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Sound in Enclosed Spaces

Sound absorption
Sound reflection

Sound transmission

SOUND ABSORPTION

Q
Il
o~

(18.1)
where

I; =sound power density (intensity) absorbed by the
material, W/cm?

I = intensity impinging on the material, W/cm?

o = absorption coefficient, with no units since it rep-
resents a ratio

A= Sa (18.2)
where

A = total absorption, sabins

S=surface area, square feet or square meters

o = coefficient of absorption




> So= 5100 + S0 + -+ + S0,
or
YSA=Ai+A;+...+An (18.3)
where
X Sa.= total absorption in the room, sabins
S1, S, etc. = surface area of each material
o, 0, etc. = absorption coefficient of each material

A, A,, etc. = total absorption of each material

| General Building Materlals and Furnishings® 125Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz  NRC®
Brick, unglazed 0.03 .03 003 0.04 005 o007 0.005
Bnick, unglazed, painted 0.01 (X)) 0.02 002 0.02 0903 0.00
Corpat, hedwy, on concrete 002 006 014 037 060 065 028
Carpat, heavy, on 40.0z (1.1 kg) hairfelt of foam 0.08 024 as7 0.69 on 072 Q.55
rubber
Concrase block, coarse 0.36 044 o3 029 0.39 0.25 0.35
Sg:cre& block, painted 0.10 005 .06 0.0? 00 008 0.05
WS
Lghtvebt: 10 cayd?, hung straght, in contact 0.03 004 omn 0az7 024 0.35 0.15
with wa
Medium velour, 14 , draped to half area 0.07 (% 3] 0.29 075 o070 060 Q55
mmqm', 18 , drapad to haif area 014 035 0.55 072 o0r 065 060
Conaete of 1&razze 0.01 [+X1} ] Q.015 0.0z 0.02 0.02 0.00
Lnoleumn, asphait, rubber, or cork tle on concrete 0.02 003 .03 003 0.03 0.02 0405
P 015 on 0.10 0.07 0.0 007 0.10
13
Large panes of heawy plats glass 0.18 0.06 0.04 0.03 0.02 0.02 0.05
Ortg:m window glass 035 0.25 018 012 0.07 00t 0.15
Gypsum boaed, Y in nailkd 10 2 x 2’5 161n, 0.C 0.10 oc8 0.05 003 003 003 0.05
Marbie or glazed tiie 0.0l oM om 0.0 0.02 .02 0.00
Openings ;
Stage, depanding on fumishings 0.25-075
Deap balcony, upholstered seats 0.50-1.00
Grilles, ventiating 0.15-0.50
Paster, gypsum of lime, smooth finish on tée or brick 0013 0015 002 0.03 004 005 005
Plaster, m or ime, on fath 014 .10 0.06 0.05 0.04 0.03 0.05
poanetng, % n. {9 mm) thick 0.28 022 017 0.09 010 on 0.15
ﬁoughncod.asu;:ro-mdgm codar 024 0.19 0.12 0.08 013 0.10 0.14
Shghtly vibrating surface (2.q., hotlow core door) 0.02 002 0.03 0.03 0.04 005 003
Readily vbrating wrfane(eg thin wood paneling 210 007 0.05 0.04 0oe 005 0.05
on 16-n. {406 mm] studs)
Water surface, as n 3 swimming pool 0008 0008 0013 0015 0020 0025 000
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Absorption of Seats and Audience® 125Hz 250 Hz S00Hz 1000 Hz 2000 Hx 4000 Hz NRCT
Audience, in upholstered seats, per ft? of floor area 0.60 074 0.88 098 0.93 0.85 -
Unocoupeed cloth-uphoisteced seats, per ft° of fioorarss 043 066 0.80 088 082 0.70 —
Woodan paws, occupled, per ft¥ of floor arsa 0s7 061 0.75 086 081 0.86 —
Students n tablet-arm chairs, per ft2 of floor a2 0.30 042 0.50 0.85 0.85 084
Acoustic Absorptive Materials Mtg® 12SHz 250Hz 500Hz 1000 Hz 2000 Hz 4000 Hz NRCT
High-performance vinyl-Taced fiberglass

celling panels

1 in. thick £405 073 0.88 o 058 0.96 0.77 030

1.51In. thick £E405 078 0.98 083 1.03 088 0.80 035
Painted nubby giass cloth panels

3 in. thick E405 08I 0.32 065 087 1.00 0.96 085

1in. thick 405 078 0.9z 079 1.00 1.03 1.10 63s
flandom fissud M.in-thick panels f405 0%2 058 Q.60 080 0.92 0.80 @70
Parforated metal panal with mfill 1 in. thick EWS 070 0.86 0.74 088 0.95 0.86 0.85
Typical averages, mineral fiber tles and panals

M in. fissured E405 047 0.50 G.52 0.76 0.86 0.81 065

M @ textured E405 049 0.35 653 0BG 0.94 083 ¢70

¥ in. fssured E405 028 033 066 073 074 075 060

% o textured E405 029 035 066 063 D& 034 Q.50

% in_ parforted ga405 027 0.2% 0.55 0.78 0,65 053 060

3 in thick x 16 in. square oa 2&-n. centecs A 040 061 192 254 262 260
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ROOM ACOUSTICS

REVERBERATION TIME

Reverberation is the persistence of sound after the sound source has
ceased. Such persistence is a result of repeated reflections in an
enclosed space.

Reverberation time (7TR) is defined as the time required for the sound
level to decrease 60 dB after the sound source has stopped producing

sound
4
Th =K x — seconds (18.4)
TA
where
K = a constant, equal to 0.05 when measure-
ments are in feet and 0.16 when in meters
V= room volume, ft3 or m3
¥ A = total room absorption, sabins (ft? or m?) at
the frequency in question
Aot waune dn¥) =V (5930,23)
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Reverberation time for speech

Room volume (fi? X 1000)
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T = 74
q (speech)= 0.3 log o (18.18)

where

Tr (speech) = optimum reverberation time in seconds,
for speech

V = room volume, m3

For instance, a typical classroom might have a vol-
ume of 150 m? (5300 ft?). Optimum reverberation
time is

Tk=0.31log 15=0.35s



Reverberation time for music
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1. Large-volume spaces require direct-path sound reinforcement by reflection.

2. Relatively long reverberation time is needed to enhance the music—the exact
amount depending upon the type of music. Designers should keep in mind that
reverberation time recommendations vary as much as 100% among respected
sources.

3. Itis generally agreed that reverberation time should vary inversely with
frequency (i.e., TR should be longer at lower frequencies [than the mid-
frequency recommendation] and shorter at higher frequencies). The longer TR
at low frequencies adds fullness to music and “body” to speech. Thus, TR at 100
Hz should be, according to most researchers, 35% to 75% longer than TR at the
center frequencies.

4. Short TR at upper frequencies adds directivity to the music. With large
ensembles, directivity gives the sense of depth and instrument location
necessary for proper appreciation. This is often referred to as clarity or
definitionin music. With a solo instrument, this problem is diminished.

5. Brilliance of tone is primarily a function of high-frequency content. Since
these frequencies are most readily absorbed, a good direct path must exist
between sound source and listener. Since our eyes and ears are close together, a
good sound path exists when a good vision path exists.
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SOUND FIELDS IN AN ENCLOSED SPACE
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I-P units:
SPL=PAL + IOIogl:'dgr., +%]- 10.5 {18.5)
STunits:
_SP{-W\’(vll)l(x”:‘-‘%-‘;o:‘—]-l,‘»z {18.5)

R
where
0 = a directivity constant
SA = sound pressure level, dS
A = sound power level, di
r=distance from sourcs, ft{m)

R = room factar, ft {m?)

The factor R can be calculated from

R=250
1-@

where

I S = total room surface area, ft2 (m,)

o = average absorption coefficient of all materials

in the room
that is,
G- 2 A(total room absorption) (187)
Y S(total room surface area)
or

G= 5104+ 5,00 +---+ 5,00,

- Si+5,+-+5, (18.8)
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Koom B0 ft wide, 120 ft long, 30 B high
Sorface sres = 31,200 87
Q=1

Critical distance

Critical distance is, (in audio physics),

the distance at which the sound pressure level of the
direct and the reverberant sound fields are equal.

In other words, the point in space where the amplitude
of a reflected echo is the same as that of the source.
This distance is dependent on the geometry and
absorption of the space, as well as the dimensions
and shape of the sound source.

In a room within which a sound is generated, e.g. by a
loudspeaker, every point is characterized by its own
unique ratio of direct sound and sound reflected from
the walls. The distance from the sound source at which
the direct and reflected sound energies are equal is
called the "critical distance".
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SPL and TReo
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Curved surfaces
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Suspended canopy Hard, sound-reflecting
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Organ and choir located
together with line-of-sight
To congregation
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Echo and flattering
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