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Poptlation Book stock - No. o° seals per Crcaiguon - Total sq fi per , Desirable firs!
size volumes per 1.000 populaticn veLumes per capita i floor sg f cer
capita capita | capilz
unger 10.000 35-5 10 1C 0.7-08 ; 05-0.7
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No. 3:6

No. 6:1

No. 6:2

- maximum number of risers in single

Maximum slope with steps 35° (GLC) *
L
Graphical method for finding balcony rake. .

Exits and means of escape

min

maximum projection of handrail
T — from wall 80 mm

c
E 8

2 continuous handrail 900 mm vertically

§ from centre of step
Section /

oors recessed
to maintain
one handrail acceptable . . minimum
- taircases :

on staircase not non-public s I permitted exit

250 mm min treads |
190 mm max risers

width

1 minimum
P el 1] T = i number of
risers in one
flight 3

number of

risers in each

of two flights

without a turn

u headroom not to exceed
12.

flight 16

e s
doors inset to avoid opening
door from non public areas onto public thoroughfare
opening on to public escape
route to comply with opening
in direction of escape marked
PRIVATE and kept locked
handrail continues across door

Plan
280 min. 280 min

dd

150 max.

Section through Escape Stairs



From the back of the highest tier pelmet affects extreme

it should be possible to see & upper sight lines
performer standing on a rostrum
at the back of the acting area

Position of proscenium
false proscenium or

No. 34

No. 3:5

Maximum rake without steps 1in 10

Vertical sight lines.

Vertical sight lines must be checked on several sections as well
as the centre line through stage and auditorium.

Check several sections.

The section through stage and auditorium at any point is dictated
by vertical sight lines which will be affected by the following

factors:

Maximum distance desirable for the spectator farthest from the
performance.

Depth of acting area and the vertical height above it essential to the
type of performance.

Nearest and lowest part of the stage which must be within the
unrestricted view of all spectators.

Highest point in acting area which must be visible to the spectators
farthest from the stage. Balcony fronts, or soffits, proscenium or
false proscenium pelmet or border must not obstruct sight lines
through these extreme points.
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3. Nriauuylidwin ( SEATING WITHOUT BACK)
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Plans—Seating with Arms

Seating without Arms

Seating without Backs

No. 7:1

Minimum dimensions: A

=oa lov)

=

tip up seats to be actuated
by weights
‘ A . A X

—

permanent seating to

fixed firmly to floor

seePews

Part plan of
Auditorium

No. 7:2

———— e

Auditorium Seating

Back-to-back distance between rows of seats with backs: 760 mm
(minimum)

Back-to-back distance between rows of seats without backs 610 mm
(minimum)

Width of seats with arms 510 mm (minimum)

Width of seat without arms 460 mm (minimum)

Unobstructed vertical space between rows (seatway) 305 mm. See
table 1.

For normal maximum distance of seat from gangway see table 1.
But rows with more than twenty-two seats could be possible, pro-
vided that the audience was not imperilled.

Minimum width of gangway 1070 mm.

additional foot room desirable

guard rail e —T

&/

800 min.

No. 7:3

Section through Balcony Front.

No. 7:4 Section through Balcony
Front opposite gangway.
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apron stage

,_,tﬂL 3/ = 3

orchestra rail\ﬂ ‘%l ‘%ﬁ %/

orchestra pit

No. 9:1 Apron stage Iift:

safety curtain  prompt box : prompt box

|
=

No. 9:2 Normal position of safety curtain. No. 9:3 Safety curtain on the line of the
orchestra pit rail gives more flexibility.



63 Stage planning

footlights

orchestra
pit

No. 9:4 Section through the prompter’s boxat the Royal Opera House, Covent Garden

footlights
L
l: outline of box under
H
_I 3
r=
hood
I —-:— safety curtain
|- house curtain

No. 9:5 Plan at stage level

21 600 —

stacking space
for flats and
properties

o

stacking space
for flats
acting area

9200

emergency exit 3 g
\
actors entrance
S \Fomirmingroom
\—/
\—/
auditorium

This diagram shows space requirements for a stage where sets are
assembled and dismantled for each change. More width and more depth
would be desirable.
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|
grid ]|
*
8!
& lighting position i
sometimes required :
l
house curtain—| !
safety curtain -ﬂ :
.
! i '
border can be \‘v(l \‘\\ =|
hung to mask ‘k : H ;
top of backcloth ™\ H i
or cyclorama Il i
i
no. 1 lighting batten: i — i
\
N\
- cyclorama or backcloth \
X \,
=
E
e
| |
..._-r_.*

No. 9:10 Section
Effect of front row sight lines on proscenium dimensions and
masking.

false proscenium —-—-
lighting boom ———— i;
BH
i
13
. . 1 {I
setting line ——— iy

line of safety curtain —7. \

i
i
1
— position of cyclorama or :
backcloth i
|
|
|
I
1

cone on which
cyclorama can be wound
when not required

No. 9:11 Plan.



automatic smoke vent

U\A"& suspension lines in steel wire roj
2 m headroom head block
*J Q
= =1ls . s ..-_jlh
SR T L loading gallery
grid height;
minimum 2! H
hand line in hemp or similar fibr
suspension cables L o
in steel wire rope : - —]
| : |8 middle loading gallery needed
l‘ I I l in double purchase system
pneumatic buffer —§— :
i :
Ii‘ safety furtain (half raised)
safety curtain guide ) i )
k . : ; counterweight cradle running ir
line of structural prﬁscenium N L
3 T I i hand lines tied to cleats on fly ra
winch for raising TTi_ ] L - l’ f fly gallery (additional lighting g
safety curtain —l—ﬁ i = ,.;’ . J | ' :f— may be provided) with alternati
] . drencher pipe | 1= means of escape
height under fly gallery to allow fa - | F =
ighest y 6-9 NN X NN =
for highes 5scenex) m : / S N, =
' safety curtain release - —| ' ) e p i = s‘fe‘?’ cu'rtaln. oounterw?lght.s
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No. 9:13 Diagram showing the layout of a stage equipped with a double purchase

flying system and wagon stages.



Safety of lifts

Some of the mechanical probiems of lift design have been mentioned
in connection with adaptable orchestra pits and forestages. It is not
possible to provide complete safeguards in the use of lifts without
rendering them useless from a practical point of view. This is one
reason why they are designed to move rather slowly. Even so, great
care has to be exercised in their operation.

Safety nets are sometimes placed between lifts when, for instance,
they are used to provide an entrance from beneath the stage.

It may be necessary to install automatically rising safety barriers
round the edge of the aperture left in the stage when the lifts
descend.

The extensive system of lifts shown in the diagrams could be used

No. 9:19

l/
o

-



Operation of lifts

No. 9:20

Stage planning

usually required for stage lifts the mechanical problem of accurately
aligning the various sections of floor becomes extremely difficult
and safety becomes a greater consideration. It is more usual to find
the arrangement shown in the diagram where the lifts are in the
form of a series of bridges spanning right across the acting area.
Sectionalisation is achieved by incorporating smaller lifts within
each of the larger bridges.

Stage lifts can be operated by ropes, screw jacks or hydraulic rams.

The quickest moving lift is the rope and electric motor type. The
diagram shows how one motor operates a set of ropes connected to,
each end of the bridge. The motor could be in a different position at
the side in which case the far set of ropes would have to be longer
than the near set to carry over the blocks and transfer the pull to
the other side. This kind of rigging, with counterweights, takes up a
good deal of space and limits access to the lift when it is under the
stage. ‘

|

safety curtain '
Ny

e ﬂ_‘v tower

highest position
* of lift

stage
basement lifts in orchest ;
storage it position
space for f
set

lowest [
posnt_xon counterweights
of bridge

motors

Section AA.
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No. 11:1 Spotlight directed straight at actor. Spotlights crossing onto actor.

Method of
locating theoretical
positions

stage

eye level on _k % oH )ll
tag:

No. 11:2 Method of locating theoretical positions.
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No. 11:3 Auditorium wall slot.
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No. 11:4 Auditorium lighting bridge. Auditorium lighting bridge. (large lanterns).

No. 11:5 Lighting bridges over the thrust stage at the Crucible Theatre, Sheffield.
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Film projection

shape of the particular auditorium and the type of film which it is
proposed to exhibit. For example, foreign language films usually
call for 1-65 to 1 so that subtitles can be shown below the picture.

cesscannssaacssssad

No. 13:2

Mirror projection

Rear projection

Projection suites

[
 standard 1-375 : 14
t— wide screen1-75 : 1§

;;.__ Cinemascope2-35:1 4
i e ceee- 0mMM 220 ———
¢ W 4 - D15022:1

Screen aspect ratios

If provision for film projection is included in the initial brief, it
should be possible to include direct projection even if the primary
use of the building is for live performances, but when converting
an existing building. structural considerations may make ideal
cinema conditions impossible. These difficulties have been over-
come by using either rear projection or mirror systems or a com-
bination of both. Mirror projection can only work if the light source
is powerful enough and if the screen does not exceed 9 m in width.
The advice of a specialist consultant should be sought.

Rear projection is not practicable for a large curved screen but the
system has certain advantages in small auditoria and in lecture
halls. Direct rear projection involves a lateral reversal of the
screen picture unless specially adapted projectors and sound heads
are used. Mirrors also reverse the picture and where rear pro-
jection is to be used it is often convenient and an economy to intro-
duce mirrors.

Projection suites may include a projection room, a re-winding
room, a dimmer and switch room, a work room and store, remote
control room, a projection staff rest room and a lavatory. Unless
automatic control equipment is installed. a projectionist must be on
duty in the projection room whenever the projectors are in use.

A convenient size for a projection room containing a minimum
of equipment is 2:9 m > 4 m. If an effects lantern and spotlight are
included, the minimum size should be 5-5 m X 39 m. The essential
items of equipment are two projectors. sound amplifiers and
controls. Ancillary equipment may include an effects lantern, a
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sub curtain and
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board controls port house light controls
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No. 13:3 Typical layout of projection suite



Storage in dressing A small cupboard underneath the make-up top between each
rooms position is useful for personal possessions and a drawer should also
be included.

Management policy may be for locks to be provided on these
cupboards, but in many theatres there is a continual change round
of cast and keys are easily lost or taken away by mistake. The stage-
door keeper or someone on the stage management staff should have
the responsibility for issuing and looking after keys. Performers
have to store their day clothes and any changes of costume for the
production they are engaged in at the time. When they are perform-
ing in repertoire, they may have to keep costumes for more than one
production, but it will be the policy of most wardrobes to store all
costumes not currently being used in the wardrobe department. A
minimum length of hanging rail of 600 mm should be provided for
each performer, but double this where there are likely to be numer-
ous changes and a repertoire of productions.

250

| 150
0 10 0] ol
pinboard —«4—
_ |- = |o ol o 750
mirror o o e )
S— "

shelf —— |

make-up ———— 150

—IN
drawer 0
——3
cupboard 0
IE 600 )IE 1000 ﬂ 500 700 500 700 E450’ Section

No. 15:1 Single dressing place. Two or more dressing places.

duct o
shower /]
1800
long mirror
wash basin
e
el B
hanging
space G
l
| 4
3000

No. 15:2 Dressing room for 4 performers Area 17-4 m*.



hanging
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long
mirror

make-
up

hanging
space

make-up

No. 15:3 Single dressing rooms. Area 14-4 m*. Single dressing room with

provision for piano. Area 15-7 m*.

1

7 long mirror

No. 15:4 Communal dressing room. Area 83 m* each bay.

shelf

hanging rail —Jf— 100
coat hook —— —& o'
curtain
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I
g L]
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No. 15:5 Section through hanging space.
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3. FRAMING AND COVERING OF BASIC UNITS OF SCENERY



4. TRIAL ASSEMBLY OF BASIC UNITS INTO PORTIONS OF ALL OF THE
COMPLETE SETTING
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4.1.2 uanlszAng (Artificial lighting)
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Recom Lighting Intensities
Recommended Limiting glare
lllumination(Lux) index
Reading rooms(newspapers and magazines) 200 19
Reading tables(Lending Libraries) 400 19
Reading tables(Reference Libraries) 600 16
counter 600 19
Closed book stores 100(on vertical surface) -
Binding 600 22

Cataloguing , sorting , stock rooms 400 22



Efficiency of lighting installations

Fluorescent tubes Light output (lumens)
80 watt 3100 to 4850
65 watt 2700 to 4400
40 watt 1700 to 2600
Filament bulbs Light output (lumen)
25 watt 200
40 watt* 390
60 watt* 665
100 watt* 1260
200 watt 2720
500 watt 7700
* Coiled coil
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Approximate Reflection Factors
Medium Value Colors

White 80-85%
Light Gray 45-70%
Dark Gray 20-25%
Ivory White 70-80%
lvory 60-70%
Pearl Gray 70-75%
Buff 40-70%
Tan 30-50%
Brown 20-40%
Green 25-50%
Olive 20-30%
Azure Blue 50-60%
Sky Blue 35-40%
Pink - 50-70%
Cardinal Red 20-25%
Red 120-40%
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1, Outside air intake. 2, Self cleaning air filter. 3, Pre-heater for fog elimination.
4, Electrostatic or dry fabric type air filter. 5, Chilled water cooling coil. 6, High
cfficiency air washer. 7, Eliminators. 8, Re-heater. g, Supply far. 10, Conditioned
air supply. 11, Smoke extract in ccling. 12, Smoke extract faa. 13, Discharge to0
outside. 14, Extract and recirculation. 15, Main extract fan. 16, Discharge to
outside. 17, Recirculation. 18, Spray-water strainer. 19, Spray-water heater. 20,
Spray-water pump. 21, Chilled water pump. 22, Water chilier (evaporator). 23,
Muldi-stage refrigerant compressor. 24, Shell and tube condenser. 25, Condenser
water pump. 26, Forced draught cooling tower. 27, Hot water boiler. 28. Hot water
pump. M denotes motorised valves. C denotes temperature 2nd humidiry control
points.
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AUDITORIUM

TYPE | ELEMENT [CONTAIN (MAN ) | AREAUNIT (M| CAPACITY AREA REQUIRE(M)

PLAZA| COURT 1,250 0.64 1 800
SHOP 42 35 1,470
EXHIBITION 500 24 3 3,600
FOYER 300 0.64 1 192
CIR 30% 1,818.6
TOTAL 7,880.6
FOYER 100 0.64 1 64
SMALL RH. 1-2 432 30 129.6
MEDIUM RH. 10 432 15 648
LARGE 160 256.41 1 256.41
RECORD RM. 10 36 3 108
COFFEE SHOP 30 28 1 28
CIR 30% 370.203
TOTAL 1,604.213

TIME CHART _

‘I.J‘ii‘,’?_l']ﬂ% | ﬁ;ﬂ ﬂ%ﬁ%
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| l912avAIAS EJ,‘U?WH
LT



i
TYPE ELEMENT [CONTAIN (MAN)|AREAUNIT (M) ‘CAPACITYIAREA REQUIR|
7 o 15 7.3 6 M9
MEDIUM % 5452 4 218,08
LARGE 60 83,08 2 176.46
8 1984 1 1984
DRESSING 6 3 6 19
R 156168
TOTAL 1.976.728
e = et i
175 uo 1 1'
L(_ClR.) 2 00 \\

4+1.20 +20+




450 m;;'-;aJ
ﬂ~6’l : ol : i
anle Zaid 700 > 400(1-3)
com cutoloque 42’ 3")
i
2500 i
807 [ N
! double sded
! cord cataiogi- -1550-1
b S T T e | l {19107)
: ‘ l t i 4
(2 ) SERRRER
2150
(7:07)
- 900
! + OO
= (3:0°-3:6")
cime ; 400(rﬂ
; L O
TAHNERY. AN | 06D
7 ) {2-07 ; .
1 : - e L/-— - A

< consultng bench: 450mm wide single sided
600 mm wide double sided

2-07
SEEING DISTANCES
81") 206 0 N
WAMUM REACH . _(81) 2060 __.- s MAXIMUM 1
duax SHELF HEIGHT _ __ (727) 1830 /' oPTIMUM - i A ’ o BT RELRERS
5 o ! .
1667) 1680 JAM MINiMUM 1607 1520 -~ FIXATED ViSiOi
SROWSING™ SHELVES ____(54*) 1370 ! ’
§) 1226 _ ]
» o . RANGF OF ARV
®2°) 1070 26 910 L.
g A 4
Moe S 3 | o
MMUM HEIGHT 10 __ . {24) 610 . ;
B0 SGUATTING . 07 306

RUATTING POSITION _._ (127} 300

TYPE | ELEMENT | CONTENT (MAN)] AREAUNIT (rﬁ) CAPACITY| AREA REQUIRE (PZM

LIBRARY} FOYER 300 0.64 1 192

BOOK 300 12 1 360
SOUND 250 12 1 300

CIR 30% 474.6
TOTAL 1,107.6




LIBRARY

COURT

PLAZA

EXHIBITION

WORKSHOP

REHEARSAL

OFFICE

RECITAL HALL

QUALITYOF RELATION

® MEDIUM
® LOW

INTERACTION




~ WORKSHOP
1,977.m’

QUALITY OF RELATION

=—— HIGH REHEARSAL
— MEDIUM 1,600 ni
——— LOW




CIRCULATION OF ZONIN:

SUB
== == ENT



9 r @ & o - [ =Y J A
lausaiuanalansndl Inauuussia sdu wiloulunaunavu 1dnnisnaoy lvaves

falifauu ussvia sy AnfuTHEMwSNAAS MUSICCAL Foimnuimnethaluuiyuaesauss
uwdafinuuaiflusaseuuy designer
MUSICCAL  DESIGN
BAET RYTHUM
SOUND HARMONY
FEELING FREEFORM , COLOR
VIBRATO VIBRATION
uFauisfiendumuinisses@eauss 194 WeRnuiugnsuuy FREEFORM | CURVEliwinns
mﬁi’ﬁn‘lﬂ"ﬁuammmﬁ‘é‘u'lm uiladfisenes e eanuiunnsusazsendn vde wik o
wnwitusaeaednduszes auenaiintuiile BEAT 111-Nnunmﬁﬁﬂ'lmamvmﬂummuw]nLﬂu
16

Lﬂuna‘lﬂémmﬂnuun'lﬁtﬁ"mimﬁunuo\?%amquﬁm ( Keydnwal , (Ainanuss ua:f‘i'uq
fiflmanamneiuausilaons) uazunsss (nsldiaruddan) dunssuquasuAavanaaiiuasin

o -
uu:m'ﬁ'numuuuﬁ'qﬁﬂﬂmﬂﬂﬂnmzﬂunmm



RECITAL HALL




—
of
PSS eSS

i
T
Ll e

section music mall

usic ma

~ 2nd E;Iah -




ﬂ%ﬁl’&@l%h‘iﬁ&l

meJ ine bne
THAILAND CULTURAL
CENTRE

! Py q‘l [ ‘\‘l A o
: tu::':_:;mm') (QRABRI] uﬂ”arnj":z'qnwm\m

ox MNYIAN lodlrs Winsenmmsdnin-
fin mrm FALA UMM ﬂﬂGNFmil TANMTTINUAITEME-
Tarving 1f1ru) YU |culn]mﬂm4'l» anutapmislupung
nliulawinnstonuma suasmsSan wUnsnt @e
dhiva sz'sl.m e MUUM aima‘lnu:uumuu'lu
ndeneusiiandmiunTInoe aN mamwnéﬂﬂmuaz
anbamnulunaaufiumses b

IV aus WAMM AN
lénedamaem nmmm mfh MM :ﬂ\m YU
winkszmelin dlafui ® LI bdos WaLNIdl
WIAMIFUNEO TN mmunmudmtmﬂuuuﬂ
“gquiriannisuialseme ne uawammaonqum
"THAILAND CULTURAL CENTRE"

WII AT B s iz ngunban
LAAAWTLS m'f.*.n"nm3\1tﬂﬂf'mﬁ"iemm'ﬁuuanJ’:::um‘ll1‘u
ol « egaan odmo

qudi’wumwuﬁaﬂszmﬂ‘bmu'jm%mnmiaé'fa
dumibpandudiafansfathng v ﬂuﬂwnuf'fm i
odmls ﬂu""Juuma‘lﬂumﬂumﬁannehunaw.
AMENITHMTIANUTTINUMITE  NIensdmninas
Sumumwhfiadnmedudia e Aautueug
nawluns b nsmansdmn dorl'%uua"muuws'
Aaianwsaneanes 9 unwmTwianesm
12 lns "’a'h::ﬁmﬂv'fﬂu'lmm7::w1ﬁnuaf1mfh'um
Yanusalue  diaen st NNV ST 3530
WVOIN 5 m.rmunu'snm 'm]uﬂnmlau'\ sfiuIdndi
vpamdiauh) wanaw nu.uotﬂuamunﬁ nmmanuhtm
mo-mnmswmadam'sumww1'laaum44nuua::ﬁu‘lu
U336 ITANneeing <) ylan

sudianminuabiameing vanainssiiumum
uu i lﬂ!pl\ IITMUMAINA 1NN AN 33!
mafialianssneudan o ud  atheondidmsu
Widwiausnimi BNIUARIBBNFINANTSINIA ay-
Sanpridiermmanlrauat et Farida
MaveisgdannTEaimduasun mddag

Thailand Cultural Cenlre

His Maijesly the King giaclously presided.over the
inauguration ceremony of the Thailand Cullural Centre on
October 9, 1987. .

Her Royal Highness Princess Maha Uhakii Sirindhorn
graciously bestowed the name *Thailand Cultural Centre” on this
country's most important cullural organization set up hy the
Ministry of Education of Thailand.

The Thailand Cultural Centie was conceived as a Grant
Aid Cooperalion Project belween the Government of Japan and
Thailand, olficially known as *The Social Edu=ation and Gultural
Centre Pioject”. The Japanese Government through the Japan
International Cooperation Agency, allocated Yen 6,985 millions
as Granl Aid for building construction and Ior furishing the
facilities wilh equipments elc. The Thai Goveummnl made
available a plot of land, made preparalions for actual construc-
tion and supplied it with all the infrastructure arid essential
services. Alter the formal handing over of the Project on March
11, 1987, the Thai Government became fully 1esponsible for all
administrative and organizalional aspects of the Centre.

Funclions

The Thailand Culinal Cenlie, a division of the Olfice of
the Naticnal Culture Connmission, Minls sy of Cdueation, Is alarge
scale and an Important institution charge with the tasks of
organizing cullural services for the benelil of the general public.
Its principle functions are; §

To serve as a place to provide lnaring opportunity lo
the general public. Various training coursas, leclures, seminars,
elc. are provided for the benelit of allaining cullural kuowlodgr-
and experience, and their enhancement.

To serve as a place for culunal and recreational
aclivities.  They include thealrical petlormances, concerts,
exhibition:= of arts and cralls. ele. Various sectors ol the general
public are encouraged to parlicipale in creative recreational
activities al all levels. :

To serve as a place lo provide cultural information.
Publications, audio-visual materials, cullural .infoimation dis-
plays and a counscling service are avadabla lo the general
public.
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Bmldmgs and rdcﬂl(les : 8 oy
. - The fhalland Cullural Cenlre is localed near
Rdlc.hadaphlbek Road in an area which is a new business and
s enlenalnmenl cenlre The' burldmg complex compmes three
“interconnecled Iarge buuldmgs surrounded by smaller buuldmgs

as followss : - ;

4.

s o IS

Maln Ha|l 5
" J . eats genera| purpose audnonum -
';destgned.’wnh a spemal emphaSIS on ar'ousllcs quality. The .
A flexxbahly built into lhxs hall allows for the presentation of ali major
uictians inc! udlng operd orcheqtral concert and mulli- Imgual i
nlcmauonal con!erencea A

Sefalin_g : -
- Stalis 1,394 seals
CerIP 242 seals

Upper Cncle 364 seals

**Main proscenium 19.50 metres
Ly g 1100 metres .
;1450 metres <"

~:9:50'metres ®

: Tfadilio:1alp(bs’céniu‘r'n-. _A idth

Srage

" Main slage deplh
Tradmonal Qlage daplh :
Aprr)n slnqe dnpm
(mcludmg orc heslra pit).

16.00'metres . R
14.50 metres ..
: .,'-7.5_0'_melres_ !

i8".’0_0;met'rg';. b

R ('e_na. .A training’ ,ropm_
" dressing rooms of ¥ario

:

S iR
e s s Ty




Sraalt Ml ’ "

A 2,000 square metres mulli-function hall designe
maximum flexibility. Both the stage and audience seating m
arranged in several configurations for drama and recitais, of
be removed entirely for exhibitions and banquets. Wireless t
mission equipment also enables this hall to be used in :
lingual presentations.

Sealing :

Main seating is in the form of a roll-back stands v
extends in’two stages of 140 seals or 240 seals. With addit
sealing, the capacity of this hall is approximately 500 seats

Proscenium : I
The fixed proscenium size is 12.00X6.00 melres,
melres in depth.

Equipment :

The Small Hall is well equipped with lighting, sounc
projection equipment similar to, and interchangeable with
Main Hall.

‘Faciiities :

Ihis hallhas large scale catering capability and is equif
with furniture and equipment for receplions and banquets. S
dressing rooms of various sizes are provided for shared
between the Small Hall and Amphitheatre.

Amphitheatre ;
A 1,000 seat amphitheatre is located to the rear ol
Small Hall in a landscaped setling for seasonal présentatior
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Soclal Education And Exhibition Bullding ®
Atwinthree storey bullding housing thé following facililies:
. i 1

1st Floor ‘
Crealive Education. Centre. Facilities fog; children are
provided in a special area where both educé,lional and recrea
. lional programmes will be organized. They include a chilcren's
_library, a creatlve workshop, a graphics orlented computer sec

tion and play areas. o ‘.
! -+1 Changing Exhibition Hall. This exhibition hall Is a venu
- for temporary and travelling exhibilions. Its Size Is 800 squar
metres. ' Apart from this formal exhibition al’ea, other suitabl
locatlons are available for small exhibitions.




]

2nd Floor W

Permanent Exhibition Hall, An exhibition hall displaying
the history of the Thai people, their life styles and cultural identity
as developed through the ages Located next to the exhibition
is a small multi-vision theatre showing various aspects of Thai life
in detail.

Hall of Fame. Within the permanent exhibition, an areals
reserved for the purpose of honouring leading personalities, both
past and present, in the fields of Art and Cullure. . )

* Meeting and Lecture Rooms. For meetings, workshops
and seminZrs, four meeting rooms ranging in size from 16 to 200
persons are provided together with audic-visual equipment and
basic calering facilities. The largest meeting room is a lecture
theatre complete with projection and recording equipments.

did Floor

Cultural Library. A library specializing In arts and culture
as a social educalion service contains about 40,000 volumes.
Included also are a microfilm service, a newspaper and periodical

-_section, and audio-visual section,

Language Laboratory and Audio-visual Rooms. Educa-
tional facilities include a 32 seat language laboratory capable of
giving both individual and group lessons in many languages
including the Thal language. There are also three classrocoms
which are well equipped with audio-visual equipment.
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Cultural Information Service Centre i

" A building nearby the Social Education-and. Exhibition
Building is-an office of the Cultural Information Service Centre. -
It Is a centre for the dissemination of information. on cultural -

activities, and cumrent- news: both at national -and -international . .-

levels. It is also a service centre to advise the people about -
cultural ‘information” sources. - Activities ‘and ‘services of " this

" centre include the publications of monthly programme brochure i.'ﬁ' .
“and news:handbills of cultural events, information:service for -: -

inquiries by mail and telephone and data re'so_urce service.
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4 Acoustics

The acoustics of a theatre will affect every production in that theatre. Because
of the extreme difficulty of making any noticeable change in the acoustic con-
ditions by adjustments to the building itself (apart from some unavoidable
variation resulting from the size of the audience) the architect in effect decides

its acoustic characteristics at the outset.

Iy %)

-2ustic background Some manipulation of the sound, if not of the acoustics, is possible

by modern amplification systems, for example, special sound effects
can be created and for some programme material, actors’ or singers’
voices may be amplified. This may go some way, but not all the way, )

. towards creating good acoustic conditions for every one of the large
number of different kinds of programme material which may be
presented. Co%b’r’fiﬁﬁs@ appears inevitable; it is impossible for one
auditorium to be equally suitable acoustically for a drawing-room
comedy, a song and dance show, a Wagner opera and a symphony
concert.

A theatre must be protected from all external noise and must have
mechanica’lapxlfz%‘nt designed so /that the total background noise level
does not exceed certain criteria. The larger the auditorium the
lower these criteria should be. For theatres with up to 500 seats a
noise criterion of 25 dBA should not be exceeded and for theatres
.+ with more than 500 seats, this should be reduced to 20 dBA or less.

Particular attention must be paid to noise from flushing lava-

tories, talking in dressing rooms and rattling of cups in bars.

ST (e, . . " .
~=ating rake and The rake of seating is as Important for sound as it is for sight. When
layout sound passes At a low angle of incidence over an audience, it is

strongly 'a&oeunﬁgtﬁdgbecause of the highly absorptive properties of
the audience. Reiné)rcement of sound by reflections from the ceiling

makes it reasonable to provide a rake rather less steep than in
ancient classical open-air theatres which had rakes of 35° or more.



Size and shape

Acoustics

Nevertheless a sight line clearance from one row to the next at any
part of the house should never be less than 75 mm and in large
theatres 100 mm oy more is desirable.

If seats are set out on a circular or part circular plan there is a
risk that the concave surface of the risers may cause focusing of
sound.

The risers are shielded to some extent by the audience and the
backs of seats which reduces the sound reflected from them, but as
an added precaution they should be covered with a sound absorbing

material. There are acoustic dangers in large areas of curved wall.

The smaller the average distance between the audience and the
actor the better the acoustical result for normal drama, although
for music or musical shows this is not necessarily true. In theatres
for up to 200 or 300 people there should be no difficulty, but in larger
theatres the acoustic design problems become more intractable. It

scenium opening unless he goes out into the auditorium onto a
forestage. :

The plan shape of the auditorium will be considerably influenced
by the seating layout and for theatres (auditoria with low rever-

@
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Jeverberation

Acoustics

beration) almost any shape resulting from this influence is acoustic-
ally acceptable with the possible exceptions of circular or elliptical
auditoria, unless special precautions are taken. Whatever the shape,
simple plain surfaces, particularly anything approaching a sphere,
cube or other regular solid polygon, should be avoided. Changes of
surface level and modelling of the surfaces will provide acoustic
diffusion which is advantageous. Projections with widths and
depths of at least 100 mm are necessary to be effective and they
are better arranged in a random pattern.

In auditoria for natural sound, as distinct from cinemas, deeply
overhung balconies should be avoided. It is best to restrict the
depth from the front of the balcony to the rearmost row of seats
under it to not more than twice the dimension from the audience
head level (say 1150 mm from floor) to the balcony soffit, at the front
line of the balcony.

Reverberation will improve acoustxc conditions for the audience
provided it is neither too much nor too little. For speech in auditoria
of volumes between 300 and 12 000 m?® the average reverberation
time with an audience present should not be more than 1 second or
less than 0-5 second for highest intelligibility. Intelligibility begins
to suffer, at first slowly, as reverberation is increased, but it deterio-
rates quite quickly at about 2 seconds and above. For music, longer
reverberation times are required depending on the type of music.
Values between 1 and 2 seconds are satisfactory for much pro-
gramme material and thus the acoustics can be good for music

‘without being unduly bad for speech.

Reverberation is directly proportional to the volume of the
auditorium and inversely proportional to the amount of absorption
in it. Allowing for the fact that common materials such as plaster or
wood, however hard, will necessarily have some absorption, it is
found that a volume of about 3 m?® per audience seat gives just about
the right total absorption (audience plus surfaces) to provide a
satisfactory reverberation time for ideal speech conditions. There-
fore, if the auditorium can be designed on the basis of this calcula-
tion it will be unnecessary to introduce special sound absorbent
materials on the room surfaces. Moreover, as the surfaces will be
sound reflecting they can be disposed to promote useful reflections
on to the audience and help compensate for the normal fall off of
sound with distance from the sound source.

This approach to design is satisfactory for up to 300 seats. If
about 06 m? is taken as the amount of floor area occupled by one
person, including some allowance for circulation space, a room
height of about 5mis obtain_ed.; If the auditérium is a larger one (say
exceeding 200 to 300 seats) the proportions will be poor with such
a low ceiling height; a volume exceeding 3 m® per seat therefore
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becomes unavoidable and it is then necessary to add absorbents to

‘the room surfuces to obtain the optimum reverberation time.

In contrast to this, auditoria used primarily for music must be
designed with a very much larger volume per seat (probably 9 m?) or
it will be impossible to obtain long enough reverberation time

‘however hard the surfaces. The closer together an audience can be

seated the shorter will be théaverage distance to the stage and the
easler it is to keep the volume per seat down to a low value. The
densely packed audience in old theatres probably accounts for the

reputation for acoustic excellence which many of them earned.

However, modern regard for comfort has led to much more generous

seat spacing than was common in the past. Continental seating, in

which the row to row dimension is made large so that people may
pass atong a row without those already seated having to stand,
reduces the number of gangways, but rarely produces a ‘higher

density of audience and tends slightly to increase the amount of

absorption of each person because owing to their wider spacing

_they (or their clothes) are more exposed to the sound waves.

When the auditorium is large and the maximum distance to an

audience seat is over 18 m, ceiling reflectors are a great help. They
should be designed so that the reflections are concentrated more
on the most distant seats. In designing reflectors it is necessary
to decide on the positions of the sound sources, which will vary,
particularly in a theatre with an adjustable stage. The aid provided
by reflectors will be most hecessary to an actor speaking from far up
stage as in this position the stage house and proscenium arch have
the greatest disabling effect. Other patterns of sound reflection
i'esulting from sound sources in other positions must also be studied
to ensure that generally satisfactory distribution of sound will be
obtained. Materials for reflectors must be smooth and non-porous
and should weigh not less than 5 kg/m? for speech only, or 25 kg/m?
for music.

The same principles should be applied to an open-stage theatre,
but the provision of a reflecting surface which will direct sound
back over the actor’s head from wherever he happens to be on the
stage, is very difficult to achieve. One complication is that such re-
flectors will conflict with lighting positions.

Music in a theatre adds to the design difficulties. The need may vary
from an orchestra in a pit for musical shows or incidental music to
that of presenting an orchestral or musical programme from the
stage itself. The ideal acoustics suitable for light music, opera and
symphonic music are all somewhat different and unless some means

can be found to make a major change in the acoustic conditions of - -

the auditorium, a compromise is unavoidable. The main need is to
increase the reverberation time but this may be detrimental to
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Orchestra pit

Acoustics

intelligibility of speech and must therefore be done with caution.
Possible solutions may be some form of electronic control of
reverberation (assisted resonance) or physical variation by adjust-
ment of the room surfaces or of the total volume.

The orchestra pit for a large opera house may need to accommodate
up to 120 players while for other theatres not more than 10-12 mayv
be needed. To avoid encroaching too much on auditorium seating
area the orchestra pit sometimes extends under the front edge of
the stage. This is not necessarily an acoustic disadvantage, especi-

ally with large orchestras, as it helps to improve the balance
between orchestral sound and voices from the stage.



TABLE 2.1 Sound Absorption Coefficients of General Building Materials®

MATERIALS 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz NRC
SOUND ABSORPTION COEFFICIENTS (a)
Brick, unglazed 0.03 0.03 0.03 0.04 0.05 0.07 0.05
Carpet, heavy, on concrete 0.02 0.06 0.14 0.37 0.60 0.65 0.30
Same, on 40-oz hairfelt or foam rubber 0.08 0.24 0.57 0.69 0.71 0.73 0.55
Concrete block, painted 0.10 0.05 0.06 0.07 0.09 0.08 0.05
Fabrics
Light velour, 10 oz/yd?, hung straight, in contact 0.03 0.04 0.11 0.17 0.24 0.35 0.15
with wall
Medium velour, 14 oz/yd?, draped to half area 0.07 0.31 0.49 0.75 0.70 0.60 0.55
Heavy velour, 18 oz/yd?, draped to half area 0.14 0.35 0.55 0.72 0.70 0.65 0.60
Floors
Concrete or terrazzo 0.01 0.01 0.015 = 0.02 0.02 0.02 0
Linoleum, asphalt, rubber or cork tile on concrete 0.02 0.03 0.03 0.03 0.03 0.02 0.05
Wood 0.15 0.11 0.10 0.07 0.06 0.07 0.1
Class, large panes of heavy plate 0.18 0.05 0.04 0.03 0.02 0.02 0.05
Gypsum board, % in. nailed to 2 X 4’s 16 in. o.c. 0.29 0.10 0.05 0.04 0.07 0.09 0.05
Mzrble or glazed tile 0.01 0.01 0.01 0.01 0.02 0.02 0
Openings
Stage, depending on furnishings 1.25—0.75
Deep balcony, upholstered seats 0.50—1.00
Grilles, ventilating 0.15—0.50
Plester, gypsum or lime, smooth fiaish on tile or 0.13 0.15 0.02 0.03 0.04 0.05 0.05
brick
Plzster, gypsum or lime, rough finish on lath 0.02 0.03 0.04 0.05 0.04 0.03 0.05
Same, with smooth finish 0.02 0.02 0.03 0.04 0.04 0.03 0.05
Priwood paneling, § in. thick 0.28 0.22 0.17 0.09 0.10 0.11 0.15
Wzter surface, as in a swimming pool 0.008 0.008 0.013 0.015 0.020 0.025 0
A%, sabins per 1000 ft* 2.3 7.2
ABSORPTION OF SEATS AND AUDIENCE®
2:dience, seated in upholstered seats, per ft? of floor 0.60 0.74 0.88 0.96 0.93 0.85
zrea
Uzoccupied cloth-covered upholstered seats, per ft? 0.49 0.66 0.80 0.88 0.82 0.70
of floor area
Uzcccupied leather-covered upholstered seats, per ft’ 0.44 0.54 0.60 0.62 0.58 0.50
of floor area
Wooden pews, occupied, per ft? of floor area . 0.57 0.61 0.75 0.86 0.91 0.86
Czzirs, metal or wood seats, each, unoccupied 0.15 0.19 0.22 0.39 0.38 0.30

Scurce: W. ]. Cavanaugh, “Acoustical Control in Buildings” in Building Construction: Materials and Types of Construction, 5th ed.,
w. C. Huntington and R. E. Mickadeit, Eds., Table 10.1, p. 390, Wiley, New York, 1981.

* Toe performance data in this table have been compiled from a variety of sources including the editor’s and chapter author’s files.
Toey are intended as a guide, not a substitute for laboratory or field data from other reliable sources.

“Values given are in sabins per square foot of seating area or per unit.
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M-ing lightweight hollow cement block painted bath sides _

=2\

3%-in. lightweight hollow cement block, $-in. plywood
covered lead on 1 X 2 wood furring strips one side

3-in. cinder block, § in. plaster both sides

4-in. cinder block § in. plaster both sides

6-in. hollow concrete block

12-in. hollow concrete block

3-in. hollow gypsum block, #-in. plaster both sides

I8

44

50

45

46

43 (unpainted)

45 (painted)

48

40

26.1

31

35.8

79

21.5

3

4

12

13 (est.)

13 (est.)

it

1 (est.)



SpIsIN0 yi0q ayserd ‘ur-§ (san

(1s9) ¢ 4! 0s 134 J1m/m) Kiaed “ui-z ‘[em am 4ep> mofjoy ‘ur-45 s[qnoq
% SOPISING ioq piroqaqy poom uo sayserd
r< 8i 0zl 9 “ul-§ ‘(san a1m ou) Lyaed "Ul-9 ‘Iem youQ “UI-§F 3)qno
22 2
72 .
2 W
(sa13 211m ou) pg ,_N 7 L N SIpIsINo
p< u 001 (sou axm/m) 6 bz ti0q ssed “ur-f Lyiaed “ur-g ‘[lem youq ui-fp aqnoq
9PIs 1310 J33seqd Juarpisal
4 9 I¢ €S ‘Ul-§ opis auo 1a3seld ‘ui-§ §o0[q wnsd4S MO[[OY "uI-§
14 S Vet ré4 $3pIs y10q Jaise|d ur- 9pojq wnsd43 MO[[oY ‘ul-§
(¥H) {ONILLVY (‘NI) (asd) (O1S) 4SSVIO NOILIRIDSIA NOLLONYISNOD
FALLSISTI-TUIS SSANMDIHL LHOEM NOISSINSNVYL
TIVIIAO qOVvIINS aNnos
(panunuod) ¢z gIgvL
\ s .

82




€8

Double 4-in. solid cinder block wall, 2-in. cavity (no
wire ties), $-in. plaster both outsides

Wood Stud Walls
2 X 4 wood studs 16 in. o.c. ¥ in. gypsum board both
sides

As above w/2-in. cavity insulation

2 X 4 wood studs 16 in. o.c., 3-in. gypsum board
laminated to #-in. fiberboard both sides

2 X 4 wood studs 16 in. o.c., }-in. plaster on $-in.
gypsum lath both sides

2 X 4 wood studs 16 in. o.c., two layers $-in. gypsum
board both sides

2 X 3 staggered wood studs 8 in. o.c., $-in. gypsum
board both sides :

52

32

35

37

46

40

44

70

5.9

8.5

13.4

8.2

6.2

11

43

44

5%

5%

>4

2 (est.)

1 (est.)
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SR
34-in. wire studs 16 in. o.c., 4-in. plaster on §-in. gypsum 1 43 13 5% 3 (est.)
lath both sides (one side on resilient clips) %QA -
: !
3§-in. metal channel studs, 24 in. o.c., §-in. gypsum 41 6 43 1
board both sides
38-in. metal channel studs 24 in. o.c., two-layer §-in. 47 114 6} 2
gypsum board both sides ¥
3§-in. metal channel studs 24 in. o.c., $-in. gypsum board 50 6.2 5% 13 (est.)
y laminated to $-in. fiberboard both sides
2}-in. metal channel studs 24 in o.c., §-in. gypsum board 36 6 33 1 (est.)
both sides
2}-in. metal channel studs 24 in o.c., §-in. gypsum board _ 18 41 6.1 33 1(est)
both sides, 2-in. cavity insulation
®
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TABLE 2.4 Impact and Airborne Sound Isolation Performance Data for Selected Floor/Ceiling Assemblies*

68

SOUND IMPACT SURFACE OVERALL
CONSTRUCTION TRANSMISSION INSULATION WEIGHT THICKNESS FIRE-RESISTIVE
DESCRIPTION CLASS? (STC) CLASS® (IIC) (PSF) (IN.) RATING® (HR)
3-in. reinforced concrete slab, 45 42 35 3 3
exposed ceiling, vinyl tile -
floor finish
Above w/“cushion” foam- 45 49 35 3% 3
backed tile floor finish
Above w/4-in. carpet on 45 70 35 3 3
underpadding \
3-in. reinforced concrete slab 56 51 40 4% 1
with $-in. gypsum board
ceiling on resilient
channels, $-in. fiberglass
blanket between channels,
vinyl tile floor finish
Above w/}-in. carpet on 56 70 40 4% |
underpadding
5-in. reinforced concrete slab, 51 46 55 5% 2
exposed ceiling, vinyl tile
floor finish
Above w/“cushion”. foam- 51 50 55 3% 2
backed tile floor finish
Above with }-in. carpet on 51 70 55 54 2

underpadding
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<6

TABLE 2.4 (Continued)

CONSTRUCTION
DESCRIPTION

SOUND
TRANSMISSION
CLASS® (STC)

IMPACT
INSULATION
CLASS® (IIC)

SURFACE
WEIGHT
(PSF)

OVERALL
THICKNESS
(IN.)

FIRE-RESISTIVE
RATING® (HR)

$-in. particle board on §-in.
plywood subfloor on 2 X
8 wood joists, 2 X 6
separated joists support
$-in. gypsum board ceiling,
2-in. cavity insulation,
vinyl tile floor finish

Above w/3-in. carpet on
underpadding

2-in. lightweight concrete on
g-in. plywood subfloor on
2 X 8 wood joists, 3-in.
gypsum board ceiling
nailed direct to joists, vinyl
tile floor finish

Above w/4-in. carpet on
underpadding

50

50

46

46

45

75

41

61

15

15

33

33

11}

113

104
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Table 2.5 (cont.)

OBCF (Hz)
125 250 500 1000 2000 4000
9-mm acoustic plaster on plasterboard, 75-mm air space 0.30 0.30 0.60 0.80 0.75 0.75
50-mm mineral wool, 33 kg/m3 0.15 0.60 0.90 0.90 0.90 0.85
75-mm mineral wool, 33 kg/m> 0.30 0.85 0.95 0.85 0.90 0.85
100-mm mineral wool, 33 kg/m? 0.35 0.95 1.0 0.92 0.90 0.85
50-mm mineral wool, 60 kg/m> 0.11 0.60 0.96 0.94 0.92 0.82.
75-mm mineral wool, 60 kg/m?® 0.34 0.95 1.0 0.82 0.87 0.86
25-mm mineral wool, 25-mm air space 0.10 0.40 0.70 1.0 1.0 1.0
50-mm mineral wool, 50-mm air space 0.50 0.70 0.90 0.90 0.90 0.80
50-mm mineral wool (96 kg/m®) behind 25% open area 0.20 0.35 0.65 0.85 0.90 0.80
perforated steel
Floor finishes
Cord carpet 0.05 0.05 0.10 0.20 0.45 0.65
Thin (6-mm) carpet on underlay 0.03 0.09 0.20 0.54 0.70 0.72
Thick (9-mm) carpet on underlay 0.08 0.08 0.30 0.60 0.75 0.80
Wooden floor boards on joists 0.15 0.11 0.10 0.07 0.06 0.07
Parquet floor on timber joists and deck 0.20 0.15 0.10 0.10 0.05 0.10
Parquet laid concrete 0.04 0.04 0.07 0.06 0.06 0.07
Vinyl or linoleum on concrete 0.02 0.02 0.03 0.04 0.04 0.05
Vinyl and resilient backing on concrete 0.02 0.02 0.04 0.05 0.05 0.10
Miscellaneous
Audience on timber seats (1/m?) _0.16 0.24 0.56 0.69 0.81 0.78
Audience on timber seats (2/m?) 0.24 0.40 0.78 0.98 0.96 0.87
Audience per person, seated 0.33 0.40 0.44 0.45 0.45 0.45
Audience per person, standing 0.15 0.38 0.42 0.43 0.45 0.45
Seats, leather covers (per m?) 0.40 0.50 0.58 0.61 0.58 0.50
Upholstered seats (per m?) 044~  0.60 0.77 0.89 0.82 0.70
Floor and upholstered seats (per m?) 0.49 0.66 0.80 0.88 0.82 0.70
Areas with audience, orchestra, or seats, including narrow aisles  0.60 0.74 0.88 0.96 0.93 0.85
Orchestra with instruments on podium, 1.5 m?/person 0.27 0.53 0.67 0.93 0.87 0.80
Shading factor (apply to finishes under seats, x cocfficient) 0.80 0.70 0.60 0.50 0.40 - 0.20
Air 30% RH (per m® at 20°C) — — — 0.005 0.0l 0.04
Air 50% RH (per m® at 20°C) — — — 0.005  0.009 0.03
Air 70% RH (per m3 at 20°C) — — — 0.005  0.009 0.02
Office furniture (per desk) 0.50 0.40 0.45 0.45 0.60 0.70

Values exceeding 1.0 have been rounded down to 1.0.

say 20%, the quilt and air cavity behind the metal tiles is
almost as efficient at soaking up sound as if the tiles were
not present. In studios, deep boxes with thin membranes
can be purpose-designed or selected to even out the
reverberation characteristics at different frequencies. Reso-
nance absorption in the range 701000 Hz can be produced
by seleciing appropriate perforation and air space depth. If
the perforation rate is 5% or less, the pancls are reflecting
except for myriad Helmholz resonators formed by the holes.
‘Bass traps’ are used in studios to provide broadband
absorption right down to very low frequencies. They consist
of a lined labyrinth air space within which negligible
reflection results.

An extreme case of absorptive materials installation is the
semi-anechoic and anechoic chambers in acoustic labora-
tories (Figure 2.17): deep wedges of foam above; below and

" Figure 2.17  Anechoic chamber .
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to all sides reduces the reverberation time to a very low
value at all audible frequencies.

A feature of absorption is that the more that is put into a
room, the less effective it is, because new absorption is
‘competing’ with the absorption already present to absorb
incident sound. The maximum absorption effect is in a
diffuse field, i.e. when sound is incident on the absorptive
material from all around. There is also a slight ‘drawing in’
of sound at the edges. For a specific area of surface
absorption in a room, the maximum absorption effect is
obtained by distributing small areas all around.

* Reverberant sound pressure level

The reverberant sound pressure level is given by:
L=SWL-10logA + 6+ 10log N

where SWL is the sound power level of a noise source
within the space, N is the number of sources, and 4 is the
absorption present. As 10log 2 is 3, it may be gathered that
each doubling of the absorption in a room reduces the
reverberant SPL by 3dB.

Reverberation time

The reverberation time is the finite time it takes for the
sound source energy in a space to decay 60dB when
switched off. For enclosures in which a diffuse sound field
exists and where the average absorption coefficient is less
than 0.1, the reverberation time can be found by the Sabine

' Equation. Where the average absorption coeflicient is

greater than 0.1, the Norris-Eyring Equation can be used.

~ Both methods are described in Chapter 5. Air absorption

effects must also be accounted for in larger volumes.

Larger spaces

Larger spaces produce sound decay characteristics in poor
agreement with Sabine or Norris-Eyring. In ‘amorphous
space’ areas, such as shopping malls or industrial halls,
there is not a true reverberant field across the space and the
sound character will vary in different parts of the space. On
the other hand, such spaces are not ‘free-field” and the SPL
will decay at something less than 6 dB for each doubling of
distance from the source. Empirical data suggest 4dB/
doubling of distance across typical industrial halls.

_ Alternative forms of calculation have been proposed for

 industrial halls. Complex spaces can sometimes be

rd

subdivided into individual coupled volumes: if alcoves off a
main space have significant absorption such that significant
energy is not returned into the main space, the surface area
of the alcove opening can be counted as @ = 1.
Alternatively, a simplified calculation is given by:

_ ArX S
Ar+ S

where A is the absorption contribution from the recess to
the main space, Ar is the absorption in the recess, and § is
the area of the opening between the recess and the main
space.

Finishes
Finishes, then, can be designed to affect room acoustics in
three different ways: absorption, reflection and diffusion.

ra— o
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Figure 2.18 - Ouverhead sound absorbers. (Courtesy of Rockwool)
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Absorption

Absorption can either be integral in a space (e.g. by virtue
of blockwork faces or a suspended ceiling) or added as a
decorative finish (carpet, wall linings, curtains and
furniture), and then, of course, there are the occupants.
Absorption is more eftective spread around rather than
concentrated all in one area. Some eclements show the
‘perfect’ absorption coefficient 1; “space absorbers’, hanging
baffles or banners are absorptively particularly effective
because they soak up incident sound from both sides. In
industrial premises, arrays of overhead absorbers, one per
square metre, can be used to soak up high levels of process
noise in bottling plants or printing halls (Figure 2.18).

Reflection

Reflection of sound at surfaces not absorptive in nature not
only increases the reverberant sound level but also directs
the sound to other surfaces. Rooms of particular propor-
tions can give cross reflection effects, impairing speech
intelligibility. Curved walls can focus sound, and by so
doing starve other parts of a space of sound. Strong directed
sound is a feature desired by musical performance
audiences in modern halls but this has to be combined with
diffusion; the methods of providing adequate surface area
are discussed under ‘Concert halls’.

Diffusion

Diffusion is an effect whereby the complexity of reflecting
surfaces results in an even dispersion of sound in a room:
the modelling of reflecting surfaces can ensure this by
breaking up incident sound. In order to break up low
frequency components of sound as well as middle and upper
frequencies, the modelling of suifaces has to be on a large
scale, e.g. projections exceeding 300 mm and element areas
exceeding 0.5m?’.

Auditoria modelling

For auditoria modelling of interiors considering the effects
of sound-absorbing or sound-reflecting surfaces, there is a
choice between physical and computer prediction techni-
ques. Physical models (1:50 or even 1:10) are still the most
reliable for the most important projects, €.g. major concert
halls, with wavelengths scaled up accordingly, spark sound
sources to produce the high frequencies needed, and
miniature electret/capacitor microphones. There are a
number of computer systems with powerful graphical
presentations, emanating from Japan, USA and Europe.
Other systems are suited for sound systems design, having
been developed by international sound equipment manu-
facturers.

A room acoustics modelling program should allow basic
evaluation of rooms of any shape and complexity. The
calculation methods are intended to combine the best of
both ray-tracing and image-source methods. Desired
features in such a program are:

® fast estimation of room volume and reverberation
conditions

@ reflectograms with ‘sound rose’ graphical displays

® 3D tracing of individual reflection paths,

® maps of energy parameters over chosen surfaces

e fast recalculation in response to altering receiver
position and absorption materials

e casy operation: menu-driven, warnings, and data

displays

project file management which allows consistent

analysis and thorough records of the design approach

multiple source capability

compatibility with CAD systems

source directivity factors

link to audible simulation of acoustic conditions

RASTI map calculation ‘

ODEON/ODSEE, a system derived for acousticians by
the University of Copenhagen, is an example of a program
that includes a number of the above features (Figure 2.19),
although there is no one ideal system for all purposes. The
geometry of a room is typically defined by coordinates for
its corners, plus corners to surfaces within. Any system
should be validated to ‘stock’ auditoria which have known
characteristics, for example the Royal Festival Hall, or to
physical models tested in the laboratory, a technique which
has proved comparatively reliable in the past.

Criteria for different building types

Cinemas

Multiplexes

Multiplexes are a new form imported from the USA,
involving typically a group of auditoria with a common
projection room and concourse/foyer. Often new develop-
ments are 8- or 10-plex but versions ranging from 3- to
24-plex have been attempted. The key design issues are
sound insulation between auditoria, isolation to outside,
good sound systems, ‘dead’ room acoustics, and moderate
ventilation noise. Adequate separation can be provided
(DT, w 65—70+ dB has been achieved on 10 such projects to
date by BDP Acoustics for UCI (UK) Ltd, Manchester) by
as low a specification as two layers of 15-mm plasterboard
on separate studs, significant cavity with 100-mm quilt
inlay, and careful head, base and edge detailing (Figures
2.90 and 2.21). The head detail to a lightweight roof is a
problem because of roof deflection effects either buckling
the partition or causing a gap; this is overcome by a closure
angle movement joint. _

Outside noise will come in via escape doors (these should
be 40+dB rated, light- and sound-proof), or via the
lightweight roof. The surface mass of the roof may have to
be uprated or a barrier ceiling included if the multiplex is
directly under a light path or close to 2n elevated
motorway. Individual entrances into auditoria should be by
acoustically rated (30+ dB) doors in lobby configuration.
Some ventilation noise (NR 35) is welcomed as it masks
residual intrusive noise from the adjacent auditoria sound
tracks and audience sounds. The standard system is 2
dedicated unit to each auditorium with ducted supply and
extract via the ceiling void. In some leisure centres, cinemas
are located above or below noisy facilities like ten-pin
bowling and discotheques; tenancy agreements on max-
imum sound levels and double floors are required to avoid
operational difficulties. ' :

There are more sophisticated sound systems, for example
THX, which are more demanding on sound insulation
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SECTION

Figure 2.20(a) Multiplex cinemas: Separating walls — section.
(Courtesy of UCI (UK) Ltd/BDP) A

1. 13-mm plasterboard on 13-mm plywood (for ease of cable
fixing in projection room)

2. 146-mm metal studs, bedded in acoustic mastic at wall

boarding

50-mm glass-fibre quilt cavity inlay

2 X 13-mm plasterboard, acoustic mastic and joint taping at

corners ,

2 X 15-mm plasterboard, lapped joints, face joints taped and

filled »

100-mm glass-fibre quilt

2 X 92-mm metal studs at 600-mm cs

50-mm rock fibre batts, black tissue faced, as absorption

behind screens

50 mm X 50 mm timber batten bedded in accustic caulk

Blockwork inner leaf to outside walls: structural break at

separating walls where possible )

11. 2 X 92-mm metal head studs fixed to metal plate at
underside of tie beam

12. Double angles at head to allow up to 25-mm roof
deflection/uplift without losing acoustic integrity

13. 40-mm Vicuclad bedded in acoustic mastic and with profiles
packed with mineral wool

14. Built-up chippings/felt roofing/ therma! insulation on metal
decking

15. 2 X 92-mm metal base studs and plasterboards bedded in
acoustic mastic

16. Bracing to separate studs at max. 3500 cs. support to quilt by
25 X 25 metal angles running between studs

BN o AW
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40
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Sound Insulation between typical auditoria

Figure 2.20(b)  Multiplex cinemas: sound insulation between
typical auditoria

between cinemas (masonry wall added between the
separate studs) and low ventilation noise levels (NR25).
[Max, OMNI and MotionMaster cinemas require special- °
ized attention including vibration control to some of the
cinematic effects.

Conversions ;

Conversion of older theatres and cinemas results in
satisfactory results, although it is less common now.
Multi-board dry construction linings to form, as far as
possible, separate auditorium ‘shells’ is important; concrete
rather than timber floors should be used. Results will not be
as good as for a purpose-built multiplex because of flanking
via the existing walls; D, achievable may be around
55dB.

Concert halls

Concert halls require specialist design advice so only a few
principles are offered: the acoustics can be made to work for
a number of different generic hall types.

Hall shape :

Hall shapes can vary from the traditional ‘shoebox’ and
coffin-shape halls, to geometric halls. ‘Shoebox’ halls have
enjoyed a renaissance, as offering gocd cross reflection
characteristics between side walls. They put the audience
centre-front to the orchestra as far as passihle fr the best
sound blend. Recent examples at Dallas and Birmingham
are attracting publicity. The problem is that the adinired
nineteenth century shoebox halls like Musikvereinsaal,
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Figure 2.21  Multiplex cinemas: separating walls — plan (see
Figure 2.20 for key). (Courtesy of UCI (UK) Ltd/BDP)

200 mm

Vienna, are by modern standards only recital hall size.
Even a hall like the 2206-seat Concertgebauw, Amsterdam,
would be much larger if replanned to current standards of
safety and seating. For a full-sized concert hall (2000-2500
seats) to suit a full orchestra and choir (up to 120 musicians
plus 250 singers) the arrangement can lead to a large
template — Birmingham is over 60 m long and has a very
generously-sized platform focussed in amphitheatre style on
the conductor’s rostrum. Shoebox halls do however still
work well for lesser occupancies, as Jordan Akustik’s
1377-seat Odense hall testifies (Figure 2.22). Some concert

halls are not even axial to the platform: Aalto’s concert halls
put more seating on the ‘keyboard’ side of the piano soloist;
Segestrom Hall, Orange Free State, California, interlocks
two narrow halls as a means of avoiding the disadvantages
of fan-shaped auditoria. Figure 2.23 shows CAD views of a

- 2500-seat study, with vineyard seating around a semi-
surround platform.

Reference can be made to a number of case study
collections, for example Acoustical Survey of Eleven European
Concert Halls[5] and Halls for Music = Performance:
4962-1982(6].

Figure 2.22  Odense concert hall, Carl Nielsen Hall

Volume

The volume should be adequate for a full-bodied sound: the
old rule of ‘RT X 4 equals volume per person’ is if anything
on the low side and 10 m® per person even in a full-size hall
is advisable (Table 2.6).

Table 2.6  Optimum volumes for performance spaces

v 5 =i eil-itent,
Optimum volume (m>/occupant)

Minimum Recommended Maximum
Theatres 2.5 3 4
Rooms for speech — 3 5
Opera houses 4 5 6
Concert halls 8 10 12
Churches 6 10 14
Seating

Seating is a key issue as there are so many constraints —
sightlines, travel distances, aisle steps, seats per row and
balance of seats at different tiers (Figure 2.24). ‘Vineyard’
seating as pioneered at the Berlin Philharmonie works well
in milder form: ‘seating trays’ of several hundred can be
optimally set to face the plaform and have local
side-reflecting surfaces.

Reverberation time (RT)

Reverberation time is still a fundamental measure in
concert hall design although in recent years design concern
has extended to not only RT but also to the ratio of early to
reverberant energy and to lateral efficiency, i.e. the

L
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Figure 2.26(a) & (b) Directed sound: Wellington Town Hall,
New Zealand

adequacy of early lateral reflections. A strong, precise and
clear sound is the current taste; live music that is expected
to match the quality of the living room CD player. The
approach needs great care as, if reflections are too strong,
tone colourations to sound quality can result. There may
even be a loss of reverberance if much sound energy is
directed straight to absorbent occupants and seating.

Early decay time
The early decay time (EDT) is the most important criterion
in evaluating a hall’s acoustics, followed by Lateral
Efficiency and Clarity. The EDT should not differ from the
Sabine RT more than *10%; for a concert hall, values
between 1.8 and 2.3 s should be sought. It is the decay time
measured over the first 10dB of energy fall-oft, equivalent
to the slope of energy curve measured within the first
500ms. Due to the nature of music performance the final
part of the sound decay of notes is seldom heard. The later
part of the reverberant decay from a specific impulse
(transient) is masked by subsequent signals after approxi-
mately 10dB of drop, i.e. peaks in music performance only
rise about 10dB above the average level during that
passage. EDT involves measuring the first 10dB of decay
and multiplving by 6 to correspond to RT values. As EDT
is sensitive to room geometry, in particular to strong early
reflections to reinforce sound in the first 100 ms, the EDT
will vary with location around a hall (see Chapter 5).

In huge halls, the EDT can vary spectacularly,
highlighting the remoteness of surfaces:_the Royal Albert

91l
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Hall, London (86 650 m?), has in its stalls EDTs of 1-1.25s
compared to Sabine RTs of around 2.5s, across middle
frequencies.

Ratio of early-to-late energy

The ratio of early-to-late energy is the measure of the
balance between clarity and reverberance in music;
different types of music, for example Romantic compared to
Mozart, suggest different balance values.

Early lateral energy fraction

The early lateral energy fraction defines the relationship
between a sense of spatial impression or envelopment for
the listener and the arrival of reflected sound from sidewalls
relative to the listener. It is the fraction of lateral energy
arriving between 5 and 80ms after the arrival of direct
sound compared to the total sound energy arriving at the
listener within the first 80 ms of direct sound arrival. The
maximum values found in auditoria are around 0.3.

D50, C50 and C80 .

Other measures are Deutlichkeit (D50), Clarity Index C50
and Clarity Index C80. D50 derives from the ear’s response
to consecutive impulses. A sequence of sound impulses
delayed more than 50 ms is perceived as discrete impulses,
whereas those with less delay combine to enhance the
loudness of the impulse before. Good auditoria will have
higher D50 values. C50 is slightly differently calculated and
is presented in decibel form with values greater or less than
0.5 appearing as C50s with positive or negative values
respectively. For a speech-orientated hall, positive values of
C30 are desirable. C80 uses the limit of perceptibility 80 ms
to suit music uses, again in decibels. Positive values result
in a crisp acoustic suitable for classical music and some
operatic use but will not provide a suitable setting for
romantic and choral works which are enhanced by a greater
reverberance (values range from 0 to —3).

Directed sound

Directed sound has become an issue in acoustic design.
Marshall incorporated the idea of supplying early lateral
energy when he was appointed acoustic designer for a
concert hall in Christchurch, New Zealand, in 1972. The
lack of lateral reflections at centre seats due to the hall
width is compensated for by an array of large reflector
panels suspended overhead angled to direct sound into
central seats deficient of lateral sound (Figure 2.26).
Schroeder-designed reflector panels used in the 1983
Wellington Concert Hall by Marshall are based on a
repeated ‘Quadratic Residue Sequence’ of different depth
- wells along the panel surface. Interference due to the
pattern selected contributes to a wide diffusing area (Figure
2.27).

The concept of using other reflecting surfaces within the
auditorium was also used by Cremer in the innovative
Berlin Philharmonie; other halls in which Cremer has been
involved have incorporated ‘stepped hexagons’ in which
seating is split into hexagonal stepped terraces which
provide all seats with localized directing surfaces. Even seat
backs to rearmost seats can play their part (Figure 2.27).

Musicians
Musicians as users have specific needs and the priorities are

4

slightly different to those of an audience. The Musicians’
Union stresses the following needs: reverberation time
(full-bodied); variability (not altered by occupancy);
dynamic range; frequency response (balance of sound, no
orchestral section or pitch band receiving over- or
under-emphasis); clarity and separation (between solo
instruments and sections). In addition, on the platform
there should be integration (sound similar to that perceived
in the auditorium), ensemble (ease of hearing between
sections), and floor response to instruments. )

Ventilation

Ventilation in halls can serve both energy-efficiently and
quietly by undeerseat supply and -overhead extraction,
(Figure 2.29). As exposed ductwork at a high level in hall®
presents an unpredictable source of low-frequency absorp-
tion and duct-noise breakout, its presence in the hall should
be minimized or set behind an acoustic ‘shell’ ceiling. A
sensible approach to adopting a criterion is NR 20 for
concerts, and an assured NR 15 maximum for broadcast-
ing/recording.

Multiuse )

Multiuse is a fact of life, cven for halls with resident
orchestras. Choir seating can be on bleachers extending a
platform back for conference use, seating to the immediate
sides can be on towers to be removed to form ‘wings’. Stage
lifts can alter the configuration for different music settings,
dropping to form an orchestra pit for opera. Acoustically,
banners can drop within the hall to reduce the reverbera-
tion time up to 15%. This will improve speech intellibilit®
in the hall. Overhead acoustic ‘clouds’ to help the orchestra
maintain ensemble can be flown aside to enable sets or a
projection screen to be dropped. Back projection, simul-
taneous translation, projection room and control rooms will
help the operational efficiency. In a number of halls, large
acoustic canopies slung over the platform are claimed to
adjust the acoustics for different sized events.

Multiuse halls are a design challenge and the most
demanding use in design criteria terms may only be a
prestigious occasional use, so it is realistic to have the most
frequent use as a base setting with means of altering
conditions for other events. Reverberant sports or concert
halls can be made deader for drama by dropping banners or
drapes, small halls or dead halls enlivened acoustically by
electronic means. Figure 2.30, Diagram 2.5 and Table 2.7
list some typical events which can crop up: these cluster to
particular settings (flat floor, etc.) although inevitably there
are varying requirements within headings, for example
‘classical music’ can mean conditions ranging from 1.2 for
chamber music to 2.5s for major Romantic and choral
works.

Courts
Acoustic attention centres around the courts themselves, as
they will have to be isolated from other areas by sound
lobbies, acoustic doors, and 50+ dB walls. Ventilation noise
levels should be kept to between NR 30 and NR 35. Good
conditions are important as close concentration is deman-
ded over long sessions.

To keep out intrusive noise, perimeter accommodation as
well as the courts may have to be mechanically ventilated.
Floors under courts and over cells should be 50+ dB, e.g. g
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Figure 2.27  Concert hall details: (a) high-back seats at rear; (b ) ceiling reflectors; (c) side-wall absorber banners A )
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Figure 2.28  Acoustic model testing: Linkoping Concert Hall
Segestrom Hall (California) and Wycombe Entertainments Cen
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Diagram 2.5 Public performance spaces -z
Table 2.7 Recommended mid-frequencies reverberation times
Activity RT Building type
Broadcast 0.2-0.25 Sound dubbing, announcer booths
‘ : 0.3 Small speech studios
‘ 1.0-2.0 Large classical music studios
( Speech 0.6-1.2 Council chambers, law courts, lecture theatres, meeting rooms,
R conference halls :
i Drama 0.9-1.4 Theatres, function rooms
}
. Amplified sound 0.5-1.2 Multiplex cinemas, pop concert venues, discotheques, videowall setti
Multiuse 1.0-1.7 School assembly halls, community halls, sports/arts halls
U Opera 1.0-1.6 Opera houses, theatres with orchestra pits
Soloists, ensembles 1.2-1.7 Recital halls, orchestra rehearsal halls, chamber music salons
Orchestral music 1.7-2.2 Concert halls
Organ and choir music 2.0-5.0 Ceremonial halls, organ concert halls, churches, cathedrals
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offers greater scope than walls because in a large factory,
wall surfaces will be of relatively less surface area and
perimeters may be remote to working areas. One problem
with perforated soffit roof decks is the tendency for a vapour
barrier directly behind the perforations to some degree
blank off the higher frequency absorption of the quilt
behind the vapour barrier. This can be reduced by placing
the vapour barrier as an interlayer between absorption and
thermal quilt layers.

Lecture and conference rooms

Lecture rooms

Lecture rooms, purpose-built for 50 up to 500 persons, are a
feature of many education and business centres. Up-to-date
techniques have revolutionized forms of presentation:
videoconferencing, simultaneous translation, back projec-
tion, video recording (for training use) and CCTV.

Section
1. Front panel height determined
by projection requirement
2. Panel angled to reflect sound r———T———
5m

into body of seating

Section

Section

Sound-absorptive finishes to
reai part of ceiling, rear
wall and most of side walls

—y T T T 1

5. Sound-reflective surfaces to
. front wall and overhead 0
panels

Figure 2.33  Lecture room: Sound-reflecting ceiling panels — sections

The lecture theatre, unlike say the council chamber, has
set locations for speaker and listener, so finishes can be
tailored to flatter the speaker. The front two-thirds of the
ceiling should be sound reflective rather than absorptive,
the rear absorbing; better still, reflecting ceiling panels can
be optimally tilted to give strong early reflections via- the
ceiling, reinforcing the direct sound. Good sightlines are
essential for adequate sound reception: a dais at the front
and tiered seating rows enable this.

Reflecting surfaces at the speaker end can be ‘hard’ but
best modelled to avoid local cross reflections and résultant
flutter echoes which will be off-putting to the speaker and
will lessen speech intelligibility for the audience. The rear of
the lecture room should be sound-absorbing to damp ‘long
sound path reflections from the back (Figure 2.33). In
considering whether overhead reflecting surfaces usefully
reinforce the direct sound, one can consider a limiting

Section
3. Successive panels angled
to carry sound evenly into
audience
——
0 5m
Section

6. Projection room

7. Sound:lobby
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ellipse within which surfaces can reflect back without echo,
but outside of which surfaces should be either absorptive or
reflect incident sound so it remains outside the ellipse. A
discrete second image of sound is discerned if the reflected
sound ‘energy arrives more than 40ms after the direct
sound, i.e. if the distance travelled approaches or exceeds
14m. The notional limiting ellipse is therefore defined by
AB + AC < BC + 14 where C is the source point, B the
receiver:-location, and A the surface of reflection.

In a space with good room acoustics for speech (RT
0.5-0.75s) the foliowing guide applies:

‘@ uptal5m relaxed listening

® 15-20m good intellibility
® 20-25m satisfactory
® 30m limit of acceptability

Reading lip movements helps intelligibility, which is of
assistance up to 15m. When the distance between the
speaker and farthest listener exceeds 10-15m, a speech
reinforcement system may be considered.

Video conferencing

Video conferencing is a new development entailing
voice-activated cameras and microphone systems to con-
nect specially-adapted meeting rooms. Ideally the rooms
could be designed to talks studio standards but more
frequently standard conference rooms are adapted. The
wall behind the seated participants should be fully treated
with absorptive facing. Intrusive outside and ventilation
noise sources should be kept within NR 25.

Conference rooms

Conference rooms vary from meeting rooms to large
auditoria where massed delegates can attend a convention.
Ideally, office conference rooms should have sound-
reflecting ceilings but edge absorption strips and absorptive
wall linings to at least half the wall surfaces (Figure 2.34).

Section

" Reflected
ceiling
plan

X

(L

Sound reflective central ceiling to ‘carry’
speech across the coni=rence table

2. Sound absorptive edges to ceiling

3. Sound absorptive wall panelling/pinboard

to at least 50% of wall surfaces
//// Zl 4. Carpet floor finish
Figure 2.34  Reflecting and absorbing surfaces in a small meeting
room '

ANRNIANAN

N

PSA and CIBSE recommendations suggest for intrusive/
ventilation noise criteria, NR25 for ‘large’ conference
rooms (>50 persons), NR 30 for rooms holding more than
20 persons, and NR35 for the smallest rooms. Sound
lobbies should be planned into both larger lecture rooms
and conierence rooms.

Libraries and museums
Library activity varies from busy popular fiction and
cassette loan areas to quiet reference areas, so the
subdivision of the facility by bookstacks and exhibition
screening can allow this. Sound-absorbing carpet, acoustic
ceilings and soft furnishings can help keep reverberant
sound levels low. Ventilation noise should be controlled to
NR 30, intrusive noise from traffic to 45dB (Lacq, 7)-
Museums should be lively centres of activity and
‘interactive’/participatory exhibits may have to compete
noisily with repetitive video presentations. Careful zoning,
sound absorption materials, and good-quality directional
sound systems can help. ‘Theme tours’ are a new
derivative. The close arrangement of different ‘sets’ in a
tour can allow the effects to be spoiled if noise from one area
is distracting and intelligible in other areas.

Music practice rooms

The standard of facilities varies widely between the rooms
provided in state school music departments - little different
to normal classrooms — and isolated, controlled environ-
ments provided for professional, and trainee professional,
musicians. The smallest practice rooms hold only two
(instructor and soloist); slightly larger ones take a small
group. Large rehearsal spaces can hold sections of the
orchestra. Surfaces within can usefully be sparse (RTs
typically 1s at 500 Hz for practice rooms, 1.5s for rehearsal
rooms), and non-parallel: offsetting alternate walls in a row
of rooms by 7° or more is adequate to prevent distracting
cross reflections. Low-frequency absorbers may be useful to
balance reverberation characteristics, and velour curtains
can allow some user-choice of playing conditions. Ventila-
tion and steady intrusive noise should be controlled to
within NR25 and in all but the quietest settings, rooms
should be fully mechanically ventilated. Adequate cross-
talk attenuation is essential.

The critical issue is the isolation afforded to the rooms.
School rooms tend to be a lower specification both because
of costs and the desire of teachers to know pupils are
practising in individual rooms. Single acoustic doors rather
than using sound lobbies may have to suffice. Figure 2.35
shows the commissioned results for a school. The isolation
from separated wall leaves is not fully realized becauses of
the flanking effects of roof and floor continuity. The more
costly but effective isolating ceiling and floor shown in
Figures 2.36-2.38 show a worthwhile gain in performance,
again by care with acoustic doors in sound lobbies. Even
with this degree of separation, music practice will be
discerned in the adjacent practice room. Care in workman-
ship and supervision is needed, as contractors find it hard to
resist tying structures together for stability during building.

An alternative approach, comparable with studio tech-
nical facilities, is to use modular dry-construction ‘boxes’
erected within a building shell. These may well be as
expensive for the same acoustic performance, but have the
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Figure 2.35  Music practice rooms: Manchester High School for Girls

1. Wall: plastered 140-mm dense solid blockwork/50-mum, cavity (no ties) with 80 3
mineral wool quilt inlay/140-mm block. . ;
2. Roof: slates on battens, sarking, counter-battens, 12-mm ply, roof ! )
joists void, 13-mm plasterboard, 20-mm timber boarding. -
3. Floor: 22-mm chipboard on isolation grade polystyrene, 125-m concrete slab. 70
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