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Ol t 0s about

Enjoyment of music is the goal.
Good acoustics contributes to getting us there.

How do we get to good/great music halls?



The acoustic design path

What are good acoustic halls?
Why are they good? Can they be measured?

What physical acoustic properties result in good
acoustics? and, result in measurements indicative
goodacoustics?

How can we design structure to result in those phys
acoustic properties? (Note: Not the acoustic meast
themselves.)



Concert Hall Acoustics Research

The search for improvement. Not new.

oduring recent years, many
new acoustical criteria of a room; there are so many that |
|l mpossi ble to refer to al/l

Not a quote from the recent past, but from Erwin Meyer

(oDefinition and Diffusion 1n
Vol. 26, No. 5, September, 1954).



Concert Hall Acoustics Before 1965

Measures/Elements considered importal
Reverberation Time
Diffusion, Diffusivity

Initial Time Delay Gap (ITDG)



Concert Hall Acoustics Research after 1

Measures/Elements considered importal

Reverberation Time (T30)
Early Decay Time (EDT)

Initial Time Delay Gap, (ITDG)
Clarity, C50, C80

Lateral sound Energy



Lateral Sound Energy

Earliest ASA referemmbert .S. Shanklad (Case Institute of
Technology)

Referred to work biyritz Winckel (Case Institute of
Technology), and Iirwin Meyer (Gottingen University),

ot hat suggest that there m
psychological effect on a listener when early reflected sounc
predominantly from above as compared to the effects of eal
reflections that approach the listener more nearly in a horizc
pl ane. O

(Letter to the editor of the Journal of the Acoustical Society
1963)



Harold Marshall, (Institute of Sound and Vibration Resear
The Universityighfield SouthhamptonEngland), 1967,

While conducting personal subjective preference studies,

concluded that lateral reflections were preferred, and that
effect was to enhance a spatial effect of the room that he

called spatial response (SR), and later (with Barron) term
oSpati al |l mpressiond (SI)



Manfred Schroeder, (Gottingen University, studies beginni
In 1969) witiDieter Gottlob, Karl-Friederich Siebrasse
then Yoichi Ando

Conducted listener preference studies also showing that
Increased lateral sound reflections were preferred by mus
listeners.

Refs [5, 6, 7, 8. 9]



Ando's portion of the studies
Determined.:

1. InterAuratCrossCorrelation Coefficient (IACC): to be a
more important measurement of concert hall "preference’
guality than the other o0mo
1) reverberation time, 2) initial time delay gap, 3) clarity (C
and 4) strength (loudness, G).

2. Most optimum angle for reception of lateral sound ene
reception was approximately 55 degrees.

3. Time delay of therongesflection was more important tr
the delay of thirstreflection. [6, 7]



Soon (after 1980), the desirability of lateral sound reflecti
was generally accepted.

Subsequently, research seemed to concentratedetatbiethe
lateral sound, breaking it into component parts:

oEarly Lat er al-80r8seafterdhe
Direct Sound. The term Apparent Source Width
(ASW) began to be applied to this portion.

oOoLate Lateral Smseaftethear
Direct Sound. The term Envelopment (ENV) begar
be applied to this portion.



Subjective Qualities of Spatial Impress

Harold Marshall, (1967) [2]
oSpati al Responsivenesso
Observed that,

owhil e many halls without
"good" hal |l s, hall s descri

"To aid In the identification of the quality sought, it is obse
that:



ocoa), as a property of the
attributes;

ob), as a property of the
responsivenesso to the mus
oc), for the |1 stener, It
sound and of odirect i1 nvol

that an observer i1s aware of his involvement with a room |
In."

"A note on the I mportance of room c
5, No. 1, (1967) [2]



Paul Vaneklassen and Jerald Hydd 969) [3]

oSpati al | mpressiono (SI)
ol n an "auditori um synthes
|l mage was "found to ofocus
passages,

while 1t obroadened as the

feeling of " envelopment" by the sound, and a broadening
Images source."

OAudi t or tearmresilysoft litener praference,” JASA, 1969 [3]



Harold Marshall and Michael Barron(1981) [10]

The term " Spati al | mpr es s i
O The effect of | ater al I €
iImpression is unmistakable in a simulation. As the lateral
reflection | evel | S 1 ncr ea

the music gains body and fullness.

o0One has the I mpression of
spaceo (though without any
space).



oFor high | evel | at er al r e
of OoObei ng somewhat envel or

OThe description by the ma
Orchestra of Amsterdam reported by Marshall deserves

repeti ti on: ot he sensatio
the difference between "feeling inside the music" and "loo
I t, as through a window. 06

"Spatial impression due to early lateral reflections in concert halls: the derivatior
Journal of Sound and Vibration, Vol. 77, No. 2, 1981. [10]



Personal Experience

l. 0oSource broadeningo | have experier
coaread of the source. The i ndividi
However, the oOsound staged seems t

iInvolved, with the stage, making it seem audibly wider than the distance woulc
otherwise indicate.

2. In addition, the depth of the sound stage can often be sensed as well as the v
especially during quieter music periods. The relative positions of the instrume
the stage can be sensed more readily. The sound of individual instruments s
more easily isolated and heard individually, both during quieter and louder pet
there is more definition to the instruments. The spatial effect seems to some
almost two dimensional (width and depth). The sensing of this effect may rel:
detail and spatial location (both width and depth) of musicians as described b
subjective reviewers when a stereo recording is reproduced on the very finest
audiophildevel, sound reproducing equipment.



Smaller Music Halls

Music Hall Construction and Cost

All communities deserve high performing halls.
Budgets may be restricting.

Does this mean that acoustical goals should be
reduced?No.

Does this mean that certain acoustic goals can not
be achieved®aybe, maybe not.



Lateral Sound in Small Halls

Takayuki Hidaka and Leo Beranek masured newer acous
parameters of concert and opera halls-2000.

Hidaka with Noriko Nishihara extended the measurement:
chamber music halls (2a8004). 16 halls were measured.

These studies were undertaken to evaluate the more rece
developed acoustic measures, including the IACC, for the!
venue types, hopefully to determine their significance, an:
potentially the importance of design methods that enhanc
those beneficial acoustic characteristics.

The following parameters were determined for the halls:



Length/Width Ratio range: 108.2
Seat capacity range: 8@4
Median RT should be 1.5to 1.7 sec.

Gm andGl for European halls was-10 dB
Glwas 10 to 15 dB.

Bass Ratio of 1.07 to 1.24.
ITD : 9 ms 26 msec. (suggestedni&eoor less)

IACC: 0.2800.35, (suggested 00380 max)



Kaul Auditorium

Reed College
Portland, Oregon

Completed: 1998 Total Building Cost:  $4.7 mill
Lengt h: Wkdt h: Hebg4gbt : 450 ( a
Volume: 207,000%ft Seats: 760 Volume/Seat: 2725t

L/W: 1.4 2H/W: 1.4 (1.2)

Primary Venue for : Chamber Music Northwest

Portland Baroque Orchestra
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