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Smooth and porous surfaces

63Hz  125Hz 250Hz 500Hz  1000Hz 2000Hz  4000Hz &
More sound
reflective
[001] [000] [001] o002 0.02 0.02 005  NRC Area-weighted
00 average
#  absorption
Concrete, smooth '__'ﬁ'
Congert hall
[00z] [001] [00z] o004 006 0.08 0.10 Reverberant
SPEGG
} ‘. - ‘ - ' -"4 . ' " . .
Concrete, rough 2 g e g o PEORTE O S, B 7 000
ey WEPEE 0 gad g R
2 a ] A & a
. e ¢ -
i . S ——
Office
[010] [005] o006 007 0.09 0.08
i 0.05
Concrete block, 4
painted or glazed
0.36 0.44 0.51 0.29 0.39 0.25
™ Effective
absorber
Concrete block, # 0_-4____,,
unpainted
Legend:
1.0
I:] Reflective at.low frequency (for unamplified music) (<0.10)
(— Absorptive at low frequency (for amplified music, mech. noise, More sound

— trans. noise) (>0.35) absorptive



Glass stiffness and mass

63Hz 125Hz 250Hz  500Hz 1000Hz  2000Hz  4000Hz NRC
More sound
reflective
015 0.05 0.03 0.03 0.02 0.02 NRC
0.0
.
Glass, double 0.05 !
1/8-inch window(b 1-Yinch &
|
¥ . /f ,}( /g; r
[002]| [002] [006] 003 0.03 0.02 0.02
s !
Double 1/8-inch F 3 éT" % 0.05
window IJ!nch
E iz |
¥ 4 i Ead
0.18 0.06 0.04 0.03 0.02 0.02
Heavylarge panes 0.05
¥ 4 5 #
0.35 0.25 018 0.12 0.07 0.04
0.15
1/8-inch ordinary -
window il L =4
1.0
More sound

absorptive



Curtains, furling and weight

63Hz  125Hz  250Hz  500Hz 1000Hz  2000Hz  4000Hz NRC
More sound
reflective
0.1 0.17 0.24 035  NRC Area-weighted
0.0 average
r————-—-—-—-——-ﬂ h
N absorption
Lightweight velour, —
(10 oz/sq. yd.), hung M! Concert hall
straight in contact
with wall
e Reverberant
space
0.07 0.31 0.49 0.75 0.70 0.60
Medium-weight velour,
(14 0z./5q. yd.) T ST _.__0'55 : Office
draped to half area
—
LT — __-D
]
—
0.14 0.35 055 0.72 0.70 0.65
T
Heavyweight, velour,
(18 0z./5q. yd.) T ST 2;62__ Effective
draped to half area absorber
T
Legend:
1.0
I:l Reflective at low frequency (for unamplified music) (<0.10)
O Absorptive at low frequency (for amplified music, mech. noise, More sound

trans, noise) (>0.35)

absorptive






Packaged Noodles

1 Absorption Comparison

—NissinChowMein SingleLayer
00 Maruchan Yakisoba Single Layer
MaruchanRamen SingleLayer
08 —Tectum
0.7
0.6
S05F
0.4
0.3+
0.2
0.1+ P
____.!_‘-——---—"—F_A-.—-—F.
—_
G ~hlf’l-'. i | i i | i L L i | | i | L i i |
125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz

Frequency (Hz)



Porous absorbers and thickness

63Hz  125Hz  250Hz 500Hz  1000Hz  2000Hz  4000Hz w
More sound
reflective
NRC
0.0
0.06 013 0.24 0.45 082 064 0,40
1-inch Thick porous absorber (shredded fiberboard- strands of wood adhered and oriented
to promote air pockets)
0.07 022 0.48 082 0.64 096 055
1.5-inches Thick
0.15 0.26 0.62 0.94 0.64 092 060
2-inches Thick
0.20 0.31 0.72 0.64 0.77 090 05
2.5-inches Thick
0.21 0.41 1.00 0.75 1.00 097 080
B-inches Thick )
s
0.16 0.43 1.00 1.00 0.79 098 0.80
1-inch Shredded fiberboard with 1-inch glass fiber by
0.32 0.70 1.00 0.93 0.76 094 085
1-inch Shredded fiberboard with 2-Ye-inches glass fiber

100 085 1.00 094 0,95

2-inches Shredded fiberboard with 2-Y%-inches glass fiber

| (| m— .

0

===

More sound
absorptive



63Hz  125Hz
0.06
1-inch Porous absorber -

shredded fiberboard

0.70

Mounted over furring fﬁ
34 in,

0.40

Suspended with large
air space

0.18
With 1-inch glass
fiberinsulation
With 3-%-inches insulation

- note the dramatic
decrease in low-frequency
absorption

With 6-Y-inches insulation

Legend:

Porous absorbers and mounting over an airspace

l:] Reflective at low frequency (for unamplified music) (<0.10)

250Hz  500Hz 1000Hz  2000Hz 4000 Hz NRC
More sound
013 0.24 0.45 82 061  NRC reflective
ww ; W
oo 0.40 Area-weighted
T 0.0 average
a  Absorption
Congert hall
0.33 0.35 0.48 0.60 0.93
Reverberant
space
047 087 1,00 0.70 1.00
b,
. ors i
[ Office
©81) 084 0.82 0.83 1.00
7
/77 7 o0es
=
.
1.00 0.94 0.93 1.00 Hiclien
G / / absorber
o
1.0
More sound

O Absorptive at low frequency (for amplified music, mech. noise,
trans. noise) (>0.35)

absorptive



Absorbing material comparison

125Hz  250Hz 500Hz 1000 Hz 2000Hz  4000Hz &
More sound
reflective
NRC
0.0
1-inch absorbing panel T LT e BT e | P e
suspended from ceiling
0.40 0.35 0.35 0.48 0.60 0.93
0.45
Shredded fiberboard, painted
0.08 0.38 0.60 0.64 0.54 0.51
0.55

Semi-smooth sound-absorbent acoustical plaster

068 052 0.49 054

Smooth sound-absorbent acoustical plaster

069 083 0.7 0.55
Film-faced glass fiber (for ease of cleaning) 070 =
072 089 0.85 0.61
Mineral fiber 0—8-5—— ' --.
0.75 1.00 0.91 0.67 ||
0.65 — |
Sound-absorbent banners hung in a loose catenary fashion - m|
@™ @71 075 0.95 1.00 1.00 —
0.85 —
Glass fiber tile -/ “""""'_'-
062 1.00 1.00 1.00
Glass fiber 0—9_5—1___i
10
More sound

absorptive



Is carpet very sound-absorbing?

63Hz  125Hz  250Hz 500Hz  1000Hz  2000Hz  4000Hz

005 010 0.30 0.50

Carpet, 1/4-inch thick o §
Finished floor - note that 7 7 0.10 [:

carpet is not necessarily

sound absorbent

010 020 0.45 :
Indour_ouwoorcarpn Ty e R IR Y ey | R T e ¥ T g Wy g et < R T o
Finished floor

0.08 0.21 0.26 0.27 0.37

Carpet, soft, 1/2-inch

thick on concrete _Q_Z_Q_____
¥ _" - B . 4 s
Carpet, heavy, on concrete o7 e +%a L o - .. 030
L e S e U :
a B ¢ -t a & . 9

Low absorption 0.08 027 0.39 0.34 0.48 063 0.35

values

High absorption 0.08 0.24 0.57 0.69 0.71 075 0.55
values

Carpet, heavy
Foam rubber

m

NRC
More sound
reflective

0.0

10

More sound
absorptive



Room average absorption
coefficient () area-weighted

Anechoic chamber used for acoustics research

Recording studio for speech

Room with large quantities of absorption

Office with many absorbent surfaces

> 0.4 judged a relatively “dead” room

Room with absorbing material on both ceiling and walls

> 0.3 eliminates excessive reverberance in restaurants

Room with absorptive furniture or small amount of
absorptive material

< 0.2 judged a relatively “live” room

Concert hall

Nearly empty room with smooth hard surfaces

—
o

J

<
>
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Specific material noise

reduction coefficient (NRC):
Speech frequency absorption

Openwindow: 0% of incident sound energy reflected

The most-absorbent porous absorbers

Snow

Sound-absorbent banners

Thick acoustical ceiling tile
Sprayed-on acoustical plaster
Occupied audience seats, per square foot
Acoustical ceiling tile

Heavyweight curtains
Medium-weight curtains
Least-absorbent porous absorbers
Sand

Unpainted concrete block

Heavy carpet on rubber backing

Heavy carpet on concrete

Carpet on concrete

Lightweight curtains flush to wall
Glass

Gypsum wall board

100% of incident sound energy reflected



Used for research, sound-absorbent wedges The pores formed by the orientation of the
line every surface including the floor fibers absorb sound

Anechoic Chamber Fabric-wrapped glass fiber Shredded fiberboard

-

-

Smooth absorbing plaster Textured absorbing plaster Duct interior insulation
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~Receiver

. oo _——Direct sound
= m
23 "
field condition 1K
Free field conditio 'g § Time required for direct sound to
3 U‘% 2 arrive at listener %
Source— 0 Time (milliseconds)

2

Y K
« —Reflection arrives later (because
s it's traveled farther)
Reflective surface —— “——and weaker (because it's lost some
' of its energy to the surface)

4
4

Second-order reflections have hit
two surfaces, and, on average,
arrive later (traveled farther) and
weaker (more surfaces to absorb)
than first-order reflections

—Brain integrates early reflections
with direct sound to enhance
clarity, loudness, and intelligibility

4 Reverberant sound

More absorption brings
faster decay, less reverber-
ance, shorter reverberation
time, more clarity, and higher
intelligibility

Absorptive surfaces

Larger room ingreases mean
A4 free path between surfaces
2 and increases reverberance

Reflective surfaces and
larger volume

receiver (dB) X

Sound level at

Time (milliseconds)










~Receiver

Free field condition /

\\
Source—

Reflective surface '

Absorptive surfaces

Reflective surfaces and
larger volume

Sound level at

Sound level at

2

receiver (dB)

_——Direct sound

Time required for direct sound to

%o

arrive at listener %

"~ Reflection arrives later (because
it's traveled farther)
T and weaker (because t's lost some
ofits energy to the surface)

Time (milliseconds)

) KR

-~

4
4

Second-order reflections have hit
two surfaces, and, on average,
arrive later (traveled farther) and
weaker (more surfaces to absorb)
than first-order reflections

receiver (dB) X

—Brain integrates early reflections
with direct sound to enhance
clarity, loudness, and intelligibility

4 Reverberant sound

More absorption brings
faster decay, less reverber-
ance, shorter reverberation
time, more clarity, and higher
intelligibility

Larger room ingreases mean
free path between surfaces
and increases reverberance

Time (milliseconds)
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Q —
'T‘: 0
= B,
QO o
= 2
2 3
O 2
-
Impulse sound ——)(

created at =0 Time (milliseconds)



4

Direct sound arrives first because
it represents the shortest path
Impulse response is the
acoustical fingerprint
of the room




Earliest first-order (one-bounce)

reflections have arrived

T/
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Time (milliseconds)



Sound level at

(dB)

receiver

2

Time (milliseconds)

First 5 dB of decay discarded in reverberation time
measurement because it is so heavily skewed by the
direct sound and the peculiarities of very-early strong
reflections. These are more a function of source-path-
receiver geometries than statistical room volume and

N surface absorption averages.

|, Reverberationtime

|‘ in seconds
(time required to

drop 60 dB)

More rapid decay: smaller rooms,
more surfaces, fuzzier surfaces,
shorter reverberation times

More gradual decay: larger rooms,
fewer surfaces, smoother surfaces,
longer reverberation times



Unoccupied mid-frequency reverberation time (sec)
02 04 06 0& 10 12 14 16 18 20 22 24 26

- | |
| LTI ] oy
Liturgical (orchestra, chant, chorus) [ ] 1ur_>
'Il'he |:|1051|;ad;-rureld colncell-t h;lls-ﬁ
Unamplified music Romantlc penad e g. TchalkWSk)‘ DDEQE
Classml penodeg Eeethoveﬂ :]
Strmg quartets [:;jl
il R.eciu:l and chamber music (Baroque) ﬂﬂﬂDE:lﬂUﬂn ’
' Secular chorus Uﬂi:::ﬂ[ nunoo
] ) 0pera r'_"'""—"ll'lﬂ i
Music with singing Waqncr opera E:I
Mazar" opera ]:_:
* Light opera, e.9. Gllbertand ‘ulltvan J |
Semi-classical concer‘tsl chclrrus‘ (usllng 5ound 5y5tem] Ill_ 1 1npooo
o Muslcal wmedles apenettaﬁ ﬂﬂﬁﬂ:ﬂﬂ| |
sk st sposc Churches - cathedrals (1000 00 00B00C= s>
Mum -purpose audltona oognC——un|
| I H1gh 5choolaud|torla ﬂﬂnurtmﬂ -
* 'r Thsatsrs '[][ll | i |
— Drarrla [IEI:::DU |
'JI]E::ZIUDUIIII Lecture and confergnce rooms
ﬂunﬂ:ﬂﬂ E1ementary school classrooms
x
Cinema IE===—nn| | |
E’e‘t“’"'." recording oo ﬂ:j[l]]ﬂ Recording and broadcasting studios
I e ‘ ‘ Uﬂ = = uju Nnght. club dance and rock bands I '
~ 1 N | i | l

100%
| 90%

Room volume B0%

% of total surface area that is finished with absorptive material and audience



A Samples - House Center
B Samples - House Left

B:10% Open

e B:10% Open

Control Tests: Both Are The Same

0% Open House Genter

% Proficient

Yes No 7

—

Yes No 7

—

Yes No 7

10% Open House Center

The answer believed to be most correct has a shaded bar

—

Yes Na 7

Is There A Difference?

Which is Double Sloped?

Which do you Prefer?

% All Listeners % Students % Proficient % All Listenars % Students % Proficient % All Listeners % Students
i
i E: 5 ! —
Yes No 7 Yes No 7 B BothNone ? N/A B BothNone 7 N/A B BothNone ? N/A NA B Both 7 NA
Yes No 7 Yes No 7 B BothNone ? N/A B BothMone ? NiA B BothWone ? N/A B Both 7 NA
—
r=1 = P - 4 1
] 1 1 [
i L | s | A L L 1
Yes No 7 Yes No 7 B BothNone ? N/A B BothNone 7 N/A “ B BothNone 7 NiA B Both ? NA B Both 7 NA “ B Both 7 NA
[ =
Loz I 11 o
Lz [ ) S— |
Yes No 7 Yes No 7 A B BothNone 7 N/A A B BothMNone 7 NiA A B BothNone 7 N/A A B Both ? NA A B Both ? MNA A B Both 7 NA
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