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Atheatre in Medicine Hat, Alberta has achieved the highest levels of sound quality

thanks to sophisticated anaylis and wise judgement by Aercoustics Engineering.

The $32-million Esplanade

Arts and Heritage Centrein

Medicine Hat, Alberta opened

in October2005. It consistof

a museum,a 150-seatstudio
theatreandthe 700-seaimain auditori
um.

AercousticsEngineeringof Toronto
wasresponsibldor the acousticdesign
of the auditoria. They introducedtwo
significant innovations in acousical
analysis. First, they developedsignal
conditioningsoftwareto analyzesound
in small-scalemodels. Second,they
developedwvaysto analyzenoisefrom
the auditorium@displacemenventila
tion system.

Analysis for a small-scale

building model

The designof the Esplanadesaw the
first applicaion of the Renassance

eling difficulties only provided compen
sationin theenegy domaini.e. squared
soundpressure.As a consequencehe
acousticanalysiswas limited to the
studyof numbersandgraphs.

Acoustical enginees also need to
hearthings. Forthis, alinearrepresen
tation of the soundpressures required.
This meansthat the reactive (imagi
nary) componenbf the signalmustbe
recovered.

While numbersand graphscan be
accuratelystudiedin a signal-to-noise
ratio environmenf 25 to 30 decibels,
our hearinghas a dynamic range of
more than 90 decibels. Signal condi
tioning is requiredto artificially, yet
accuratelyextendthe dynamicrangeof
the sounddecay

The Renaissancpackagedealswith
all theabovedifficulaties. It wasbased
on Vincent Grillon@ Ph.D. thesis,

acoustic modeling software. Developed QAuralisaion dans les Magquettes:

by Aercousticsover two and a half
years,Renaissances a seriesof signal
conditioningalgorithmsfor smallscale
acoustiomodeling.
Smallscaleacousticmodelsbin this
casel:20 b areeasierto build thanthe
traditional 1:8 or 1:10 scale models.
The acousticanalysisof small scale
models,however is fraughtwith diffi-
culties. Smaller scale models, for

example, require measurements at high

er ultrasonicfrequenciesvherethe dis-

sipative efects of water molecules must

be compensatetbr.
The commerciallyavailablesoftware

that would account for small scale mod
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Traitement des Resmnse
Impulsionelle.OThe softwarenow con-
sistsof a collection of 41 Matlab rou-
tinesandmorethan5,600lines of com
putercode.
A low Oacoustically trans -
parentO ceiling
The architect desired a lp@acoustical
ly transparent@eiling, i.e. onethatthe
soundcould penetrateput which pre-
senteda visual barrier so the audience
could not seethe catwalksandrigging.
This requiremenpresented challenge
beyondthe capabilitiesof moderncom:
putermodelingalgorithms.
Consequentlya physicalscalemodel
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usinganassemblyf woodendowelsas
the ceiling was built and tested. The
ability to OlistenQo how the ceiling
affectedsoundincidentat smallgrazing
anglesproved critical in refining the
architecturabesign.

The scalemodelstudiesalsobrought
unexpeted reallts. To achieve the
properreverberanc® accordingto the
computermodel D the height of the
building would haveto be raisedby 4
metresor more. But the scalemodel
suggeted othemwise, even though it
wasn©fully calibratedfor this type of

measurement. Simple spreadsheet-calu

cations and Aercoustics@ngineering

experience also disagreed with the eom

putermodel.

It wasdecidedto leavethe building
height as it was. Thoughthis was a
nerve-wracking decision, when the
building was commissoned and the
engineersgperformedacousticalmeas
urementsthe resultsmatchedhe scale
modelalmostexactly

Analyzing sound from dis-
placement ventilation
The cornerstonef goodacousticss a
quiet badground noise level
Musiciansandactorsneeda quietroom
in the sameway that a painterneedsa
cleanwhite canvas. Most of the noise
generatednside this or any kind of
building comes from the ventlation
system.

The Esplanadelike many new per-
forming arts centres,usesa displace
mernt sysem to vertilate the room.
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Above: view towards the stage with its carefully calibrated OacousticallytransparentOcanopy.

Thesesystemshave becomepopular
but to date there was no recognized
methodof predictingor measuringheir
aooustical performance. Analyzing
plenumnoisecontrol presents dilem-
ma. Line of sightis importantin noise

control: the more visible a source is, the

louderit will be heard. But theacousti

cal analysis is complex: a listener in the

orchestrdevel canseeonly four or five
noisesources.A listeneron a catwalk,
however canseeseverahundrednoise
sources. An appropriateanalysis,of
course mustconsiderbothlistenersce
narios. But how?

The beautyof the solutionis in its

simplicity. The listener on the orchestra

levelis closeto the noisesourceswhile
the listeneron the catwalkis far way.
Thus, the analysiscan be conveniently

broken down into nearand far field

solutions. Predictionandmeasurement
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Nameof project: Acousticdesignof

procedures were developed accordingly the EsplanadeéArts & HeritageCente

Thoughthe proceduresvere usedfor
analysisonly at the EsplanadeCentre,
they directly influencedthe noisecon
trol designfor the Four Season€entre
for Peforming Arts in Toronto,
designedo thethresholdof hearingN1
Criterion.

As for the EsplanadeCentre,it has
won accolades.Carol Beatty manager
of cultural developmentat the centre,
says: OPdiormers from across the
countryhaveravedaboutthe acoustics,
andin fact believewe haveone of the
best acousic peformance spa@s in
westernCanada.O
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Award-winning firm: Aercoustics
Engineering,Toronto (JohnO'Keefe,
P.Eng.,KiyoshiKuroiwa)

Role of award-winner:acoustical
engineer

Owner: City of MedicineHat
Client/architect: DiamondSchmitt
Architectsinc.

Associatearchitect: CohosEvamy
Other key players:Engineering
Harmonics(soundsystem)Fisher
Dachs(theate consultant) Crossey
Engineeringimechanicak electrical),
Halcrow Yolles (structural/building
envelope)Ellis Don (contractor),
LMDG (building code)



