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Effective acoustic design—unfortunately still a
Cinderella element of our architecture—depends
heavily on detail. There are many references for
guidance on the principles of good acoustic design,
not enough tackling the details.

Here is a book which emphasizes details, and the
authors set out to make it useful. Details, whether for
sound separation, absorbent linings or impact
isolation need to take due account of non-acoustic
influences, and favourite solutions differ widely.
Whether taken from product technicat literature or
prised from private collections these details represent
a useful reference for all those involved with building.

| expect to refer to them often and hope they will help
stimulate debate and development in a field where
they are badly needed.

Richard Cowell
Arup Acoustics
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There is paucity of practical material relating to
architectural acoustics, compared with academic
material dealing with the mathematics and physics of
sound. This book is composed largely of guidance
details intended for reference by architects, students,
structural and services engineers and interior
designers. Some knowledge of the theory of sound is
assumed. Exhaustive coverage is not claimed, nor
does the content replace the need for specialist aid.
Component assembly and choice of materials are
‘moving targets’ and sheets could be added ad
infinitum to this selection of standard and built
examples.

Sources

Wherever possible laboratory test results have been
obtained for the standard assemblies of materials:
often the basic ‘favourites’ could be traced to a
number of sources, with minor variations on a theme.
Inevitably, for light partitions and ceilings in particular,
manufacturers’ information has beén an important
source of data. Such data should be treated with some
caution as results may be given in the best light. The
material presented has been checked as far as
possible. Exact trade name specifications and
references are given only where critical, as some
products are subject to frequent change and
development.

Format

The material comprises details of standard elements
of building construction, assemblies of elements from
projects and diagrams for assessing basics. Standard
elements consider both sound insulation and sound
absorption aspects. In the case of the former, a single
value is normally given; for sound reduction, values
are inthe range 100 — 3150 Hz (with values listed for
octaves, ie 125, 250, 500, 1000, 2000, and 4000 Hz).
The scale of details as originally drawn is generally
1:5 unless noted otherwise, but all drawings are
reproduced at reduced scale—use the drawn scale
on each sheet for reference. Details of specialist
components—eg suspended discs—illustrate
specific usage and are not for copying on another
project: we want to encourage dialogue with acoustic
consultants, not replace it.

Content

The stated performance of the sound insulation of
component assemblies.is not intended to assign each
a definite value. A particular assembly does not have a
‘magic number’ because its performance will depend
on the context of use. Taking a partition type as an
example, the sound insulation performance depends
not only on its sectional constituents but on its size,
degree of restraint at all sides, flanking effects and
receiving room absorption. The values stated are only
an average and two elements with the same average
may have widely varying sound transmission at a
particular frequency. For this reason, some important
examples have their performance illustrated
throughout the frequency range.

The single-figure values are to be used to provide a
choice of comparable elements of construction,
consistent in acoustical terms. A ‘kit of parts’ of
elements can be put together where no part of the
whole assembly is significantly weaker than the rest in
performance. Doors and windows are problematic in
that they are inherently lighter and gap-prone, but all is
not lost when doors and windows are not up to the
performance of the surrounding walls, floors and
ceiling, and composite performance of assemblies
can be assessed. A philosophy that the whole is only
as good as the weakest link is analogous to
components in a sound-reproduction system. Care in
detailing junctions is particularly important where
discontinuous construction details are used to achieve
good sound isolation. Cost-cutting exercises through
the design stage should not allow part of the ‘kit’ to be
downrated to meet budget.

In the case of sound-absorption values, the figures
should be used together with the tabulated values to
sum the total effect of absorption in a particular space.
In a large-area space, for example, an open-plan
office, the characteristics of the ceiling and floor will
be of particular concern.

Information can only reflect the current ‘state of the
art'. There are exciting developments in materials
technology, for instance in the development of thin but
very effective isolating membranes. In a future of
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lighter buildings and higher external noise levels, such
materials could be a valuable asset to the designer.

Notes on 2nd edition

The second edition of this collection of details gives us
the opportunity to add, update, or correct material. In
particular the new UK Building Regulations made our
guidance on the old Part G obsolete and mark a
change in emphasis. The old Regulations needed
diagrams just to explain the meaning of the many
subparagraphs and were a confusing mixture of
deemed-to-satisfy provisions, not necessarily meeting
the performance figures alsc meant to apply. The new
Regulations are commendably practical and clearly
set out.

We have, therefore, included test results of walls and
floors illustrating some of the favoured permutations of
materials. As a matter of common sense, it may be
observed that not all combinations are advisable, for
example, certain substantial floors should not be used
with certain lightweight walls.

The new Regulations endorse the use of built-up
layers of plasterboard within partitions, floor deck
linings, and ceilings. The authors can vouch for the
excellent performance possible from wide-spaced
double or triple plasterboard layers with a bit of
absorption in the cavity. The practical advantages of
plasterboard are its density (750 kg/m®), fire
resistance, ready availability, low cost, ease of fixing,
and its sealability by skimming, overlap of successive
panel layers, and caulk.

Design process

For basic knowledge, use a primer text: eg the classic
‘Acoustics Noise and Buildings', 4th Edition, Parkin,
Humphreys and Cowell. The details we give here are
intended to help at the practical rather than the crucial
concept end of the acoustical design process. Stages
of acoustical design input are summarized to show the
total picture through a project. Acoustic consultants
should be approached where a close check of
characteristics is required.

1 Briefing
The client may state required standards in the finished
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building or, more likely, the functions stated dictate the
fabric performance. Target criteria should be set at
this stage.

2 Site selection

[f a choice of sites is available noise sources may be
included with other environmental criteria in a scoring
matrix to determine the most suitable.

3 Noise survey

Background noise levels may be taken to assist
brief-making studies or to determine the best position
of a building on site. Quantification of adjacent noise
sources may influence the design of the external
envelope, in order to avoid noise intrusion.

4 Outline design

The form of the building may allow ‘buffer’ screening of
sensitive spaces, and the arrangement of rooms may
allow those requiring quiet conditions to be remote
from noisy rooms, with fenestration limited and not
facing any external noise source.

5 Detail design

In order that rooms can be sized to suit function and
good aural reception, proportion, volume/occupant,
reverberation time and surface geometry may be
considered and adjusted. The quantity, shape and
specification of finishes may be made optimal to
required sound reflection, diffusion or absorption
properties. The required separation between rooms or
to outside noise is designed-in by each element
having adeguate sound insulating properties.
Noise-control standards for services should be
compatible with fabric-design standards:
air-conditioning systems, plumbing, lighting,
generators and switchgear plant are frequent noise
culprits in farge buildings. Design of specialist sound
systems to suit the acoustics of the spaces is finalized
at this stage.

6 Supervision

Care must be taken in getting many of the assemblies
shown built properly, as some principles go against
the grain of normal building practice—discontinuous
construction at junctions and cavity walls with no ties

will tempt the average contractor used to tying the
whole lot together for stability.

7 Commissioning

Testing and tuning of services systems and sound
systems and checking that sound insulation standards
are provided in practice are advisable as the logical
follow-up to care in detailing.
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RATING OF ASSEMBLY
UP1040dB .

WINDOWS
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bTLOAT GLASS IN
RESIVIENT BEDDING
10 BEADS

15 MINERAL TILE
SOUND ABSORBENT
LINING TO ALL EVENTS

E——

HARDWAOD HIXED
OUTER TRAME i

GLASS SIZE MAY BE
YARIED TO SUT WINPOWY SIZE

300
10 FLOAT 6LASS IN SLIDING

PANELS OF ANODISED
ALUMINIUM

MASTIC BEDDING AROUND
FRAVE

| ELEVATION

RATING OF ASGEAMBLY UPT0 45 dB .

NOTE: INNER FRAME COULD ALSO BE

USED TO UPGRADE EXISTING WINDOW
OPBENINGS. AN ORIEL MAY HAVE T0 BE
TORMED BECAUSE THE 300 AR GAP
MBANS THE WINDOW ASGEMBLY 16 WIDER
THAN THE CAVITY WALL AROUND.

WINDOWS

104




5 g -
| < i 150 DENSE BLOCKWORK. SEVARATE BRICK WALLG
l ) ' NO Tigo
| % L 25 ACOUSTIO PANELLING N o prann - GLPARATE CONORETE UINTELS
K ON BATTENG WITH »
I lo< | | 27 MNERAL wool BenweEN
, . |
| é 1 ] & o 46X "T5X50 HARDWOOD
| | _ , I )
]1/ /lL %%\r%oow HARDINOGD 50X 44 X ALUMINIUM TEE
= - a
= | RUBBER COMPREGSION G5AL
|
L ' 106LA%5 N NEOPRENE ? I FABRID TACED 725
-l ~ GHANNELS T ‘ MINERAL WOOL LINING T0
; HARDWOOD BEADS ; | 19 BLOPKBOARD LINING BEDDED
| I | P IN MAGTIC TO GTRUCTURE
— b GLIAH SPACED 200 X
T B e e - L FiED PANE? 10 TLOAT 1A%
| | oK NEOPRENE SHANNELS HED
| | Vi 4
BLACK PAINTED TXMET |
0 MINGRAL WO LINING RN JyHINIAM TEE
Il ¢——REMOVABLL PANE AND FRAME
L - il & FLOAT 6iASS
A < YIHH  56Ewoop OPENING -
l]’-'; ) | l UNING 150X %8 /
I | | LECTURE THEATRE  ° 5TUDI0O WINDGY .
NTROL ROOM 50URCE + BBO ENGINEERING
N I OURCE T R HARRIG ARCHTS.
N ) || ) _

OBSERVATION WINDOW

RERR AN |
0 100mm 200 300
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GIRIP [J @
0-GTRIPS

INWARD OFENING

LGHT

l
1
(._
€
]
Q

not to scale

DRY GLAZING

SEETHAREZHOLD BELO
GAP:TEST BY CLORING POOR OR i

WINPOW 10 PLAGTIC INE . (OMBINATION

OF 2 91RIP MAY BE NECPSSARY

IF DOOR WARPED. FIXING BY ADHEZIVE
R GMNEA FIGEL GTAPLEG OR
RAA7 TACKD.

—

PZ-GBAL PUGH FITTED TO
FRAME-MAGONRY EDGES

DRY GLAZING STRIP 8¥4 LP T0
10X im0 SbAL GAPS 7-76 s

0-Z1RIF INZILICONE Rl NOINT GEAL GIIES 1HX6

UQEJI{?HFER GAPS 55 m mm (0D X ID) PO Fox70

\%/-%ml% WSED FOR DOOR GAPS T0 SUIT JOINTS 5-25mm
- m

AC H@T[C QEAL éTRSP 27
P-GIRIPTO GUIT GARS Z-5imm A O .

2 TRIANGLE STRIP OFFERS
2 500D GEAL TOR LOW

ggup&?ﬁ%[\?gl gﬁl%N?A\%A%lb \ (LOZING FORCE.
4 OF ED
GILES % XIOUP 1 120X 10 g@g&%m FEDGE

Y-6TAIPS

P-GTRIP

GEALL 10 AIDING GACH
WINDOWS ' A BRI SEAL
WITH CENTRAL FIN MAY
BE LIED g WEWIC " BY
M?AN‘[ON) NSULATIONS 0B

RESILIENT THREASHOLD
247

NO REZTRICTION TO WHEEL
CHAIR TRAFFIC - UGEFUL
IN HOGPITALG OR 40H00LS

WINDOWS

DOORS .
S0URCE: THE VARNAMO
RUBEEA (0 (L) UID.
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+

APPLIED ACOUTICS VENAB@
PROFILED PROPRIETARY —

HARDWOOD FANELS ;
PATTERN PERFORATED |
A SKETOH

LOX50 BATTENG T0 CEILING (OR WALL)
01 0%5 080 040 0% %5

il |

|

ONE $IDE NOT

PERFORATED

PROPRIETARY (HAH%NY\AN&

PART ITION WITH OPTIONAL ONE

0L PERFORATED

(NOTE : PERFORATIONS REDUGE

COUND INSULATION VALE

OF FARTITIONTO 3548 07 L)

040 (100-3150 Hz) 09 (4001150 Hz) 084 (1600-5000 Hz)

Wmm 200 300

R T TTE
[ ST SLNL XL S

PROPRIETARY VINUL -t
COVERED STEEL SLATS.
(A AV GTEELTONE)

5,465 FIBRE MEMBRANE ——
15 MINERAL WOOL QUILT ——

— 0% 08010 050 CF]

/]

7

FANELS WITH DECORATIVE YENEER
S CONTINUOUS 9L ——
28X 175 SOFTWOOD BATTENS WITH

g?ogpogpoqpoqpoqo%oggoggogg
70 BXTRUDED CHIPBOARD

— 1

GLASSFIBRE INGUALATION BETWEEN
015 035 040 000 087 005

FIANDARD VEIAILS.

WALL FINISHES /

PARTITIONS
GOUND ABSORFTION.
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. I ey

0° L T T
o
0 S0LID BACKING |
> ol
AIK GPACE
300 mw) MEDIUM WEAVE
+— OF GURTAING H1UING |
o N OLDS Il L
” RIS R
AREAS OF CURTAING DISTRIBUTED
PLAN AND GIVE MORE EVEN SOUND QUALITY

100 LOOGE A WEAVE DENGTY
< AND MATERIAL [©& ACOUSTICALLY
TRANGFPARENT

MEDILIM WEAVE GIVES MUCH BLTIER

£ ABCOFPTION THAN 1 OR 2. TE5T BY

S ¢ TRVING TO BLOW THROUGH MATERIAL.

ez cuaiunics; T GHOULD BE POSGIELE TO BLOW
@ = E THROUGH THE TABRIC BUT WITH oo

REGIGTANCE - FAPKIC HAG CiTIMIA
FLOW RECICTAY T T0 0UND

- - 106 TIGHT A WEAYE AND THE. MATERIAL
15 ONLY GUIGHTLY GOUND ABGORPTIVE.

not to scale

ABSOAPTION

COBTFICIENT

[ B
$C)

THAN [F CONCENTRATED [N ONE AREA

ABSOAPTION CHARATTERETIC
OF THIN CURTAIN NOT HUNG

An | INTOLDS SPACED OFF WAL
-- - , | 4 Fﬁm
1% K Hz.

YE4T USE. OF GARTAIN 16 A6 IN PLEN,

WTH MEDIIN. WEAVE $REE STANDING
PIVIPEK CURTAING ARE LB5% ZFFECTIVE .
CUETAING: ARE A SIMPLE METHOD OF
PRAVIZIE AN ADAPTABLE AMOLINT OF

Aper RPTIN EE IN WUSI0 PRAGTICE ROOMG.
CUFTAIN LINING ALSO IMPROVES GOUND
AECOPPTION .

'CURTAINS
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@@‘%@m

4l 50 MINERAL WOOL SO0UND ABGORBING
QUILT WITH PXMET INNERTACE 4
” HUNG OFF ROOF FURLING ~ T
o
< NETAL CLADDING FANELS =
@J S
S N
= 200 ARGAP =
- ‘ ' Z-Ip AN
_ _ L = —
[N [T
2o [
‘i Zé%ﬁ%?%f%&w - 2 k6810 20 40 6080100
E GHEETING RAILALL FLANGE SATIC OF AVERAZE. ABGORFTION
‘E FIXINGS AT 600 CENTRES EFTICIENTS X2
| X1
- ACOU4TI 0 REVERBERANT £01IND, FOR EXAMPLE
) %% VAL GO T ML 0F N FLANT RooN OR OHER ScES

WOOL.CAZING IMPERFORATETD  WITH ALL HARD FINISHPS (AN BE

4 - —— S WALL FACING GENGITIVE LOCATION  ACNIFIANTIY REDUCED BY
(MAY LNW(/ATLONZEWEWHEKE INTRODUCING S0ME ABZORPTION .

INNER FACE (FOR MAX THE LAW CF PIMINIGHING RETURNG
RBZORFTION ). APPLIES, HOWBVER, AG THE QUANTTTY
ras 50X50 MG ANGLE FRAMING
;[ﬂ AGAINGT ATTENUATOR

. ~ DOUBLE SKIN ATTENUATOR
R
7!

SAND TRAP LOUVRE TO ACHIBVED BY SPACING ABSORFTION ACOUSTIC LINING
AV < ERNAL BACE OF “ANELS OFF WALLS AND GEILING. COUSCE 0NN RHARRE:
| ATTENUATOR, USED TOR A GENERATOR. RODM ARCHITECTS




=Y
g
= -1 WILION (ARPET ON
% N e TR UNDERLAY
ARBUEE =t
o | 1 —WILV A ,‘/ /?
K - y o cc'fnw?gr ON FEUT UNDERLAY §4o 7T s v et
b 14 MM CORPED PILETO CONTPACT (ARPETS: Ay
%4 [ e TN GhreT PO e SO 4| ANoLEuM
2 v, - _
-1 L gF ezl
DNAE: R TRETFORD (AWEE SOURCE * AL
CARPET CUAHIONED YINYL SHEET, FINISHES [ BRS 10% DEFINITION ]

CARTET & WGEFUL FOR BOTH IMPACT
HOUND REDUCTION [FOOTFALL ANDTO
TLOOR BELOW] AND FOR SOUND
ABSORPTION . VALUES ARE SHOWN IN
APPENDIX BUT FOR THIN CARPET ON
S0LD_BACKING [MPICAL OFFICEFOR
LEAK] YALUES ARE LOW TOR LOW
AND MIp FREQUENCIES .CARPET (5
SOMETINES LIGED A6 A HARDWEARING

WALL FINIZH TOR PXAMPLE [N CINEMAS,

WETAIL AAEMBLY (4) 1 GIVE A BROADER

CARPETS ON mlmw PANELS [ 508
FREQUENCY PERFORMANCE .

CUGHIONED VINYL SHEET

ONLY ZMM THICK (FOLYTREAD. IRAM.)

ON A CONCAETE AAB CAN GIVE
IMPACT SOUND TRANSMIZZAON
TERTORMANCE  EXCEEDING
GRADE T BUILDING AEGS.
HE 15 A WHFAL MATERIAL
FOR HOZPITALS  A0H00LS AND
OLD PEOPLES HOMES WHEVE
(ARPET (ANNOT BE UoED

SOFT CUSHIONED VINYL SHEPET
THIN (ARPET WITH
UNDEALAY THICK CARPET
WITH OR WIMHOUT UNDER-
LAY, CORK TILE% OVER B
Tz ‘

HARD: (ONCAETE  TERRAZLO

PVC TILES . WOOD BLOCK,
MASTIC AGPHALT.

FINISHES
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PARALUEL. PATTERN

B “roonnnnnnneanens BB A AN B

026 098 09 0-9] 080 0Bl
(ONE PIECE PEP SQUAPE METPE)

PETTERN 0PTION A

<@<——- BYG BOLT AUSPENGAON

e AUMNLM FRAMING

¢ -MINPRAL WOOL 2L ABS
FACED IN WHITE FINIGH
TiAUp.

THIZ TORM OF ACOUSTICAL
CONTAOL 17 U4, FOR
INDUATRIAL BUILDINGS,
WORKSHOPS AIRCAAFT HANGER,
WHEAL THEAE | LITTLD
INHERENT ABZORBENT MATERIAL

N 0T FIXINGS

¢ SPIRAL SPRING

& i — |I00X450X50 ABZORBER
(VARIOUE STANDARD
GT% MNAILABLE )

OVERHEAD SOUND
ABSORBERS.
SOUACE  AOCKWOOL LD.
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26 ROCKAL ROCK FIBRE

WOO0L 48 Kg/mE FIXED
DIRECT TOZOLID WALL
300
FNED 200 AIRGPACE N .
OFF SO WALl ] -

0:00 020 055 080 095 0% 045 070 045 095 0% 090 0% 055 085 080 08 00
SOUACE CAPE INGULATION LTD

[« IR - e

ABSOPPTION COBFFICIENT X
<

=
&
&
=
I
S
3
| | 1 5

175 260 500 K 2K 4K

TREQUENCY HZ

— LOMM MINEAALWOOL  40UACE:

——= T5 MM AOCKWOOL UID

100 MM

VARIATION OF & W iTH THICKNESS

O o O T

™~

& > O

>

B0 RICHWOOL SLAB |
AW1,25 Kgl? FICED
DIRECT T0500ID WALL /
200

FIXED 300 OFF Y
20D WALL ;

0% 0%

SOUACE

| | l | I

1
175 250 700 K 7K 4K
FABQUENCY Hz

—— 20 Kg/m> MINERAL WOOL

gL 0
VARIATION (é & WITH DENSITY

015 087 080 0-60
AOCKWOOL 1D

AUFHOUGH S0UND ABGORPTION
RANGEZ TROM X=0 TOX =10
(FULL BEFLEGTION T0 COMPLETE
S0UND  RBGORPTION) FIGLARES IN
b5 0F 110 CAN OCCUA.
THIG APPARENT ANOMALY

% PUE 10 THE MEFHOD OF
MEAGUAEMENT.

[SOUND

ABSORPIIVE
LINING

]
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H £
5L0T RESONANT
LENGTHwm  FREQUENCY Hz
250+ o
300
100- 00 £=128JHB
I it
-0 Sk
251 B U H
"0 pogk
™ - THICKNESS
] 200
5_
A
951 —15

NOMOGRAN FOR COMPUTING THE HELMHOLTZ
FREQUENCY FOR ©LOTTED HOLLOW CONCRETE
BLOCK (GOURCE HERRICH LARORATORIES,
FURDUE LINIVERAITY. INDIANA L&)
ABSORPTION COBFFICIENTS TOR ZL0TTED 200
BLOCK FILLED WITH INIOMBUSTIBLE FlBROUS

NMATERIAL
o 05

not to scale

047

034

0%

s

&
01

WIDTH mw
20 | -
] I il
15 T« | 1 | | _
i I
L L
10 il |
- 501D BACKING LLEVATION
K " Ach\vrry LN,
L FACING BRICKWORK
- — ABG. PLAGTIC GUM VENTS
3 < BY RYIONG VENTILATION
By EQUIPMENT (1D

A GIMILAR EFFECT 15 OBTAINED THOM 6LOTS (N
BRICKWORK WITH GAYTY BEHIND (NOTE:LEAF
INEFFECTIVE FOR GOUND REDUCTION BETWEEN
GPRCE5) 10 AGobss KBEORPTION CHARACTER-
5TIcS LABORATORY TB415 ARE. REQUIRED TOR
THE BRICH, GPACING AND SLOT PATTERN
PROPOSED. APPLICATION  GELECTIVE ABZORPTION
K LOW FREQUENCIES.

SOUND
ABSORPTIVE
WALLING
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" NCOUSTIC BRICKS BY BLocKL{% LTD., TELFORD

TYPE - BA|

ABSORPTION COBFFICIENT X

P

| [ ; | ! ! | i L ! |

125 260 200 1K 2K 4K
FREQUENCY Hz

ABZORPTION COEFFICIENT
OF GIANDARD FAIRFACED
BRICKWORK

not to scale

20 900 K 26 4K 129 20 200 K 2K 4K
PURCE AIRO LTD

SPECIAL DEZIGN BRICKS MAY BE CONSIDERED T0 90FTEN

THE QOUND QUALITY OF A GPACE WHERE HARD FINFPHES
ARE REQUIRED. A MIX OF THE 2 TYPES WILL ACHIEVE

GO0D 20LAND ABSORPTION IN THE RANGE 500~Z000Hz .
ANGLED TACES HELP DIFFLICE INCIDENT S0UND. MORE (O4TLY
THAN 101G BETWEEN STANDARD BRICHS. BUT APYANTAGE 0o
IN THAT WALL RETAING SOME S0UND INSULATION VALUE.

ABSORPTIVE
LLING




AN CURVED PANELSCOLUMN

2 GWe. GALY. PERTORATED :

STGEL SHEET PATTEANDD 26

BELOW TO GIVE GOOD MID

FREQUENCY SOUND ABSORPT]
85

HoLES
P2

gﬁ g
J 5

R (2T VAVAVAVAVAN

WOOL LINING

ACLHoG PANEL

11111

N

NVAVAVAVAVAVAVAVAVAVAN

IN/NN7 N/NNX7ZN7NT7NZNTNNIN

AAWAY
AV

HORIZONTAL SEGTION AT'A' N
arproComeTed 40 || A\ | AU
— T ROCT DEOK SUPPORT JJ/—
A"y CHANNELS a
\ g %Nﬂgegf_\rwgogg%m INTE IO VIEW
Ao = NO WORK STATIONS SHOWN
)3 (IS "l&::s:; STEEL FRAMED OPEN PLAN g
: OFECE BULDING. =
L <= CUAVED LUG FIXING FOR
| CAEANG WAEINGS ACT NOT ONLY A&
< e
LING OF U, . a
Ll e e g sl
v ‘ot .
PRTICAL ACTION AT'® SLREENG GOURGE 80P ARCHITETS
0 100mm 200 300 ! "




ABCORPTION COEFFICIENT X

0

12
10 , ]
00 :
0%

09 F \f/ X

)

|
175 760 500 1K 7K
FREQUENCY Hz

WALL PANELS CAN BE DEGIGNED T0

PROVIDE ABZORTTION OVER A NARAOW

RANGL OF TREQUENGIES BY ADIUSTING

THE GAP BETWEEN PLANKG. THE PRINCIPLE

OF THE 9T RESONATOR [& THE CAME A

FOR A HELMHOLTZ REQONATOR, REGONANT

FREQUENCY BEING DEPENDENT ON GLIT WIDTH

PEPTH AND CROSG GECTIONAL AREA OF THE

?FAIC\EKBEHW THE 9UTS TORMED BY THE
LANKG,

100mm 200 300

l

®

@ J

"
2
:
%
2

—

— 1 MINERAL WOOL

&——50UD BACKING

HORIZONTAL PLANKG
FIXED 70 YERTICAL
BATTENS

NO GAPS. 10 [2tmm
DECK

ﬁ@m =S

)
N/ NY|
R ’

N ®

WALL PANELS
GOURCE - TURRER
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‘GIPOREX CONCRETE SLABS
[/— ROOF DECKING 10 KEEP
OUT EXTERNAL NOIZE

AOTTED S
DIVIGION
ANEL- GIDE GALLERY - ﬂ r
I N I Ll :
BOHTIAGE | = =
1 == : 11
- WALL PANELS (AREA SECTION
1 %xcﬁﬁ'}p PIGTRIBUTED AROUND HALL) .
A B ) I
i 0 500mm
o M@M T T p| AN
o - TLUGH TACET0 FINGHES WALL PANELG ARE INCLUDED 10 SATIGFY FUNCTIONG
w T D FOR SPORTG UGE SAFETY — DECORATIVE TREATMEN MATCHING GEAT UNIT STACKS
S els MM LAMINATE — HARDWEARING AND CLEANABLE FINIZH TOR 2FOKTG
S | |] FACED PLANKG 0K AR LKE
= ¥ oM ~ SOUND ABCORPTION PANELS.'BULT-IN' WALL
e 0 MM A0 ABZORPTION 15 NECEGGARY 10 PROVIDE AN
== | ACOUSTIC COMPROMIZE FOR A YARIETY OF
P 5O MM MINERAL WOOL OCCUFANCIES AND FEXTING ARRANGEMENTS.
o] (Y0 HALL 16 MUTI-PURPOSE
| | VOLUME 12000 (UM . -~
Y g SECTION MAX CAPACITY 700 WALL PANELS
1 TARGET K1 [T GECONDS | GOURCE - CIY OF CARLIGLE

0 100mm

AT GOOHZ TOR 2/2 RIS ARCHTS [BDP ACOUSTICH
OCCUPANCY
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50%75 BATTENG Z0L1D HARDBOARD
BACKIN

7.
N\ N\ N LN\ '
NN NN Ur\\ P '
| IE6G CAATE
! | T NGeRT
ACOUSTIC ;
7 PAD :[, |
L L
A # — - —
TIBAE LAco 1200 EACH PANEL L D
lNﬂLL Vs )l' ‘ l 7
LOW TREQUENCY WIDEBAND —— - —— 560 EAGH PANEL FEHFOHATEaﬁAﬂ DBOARD
THIN Bm) MODULAR MODULAR FAONT PANEL ‘
HAHDBOARD ACOUSTIC BOXES ACOUATIC BOXES o (25%, PEAFORKTIONS )
LOW FREQUENGY BOXES PROPOSED WITH WIDE BAND BOXES I ~-
IN AATIO 1:2, TOTAL APEA 150 M2 FOR A 5TLIDI0 AEMODELLING %8 C
TO ACHIEVE HEVERBERATION TIME <00 ZELONDS TOR 0 i
FRAEQUENCIES BETWEEN 62-4K Hz YOLUME 560 M? o

FLOOR FINIH  CARPET.

MODULAR ACOLISTIC BOXES ARE OF PARTICULAR LGt

IN BAOADCAGTING AND HADIO STUDIOZ “GEEK GPECIALIGT
ADVICE CONCERNING USE. GOME Uet OF SUCH PANELS
MAY BE MADE INeg. MUSIC ADOMG DISCOTHEQUEZ
DECORATIVE OPEN WEAVE FINIGH MAY BE SIABTCHED
OVEA PANEL TAONTS.CHECK ANY ABQUIAEMENT TOA
FIRE AESIGTANCE.

U RS D S
0 100mm 200 300

0Zr
0 L ! ! ! | | ! |
25 62 1% 20 500 K ZK 4K 8K
FRHQUENCY Hz S0UACE :

LE UNIYERSITY OF SALTORD
WE.GHONE 20UND UTD

MOOULAR
ACOUSTIC
BOXES
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K0 DIAMETER BOTTOM
TAUZS MEMEER.

AN
N TUBULAR STEEL ¢ STAINLESS STEEL
V' BEAM CLAMP WITH EMB

/r pLCT W
|

AN N ZECTION

SRETIH OF
INTERIOR .

STRINLESS STEEL
ANAENAON PLATE

5 Mon BARAFOAM LINING

100 EVENLY DISTRIBUTED
15w DIAMETER HOLES

H) SPHERAE AND CLAMP
, SOUACE GILLINGON BARNETT

AND PAATNEPG

ARCHITECTS.

L]
0 500mm

o |
g THESE GAP ORBS APE UGED N SEVERAL-SWIMMING AND LEBURE F00LS TO
HELP ABSORE THE S0UND OF SHOUTG AND SPLAGHES. FOOL INTEAIOPE

ABL PAOBLEMATIC BECALGE OF THE NEED FOR TIARD DAMP AESIZTANT

MATEAIALS /AVOID THE ict OF NORMAL ACOUSTIC CEILING [LAGTER WHICH
AES0RES MOIGTUPE TO MANY TIMES (T2 OWN WEBIGHT AND TAULS OFF
PBANG 0P OVERFEAD SOUND
|

ABSORBERS

not to scale
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GOUND PRESSUIRE: LEVEL. OF OCTAYE BAND.ABABOVE 10 NlwP rim 4.

10 Wb RENIENN
N I \
100 RSN s |0 o NR
N\ SasSEas=uNEE R = — 1w
20 NN T N s e S K E— ez
NN e S N s s S S — P
80 NNRRSN P L T = —
o NARSUaESuEnEsSAERn A —_ 1%
N R B = 70
SN T gg == 1w
R\ ST e S 5
N T ~_] M~ =
: N Y S "
R AREERp - %
N ] ~_| = 30 § 75
SR O 0l T T 13 1@ N = 2 T o
QO Q QOQQSSSE’)SQS%SQ . 4 <
CENTRE FREQUENCIES OF ONE THIRD 0GTAVE BAND (HZ> CENTRE FREQUENCIES OF OCTAVE BANDS

NOISE RATING CURVES ~OCTAYE ANALYSIS

IT 12 CONYENIENT TO SFECITY THE LEVEL OF A PARTICULAR NDISE BY BQUAL LOUDNESS (ONTOURS WHICH RECOSNISL THAT
THE SUBJECTIVE REGPONSE BY THE £AR 15 10 TIND LOW-FREQUENCY NOISE LBo6 NOTICEABLE THAN HIGH FREQUENCY
FORTHE SAME S0UND FOWER LEVEL . THE CONTOURG ABOVE ARE NOISL RATING (NR) CLIRVES, ANCTHER FORM\ 16 PNC
JURVES WHICH ARE VERY SIMILAR AT Mool TREQUENCIES. CURVES CAN BB USEDTO MONIIOR THAT THE AMBIENT S0UIND
LEYEL IN ASPACE 15 NOT AT AN UINSUITABLY HIGH LEVEL DU T0 EXTERNAL VENTILATION, MACHINERY (R ADTACENT RCOM
NOIES THE MAKIMUM BAND LEVEL OF THE NOIGE SPECTRAL DISTRIBUTION DETERMINGS 116 NR CURVE RATING.

QUND INGULATION VALUES CAN BE UED TO (HECK GOUIND PENETRATING AT PACH FREQUENGY BAND.

AMBIENT NOISE CONTROL (7))

T
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511-1¢ 0-0000Z PA

0

50

o L]

N\
x
Il

V4

7

1

JEbrzefs TN L OCTAVE

mf - ANALUZIS
/2 RD O0TAVE
ANALMSIS

_ g
¢
A

65 115 50 500 K 7K 4K 8K
FREQUENCY Hz .

NOIE ANALYSIS IN A CANTEEN
S0URCE - PARKIN HUMPHREYS
AND COWELL.

CARE SHOULD BE TAKEN THAT FIGLIRES USBD ARE FOR
OUTAVE BAND ANALYSIS Ao ONE-THIRD OCTAVE

BAND REQUIRES LIGE OF THE LHS SBT OF NR (URYE,
PECAUIGE OF THE REDUCED BAND-WIDTH COMPONENT
INDIVIDUAL LEVELS ARE ABOUT Z4B DOWN AND
THE "2 RD OCTAVE NR CURYES AULOW FOR THIS
WHEN Y2RD OCTAVE BAND LEVELS ARE ADDED
TOGETHER A HIGHER FIGURE RESULTS A5 THE LEVEL
OVER THE WHOLE TREQUENY RANGE

RECOMMENDED NR.LEVELS FOR AMBIENT NR
NOISE CONTROL 10 SUIT USE

STUDIOS SPACES TOR RECORDING OR BROADCAST 7
CONCERT HALLS 5-20
THEATRES, MULTI-PURROSE HALLS %
CONFERENGE RQOMS, COURT ROONG.

HOGPITAL WARDS, HOTEL BEDROONVG 1520
LBRARIES

CLASSROOME MEETING ROOMG FOR SMALL %
GROUFS, EXEOUTIVE OFFICES HOMES

RESTAURANTS, OPEN PLAN AND GENERAL OFFICES 35
CAFETERIAG, CIRCULATION 40
KITHENG, TOILETS AND WORKSHOFS 45
(AR PARKS SHOPPING MALLG, BUZ, RAIL 5o
IR AIRPORT CONCOLIRGES.

OFFICE (UPING, WOP PP B4 MACHINES ) 5
WORNGHORZ, INDUSTRIAL PROCEZ 05

PELIRABLE 4B (A) PIremiA B-10 ABOVE
ARCCMMENDED NP1 LEVEL

AMBIENT NOISE CONTROL (2)
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7 SN
.\\ T~
% NN ~_ %
N 80
R AR T~ PREFERRED
SEIRVNN TS NOGE
23 N 45 CAITERIA
RS %
%gzo TN 20
2 N 2
=8, N £
SR 1%
@ 5 750 500 K 2 4K FREQUENCYHZ
\\L ~ [ ] \
SI50 I T T
gég ST i/
™~ ™t
S 00 N =1
EOMENNNES T N | 9
F o NS > g
o §i§\ 1] AN 0
8 ol NN T IS LN | g
R \?\\\ N i TN )
2 40 NP 1L DN | 40
§ a) N \\’\ i \/ /] \\/ %8
0 NN ~ L7 0
§ 10 \\\\ \_/ ‘¥
2 ST T~ L TP NOAMAL PINAURAL
S0 | = 1 MINIMUIA AUDIBLE
20204050 (00 200300400 1000 2 54 6610 & B
FREQUENGY 2

NP CVIRVES, TEND TO BE LIGED IN EUROPE,

WHERE A INTHE UoA THE 107) PREFERPED
NOIZE (R ITERIA (PNC) CUPNES HAVE
REPLACED THE EARLIER NOKE CRLTERION
(NC) CUPYES THEY HAVE. HOWEVERL NOT
MECEIVED UNIVEPZAL ACUEPTANCE .
COMPARIGON WITH

THE BQUAL LOUDNESS CONTOUHRS SHOW:
THE INTENTION OF EITHER 2Ef OF CURVES
T0 REFLECT THE DIFFERENT SENAATIVITY OF
EAR AT DIFFERENT PARIS OF THE
FAEGUENCY TANGE .

AMBIENT NOISE CONTROL (3)
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\ ‘ \\\ | LINTOLS TO DOUBLE WALLS <——WeT

1

¢l ANGLE IRON
§—————— RENDER OR PLASTER FINISH

SUPFORT

MINERAL WOOL PACKING
v 10 SEPARATE BUILDERS

R WORK INFILL

- . ﬁ%imr BAGE
_ . . ON ANT—
| T | | L i \é(bRATlON
AD
| B MINERAL WOOL 4 oL
S5LABS 144 Kg | = =
{ | DENGITY HA é\f\ = =
| ‘ PACKED
I
| L suiLoeRs woRK e Jef— pucT
I | DENSITY A5 WALL A RESILENT LAYER
_ | | | | | SUPPORT ANGLE
| T 15xe5xI6 W6 LOosE
FLANGE FULLY BEPDED L
ALL ROUND 1N NON
SETTING MASTIC
N SEQUENCE
1HOoUE 4 BUILDERS WORK FILL
7 DUCTWORK 5 RENDER
3 SLEEVE 6. LOOSE FIANGE
OUCTWORK

SURCE:
BBC ENGINEERING.
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LAOAEOOA ARG B

75 MINERAL WOOL WITH FLAQTER J
FINI9H QQERNALW APPUED 10
DUCTWOR

PUCTWORK-GILENCER TO GRILLE

7% BE INTERNALLY LINED WITH

5 MINERAL WOOL GLASE, CLOTHFACED,
FXED 0 MUCT BY ClUiFS.

PUCT VINING.

WHERE LAREE LOW AR VELOLITY DUCTD

ARE NECEZZARY TO ACHIEVE LOW AMBIENT

NOKE LEVELD BUILDEPS WORK DUCTE MAY PE

AN ECONGMIC COLUTION FOR BOTH GUPYLM AND EXTAACT.

not to scale

75 MINGRAL WooL 1}
WiTH FLASTER FINISH
APPLIED TO DUCTWORK

75 PREGOREEDED %
WOODWOOL

L

e

HEAVY' CHILING . ~1

FI9URED ACOUSTIC —
TIES FINIGH.

PERFORATED DIFFUGER -
5 MINERAL WOOL OLAS
CLOTH TACED LINING TO DUCT.

GUPPLY AIR /RETURN DIFFIISERS (N
STUDIO CEILINGS .

ANALVAS GEGUENCE TOR DUCT
NOIE: CONTPCL -
[FAN NOIGE-GUPIM 2ipt
7 FAN NOKAE ~EXIPACT ATE
% AP THROUGH GUSTEM |
PECENEPATED NOEE
4 BPEARKOUT THIOUGH AT WAL
DIPANGFEN TD KINOZPHEVE
b NREOVNG TRANGMICZION
OuT OF PLANT P06

| GOURCE:

"DUCTWORK W
| BBC INGINEERING
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20 MIN MINERAL WOOL
0R POLYURETHANE TOAM

'mm

TIPE WALL !

OUTEA 2N (10-20 Ko Jm2
METAL LEAD CEMEN
S0REED OR SIMILAR )
NOTE . AYOD RiG\D
CLamPB

MASS LAGGING TO
REDUCE PIPE NOISE

not to scale

DUCT WITH GILENCER ——]

REVAC AA 3070
SBAL ANT T0 DUCT TLAGHING

SLAYPIS ROOT TELT
ON THEAMAL INGULATION —

ON ZAAPORDX 4L ABS

OPENING TRIMMING —

HOCKWaOoL
PACKING.

......
..........
..........
.........
..........
.........
........

GIEELWORK

40 ROCKWOOL AWA
INAULATION TO ALENCEA
WALL UTER CAZING
PLAGTEREOARD TIXED
bY MUTAL STRAPS

AT 700 CENTRES

QUCT THROUGH ROQF
SOUACE * BDP
BELOW ZILENCERA, DUCT CAGED

ONLY WITH ACOUSTIC DAMPING
MATERIAL, AREVAC DD 2010 9A

z
1} 2
SY '1
DUCT WALL
L— ATI-VIBRATION AT

THEAMAL INGULATION QUILT.

- v - '
PETAIL USED TOR A ROOF TOP t12Y PLANT ON
A GPORTSG HALL . [T & ADVISABLE 10 AVOID
OVERHEAD KOOF PLANT ON LONG SPAN
AUDITORIA BECALIGE VIBRATION & DIFFICULT
10 DAMP AND [T & DIFFICULT To PAEVENT
NOISt BREAK-IN.

OPTIONS ON LAGGING

1 EXTEANAL CASING TO DUCT EAGIEA TOAPPLY AFTER
INGTALLATION AND [F A LARGE N8 OF DUCts Abps
SO0UND ABSOAPTION T0 CEJUNG YOID OR ROOM .

2 INTERNAL- GIVES GOOD ATTENUATION T0 DUGT-BORNE
NOISE. BETTER APPEARANCE IF IN EXPOSED LOCATION

| 0A v AEDUC OR SIMILAR S0UND AEDUCING
MAT 15 PARTICULARLY UBFUL IN LARGE DUCT
SECTIONS WHERE DUCT WALLS (AN BE 55T INTO
UXCITATION BY AIR TURBULENCE (B5PECIALLY AT
HEDUCTION ZB0TIONG. T OR £LBOW JUNCTIONS . )

OUCTWORK
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CIACULAR DUCTS ARE
INHERENTLY AIGID AND 0F
MINIMUM PERIMETER
FOR GOOTIONAL ADA:
NOIGE & CONTAINED
WITHIN PATHER THAN
TRANGITTED THAROUGH
DUCT T0 SFACE. UGE OF
CIACULARA DUCTWORK
MAY THEFETORE BE
PAEFEAABLE TOR

EXVOED INGIALLATIONS.
CIRCULAR ATTENUATORS
TEND TO BE LES6 EFFICIENT:
OFTEN TRANSFORMATION FIECES
FROM CIRCULAR PUCTWORK T0
RECTANGULAR SILENCERS ARE
WEP IN PRACTICL.

Ye,

)

RECIANGULARL DUCTS

HAYE UE26 RIGID WALLS

AND NOIGE WIHIN EXCITES

THE FLAT METAL 4ECTIONG.

THIS GIVES WEHIL LOW
FREQUENCY ATFTENUATION
ALONG PUCTS, THBAE 1o ALLO

A LARGER INTEANAL AREA

oM LINING WITH MINERAL
WOOL* UGB OF ZQUARE OR
RECTANGULAR PUGCTWORK &

BEST TOM INGTALLATIONS MOUNTED
IN CEILINGD . SUPPLYING Of
EXTRACTING MR AT A LOW NOIGE
LEVEL, INHERENT ATTENUATION
MAY ALLOW ECONOAY OF
ATTENUATORS ALONG DUCTS. LINING
DUGTe & PRATICULARLY EFFECTIVE
FOR SMALL DUCTS AND FOR HIGHER
FREQUENCIES
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TYPICAL ATTENUATION
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Z&M?ﬁmm&w
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BN 1\ ROGITION GLEEVE
N oENE FULLTOWAL
0 L%;?E AL F——1 5
H==14 (OD=ODOFPFE SN APPLY GEAL
< AR AGAINGT DRYING ALY ACh
N AHRINKATE INGBRT MINERAL (6165 Belione
Sy 2 R ot i ot
POSITION COMPREGHION NG I
FIRST —
- 0 CTE AN o0 4 e h e _"~ e dTee
MATERIAL BULK
WEIGHT 30-80 Kyl {2\
PRE-GLEEVE WITH WALL BUILT- | \
OVERGIZE FIPE PIFE SLEEVY - K>
(0D=0POF PIPE RELOCATED. 3 INGULATED
INGULATION ) B (ALWNN\%\%C%L) PIPEWORK
Ly e ===
L———_—J : _-—_7.".4. )
s B EAORN TRDUE AL
| - NOTE WAL LT NOT BE LigED
FIRST 10 CUPPORY PIPG-THE EFFECT TOR G00D GEPARATION
OF ADDING FLUIID T0 P(PEL MUGT PIPEWORK
BE ALLOWED 7OR BY ADJUSTMENT GOURLE ARUP ACOUAG105 .
T0 SPRING HANGERS.

not to scale
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SECTION
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PLAN

PV RAINWATER

NOAE © CASt
IRON PREFERABLE)

REKSIU AP
RAD sECToN
ACOoSTC LINING

Blikg, [l RUN

200MM LIGHTWEEHT CONCRETE
ROOFE UNITS

DETAIL SECTION

FRAINWATER  FIFES SHOULD NOT BE
FERECTTEN AS A WEAK UINK IN SOUND
INSULWTION  AND FOR, (N-FIPE NOISE,
IN PROVLETION FACIUTIES FOR
SFANATA TV INDUSTR AL RATHER
THAN STUDIO) THIS DEFAIL WAS L%EP

155% ﬂraur: W{ﬁa PREAKCUT (AND
Mﬂmm

PIPEWORK

SOURCE ©

BUILZING DESACN FARTNER SHIP
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) = e walL
wing 0 B> — Sl KINPTIC ’%WB\N OOLATED WALL
HANGER ORWALL I & BOARD AND RALANT ; . | SUGPENSION
BRACKET FIYINGS 5 SR LN AN IZ' i T Wiree
AEAENT — I (e | | : fINGTIG TYPE 4]
'ogn; ﬁf“’. ’ —HANGER
B BY TI00 T
ATERNATIVELY GROUP PIPES ON A | [|| HORZONTAL COOTARIRITNG 0 0L FIERE
RPALIBNTLY MOUNTED — —an SBLTION 1
5 - PERIMETEA
IZOLATION AND
AEEALIENT VERTICAL SECTION 110 FBALANT
CLAMP BLOCK 0TION +—— DENGE (EILING
v Ti0. @ BUFFER OKIATING. 0 kg v
1 AAANAA A AR P A PANAAARRT AT Art ottt
REAVENT PIPE MOUNTINGS AVOID NOIGE &L—— TZG PLYWOOD
TRANSMITTED ALONG PIPES BEING 00 ST oy TN TNeED
H N\ ' N ! 1 I = ]
PIPE FIXINGS T 5T aLATION L1524 (oNput o pippe Not
BOARD UNDBA WAL RIGIDLY CONNECTING
B G
# VOLATOR S46TEM ENABLES I INAIN €447
z GREATER SOLIND REDUCTION  NOTE: LIGHTWEIGHT COMMPOZITE
% 5 TOBE AGHIEVED THANZX  CONSTRUGTION SUTABLE IN E6.
. = M5 EACH DOUBLING OF — OFFICES 10 PAEYENT TRANS—
° 2 M5 ONLY AGHIEVEG AN MISoION OFSPBECH (HIGHER
EXTAA ZAB ONGAI VALUE.  FABQUENCIES) BUT HEAYY
COAPOSITE CONSTRUCTION
o2 ———r— PNCLOGLIRS WITH BQUIY KEQUIRED T0 SCAEEN LOW
- ALENT 681 (G0LIND EARQUENCIES £ ANT NOIGE.
MAGG LAW COMPOSITE CONSTRUCTION — AEDLICTION  INDEX dB). NOISE ISOLATION

GOUADE “G0UND
ATEENUATORS LID.

not to scale
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VENTILATORZ WORK BY
LABYRINTHE PATHS FOR
AIRWAYZ LINEDWITH

GOUND ABDRBING MATERIAL
ABSORDING EXTERNAL NOWE
THE FAN IN THE FOWERED
VERSION MUAT [TELE BE
QAVIET . GRANTSD ALLOW

WE IN LIVING ROOME

AND BEDROOMPZ,

MECHANIZAL VENTILATOR. FERMANENT VENTILATOR

WALL VENTILAIORS HAVE
PEEN WZED WIDELY BY
VoAl AVTHORITIDS. IN

HowES NEAR NOWY
MITORWAYZ, RAILWAYS OR
MEPORTS T0 ALOW
NATURAL VENTILATION
* NRBRIZK WPE VENTILATOR
BT INTO WALL

VENTILATORS
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not to scale

PATH VIA LAZING
NMOPEL Z100F

LINEAR Z0UND-ABOREEPD VENTILATOPG

ANOPIZED ALUMINIUM BODIES. VENTILATION

POTENTIAL P10 200 M3 OF Alh [HOUR| METRE )
LENGTH. SBE A0 VENTILATOA GHOWN UNDEPTHOULING, E
IN OFFICES HOUGING.

LIGHT é@ =y -
(el .
T
GUBGTANTIAL

RATING EXCEEDS V ‘ -

NMAZONRY WALL

MOPEL ZR 120

GECTIONG
FUTIONA, UITES
100 X100, B0 X 10

VENTILATORS

SOURCE M. UNITAS.
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TUNBSTEN FLUORELCENT.
TUNGSTEN LAMPS GIVE OFF NEGLIGIBLE NOICE THERE & A GREAT VARIATION OF NOIKE
EXCEPT WHEN ABOUT T0 AL THE HLAMENTS FﬂON\ THE MAIN SOUACE, THE CONTROL

* THEN RATILE. TUNGSTEN. LIGHTING 1 THERERORE EAR EVEN TOR FITTINGS OF THE GAME
UGED TOR ANECHOIC CHAMBEPS AND (THEA M’ﬁ TROM THE 9AME MANUTACIUIRER .
NOIGE ZENATIVE ROOMS. DIMMER (ONTROLS THE LAMINATED IRON (ORE PROPICES
ON LIGHTING MAY (CAUSE SOME NOKE AT LOW NOIGE PUE TO MAGNETISATIONOF THE
LLUMINETION  ZETTING. LAMINATIONS YARUING ACCORDING TOTHE

TYPE OF CIRCUTT AND WATTAGE RATING.

THE METHOD OF MOUNTING TITTINGS
ATTECTS NOE OUTPUT: HAN HN(%
HTTINGS ARE PRETEAABLE TO Z0LID
XING. IN SENGITINE AREAZ AEMOTE
(ONTROL GEAR MAY HAVE T0 BE

= AMERCURY DISCHARGE. | CONZIDEAED. INDNIDUAL FITTINGG
= POWERFAL LIGHTING MAY CALIGE MAY NOT BE NOIZY .FOR INEIANCE
25, GIGNIFCANT NOGE AT COME A FITTING RECENTIY TEZIED HAD
== PARTICULAR FREQUENCY . THE womr (ACE HWL OF'Z%&BAT
o =60 DISTRIBUTION AT LHS & A ﬁ
SZh T0TAL OF 55 400 W LUMINAIPES OWEVER, 22 £UCH FITTINGS IN A
Z> (TUPE HP| MP) PECIAL GPOFIIE HOOM A5 & w CAL RRANGEMENT
SZ4 LIFHTS ) MOUNTED UNDER HitH WERE (ALLULATED 10 PRODUCE A
S LEVEL (ATWALKG. IN A MULTI- SOLIND VEL moxwmm@ NR=25
SEYTIN R e oo 1 bt F AL
= URCE:UNIVERSITY OF SALFORD
x50 A FREQUENCY AMBLENT S0LIND LEVEL i
GBI TOR0I K4 FOR SPOPIS LIGHTING ON HOUE
FHEQUENCY Hz LIGHTS AND VENTILATION OFF
ARBORNE COUND. CORRESPONDL TD NP =20

HOURCE : ZANDY BAOWN
RO, LIGHTING
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S0UND PRESSURE LEVEL

—*

1 METAE HA0M LIFT MOTOR .

BLEGTHIL, MOTORS: MINIMIGE. BY SPECIFYING PUMP AND MOTOR
T0 BB SUBMERGIBLE TYPE AND D HAVE CAGINGS LINED WIFH
SOUND DEAPENING MATERIAL.

GELECT UIFT DOORG TR QUIET OFERATION

GHECK HIGH SPEED JHIGH AISE LIFTS FOR WIND NOIGE UPGHAPT
AL MAGHINERY 10 BE ON ANTI-VIBAATION MOUINTINGG

AVOID BUILDERS WORK HOLES BETWEEN LIFT SHAFTS AND
OFHER AVREAS.

CHO0SE ELECTRONIC PROXIMITY SWITCHES £10 A9 A WAY

OF AVOIDING ‘CLICKING' WORKING FPARTS IN CONTAOL GEAR
ENGUPE GOOD MAINTENANCE OF LIFIG.

IN REFURBIGHVMENT SCHEMES, CHECK NOIY FROM EXIGTING
UIFT INGTALLATIONS (OLDER TUPES, ESPECIALLY OFEN SHAFT,
WERE TAR NOIGIEA)

70
0 N § /
S \
%0 S R=
™ y—
Wi
40 b
% SE| L
TYRICAL OVEAALL =31 [YRICA OverALl
L —LE Vel AapA I BB UL a L amm VA hig A
0 > BENNIE
§E LIFTS UID
. —
215 6% 175 290500 |K 26 4K 35 65 175 250500 1K 7K 4K
GINALE RYDRALLIC LIFT MOTOR / DOUBLE HYDRALILAC UFT MOTOR
PUNP UNYT [PUNMP UNITG
. HYDAMAAG LIFT MOTORS ARE MOPE NOIYY HAN

ANCILLIARY

111 ==
Bl
g1 <
g
|| &
=
=
] &
-4
2.

CIRCULATION

g1UPIo

1
TYPICAL To0LATED GHAPT
PLAN ARRANGEMENT

LIFT NoIgt 15 OF PARTICULAR CONCERN IN
HOTELs O HOSPITALGWHERE THE NOlE
LIVELS FAOM MACHINERY MAY NOT BB
HIGH, BT THE DIGCONTINUITY OF OPEAATION
DAAWS ATTENTION 10 THE NOIGD. TUFICAL
GOUND LEVELS WITHIN UIF (AR ARE 65k
fOR HYPRALLIC, 60 4B TOR ELECTRAIC
OPERATION.

LIETS
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S “GUIET PLANT ROOM

ATTENUATOR FLEXIBLE

I~ CONNECTION

{1)NOKE ENCLOSED ATSOUACE

ACOUSTIC ENCLOZURES
10 NOIY [TENG OF PLANT
WITHIN PLANT AOom

AY MOUNTS TO IZOLATED
BAG.

ATTENUATOA  TIRE

DAMPEH

8524127

—

-

i
N

CONNEGTION (7.) FLANT POOM LINED WITH

FOUND ABZORBENT QUILT
GrACED OFF WALLO.

IToM& OF PLANT MAY NOT
Bb PAACTICAL LINING OF

Z 2 2 Z  Z

REVEREERANT SO0UND.

FIRE FLEKIBLE

—

DAMPER [ CONNEGTIONS (3.) GUBATANTIAL

"NOIBY PLANT AOOM

—

2

AOOM ENCLOSURE
ENGUAES I20LATION,

GIRUCTURE IF POSSIELE.
AIRBORNE SOUND LEVEL

INZIDE PLANTAOOM HIGH |,
PARTICULARLY WITH

not to scale

VOUBLE SN OR
WEBLL LAGGED HICK
GAUGE PUCTWORK

AMPLIFICATION TACTOR'OF

——— ATTENUKTOR . HARD FINIZHES WHICH

INCREAGE NOIG LEVEL
WITHIN BY UP 104 08.

ENCLOZURE OF INDIVIDIAAL

PLANT AOON MAY REDUCE

600D INGULATION VALUE 10
WALLS, ROOF, FLOOR GEPARATE AND ZENG(TIVE POOMS

00D 10 ENCLOSE NOISE AT
S0URACE BUT THIG MAY NOT
Bb P077|BLE |F THERE ARD
MANY NOGE Z0URCHS, OR
PLANT [TEMG BEQUIKING
MPLETE ACCECS AND
ENTILATION TOALL SIDES.

PARTICULAR CARE AE.
NOIgE BAEAKOUT VIA
DUCTWORK NECESZARY.
T0A VERY NOISY PLANT

AROUND ALL MEASUIRES
NMAY BE NECESSARY:
ENCLOAURE OF PLANT,
LININGZ TO PLANT A00M,
GUEGTANTIAL TABRID .

]PLANTRUUMS
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AALIENT ACOUETIG FLEXIBLE CONNECTION INLET
GUPPORT ENCLOSURE T0 TAN ATTENUATOR
20GAUE TERFORATED _] = BNNZ
GTBEL INNEH PACE
TUROLON Flepe |
ACOUSTIC INFILL
MATERIAL
F{,;T;ngf%é) ATTENUATOR T0 ‘
e '
DOMPSITE PANELS () v
HXE]?\IO@ZETH% N ALONG DU A .
g XZM L ;fm AV LAVIINLR VIO WV IR i) \'L"Z‘,"I\Al?1‘l‘;'l~'.';01‘.ttI\‘lZlll'l\'l'm.‘.'llq-'m’l'l‘l\:
ALREAMENTS t /A -
A0, INPRTIA BLOCK ] - |
SOLATED OFF F100R v SECTION: NTS
NON4ETTING 60 : 100 —
ALANT | E 4 B s NI ~ 1
] = /
{ >
55 3 %0 A 60 d
=8 y/ / 7
5'§ 30 -7 70 r 7
= .
” L 60| 4 ok
1 2 £S5 o N/ '
2k 0 YO —T =t
CONCHETE PERIETER =2 L
ATTANING OUR . OETALL SECTION S BRI B 6 W moe0 K 1R AR 6k
FLOATING 'KINETIC FLOOR FREQUENCY Hz | He
CONCRETE CAGT ON XTERIOR 1,100 CONGRETS £TRUCTLIPAL FLOOR+ELOSTINGFLoOR [ ATRHANDLING PLANT
QUALITY FLYB BONDED T0 2.700 (ONGRETE STAUCTURAL FLOOA L0
FLAGSFIBRE PADS AND LOW 2,100 CONGRETE STRUCTUAAL FLOOR. SOUND ATTENUATORS LID.

DENSTTY INFILL QUILT.

0 10mm 200 300
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R.. 4B
CORRESPONDS 0 STATIC

i
O

(

LT LI
0 500mm

GUBTAAME WELL SEALED
T0 MAZONRY

LOUYAES CAN ALSO BE
UGED IN POORS OR A
ENCLO@[NG PANELS

AcE:

&%TO&ELL ACOUSTICS (1D
(150 AND 300 DEEP

UND Z0LUTIONG LTD

£00 DE&P;\‘
FERFORMANCE DEPENDG DA
PHGREE ON PANEL S17E AND
AR VELOCITY | OVER 4 M [6EC
NOT RECOMMENDED.

A [T~ A0

—3 l%

v 175

20 00 K 7K 4K

Z0UND INGERTION L0 AP

INGERTION L0% &
PERINED A7 THE GOUND
LEYEL DIFFERENCE
PETORE AND AFTER
INGERTING A& ZOUND
ABORBEA OR
PARRIER BETWEEN
NOIGE 20URCE AND
REFERENCE POINT.

l

e |~

"

"GULLFIBER
MODULAR ACOUSTIG
GOREENZm XIm X340
FINIGH: YELLOW
PAINTEDGTEEL.
PERFORATIONS BOTH
emw mg SADE

OFHONAL)
15 1K) 80 90 90 67
GOURCE : LUND
INGTITUTE OF
TECHNOLOGY
(INQEF(TION u)%

] BY B
METHOD TOI%B‘%)

K'BM} PIGTANCE
FAOM G0UACE

be % 70 A0

K 2K 4K |SCREENS

LOUVRES
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3 ; &
S 3 S S
@ <®ﬁ§%@ & o
S AR a &
MRS 1?“ \
........................ I ~
E 1_2 M N
NOWY ACTIVITIES
TYPING : \
WORD PROCESS {
: i J
® @ ® @ ® ®
LONING TOLERANT - PRIVATE
OFTIONG (N SELECTING COMPONENT ASSEMBLIES
(D GROUP NOISY ACTIVITIES AND ISOLATE OR SCREEN.
INCLUDE LOTG 0F ABSORPTION.
(D SCREENS T0 HEAD HEIGHT, 1800 mm .
(3 SOREENS T0 GREATER HEIGHT, 2100 OR 2400 mim .
GEPARATION BY SCREENING X720 ABA BETWEEN
WORK STATIONG
@ SENIOR MANAGEMENT OR GONFIPENTIAL MEETING
ROOMS WITHIN OVERALL SPAGE. (AN BL MOVED.
SEPARATE VENTILATION OR TRANGFER VENTILATION.
HERMAN MILLER (O LGHT PARTITIONS TOPPED OFF AT GEILING DENGE
EXECUTIVE OFFICE QUILT OR LEAD FOIL- IN GEILING BY PARTITION
koawaﬁ {y&wm - REDUCES CEILING VOID FLANKING.
N OFEN FLAN O GPTIONG IN S5LEGTING COMPONENT AGSE M ELIES .
OFFICES |
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~ CEILING
AN

) | i \\\
fo vl A L ] T
/_\ A — o
X A A '
Y% SECTION
|
| [
O =T T 1 i
25 20 500 IK 2K 4K
FREQVENY  H2 ® —
GO0URCE H/// RECEIVER
10 /
S " WaLL
e : PLAN
e i FOR A KEASONABLE SPACING OF OCCUPANTS B6: l7-14 M2 | PERSON
s Ot S0/Np ATTENUATION BETWEEN WORKPLACES ONLY 7005 dbA MAX,
853 s 125 150 500 K 2K 4K IMPIRICAL FORMULA 10 (HECK ADBQUATE PRIVACY : BACKGROUND NOISE
s CREUENDY T (ABA )T S0UND ATTENVATION ) 75. BY THIS GRITERIA  MANY OFFICES
.%-,;5 HAVE AN AMBIENT LEVEL TO0 LOW AND MAGKING SOUND MAY BE CONGIDERED.
g
) IN CHOOZING PARTITION GYSTEMG OR DIVIDBR. PANELS,L00K FOR SANDWICH
VETL FANEL OF ABSORFTION- S0LID CORE~ABSORTTION IF A GOOD ABSORPTION RATING
(OVER 0-6) 15 REGUIRED. BOTH EXAMPLE 1 AND 2 ABOVE ARE EFFECTIVE

AG GCREENS. GOCD ABSORFPTION AT 1-ZK IMPORTANT 70 MASK SVEECH,

OPEN PLAN OFFICES
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' ARENA EFFECT ALLOWS

EOFLE T0 WORK ON

THE PERIMETER OF A
SPACE BUT TURN
INWARDS TOR DIGCUSSION.

. GPOKE LAYOUTS CAVGE

UNCOMFORTABLE PACK
EXPOSURE AND NOIGE
INTRUZION TROM NEAR
BUT HIDDEN NEIGHBOURS

| CUBICLES GIVE HIGH DENSITY

AND INVIZIBILITY BUT LITTLE

ACOUSTIC PRIVACY

0 AVOID REFLECTED

S0UND AT PERIMETER
CURTAIN WAL TRAP
OUND B4 ENCLOZING
APORPTIVE END FANELS.

LAYOUT TYPE OTAFE ATTHTUDES

FREEFLOW 2%  NATURE OF COMAON COMPLAINT
};\‘?AQNSD e 609, AND REQUESS -

ORKELOYY AND MORE PRIVACY 7%
RELATIONGHIF NTERNALNOGE 479,
DVIZION BY o, TEMPERATURE 42°
ACOUSTIC SORLENS TVE NTILATION 28%
DVISION BY 7% 100 MUCH DIGTRACTION 25%
FURNITURE 7 DRAGHTS (7%
DNVISION BY HALF 5 BETIER TURNMURE  12%
HpEHT PARTTIONg  BETTER LAYOUT 8%

RESUVIS OF A LARGE. UK. OFFICE UGE SLRVEY
SOURCE - 9FACE PLANNING ZERVICES

ABILITYTO CONVERSE A6 A FUNCTION OF BACKORGUND NokE
NOIGE LEVEL - MAX DISTANCE TOR NORMAL - N° PEOFLE IN

(NR) CONVERSATION (M) CONFERENCE
ABEORBENT REFLECTING
30 8 50 50
35 6 75 20
ity 4+ 10 o
50 7 7A It
55 1 I 7

SOURCE- R AWALLER . APPLIED ACOUSTIOS(2) 190] FPILI-120

OPEN-PLAN OFFICES
SOROE HERMAN MILEKR
REAPARCH (ORPORATION.
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ENOLOGE NOIGY ACTIVITIES
Ut SORPENS EXTENDING
TOFLOOR .
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DEFINITIONS
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Absorption

The ability of a material to absorb sound is measured
by its ‘absorption coefficient’ a which is defined as the
fraction of energy incident on its surface which is not
reflected. The higher the decimal fraction value, the
better the absorptive property of the material. This
does not imply that some of the energy does not
continue on through the material. The absorption A of
a surface of area S is then given by:

A=Sa

and if there are several absorbing surfaces of areas,
Sy, Sy, Sz etc. the total absorption A+ is obtained by:

AT = C(1S1 + o Sgﬁ + az Sg ------

There are different types of absorber: porous
absorbers where the sound energy falling on them is
dissipated by viscous losses within the pores of the
material, and resonant absorbers. Resonant
absorbers themselves are grouped into those on the
Helmholtz resonator principle, an example of which is
a perforated panel separated from a solid backing
containing some porous absorbent, and membrane
resonators, where a solid panel is spaced off a solid
backing but by virtue of panel flexibility and its
thickness (less than 20 mm) vibrates on the trapped
layer of air. For Helmholtz resonators, the frequency at
which maximum absorption takes place is a function
of the thickness of the panel, the area of the
perforations and the spacing behind the panel. For
membrane resonators, the frequency at which
maximum absorption occurs depends on the spacing
panel to backing, the superficial weight of the panel
and whether the panel-backing cavity has any porous
absorbent within. Both types of resonant absorber are
used for low-frequency absorption, and combination
of the two types is possible.

Acoustic, Acoustical

The adjectives are almost interchangeabile in use.
Acoustic tends to apply in describing the basic
property of the sense of hearing. Acoustical is used to

describe devices or personnel in the field of acoustics.

Acoustics

The science of sound (from the Greek, akouo, to hear).

Acoustical treatment

The application of design principles in architectural
acoustics to isolate noise or vibration and to correct
acoustical faults in spaces by addition of absorption,
reflectors or other devices.

Ambient noise

Background or general noise level characteristic of an
area, often used in comparison with a specific noise
source overlay. Sound pressure level in dBA
exceeded for 90% of the time (Lgg). Ambient noise
control may be by use of rating curves—see text.

Assisted resonance

An electronic method of lengthening the reverberation
time of a hall by means of a series of channels each
consisting of a microphone mounted in a tuned
resonator in the ceiling feeding on an amplifier
connected to a loudspeaker also in the ceiling.

Brilliance
Attribute of a hall with clear sound, prominent in treble,
rich in harmonics.

Clarity (Deutlichkeit)

Defined as 10 log (energy over first 80 milliseconds
expressed as a fraction of the remaining energy). The
degree of clarity in sound reception depends on the
strong receipt of direct rather than reverberant sound.

Coincidence

This occurs when the wavelength of the incident
sound wave projected onto a partition or panel
matches the bending wavelength of the partition or
panel.

Critical frequency

Lowest frequency when coincidence occurs. Critical
frequency is raised for thinner and less stiff surfaces in
the sound path.

Decibel

Sound pressure level is the usual characteristic
expressed in decibels. The scale is based on 10 times
log+o Of the relative intensity of a sound and a



reference pressure. 'dBA’ is a decibel unit with an ‘A’
weighting applied. This weighting has reduced
response to extremes of frequency in order to simulate
the response of the human ear.

Definition

Ratio of useful energy arriving within the first 50
milliseconds to total energy comprising signal: high
figure means good definition.

Diffraction

Ability of a sound to pass round a screen or barrier.
Lower frequency sounds can diffract around
obstacles more easily because of their longer
wavelength.

Diffusion

Complexity of reflecting surfaces causing an even
dispersion of sound in a room, with no directionality of
sound.waves.

Dryness

A characteristic of an auditorium which has a short
reverberation time; to some extent the opposite of
‘richness’.

Echo
Reflected sound discernible as separate from the
initial sound, by virtue of the long reflected sound
path.

Flanking

Ability of acoustic energy to by-pass a sound barrier at
the edges. Good airborne sound insulation through a
floor construction, for example, may be flanked by
sound transmission down the walls or through ducts.

Flutter
Rapid echo pattern between parallel walls which can
be discerned.

Focusing

Acoustic energy, like light energy, can be reflected
from concave surfaces into a concentrated focus. This
may leave ‘dead spots’ elsewhere.

Frequency

The number of cycles per second that a vibrating
system completes. Units of frequency are cps. or
more usually Hertz; both have identical value. The
audibility of a sound depends on its level and also on
its frequency. The human ear can detect sounds with
frequencies ranging from 20 to 20,000 Hz although
increasing age reduces the upper limit. The
frequency, f, velocity, C, and the wavelength, 4, of the
sound waves are related by the expression:

cC=w .
Intimacy

Impression in sound quality, sometimes called
‘presence’, that the source is near. In an auditorium
this can occur in surprisingly distant seat locations if
they benefit from close reflecting surfaces.

LYO
Noise level in dBA which is exceeded for 10% of the
time.

Lgo
Noise level in dBA which is exceeded for 90% of the
time (background or lower limit noise condition).

Leq (equivalent continuous sound level)

A-weighted energy mean averaged over the
measurement period, ie the continuous steady noise
level which would have the same total A-weighted
acoustic energy as the real fluctuating noise
measured over the same time.

Liveness
Attribute of a reverberant hall, imparting fullness of
tone to music in high and mid frequencies.

Loudness

The subjective judgement of sound intensity by an
individual which tends to be influenced by sound
pressure and frequency. A typical response is for a
three-fold change of sound pressure level to be
considered a doubling of loudness.

Loudness level
The loudness level in phons of a noise is defined as

the sound pressure level in decibels of a 1000 Hz tone
which sounds equal in loudness to the sound which is
being rated.

Masking

The effect whereby the threshold of audibility of a
sound is raised by the presence of another sound.
Masking is most effective when the masking sound is
of lower frequency than the sound to be masked.

Membrane absorber

A component assembly whereby a solid thin panel is
spaced off a solid backing but by virtue of panel
flexibility vibrates on the trapped layer of air. The
frequency at which maximum absorption occurs
depends on the spacing panel to backing and the
superficial weight of the panel.

Noise
Sound unwanted by the recipient.

Noise reduction coefficient (NRC)

A single value to express absorption coefficients
averaged over the octave bands centred on 250, 500,
1K and 2K Hz.

Normalized level difference

Difference in dB between energy levels in rooms on
opposite sides of a partition corrected for a standard
amount of absorption representative of normal
furnished conditions in the receiving room.

Normalized level difference, Dn = L; — L, + 10 Log
RT — 10 Log .5dB where RT = measured
reverberation time in the receiving room during tests.

Pitch

The pitch of a sound is the frequency of an equally
loud pure tone which on average is judged to occupy
the same position on a musical scale.

Porous absorber

Sound-absorbing finish where the sound energy
falling on it is dissipated by viscous losses within the
pores of the material.
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Pure tone
Sound at a finite, very narrow, frequency band and at
no other.

Reflection

Sound energy returned after impact on a surface,
rather than being absorbed as heat energy within the
surface.

Resonance

The natural vibration of an area of material at a
particular frequency as a result of excitation by a
sound at that frequency.

Reverberation

The effect whereby a sound builds up in a space or at
a point in a space because of multiple reflections from
surrounding enclosing walls, floors and ceiling. This
may enhance the sound if constant and the sound will
gradually die away after the sound source ceases.

Reverberation time

The reverberation time of a room is the time taken for a
steady sound when switched off to die away to
inaudibility. More exactly, itis the time taken for the
sound pressure level to fall by 60 dB. The
reverberation time, T, is related to the volume of the
room and the total absorption of the room by:

T=0.16V (seconds)

where V = volume inm?3, A = absorption in m? units.

Richness

A property of sound in an auditorium where there are
many repetitions and reflections within a short period.
Said to occur higher up in an auditorium because the
sound is arriving up from more surfaces.

Room-to-room transmission

When a sound is transmitted from a reverberant room
through a partition with sound reduction index (SRI)
and Area S, into a room of absorption A, then the
sound pressure level in the second room is:

SPL, = SPL; — SRI + 10 Log—i (dB)

194

SPLyin this expression is the average sound pressure
level in the first room. If the sound power level is known
for the first room, then SPL, can be found from the
equation:

SPL, = SWL — 10Log A + 6 (dB)

If instead of a second room there is just open air, then
the difference in sound pressure levels between one
side of the partition and the other is:

SPLy-SPL,=SRI+6(@B) .. ...
If SPL4 near the inside of the wall of a building is
known, then SPL, at some distance from the building
is found from:

SPL, = SPL; — SRI + 10Log S — 20 Log r — 14 (dB)

Sensitivity

The ear’s sensitivity varies with frequency. It is much
less sensitive at low rather than high frequencies,
reaching a maximum at or around 1000 Hz. The sound
pressure levels of sounds which are perceived as of
equal loudness are referred to as equal loudness
contours.

Simple sound source

A sound source radiating sound equally in all
directions is called a simple source. The sound
pressure level at a distance r from the source is given
by:

SPL:SWL+1OLog( 1

dar

) (@B)

orSPL=SWL -20logr—11(dB)  ......
This is modified by different constraints which depend
on the directivity of the source. As an example, if the
sound source is close to the ground the sound
radiates into a hemisphere and then 3 dB must be
added to the SPL:

SPL =SWL —20Logr — 8 (dB)

6 dB would be added if the source were situated in the

angle between two walls. If the sound sourceisina
reverberant room rather than outdoors, the average
reverberant level will be:

SPL=SWL -10LogA+6(WB) ... ..
The total sound pressure level resulting from the
combination of reverberant and direct sound fields is
given by:

SPL=SWL+1OLog( LI

2" ) (dB)

4qr

Sound
Sensation of hearing wave motion in an elastic
medium.

Sound insulation

The fraction of incident sound energy falling per
second on a partition which is transmitted through it is
called the transmission coefficient Tt and depends on
mechanical and material properties of that partition.
The performance of a partition is given in terms of an
index known as the sound reduction index (SRI):

SRI = 10 Log (%) (dB)

The SRI varies with frequency and is measured in a
laboratory in either octave or one-third octave bands.

Sound power level

When a source of sound radiates sound waves in all
directions, the total energy radiated in one second is
called the sound power of the source and is measured
in watts. The decibel range is again used to define
sound power level (SWL) as follows:

SWL = 10 Log (!vzg) (dB)

W is the sound power of the source and Wo is the

internationally recognized reference power 1072
watts.

Sound pressure level

The ear responds to the average value of pressure in
the wave or root-mean-square pressure. The smallest
detectable pressureis 2 X 107°Nm™20r2 x 107°Pa



(Pascals) and the largest tolerable pressure is 20 Pa,
referred to as the threshold of pain. The ear is
approximately a logarithmic detector of pressure and
SO it is convenient to express sound pressure in
decibels, and the sound pressure level (SPL) is
defined as:

P

SPL = 20 Log (Q) (@

Pois2 x 107> Nm~? and P is the sound pressure of
interest.

Sound reduction index

Difference in dB measured between the amount of
energy flowing towards the wall in the source room
and the total amount of energy entering the receiving
room (usual range 100-3150 Hz).

SRI=L; —Lx+ 10Log S — 10 Log A (dB) (for
negligible flanking)

Where S = common area of partition in m?, or more
conveniently:

SRI=L, — L, + 10Log

0.16vV

Sound spectrum

Sounds can be analysed to reveal.their frequency
content. This can be achieved by dividing the
frequencies into octave or one-third octave bands and
the sound pressure levels measured in those bands.

Sound transmission class (STC)

Single-figure rating used mainly in the USA for
comparing partitions for general building design
purposes. Sound transmission losses in sixteen test
bands from 125 to 4K Hz are compared with a
reference contour as defined in ASTM E 413-73.

Sound waves

Sound waves are longitudinal pressure waves usually
propagated through the air but also through solid
material. In air they travel with a speed of 343 ms™
20°C.

' at

Standardised level difference, DnT.
T
Difference (1S0 140) is given by DnT= 10 logig o dB

Where D is level difference

T is receiving room RT, seconds

Tois reference RT, 0.5 seconds.
Single figure value given as weighted standardised
level difference, DnTW.

Standardised impact sound pressure level, L'nt
The standardised impact sound pressure level in dB,
is given by

L’nT=|_i+10|og%

where L is average sound pressure level

Tois reference RT, 0.5 seconds

Tis receiving roan RT, seconds.
Single-figure value is given as weighted standardised
impact sound pressure level L'ntW.

Structure-borne sound
Sound energy that has passed through the solid
elements of the building structure.

Warmth
Fullness of bass tone relative to mid-frequency
response.
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C1 Typical sound reduction index values for elements of structure

(20-50 m? size), in dB

Average Octave band centre frequency (Hz)
125 250 500 1K 2K 4K

Sheet materials
3 mm sheet lead 34 30 31 27 38 44 33
6 mm steel plate 38 27 35 41 39 39 46
20 sw profiled steel sheet 18 8 14 29 26 32 36
Floors
T & G Boards (or chipboard) to joists, plasterboard

and skim soffit 35 18 29 37 49 44 46
As above with fibreglass under chipboard, 50 mm

sound pugging on mesh-backed plasterboard 51 37 42 47 52 60 o4
50 mm screed on 125 mm reinforced concrete 47 35 37 42 49 58 63
As above with 13 mm fibreglass under screed 51 38 43 48 54 60 64
50 mm screed on 200 mm reinforced concrete 51 38 45 47 52 60 64
Doors
Flush hollow doors, normal edge gaps 16 12 13 14 16 18 24
Solid door, normal edge cracks 26 17 21 26 29 31 34
Acoustic metal doorset, double seals 47 36 39 44 49 54 57
Folding steel door 25 16 23 26 27 28 27
Walls and partitions
Single leaf fairfaced brick 102 mm 45 36 37 40 46 54 56
Single leaf brickwork plastered on both sides

13/102/13 47 34 36 41 51 58 60
Double leaf brickwork plastered on both sides

13/214/13 51 41 45 48 56 58 60
Cavity brickwork with ties 102/560/102 plastered on

both sides 52 34 34 40 56 73 76
Fairfaced 115 mm lightweight concrete blockwork 38 32 32 33 41 49 57
Fairfaced 115 mm light concrete blockwork

+ 13 mm plaster on both sides 41 32 34 37 45 52 57
Fairfaced 115 mm light concrete blockwork

+ 12.7 mm plasterboard on plaster dabs on both

sides 44 28 34 45 53 55 52
Fairfaced 215 mm light concrete blockwork 44 35 38 43 49 54 58
Fairfaced 215 mm light concrete blockwork

+ 13 mm plaster on both sides 47 37 39 46 53 57 61
Fairfaced 215 mm light concrete blockwork

+ 12.7 mm plasterboard on dabs on both sides 47 33 39 50 55 56 50
Double wall of two 100 mm dense concrete blocks

with 50 mm cavity + 13 mm plaster on both sides 52 35 41 49 58 67 75
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Average Octave band centre frequency (Hz)
125 250 500 1K 2K 4K

Double partition of two 12.5 mm plasterboard skins

with 50 mm cavity completely filled with glass

fibre quilt 40 21 35 45 47 47 43
Double partition of two 12.5 mm plasterboard skins

with 75 mm cavity — glass fibre blanket

suspended within 39 24 37 44 42 43 44
Double partition of two 12.5 mm plasterboard

sheets on each side of 50 mm cavity completely

filled with glass fibre quilt 47 33 45 51 52 52 52
Double partition two 12.5 mm plasterboard skins

on 75 x 50 mm staggered timber studding 37 24 28 37 46 46 38
50 mm woodwool cement slabs sealed on one side

only 30 26 28 30 32 33 36
Sealed on both sides 33 25 31 36 35 35 37
100 mm woodwool cement slabs sealed on one

side only 31 28 28 32 34 33 38
Sealed on both sides 35 29 30 32 36 39 46
50 mm woodwool cement slabs with 100 mm

concrete on one face 42 36 36 42 44 46 53
50 mm standard woodwool cement/200 mm

airspace/2 x 9.7 mm plasterboard attached to

legs of units 51 34 44 51 57 61 60
150 mm concrete supporting on resilient mounts

100 mm prescreeded woodwool cement slabs —

large airspace 71 60 66 77 83 not measurable
38mm x 22 SWG profiled steel cladding sheet/

60 mm glass fibre/9.5 mm plasterboard. Mounted

on 50 x 50 mm timber spacers 39 18 30 41 46 49 50
38mm x 22 SWG profiled steel cladding sheet/

146 mm space containing 60 mm glass fibre/

2 X 12.7mm plasterboard. Mounted on 146 mm

steel studs at 600 mm centres 47 32 41 47 49 53 58
Glazing
Single —non-openable

4mm 28 20 22 28 34 34 29

6mm 29 18 26 31 36 30 38

6.4 mm laminated 30 22 24 30 36 33 38

12mm 34 28 31 35 34 39 37
4 mm glass in aluminium frame 100 mm opening 11 10 10 11 12 12 13
Sealed units — non-openable

4/12/4mm 29 22 17 24 38 42 38

6/12/6 mm 30 20 20 29 30 36 46



Average Octave band centre frequency (Hz)
125 250 500 1K 4K

4/12/10mm 34 25 22 33 41 44 44

4/12/10mm + SP6 36 22 19 43 44 47 47

6/12/10mm 34 26 27 35 41 39 47

6/150/4 mm 44 29 35 45 56 52 51
Sealed units — openable

3/6/3 mm Weather stripped 26 25 22 25 28 27 31
Dual units — non-openable

4/200/4 mm with absorbent reveals and separate

heavy frames 42 37 37 44 53 47 36

6/200/6 mm with absorbent reveals in separate

heavy frames 46 37 41 48 54 47 47
Openable

4/200/4 mm with absorbent reveals in aluminium

frames 39 27 33 39 42 46 44

4/200/4 mm with absorbent reveals in aluminium

frames — opposite ends open 25mm 27 15 23 34 32 28 32
Opposite ends open 100 mm 22 10 16 27 25 27 27

These are typical values measured in the laboratory. Field tests may give lower values.

199



200

C2 Typical coefficients of sound absorption

Octave band centre frequency (Hz)
125 250 500 1K 2K 4K

Ceiling
Overhead sound absorbers, cne 1200 x 450
X 50mm panel every sq m, parallel pattern .28 .58 96 91 86 81
Fissured mineral tiles, 300 mm ceiling void 3 .35 4 .55 8 7
Metal tiles (5% perforated), 20 mm fibreglass quilt,
ceiling void A3 27 .55 .79 9 1.0
Metal planks, slots between planks (14% free area) 5 7 .8 1.0 1.0 1.0
13 mm plasterboard ceiling over large air space 2 2 2 1 .05 .05
13 mm acoustic plaster on metal lathing .05 2 5 8 .8 .8
Profiled metal deck 1 3 3 1 A 2
Walls and linings
Brickwork — fairfaced .02 .02 .02 .03 .04 .05
— painted 01 .01 .01 .02 .02 .02
— plastered .02 .02 .03 .03 .04 .05
Blockwork — fairfaced 2 5 5 4 5 4
Concrete - textured finish .01 .02 .04 .06 .08 A
9 mm acoustic plaster on solid wall .02 .08 3 .6 .8 9
Woodwool slabs on solid backing
—50 mm thick 2 2 6 8 7 9
— 100 mm thick 3 8 9 7 7 .8
Prescreed woodwool slabs on 600 mm air gap 4 4 7 7 7 .8
9 mm plasterboard on 18 mm air space filled with
fibreglass to solid backing 3 2 2 .05 .05 .05
12mm plywood on 30 mm airspace filled with
fibreglass, to solid backing 4 2 2 A A .05
6 mm glass, large panes 3 3 2 A .05 05
Stretched, lightweight fabric wall hanging .04 A 2 5 6 5
Heavy curtain material hung in folds .06 16 3 55 .65 65
Fibreglass quilt to solid backing
25 mm thick A 4 6 7 8 8
50 mm thick 3 6 .8 9 8 8
100 mm thick 5 8 8 9 9 9
Fibreglass 100/100 mm airspace 5 1.0 9 8 6 4
Mineral wool to solid backing
— 25 mm thick .01 3 7 1.0 1.0 1.0
— 50 mm thick 3 8 1.0 1.0 1.0 1.0
Mineral wool 25/25 mm airspace A 4 7 1.0 1.0 1.0
50/50 mm airspace 5 g 9 9 9 .8
Floors
Thin contract carpet on solid floor .01 04 .05 18 3 2



Octave band centre frequency (Hz)
2K

Thick carpet on underlay
Rubber flooring, vinyl sheet
Marble, ceramic tiles

Reinforced concrete, grano
Water (swimming pool), ice (rink)

Other

Seated audience, per person®

Standing adults, per person™

Wooden seats”

Upholstered seats*

Shading reduction factors (for floor finishes
absorption under seating)

125 250 500 1K 4K
.07 .23 69 1.0 1.0 1.0
.02 .04 .05 .05 .05 .05
.05 .05 .05 .05 .05 .05
02 .02 .02 04 .05 .05
.01 .01 .01 02 .02 .03
.33 4 44 45 45 45
15 .38 42 43 45 45
A 2 3 3 3 .35
24 .26 27 31 37 .38
—20% —-30% —40% —50% -60% —80%

*These figures are the total absorption in m?.
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Annual Book of ASTM Standards, Part 18
US 1982

BBC Engineering
Guide to Acoustic Practice
1980

Brick Development Association
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Thermal and Sound Insulation

1979

British Gypsum
White Book
5th Edition 1984

Construction Industry Research and Information
Association (CIRIA)

Report 1988: Sound Insulation of House
Separating and External Walls

1981 (R H Clough and R D Jones)

Cremer, Muller, Schultz

Principles and Applications of Room Acoustics
vols 1and 2

Applied Science Publishers Ltd 1982

Department of the Environment
Planning and Noise
Circular 16/73, 1973

Department of the Environment

Sound Insulation in Buildings: Cost and
Performance of Walls and Floors

1971 (H R Humphrey and D J Melluish)

Fader, Bruce
Industrial Noise Control
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Furrer and Lauber
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KB Ginn
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Briel and Kjaer 1978
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The Action Office Acoustic Handbook
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J E Moore
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The MacMillan Press Limited 1978
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SRL Limited 1976

Lyle F Yerges
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Acoustic discs 11, 166
Acoustic louvres 138
Acoustic schematic 175
Ambient noise control 122
Assembly room 150-54
Attenuation 55
Attenuator 136, 137

Barriers 54, 55,56

Blockwork 41, 42,45, 46, 49, 51, 52, 53
Brickwork 41,42, 43,114,115

Briefing 12

Building regulations 12, 46, 79
Building types 140-79

Carpets 111

Ceiling, adjustable 156-61
Ceiling baffles 24
Ceiling hangers 17
Ceiling tiles 22-6
Cinemas 176-9
Classrooms 155
Commissioning 12
Composite structure 185
Concerthall 162-6
Concrete 20, 42, 65, 66
Curtains 109

Definitions 192-5
Detail design 12
Distance 171,188
Doors 81-98

Doors, sliding 96-8
Doors, studio 97,98
Dry lining 47,51,53, 146
Ductwork 125-8

Electro-acoustics 147
Enclosures 39, 56, 136, 137, 183
External noise 189

Flanking transmission 27, 28, 149
Floors 58-79

Floors, concrete 65, 66, 71, 74
Floors, timber 58-64, 69, 70,73

Glazing

100, 101

Helmholtz resonator 117, 164, 182
Hospitals 148, 149
Housing 169, 170

Industrial buildings 171
Insertion loss 138
|solation 131

Laboratory 145, 146

Lecture

theatre 154

Lifts 135

Lighting
Linings

134
108-20

Low frequency absorbers 119

Mass law 185, 186
Membrane 182

Modular acoustic boxes 119
Music building 172-5

Noise critericn 124
Noise rating 122-4

Offices

14044

QOutline design 12

Panels, folding 86

Partition

s 33-9, 140,186

Party floors 79

Party walls 46—8, 49-53
Pipework 129,130
Plantrooms 136

Planting

188

Plasterboard 12, 16, 33, 34, 35, 36, 44, 50, 51, 52,
58, 60, 62, 63, 64, 70, 72, 73

Precast

concrete 17,65, 148

Preferred noise criteria 124

Resilient mounting 17, 37, 54, 60
Resilientbars 34

Reverberant sound 110
Roofdeck 18

Roof tiles, slates 16, 19, 148

Roofs

17-20, 162, 165

Sand pugging 16, 49, 62, 63
138, 140, 141, 142
17,27,38,75

Seals 81-98, 100

122-38

Screens
Sealant

Services

Site selection

12

Sound absorbers 112, 116, 120
Sound absorption 11, 183-4
Sound insulation 11, 1867
Sound reduction index 89

Stage canopy
Structure 67

Supervision
Suspended ceiling  22-31

168

12

Theatre balcony 167

Tiles 43

TV studios 147

Ventilation 19,132, 133,174,175
Vinyl 111

Wall panels 117,118

Walls 41,53

Windows 100-106

Windows, studio 105

Woodwool slabs 20, 23, 33, 34, 54, 126

Zoning

140
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