Acoustic Design:
Rooms and Walls
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Design Activity Acoustic Issue
#1 Siting a buildingina | Sound transmission in a
favorable acoustic free field
environment
#2 Designing indoor Sound_absorption and
spaces for the proper reflection
acoustic environment
#3 Designing adjacent Characteristics of sound
spaces for acoustic transmission in materials
independence
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Rooms & Reverberant Fields

May have 3 fields
...or fewer...
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Live Spaces
¢ reverberant fields dominate

Hard, sound-reflecting ceilin
(to provide useful reflecte.
sound toward audience, increasing

oudness and clarity)

Reflected
sound path
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Dead Spaces

¢ Free field dominates
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Dead Spaces Neutral Live Spaces




Room acoustic goals

Silence—a monarchy
of sound

Lecture halls, auditoria,
churches, theatres

Quiet—a democracy
of sound

Libraries, offices,
restaurants, design

studios, lobbies
Factories, grocery
stores, fast food outlets,
indoor swimming pools

None—an anarchy of
sound

Auditorium Plan with Speech Contour Overlay

Straight ahead
orientation of speaker

Preferred seat locations
(where gpeech is
sufficiently loud )

—

Directivity contour
for speech

Lectern ( gpeaker's
location

Shape Silence Goal Room
to match sound projection

Use reflected sound
to enhance
communication...

Sound Path
Difference (ft)

Time Delay
Gap (ms) Listening Conditions
Excellent for speech and music
Good for speech, fair for music
Marginal (blurred)
Unsatisfactory

Poor (echo if strong enough)

20 to 30

30 to0 45

45 to 60
> 60

2310 34

34 10 50

50 to 68
> 68




Sound Wave Reflecting Angles
® Draw a line perpendicular to reflecting surface
® Incoming angle = reflected angle

Billiards—Acoustics analogy
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Orientation and shape affect reflection...

Voxman Hall, Ulowa, LMN Architects
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Flat Ceiling

Sloped Ceiling 'n
&

Sloped Ceilings can add additional reflected sound for those
sitting in the back rows—or not.
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*cue bsll* ecno From
ceiling and rear wa

Echo Prevention al 6cho zane
¢ Sound absorption at back wall and back ceiling
¢ Angle ceiling and walls

Revised Ceiling Profile (To prevent echoes and distrib

SURPRISES

This room’s beam enables odd
acoustics by amplifying a phone
conversation 30 feet away while
nearby conversations are
drowned-out by white noise.

Avoid Focusing Sound

Focused\ sound

Auditorium (Focused reflections
from concave-shaped ceiling)




SURPRISE
Focusing

. @ !
Dome over elevator lobby at UTexas
produces surprising sound levels.
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The Sage
—Foster
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Isolation--tricky

Marin County Courthouse, Wright
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Petale, an integrated
' sound and light control
. fixture, designed by
Odile Decq in 2015.

Armstrong Ad a few
months later!
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Blue Moon Brewing Co., Denver by Roth Shepard

8’ Diameter Culyerts

"—Creep echo path \y
(reflections along
hard surface of
dome )

Talker Listener
(&t 'whispering (hears_reflected

voice level) sound from above)




creep?

JapaneseAmericgwe ori
Washington, DG

Resonance Chambers
e Absorption (Hemholtz)
* Projection (Bandshells)

after Vitruvius

Noise Attenuation Strategies

(for sites and rooms)
> Distance

> Zoning

> Absorption & Diffusion
> lIsolation

> Masking

> Barriers (math lecture)
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Zoning

Wide separation between
windows ( panes swing so
noise is reflected away
from opposite window)

Apsriment Window close o
adjacent window
(hinged panes can reflec
Preferred Window Layout sound between rooms )

Zonlng' Reflected sound from

q . adjacent apartment
[ ]
Strategic openings ariment

Poor Window Layout

Zoning:
e Buffering
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Absorption and Diffusion

5. Closure panels that extend partial-height barriers to walls (see below)
6. Tited or sloped wall surfaces

e
R

Gound=absorbing baffle

Heavy, sound-absorbing curtain

TIat

N
\, NS J S ~Thick gound-absorbin
N N board (with high N g
\\ g rating)

——————— 2" thick glass-fiberoo;
baffle (spaced 4 to
apart)

———— Thick glass- fiberoosrd
/ recessed panel

30
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Bateson Building

Modern
products

Custom Shapes
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Before sound
absorptlon and after
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can beat SONEX for'moise control.
| DVEACH PREavEncies

Y OIN Wz

T S e o

3 ! ! |
As you can see, no acoustic properties were

sacrificed to make SONEX 1.
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Sound Attenuation Blankets

Stark Acoustical Tile absorbs sound and reduces sound transmissior
| #ts vews dedian noise control info oroblem areas.

Other absorbent

Life safety insulation with a sympathetic ear...up to 62 STC worth! .
materials...
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1 35 x 075" it ook sats Pendleton West
sinpaca

D e weetunnaarosy | FeNE@rsal hall

o 4 7" tabric-
° z )
e ot Absorbs sound!
ooy
—0 Concrete shear woll (10
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Café @ the Building Centre, London

Two absorption strategies!
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Diffusion

45
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Design of room absorbers and diffusers can be complex...

Admin Aud photo!

Prime Root Diffuser
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Study room at St. Edward’s School, Oxford, TSH Architects
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SOUND BLOCKS

An acoustician tells

how to get the best
acoustical performance
from concrete masonry
units, through careful
specification and detailing
by Neil Thompson Shade
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Sound Absorption Coeffcmnt

fhoumo amsowrion couecnt
froume assonrtive can
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Isolation




Isolation--straightforward

/' clsdrance — Isolation hanger (

" (#loy
Space 5o g P
rotate 36005 A

Butyl ribber Flexible ————I8
expinsion joint, (%o allow
movement due to thermal
eapansion or contraction
#nd to »n; isolate pipe

Water pump (driven 0
vibrations, e |

electric motor or
engine )

Flexiol ;lmr:e,x condih
connection ( <I'¢ciameter
conduit , use full 360° |
00p)

i %4l
Vi e
N Free- standing statl |

(o isolave pump Vi

inriia block
TGRS

Seismic bumper (o
restrict Iateral movion) \
3 i

Sound-absorbing material to
reduce mechanical oom oudness

Walpesetration packed with

Resilieat pipehanger to glass erand cauked with
Isolate vibrating equipment _ oa-hardesing sealsnt oa both

sides to mitigate mechsrical

feet ol duct) sopply and retum tosolste vibesting room noise aking
equipment from ducts

Retarn duct shencer Resiliess dct hanger

(frst 50 feet ofduct)
e y——————— s s
dr

Gradsal dct seansition—” B8 3 Supply duct skencer

radiused elbow g3 o] d=Ductdameter
—>3d- ——>3d—— J*
Buffer space: g Mechanical| " Buffer space:
Corridor i e equipment Toilet room
- | (A) room 3
ooped electrical :
conduit comnection g
Vibratiag equipmert. .
iso
educe vibestion Srassher Sathe equipment
buidingssteucture

Condist asd pipe pesetrationsin

resiliest sleeves o isolste brating

equipmest from structure
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Self Contained Audio and Masking Package

SCanp MJ
=

oW vourace it — !

=

Model SC101

- 2070 = 11
= 18 MAXIMUM
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Surprise and Synesthesia
¢ Hearing sound as color
Next time...the math...
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