jn Infroduc’rlon to Acoustic Consulting
Physics for Architects
Davis S. Butner
09.21.18



"A greaf building must begin with the unmeasurable,
must go through measurable means when it is being
designed and in the end must be unmeasurable.”
- Louis Kahn






Architectural Acoustics
A Local History
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PSFS Building, Lescaze + Howe, 1932






Guastavino Ceiling Tile, Grand Central Terminal



Wallace Clement Sabine (1868-1919)
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Sabine's Equation
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Reverberation - Prolongation of Sound

Absorption - the process by which a material, structure, or object
takes in sound energy when sound waves are encountered

Volume of a Room

_ 0.161V — effective absorbing area
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where (d =
a total area
S.(1+ 5)

E Absorption Coefficient (0 to 1)
S

peed of Sound (@20°C)

Reverberation Time
Time it takes to drop 60dB












What Does an Acoustician Do?
A Job Description



Room ¢

® Cubic volume (and coupied spaces)

@ Shape and proportion ( [engbh-to- widbh
height-to-width)

® Finishes (selection and placement )

@ Audience layout (floor slope, speaker
to-ustenergdistances) P8, 5P

® Seating and obher furnishings

® Special treatment (suspended
reflectors, resonant absorbers,
quadratic -residue diffusers)

Mechenical system noise
and_vibrations (Chap.5)

® Equipment noise characteristics
® Location of mechanical equipment
® Vibration isolation (springs, pads)
® Air duct and pipe treatment

(linings , muFFiers, laggings)
® Background noise from air outlets
( coordingtion with sound

isolation)

Egan, Chapter 1

Essential elements of
architectural acoustics

Sound isolation (Chaps. 2,4, 66)

5ite noise characteristics ( sound
level, character, duration)

@ Outdoor barriers, nearby buildings,
vegetation, and earth berms

@ Location of activities within
bulldings (zoning, buffer spaces)

® Wall, fioor, and ceiling constructions

® Background noise criteria
(HVAC system, electronic)

® Coordination with room acoustics

Electronic ¢0und systems (Chap.7
® system compatibility with room
acoustics

® Loudspeaker selection, placement,
and orientation

@ System components and controls

® Background masking ( loudspeaker
layout’, sound spectra)
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FPowave wvelocity = Yo
Sowave velocity = Wy,
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Snell's Law
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Reflector Design + Analysis
University of Mary Hardin Baylor



What Does an Acoustician Consider?



Liverpool Philharmonic Hall Analysis, Threshold Acoustics, 2014
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- u alizing Sound
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Liverpool Philharmonic Hall (current risers) e

SPL Mapping - French Horn th re S h O I d




Placement of Absorptive Fabric



Isolating Sound
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SOLD BLOCK OR BOND
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USE BLOCK CUT T0 REVEAL
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NOTE: CENTER DUCT IN THE
)

CAROER AN METAL pucT

EEMANENTLY RESLENT
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DIRECTLY TO DUCT, NOT TO
LAGGNG OR NSULATION.

VOID WITH LOOSE GLASS
OF MNERAL FIBER A3 REqURED
FIRE RATINGS.

CROUT MASONRY SOLID AT:
DUCT GPENINGS WHETHER
NOT WALL IS GROUTED SoLID.

1/2° THICK LAMINATED
class

3/8" THICK LAMINATED
GLASS
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Klarman Hall, Harvard Business School
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http://www.dsbutnerdesign.com/performanceschedule/2018/8/9/harvard-business-school-klarman-hall-1000-seat-sound-test
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http://www.dsbutnerdesign.com/performanceschedule/2018/8/9/harvard-business-school-klarman-hall-1000-seat-sound-test

MMM
I Illlllllll\mllll

| g,

B
-U#z'.'._.r'-ﬁ;%’lm e



http://www.dsbutnerdesign.com/performanceschedule/2018/8/9/harvard-business-school-klarman-hall-1000-seat-sound-test



http://www.dsbutnerdesign.com/performanceschedule/2018/8/9/harvard-business-school-klarman-hall-1000-seat-sound-test

www.dsbutnerdesign.com



