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‘ﬁﬂﬁ‘l.l??ﬂ’]ﬂﬁ?i‘llﬂ’l (A1) 30 54 1 54 1.8
IegussenefAn ( A-K-T) 25 70 1 70
Wesussene HARMONY ( AK) 25 150 1 150
IS LRIGIIEEN 20 1 20
vanljifnisdentings BRASS 15 112.5 1 112.5 7.5
WOODWIND 15 112.5 1 112.5 7.5
STRING 15 112.5 1 112.5 7.5
PERCUSSION 15 112.5 1 112.5 7.5
ELECTRONIC 15 150 1 150 10
Waunureetentingg | 45 2 90

o a sV : o
uUnn 3 mnmswmayauazmﬂﬂsznau
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W4 ATNAAL/MDY fufives .| dwau  |Hudsana| w/Ay
wealfiRauszaing
vanljifniuaaie  BRASS 1-2 5 5 25
WOODWIND 1-2 5 5 25
STRING 1-2 5 10 50
PERCUSSION 1-2 5 10 50
KEYBOARD,PIANO 1-2 5 55 50

veelfjiRnqueias 5A% 5 15 2 30

10AU 10 25 3 75

KEYBOARD 10 30 2 60
Feufuieiasnus 180 1 180
WaalfiRsounguy 130 260 1 260
Hoanmaaviiluag (RECITAL) 40 2 80
Wnafanfaemuania 12 5 10 50
MAIIAUAT INE
WoussEasITNAn (A1) 30 54 1 54 1.8
vaaFeulfiRausding
veuiEsanais  szum 1-2 5 2 10
28999 1-2 5 2 10
1 12 5 2 10
158 2-3 5 2 10
k1) 2-3 5 4 20
Aud 2.3 5 2 10
Y 1,2 5 2 10
Premtye 1,2 5° 2 10

Faufuirtaanusi 80 1 80
eUfiiRaNngy 20 36 2 72
#aduFaslneanuais 1,2 5 5 25°
HAANU19 40 1 40
faugaNng 40 1 40
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] l ﬁ'gq ﬁqquﬂﬁu/ﬁ'@q ﬁ’uﬁﬁ'ﬁd Wl 91wy ffuﬁi'w IR N./AY
AMAIUYHUMTAS-FIAU

[WequssenessINAT (B1) 60 66 1 66 1.1

. |SOUND LAB 25 87.5 2 175 3.5
PN TN 10 3 30

' e3sinemand-ndia
WagUsTENasITNAn ( B2) 30 33 1 33 1.1
WRINARRIINENARRT 30 105 1 105 3.5
NG TN 20,10 2,1 50

| [madnmsfinun
WRIUsTENEIEITNAN ( B2) 30 33 1 33 1.1
RGN 10 3 30

v InmamAadmsueag

' HaannsdaLazaanuLLned (A-T) 30 60 1 60 2

t{STUDIO 30 180 1 180  |back state

: waaufuees 100 1 100

| |WesfiRTauae 15 80 1 80
vanlfiFslne 15 80 1 80
:‘ﬁﬂquﬁmﬂnmwiaﬁq-l.wiwﬁﬂ (A-D) 25 50 1 50 2
|%84 LOCKER - Watugn - 20 2 40
Haanuees 20 2 40

| ¥aatin-dan ey 20 6 120
YFoarn-dan anansdl 12 6 72
LOCKER 600 ‘ 384 ! 1 384 0.64
sanRuRdaunsAne 2985
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Unn 3 msamﬂzmagauaza QﬂﬂSZﬂB‘U
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waq AMNRAU/MDY Nufives u.| dwau  |Audisas | w/pu
AuFnATUNTANN
Hoaeyn
daurneag 12 1 12
dougumilede 303.6 1 303.6
ysaumbdaianizau 30 50 1.8
Ifunnaniiede 90 1 9  |60: 10000
AMuAuATILRYENEY 18 1 18 |60 : 10000
alnauussnning 2 14.4 1 14.4
daudeu, AnNauy 20 1 20
ONEanans 2.16 2 432
UIn1stiu-Au 4.46 2 8.92
HaambaRainin 36 1 36 |do%dunide
douriinedaulandiryilneal
ARAUNLTD 50 1 50
SOUND BOOTH 2.5 20 50
CONTROL ROOM 15 1 15
Hasane 10 16 2 32
aTuasindnm
GRS PEY 15 3 45
WaaRaAssA 50 1 50
Featin-dan 20 2 40 I8-MEY
waunud 80 1 80
Frusunsod 40 1 40 )
Frudndne 25 2 50
nednsianssoue 0.8 6 4.8
ATM 2 2 4
{elewle 25 1 25
Wiaslguneuna 30 1 30
Aaannune 2 20 1 20
HEAN LD 20 2 40

o a ¢y 7
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o e i

a4
NUNTIN A

Wa4 AINgAMaY | Hufivas a|  shuau A/AY
Ts90m15
gaufutssniuenng WniFay 140 184.8 1 184.8 | 25%dmauur,
8191985UATYARING 76 100.32 1 100.32 |50%imaue.
d89-1801Ms 80 1 80
dauiuanu-analie 15 1 15
waenFa 85.54 1 85.54 |30%laemnz
f1nuneria 5 25 1 25
LOCKER-#oatin-&as STAFF 5 10 2 20 TIE-MEPY
LOADING AREA 40 1 40
* I¥asraaTlan-ud 6 2 12
' |81 CHECK fu1es 15 1 15
[Heafureq 20 1 20
TWeaniaa
Feartes/suannied 200 1 200
Yausiaslwin 200 1 200
ﬁmgn‘ﬁ'lmﬂszﬂﬂ 50 1 50
Haveu 1.5 4 6
[Haaninauinmanulasadt 2 16 1 16
Haarnuay 20 1 20
LOCKER-¥aan-&ax 4 1 4
gaufuRdauduadunisfnn 2110.7
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§ was ATHIAUMNDY dwu [ WunT L /A
Aquiuiiiounilszasd

neszeu

Toamadn 400(50%) 0.75 400 300

faann-dax 800 60 2 120
fauduiing 4 20.16 1 20.16 5.04
e 800 720 1 720 0.90
MuTaTinnsuans 320 1 320
BACKSTAGE

Feausiaia Faaiin-dan 25 2 50

WAITING SPACE 50 1 50
HaamaLANUA-ReN 1 25 1 25

MG TN 100 1 100

Foaurtes 200 1 200
ganfufdudnuany 1905.16
dauiiufiransn

SERVICE PARKING 32 3 96

STAFF PARKING 12.5 50 625

PUBLIC PARKING 12.5 200 2500

BUS PARKING 32 2 64
MOTORCYCLE PARKING 2 50 100
gauuFidauaansa 3385
sanRuRFaeanslazans 12125.71
CIRCULATION 30% 3637.71

S9U ! 15763.42.
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5.1.1 an¥UENs 19928
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— 29 CHAMBER ORCHESTRA ia7l9u1a 6 x 9 m1s1aiums §3 9 Lums

— 29 ORCHESTRA wuuifinne Hffidudnuon 108 au MHiallawm 12 x 12 ae
\NAT g9 10 - 12 14m9

— fuidmulaledu ueniataathaunaiin Wit 1 x 0.8 meaiams
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SOUND ABSORPTION Commercially Avallable Sound- absorbmg Materials

4 Some of the many commercially available sound-absorbing materials are shown bclow Mos( sound
absorbing tiles and panels are not sufficiently durable for wall application. Conseguently, protective
and decorative “"open” facings should be used. Some suitable exar:ples are shown in this section. Be
careful to observe the manulacturer’s recommendations for the cleaning and painting of sound-absorbing
materials. The AIMA booklet "How to Clean and Maintain Acoustical Tile Ceilings™ presents useful
guidelines. : :

Membrane faced or ceramic
tile materials {suitable for

Teature andfor
patterns - tile or
panel

L L R A Regular perforated humid environments, e.g.,

tile® swimming pools, kitchens, etc.)
. Shredded wood
fiberboard {can be used

Fissured . for wall treatment without
tile or panel! facing}

- o - * - .

L] - - .
« . o . L* -
L e+ « | Random perforated Glass-fiber
ot ot e nile” blankets and boards.

Smoeoth sprayed
material {mineral
or cellulose {ibers}+

[TTTTT]

J | l l I ! Slotied
tile o panel
O provide about 15% opren azea 10 allow panting without

Diuchpoig uver the hotrs- avoid o and rubber-base pamits which
Nay clog pores

Rough sprayed

materials

1t Usesprayed matersats sn 177 10 37 thucknesses on hara hockup
suslace e apply 1o ofen 1oth




e Room section

N
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" 'SOUND ABSORPTION: Sound-absorbing Ceiling Arrangements

® Rellected ceiling plan

Cemented to ceiling tamf mtg. No. 1)

Suspended tile ceiling {AIMA mtg. No. 7}

RSN

Modeled absorbent surface

HEREEREN

lllllll

* ——

Sound-absorbing louvers

335566643

Suspended sound-absorbing units {suspended “fuzz™ tetrahedron shown)

LT T

AT T L AT I froneseingyngene

“"EQg-crate” w/sound:absorbing treatment on both sides

LUO0000
UOO0000

L0000

Good

Better



SOUND ABSORPTION: Acoustxcally Tr‘.nsparenl Facings

.

Acoustically lransparenl facings may range lrom 5 to 50% or more open arez, dependmg on the absorp-

- tion requirements. As a rule, facings tend to reduce or “cut off™ high frequency sound-absorbing effec:

tiveness, subject to the % open, dimensions ol solic area, etc.

Perforated materials s:.:ch as perforated sheet metal, expanded metal, or punched and pressed metal can
be used alone in front of ~fuzz,” or together with wood slats or other large-scale elements, as shown on
the preceding page. Typical open mzcal materials are shown below along with a table of suitable perfora-
tion sizes and spacings for general facing materials. . .

1/4" Staggered holes 174" Straggered holes . 17/64"" Staggered holes
a('3I8" a.c. - 40% open at 5/16 a.c. - 58% open 2t 5/16” o.c. - 65% open

Suitable perforation sizes and spacings

Hole diameter {inch) Spacing (inch o.c.) ’ Notes
' .
e 0.50 ~4—e e Safe limit for hardboard
. - .. ’ ae - ‘

5/32 0.40 {*"pegboard .) materia

18 0.30 }e———  Most suitable for wall
materials Can be painted

332 0.22 . without clogging holes,
and holes are smail

e 0.15 enough 10 discourage the

132 0.08 jabbing of sharp objects

into them,



SOUND ABSORPTION: Open Facings to Protect *'Fuzz’ Wall Treatment
Surface area of fnciné should bLe at least 20% op-.--n for reverberation or room noise control, where high
frequency ahsorption may not be critical. So many possibilities will satisly these requirciments that wall
treatment is often limited only by the designer’s imagination. . ) '

Woot turring

Fabric cover
le.g. insect screen,
monk’s cloth, or
N burtap)

—
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Cu-zz—a_r:i’l;:r:cm be spray-painted Liack

w/nonbridging water-base paint to prevent

decorative wood strips

R. 8. Newman, asnd W. J, Cavanaugh A

Hil, Now York, 1966.

N

|
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showjng through open facings.

coustics 1n J. H. Catlender {ed.), Time-saver Standards, 4th ed . Mc Graw




A. Carpet on concrete

hair-felt underlay

1 mrﬂm. w:/u,'&’ﬂﬁ,'ga;h__ et o o ot o

T
+ “’I:'l;!l

LS
‘t_“z. s, .b '\" '

* structural slab

4 e—— 4108

8. Carpet on concrete with suspended ceiling

’“l"uml” ,'g’l“( d{ﬂ?[’é’ {!’ﬂ'f‘[”ﬂlm —_— Carpet on underlay

Ll 2 .
S AT 7‘ ————_ 4 10 B"" structural slab

e £ OF MOre air space

T Resiliently suspended )

plaster ceiling

C. Carpet on floated concrete slab {S2e details on following

page)

'“({ it ’{M fll mﬂrf' W’ THNEIH] —~e———— Carpet on underlay A

ALY

A - v. "" —————————2 10 4~ floated conc, slab

—————————— 2 to 4" glass fiberboard

D. Floated slab plus suspended ceiling

MWW"”W”MUHIMIWﬂ[{“{llmllﬂﬂ —e——————— Carpet on underlay

e.w e B "] —e—————— 210 4" ficated conc slab
lnmm ————————— 210 4" glass fiberboard

AL o AT A
(.- S _v' o ~ee————— 4 10 B siructural siab

{ e T Q.

Cee A L n .o fa

PO v .
NP
>
4 A e §™" e MOrE 1t SPuce
- Resdrenily suspendecd
plasier cetung
- e e P — N

MECHANICAL SYSTEM NOlSE AND VIBRATIONS: Ftoor-ceiling Constructions for
’ Impact Isolation

__;.Carpctmg and res:hcnt Noor hlcs such as rubbcr and cork can be used to cushion impacts. They are most
effective, however, at middle and high Irequencies (e.g., footfall “clicks™}), while low frequency “thuds™
" still may pass through. To achicve high values of impact isolation over the entire [requency range, more

elaborate constructions such as B through D may be required.

Good -

Bt
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! MéCHANiCAL SYSTEM NOISE AND VIBRATIONS: impact Noise

- . —
.o, .

Typncally,

impact noiscs are erratic and can be caused by (1) hiard heel footfal), [2) dropped objects,

(3) shuffled furniture, etc. Impacts on floors, as shown on the sketches at the bottom of the page, are
sadiated directly downward. However, they also can be transmitted through the structure and radiated

at distant Jocations.

I constructions are shown below:

¢

.

80

T 70
[]
h=]
-
-4
(-9

m -

3
-]
[«

E 50
b~
S
€
(=4
s
-

50

a0

Impact noise test results using a standard tapping m.schmc on three floor-ceiling

The more resilient a construction, the
less its transmitted impact SPLs,

meaning better performance,

63 ) 125 250 500 1000 2000
ér:quen&y in l;{z

A. 6" reinf. conc, slab w/3/4”° T & G wood flooring nailed 10 1 1/2°° x 2™ wood -
battens, 16 o.c., floating on 1° glass-fiber blanket {83 psf)

B. 4 38 reint. conc. slab w/7/8" gyp. board suspended 4°° below wiwire
hangers (62 psf) :

C. 4 reinf. conc. slab {54 psi)

4000

11C Rating

57
47

25

C. Poor
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"MECHANICAL SYSTE

M NOISE.AND VlBRATlONé: Mechanical Equipr'nent Room

‘ . Treatment

isolation hangers 10 give  ———
resilient support to piping
PR g e . -.b._'._._-..b. Y SO RO -
Tae T LA SR PSR B Y S R T N T -
q . .‘-'- v --'..:.. '.b,.-..' ".b""-‘.'.-',b_.:',,.:.. '_A.._"A:.'... ,.
GO UUUUUTUUGUUTUWOUUUULUY UGUUUTUUUUOL

Flexible looped
conduit connection

Sound-absorbing material

Fan should be properly balanced, have smooth,
well-lubricated bearings, and be welt maintained .

Flexible connection

Mechanical duct with internal

glass-fiber lining

Stab penetration packed with
“glass-fiber and caulked with
nonhardening sealant, both sides

Free-standing, stable steel
springs that are unhoused
and laterally unrestrained

Ribbed neoprene pads {to
damp out vibrations
which could short-circuit

Rigid, integral base for stability and to__]
distribute equal loads to spring

supports

4" clearance for inspection and cleaning —

springs at high frequencres)



MECHANICAL SYSTEM NOISE ANUT VIBRATIONS: Vibrating Equipment

The vibration produced in buildings by mechanical equipment can be felt and heard by building
occupants. Vibrations can travel through solid members such as columns and beams, which may
reradiate sound at great distances. It is therefore important that the vibrating equipment be properly
isolated from the building structure with resilient mounts. |f possible, vibrating equipment should be
positioned away from the center of floor spans, near columns or load-bearing walls where they will have

better structural support.

Vibranng fan

© Poor

/ Floor siab

Fan boited to floor
transmits vibrations
directly into structure, *

@ getter

Rigid base \
Steel springs ? + Fan is supported by resili
mounts and relocated
close to structural
column, Fan continues
to vibrate, but
“strycture-borne™
sound is reduced
considerably
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AU OIZIUGA

( Musical Ensemble Orchestra )

i wouadrslssmansiuanusislunn  Wilddawiedasaunioandunas
U vnesualasauaiinanty Wy eueSssnavadananun  fiedasauniiseneu

' Ussannk 7 Bu dueSend uadlowden  wu assesindssiufinasiansaslanfifitet .

wwidle ( Berlioz ) Wiedaseua3liioand 100 fu waue3asd ( Percussion ) &n
83 Tu ,
- (3 ) :‘l‘ a -3 a v A 1 =
205URA ( Orchestra ) lullarulivsuatasauasoeriiaiute 4 ngu fa
‘ 1. nguwdsenzfildeud ( Bowed String Instruments )
: 2. nguaTavanivieialll ( Wood Wind Instruments )
3. nquedasanmauwniay ( Brass linstruments )

1 AI o .
4. naNAIIa ( Percussion Instruments )

‘ - 1. nq‘um%‘aamﬂﬁ-ﬁ'ﬁuﬁ (String) Usznaudie

1.1 qfa‘lﬂgﬁu 1 Witudmgeiiqe viadunhifwdoaen
12 mahlodu 2 Wdmsatasn viadenihuwdala

13 g99ilasn fessavasnanuunsale Genuwinues
14 gowala viegaws Swhiufidluwwue wayldsxiudosige

——r TE Tm M w— s—

s 2. nq'mﬂ%:mauﬁﬁ'nﬁw‘lﬁ ( Wood Wind ) 1sznaueaiy
2.1 vdevan ( Flute )
- 2.2 iflalu ( Oboe )
' 23 faanfum ( Clalinet )
' . ' 2.4‘flmﬁsgu ( Bassoon )

3. nq’um%'amwaamﬁm ( Brass ) Usznauaae
v 3.1 umsgasuelfaee ( French Homn )
3.2 uaminale ( Trumpet )
3.3 unsmsanlun ( Trombone )
! 3.4 wnsiann ( Bass Tuba )

4. namﬂsam ( Percussion ) Usenauaiy

0 12
—u-—v‘?l“""" "% £F oD B4 PR EGICHS

4.1 naaquﬂﬂma wsamwm waadn, uasladasy (Ketle Drum or-
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Timpani,. Bass Drum, Side Drum )

4.2 wnludu, enaeuing, nsusada, wufenuatuamida ( Tam-
bourine, Castanets, Triangle. Wood Block and Rattle )

4.3 fnymwed, lelalwwidassnamdn, suuasaiaslvg ( Tubular

Bell, Xylophone, Cymbals and Gong )

ASHHNLATBIAUATMUILIAUATUULE I
1. 2903879R ( Orchestra ) lFdwmivussawnasfidend Orchestra mu-

. =y : ve v dd‘d ) a o r-1
sic wnumSurutiavasansolldfidaaiiuuauniitonn we3eddulvil ( Symphony
Orchestra ) #nlsgnaudaeinTaiausd wasusnaududiunenn nnedfiusnauaiag

aeudasiinmamuvdanigu Usssnaludasimdesialuil

gallofuunfi 1 S 16-20 9309
aallafuumad 2 fdmm 14-18 witey
gailam fdwam 12-16 1304
fairala fwm 12-16 10309
ElIG| fmau 8-12 19k

aqq%maﬁuuu&éfaqﬂsxnauﬁaEJ

wiasanlsl ( Wood Wind ) fdmau s-16 w3aa

(3anamaamdnd ( Brass ) fswau 10-15 w389

wWiasd ( Percussion ) fdmm  1- 4 e vdeanniuda
ueANNGDINITBIETAUD

2. 2@3E9nssneunisusamysns ( Orchestra for accompani-
ment and Opera ) 'Nq‘%moﬁmzmﬂ*iﬁsxnaué’wt.ﬂ‘s"amum‘% 4 ngn  wwdiuw
oﬁ‘moﬂ%ﬂwﬁ wiidunnnadnnd Smaugiauathenn so au

3. wgirRArwganussieanadodydrd uazauaiaed ( Small
Orchestra for playing Popular and Dance music ) Lﬁmqq?mdﬁﬁ:ﬂisnauﬁ')um%'ad
anli 1eFaemny ndemaambes wiadliivos mnawniﬁﬂaTuLﬁuLﬂ‘%'aqmuﬂ'%ﬁmﬁty
ﬁs}:m'u%mmﬂwmm 12-24 A% "

4, uTuqum ( Military Band )‘l‘%’m‘%‘amum‘%aah«ﬁmﬁqu’%moﬁ
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