniel Connolly; Trevor Cox; Charles Mydlarz

J Acoust Soc Am 137, 177-188 (2015)

Acoustic Design and Testing of Schools

Lesson noise and Tmf
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FIG. 3. (Color online) Scatter diagram showing the relationship between
lesson noise and T,,.
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Classroom sound levels

80 T T |
[—Ispeech
i i ; Non-Speech
- + . +
70 T + x |
* ES + + +
+ T

[dBA]
3
I
— [ —+
+
([ ]

20 | L | I I | I | |
LAeq 32 Hz 64 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz

Higher Sound Levels in K-12 Classrooms Correlate to Lower Math Achievement Scores. Laura C. Brill & Lily M. Wang. Frontiers in Built
Environment, 2021
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Theoretical model for spatial decay

Total sound level with distance
Spatial decay of sound "’
4(1—q)fbd/mfp o

A 60

Dif fuse sound level =

- T

I e

45
0 1 2 3 4 5 6

® Direct Sound, freefield @ Sabine Franklin Jaeger
Barron =0==Sato Bradley, tb = 2

Theory and measurement of early, late and total sound levels in rooms. Mike Barron.

The intelligibility of speech in elementary school classrooms. J. S. Bradley, H. Sato. 5
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Design using U, - Nijs & Rychtarikova, 2011
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Figure 1. Correlations between TI and Csy values for the
2000 Hz octave band from about 300 source-receiver configura-
tions (points). The dotted line gives best fit. The solid line was
calculated with equation (15a).

Nijs, Lau; Rychtarikova, Monika, Acta Acustica united with Acustica, 2011

Acoustic Design and Testing of Schools 27 June 2023


https://doi.org/10.3813/AAA.918390

\ ACQUSTICS &
\ NOISE
CONSULTANTS

Theoretical model talking & listening

. . . Variation of Clarity, C., with distance and
Direct, Early and Late sound with distance Y, S5 WIK
reverberation time
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Theoretical model talking & listening

Noise level from 30 students in a 205 m3

classroom SNR, Early sound - Noise, BB 93 students, 0.5 s RT
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Theoretical model talking & listening

SNR at the back of the room
SNR at the back of the room

22 19
21 18
20 17
19
16
18
[ad x 15
zZ 17 zZ —8—0.40
n n 14
16 0.50
15 13 0.60
14 —e—35 dBA 12
13 IANL 11
12 10
0.20 0.30 0.40 0.50 0.60 0.70 0.80 32 34 36 38 40 42 44 46
Reverberation time / s IANL / dBA

Theoretical model suggests 15 dB SNR achieved in standard classroom with:
IANL < 40 dBA
RT 0.4 - 0.65 secs (occupied)
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Speaker-orientated acoustics design. Pelegrin Garcia, 2014

Classroom acoustic environment

Students’ needs

Teachers’ needs

+ Speech Intelligibility
+ Engagement

+ Speech Intelligibility
+ Vocal comfort

Avoid
—Listening difficulty

Avoid

—Annoyance
—Vocal effort

[ ]

[ ]

~_

~_

+ Personal development
+ Academic achievement

+ Work satisfaction
+ Well-being

0.8¢
o Subjective data R3=0.65
0.6F Fitted quadratic model o
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o | 0
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Figure 1. Needs of students and teachers in classrooms related to

the acoustic properties of the environment.

Figure 5. Vocal comfort C as a function of DTy Mg in the class-
rooms where subjects were asked to talk during an experiment. A
quadratic regression model is shown, defining an optimum point
and ranges of recommended and acceptable DTy, pg values.

David Pelegrin-Garcia, Jonas Brunskog, Birgit Rasmussen. Acta Acustica united with Acustica, 2014
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Speaker-orientated acoustics design. Pelegrin Garcia, 2014
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David Pelegrin-Garcia, Jonas Brunskog, Birgit Rasmussen. Acta Acustica united with Acustica, 2014
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Class size

Occupied noise level v class size (Class sizes 2-30)
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y=0.3218x + 56.609

80.0

70.0

60.0

50.0

Classroom noise level, dB LAeq

40.0

30-0 T T T T T
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Number of pupils in class

Adrian James, Inter-noise 2022, Glasgow
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The Essex Study

Classroom sound levels vs Reverberation time Semantic Differential Data
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Figure 11 — sound levels as a function of RT

. David Canning & Adrian James,
The Assoc. of Noise Consultants, 2012
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Pupils’ experience of noise in two
acoustically different classrooms

30 Very Very Annoyance
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70 T Il Il 1
Concentrating on tasks L1 (Quiet work) o I I I
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| B Demo OReference |
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20 ' t 1 Notes: * and ** denote statistically significant differences . :
0 10 20 30 Y Ve differences between classroom types

between classroom types (p < 0.05); (p <0.01),

t [min] respectively

(p < 0.05)

Jenni Radun, Mikko Lindberg, Aleksi Lahti, Marjaana Veermans, Reijo Alakoivu, Valtteri Hongisto. Facilities, March 2023
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What's the best room acoustic calculation?

Sabine?

Eyring?

Number of children?

BS EN 12354-67

Energy model?

Geometrical room acoustic modelling (CATT, Odeon)?
Finite element modelling, FEM?
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Problems with Sabine / Eyrlng methods

Most classrooms are not Sabine
spaces - nearly all acoustic
absorption is on the ceiling

There is rarely much space (or
money) for wall panels anyway

Many classrooms have strong
lateral room modes or even flutter
echoes between reflective parallel
walls

These increase the measured RT
when empty — until furnished
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Measured effect of flutter echoes / room modes

20 QO - Q octave band
18 \ Reverberation time 125 250 500 1k 2k  Tmf
16 \ D.0.03 Classroom 12 08 059 061 055" 0.58 Unfurnished
‘s \ B.1.04 Classroom 10 06 045 054 058" 0.52 Unfurnished
' \ D.0.04 Classroom 10 06 044 054 055" 0.51 Unfurnished
1.2 \ B.0.07 Classroom 18 10 090 090 092" 0.91 Unfunished
10 03 ~— 3 B.0.10 Classroom 09 06 043 044 042" 0.43 Fumnished
0.8 N\
0.6 \\
04 —
0.2
00 O : : . : : O Classroom dimensions 8.4 x 8.4 x 3.8m to underside

125 250 500 1k 2k Tmf of suspended ceiling
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All rectangular rooms have room modes and flutter
echoes to some extent
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Predicting and calculating flutter echoes

K E cho-disturban ce sum
2
30
70
1 | i
1 50
H % )
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Echogram from Computer Model Measured Echogram
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Measured Reverberation Times
Octave Bands (Hz)
Room no. 125 250 500 1k 2k Tmf
G.37 Younger PMLD 0.60 0.53 0.42 0.38 0.34 0.38
(G.23 Reception 0.64 0.44 0.41 0.37 0.34 0.37
G.89 KS2 ASD/GLD 0.62 0.61 0.49 0.44 0.42 0.45
1.15 Group Room 0.46 0.41 0.38 0.37 0.38 0.38
1.81 KS2 ASD/GLD 0.46 0.38 0.35 0.33 0.31 0.33
1.68 Year 4 KS2 0.63 0.54 0.46 0.45 0.40 0.44
1.14 Year 1 KS1 0.51 0.41 0.39 0.33 0.30 0.34
1.26 KS2 ASD/GLD 0.69 0.44 0.40 0.39 0.40 0.40
1.81 KS2 ASD/GLD 0.53 0.44 0.37 0.34 0.34 0.35
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Comparison of computer modelling for classroom with suspended acoustic rafts

3.0

2.5

13

120, seconds

1.0

0.5

0.0

Fixed and loose furniture, no acoustic treatment 125 250 500 1k 2k ak
Octave band, Hz

RTs modelled by 4 different acoustics consultancies
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Comparison of computer modelling for classroom with suspended acoustic rafts

1.4

1.0

h _\q\-\
0.6 e .
-

04

T20, seconds

0.2

o

125 250 500 1k 2k ak Tmf

Fixed and loose furniture, acoustic rafts under 40% of ceiling Octave band, Hz

(N.B Rafts are very difficult to model !)
RTs modelled by 4 different acoustics consultancies

Acoustic Design and Testing of Schools 27 June 2023



. ACOUSTICS &
A N ‘ NOISE
: \ CONSULTANTS

Conclusions about RT calculation methods

Classrooms are not Sabine spaces (very few rooms are)

All classrooms have uneven distribution of absorption, and all have room modes
and flutter echoes to some extent

Hence Sabine-based methods will normally under-estimate RT, especially in
unfurnished rooms

All of these effects can be calculated with skilled computer modelling, informed
by understanding of acoustics, measurement data and experience.

As with all computer modelling, GI=GO (but how does the client know that ?)

There is a lot of G about, but it's amazing what you can get away when acoustic
commissioning is not a legal requirement.
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Calculating reverberation time — empirical approach

Predicted v.s Measured T ;

1.20
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Figure 12: Calculated Twr based on EN 12354-6, against measured Tuws
Figure 4: Primary school classroom. The underside of the bulkhead can ' - - -
be seen in the foreground, top left of the picture. J Harvie-Clark, W Wei, Inter-noise 2022.
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Calculating reverberation time — energy model
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Erling Nilsson & Emma Arvidsson. Applied Sciences, 2021
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We should be able to demonstrate compliance
with a reverberation time criterion by:

Compliance with Building Regs
demonstrated by design

BB 93 has no description of design
method

Spreadsheet?
Room acoustic modelling?

Back of an envelope?
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