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(1) Introdmtian

'mesubjectofttuslectumeanmtbeoomiemedintoamnml lecmrepeziodso

it maybe more appropriate to comentrate on certain aspen: of auditnriun
amulet-Jae.

mreemtyeazsthexehasbandevotedmtinaaxdinterestmfltedevelup-

next of adequate dais! criteria and- this wild therefore be the first aspect

mam. Fondlingthatitmightbevnrthnhiletorevielamnbetofex-

empla of eurpleted auditoria and the atperiergz gained from their practical

use (included will also be a few projects of halls not yet built).

lnoonclusion, that, itvulldbenamraltomdicatesmeimportanttrexflsin

elm-rent and future design of auditoria.

(2) Criteria mew and Music

m: speech the well amulet-led criteria: level of sound and articulatim are

the (swims points of departure.

men in rather large auditoxia neny speakers will find that their natural

speech pmer will be sufficient to mm the weary sound level for the

male alliim. 'I'ne articulation, never, will depend upon the amt-Joel pm-
pertim of the auiitorium traditimtally deteun‘lned by thestatistical valta

(or the Sabine value) of reverberation _ti1_ne (abridged: Rl‘l . Already nanyyears

ago it: was established that a better chje:tive criteria: than Rl‘ was the so

lled definitlcn (Gmnan: Deutlidtkeit) . Definitial may be measured by using

the Wise treated,- by vhich very short pulse (rm noise or shots) are

Iadiated in an auditorium. The sound pulsm are picked up by ndczopmne, rec-

orded and wiped. The energy arriving within the first 50 millisec. is

Wwiththetobalerexgyofapnseandtheratioiscalleddefinitim.

It has been shown that articulatim or intelligibility as measured acmrding

tn the syllable nettnd is very closecorrelated with nulerical valua of de-

finitlon.
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Originally, for music, unequal-ally admledged criterimwas reverberation

me(mwadophedva1\awaremanmwtamngebem1ard2.5m.

(depadirguponslm of maicmtmmdno. of Innslcians). Eb: full. size corner:

hallsanadequatevalmatunflZaechasfiurmwarsbealamofstm-d—

an}.

"waver, dulan the 1351:10-20 years, expat-mm work widlttasocaued

mamcriteriahaaababltshedfllatflrmmtacdumvalmforsutr

jeettve magenta but: that the following criteria mustbemnsldezeflby the

daignofmmerthalls:

m1xMTme(mfl deflnedbyflmslopeofflnflrstjflofamfinr—

aumpmcaa. Itmbeansmwnmatauy fluspartofuaemmemumis

evaluatede naming tomnsic. Sbjecflvely, wenay speakot' m as a

neasmofmvezbetance.

cums! (C) lsapamnetermnaporflingmdeflnluanforspeedhm'm-

pamncy"ofmnlc(vmetherinwlesmsionormlnm1balancel W

that rapidpassagasmt mtbe'blmed. Clarity is defined (lawman

pulsas) aslothlm Halogazifllnofd‘eratm' ofenergyvrlthinfiieflrstfl

mlnsec. hathemainmgamgy.

mlerameumtsformhavabemeabnshedaswvermgmembervallm-

2.6 sec. whereas tolerance 11m“: fiozclarity areth looselydeflned.

mmcewalorizaanaybemongm.
Apnblenhaa occmrred in wmlaucm experillmts (Where wjectlve criteria I

ammparedwimsmjecuveassesmts): thatthenuaioal jlflgesuayendup

behugdifldadinmgtmpmungmupnaylavefawxedmlauvelyhzgevahm

ofmrmdwnespmdlmlylmvalmofcandamfixergrmpnayhawpref-

enedflmappslhe.

melevalofthemsichsacunuybeimperfomedinamthall)153130

ambetlonardthezehavabemhfllatmns, that £4. the levelofamezm

fortepassagecoulddividatheassessuminmmgmzps,eadxw1mimhfll-

vidml preference of level, alum the actual diffeme

prefermces(fluemgmupsaverageva1\m)uasm1yddfl (84mm) and

88 am) furnezzo forte.

mapthlal,mbalameofmems1cmybezegadedaaamtflMUy
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solved pmbla'n.

’ Originally,vlhenm'wasusedasaga1eralcrimrimuiekr_vs_.fl_ecm
maraeteriatibr (Octave or one third octave vallm) was thought: of as the basis

50: asaesmta of banal balance. Many ammticians have masized the

Wotanincreaaeinm‘valusmmelmmmi, others

(arm than the author) have considered this of little conseweme. A slight

imseofflrwluemmrdsduehigherfteqtmes,mvar,naybemgarded

as non: important. I

Recaltlythaml‘vs. Whaabwusedastheubjecflveueasure fox-spec-

tral balance.

So far. wehaveonly Waltziamididomt distinguish beblaen the

different direction Eran which the sound read: the 115m. “mate is a

strong evidence thatanon; the early :eflectiom it is parttmlarly lateral

reflections which are valuable, aims they cnnuibuhe both so the clung and

m the sesam-
It: seals necessaly to distinguish batman I'Spattal inpzessicn“ (m:

Familidflceit) and mverberance. Recent: attsnpta have tried to establish a

cwpmhmsivs criterion whim could account for both these factors. W,1t

is midexcd jmttfied and worth while to keeptha well ambushed criterion,

Mmemaasmefotmverberamsammintmdmaspecialcrimdm fox-later-

al reflections (whim dance the spatial inptesaion): Literal Efficim(ml

iadefinedas fliemtiobemcenarly, lamralenazgyanduneearly total

menu.

'lbcnmluth this aurveyof ujitexia itslullflbenentimed that: Unbalance

bebmH-neomhatra staqeandtheauiianeareauaybedefinedas therath

bemfleavaragewluesofflflneasumdinflnsehnamamihlsratlols

mlled invarsim index (1.1.) . Ncunally, vallas of LI. should be 1.0 or 13:92:

midnmumtthemitialsamdstmfldgmwnmerapidlyinthestageazea

than in the amience area.

As abjectm'a criteria we shall in the following be referring to: Rl‘, Em, C

mum.heq1mdqzamncavillmlymmnmaxflm.
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(3) B22128 of mm

1119 as].me of amltorm is intended to cover mumedlun and large halls,

ranginginscxpe fm amglaoverdualinmntlpmpose mummmonemt‘lm

anymhauauiutmldluaauflmi‘sxorhasbeenassociated:

Hall year of occupancy pupae

metton

3 . 1 Mlbozghallen 1952/53 3200/180Q/1300 multi-

3.2 VetmpoLLt-an OperaJLY. 1966 3800 single

3.3 Outskirtde M Hall 1972/73 2650 dial

3.4 Sydney 0mm Hall 1973 2590 am

3.5 0510 thwart Hall 1977 1700 dual

3.6 Stockholm mull-sum 1919 1300 single

Pm m w
3.7 (Balsa Wt "311 1982 1200 6181

3.8 0195 City meat-Ia 7 800 lmltl

—______________——————————

(3.1) [195 53)

'me (3] nalnpurposa’ofuns largehauam: assaibly (3200), cmmzt (1800)

mfldramuaooLGivenflmlazgediifminoempmwflmeaxdutecm

Wmmearectmmflarahapemflm divlthuiehanUmldaItallyvdfl-na

pardtionwifluhighsmnflxafirflmvalwsothatthemMofflleha
u

muldbeuaedahmltamly). .

Specmawasmwswtmumeseamflpmpose.mrt,soncmnuealdesign

amadatgvimuamhallmahighestpflmty.Wordlesuamtn
be

locatedonaplatfonnmfmntoffinminumm(Hemmertlnnooulda
lso

function asopstameatmby Immuxeplatfombocreatemozdasm pit).

mgenmable side reflectors smwdmeomtra whimalsohadthebmeflt

ofalatgecampe.1hezearaeatswexeplacedonwagganssothatamasmable

p1tduo£fl1eseatingamawasadfieveikrvmfrquamydmctedsuc (measu-

zadwiflxmamlmpzesaxfl fiuruxeoancerthallsimauynhdicateuxe

mmfurhififzeqmcymeflaeraum.

Marigimlplannedmaystenwiflmfliespeakermitslmamdinbafflesabove

the campé was not vary efficimt and had be be smplmhed with sound column

atstagelevalardalmgmeaidewalls.uocumrcia1dmdelaysyshmwaa
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available at the the of the opalill; but recently a revised speaker systen was

installed with tine delays.

The drama situation has bee-I the least successful in practical use of this hall.
Nowumder since mlueewexe notlnuch reducedwith the reduced Volume so that

intelligibility was far from perfect.

None of the more modern criteria have been measured in this hall.

3.2 lb litan New York 11966).

Grand opera is the single purpose of this hall (occasionally used for taliet,

thmngh) . The balance of singing and ordiestra music is a main ocmcern and the
mm for intelligibility is also inmrtant.

'ihe galerel shape is the ciassiml were auditorium shape but with impartant

qualification. A survey of classical opera sham will disclose ilqnttant

vatiatiom of shape, specially with regard to the shape of the proscenium

zone. Certain auditoria have a shallow pmsaenlun frame with no sound reflect-

ing pacity, others have a deep pmsceniun trains midi represents a transition

sum betasen stage and siditoriun. 'me latter om'nept was applied in the case

of the neat tempoumn Opera with a very convimim rmult. 1111s was already

apparent by the model tatihg (in a 1:10 scale nodal) and beams also evident
in the final testing, which stated values of ltl‘ and on practiaally coincident
in nmerlcel valm and also slowed an Rflfim vs. freqmmy curve with good

preservaum of high frequencies. Spach intelligibility is quite good in tin

Met which became apparent sheath] at a test perfonranee (with audience) Mere
a speaker at the front stage was clearly heard and uflerstood over the Male

maience area.

(3.3) Gristdlutch m llall (1972173)

The someticlan (A.H. mrshall in association with Engineering Design Canni-

tants, Irmdon) has ranted tn JJLSJL (published just a year ago). In unope-

ration with the arduitect his design intention was to create a hall with

definite aphasia on lateral reflections. this was in accordance with his own

emulates as well as N.B.Banons and othersfllhe shape in plan (elliptical)

was not partlmlariy suited for this exercise but by applying freely mmtecl

dalique reflectors at the sidewalls in umbinatlon with reflecting gallery

fronts and gallery soffits it was expected (and later proved) that plenty of
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early lateral refleztions were procmoed.

Nofiguzesof lateralefflniemryseanmhavebeenphushedbutvahesofm:

mum‘stmfllatthelallhaaplmtyofmmemme (increasing immediun

to high frequencies) .Values of clarity are close to @tpected values ((l'amect =

-2.9 an for the aim hall).

A few years ago (1977) speech intelligibility tests were carried out and the

mun-.5 seen madcahly good. In“) areas of observation the panama artic-

ulation loss of wnsonants ranged fun 9 to 14‘ against predicmd loss (by the

acbual mug. 2.7 sec.) Emu 17 to 37‘. (table I).

No doubt, the results obtairad in this hall. nay be interpreted as significant

especially in mutton with the moblala of future nultipmpase halls.

(3.4) (lumen: Hall 1973)

Itiahlpossiblehazemgiveadetailedreportofurehiamtyufflem

OparaHmne (winchhasbeengivmelsameze).flxeflnaldeslgnoftleoomert

hallwasdieouhxneofaflmghnndalmrchtlstcalemdelmwhidl

clearlyhad shown the supa'iority ofhighvertioal sidewalls, (well framed-

inordestrastagemfltertmedseawq) maaidewaudesignwithahqped

wallswfaoesardanwuceiflngahapea.Mmusedaaabestcritarim
with

appamdyzeliablemulm.

Aspecialfeaumeofmemodmpamllhqwasmelugeamaawimslothed

panelswhidtwueneantasapoasibilityforaflmltunlngofm‘vafr
equmcy

outve.Byoovu1:-gm(orall) offlvaslotsitwasposaiblemdnmeflle

absorption caefflciaut (vs. frequa'lqr).

fiatestmnertsamuedajecflvetesflmcaniedwtqavemeomommity

mmectflefrequemydqaademeardtommfltautalocalpeaklnmelo
w

immine-

maperienceswlmuusomuertmllhavabeenverypositive, indeed.

muythegrardommhasbemoulpletedmdozganpexfammlavealso

bealnmhagpraised.

(3.5) Oslo Comert Hall (1917)

Also this hall had a lot-q design devalopnent history partly associated with

the quadonable shape in plan (a triangle) partly also oatsed by theconside-

rable time span babies! preliminary planning and final oonstnntion. This
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neantmlplefluehoapentmmdelresearchwhiwwaswmemedwimnmybas-

lc prdzlens: location of the ordrestra, shaping- of the ceilirg, balcony or

terrace, shaping of the terrace, prdaable usefulnms of ordnstra reflectors

etc. Hamuiterinnwasalsointhiscasemi‘. 'mevariatjanof thiapara-

neter througtnut the auiimrlun (nodal) was alsostudiedJ-ul these investiga-

tlons and also close cooperation with the architect at all stages multed

in nany charges Eran the simple triangular shape in the final design which

became rather ompliaated, but whld-n, no (bubt, enhanced the lateral reflec-

tions and: more than the original shape.

0510 mm Hall was well received by musicians 'and audience aswell. A

final mnlng of slotted pamlling at the side walls increased RT and an-

Watoveramnsiderablepartoftheuedim frequency region.

Aprmlenmimuanagalenthadtofaoeafterflmhaugwatlonappearedby the

use of the hall for etmertaiment comert with heavy amplification-t. This pur-

posewasof Immmonthepriorlty list ( m.lbei.ngooneerthall. no.2

comma hall) and thePAsysten was not designed with this in mm.

A solution m eventually {curd by an arrangement of mains (soffits and

sides) Which isonlyused fiotentertamrentwncertsalflpopgmlpe. In

this aomections objective tests verve perfumed to study the influence on Em,

C and IE.

(3.6) Stockholml Berwaldhallen

'Ihihallmlchopenaiafednonflusagamybeoansideredatruesimlepm-

pose hall, being the bane for the Swedish Broadcasting Symphony mun.

Inaway, ofwutse, lthas trowrposewotmrtsudioardcomaertflallbut

they do not pose conflicting dazands to the amustieal design.

Originally, the shape was to hemactalmllar but later it boean'e hexagonal (IID-

denateNhidl, at least at the min flow: results in an increase in lateral

reflect—1mm. The nodal (hit!) was mstly tated for values of ED! ani LI.

whereas the hall itself also was tesmd for clarity and lateral efficiency.

Like inoalo a final mungms mtdertakenwith theobjectof increasing

values of RI and M. The final mult; is a hall which is a little less rever-

berant than the one in (B10 but which has ranarkable (and much Eavozed) glari-

ty. The manganth of the audience on three levels (and all around the stage)
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alsotetflmmrevezberancesaWt.mhallhasbeenuellreceive‘h

more experience should begained before final judgments could he establlshed.

(3.7)Odmseumcertflall

'l‘hiahalllsacpectedwbeflnlshedmyeare fmnlm.'meammtlcal

(bslgnhasbeazmymrefifllyahflledlnascalednodelandfltecflteria

tatedaze:EDI',Cardl-B.'lhevarlableslnthedeslgnhavebea|thedlfflsing

slapeelnflueceilmgardmu'lesldewallaatdalsoflnfmnhgincfthe

otdnestla stage. Thesmxzturalbeansprwibdlffmimln flu 10nng

directionamieuspetfledelevmtsmflerthebemshavebeenlnstalledmdlEfu-

Bethescmdinlateraldlmctlms.meofflleresultefmnflme1mestlga-

uonsvasthatvetypxmmufindnlnaofmmuldbefcmflmposiumalon;

maldewallarflthattheymuldbepartlyelhninatedbjapplyinq triangular

prism-.11: diffusers wider the stnchxal beans.

(3.!!! magnum:

mmamOjectforamltlpurposehallandmaymtbebulltlnthenear

future. It is a very fladble adule which envisage many diffezu“: antiqua-

tlona for tl'leatte appllmtlms. The priority List imltde several immune

three first are: (1) Opera, (2) Diana and [3) Concert. 'lhe campalny is

ineasedbycomertslmemestagaamamaybemtegratedwlmmeamlmriun

byletummepmecmimftmedisappearmdbypartlywvedmuncpequw

the stage loft with swndmflectors.

(4) Tania in the Acoustical D512 of Alan:th

It in radar dwious that mtlml design principles of audition/a be «melde-

xedlnclcsecmuectimwlthfllepurposecffliehalh flanmherofplrposes

and also that priority must inflm these primiples.'lb design a single

purpose hallE4. 3 ctmcert hall has always been the highest asplratim of

the acoustical designer but emittedly this situation may not occur too often

in the future.

flietzexdhwarlablyseavsbogolnthedlzecumofdmlpmpowanimltl-

Whalls. 1119 qeranl tee-Id in society towanis demitrallzaum nay

baida point in the direcflm of mallet slew of halls, mm halls between

600 and 2000 seats, fewer halls in excess of 2000.

hever, let us first cmslder the pmblen of the large hall with dual purpose
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13.1. (1) Oortcert Hall, (2) congress Hall. We then have to provide mod saunt-

ics for both Ilusic and speech.

As we have seen through the maples discussed.the straight formant solution,

sofar,hasbeentoimtallagoodfiisyshanforspeedlandtodosignmehsll
strictly to amply with all the damn-sh of a ownert hall. But we have also

Seen exarples of I'm the pxulatton of lateral reflectiom tend tonake lamp

halls more suitable to functim both for speed: and for musical purposes, and

it some very likely that we are only at the begiming of this develqzra'lt

and that the future of acoustical design will show note exanples of how to

immease the influeme of early. lateral reflections.

Beetle-acoustical system will be needed for many purposes,like entertain-

ment and pop comerts. but in m instam you may even think of such system

as an aid to create early, lateral reflections {by suitable located speaker
units) , and this may especially happen in very large and Very Hide halls where
the natural contribution of lateral sound Eran the side walls is mt.

lbuever. even in halls of atreue mions we should still outsider the

pmsihilitim of creating lateral reflections frun other surfaces, especially
from the ceilings. and this may bedone in several ways.

In small and nediun 51sec]. halls it became Inudt easier to provide lateral

reflections and in sure cases you may leave lumpeakersyatele out of con-
sideration, especially if you are fire tn choose amropriete sham and diluen-

sions. 'Ihe classical, rectang‘nar shape and the classical pmportlom are still

much to he mm in oasa where otherwiderattons do mt: interfere

with the design.

'Ib give an idea of the wriation of lateral efficiency (LBJ in different halls
(and also within individual halls) the results of measurements have been

gathered in a table {2) . 'me neasursltents have beenmade in halls as well. as in

physical nodal! ( in 1:10).
hmlusim: the years ahead may prove to be an intermting period in sound

design of auditions. As the basis we have a fair knmvlsdge of the Host hlportalt

criteria fox-speechandnusic, wehavaquitegwdtools toguideus in thek—

slgn process (both physical and amputer lmdelsl and it is very likely that we

shall witness awide selection of projects. maybe especially if we think in
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133an of dual andnult-jptrpoae halls.

table (1)

christh mun HallI t Articulation loss of Out-amt:

distance (In) MC observed MC cred

51 15 9 17 - 28

52 27 14 26 - 3T

GI 27 11 26 - 37

(52 28 M 26 - 37
M

 

table (2)

[awn]. Effld. 1n vartcus Hans and Made]:

“an M m Illaauger. mam. Elmira uEtna“:
(in I of .valua)

(310 mt Hall. 1600 fan, 0.355 39.5 56.5 143

modified

Stndd'nlm Beneald-
hallen 1300 [1523901 0.33]. 84.0 33.2 149

'A" 1500 with fan 0.120 30.2 16.4 37.8

alight

"B" 2200 fall 0-097 25.1 8.0 46.6

EH
OdenaaW Hall 1200 rectangular 0.332 89.5 67.5 110

Mun Cassatt Hall 1300 (b 0.504 127 93.5 290

mama Hun,
Faroe Islands 400 50 0.564 150 93.1 231

___—__________—..—.+.—_——-—--
-—
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Aull-mghalk‘n k-ngnmlmnhu‘l‘nm,

 

Aulhorghallm - rm. frmuenc)

11mm Hullullhcnmcllyaudumt-I 8"“

     

l
gas:

 

""ch [III-M ml L...“ ‘ L ‘
human-Illa“ III-w.

"'W'd'J-illcxllllflv‘lrr r r r, ?  

  
Sydney L't'mxrl; 3.111, mm]. of 1m: design min]. of final design!

View awards organ view Mam-s 0::an
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