Building Bulletin 93

ACOUSTIC DESIGN
OF SCHOOLS

A DESIGN GUIDE

department for

education and skills

creating opportunity, releasing potential, achieving excellence




BUILDING BULLETIN 93

Acoustic Design of
Schools

Architects and Building Branch

London : The Stationery Office



DfES Project Team

Richard Daniels
Alex Freemantle
Mukund Patel

Acknowledgements

Building Services Engineer, School Buildings & Design Unit
Architect, Formerly of School Buildings & Design Unit
Head of School Buildings & Design Unit

DfES would like to thank the following:

Editors:

Bridget Shield, London South Bank University
Carl Hopkins, BRE Acoustics, Building Research Establishment Ltd (BRE)

Principal authors:

Carl Hopkins & Robin Hall, BRE Acoustics, Building Research Establishment Ltd (BRE)
Adrian James, Adrian James Acoustics, Norwich

Rat Orlowski & Sam Wise, Arup Acoustics

David Canning, City University

Other authors and advisors:

Stephen Chiles
David Dennis

Nigel Cogger
John Miller &

Theodoros Niaounakis

Les Fothergill

Guy Shackle
Julie Dockrell
Mindy Hadi
Matthew Ling
Russell Brett
Richard Vaughan
Roz Comins
Thomas Wulfrank
David Coley &
Andrew Mitchell
Derek Poole
John Lloyd &
Tom Cecil

Peter Brailey
Andrew Parkin
Terry Payne
Wayne Aston
Tim Spencer

David Whittingham

Photographer:

Design & Mac file:

ISBN 0112711057

University of Bath
London Borough of Newham
The English Cogger Partnership

Bickerdike Allen and Partners

Building Regulations Division, Office of the
Deputy Prime Minister

Barron and Smith Architects

Institute of Education, University of London
Building Research Establishment Ltd (BRE)
Formerly of Building Research Establishment Ltd (BRE)
British Association of Teachers of the Deaf
National Deaf Children's Society

Voice Care Network UK

Arup Acoustics

Centre for Energy and the Environment, Exeter University.
Formerly of University of Wales, College of Cardiff

Faber Maunsell

Hawksmoor Engineering Ltd.
RW Gregory LLP
Monodraught Ltd

Passivent

Rockwool Rockfon Ltd
Formerly of Ecophon Ltd

Philip Locker, Photo Graphic Design, Bolton

Malcolm Ward, Malcolm Studio, Croydon.



Contents

Introduction

Scope of Building Bulletin 93
Overview of contents of Building Bulletin 93

Section 1:

1.1

Specification of acoustic performance

Performance standards

1.1.1 Indoor ambient noise levels in unoccupied spaces
1.1.2  Airborne sound insulation between spaces
1.1.3 Airborne sound insulation between circulation spaces and
other spaces used by students
1.1.4  Impact sound insulation of floors
1.1.5 Reverberation in teaching and study spaces
1.1.6  Sound absorption in corridors, entrance halls and stairwells
1.1.7 Speech intelligibility in open-plan spaces
1.2 Demonstrating compliance to the Building Control Body
1.2.1 Alternative performance standards
1.3 Demonstrating compliance to the client
1.3.1 Timetabling of acoustic testing
1.3.2 Remedial treatments
1.3.3 Indoor ambient noise levels in unoccupied spaces
1.3.4 Airborne sound insulation between spaces
1.3.5 Airborne sound insulation between circulation spaces and
other spaces used by students
1.3.6  Impact sound insulation
1.3.7 Reverberation in teaching and study spaces
1.3.8 Sound absorption in corridors, entrance halls and stairwells
1.3.9  Speech intelligibility in open-plan spaces
References
Section 2: Noise control
2.1 Choosing a site
2.2 Recommendations for external noise levels outside school buildings
2.3 Noise survey
2.4 Road and rail noise
2.5 Aircraft noise
2.6 Vibration
2.7 Noise barriers
2.8 Noise from schools to surrounding areas
2.9 Planning and layout
2.10 Limiting indoor ambient noise levels
2.11 Impact noise
2.12 Corridors, entrance halls and stairwells
2.13 Masking noise
2.14 Low frequency noise and hearing impaired pupils

References

Page
1

16

17

21

21
21
22
23
23
23
24
24
24
25
25
25
26
26



Contents

Page

Section 3: Insulation from external noise 27
3.1 Roofs 27

3.1.1 Rain noise
3.2 External walls 28
3.3 Ventilation 28

3.3.1 Ventilators
3.4 External windows 30
3.5 External doors 31
Sound insulation of the building envelope 32
3.6 Subjective characteristics of noise 32
3.7 Variation of noise incident on different facades 32
3.8 Calculations 32
3.9 Test Method 32

3.9.1 Conditions for similar constructions

3.9.2 Conditions for similar sources
Sound insulation between rooms 33
3.10  Specification of the airborne sound insulation between rooms using R, 33

3.10.1 Flanking details

3.10.2 Examples of problematic flanking details

3.10.3 Junction between ceilings and internal walls

3.10.4 Flanking transmission through windows
3.11  Specification of the impact sound insulation between rooms using L, \ 36
3.12 Internal walls and partitions 37

3.12.1 General principles

3.12.2 Sound insulation of common constructions

3.12.3 Flanking transmission

3.12.4 High performance constructions — flanking transmission

3.12.5 Corridor walls and doors
3.13 Internal doors, glazing, windows and folding partitions 41

3.13.1 Doors
3.13.2 Lobbies
3.13.3 Folding walls and operable partitions
3.13.4 Roller shutters
3.14  Floors and ceilings 45
3.14.1 Impact sound insulation
3.14.2 Voids above suspended ceilings
3.14.3 Upgrading existing wooden floors using suspended plasterboard ceilings
3.14.4 Upgrading existing wooden floors using platform and ribbed floors
3.14.5 Concrete floors

3.15 Design and detailing of building elements 50
References
Section 4: The design of rooms for speech 53
4.1 Approach to acoustic design 53
4.2 Internal ambient noise levels and speech clarity 53
4.3 Reverberation times 54
4.4 Amount of acoustic absorption required 54
4.5 Distribution of absorbent materials 54
4.6 Room geometry 54

4.7 Classrooms 55



4.8

4.9
4.10

411
412
4.13
4.14

Assembly halls, auditoria and lecture theatres
4.8.1 Room geometry

4.8.2 Sound reinforcement

Open-plan teaching and learning areas
Practical spaces

4.10.1 Design and Technology spaces
4.10.2 Art rooms

4.10.3 Floor finishes in practical spaces
Drama rooms

Multi-purpose halls

Other large spaces

Dining areas

References

Section 5: The design of rooms for music

5.1
5.2
5.3

5.4

5.5

5.6

5.7

Aspects of acoustic design

Ambient noise

Sound insulation

5.3.1 Sound insulation between music rooms
Room acoustics

5.4.1 Reverberation time, loudness and room volume
5.4.2 Distribution of acoustic absorption

5.4.3 Room geometry

5.4.4 Diffusion

Types of room

5.5.1 Music classrooms

5.5.2 Music classroom/recital room

5.5.3 Practice rooms/group rooms

5.5.4 Ensemble rooms

5.5.5 Control rooms for recording

5.5.6 Recording studios

5.5.7 Audio equipment

Acoustic design of large halls for music performance
5.6.1 Shape and size

5.6.2 Surface finishes

Design of large auditoria for music and speech
References

Section 6: Acoustic design and equipment for pupils with special

6.1
6.2
6.3
6.4
6.5
6.6
6.7

6.8

hearing requirements

Children with listening difficulties

Children with hearing impairments and the acoustic environment
Hearing impairment and hearing aids

The speech signal and hearing aids

Listening demands within the classroom

Strategies developed to assist children with hearing and listening difficulties
Individual technology

6.7.1 Radio aids

6.7.2 Auditory trainers and hard-wired systems

Whole class technology

6.8.1 Whole classroom soundfield systems

6.8.2 System overview

Contents

Page
55

58
59

60
61
62
62

63
63

63

64

67

73

75

77

77
77
78
78
79
79
80

82



Contents

6.9
6.10

6.8.3 Personal soundfield systems
6.8.4 Infra red technology

6.8.5 Induction loop systems
6.8.6 Audio-visual equipment
6.8.7 Other assistive devices
Special teaching accommodation
Beyond the classroom

References

Section 7: Case studies

7.1 Remedial work to a multi-purpose hall in a county primary school

7.2 An investigation into the acoustic conditions in three open-plan primary schools

7.3 Remedial work to an open-plan teaching area in a primary school

7.4 Conversion of a design and technology space to music accommodation

7.5 A purpose built music suite

7.6 A junior school with resource provision for deaf children

7.7 An all-age special school for hearing impaired children

7.8 Acoustic design of building envelope and classrooms at a new secondary school

7.9 Acoustically attenuated passive stack ventilation of an extension to an inner city
secondary school

7.10 Aninvestigation into acoustic conditions in open-plan learning spaces in
a secondary school

Appendices

Introduction to appendices

NOOhWNE

= O 0

0

Basic concepts and units

Basic principles of room acoustics

Basic principles of sound insulation

Classroom sound insulation — sample calculations
Sound insulation of the building envelope

Calculation of room reverberation times

Calculation of sound absorption required in corridors,
entrance halls and stairwells

Equipment specifications for sound field systems in schools
Noise at Work Regulations relating to teachers
Example submission to Building Control Body

Bibliography

List of organisations

Page

87
89

91

93

97
107
113
117
123
129
139

143
147
159

159
16l
165
167
171
175
177

181
185
191
193
203

207



