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NOISE REDUCTION

CONTROL IN BUILDINGS TNVOLVES
concepts:

eduction of noise generation at the source by
v selection and installation of equipment
1etion of noise transmission from point to
(along the transmission path) by proper
sction of construction materials and appro-
(¢ construction techniques
diction of noise at the receiver through
stical treatment of the relevant spaces to
tﬂ_ie noise criteria developed in Chapter 17

privacy is achieved by manipulation of all of
regoing plus the use of masking noise where
7.
oise reduction is essentially the science of
ing acoustical energy into another, less dis-
form of energy—heat. Since the amounts of
y mvolved are minute—130 dB corresponds
1000 of & watt, or 0.003 Btu/h—the heat pro-
s completely negligible. This energy conver-
accomplished by absorption of sound energy
the room contenls and wall coverings and also
structure itself. The former controls noise lev-
thin a space and the laiter noise transmission
°n spaces. The reasons for this will become
as our discussion proceeds.

ABSORPTION
19.1 THE ROLE OF ABSORPTION

Absorptive noise control treatment of a room will
affect the reverberant noise level within that room
but will have a minimal effect on the noise level in
adjoining spaces. Refer to Fig. 19.1 for a graphic
presentation of this fundamental fact. The best that
can be accomplished with acoustic room treat-
ment is elimination of the reverberant field, that is,
making the intensity at the room boundaries what
it would have been in free space, as in Fig. 19.14d.
(Even this is extremely difficult; ihe actual field at
the wall would be above 72 dB, except in a com-
pletely anechoic chamber.) Adding further wall -
{or other) acoustic absorbent (asin Fig. 19.1¢) does
nothing in the room itself and has a minimal effect
on the overall transmission loss, since the transmis-
gion loss in the acoustic material itself is very low, as
can be seen in Fig. 18.1.

The subject of acoustic energy absorption
and absorptive materials, and their effect on room
acoustics (including noise reduction) is treated
extensively in Sections 18.1 through 18.10 for
porous absorptive materials. Two other types of
absorptive material are in use, although much
jegs commonly: panel resonators and cavity
resonators.
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(@) TV sel in free space produces 75-dB sound lavel,
which drops 6 dB for each doubling of distance.
Allenuation by inverse square law {see Eq.17-5).

TV still produces 75 dB. In the free field, sound
draps to 72dB but builds up to 74dB at the wal)
due to reverberant field reinforcement (see Fig.
18.7). Wall attenuation is 30dB. Sound on other
side of the wall is 74 — 30 = 44dB.

Acoustlic tile ceiling acts 1o reduce room reverber-
ant field. Free field is extended. Level al wall is 73
o8, Level in second space is 73 ~ 30 = 43 dB.

Entire room is acoustically treated, effectively
eliminaling reverberant tield. Room is "dead.” Level
on second side of wall is 72 dB less acoustic lile
loss, less wall loss (that is, 72 — 2 — 30 = 40
dij.

Add another 24 in. of acoustic wall reatment. RAoom
is “dead.” Levei al wall 72 dB. Level in second
Space = 72 - 4 - 30 = 38 dB.

Fig. 19.1 Graphic description of the effect of
adjoining spaces.

19.2 PANEL AND CAVITY RESONATORS

Panel resonators are built with a membrane such
as thin plywood or linoleum in front of a sealed air
space generally containing absorbent material. The
panel is set in motion by the alternating pressure
of the impinging sound wave. The sound energy is
converted into heat through internal viscous damp-
ing. Panel resonators are used where efficient low-
frequency absorption is required and middle- and
high-frequency absorption is unwanted or provided
by another‘treatment (Fig. 19.2}. Panel resonators
are often used in recording studios.

TV

2dB tile,/ \SDvdB wali
T in. (20 mm) thick

. N 30-dB wall
3in. (76 mm) thick tile, 4 dB

porous absorptive material on sound fisids and sound pressure level (SPL) in

A volume or cavity resonator (Helmholtz reso

nator) is an air cavity within a massive enc

and below this frequency (see Fig. 19.2). Adjusting
the neck opening and cavily dimensions allows a
unit to be tuned to resonate at different frequences.
This makes it extremely useful when a major single
frequency is present, as with 120-Hz transformer
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o b;y Saryfng the design, as discussed in the text.

cal absorption curves for the three major types of seund abs

1000 10,000
Frequency, hertz

799

arbers. The absorption characteristic of sach type can be
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18 19.3 Detalls of a Helmholtz resonator desggn using coqgc;t; fgta
i (150-mim) block with three Sequential cavities tuned wi

ks, with tuned block cavities as the
!

. - <
ﬁd added absorptive filler. {c) Sound absorption cocfficients. (Courtesy

resonating chambers. (&) A

divider (septurn). (5) A 12-in. {305-mmy) block with four cavities

of The Proudfoot Co., Inc.)
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g, - ication
o] concrete bf Ck 1eson 5
Fi 19.4 Apo i OF COH bio [ A50rS it g scho Jllg}’] 1S, (COU!T
a8y Of The Proudfoot Co J'HC‘)

hUI}l. Congerete blocks can be used as resonators b
t'.unmg their cavities. Their absorption characteriz
tic Qver the entire frequency band is improved b
?ﬁdmg absorptive material in the cavities. Fibrouz
ﬁi er can be used .in the block to increase highL—
equency absorption. The blocks alsa serve as
stande\nrd concrete construction blocks. See Fi
19.3 for typical block details and Fig. 19.4 forga.
common application. .

19.3 ACOUSTICALLY TR
ANSP
SURFACES ARENT

The solt, porous material of which acoustic absor
bents are constructed may be covered with pelrfo—
rated metal or other maierials to provide physic i
protection and act as stiffeners. These coverin?'
al"e generally acoustically transparent except Ei
hlgher frequencies. The frequency at whiSh ;
noticeable reduction in absorption occurs for Z

perforated métal cover with ci an|
. circular holes can:h
estimated ag o

where
f=frequency, Hi
£ = percentage of open area
d =diameter of holes, in.

Thlfls, for %-in. holes and 60% open area, which
typical commercial material, ;

_ 40(60)
0.25

f =9600 Hz

which is very high and generally not of major co
cern. Itis always preferable, given a fixed percentage
of open area, to use covers with small holes rather
Lh:an large ones since, as seen from the formula, thi
raises the frequency at which absorptton drops. Itis

Ble to stagger the holes, as this improves
‘An open-weave fabric is almost com-
parent to sound and is often used as a

ver on absorbent wall coverings.

SORPTION RECOMMENDATIONS

arize, absorption techniques are useful
(e
hange room reverberation characteristics.
as with distributed noise sources such
ces, schools, restaurants, and machine

es with hard surfaces and little absorp-
ritent.
listeners are in the reverberant field.
amount of absorptive matertal can reduce
ity levels in the free field.)

trated noise sonrces are better handled by
al: equipment enclosures than by room

t; since enclosures reduce the amount of
mitted info a room, which room surface
nt cannot do. In addition to ceiling tiles and

{9

9.5 Four of the many types of acoustic ceiling el

265 and are Usable with indlirect fighting systems. {c) Perforated metal cassetie nanels
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wall panels, acoustic absorbent material can be
applied in the form of a sprayed-on finish (acoustic
plaster), suspended unit absorbers. carpets, draper-
ieg, and the like.

19.5 CHARACTERISTICS OF ABSORPTIVE
MATERIALS

1. Acoustic tile s availablein size multiples of 12

in. (nominal 305 mm), from 12 in. x 12 i (305 %
305 mm) up to 48 in. x 96 in. (12%x24m) ina
huge variety of patterns and finishes, including units
with fire ratings. Installation methods inclode lay-in,
nailing to furring strips, and gluing. Tile materials
ave generally mineral fiber or faced fiberglass, with
noise reduction coefficient (NRC) ratings intherange
of 0.45 to 0.75 for mineral fiber tiles and up to 0.95
for fiberglass. The latier, which are frequently usedin
open-office applications, have Articulation Class {AC)
ratings of 170 to 210 (see Section 19.20d). Tiles for
use in high-humidity areas should be certified by the

manutacturer for that application (see Fig. 19.5)

2. Perforated metal-faced units are usually
installed in a lay-in suspension ceiling, although

(© (@

as available are ilusirated, (@ and (b} are 2w d w1 N, (600 x 1200% 36

erglass ceifing tites with an acoustically transparent plastic hunidity shield facing and a 40l hack for good sound dispersion in

Dleriiim of cpen-plan offices. (2) Tile hias 1.0 NRC, 200 AC, 0.89 fight refiectance, and a thermal R value of 4.0 (b} Tile has similar
Hstic and thermal characteristics, but due to its coarser surface, its light reflectance i 0.85. Both tiles are applicable to open-plan

are used in lobbies, coridors, entries, out-

canopies and soffits, and areas with high humidity. They are usable in HVAC systems for air returns and, wher supplied with an

USHE infill (mineral fiber or fiberglass), have goo

d 0.70 NRC, 25 CAC (Ceilling Attenyation C1ass), and 0.73 light reflectance. it car be use

d acoustic properties. (d} General-purpase, coarse-texturad mineral fiber celling tife

d acoustically in offices, libraries, restal-

i and public spaces. {Phatas courtesy of Armstrong World Industries)
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nailing to furring strips is possible. Units range in
size from 12 in. % 24 in, (305 % 610 mm) to 24 in, x
96 in. (0.6 X 2.4 m}—and larger on special order.
The fill material is either wrapped mineral wool or
fiberglass, with NRC ratings somewhat lower than
those of acoustic tile of the same material. The metal
finish is generally baked enamel in a range of col-
ors. The units are applicable to all spaces and have
the advantages of easy cleaning, high luminous
reflectivity, and incombustibility. With the acoustic
backing removed, a perforated unit can be used for
air return (Fig. 19.5).

3. Acoustic panels (boards) are made of treated
wood fibers, bonded with an inorganic cement
binder, in sizes ranging from 12 in. X 24 in, (305 x
610mm)to24in. x 120in. {0.6x 3.0m), with thick-
nesses from 1 to 3in. (25 to 75 mm) and a smooth or
“shredded” finish. Panels are used in celling suspen-
ston systems, or natled or glued when applied to walls
and structural ceilings. Their principal advantage is
their high structural strength, which makes them
applicable to installations requiring acoustic treat-
ment combined with strength and abuse-resistance.
A second advantage is their excellent flame-spread
rating. Typical applications tnclude full-span corri-
dor ceilings, long-span direct-attached ceiling finish,
wall panels in school gyms and corridors, and the
like, NRC ratings range from 0.40 to 0.70, Acoustic
panels are usually resistant to humidity, but usage in
high-humidity spaces should be confirmed with the

product manufacturer. This is particularly true for
panels with “reveal” edges (Fig. 19.6),

4. Acoustic plaster, a material comprising a
plaster-type base into which is introduced fibrous or
light aggregate, is useful for application to curved
and other nonlinear surfaces, in thicknesses of up to
1.5in. (38 mm). Tts advantages are ease of applica-
tion and a high fire rating; its disadvantages are its
inability to resist even mild abuse and its inapplica-
bility to humid atmospheres. The noise absorption
characteristics of acoustic plaster vary widely with
composition, thickness, and application technique,
and are generally below those of acoustic tile and
panels.

5. Sound blocks, bajfles, and hanging panels are
simply masses of absorptive acoustic material that
achieve absorption coefficients in excess of 1.0 by
exposing more than a single absorptive surface to

the impinging sound. In all cases, because of their
prominent appearance, necessitated by their shape,

B
o
B

(5

Fig. 19.6 Acoustic panel material made of pressed orga

fiber with an inorganic binder can be used as celting tife (af oF
wall panels (b). The fatter has cloth Covering as an outer fin
{Photos courtesy of Tectum,)

they obtrude into the space and frequently becomi:
a major architectural element. This is especially
true of hanging baffles (Fig. 19.7). K

6. Wall panels consist of a wood or metal
backing on which is mounied a mineral fiber-o
fiberglass substrate and a fabric covering. NRC
coefficients vary from 0.5 for direct-mounted 1-
mineral fiber substrate to as high as 0.85 for strip

mounted 1%-in. (38 mum) fiberglass substrate pa

03
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i
Fig. 19.7 Application of hanging
acoustic haffles to reduce !feverf J
O et | T baration in the high pyramid-shape
: s l o l oo | 20 | A NHC{AV& ceiling of a restaurant. The baffles
o v | 108 ) 130 g8 are T¥e-in-thick (38-mm) fiberglass
Sorption Cosfficient | 524 {066 | 131 | 174 1.49 . 3 e o fore Qoverj S(ﬁ;nd
ft./Baffle) t 033 | 0.66 | 0.87 li.u 051 085 Sbsorption values ?re(g‘vefre”;;of
£ - - . i L
PR accompanying table.
e o [ 5o | 108 187 L e el e The Proudfoot Co,, Inc)
i 1. : . ;
abiris/Batfle

fup to 120 in. (3 m). Fabric coverings gener?ily
carr , i s are ire-
h a fire-spread rating. These pane :
carry a fire-sprea e
i onference rooms,
uently used in offices, ¢ : o
N Eoriums theaters. teleconferencing centers, an
i ‘ {0 iliti Fig. 19.8).
Jucational facilities (see . .
) 7. Resonator sound ubsorbers are dvmlﬁble n}fé
a wide variety of sizes and shapes. Altlnougtaisl:gmd
i i if the shell, most are ‘
designs are available o ; . wlore?
ific & i ds of a project, using
to the specific acoustic nc‘ﬂe . ne
of several standard designs. One fairly COH‘:EOIS
type is shown in Fig. 19.9. Tn general, res'o]_l ore
are large and must theretore be integrated into he
\ _ o
architectural design of a space. Exterior she‘lpe'; ean
be altered, and the units can be installed 1essro
sively to fulfill this architectaral requgremem.r e
| i L e used 1o cover le
8. Carpeting and dr apt‘zry ar > cover
acoustically reflective surfaces in a sp?(ée. C;ly‘pfoopg_
i ot any degree of density,
.an be selected in almost any '
ing. and depth, plus an additional depth of' padc'ig;lge,
o produce'a high degrec of absorpuonIm mil "
i ies (see Table 18.1). In general,
and high frequencies (see : 5 oners
absorption is proportional to pile height and diilctg
and increases when the carpet is ins?allc.:d on ad Wa]i
' ﬁbfous pad. Where drapery 18 not iea51bée E':;lstaﬂed
— : ] impractical, carpeting can D€ '
- ) ; rigid backing covered panels are impr ac. - ; instaed
19.8 Acoustic wail pa”f?;;’fgrfjéﬁﬁgaﬁnined sy Lo T such instances, inst aﬂfmgnvgl g
s o trips with an enclosed air space behind v ¢
o o ot b acoustic spectrum an

f 7/0.9 whe 2] are mo i THHoNn Over the entire ‘
g}a mted on 2-Crit (RO al abso ption o e : : con
o 0.7/0.2 when th paneis f T ! : - : - N (
) fuirtiy g strips (D-20 mour ting. he latter mounting 1s par espcc]a”y at low fteqlleﬂmc; “hs

: fioto i ibi sorption).
arly effactive in increasing absorption helow 500 Hz. (P wstallation exhibits poor absorp )
Olrtesy of Armstrong World industries.)

ing,

ith &ither mineral g
de sefection of fabrics. NRC averages v
bstrate and 0.8 for fiberglass for contact m
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SOUND ABSORPTION VALUES

Frequency (Hertz) 125 | 250

500 | 1000 | 2000

Absorption Coeffigient

17.97 sq, fLiAbsorbar) | O-°8 | 0.74 | 1.08 | 1.21

1.27

Sabins/Absorber 3.65 | b.84 ; B.48

8.51

G]

Fig. 19.9 (3) Resonator/ah, i
b sorber unit consists of
contaning a metal resonator of a molded fiberglass cylinde ' f
_ ateac 5 ; r, of 12-in, (305-m i S
{b) The U, which weighs about & .‘g Zn;i @r fpw frequency absorption and a fill of acoU(Stfc ﬁbg?ggimfrer and 24-in, (610-mm) };e;_qgm
mounied 10 (3 ) above the finished fioor Is suspended on thiri wires or chains that are essent ”s .

Or (AFF) or higher. (6) A typical anplication in a schoot gyrlram};gzlsmée when the Uit S

m. Because of their g

size, the units constitute a major architectural element. B

ooy { !
Y Color selection and hanging patterns, they can be effectively used as SUcl.

he a I characl 4
1 {C: !
hase Lnits are fi th e as 1017 reql }’(C L)
The abso, i aCIenstics o E. INits are listed in the tablo as a HCHOT OF trequency. (Co IQS_VO hie Proudfoot Co., Ic.

' Draperies are essentially acoustically trans-
ii;r: r;f;fl 1provide appreciable absorption only
dé niddle B.I.ld uppeF frequerncies with heavy,

nse, fuzzy fabrics, particularly when draped with
:dhlgh degree of fold. As with carpeting, absorpti
Increases over the eniire spectrum wh,en a hf:zami1
folded drapery forms an air space between itsell al‘ig

the Waﬂ. AppI OXimat
c ah&(][ o) 1 I e V
pﬂ 11 ZUres ar g en

. SOUND INSULATION

19.6 AIRBORNE AND STRUCTURE-
BORNE SOUND

I,E contrast to the preceding material, WhiCh
N s conce‘med with in-room sound reducm'oﬁ
y absorption, the following sections will discuss

- aracteristics of sound transmissicn between
A distinction is often made between
s and structure-borne sound, although in
- they differ only in the origin of the sounds.
: originates in a space with any
oducing source. and although it changes to
-horne sound when the sound wave strikes
‘houndaries, 1L 18 atill referred to as airborne
it originated in the air. Structure-horne sound
re erally nnderstood as energy delivered by a
g or jmpacting source directly contacting
tose. Hence, a child crying in an adjoining
At is coniributing aithorne sound; the same
suncing a ball on the floor is creating struc-
porne sound, in this case by impact. Pumps that
talled without proper damping mounts cre-

sture-borne sound by vibration.
1 reality, all sound transmission is both air-
and structure-borne gince, once having
pd the structure, the sound travels along
acture and causes the structure to vibrate,
1t generating airborne sound. Figure 19.10
1d: agsist in understanding this action. In Fig.
a1, the sound is airborne, originating in the
i one side of the partition. The incidence of
& energy causes the partition to vibrate, gen-
g sound on the other side. Sound does not
.55 through” unless an ajr path. exists. If the
on is airtight, then the sound energy causes
structure to become a secondary source. The
tition vibrates primarily in the direction of the
that is, in the vertical plane. It also vibrates
sther modes, causing some sound energy to
¢into the floor and ceiling, depending upon the
s of attachment. This energy becomes structure-

orme sound.

In Fig. 19.10b, the process is gimilar but
ed. Fnergy is introduced info the structure
ectly (and efficiently) by mechanical contact,
is, by wvibration and impact. Sound travels
g the structure, as shown, and, by causing
stracture to vibrate, creates airborne sound. In a
cture with rigid wall-to-floor connections, these
1ds are clearly heard throughout the building.
acommon misconception thatin a (relatively}
assive concrete structure with masonry walls,
h as a multistory residential building, light
pacts such as footfalls will not be transmitted.
N the contrary, the rigidity of the structure, and
particular the rigid, airtight conmections between

AIREORNE AND STRUCTURE-BORNE sounp 805

partitions, floors, and ceilings, provide an excellent
path for structure-borne sound. Only impact absorp-
tion by heavy carpeting will attenuate the sound of
footsteps, and resilient floor-wall connections will
attenuate structure-borne sound.

Airborne sound (originating in the air) is gen-
erally much less disturbing than siructure-borne
sound, since its initial cnergy is very small and it
attenuates rapidly at boundaries. Structure-borne
sound generally has & much higher initial energy
level and attenuates slowly as i travels through a
structure, thereby causing disturbance over large
sections of a building. This disturbance is magnified
by the “sounding poard effect.”

We are all familiar with the fact that a tuning
fork must be held up to the ear to be heard directly.
but if its handle is placed on a table the sound is
amplified. This action is not really amplification but
an increase in the efficiency of energy transfer. In
general, the efficiency of a radiator is proportional
to the ratio of its surface dimensions to the sound
wavelength., A tuning fork vibrating at concert
A (440 Hz) with a wavelength of 2% {t 0.75 m)
cannot efficiently couple its energy into the air. 1t
is simply too small. By placing the instrument on
a table whose dimensions ar¢ approximately one
wavelength, we permit it to transfer its energy effi-
ciently, hence the amplification. The same effect
can be extremely troublesome in structure-borne
sound. A vibrating pump itself makes little sound.
However, it transfers a large amount of energy into
the structure, which will appear as audible sound at
each partition, floor, and wall that is rigidly coupled
to the structure. Soft (damping) connections pre-
vent energy iransfer, thereby greatly attenuating
the transmission of sound energy into connecting
efficient radiating surfaces—hence the desirability
of such flexible cenmections.

Airborne sound changes direction easily (dif-
fracts), with low frequencies being most flexible in
this regard. Structure-borne sound travels much
more rapidly than airborne gound (see Table 1 7.1
and with attennation as low as 1 dB per kilometer
(about 0.5 dB per mile). A sound traveling along
a massive structure will radiate outward from the
structure only minimally (although enough to be
yery annoying) because ihe large mass minimizes
vibration in that direction. Thus, in Yig. 19.10b,
noise from impact on the floor above will be
louder (for equal impact energy) than noise from

ACOUSTICS
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;—'égo.u; f 70 (a) Afrbome _sound is S0 calfer] because it ori
oo J(r:cinefrgj_/, which is converted to a vibration of th
i g ijgfgggje/ ;ZU;G’ fqr ';he adfoining space. A small amount of ene

g e Hgid partition-to-floor }
mechanical contact between the siructure and vi g

that 'o‘f airbomg_sound. This enetgy Is transmitte
partftfon—topeﬁmg COnnections. The entire struc
energy to noise throughout the building.

inates in air; i : .
egparﬁrij frf?’i g;nofrvjnenergy fevel is low. Here the loudspeaker is the source of.
greatfy exagggrated), whichi in turn becormes a second-
18y IS reragiated by the celling and foor of both Spaces.

bratin i i :
i i gg g@iztg;% ,Sﬁ%mes' AS SUCh, fts energy fevel s usually much higher then
ture is thern.set into vib roughout the structure via the rigid partition-to-floor and '

vibration as shown, converting the (large) structure-borne Sourt

SPREADS READILY THROUGHD

tion-to-cefl i
ri-to-Celling connections. (b) Structire-bome sound originates from.

cefving-room absorption. The background noise’

es helow, because the former generates
directly downward, while the latter intro-
nergy into the entire network of parallel

he sections immediately following deal with
e sound and the means for controlling it {Fig.

11). Tmpact noise (a form of structure-borne
d)is covered in Sections 19.22 10 19.34.

 AIRBORNE SOUND -~

7 TRANSMISSION LOSS
_AND NOISE REDUCTION

ransmission loss (TL) of a barrier is the ratio,
ressed in decibels, of the acoustic energy rera-
ated by the barrier to the acoustic energy inci-
it on it, This number is a fignre of merit for
sound-isolating quality of the wall itself and
obtained from controlled laboratory tests. (In
{irope, transmission loss is referred to as soumnd
ediiction index, R.} However, the number that is of
ater importance to the building designer is the
al noise reduction {NR)} between two spaccs
_érated by a barrier, that is, the action of the
arrier in context. This noise reduction is defined

as the difference between the sound intensity lev-
els in the two rooms, that is,

NR = 1ILgom 1 — froom 2 (19.2}
and is related to the YL of the barrier by the

expression

NR=TL-10log = (19.3)
AR

where’
MR = noise reduction, dB
T{ = barrier transmission loss, db
S = area of the barrier, ft? (m?)

A = total absorption of the receiving
room, sabins, ft? (m?)

We see, therefore, that noise reduction and transmis-
sion loss are not equal but are related by the size of the
dividing barrier, §, and the absorption characteristic
of the receiving room, Ag. A moment’s thought wilt
confirm the logic of this relation. When sound energy
impinges on the barrier, the barrier in turn becomes
the sound source, radiating into the receiving roonm.
Therefore, the amount of sound energy transferred
is proportional to the (log of) area S of the common
barrier between the two spaces.
The sound level in the receiving room isrelated
1o its own reverberance (absorption characteristic,
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Ag), as we have seen repeatedly. Thus, if the receiv-
ing room is a reverberant, live space, Ag islow and
NR is less than TL. Conversely, if the receiving room
is dead, Ag is large and NR can be greater than TL,
depending upon the ratio of the barrier wall size to
the room area (see Fig. 19.11). In lieu of precise cal-
culations, the following generalizations can be used:

1. For a live receiving room,
NR=TL-1dR

4. For a medium receiving room,
NR=TL+4dB

3. For a dead receiving room,
NR=TL+7 dB

The extreme case of “deadness” of a receiving room
Is one with no walls, that is, sound transmission
frominside to the exterior. In such cases, NR excecds
IL by 10 to 15 dB, depending upon the sive of the
exterior opening and the point outside where 17, is
measured. To acquire facility with sotmd-insulation
techniques, the designer must become familiar with
the relationship of transmission loss to the barrier's
physical characteristics, its mass, rigidity, material
of construction, and method of construction and
attachment. These considerations are the subject of
the following sections.

Note: The reader is cautioned to he careful when
encountering the term noise reduction (NR), since a
similar and completely unrelated term—rnoise reduc-
tion cogfficient (NRC)—also exists. The latier is very
poorly named.

19.8 BARRIER MASS

Sound transmission between spaces requires that a
barrier be set into vibration by the incident sound
energy. Although this was stated in the preceding
sections, we repeat it here to emphasize the funda-
mental importance of this simple statement, (Weare
assuming « barrier that is impervious to air—.e., a
solid barrier. Otherwise, the moving air molecules
bearing the sound will simply pass through with
minimal transmission loss.) The impinging sound
energy acts as a force on the wall. Since F= MA, the
larger the mass, the less it will vibrate. When other
factors (particularly angle of incidence) are taken
into account, the resultant acoustical relationship

is known as the mass law. It states that fay
porous, homogeneous structure of [ow stiffesy
sound transmission loss is proportional g
rithm of the surface mass (the weight of the
unit of surface area) and io the frequency of
tion. Thus, doubling the mass (or frequéncy
theoretically, cause an increage of & dB in tf
mission loss; stated otherwise, the slope of TLve
the frequency times mass (/M) carve is ¢

ure 19.12 is a graphic representation of iy
operation. With sound incident at 9°, ma
energy is imparted to the barrier and tha
mass resists, resulting in maximum trang
loss. In practice, however, sound is incid ent fro
to 80° (called field or random incidence), redvcins
mass effect but keeping the slope at 6 dB per'
Due to nonhowtogeneity, porousness, and St]fﬁ‘_‘[
actual field results indicate transmission To
closer to 4 dB per octave, as shown by ths:
curve in Fig, 19.12.

19.9 STIFFNESS AND RESONANCE

The stiffness of a barrier is a function of its mafer:
composition and the rigidity of its mounting
former depends upon its internal cohesiven
that is, its modulus of elasticity —and the [
depends upon its boundary restraints—uwh
the barrier is tightly or loosely held. A homoge
necus material of high Young’s modulus (s
as steel} has great cohesivencss between it ol
ecules. As soon as one molecule is sef in moti

- Incident sound energy, the motion is passed to1

next molecule, and so on, making the materi
excellent sound conductor. Homogeneous materi
with a low modulus of elasticity have high intert
damping (the motion of molecules is not transmite
well), and they are good sound insulators. Com
ite matertals such as concrete and arganic mateﬂﬁjl
such as wood do nol conform to these general rul
Rigidity of mounting can be likened to
drumhead—the tighter it is stretched, the hette
it resounds. Rigidity (stiffness) in a panel bar
resists damping and assists vibration, making
a good transmitter and, conversely, a poor 1o
transmission insulator. As a resu It, a material st
as lead, which has a high mass and a low modulus
of elasticity and resists rigid mounting, is an exe
lent sound attenuator. :

|

Sound incident at 90°—

L aw
Theoretical transmission loss from mass |

STIFENESS AND RESCNANCE 809

‘ /félope: & dBfoctave

Siope: 4 dBfoctave

] )
Sound incident at O to 80°—

{random incidence}

/ | 7

/

{Octavel ?{ 6 dB /

Average field results

e

Ve

)

oF |
/Tacmve

{
[
1
;

Surface mass X frequency

I
i
|
L 1m
|
|

Hz Ib/fe?

108

&
I ¥ 4.88 = Hz kg/m?

i
i
1
|
i
|

102 10
MXFf Hz kg/m?

1 ' sontation of mass law actio
2 Graphic representano_n 0 ACH
iLm trgnsmﬁssfon loss. Fleld or randont incidence (@

. i results are lower due to fianking and stiffness effects, and

The effects of stiffness and mass both j{ary 'mth
ericy, unfortunately in opposite directions.
ss acts to reduce transmission loss as fre-
1¢y increases, while, as we have scen, mafss ac?ts
rease it; the combined effect is shown m Fig.
“Therefore, stiffness is most effective at low fre-
ies and mass at high frequencies, At very low
ncies the mass and stiffness effects negate each
“giving the resonance dips shown. Beyond
roximately 200 Hz, most common wall ‘ con-
vietion enters the mass law range and continues
thiit until the critical frequency. Deviations from a
noth 4 10 6 dB per octave slope are due to the 1.101:1—
mogeneous nature of most wall COI.JSTIUCUOHS&
he critical frequency the phase of incident sourn f
s corresponds to or coincides witlh the phase'o
bration (shear wave) of the barier in such a way
6 pass a large portion of the incident el'aergy. See
insert in Fig. 19.13, which shows this effect as
g:Coincidence dip. This effect is most pron'ounced
thin, homogeneous partitions and light, stiff ones.

n in attenuation of transmitted sou
o 0 809 is approximately ¢

104 .
(% 0.205 = Hz b/ft*)

nd. Perperidictiar (90% sound incldence resufts

4B lower hut maintains the 6-0B-per-octave

the sfope of the cuyve averages only 4 dB per octave (frequency

Critical frequency, f, as a function ?f p@el thl?:
ness for common materials, is plotteld in Fig. 19amﬂ
To avoid a coincidence dip in the audible ran_ge, phi. -
tions can be either very heavy and/orvery stiff (W.' Euc1 :
greally decreases the critical freql%ency) or h;elwymﬁ_
limp (resilient—which greatly increases ﬁermess
cal frequency}. In practical terms, cost. effec Thx .
is heavily in favor of the Jatter alternative. 'T uts[t
instance, the transmission loss O? a W()Od. par fi
can be improved by grooving it to Increase lt?r fifmdra_
ity, thereby increasing the cﬁtical'frequency. _ 'e e
matic improvemenﬁntransnﬂssmn loss, resondgi . t
and coincidence dip achieved by the lufie olf re:];1 en
mounting of a simple masonry partition 13 q oxtfin—
in Fig. 19.15. Beth Waus have the sa;ne r}rv;lgl;x()hd
approximately 21 b/t (102 kg/m ) e s o
wall A has better attenuation below 200 Hz in e
stiffness-controlled range. Above that frequencyhi ¢
resilient-mounted partition is 10 dB better, w. hfﬂf
means that the transmitted noise is or_ﬂywone-hi ’
és loud. The sound transmission class (STC) (whic

ACOUSTICS
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[3]
(=

~
o

Mass law

8

Transmission foss in decibels

ha
<9

Resonances

Stiffness conirol

27 Theoretical mass law curve

Curve showing stiffness, resonance, and coincidence effect

Criticat
frequency

Coincidence effect

\ Vibrating
partition:

l \

63 1285 250 500

1000 2000

Frequency — in octave bands

Fig. 19.13 Partition transmission loss as a function of frequency showing the effects of stiffness, rasonance, and coincidence. At :
frequencies below resonance, control is almost purely a stiffness function; at frequiencies above critical, control Is almost purely &

Stirface mass function.

is a figure of merit for partilion sound transmis-
sion, as explained in Section 19.11) of wall 4 is 40;
that of wall B is 51. Both show a coincidence dip at
approximately 250 Hz (see Fig. 19.14), but that of
Bis shallow, whereas that of A is deep and wide. Pur:
thermore, wall Bis consistently better than mass law
attenuation would predict, wall A consistently worse
{due to stiffness).

19.10 COMPOUND BARRIERS
{CAVITY WALLS)

Since the maximum theoretical increase in tramns-
mission loss with an increase of mass is 6 dB per
doubling of mass, it is apparent that this method
of transmission loss improvement rapidly reaches
the limits of practicality. Indeed, as we have seen,
the transmission loss of actual single homogeneous
walls fall below the mass law curve. This is because
mass increase brings with it stiffness increase,
which acts to reduce transmission loss. If, however,

a barrier is constructed of two separate lay
without rigid interconmnection, its performante
exceeds the calculated transmission loss base
on mass alone. Note that even the nonrigid w
ties of wall B in Fig. 19.16 lower the STC by
points. At low frequencies, where stiffness ¢
trols the transmission loss (see Fig. 19.13)
cavity in wall C (Fig. 19.16) acts as a rigid cort
nection between the layers, adding stiffness an
increasing transmission loss. At higher frequen:
cies, in the mass law range, the air in the cav_'i '
acts as a damping coupling to reduce stiffness
The net result is an tmprovement in performan
throughout the frequency range. -
Transmission loss for the entire cavity wall
increases with the width of the air space at the ra
of approximately 5 dB per doubling. Performance
can be improved still further by filling the void witk
porous, sound-absorbent material, This actsto ful”th?
decrease the stiffness of the compound structure @
to absorb sound energy that reflects back and forth
between the two inside surfaces. The performance ¢

COMPOUND BARRIERS (CAVITY WALLS) 811

L

1--Steel, aluminun
2—Glass

3-—-Reinforced concrete

4—Plywood

§—Gypsum board
| P

l

Thickness (em) .

l
SN NN

{ Critical frequency as

a function of thickness for several common materials. (Repri
anmental Nolse Control. Wilsy. New York.)

controi

Coincidence
dip

Frequency {Hz}

9.15 Transmission foss characteristics

Orms worse than the mass 18w, due to sffness. 7
Rer Wall A, except at the lowest irequencies. (Data ex

Multifarmily Dwellings, 1968.)

" i cimi olg!
weicht partitions with similar boundary © Lich better
e E%f;gﬁgnr-pmoumed wall B performs better than the mass 2w o

sracted from A Guide to Alfbamea, Impact, an

2000 3000 5000 7000 10,000

Critical frequency, f; (H2)

nted with permission from E. B. Magrab.

1.
3-in. (76 mm) gypsum black, 7-in. (13 mm)
plaster both sides, 21.5 |b/sg ft

13 mm) plaster-

.
3-in. {76 mm) gypsum block, 5-in. (
one side. Resilient clip mounted to
2.in. {10 mm) gypsusm lath on other side
g-in.
21.7 \bfsg ft{106 kg/m?}
& Lin, (130 mm) total thickness

2

strairits. The solid partiion A

d structure-Bame Noise Controlin

AcousTICS
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A: 100 Ib/sg ft 5Te

T
.

/——mm,___'}

R T A b 22

.
.

!HIIIHI

A Single @-in. brick wall

B: 100 Ib/sq ft, STC 49

Wires ties®

Double brick wall
2-in. air cavity

11 ILlliilll IIi!IIIII

\
A\
1)

\

IJIIIIII Ilil|llll !Eili

kY

\

Sound transmission loss, decibels

\

L

TIT1

1 al LAl
250 500 1K
Frequency, Hertz

r

12-in. total thickness

(]
-
£

Double brick wall,
6-in. cavity

c- 18-in, totai thickness

Fig. 19.16 Transmissio i i
01 foss curves showing the effect of air space on heavy wall construction. All three walls are approximately thi

sSame mass. The 2-in. (50+ j ; o ’
(50-mm) air space of wall B is not significant umil the hlgher frequencies, whereas ihe large 6-in. (200-mim} air

space of wall C Is effectiv
ive throughout the frequency spectrum. (Data extracted from A Glide to Altbormne, Impact, and Structure-Bof

Noise Controt in Multifamily Dwellings, 1968.)

WErolEs the attenuation characteristic at hoth

813

VllllﬂIﬂ//////l///ll///{//l//lllllIﬂ/l//llltllllllllllllllllllll

2 % 4 Wood studs 16in. OC
%'vasum wallboard both sides,

A - -

B: 8.2 lb/sq ft; STC 44
IllIlll/IIIII//ﬂ/////IIIIIIIIIIIIII”II/III/I///III/IIII/II/IIIIIII/IIIII
N b

I//IIIIIIIII/III/II”II/I/IIII/I”IA’II/IIIIIIIII!IIIII//III/IIIIIIIJIIIIII

2% 3 Wood studs 8in. OC

%UGYPSUI'H board both sides,

C: 138 lb/sqg ft, ST

b TR T T 2R T e L AISLILITA

) (j
TR FERTU NI AT dw \AREN

| &)
250 500 1K
Frequency, hertz

I

2 % 4 Wood studs 8in. OC
%"vasum board both sides;
0.9-in. Fiber blanket

c

s reduction and addition of absorptive mate-
i} typically found in framne construction. Curve B shows ihe advantage of staggered

fisdver the entire frequency range. The dipat3kHzisa coincidence dip for a single feal. Addition of absorptive material (Curve C)
ends of the spectrum and is particularty useful for fts low-frecuency improvement

and Structire-Borne Naise Control in Multifamily Dwellings, 1968)

17 Transmission loss curves flustrating the effact on lightweight walls of stiffne.

i thie cavity, Curve A is a standard stud wa

racted from A Guide to Alrborne, impact,

. [ 3o ! 2 4]
{a) MASSIVE WALL  (B) ISOLATED SURFACE {c) DOUBLE WALL (D SOUND ABSORBER (@) HOLES AND
| IN CAVITY | CRACKS

ANSMITTED NOLSE
). fn contrast, even a very

he transmission loss of a partition are showr in (&
tracted from A Guide to

.18 The various techniques used to Increase U
mallair path through the partition (e) can effectively destroy its effectivengss as a sound barrier. (Data x|
orne, Impact, and structure-Borme Noise Control in nutifamily Dwellings, 1968
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cavity walls is reduced by any rigid interconnections
between leaves. Thus, a commeon stud wall wijletee

quent rigid interconnections acts little betted than a
single homogeneous wall. However, a stud will with
staggered studs exhibits greatly improved erfor-
mance over a single-material wall or a commor\stud
wall. These effects are illustrated in Figs. 19.16 dad
19.17 {see also Appendix K). The effects of mass {Sec?
tion 19.8), stiffness (Section 19.9), and compound

barriers with and without filler are shown q
tively and graphically in Fig. 19.18. :

19.11 SOUND TRANSMISSION CLASS

Various attempts at using a single-namber aya
transmission loss to describe a barrier’s ch araé
Iteg have been made, with only limis€] ¢

rlli}lli

80 125 200
| | ! ]

. o700 160 250 400
Sixteen V3-octave

800 1250 2000 3150
! |

|
| : I |
830 1000 1600 2500 4k

o— 1.2 34 5 6 7 8 9 1011 12 13 14 15 16
¥/3-Octave band center frequency, Heriz

“IB STC B'e["!ﬂle comparison with a ll’ nsparent ()Verla of h rapt on Whlc ) the 5 C
contout 15 d!aWIl. ”le SIC contour is SIU ted Vel tiCa“!; |9Iatlve o the test curve, u“t” some O

measured 7L values for the test specimen fall below those

tollowing conditions are fulfilled:

1. The sum of the deficiencies (i.e., the deviations below the

2. The maximum deficiency at a sin
beneath the STC contour],

of the STC contour (the solid line} and the;

contour} shall not be greater than 32 )

gle test point shall not exceed 8 4B [the broken (dashed) line

:vor::er:i tf;:e gontlou.r is adjusted to the higt}est value (in integral dB) that meets the above requirements, the_
ansmission class for the specimen is the 7L value corresponding to the intersection of the;

contour and the 500-Hz ordinate.

Fig. 19.19 Overlay from which sound fransmission class (STE) is determined graphically.

such averages can be misleading, since

nore both deficiencies and proficiencies al

1ar requencies. Their use, therefore, in all
u_ugﬁ work is to be discouraged.

- avoid the shortcomings of averages and
benefit from the indisputable convenience of
atmber ratings, a system of standard con-
s developed in the United States called sound

ssion class (STC) contours. (A similar system,
ming to IS0 717-1, 1996, is used in Burope,
ing a weighted sound reduction index Ryy. In

 the STC number for a particular barrier con-

is derived by comparing actual test resulis

~ad in a series of sixteen 's-octave bands to the
STC contours according to a fixed proce-

e The technique is fllustrated in Fig. 19.19. Fig-
20 shows two transmission loss curves and
tings of each. Because STC fails to give credit

Armance above the established requirements,

ve-bard transmission loss data, rather than STC

igs, should be used in all critical areas sach as

ic-rooms or mechanical rooms where certain
fieular frequencies may be dominant.

Figure 19,21 gives three standard STC contours

dre of interest because they are used by the

ral Housing Administration (FHA) to specify

des of construction. The criteria for their applica-

arefound in Section 19.33. An appreciation of the

res of speech sound insulation provided by walls

i - different STC ratings is given in Section 19.17

Table 19.5). Since the subjective reaction on the

t side depends upon the backgronnd sound level,

able gives this reaction for two NC curve levels. To

t the destgner, extensive sound transmission test-

1dis been performed on most types of standard wall

. partition consiruction and the results published,

bles 19.1 and 19.2 and Appendix K give descrip-

Hons of constructions with typical details, transmis-

onloss data, STC ratings, and other pertinent data.

9.12 COMPOSITEAVATES AND-LEAKS

18 frequently necessary to determine the trans-
ission loss of a composite wall—that is, a wall
ith a window, door, louver opening, and the like.
hould be appreciated that the two clements are
4 parallel,” to borrow an electrical concept, and
behavior is similar to that situation. That is, the
rall performance will be strongly affected by the

COMPOSITE WALLS AND LEAKS 815

LA R L AR AR AR AR AL

Construction 3
B §%=~
7’ -

e
i

s
/
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117!

Transmission loss (dB)
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o
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160 250 400 630 1000 1600 2500 4000
125 200 315 500 800 1250 2000 31850

% -Octave-band center frequencies (Hz2)

Fig. 19.20 Curves A and B are fwo different construction types
with the same average transmission loss. However, application
of the STC curve criteria (given In Flg. 19.19) yields an STC of only
33 for construction B because of its deep center dip compared to
STC of 42 for construction A. (From E. B. Magrab 1975, Environ-
mental Noise Control. Wiley. New York)

poorer of the two, with some tempering of the deg-
radation when the poorer barrier is much smaller in
area than the other barrier element. Figure 19.22
enables us to analyze situations of this type.

Since an opening in a wall is effectively a second
material of TL = 0. the curves in Fig. 19.22 can be
replotted for this situation as irt Fig, 19.23. Note that
the curves very rapidly flatten out; thus, any wall
with a 1% open area will have a maxfmum transmis-
sion loss of 20 dB, which is all but uselcss as a sound
barrier. For this reason, it is imperative that all oper-
ings be completely sealed, particularly those around
doors and windows. A hairline crack degrades a wall
6 dB, a keyhole degrades a door 3 dB, and so on, Spe-
cial considerations for doors and windows are dis-
cussed in the next section. Care must also be taken
with such common acoustic leaks as back-ta-back
electric outlets, pipes passing through walls, and
medicine cabinets—in fact any breal in the integrity
of a partition. All such openings must be caulked to

- ACOUSTICS -
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FHA recommended sound insulation criteria : . 3 /
T¥T TV T T¥T : / /

Percentage of total avea /
having TL,

_ p anvd
Grade ] STC = 55 ie. ﬁme:mo 50 20 10

Airborne

Grade II STC = 52 S = / /
3 Grade 111 STC = 48 _ /| // /
-] B8 Approximate range of B // /

airborne sound insufetion / /
requirements or -

recommendations :
of other countries. - / // / e
. : - /
/

”i'llll llllilliT II|||I|iI

/y’/

16

Sound transmission loss, decibels

ACOUSTICS

TLy, 5

illllllll IIII.IIIH Elllll

| & |

TL is transmission loss
5 is area
Ti,is combined TL

1K
Frequency, Hertz

N
~

Fig. 19.21 Sound insulation criteria recommended by the FHA. (From A Guide to Airbome, Impact, and Structure-Borne Noise Con
in Multitamity Dwellings, 1958.)

TABLE 19.1 Improvements in
STC Rating of Stud? Partitions?

; i J j SIS 1ents.
6.22 Transmission 10ss of & two-glement composiie bairier as & function of the relative transimission loss of the compo

B. Magrab. 1975, Environmental Noise control. Wilay. New York.)

Description

Description 4-in. (102-mmy) lightweight® hoflow block

Basic partition: single wood studs, 16 in. 4 in. (102-mm) dense hoflow block
{406 mm) on centers, Yo-in. (13-mm) gypsum 6-!n. {152-mm} lightweight hollow block =
board on both sides, air cavity &-In. (152-mm) dense holow block e l

8-in. (203-mm) lightweight hollow block :

Add to basic partition 8-in. (203-mm) dense hollow block : 3 Percentage open ares =y
Double gypsurm board, one side +2 12-in. {305-mm) lightweight hollow block .
Double gypsum beoard, both sides +4 12-in. (305-mm) dense hollow block ' v
Single-thickness absorbent material in air cavity +3 A-in. {102-mm) brick 3 4 @IHole
Double-thickness insulation +6 6-in. {152-mrm) brick :
Resilient channel supports for gypsum board +5 8-in. {203-mm) brick
Staggered studs +9 12-in. {(305-mm)} brick
Double studs +13 6-in. {152-mm} solid concrete

&-in. {203-mm} so\id concrete : i // TiL s transmission loss
*For application to metal stud partitions, use adders as in note b, 10-in. (254-mim} solid concrete V § s area

but begin with STC =40 for a 3%-in. (92-mm} basic partition. 12-in. (305-mm) solid concrate : Tic is combined TL
SWhen using two improvements, add an additional +2; for three : /
/

. % open area
improvernents, add +3. :See note ¢, Tabie 19.1. . " ” sp/s 100
Example: mprovements to 35 STC basic partition: All ratings of lightweight black assume sealing with paint. NG - : 27
that this reduces absorption. : (&
Staggered wood studs +8 - :
) Modifications
Double gypsum board, one side +2 Add sand to cores of hollow blocks
Single-thickness insulation +3 Add plaster to oneside : o £ 2 o e (a5 a
) Add plaster to both sides Fig. 19.23 Effect of & hole of g given 5128 (85
Adder (3 improvements} 2 Add furring strips, lath and plaster: : peé;cenrage of the total area) on & partition with
Total +17 ?ﬂe sﬂe . a given transmission 10ss. (From E. B. Magrab.
Total STC 35417 =57 wo sides : i ise Control. Wiley. hew
Add plaster via resilient mounting: 1975, Emironmental Noise

One side b York.}
- Two sides

The STC figures are consarvative, Other sources list the same con-
structions with 1 to 5 points higher STC.
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make an airtight joint if any appreciable degree of
sound insulation is to be maintained.

Examples 19.1 and 19.2 show how barriers
of high transmission loss are degraded by standard
openings. To maintain the integrity of a barrier,
special care must be taken in the design of windows
and doors, as explained in Section 19,13.

EXAMPLE 19.1 Given a 9-ft x 18-ft (2.7 % 5.5-mp wall
with a transmission loss of 52 dB at 1000 Hz, containing
a 3-ft x 7+t 0.9 x 2.1-m), &-in. (150-mm) hollow core
door of 22 dB transmission loss at that frequency, find
the overall transmission loss of the composite wall.

SOLUTION
Refer to Fig. 19.22.
Tly—TL, =30 dR
5, 3x75
5, 9x18
From the curves in Fig. 19.22;

x 100 = 13.9%

Ty =Tl =215
TL,=52 -21.5=30.5dB

Tha"t i5, a door with an area of only 14% of the
eniire wall reduces the transmission loss of the
structure from 52 to 30.5 dB—that is, from excel-
lent to very poor. B

EXAMPLE 19.2 An exterior brick/frame wall havir'ié
a transmission loss of 54 dB at 1000 Hz, measuring
8 ft x 16 ft (2.4 x 4.9 m), is pierced by two wood-
frgme windows, each of area 3 ftx47(0.9x1.2m)
with single %-in. (3-mm) glass, with a transmissior;
Io‘ss pf 34 dB at 1000 Hz. Find the combined trans-
mission foss.

SOLUTICN

TLy—Tly=54-34=20dB

i=2x3x4x100 .
S, 8x16 =18.8%

From Fig. 19.22:
Tiy—TL.=12.5dB
TL.=54-125=415

Again, the result is a reduction from an excellent
wall 1o a poor one. [}

llllllll!

lIII]IFlI

I!Illul[l‘

SOUND TRANSMISSION LOSS (dB)

llll!TTlI

LAl LA Ll

125 K 2K

FREQUENCY, Hz
{@) Sound Transmission Loss of Doors

1 3/4 (44 mm) golid wood core door with
gaskets and drop closure :

1 3/4 (44 mm) hollow wood core dnor W
gaskets and drop closure

Same hollow door, mo gaskets or
closure, 1/4"(6mm) airgap at sill

r=--—=-== Louvered door, 25-30% open area

RUBBER
STRIP

{1) DOOR JAMB GASKETS

TUBE
AUTGMATIC

GASKET SWEE
DROP \ JOINT @:m ; B

{2) DOOR SILL CLOSURES
(B

Fig. 19.24 (a) Chart of typical transmission loss vafues for
represeniative door constructions as & function of fraquency.
() Method for gasketing a door edge enclosure £7) and seaing
the gap between the bottor of the door and the door saddie (2)
(Chart and drawings extracted from A Guide to Alrborne, Impact
and Structure-Borne Noise Control In Multifamilly Dweliings, 7968

DOORS AND WINDOWS

2 appreciated from the preceding section,

nd windows can in large measure deter-
» overall transmission loss of a wall. Since
st every instance doors and windows have
acoustic transmission loss than the wall in
hey are mounted, particular care must be
ot to degrade performance further with air

quency Average transmission loss valucs for

“fhat is, the arithmetic average of the octave

transmission losses in the range of 1 50 Hz to
_are not useful for two reasons:

very important low-frequency attenuation

o are absent.
peaks and valleys in the curves (see, for
imstance, the 6-dB peaks at 500 HzinFig. 19.244a)
are unrecognized. As a result, a particularly trou-
Jesome frequency may not be sufficiently atten-
ted. In the absence of a complete frequency
lysis, the STC rating of a door is a betier indi-
on than an average transmission loss figure,

cal STC values are given in Table 19.3.

nelastons that can be drawn from mspection of

uvered doors {and doors undercut to permit
r movement) are useless as sound barriers.

he most important step in-soundproofing
oors is complete sealing around the open-

ing. A door in the closed position should exert

DOORS AND WINDOWS 819

TABLE 19.3 Typical STC Values for Doors

Door Construction STC

Louvered door 15
Any door, 2-in. (51-mm) undercut 17
1Va-in. (38-mm) hollow core door, no gasketing 22
1¥e-in. {38-mm) hollow core door, gaskets and
drop closure
$%-in. (45-rmm} solid wood door, ne gasketing
134-in. {45-mm) sofid wood door, gaskets and
drop closure
Two hollow core doors, gasketed all around,
with sound lock
Two solid core doors, gasketed all around, with
sound lock
Special commercial construction, with lead lining
and full seaiing

25

35

45

55

45-65

pressure on gaskets, making the joints airtight
{see Fig. 19.24b).

When a single door does not provide sufficient aiten-
uation and specially constructed high-attenuation
commercial acoustic doors are not practical, a sim-
ple and very effective technique is the construction
of a sound lock consisting of two doors, prefer-
ably with sufficient space between them to permit
fall door swing (see Fig. 19.25). All surfaces in
the sound lock should be covered completely by
absorbent material and the floor carpeted, Such an
arrangement will increase attenuation across the
board by at least 10 dB and by as much as 20 dB
at some frequencies, depending upon the shape of
the sound lock and the type, amount, and mount-
ing of absorptive material in the sound lock. The
two doors of the sound lock must be gasketed, as
explained in the preceding discussion.

Another important consideration with respect
to sound intrusion via doors is the location of a door
relative to sources of unwanted sound. This is par-
ticularly important in multiple-resident buildings
of all types. including private homes, apartment

Carpeted Corridor

. 19.25 A twao-door sound lock should incréase the
tersmission loss of 2 door assembly by & minimum of
8 9B for the smalf fock {a) and 15 d5 for the jargar one (b),
nding uporn the type, thickness, and mounting tech-
idtie of the absorptive material in the lock. The solid core
‘_’UW s must be sealed by one of the technigues shown in

Acoustic Ceiling

Solid Core Doors Sound
Lock
>Z Acoustic Fuzz \

on All Surfaces

Private Office

&

CACOUSTICS
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houses, dormitories, hotels, and roorming houses

. HOLLOW CoRE py

o . ; MO EASKETS
The same principle applies to commercial spaces

1i4"{6 mm)

MR e
. _ ATsiy Gk
where numerous private spaces such as offices open

onto a common lobby or foyer. Figure 19.26 shows

the effect of improvements in door placement,

{b) Windows

Windows are critically important to block exterior
noise, and all the more so, since exterior wall con-
struction is generally of high STC, making the win-
dow the deciding factor in the composite exterior
wall transmission loss, Sound leaks through cracks
in closures of operable windows will normally
establish a window's rating, regardless of the type
of glazing. Fortunately, the attention now given to
the sealing of windows for thermal purposes has
had a salutary effect on their acoustic properties. As
with doors, the importance of proper gasketing and
sealing cannot be overemphasized, Double glazing
is effective only when the two panes are separated
by a wide air gap (Fig. 19.27). A narrow air gap
acts as a stiff spring between the pares and trans-
mits sound energy almost unattenuated. The resuli
fs approximately that of a single pane of double
weight. Note that here too, as with absorptive mate-
rial, the requirements of acoustic and thermal insu-
lation are opposed. A small sealed air space between
panes is desirable for thermal insulation, because a
large space allows convection currents to transfer
heat. For acoustical purposes, a small sealed space
is not very useful, as explained previously, whereas
a large space traps acoustic energy and is an effec-
live noise barrier, as is clearly seen in Fig. 19.28,
In addition to a window’s sound transmission
characteristic when closed, it is important to con-
sider the transmission loss when open because of
ventilation and passive cooling requirements, The
sound atlenuation between the center of a room
with a clear-through apen window and a point some
distance outside is 5 to 15 dB. This drops to about 5
dB as the receiver-observer approaches the open win-
dow. By making the path from instde to outside indi-
rect, the open window attenuation can be increased
toasmuch as 25 dB, but with considerable reduction
of airflow and hence ventilation capacity. Several
possible arrangements with approximate mid-fre-
quency tramsmission loss figures are given in Fig,
19.29. This principle can be applied advantageously
when exterior noise reduction is important but

AP

HALL WITH HARD FLOOR & CEILING

APT: iy

S0LID CORE DGOR
WITH GASKETS AND
DROP CLOSURE

HALL WITH CARPET & ACOUSTIC CEILING

L2222
APT, C

{©)

Fig. 19.26 Proper arrangement of doors ko rooms on 8 com :
mon corridor can diminish noise transfer in the srea. (3) POOT::
afrangement because any noise emanating from one of the
ro0ms or from the corridor has & very short and unatteniate
path into the remaining rooms. (b) Better arrangement than _,01_ )
(@) becavse noise from any source must travel a minimum of

& room width along an absorbent corridor to reach any other
00m. Noise to the remaining rooms is further attenuated. T
weak point of this plan is a nofse shott circuit via adjacent dodr
for Apt. A and Apt. B. Plan {c} s best because there are nio ShOIt
CIrCUits for sound travel, Although the A-C and B-D paths aré
siightly sfiorter than in plan (1), the difference would not be
noticeabie. (Extracted from A Guide to Airborne, Impact, and :
Structure-Borme Noise Centrol in Multifamily Dwelings, 1968,
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Aluminum framed windows with glass panes
1o (8 il plate glass igolated with neoprene gasketa

-in. (13 mm)
=in. (5mm) plate glass two 3/-n. (mm) glass panes, 1/2-1n. (
k. d glass panel alr space.

Zin. (11 mm), 3 ply, laminate

5-in » d glass panel and 3/16-1in. (20 mm) glass panes,
§2-1in. (46mm), 4 ply, laminated g P —— ——1/4-1p. (6 M) st
: 5 ply, laminated glass panel 2 1/2-1in. (64 mm) s
P pomm, S P —e—3/b4-1n. (mm} and 7/32-1in. {20 mm) glass p s

3 3/4-in. (95 mm) alr space.

&
{a)

the effect of thickening glass. The Y-in. (6-mm} Hate shows a very

-in. (3-mim} plate hetween 1500 HZ and 250:2 HZ. F;égf%e;éﬁ;’g!;?n
ractical i -4l - thickness.
hilaminated glass efiminates the coincidence drop but reaches a practical limit at about ¥-in. (13 mm}
ith:laminate :
(6-mm) panes with a ¥-in. {13-mm}

2? (a) Sound transmission 10ss freqqengy spectrum‘sho;:/s b
aIB) coincidence dip at 2 kHz, making it less effective than %

i i iz, Larger
air space act as a stiff, thick pane and exhibit the sharp coincidence drop at 2 kA, p{
inter-pane air spaces markedly improve ihe acoustic instilation performance.

Acousfic
absorbent

(3 mm-6 mm) materiat
glass

Min. 4"
(100 mmy)
space

Fig. 19.28 The degree of atrenuariqn of extemag
noise can be regulated with acoustic sealant an
ahsorbent materials wher using pairs of o‘ogbis—
hung (or horizontally sliding) wmdows..\/entfia ion
airflow varias inversely with transmission I0ss.

TL = 35-40 dB 10-20 dB
(@) )

acousries
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Acoustic
%; “fuzz"

/

Heavy glass is igher absorpt
more effective i

et
E
@
E
£
@
=3
<

Noise path

Apartment 2

sealed windows are undesirable, Window-opening
style and placement can also have an effect on the
amount of exterior noise adnitted, as shown in Figs.
19.29 and 19.30. Typical STC ratings of common
window constructions are given in Table 19.4.

TABLE 19.4 Typical STC Values for Windows

Window Construction STC “

Operable wood sash, %-in. (3.2-mm) glass,

unsealed 23
Cperable wood sash, 4-in. {6.4-mm) glass,

unsealed 25
Operable wood sash, ¥-in. (6.4-mm) glass,

gasketed 30
Operable wood sash, laminated glass, unsealed 28
Operzble wood sash, double-glazed, ¥-in.

{3.2-mm) panes; %-in. {8.5-mm) air space,

gasketed 29
Fixed sash, double Ye-in. (3.2-mm) panes, 3-in.

{(76-mm) air space, gasketed 44
Exed sash, double %-in. (3.2-mm) panes, 4-in.

102-mm) air s k
( ) air space, gasketed 48

Apartment 3

Fig. 19.29 Alternative arrangemens of
same basic “hopper” window design og
yield results differing by as much as g
Design (a) is entirely open, and e nojs

s unobslructed deep into the room, pe:

(D) is about 5 0B better than (@ at freausnga

and less diffraction. Lower fra

affected by absorptive material Desig

be 10 dB better than (a), varticuiarly at higy
frequencies, because it interposes a rigi
Her into the noise path. In this arrangema
the glass thickness is imporzant. -

Fig. 79.30 Noise transfer between cor

OUS Comer spaces, as in Apartments 1 and:
2, €an be particufarly severe ifwindows s
improperly designed. SWinging windows; as
shown, are preferable 1o double-hung or ko
perwindows because they reflect sound
from the adjiacent space. Simitariy, adfacerit:
Spacas o the same wall, such as Apartm
2and 3, can benefit from this type of swinging
afrangemertt, which is preferabie 1o siiding or.
touble-hung designs.

19.14 DIFFRACTION: BARRIERS

The physical process by which sound passe:
around obstructions and through very sma
openings is called diffraction. Simply stated,
fraction is a process whereby any point o
sound wave establishes a new wave when pass
ing an obstacle. Thus, although much of a soun
wave is blocked by a small opening, the portio
that does get through establishes a new wav
front (see Fig. 19.18¢). The amplitude of the dlif:
fracted wave is determined by the relationshif
between the size of the opening and the Wa_vé
lengths of the signal components. For a smak
hole, short wavelengths (high frequencies} ar
attenuated less than long wavelengths (low [té
quencies). See Fig. 19.31. :
When sound encounters a finite-fength b
rier, it diffracts around and over it, approximate
as shown in Fig. 19.32. The attenuation of the

Heavy
solid
barrier

Small opening
(crack, keyhole)

ey )

————
Diffracted
(transmitted)
sound

i openings by difffaction.

sound passes through sma » » i

tansity of the transmitted sound Is prqpomonal bottr to its
and to the size of the opening. Itis afways fess than

terisity of the impinging sound.

ad soumd depends upon the frequency, type
vce. and dimensions of the barrier. For a point
‘with only a single practical path arourlxd
truction {barrier), the noise reduction in

01 OABA

>
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decibels can be calculated from Maekawa's empiri-
cal equation (in I-P units):

AL +5d8 (19.4)

2N
=200
R ¢ tanh «2niN

where

N = (#/565) (A + B —d)
NR = noise reduction, dB
f=T{requency, Hz
A + B = shortest path length around the barrier, ft
(over or around)
d = straight-line distance, spurce-to-receiver, ft

tanh = hyperbolic tangent

Note that this equation:

1. Ts applicable only to exterior barFiers
where sound passing over the barrier is partially
diffracted and partially attenuated by distance. 'In
an interior situation, sound passing lover a partl.al
height barrier (see Fig. 19.40) L?*trlkes the f:eﬂ(;
ing and is reflected down, increasing the receive

Recelver

Low-frequency| i~

point source
Sound wave

a

\(*

TUCL] BABAA —

High-frequency
point source

b

on sources of different freq
d (b) bacause of its fonger wavelengin.

::19.32 Comparison of the effect of 8 barrier
IOVt the harrier than the high-frequency Soun

ustic shadow and the fower the barrier attenuation. The sh

Buation closer to the barrier

)
P —
e
oW

Diffracted scund

Receiver

Acoustic shadow

uencies. The low-frequency sound @& diffracts more read-
Thus, the lower the frequency, the smaller

acow is not as sharply defined as shown; it represents increasing
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ls\;[)u n-d and effectively reducing barrier attenuation
aximum exterior barrier atlenuation is 24 dB as
compared to about 15 dB fora ial-hei L
. artial-h inte-
rior partition, ’ clehtinte
o h2. Assumesthat the barrier is very long (or very

1§ ),'S() that only one sound path exists. In practice
iih al‘.l."lBI‘ whose length {(height) is at least four times
: e dts'tance between the source and the wall is sut-
zl(:Lent ifthe barrieris close to the source. T the barrier is
close to the receiver, it must be longer (higher) still.
- }? Azzumes a point source. Line sources

ch as traffic) show 20 1o 25% le i
s

for the same barrier. S

The equation will, however, give reliable, usable
results when the dimensions of the source are

L—24
— 22

— 20

— 18

16

14

Frequancy {Hz)

12

Naise reduction by barrier (]3]

Difference in path length A + B —d ()

Receiver

{Ground)

Fig. j j
F f%r; ;’asgy;hfa?gmqgfph for estimating the noise reduction
: eris based on Egquation 1.4 and

point small) source and onk i i 16 barrer
{ ) v a single path around th i

The dimensions A, B Mg

. , and d are taken from the |

i ; L 2 Insert sketch.

; ;rggsim; Ahpfus B represent the shorfest path around thz

sarner flr/; r:vca rgaéf be over or around . (Reprinted with per-

. Fader. i i j
o vt 7981. Industrial Noise Control. Wiley.

small with respect to the barrier, as is thy
speech; mdividual motors, fans, engines .
mechanical devices: and individual mog('):n :
The chart in Fig. 3.22 relates barriey din‘lm;'
and position to traffic noise reduction. Note tfl?lr'l
quency is not a variable on the chart, sines's
been plotted for an average attenuatio‘n atcjl
which is the center frequency for rando 2
truck traffic, me
Itlshould be apparent that the best locati
a barrier is cither very close to the source :
clc.)se- to the receiver. The worst position for i
ation is halfway between them, All effective- E;m
are assumed 1o be opaque and to have a minﬁIr
surface density of 5 1b/ft (~25 kkg/m?). The ink;
transmission loss of the barrier need not baver
amassively thick barrier has only marginall fu
.attenuati on than one with the aforernenn'orfed' .
imum surface weight, Absorptive material pj
on the source side of a barrier will reduce th P"
r.eﬂected back toward the source but will no?: E
tively increase the barrier's attenuation with resi
to Fhe receiver. Although the maximum theoféiiz
.nmse reduction of an exterior barrier is about 24..
in practice it rarely exceeds 20 dB. Figure 19.33
samograph based upon Equation 19.4. E

19.15 FLANKING

Just as sound will pass through the acoustical
weakesl part of a composite wall, it will also f‘m
p.ara]lel or flanking paths, that is, an acoustic sha
circuit. Proper design of window locations to avd
flanking paths has already been shown inF
19.30. The same situation obtaing with res
to doors, as shown in Fig, 19.26, and any oth
openings between spaces. Thus, in Fig. 19.34,
high-8STC wall between the two spaces is in la
measure defeated by flanking paths F3, 76, and E
I]fll other spaces the most comﬁlon flanking pa.ﬂf
via the plenum, as in Fig. 19.34 (path F1) and
Figs. 19.35band 19.354. Ductwork {with regis .
or grilles in various rooms) acts as an excellen
mtercom system unless it is completely lined wit
sound-absorptive material (see Section 19.27
Even then, low-frequency sound is only minimall
.a.ttenuated, and special measures must be employe
I]l'gOOd transmission loss is required. This subject!
discussed further in Sections 19.25 to 19.27. :

e

FLANKING NOISE PATHS
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NOISE LEAKS

FEN PLENUMS OVER WALLS, FALSE CE

NBAFFLED DUCT RUNS
TDOCR PATH, WINDOW TO WINDOW

GNTINUCUS UNBAFFLED INDUCTOR UNITS

ALL PATH, OPEN VENTS
[L PATH, LOUVERED DOORS
ALL PATH, OPENINGS UNDER DOORS

ILINGS 11 POOR SEAL AT CEILING EDGES

1.2 POCR SEAL ARCUND DUCT PENETRATIONS

L3 POOR MORTAR JOINTS, POROUS MASONRY BLK
L4 POOR SEAL AT SIDEWALL, EILLER PANEL.ETC.

L5 BACK-TO-BACK CABINETS, POOR WORKMANSHIP
L6 HOLES, GAPS AT WALL PENETRATION

L7 POOR SEAL AT FLOOR EDGES

L8 BAGK-TO-BACK ELECTRICAL QUTLETS

JPEN TRQUGHS IN FLOOR-CEILING STRUCTURE

OTHER POINTS TO CONSIDER, RE:

CONNECTIONS
CHASES, (C) RE
PLATES OF MOVABLE WA
JOINTS, (F) EDGES & B
PREFABRICATED, HOLLOW METAL EXT

934 Flanking transmission of airborne noise.
amily Dwellings, 1968. Redraw by jonathan Meendering.)

16 PRINCIPLES OF SPEECH PRIVACY
* BETWEEN ENCLOSED SVPACES

‘subject of speech privacy has always been of
amount importance in office design. Numerous

ndies have demonstrated that productivity and

are related inversely when the noise carries
¥mation. When noise does not carry informa-
i can be annoying and therefore cournter-

LEAKS ARE (A)

{Reprinted from A Guide to Alrbome, Impact, and Structure-B

BATTEN STRIP AIO POST
t-FLOOR PIPE OR SERVICE

OF PREFABRICATED WALLS, (B} UNCE
CESSED, SPANNING LIGHT EEXTURES, (D) CEILING & FLOOR COVER
LLS, (E) UNSUPPO

ACKING OF BUILT-
ERIOR CURTAIN WALLS.

RTED A/Q UNBACKED WALL BOARD
N CABINETS & APPLIANCES, (G}

orna Nolse Contral in

productive or it can be useful as a masking sound.

depending upon its frequency content, intensity
level, and constancy. Referring to Section 19.7,
which discusses the noise reduction of an airtight
barrier between two spaces, we saw that the sound
levels in the source ro0om {1) and the

intensity
) are related by the expression

receiving room (2
sz = ILq —NR

where NR is noise reduction, and IL, and II,; are
sound intensity levels in the receiving and source
rooms, respectively. If the receiving room is com-
pletely quiet and hasno sound source other than the

_ACOUSTICS
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Noise reduction, NR =L, — ILy="TL—10log ‘/Si’ {SAi area f;gg i’-}’fmm ,
L 1A=

e R S A N T AT )
- s a¥ g
lL.1

CEILING SLAB
PARTITION WALLS BETWEEN ' . .
I,

ROOMS SHOULD EXTEND
AVOID EXTEND N‘v\

g?l(l)-f:ﬂNgLé)LOR SLAB TO
AB
WALLS 2
FLOOR SLAB TO UNCERgine : Transmitted level
ED: Recelving room

ROOF

g
SOUND BARRIER

KN M

GYPSUM BD. ! EXTEND WALL TO ROOFE
CEILING " OR DIVIDE ATTIC SPACE

ATTIC SPACE

FLOOR-CEILING PARTITION

ASSEMBLY

Fig. 19.35 Construction techni

Structure-Borne Noise Contral in Multifamily Dwellings, 7948,

trfmsmitted sound (essentially IL,), then that sound
will always be a potential source (;f annoyance to the
olccupant of the receiving room as long as its inten-
sity level is above the hearing threshold. If, however
Fhere 13 & constant ambient sound level in éhe receiv—’
ing room, then, depending upon its characteristics
It may mask the transmitted sound I, even to th{;
faxtent of making it completely 'Lnaud_ible In mést
instances, however, it simply reduces or e.]jminaies
annoyance without completely masking the source
What we hear (and therefore what can potentiall -
be a source of disturbance) depends wpon our leveﬁ
.Of attejntion both to what we are doing and to the
mtlrluswe sound. (A remarkable exception is the
ability of some, generally young, students to study

WITH FULL-HEIGHT BARRIER

que recammendations to avoid flanking paths. (Reprinted from A Gu

PO B O

i

N

|

APT. C

ide to Alrborme, Impact, and .

.iu the presence of very loud, familiar—and theref
information-bearing-music. Indeed, some cl
that they can only study that way.)

. Tests have shown that a majority of adul
will not consider an intruding noise level IL, t
annoying if the intensity of a properly design:
background sound is cither greater than or ne 1o
than 2 dB less than IL;. Thus, a transmitied I
40 dBA will not be considered annoying by mio
people if the level of the background sound is at
least 38 dBA. The upper level of usable background
masking sound is usaally taken to be about 50 dB
Any higherintensity level will itself become a S0ULC
of angoyance. Figure 19.36 gives a graphic repre
sentation of the relation between transmitted an

Rocm 2

26 The background noise level determines whether & transmiited sound will actually be heard. In this case, because the back-
5o fevel is considerably higher than the sransmitted level from the adjacertt room, the transtitted noise will not be notice-

will be masked).

sround sound levels in a receiving room. By

Fsummarizing the preceding discussion, we
inply state that the degree of speech privacy in
e is a function of two factors:

s-degree of sound insulation provided by the
atriers between rooms
ke ambient sound level in the receiving room.

17. SOUND ISCLATION DESCRIPTORS

he degree of intrusiveness of extraneous
thlse I & space varies, depending as it does upon
transmitted and ambient sound, having a
scriptive scale of some sort is appropriate. If we
Fict our discussion to speech sounds, since ulti-
ely we are interested in office design, where
tiis the primary sound source, then a descrip-

¢ scale, as shown in Table 19.5, can be estab-
ed. With these absolute descriptions in mind,

BLE 19.5 Relative Quality of Sound Isolation

and remembering that the hearing condition in a
recelving room carl be altered by changing either
the barrier characteristics or the baclkground
sound level, or bath, we can express the effective-
ness of & construction as a speech sound barrier in
terms of its STC [or a given ambient sound level.
Since the ambient sound (noise) level is frequency
dependent, it can be approximated by an NC
value. This is particularly useful when the ambi-
ent sound level is generated by machinery or by
the sound of an air-conditioning system rather
than by a shaped signal from an electronic mask-
ing sound system.

Table 19.6 shows the hearing conditions in a
receiving room with an NC-25 background noise
as a function of the barrier STC rating. If the back-
ground noise level were raised to NC-30, then each
descriptor would roughly increase one level in gual-
ity (i.e., poor would become [air, fair would become
good, and so forth). Stated otherwise, the apparent
isolation provided by a barrier may be increased by

Descriptor

Hearing Condition®

Total privacy

Shouting barely audibie,

Excellent Normal voice levels not audible. Raised voices barely audible but not intelligible.
Very good Normal voice levels barely audible, Raised voices audible but largely unintelligible.
Good Normal voice levels audile but generally unintelligible. Raised voices partially

intelligible.

Fair Normal voice levels audible and intelligible some of the time. Raised voices generally

inteliigible.

Poor Normal voice audible and intelligible most of the time.
None Normal voice levels always intelligible.

ng condition in the presence of ambient noise, if any.

ACOUSTICS =+
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| ABI E Ig 6 Rela“”" hel\lvee“ frier i' al’ll"lg ondl 10N on he R
vin

Background Noise Level at NC-25

g Side,

| Barrier STC Hearing Condition

Descriptor and

Ranking? ;
Application

25 Normal speech can b
: e understood qui
easity and distinctly through the \?vl;ﬁ.e

Poor/1 Space divider

30 LomccﬁJ spelech car;lbe understood fairly well
rmal speech can be he, '
easily understood. a1 dutnot

Fair/2 —
Room divider where concentry

not essential

Loud speech can be heard but i

ud spes ut is not easfl

intelligible. Normal speech 4
only faintly, if at all. i can be heard

V i )
ery Good/4 Suitable for offices next to gy

spaces et

Loud speech can be faintl
y heard but not
understood. Normal speech is inaudible

Exce ividi :
llent/s For dividing noisy and quiet ars

Very loud sounds (such as loud singing
?r‘alss r‘nuswcal instruments, or a radiolat
ull volume) can be heard i
fullvolum only faintly or

party wall between apartments

Total Pri .
al Privacy/6 Music reom, practice room, soyhg

studic, bedrooms adjacent 1

areas T’!O

“See Table 19.5.

raisilng the background (masking) sound level in the
recmfnng room. Figure 19.3 7 shows two condition
fJf adjacent spaces. Although the source room le ?
is uniform and partitions on both sides of the s:ou: N
[‘UOH.'I areidentical, the background sound in tile tvs ;
receiving rooms is different. In A, the background i(;
NC-BS; in B, # is NC-25. The occupant of room A
is not disturbed by the little heard from the sow
room. The occupant of room B hears clearly Ocme
pant A will probably praise the partition Wlherzg-
occupant B will complain. Although thé levels ob;
reradiated sound are identical in the two receiving

;c;gum]:é t?oc m;rgdhg signal is masked by the'.b"a
ground ;m : in A, b?ut it is clearly audible i
highf;r o Alt)}plmre'nt no1se. reduction is substantiaf}
Heberin At Oafrin H; :;lTl‘hls cIealrl'y demonstrates th
ent sound isolation andgssgﬁdptr]ilvgz(;[dmg "
plamsliczlgndq 1tsolation cgm Talso beimproved by car
pennt .S orage and circulation areas can sery
) uffers .for noise-sensitive areas. Physical Sepé.ré
on of noisy areas from quiet ones often e[iminat:

the need for compli
plicated :
barriers. and expensive compourt

7?2527“ 7T TTITT

Background noise
masks intruding speech

B
Low background noise
allows speech to intrude

Fig. 19.37 The ocau i f
) pant in room Awith backs j
SC disturbing to occupant B [OUnd Toloe NC 56 (=45 dB4) |
 Whoso NC-25 b i - BA) IS Lhiawar i
25 (= 36 dBA) is Insufficient ta mask the transmfirg; fggjg: L?S foud speech from room < o
. (Drawing by Jonathan Meendering.

spEECH PRIVACY DESIGN
FOR ENCLOSED SPACES

dv of speech privacy received consider-
asis with the advent of open-plan offices
hough the same problem

indscaping), alt
Jeith both open and enclosed office designs.
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blem was fo determine the fac-

Essenttally, the pro
tors affecting speech privacy and to quantify them

with a degree of accuracy sufficient for design pur-
poses. It rapidly became evident that although the
physical principles are {he same, the solutions to
speech privacy design problems are radically dif-

fevent for closed spaces and for open-plan offices.

e for determining speech privacy rating

Speech rating

Speech effort — from source room
. ___'____—-———"

_ep-.?. Source room floor area (A{)—
gffect of source room absorption

Loud Raised Conversational

72 66 80
195 250 BOO 1000 12

10 g 3 0

Confidential Normal

_gp__a. Privacy allowance —
degree of privacy required

salation rating
"4 gound transmission class (STC)—

commaon barrier

n 5. Noise reduction factor {A,/8)-

etfect of receiving room
absorption and barrier size

Step 6. Adjacent raom backg
masking sound available

Speech privecy rating number

Find speech privacy rating
Then use graph at bottom

b. Anticipated response to privacy sity

pumber Dy subtractin
of sheet to predict degree O

15 9
@ Speech rating total

1 5 10 {Unitless)

Ay/S i—y—y—r\—v—r‘r‘“

_,0234567 g

round noise level (dBAY—

M Isolation rating total

g isolation rating total from speech rating total.

f satisfaction.

ation

Apparent
satisfaction

Mild
dissatisfaction

Maderate
dissatisfaction

Streng
dissatisfaction

Serious
dissatisfaction 0

Curve shows average
response 1o speech
noisa intrusion,

as calculated

below.

5 10 15

Speech privacy rating number

Fig. 19.38 Speech privacy &

nalysis shast. {Based on Cavanaugh et al., 1962.)

AcOUSTICS
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In the fo ; ;
barri bfmer, the acoustic character of an airtight TABLE 19.7 Typical STC Rati
ot ﬁerd etween two spaces is the crucial element  of Interior Par t?tions Ratings ed Noise Criteria Ranges for Steady Background Noise
in the design, because all of the i :
' e interspace sound -
transmission is thro hi - {and Acoustical Requirements)
hrough this barrier., In contrast
sound transmission bet o s . » ora houses, and recital halls (for fistening to faint musical sounds).
in an open office i pri We-en adjacent “cubicles gfyn\)vc;ﬂm:gl_? partition . rudios {distant microphone pickup used).
and refiacted ce is primarily the result of reflected | Drywall gart;t;82 gftto;couwsgcal celing nd houses of worstip for excelent ftening
refrac ] ; b : endin i

- fj’ sound, with the direct component ahove acoustical ceilingg’[ile S;r;.tg‘;??mn;m)
passing through the barrier being of secondary | p Cem?lg plenum
importance. A ; : . rywall partition with cavity | i

s a result, the acoustic transmission full height to the uncd?a\;g)één;lgijlggr;bove

characteristi ri 3 v
stics of the barrier also become secondar, V\ér;.layedr Erﬁv}:aﬁ partition with insufation S 50.
cted full height to underside of slab ’ ;

in importance. A
Studies indicate that si ; ove
1at six factors Y ;
enclosed-space speech priv ‘are involved in i (for good listening conditions).
) privacy, which can be sub- : “Fooms and similar spaces in dwellings (for conversing of
: d.1v).

sumed under two headin i
gs (Fig. 19.38):
: offices, recept
ik tfor moderately good listening cond
aporatory work spaces, drafting an

< (for fair lisiening conditions).

NC Curve Equivalent® dBA

Type of Partition

gt n, and recording studios {close microphone pickup only).
L ditoriums, smail theatres, small churches, music rehearsal reoms, large meeting
“conference rooms {for good listening), or exacutive offices and conferance

or 50 people (no amplification). .
s, sleeping quarters, haspiials, residences, apartrnents, hotels, motels, and 50

ffor sleening, resting, relaxing).

Cor semiprivaie offices, small conference rooms, classrooms, libraries, and so

listening to radio

ores, cafeterias, restaurants, and so

itions).
d engineering rooms, general secrefarial

design, plus a mea i {on areas, retall shops and st
e ' sure of s '
1. Spegch rciil:[ng of the source room (Room No. 1) masking sound field adjustmen
a. Speech effort—a measure of th i - :
e loudness o . Isolation rati P :
. speech. f No. 2) rating of the receiving room (Ro hops, office and computer equ
. Source room factor—gi . ' : dries (for moderately fair listening conditions).
p or—gives the approximate d. The STC rating of the barri arages, power-plant control rooms, and so forih {for just acceptable speech
.e i(}lj of room absorption on the speech level gives some typical STC ratin]cr{: Ta[t);e telephone communication). Levels above PNC-60 are not recormmended for any
i L : 8 ication situat
‘Il e source room, The scale in Figz. 19.38 titions. 25 for office p ce of communication situation.
is drawn for aver o : . k spaces where speech or telep
oo, Tae the © age l;l sorption. For live . The noise reduction factor A-/S is an ndic & must be no risk of hearing damage.
, raise the factor by 2 points; for dead tion ivi N =
s: of receiving-ro b -
rooins, lower it by 2 points, F . g-room absorption, that i
’ .Factorsa+ b give the differe b
the approximate sour nce between NR and 11, whe
- ce-room voice level Asisthea - - e
_ Privac - : . > Is the area of the receiving room and §
privacg rfglowazu;e what is the measure of the area of the barrier between the roons
uired: Co
q Absarption is assumed to be average, For liv
rooms, lower this factor 2 points; for d
rooms, raise it 2 points.
For the recommended background nois

ipment rooms, kitchens, and

CACOUSTICS

hone communication is not required, but where

n E. B. Magrab, Fnvironmental Noise Controf, Wiley, New York, 1975.

Extracted with permission fro
formation and do not appear in the source.

fiformation only. These data are not part of the NC in

Receiving room:
Supervisor's office, 12 X 14%x 8it(3.7 X 43X
2.4 m), average absorption
Background noise level, 35 dBA
s as per Fig. 19.38):

y analysis (using |-P units as per Fig. 19.38):

66
0
9

1. Speech effort: raised
2 Area Aq > 1000 ft?
. Privacy—normal

The privacy criteria definitions used in this step {Fig

19.38, Step 3) are:
Privacy analysis (using I-P unit;

Normal privacy—such that the receiving-room
occupant can understand a small portion of
norf:nal voice conversation in the source room
by listening intently. This corresponds to “Good”
and a ranking of 3 in Table 19.5. It was found
thlat most occupants can work normally with
this level of speech intrusion.

Confidential privacy—assumes that only a fow
W(l)rds will occasionally be intelligible. This
privacy level corresponds to “Excellent” and ;1
lranking of 5 in Table 19.5. The six speech-rat-
ing points between Normal Privacy (9 points)

level in the receiving room, use Table 19.

Aln analysis sheet for enclosed spaces is provide.d"'
Fig. 19.38 (see also Cavanaugh et al,, 1962, an
Young, 1965.) The two examples of this analysi
that follow should clarify its use. The reader shotl
follow the analysis with Fig, 19.38 in hand. Th

numbered steps in the examples correspond to the.

numbers in the figure.

EXAMPLE 19.3. Evaiuate the effectiveness of
partition.

Speech rating a = 75
40

i, STC (given)
3

5. AyS
(16 x 2416 X 9)y=2.6,
corresponding 1o 2 on
the scale; add 1 for higher
than average @
/6. Background naise level 40
isolation rating b =83
Speech privacy raiing @ - bh=-8
eptable. In fact, the
n be reduced to 32
H

partition performance is acc
TC rating of the partition ca

1. Speech affort—conversation 60

2. Source room factor:
For area +2
For liveness 41 Total +3

3. Privacy—(almost) confidential 13
Speech rating @ =76
4. STC (given) 26

5. Ay/S
(12 X 1412 X 8) = 1.8, correspanding

to a reduction factor of 1.6; gives
2.0 on the scale since the method
uses whole numbers only. No adder

without affecting speech privacy.
required for average absorption.

Therefore, 7 +0=2
35

lsolation rating: b =63
Speech privacy ratinga—-b=13
which indicates strong dissatisfaction

d corrections are to increase the wall
the door and to increase

:(E,Ld Confidential (15 points) in Fig. 19.38 Source room:

Ires . . , :
renfebpgnd roughly {0 a 5-dB difference, If we General clerfcal office, 40 X 60 x 97t (12.2x 183
emember thal a sound intensity diffevential 2.7 m), average g, 16-{L- (4.9-m) long full-heih
o . deIS barely perceptible, & dB is clearly R partition, 5TC 40 :
notic ; . . s _ .
Ceivega fe, and 10 dBis a doubling of per- ecggflr]lg room:

eived sound (Table 17.3), we can appreciate nference room, 16 x 24 ft (4.9 x 73 1
that the difference between normal and confi- medium-dead room .'

dential privacy is small and calls for accurate Ba;l;g[r:%gds)noise level, 40 dBA (NC-30} (from:

6. Background naise level

XAMPLE 19.4. Evaluate speech privacy.
rce room:
Drafting room 20 X 30 (6.1 X 9.1 M),
medium-live
Common wali 12 % 8 ft (3.7 x 2.4 m) high
'STC: 26 (half glass, with dear)

The suggeste
STC to 36 by gasketing
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the background noise level in the receiving room to
40 dBA (NC-30). This would give a speech privacy
rating of =2, as follows:

STC of barrier

AS

Background noise

Isolation rating

Speech privacy rating=a- b = 76 — 78 = _2

This result should be satisfactory according to the
chart in Fig. 19.38. - |

19.19 PRINCIPLES OF SPEECH PRIVACY
IN OPEN-AREA OFFICES

The huge increase in the service sectors of the
world economy has brought with it a correspond-
ing increase in desk jobs, each of which is often
equipped with a computer console. This trend has
also necessitated increased space density for office
workers, made possible by the general elimination
of paper storage (files) and the corresponding elimi-
nation of the necessity for employees to continually
move about. The increased density problem has
been largely solved by open-office plans with ever-
smaller “cubicles,” usually with single occupancy,
but recently also with dual occupancy. This situa-
tion has obviously aggravated the serious problem

of annoyance due to the intrusion of Speech 8
from neighboring workers, that I8, alack of
privacy.

Since production is adversely affected }y
inability of a worker to concentrate becgy
annoyance with speech intrusion —apn A
ance that usually increases over time—thg b
design of open office plans can have majgp
nomic benefits.

(a) Sound Paths in Open Offices

In contrast to the single, or at most dual, sois
paths that exist with full-beight enclosure_s'_(iz
19.39), the sound paths in an open-plan arys
ment (including first reflections) are direct, dii
fracted, ceiling reflected, and laterally reflag
(Figs. 19.40and 19.41). Careful study of these iy
trations shows a number of important facts affs
ing speech privacy in open offices. :

1. The angles of reflection of sound wia
from the ceiling depend upon the location
height of the source and the ceiling height: (B
19.40a). Measurements have shown that thass
angles vary from a minimum of 30° for a standif
speaker in the center of a cubicle to a maximurdg
60° [or a speaker close to, and facing, a partition for
ceiling heights of up to 9 ft (2.7 m}. Since mug
the sound energy reaching an adjacent oceupant
does so after reflecting off the ceiling at these angl
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3 4
¥ A
3 -~
- m!l. ,

principal Sound Paths
_;__,._.—~—ﬂw

() Diffracted path over partition
@ Reflected path over partition
@ Sound absorbed and diffused

60dB 60 dB

——— 55 ES aB
e
—

=

—
3 0 3 6

i5129] {41.27} [31.26] [2.974] [1.83) [.91}- sl [91] [1.83] [2.74][3.09]

;————-""—* Theoretical Attenuation Distance ft [m]

—  —  — Actual Attenualion @

are (1) direct, (2) diffracted, (3 ceiling reflected,

7

Fig. 19.39 Sound paths betwesn enclosed spaces are determined by the type of barrier separating them. I the case of a full-height
barrier reaching to the underside of the ceiling sfab, the only sound path is througl the barrier, and its STC determines the sound pres
sure {neise) level in the recelving room. In the case of g celling-fieight partition with an overhead plenum, most of the sound energy
Wil travel the upper, fess attenuating path. Factors affecting the Jevel of recelved sound are the ceiling’s CAC rating {Celling Attenu-
ation Class, indicative of jis transmission characteristic) and the acoustic characteristics of the plenum, inciuding alf of its comtents. It
all cases, sound within a reasonably absorptive space aitenuates with increasing distance. (Drawing by jonathan Meendsring.)

.40 {a) The principal sound path

)9 rgg;cged frgm the slab above me ,qienum.

skifig sound. Note that the z?rjgie of Inci

itedi speaker, requiring a celling materia

mon wse, create another path of s_trongf :

he distance from the source (6 dB in the open,rf o

Ch is 40 dBA 3 3 1t (0.9 m) from a speaker. ,t_}' eireﬂemd a0
diffracted sound (without a conm‘buﬂoq from cek: ing

fﬁc‘e, the received signal from a standing speaMe e i)

-5 masking noise). {Drawings oy Jonathan Me

0°-60°), a ceiling material with hligh absomuor]:ll
these angles of incidence is required for spee;:S "
vacy. This effectively negates the use of th(‘z no §
duction coefficient {NRC) as a useful factor to
gscribe a ceiling material’s absorption charactens—
¢in an open-office design, since the NRC averages

dence of the sound wave at the ceifl
{ of high absorption betweer
v refiected sound. {9)] goun
4 0B in enclosed spaces d e
tion of a diffracted signal at a parfaal h
nd) drops to 40-45 dB in the

- is at least 53-56 dBA (Le., perfectly inteligible,

jas i en office plarn : : il
e gcfugzg}hcﬁ;”;ﬁ; (g’?are problematic from the speech privacy vigwpoint, req
iy

f ° for &
a standing speaker to 60 .
il 19 in, [432-482 Imi, (n
-4 dB for each doubling

ing varies from 30°
these angles, Large VDT screens 4 77—
d is attenuated by distance, dropping 4

L f conversational
interreflactions). Average SPL 0
tatan eight partition is 4-8 dB. note that the

adjacent cubicle. In a two-persen apern
even i the presence of maximum

absorption at all angles. All major ‘ueiling fna:zr;jl_
manufacturers have tested, and w111lsupp 317,. aoen
rate angular absorption data for their proh: Ch.ar_
single-number descriptor that relates tt-)wtd-h cher
acteristic, called the Articulation Class, is disc

in detail in Section 19.20.
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source is close to the it i '
< a seated speaker facinza;ngziiﬁeir:s e
sound energy directly at the partitiorf1 o deleg
Eipproximately 44t048in.(1.1tc 1.2 Iélllt}eflr TS
Sznoi?doé al;(;ut 3 1t (0.9 m), the STC of the ;I;lrﬁ
should e 'to 26. For speakers at greater digi...
cights, an STCof 20t0 22 is usualiy sufﬁt
WheAnIexception to this general rule mg :Cle
n alarge (17 to 19 in. [430 to 480 m b
giger consoleisinterposed between » seatec?;] :
and ::11;1 {a‘?]s)oTrbent partition. Large visua] displlf“
mina Smooﬂsl} aie becoming increasingly o
) . highly reflective glass surfy
PLaN ates a strong sound path to the rear of th, X
and.d'ecreases the sound energy abs be g
Srarhtlon behind the VDT. The Variablc:a]; elfob :
th: E{;gr};l;ns;%u:ai}.lat c((():nservaﬁve desig’n W‘;V]f
‘ ing, (Con ¢ ;
those required of a fi—heiglﬁ?sgl):fcis;azggle

héig _

Fig. 19.4 i i ff
difficult tGTmCac:ggufef;ﬁamy i orfices o exterior buiding wallsis
reflected from wi H:j ecause of Lhe lack of attenuation of sound
custorn of pisein ndows. The probiern is compounded by the

' Management personnel in such offices
S Vit
ot

2. Sin, . structi i
ce absorption at the cefling increases Table ‘10;1 7t3)7P1cal of enclosed spaces, as listed

" Wth the arllgle of incidence of a sound wave, it is

atn rz;ys g;:smible for speech privacy to have max1
eiling height. Most authorit X

ur ! ties reco
mxmr;mrz lSeﬂmg height of 9 £ (2.7 m) mmenda
- Absorption efficiency of cei '. i
- : eiling til ~
les inversely with the STC, which is to bge elxt;iac‘trzfl

since sound tr ansmission d £ p
) epends Ipon i € recommended ratings for artitio
: . ; D mass and pOIﬂt 3. Th ded
.1 . i 1ir POCketS. nght ﬁbergiaSS Ceﬂing I‘a]lge 'I.Om ] 80 tO 22 i ' i ‘
tiles U\Plﬂt?p Cauy ]lavean absor tion i SID]]SO. tall htob d]r.
. i i P coefficient o.of 5, Partiti th
: o . Partition e enougn to blog e.
0.95 at voice freqllencles, witha Ce:lmg Attenuation ]jIlG-Of—Sight voice transmissi o
ission, since such a path

Class (CAC) of 22

tO 24 Compared tO m

i . ore ;

mineral fiber tiles with a maximum ¢ of O STOa(S)Sg; unattenuated except by distance. The median motith

but )
. a):II:I Er’fl(; I())f 34 c‘to 36. Since we are interested in
el tha:or{;)tt}llon at tllm ceiling, the tile of choice
o th ﬂ‘;\n the highest o at voice frequen-
o et :CA at more energy will pass through a
e o lowe C (STC) does not affect the acoustic
resu E,lbov : :llllOSt of the sound energy enters the ple-
pam aore e cezhng through openings in the far-
e i ndsgfp(lensmn systern, and 1s then largely
forbed and salpated. by the spray fireproofing
soun ing Fnatenal, ductwork, and struc—'
4mt;r‘nbers typically found in a plenum.
st reﬁ;?:s sound will always find the path of
il st ce T;) hra\TelL very liftle sound energy
e thoug Pgrtltlons between cubicles; the
pettisoverd e partlltlon by diffraction and reflection
e es's. resistant. That being so, the STC
ese partitions need not be high. Where the

partig‘ige ai)sorption coefficient ¢ of a partial-hei
n at voice frequencies sho
uld be a mini
;)i 0.8 and preferably 0.85 to 0.95. Some m;l:::f'
th:z:"s h:m‘?- assigned an Articulation Class rating
! 1;1 tion products, although that descr
usually reserved for ceiling tiles, as explajneg-

;1}{;1&311(11 that partitions between adjoining cubicl
ould not be lower than 65 in. (1.7 m) and pref:
?flg 66 to 7_2 -1'11. {1.7 to 1.8 m). Since a 72-inp-hi;
pe;)plr‘lel)g];i)j;:m?n blfjck:.s vision {or all but the .ta]le
Occupa,mt i ag(d sub]ectwfa closed-in sensation to th
SR tVima]l) cubicle, this height is normall
ment partitionses;nc}ge%zrttmegﬁt}s, et 1y
: 0 66in (1.6 to 1.7 m
(Ifigﬁaill;gtthe height of a partition fn()m 65 t(:)L 772H1;1
from a(.ijacznlt i Ill;l)“fﬂl increase path attenuatio
cetig horets ubicie by 1T3 dB, depending uport -
; Regf and §peaker height and location.
Signal.atte ;:‘1 ;; Fig. 19.40b. This figure indicate
oo OE (,:111(3 tO. distance for two differ:
et patl . pf:ec intensity at a conversational
approximately 60 dBA at 3 ft (0.9 m) from
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cer. Using the fact that sound in a free ficld
eg & dp for every doubling of distance, and
the asswmption that the sound field in a
that of a free field because of
- amount of highly absorptive material in
4, we obtaln & sound intensity level of 54
¢ 1t (1.8 m) from the speaker and 48 dBA at
.:7 m). In practice, the received sound level is
decibels higher becavse, despite the high o
Sace, there exist intraspace reflections that
 the sound level.
_ferring again to Fig. 19.40b, we see that
nimam sound level at a receiver within the
would be 55 to 56.dB, a level that no practi-
; ant of background sound can mask, Thus,
cupants of a single large cubicle will always

sich other quite clearly. The attenuation ofa
on in the diffracted paths (over and around a
on) depends upon the location and height of
¢aker and varies from 4 to § dB. The attenu-
ofthe signal in the transmitted path {through
artition) will be at least 10 dB. Based on these
< it is recommended that the minirnum hori-

distance between occupants of adjoining

swhen seated at their workstationsbe 101t{3

£ minimum speech privacy. (Degrees of speech
e next section.) Speech ment establishe

cy are discussed in th

s in teamworl areas readily reach 66 dB. This
ssitates either locating such areas away from
al working spaces or the use of full-height fixed
emoumtable partitions to completely enclose
| areas. The spaces that require careful siting
omplete enclosure because of raised voice levels
‘to 66 dB) include videoconferenicing rooms,
communications spaces, and areas where work-
tise speakerphones or voice-activated comput-
The latter two devices are usually forbidden in
sely populated work areas where a reasonable
sgree of speech privacy is required for the conduct

sgntar business tasks,

.7, Refer to Fig. 19.41. As pointed out pre-
paths of least of both the reflected and flanking paths, since the

tisly, sound will be received via

Istance. These are often flanking paths that do speakers fa
not: become evident except in plan view. In Figure
.41, the flanking paths are particularty impor-
fanit because the first reflection occurs at a win-

lass has negligible absorption and, because
s specular reflection. As  cles is continued longitu

Jits smoothness, exhibit

result, the corner office pccupant’s voice will be
hs shown, thus a working position facing a blank wall.

ard clearly via the flanking pat

destroying the confidentiality of conversation in
that office. Since offices on the building perimeter
qre usually reserved for middle and upper manage-
ment, and since the large windows in such offices
act to minirize the speech privacy so important to
managerial personpel, the space designer has sev-
cral options to ameliorate this condition:

a. Use full-height fixed partitions. with fixed glass
vision panels if required, and doors rather than
openings.

. 1Jse heavy drapes over the “offending” glass
windows, although this option Jdefeats the visual
and daylighting purpose of the windows.

c. Tocate spaces requiring confidentiality m
groups, sound-buffered from open-office spaces
by unoccupied areas such as storage rooms.

It is also important to note that although the arrow
signifying a sound path in Fig. 19.41 shows reflec-
tion from the windows, the sound energy will also
strike the exterior walls, which are usually plastered
and therefore highly reflective. Here, the placement
of absorbent acoustic material on all walls, to ceil-
ing height, is not impractical, asitis with windows,
but it does entail considerable expense.
4. Refer to Fig. 19.42, The furniture arrange-
s the source location of speech
energy and consequently all of the sound paths that
contribute to speech privacy—or, movre accurately,
the lack of speech privacy. In layout (a), sound
power, unatienuated except by distance, reflects off
the back of the opposing aisle partition and travels
to the occupant of the neighboring cubicle. Since
the back of an acoustic partition is usually metallic
and nonabsorbent, this arrangement would entail
the additional expense of an absorbent rear surface
on the corridor panels to maintain a degree of
speech privacy between cubicles.
Changing the desk location in the same-shaped
cubicle to that shown in Hig. 19.42b improves
speech privacy considerably by reducing the SPL

ce a highly absorptive surface. It may
be unnecessary to use absorbent material on the
rear of the corridor panels. A disadvantage of this
arrangement lies in the short distance between
speakers and neighbors if the same pattern of cubi-
dinally. A second possible
disadvantage may be employee dissatisfaction. with




836 CHAPTER 19 BUILDING NOISE CONTROL

Corridor

(@) Ppor |

‘ The arrangement in Fig. 19.42¢ uses the same
area per' cubicle. By changing its shape and adding
i{ng—ft-hiih (1.8 @} acoustic partition whose top
- 0. (457-mm) is glass, the designer has reduced
. sound energy levels in all paths while overcom-
Ing any employee resentment related to working i

a blank, umexposed corner. Furthermore, the r%)bn
lematic flanking path in Fig, 19.42a has b,een :Iimi_
nated, as has probably any requirement for exteri .
acoustic absorption on the corridor partitions .

19.20 OPEN-OFFICE SPEECH PRIVACY
LEVELS AND DESCRIPTORS

(a) Factors

The fa.ctors involved in determining the level of
acoustic privacy that can be expected at a specif?c
open-office location, as a result of neighboring speech
sources, should be understood at this point ItmP b

helpful, however, to restate them, They arel‘ e

1. Loudness of the source(s).

2. Acoustic characteristics of the source(s)
These include location, height above the'
.ﬂoor, directivity, frequency spectrum, and
information content. The last factor reflars to
.the ability of a listener to make sense of wh t
is being said or heard. Therefore, most t :
of non-information-bearing sound wgﬁlds
not be considered intrusive sources of noise
A c-ompletely foreign language should alsc;
{all into this category, although in practice

() Batter

that is so only when the words and sy:ll' ik
are muffled. Clearly heard words in g f :
language do constitute a source of s? ;
annoyance, although to a far lesser ;
than those in a comprehended langu
Spet?ch privacy calculation proceduresigsa
forelgn languages and assume that all sg'”
19 a possible source of annovance, g
3. §1gnal attenuation along each path betivéen
the source and the receiver. This factor is .
ferent for every normal position of even a sing

SFJund (deliberate masking, HVAC noise, co
) tinuous machinery noise, and the like). g
5. Pegree of privacy required. This is discusst
in detail in the next subsection, It s impo
tant to keep in mind, however, that thk
three classiﬁcations—conﬁdentiai, nor!
and transitional {minimal, marginal}—a
assumed to remain constant as long as th
'physical factors involved do not change. T
1gn0res the oft-demonstrated fact that intr
:swe noise causes psychological and physiolo
tcal reactions in some people that tend toward
aggravation and increased severity with pas”'
sage of time. A speech privacy situation orig
nally classified as confidential may deteriofat
tlo lnormal as the hearer’s increasing sensi
tivity to noise causes him or her to strain to:
hea-r, and thereby to actually hear noise that:
ordinarily is masked. This is, in effect, another
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5_(Degrees) of Speech Privacy

cy is often achieved by masking
speech with background sound. By
qi§ armong acousticians, the definitions

-oe levels of speech privacy in an open

onfidential privacy. Normal voice levels are
wt generally unintelligible. Raised voices
ally intelligible. Noise Jevel is minimal,
eve this level of privacy, the background
el must be no more than 2 dB less than
ding sound, and no more than about 3 dB
han the intruding sound, to satisfy the mini-
& level requirement. In this acoustic situ-
proximately 95% of people will not sense
und-infrusive disturbance and will be able to
rtrate on most types of work.

Normal privacy. At this level, normal voice
from adjacent spaces are heard but are not
gible without concentration (i.e., by strain-
:h_'car and catch every syllable). Raised voices
nerally intelligible. The overall noise level

“This level of specch. privacy is achieved
.the baclkground sound level is within 6 dB
s than) the intruding speech level. This cor-

s roughly to an intrading speech level of
54 dB, and a background sound level of 44
dB, that together give arange of 31 to 55dB,
that can be considered 1o meet the low-noise
rement.

Transitional {minimal, marginal) privacy.

15 speech privacy level, speech at normal

> levels in adjacent open offices is readily
derstood most of the time, and the overall
isé level is average. This noise level occurs
¢n the intruding speech level is 10 dB or
re than the background sound level. Since
ckground sound is limited to about 50 dB,
§ privacy level would mean an intruding
eech intensity of 60 dB or more. Since 60dB1is
approximately normal speech at 3 ft (0.9 m), this
tivacy” level would occur with two occupanis
a single office or a single occupant receiving
truding noise from at least three neighbor-
g offices, This speech intrusion level would be

considered intolerable by about 40% of people
and would negatively affect the work efficiency
of a higher percentage.

In summary, it is interesting to compare these
three open-office speech privacy levels with the
“ghsolute” grading given in Table 19.5:

Open-Office Class Table 19.5 Rating

Confidential Goed
Normal Fair
Marginal Poor

It should therefore be apparent that, by its very
nature, an open office cannot achieve the top three
grades of privacy listed in Table 19.5. If those lev-
els of privacy are desired or required, fully enclosed
SpAces are NECessary.

(¢) Articulation Index (A1)

In order to quantify speech privacy for an open-
office design, a single-number metric called
the Articulation Index (AI) was developed in the
1970s by the acoustics consulting firm of Bolt,
Beranek and Newman. This work was based in
part upon studies of speech intelligibility by Bell
Labs in the 1940s. Bssentially, the Al relates
speech intelligibility, speech intensity, and
background sound level at the center of the five
octave-band frequencies that encompass the
spectrum of the human voice: 250, 500, 1000,
2000, and 4000 Hz. Al ls determined by mea-
suring the percentage of individual words that
can be understood under specific speech and
background sound levels. An Al of 0% indicates
vero - intelligibility and therefore ideal speech
privacy. This, of course, does not mean silence; it
means that with a specific combination of speech
intensity level and background sound level,
intelligibility is nil, and therefore speech privacy,
defined as a lack of intelligible intruding speech,
is ideal. At the other end of the scale, a high per-
centage of intelligible words yields a high Al and
a correspondingly low speech privacy rating. In
practice, the resultant AT figures are refated to
listener satisfaction and speech privacy descrip-
tors, as shown in Table 19.9.
The calculation. procedure for Al involves the
use of weighting factors that are applied to intensity-
level differences beiween speech and background
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TABLE 19.9 Articulatio
. n Index (Al
and Speech Privacy -

increasing the Al between the involyed Wi

Persons Satisfied 0 i
. ¢ pen-Office
- : with Speech - - § i
R t } peech Priv.
“Al Do Privacy (%) Descripto?cy

tions by 0.10, which is the difference betyas.
mal anc} poor Sp.eech privacy. Since 3 dB is :
perceptible change in intensity (see Table 1

0-0.05 95-92%
0.06-0.2 90w80"/:
0.21-0.3 79-65%

>0.3 <65%

Confidential
Normal
Minimal
Unacceptable

can appreciate how sensitive speech privs
small changes in intensities. e

i}?und levelsl at different frequencies in order to reflect
e co_nnecnon between intelligibility and frequenc
}.\s p.omted out in Chapter 17, most of the informy-
t;mn in English words is carried by consonants Whoa-
frequencies are generally above 2 kilz. Th’us tlie
problem frequently encountered in telephone ,co :
versations, of distinguishing between fand s, b alrllci
(\;,f ih a{r:il d,haEd 80 on,_ is due to excessive attenuation
of the gh frequencies that distinguish these letters
: om each other, The AT calculation emphasizes the
H}llportance of high frequencies to intelligibility b
using the following weighting factors: M

o Octave Band Center- .
.. Frequency (Hz) .

250
500
1000
2000
4000

Relative Weighting
~ Factor

1.0
2.5
35
5.0
4.0

The calculation of Al values for an actual
gpen—ofﬁce design is complex and laborious, sin
it considers all sound paths between each ;ou o
and faach receiver, including the acoustic chleﬂ](jfe
:dctemstics of all reflective and absorptive surfa ]
in the path. The results are a specific Al factor (Egs
every receiver location. Because of the very lar .
number of calculations involved, the anal sisg“3
done by computer. Changes in materialsy lalr?
arrangements, and dimensions can be mad(; i?th
callculated Al does not satisfy the space’ ‘e

privacy requirement. ’ ? specch
ratelThelse cl‘langes can be predicted fairly accu-
v, since it has been demonstrated that a 3-dB
c‘hange in the relative level of an intruding speech
51gnal with respect to the background soundpleexf |
W]Il result in a 0.1-level change in Al Thus ;
increase of 3 dB in the background soun'd level '01? n
decreaste of 3 dBin theintruding signal (by increas :il
absorption or path length) will have the effect P:)f

(d) Articulation Class

Numero.us meastrements in actual ope
installations have indicated that the -[};en
characteristics of the ceiling are the mogtc; SO v
factolrs in speech privacy design. As notrelg?
previous section, the angles of incidence of o
SO.l_lﬂd on the ceiling range between 30° and
with the majority of sound energy fallinm'l'
top of this range. A figure of merit for abg' B
cailec} the Articulation Class (AC), was esfgégs
ltha.t indicates absorption effectiveness at ang|
mmldence between 45° and 55°, The usualr :
ACisbetween 180 and 220 (no units) Witbaﬂg&
nurbers representing better absorpﬁo;fl

19.21 DESIGN RECOMMENDATIONS FOR
SPEECH PRIVACY IN OPEN OFFICE

(a) General Factors

The architectural arrangement of spaces in".
open-office design has a marked influence

speech privacy. Areas should be grouped accordi
to ‘Eheir speech privacy requirements, Spaces rat
as “confidential” should be placed on the perimet

of the open area to limit their exposure to speech

g}.trusion, with the caveats relating to exterior
eovgs ard wa.]ls, discussed previously, being const
red. The design emphasis for these areas shoul

?ot only an Al between 0.0 and 0.05, but also ona
ow overall sound level, including background noit

Slmﬂarly, high-noise-producing areas should:
gllfouped and placed on the perimeter at a maximu
distance from confidential speech privacy are
Use of demountable full-height partitions for such
spaces should be considered.

Because of reflection from perimeter walls;
open-arca spaces should be as large as practical;
with absorbent perimeter walls, Ceiling hefght
should be no less than 9 ft (2.7 m) clear, with a 3-i
(0.9 m) plenum above. Extreme care must be takell
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ditioning ductwork, which, if untreated,

onduit for speech and noise via multiple

more, these ontlets, which

relied upon to produce an even level of

and sotnd, generally no longer do so. Most

ay are variable-air-volume (VAV}

 hose noise levels vary + 10 dB, making
ss as a reliable source of masking sound.

dual Office (Cubicle) Design

ould be designed for maximum closure and
i partition length. Separation between
is of adjacent offices should never be less
: (3.7-m) as & design target for normal
cy and 16 ft (4.9 m) for confidential privacy.
Lt office area should be {0 ft2 (7.4 m?), with
farget of 100 to 120 fi2 (9.3 to 11.3 m?) for
privacy and 200 fi2 (18.6 m?) for confiden-
ééy. Desk arrangements should be checked
um speech paths {for privacy), recognizing
fice furniture arrangements need not be uni-
1 all offices (see Section 19.19).

eilings

iling is the most important design element
ach privacy, care must be taken to avoid unin-
onal strongly reflective speech paths, as from
] pan air diffusers, flat lighting fixture diffus-
+nd the like. Jf the use of such or similar items
navoidable, highly absorptive vertical baffle
may be placed on their perimeter fo block
und paths. In general, ceiling tiles should have
ticulation Class rating of 220 minimu, and
minimum absorption coefficients (o) at incidence
s of 30° to 60° as follows:

available, should range from 20010 220. STCratings,
as explained in Section 19.11, depend to an extent
upon speaker locations and vary from 20 to 26,
Joints between partitions should be carefully sealed,
as even small openings can seriously compromise a
partition’s already limited efficiency. All partitions
should reach the floor, although the lower portion is
not always absorptive in low-speech-privacy arcas.

(e) Floors

Although carpeted floors do not seriously affect
overall sound absorption, they do drastically reduce
chair-movement and footfall sounds. For this
reason, all floors in open-office areas should
be carpeted. The difference in effectiveness of shal-
low-pile carpet compared to deep-pile carpet is
minimal, and the same differential can be achieved
by using a polyurethane cushion backing n lien
of the more common jute pad. The principal pur-
pose of carpeting is to cushion the footfall impact 8o
that its cnergy is not introduced into the structure.
This subject is covered in detail in the discussion of
structure-borne sound that follows.

(f Lighting Fixtures

Flat-bottom lighting fixtures must never be used. Fix-
tures should not be placed directly over partitions, in
order to avoid an interoffice speech reflection path.
Faperience has shown that the best ighting fixture
(from the speech privacy point of view) is one with
deep parabolic reflector cells and overall dimensions
of 1itx4f(0.3x1.2 m) or 2 ftx 4 it (0.6x 1.2 m).

(g) Masking Sound

1t is imperative that the level of masking sound be
uniform throughout an open-office area, and at as
low a level as will yield the desired speech privacy-

Nonuniformity will ymmediately be noticed as

people move about, and the masking sound itself

will become a source of auditory annoyance. For a

similar reason, loudspeakers should not be visible.

Visible units become themselves a source of interest

initially and then a source of annoyance. Speakers

n 19.19{a), the minimum should be placed in the plenom, preferably facing
5in, (1.7 m), with 72-  up to increase dispersion and jmprove uniformity.

-~ (1.8-m) high anits separating offices from aisles Speakers mounted in the ceiling and facing down
1d dividing departmental groups. The AC rating, if should be avoided. Most ceiling tiles in open-office

)-:P_artitions
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spaces have a low CAC so that sound will easily
penetrate into the office area below the ceiling,

A masking sound system should comprise a
signal (noise) generator, a sophisticated equalizer for
shaping the signal, an amplifier with appropriate con-
trols, and a distribution system to feed the speakers.
Spealers are normally 12 in, (305 mm) in diameter,
and are installed in a grid on 12- to 16-in. (305-to
406-mm) centers. The amplifier should be arranged
sothat volume levels can be remotely controlled, This
permits time control so that the background sound
volume can be reduced aulomatically after working
hours. This is necessary so that the few people work-
ing late are not annoyed by relatively loud back-
ground sound in the absence of iniruding speech.

The noise produced by a masking sound sys-
tem is variously described as white noise, noise of
air rushing through an opening (whoosh sound),
noise of water in piping, and the like. The actual
sound can be tailored to the user’s preference by
adjusting the filters in the system’s equalizer. Gen-
erally, masking sound emphasizes low frequencies,
because higher frequencies are immediately noticed
as an annoying hiss. As noted in Section 19.16,
the "background sound level should not exceed
48 to 50 dBA. In some installations, the masking
sound system doubles as a public address system,
although this practice ts not recommended because
the sound/noise stops during an anncuncement,
and when it returns it is noticed, Background sound
must be designed so as to blend into the ambience
of the background, and anything that disturbs the
hidden guality of masking sound is to be avoided.

(h} Design Procedure

Unfortunately, due to the large number of variables
involved in open-office speech privacy design, a
straightforward manual design method that will
yield reliable results does not exist. However, a
number of computer programs are available that
will caleulate the AT for any location as a resalt of
a specified speech source intrusion. On the basis
of these calculations, changes can be made to the
design and the program rerun to achicve improve-
nients where the calculated Al is excessive. The
most effective way to perform a complete design
is then, on the basis of the preceding calculations,
to construct a full-scale mock-up that can then be
field-tested and “tuned.” Although this is expensive

and time-conswming, it is frequently far ok
than making the requisite changes after c
tion of an unaccepiable solution.

Oze of the distinct advantages of this tyy
design procedure is that it enables g desipny
equalize the acoustic absorption “strength” 4
ous paths so that the attenuations of major pa
equal. There is no economic or enginecring sep,
system that is much more effective for one pa
for another, since sound will always choose th
of least acoustic resistance. To accomplish tf
ancing, the designer has many variables to [it:
They include barrier height and material, @
material, baflle sizes and positions (if used), distay
between the source and receiver, position and-dii
tions of sources, and level of background sound '

{i) Standards

The acoustic design and testing of open offica
covered by a group of American Society for T
ing and Materials (ASTM, see Section 19
standards that should be in the hands of anye
engaged in open-office design. The standard
available from ASTM, 100 Barr Harbor Dty
West Conshohocken, PA 19428-2959.

ASTM E1573-02—Standard Test Method for Bvi
ating Masking Sound in Open Offices Usir
Weighted and One-Third Octave Band Soi
Pressure Levels, This test method specifie
procedures that can be used to evaluate the’s
tial and temporal unilormity of masking sou
in open offices using A-weighted sound lev
It also specifies the procedure for evaluaf
the masking sound spectrum and level u
Ys-octave band sound pressure levels. -

ASTM E1110-01—Standard Classification for Det
mination of Articulation Class. This classific

provides a single figure rating that can be used
for comparing building systems and subsys
for speech privacy purposes. Excluded from
classification are applications involving female
speakers and children, languages other
English, and sound spectra other than speech
ASTM E1111-02—Standard Test Method for Me
suring the Interzone Attenuation of Ceiling Systen
This test method is intended to provide measis
ments of the sound-reflective characteristics ol
ceiling systems when used in conjunction Wi_
partial-height space dividers. :

ol—Standard Test Methodfor Objec—
ent of Speech Privacy.in Open Ojﬁlges
{rticulation Index. This methgd descg. esj
test for measuring speech pr}vacy o) ]lfi)zs
otween locations in open ofh(l:es. It .ref
S eoustical measurement, published intor-
iy ecch levels, and standard methods
2 Oriltfg speech communication. This test
ﬁ}i)‘d Sdoes not measure the performance o{
dual open-office components Fhat aittﬁf:t
privacy; it measures the p%“lvacy a
ijts from a particular configuration of csx‘;
aits. This meihod relies upen the Al, whic! f
ots the intelligibility of speech for a group 0
and listeners. -
79-8 7(2003)—Standm‘d Speciﬂcatwr} fgr
4 Sources Used for Testing Oper‘t Office Lo;r;—
amd Systens, This specification states the
ments for sound sources used for mea-
ing the speech privacy between 9p0ﬂ ofﬁcesf
o measuring the laboratory pertormancta 0
_ The sound source is 8
an enclosure and driven

30-02
Jeasuremn

an appropriate test signal.

STRUCTURE-BORNE IMPACT NOISE 841

Reflected by wall Fimishes and Furniture Pa}r;l»
¢ls, This laboratory test method measurc_b tbe
éiegree to which reflected sound is atten_u‘ated .y
ly found vertical surfaces In

most common
b | surfaces covered

rtica
open-plan spaces. The ve : ;
bg this fest method include wall finishes such as

it s d r
sound-absorbent panels and furniture par.leg 0
o] ] "} OW
screens. Tt does not cover such iterns as win
finishes or furniture other than panels.

STRUCTURE-BORNE-NOISE

19.22 STRUCTURE-BORNE IMPACT NOISE

Leelivwerete0Und in the

The term NOTEE Wit Do teeees
following discussion of str
and equipment Noise contro
term noise assumes that a
that a particular sound f1 :

assumption for -
Z‘iiizgﬁ}]l:e of the ferm naise gets to the point.

acture-borne, impact,
1. Although use of the
decision has been made
5 unwanted, this is a very
he situations to be dis-

i jous a
Sgructure-borne noise 18 at least as serious

lon for Acous i he followi asons:
R1264-98—Standard Classification for Acous problem as o oise for the following reason

cal Ceiling Products, This ciassiﬁcat-ion covers
| g products that provide acoustical perfor-

1. There is no air cnshion between the source

and the structure: thus, high-intensity energy 18

ish lidings - i through which it
ice and interior finish n buildings. It clas o daved into the structare. . ) i
os acoustical ceilings by type, pattern, and oels with minimum  Henvation an

iain ratings for acoustical performance. light

ectance, and fire safety. \
E1374-02—Standard Guide for Open Ojj‘lcle
sistics and Applicable ASTM Standgrds. This
ide discusses the acoustical princnples. and
dractions that affect the acoustical environ-
t and acoustical privacy in an open office.
“this context, it describes the application and
of the series of ASTM standards that apply

tdopen offices.
F E1375-90(2002)—Standard  Test Metho'd
r Measuring the Tnterzone Attenuation of I_f'urm—
ie Panels Used as Acoustical Barviers. Thl.S test
ethod covers the measurement of the inter-
yme attenuation of farniture panels used as
Goustical barriers in open-plan splaces to pro-
ide speech privacy or gound isolation between
: ridng positions.
™ F1376-90(2002)—Standard T.est Methoi
or Measuring the Interzone Attenuation of Soun

speed. ' ‘ '
i 2. Sound, once iniroduced into the structure, is

only by discontinuities in the §truc~
ture. Since the siracture must ha.vle stmcturgl m:fi-t
vity to carry the loads, disconﬁl;mues o.f the type th
will stop noise ave complex and expe.:nswe. ok
3. The eniire structure constitutes a netwo

r sound. Therefore, partial solu-

of parallel paths fo : Lso
fions arve useless, since sound will find flanking
.1 be soundproofed

paths. The entire structare roust

ield good results. . N
o 4 % nlike the case of airborne noise, addmoFlal
p ally block structure-borne noise,
here a floor can act asa
he structure-to-air

attenuated well

mass does not usu
particularly in long spans w.
diaphragm, thereby imprlc]):lngd; -
nOiSBSLraTn;:a&];rfieczfgﬁg (Ess Eclﬁ‘ exposed structural
ceilings eliminates the attenuation thettl' CHHTIEZ
introduced by a plenum above a hung cel mg{mme
is particularly bad, since most structure-
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noise is carried by floor structures (rather than
wa[lls), which radiate sound up and down. The dis.-
cussion that follows will be limited to impact neise
Befer to Section 19.26 for a brief treatment of vibra—l
tion, which is felt rather than heard and s, in effoci
a very low-frequency noise. Many of the rpra(:tices;
and techniques that will minimize impact noise will
also reduce vibration,

19.2CONTROL OF IMPACT NOISE

Impret=aeises=protMeEms can be controlled in two
ways—by preventing or mininizing the impact and
!ayl:flttenuating it once it has occurred. Prevention
is discussed first; attenuation is covered in Section
l19.25. Impact on floors is more serious than wall
impact because the latter is partially attenuated at
the wall/floor joint, whereas the former is intro-
duced directly into the building framework l’l‘he
following discussion addresses each of the soi .t'

shown in Fig. 19.43, o

{a) Cushion the impact

Se.:e P"lg. 19.43a. This obvious solution will frequently
fehmmate all but severe problems. Resilient cushion}j
Ing materials in common use are floor tile of rubber
jﬂ.ud cork, or carpeting on pads, in ascending order of
impact insulation. See Section 19.24 and Appendix
L for quantitative data on impact insulation.

(b) Float the Floor

Stee Fig. 19.43b. Since the key to elimination of
structure-borne sound is iselation, separating the

Cushion impact Float floor

Aee s 7 (c)

_irnpacted floor from the structural fig b
tent clement is extremely eflective ’1(‘)1; .y”
can be rubber or mineral wool pad‘_s ; 'EI.
or special spring metal sleepers. The’ :f; b'l :
depends upon the mass of the floating flo ectw
ance of the resilient support, and deéq:ee Of o
.of the floating floor. The last alement iso e
lllllpOI‘t'dl’].t, since flanking paths via eade}'d:'r
with walls can short-circuit the floatin i
§ound Impedance and defeat the system gvs' e
ing floors it is important that: e

1. The mass of the floating floor be large' I
to.spread the loads properly. Otherwise :
will conrpress and deform sufficiently t"o
mit the impact, :

. Total construction irti irt]
o s be airtight. Alrtig]

. Particular care be exercised where p;i
rest on the floating floor (see Fig, 19,445

- Short circuits at walls or by penetratio;
avolded; see Fig. 19.10b. Details of proper
str:uction techniques are given in A Gl
Airborne, Impact, and Siructure-Borme Noise
trol in Multifamily Dwellings (1968).

. Construction throughout be consistent;
construction types invite flanking noise
(see Fig. 19.44h).

(c) Suspend the Ceilin
g—and Use
Absorber in the Cavity o

Se(? Fig. 19.43¢, d. As stated, the most disturhl
noise is that radiated down from the ceiting. Al
ibly suspended ceiling with an acoustic absofbé
layer suspended in it can be very effective 'i'f.-

Suspend ceiling Sound absorber

Jaid L
,,,,, iy nining ate

@ @)

18 - % S conirol £
iNg S. sorinted fror Qulig AP Guide to Noise
e i i i
F 19.43 Method 7 COH )] MOACE sound fransmission t UEH fioors. (R Ultng aciical N

Contral, 7985.)

Common fracture poirt

Sound path

" e Resilient material

Acoustic
short circuit

transritted
downward

(@)

{4} Caution must be exercised
i element, as lllusirated. (b) Fia

ypes tnjess provisions have been
eprinted from A Guide to Airborne, fmpact, and Structu

sy paths leading into the walls and from
rédiati.ng into the space below. It is impera-
Jithe entire floor slab above be decoupled
'walls below by resilient separators..

solate All Piping

19.43e¢. Allrigid structures such as piping
i isolated so as not to form a flanking path,
netrations must be caulked with resilient
s0 as not to constitute an air-sound leakage

IMPACT INSULATION CLASS

pact insulation class (IIC}isa single-number,
isolation rating for floor constructiort, simi-
in intent and derivation to STC wall ratings.
dre made with a standard tapping machine
oise levels measured in Ys-octave bands.
ese are plotted and compared to a standard con-
Aapproximately as with the sound fransmission
Details of typical floor constructions along
IIC ratings are given in Appendix L. Resilient
inishes on any of the floor constructions not
ifically provided with them will add to the IJC
igs approximately as follows:
0

in; (1.6-mm) vinyl tile
4+1

{3-mm) linolewn or rubber tile

when stpporting partitions on floating fi
nking paths in mixed-construction type fi

made to prevent flanking .8,
re-Borne Noise Contro

MECHANICAL NOISE SOURCES 343

Tie rods

Sound path H Floating
iy floor
Fatnily room

\- Resilient
Bath  hangers

Family room

1Y
A

(k)

oors to prevent structural failures or short-circuiting
oors. The FHA does not recommend mixing con-

axpansion joints or breaks in alf structiural paths between

[ in Muttitamily Dwellings, 1968.)

Y;-in, (6-mm) cork tile

Low-pile carpet on fiber pad
Low-pile carpet on foam rubber pad
High-pile carpet on foam rubber pad

- MECHANICAL SYSTEM. -
" "NOISE CONTROL =~

19.25 MECHANICAL NOISE SOURCES

Mechanical devices make noise. And generally, the
wmore power they constme, the more noise they
make. In many of today’s buildings, 40% of the
{otal construction budget is spent on mechanical
systems located throughout a building.

In wost buildings, the primary sources of
mechanical noise are the components of the air-
conditioning and air-handling systems such as

compressors, cooling towers, condensers, duct-

fans,
1 umnits, and

work, dampers, mixing boxes, indactio
diffusers. The curve of Fig. 19.45 depicts typical air-

handling system noise and mdicates the portions

of the spectrum produced by gach group of com-
Pumps are another source of mechanical
with the noise of flowing liquid)
pipes to locations throughout

ponents,
noise, which {along
is transmitted along
the building.
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DUCT SYSTEM NOISE REDUCTION 845

LE MASON RY WALL, 4"'(100 mm) AIR SPACE BETWEEN

shaftway, and , '
) other e ,
. quipment noige . us P
properly controlled to prevent n WIRE TIES, INNERWALL FRAMED il 1/2"(130 mm) CORK
annoyance WMETER GASKET. ALLEDGES SEALED WiTH
CAULKING. .
SOUND ABSORBENT IN

ing ten:
gtt;ndnts located near the shaftwayg oy i SETTLING
e . iE
- penthouses and mechanical equipm, g DISTRIBUTION SYSTEM CEILING PLENUM
Vibration isolation of these majo, et 1 wiTH ACOUSTIC
‘ aj0r compone; LINING CEILING SLAB

Far npise
Sp ElllZ dp 0 o
3

e |
<

413
[~

[

b
<

-
o
B

Ly
(=

Diffuser and
damper noise

By
(=]

Air flow

noise
| [T 19.26 QUIETING OF MACHINES

[
o

SPL in band—dB re 0.0002 microbar

31 62 125 250
1000 4000 Machi
achines cause nois . :
Octave-band center frequency—Hz imparted directly t:?;hby vibration. This ng _
e swrrounding ajr i . i y
€Iy INERTIA
; BLOCKS

Fig. 19.45 Sound pressur
e lev ] ibration:
A, 1248 s mmponeng requency specirum of noise %‘tl)rcmonal contact to the sarrounding striy
] erefore, there are thr "
\ ee ways to reduce thisnii
byt

:21- Reduce the vibration itself.
. Reduce the airb : . ‘ p v T ; o
Elevators . €duce the airborne noise by decoupli o arsa < R
iroduce meé 1tiscajla.tlors, and freight elevators also vibration from efficient radiating sourf:)emg r . P ‘ itgg;ma
anical noise into buildings "3, Decou hrati : S
uildings. Fscala- ple the vibrating source from the's _
ACOUSTICAL LOW DENSITY
LASS FIBER ACUUSTICAL/ SUSPENDED GLASS FIBER
HANGER
G

“ACOUSTICS

ACOUSTICS

tors and freight elevators pose few problems, since :
CEILING NOISE BARRIER

they are locali i
: alized in a specifi .
specific area and have low  Refer to Fig, 19.46. Items 1, 3, and 4 .
- reduce vib ' LASS FIBER ISOLATION PADS SUPPORTING
FLOATING EQUIPMENT ROOM FLOOR

operation speeds. P: ,
however isprapi(i Pdsg? g;fr clevator car operation, — tion; items 4, 5, 6, and 7 red
. ! pid, and it affects large areas. In addi A reduce and de
tion, the moio ) Inaddi- the vibrafion fr i ati seron
above the prjm].;suani (E)ntro]_s are 1'OCated on or jtems 2 and § deiﬁlpﬁgihmd'lgn,ﬂg Cabmgt 17 Soundproofing @ mechenical equipment roo. Additional naise reduction W0 e s
pper floors of a building. Motor,  the structur 0 -e vibrating source from Ehighty abscrbent material in the space above the suspended acoustical ceiling. (Reprinted from A GUide t
€. Unce a noise becomes airborns, ire-Borne Nofse Control in Multifarily Dwellings, 7968.)

pace below can be achieved by inserting
a Alrborme, lmpact,

ationtech- separate outbuilding that is designied specifically to
contain the very high noise level produced. Tithatis

ihration reduction takes two forms, damping not practical and an inside location is necessary, a
isolation. One form of damping is accomplished ~ complete enclosure may be required to ameliorate

[~ Cabinet ioidly coupling the vibrating source to a large the noise problem.

frequently called an inertia block. Much. of Vibration demping can be an even Mmore seri-

nergy is absorbed and dissipated as friction; which can be solved satistactorily
ainder results in lower-amplitode vibration  with sufficient mass and proper vibration isolation.
9.47), Isolation is accomplished by support- n the case of vibrating sheet metal, soft foam-type

Machine :
' & vibrating mass on resilient supports. These damping material glued directly to the metal is
effective in damping. Plexible joints in all pipes and

i
i P - Chassis
l_;_///// / ‘4 v . many {orms and can be used in combinations.
machines are supported on fibrous, rubber,  ducts connected to vibrating machines are manda-
@ o rifig steel vibration isolators, and the entire tory. This inclades flexible conduit connectors toall
' - an be supported on a floating {loor, which in  motors, transformers, and lighting fixtures using
dsts on resilient vibration isolators, as in Pig. magnetic ballasts.

; :::::{: :‘2;0;;, rg:;r:;%tfans,-etg._on most massive part of the machine .
S e b o s TS | 7 Targe machins e spported on o
5. Apply vi'br:t?;:ejaitgi:mng instead of rigid piping and sts;;‘f wiring ' herclal “sandwiches” of asbestos, lead, cork,
6. Install acoustical lining t%T:;fsrci:]:ng;: ffzzes undergoing most vibration. i ¢ other strong, resilient materials. Piping is sup-
;* g:;:l 'F:F;Zef] it’;r:eo:h anical contact between th: cali;?ngs;iedr:: e , ' ed on covk pads and hung on resilient hangers.

Y gs at the base and other parts of the cabinet tz gzzz;qen{::::s;;kage i a}f seofa diesel-driven electric generator for load

‘ i saking or cogeneration can cause very serious

se‘and vibration problems. The ideal solution to  generates noise. Turbulence increases as the veloc-

s situation is to completely isolate the anitima ity of airflow increases and anywhere in the duct

TN T, ) .
e-borne, the aforementioned isol

>

| B
[

5 are employed,

SRt L I Lt T

ous problem,

oY
@_

i

19.27 DUCT SYSTEM NOISE REDUCTION

Design of a quiet duct system entails more than
¢t lining. Air turbulence

gpecitying an absorptive du

Fig., 19.46 Technique,
. s used to reduce th 55 ;
(Reprinted from A Gui ) & transimission of airbome and
uide fo Airborne, Impact and structure-borme noi ;
] , and Structure-Borne Noi ; oise from machines and appliance
se Contral In Muffifamily Dweil; ppIances.
wellings, 1948
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system where smooth laminar flow is disturbed,
such as at sharp bends. The permissible “sharpness”
of a bend depends in turn upon air velocity; the
higher the air velocity, the more aerodynamic the
duct system must be to prevent turbulence and,
therefore, noise. Table 19.10 demonstrates this
principle. The farther one proceeds upstream from
a point of turbulence, the higher the air velocity
may be from a noise perspective, since truly laminar
flow is essentially noiseless. in principle, velocities
should be as low as practical, since air turbulence
noise increases exponentially with velocity,

Sound travels as easily against as with the
airflow in ductwork. Therefore., both supply and
return systems must be lined to control transmis-
sion of fan neise. Maximum fan noise reduction
oceurs at bends in the ductwork, For maximum fan
noise reduction in short runs, a pair of 90° bends is
sornetimes deliberately inserted. However, because
90° bends also introduce turbulence that generates
noise, introducing bends as fan noise attenuators
can be counterproductive at air velocities above
600 fpm (3 m/s). Another disadvantage of bends
is added system friction and the additional energy
and cost required to move air. This point will be dis-
cussed further in the next section.

Other design approaches that create a quiet sys-
tem include smooth transitions at changes of duct
stze and large-radius bends with turning vanes, the
purpese of which is to reduce turbulence. Attenua-
tion drops rapidly as duct size increases: therefore,
ducts should not be deliberately oversized. Cross-talk
between rooms and between ducts can be minirmized
by using lined ducts, separating adjacent ducts as
much as possible, and gluing damping material
on the outside and lining on the inside. Damping

material is particularly effective in prevep;
thin metal walls of ducts from resonating, i
and silencers are effective in reducing the
quency components of fan noise, but much]
with low frequencies. The pressure drop thess ge
introduce, which can be considerable, myg; ba
pensated for in the fan selection, s
The ASHRAE Handbook—HVAC Applic
should be consulted for recommendations o
control in air-handling units, plenums, hojg i
and ducts. Figure 19.48 shows some of the Wa
which cross-talk and flankingnoises canbered;
Figure 19.49 shows some techniques employgil
quieting duct noise. Active noise cancellation |
Section 19.28) is particularly useful in duct sysie
since it does not reduce airflow, as do liners, bafy
and other mechanical silencing devices, ang
effective at low frequencies, whereas these dev
are not., :
The increased use of variable-air-voii
(VAV) systems has introduced some noise probi
that should not be neglected. VAV system noise
be minimized by following a few basic design 1
Maintain minimum system static pressure §
fan noise increases exponentially with siatic pre
sure. Select the air volume modulating device
the fan with care, as it can be a noise source, Sinig
autlet air volurne control involves duct area re I
tion with attendant velocity increase and res
tant noise, such a design must include some sor
downstream silencing equipment. Ceiling diffiise
acoustic characteristics must be coordinated wi
design air velocity and with any requirement fo
masking sound. Finally, avoid the use of throttlin
dampers on ceiling diffusers since a partially close
damper can generate very high noise levels.

TABLE 19.10 Maximum Air Speeds in Ducts to Yield NC-15 or NC-25 Background Levels?

—

‘Location L - NC-15°

Slot speed at min. Ya-in. (13-mm) opening 250 fpm
10 ft (3 m} of duct befare opening 300
Next 20 ft (6 m) 400
Next 20 ft (6 m) 500
Next 20 ft {6 m) 640
Next 20 ft {6 m) 800
Next 20 ft (6 m) 1000
Next 20 ft {6 m) 1300
Next 20 ft (6 m) 1600

*Ducts with 1-to 2-in. (25-to 50-mm} insfde duct lining, all duct sizes.

ken to avoid cross-talk, ventitation air noise, and

they are property haffied and lined with

jss scautions must be ta
transmission paths, pr
s hetween foists as & common return duct

a. AvO nning D oOrms UHIG‘SS
au ) le or retur? hetween 1o :
i i I f cts as a co 11 SUDR! ) . :
a‘[ : ‘e‘ E,‘:II separa ﬁ i c i ol s ’Sﬂ [SSIOH o oblems. Cau”( of segl around ducts a'ta
. .( If FS - te dWeHmElfJ its ESU’['S fn serous noise raﬂrf ):Jf fe boots, & ) l'esme it arTSErS where red X ;d
' ”J F g fie . ; A Gulde 18]
WJ Ig.f pd fHIons use dOUbJ’e wall ducts, acoustica ¢ - ( ;
g shoufld 08 sel ed by separd e suphiy a t off @ main ducfsys (=] Rep ted 0
S S b ' d retu diicts hat branc i ’ )
fmpact, & .E‘— iy i I i aw by Jong it
/ {d St th Boy =] Noise Con ol in Mum am”y DWEH] £5, P48, fi Y
[ ' 8. hed O ha cendening

3 ance ducts are effici
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e range 1-2 kHZ, drop-
her attentia-

f 10-12 dB/ft
le

vation per foot in th ! _
tion, Double liming (0) gives mg;}
o "
attenuation: & maximu .
ise i Shott runs but cause considerab

ftifarmity Dwelings, 1968.)

ide fir f -3 (B atten
i ion. Inside fining (=) gives 2-3

j egligibie solnd attenuation. i e

‘ 19'49 il ”tfﬁjége frequencies and giving negiigible low frec_; o 3% b
et b duicts. Duct sifencers and baffies (c—¢) give figl

; i { to reduce fan no
e e 1 kHz and fower above and below, They are usefu ol
e de to Arborne, Impact, and Structure-Borne

ressure drop. (Reprinted from A Gull .
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Noise signal

-
[N
foTT

[

. I
,
~~ Synthesized
anti-noise

Resuftant sound

Fig. 19.50 Silencing of noise by introduction of 2 synthesized noise signal exactly out of phase with the original signal. The reéu o

sound is effectively Zero—that is, siience.

19.28 ACTIVE NOISE CANCELLATION

Since neise is a phenomenon consisting of acous-
tic wave energy transmitted at certain frequencies,
it is theoretically possible to eliminate (not mask])
noise by simultaneous transmission of identical
wave energy exactly out of phase with the noise.
The sum of the two energy waves is zero—hence
silence (Fig. 19.50). The phase matching, however,
must be exact; if the injected out-of-phase noise s
not precisely a negative image of the original noise,
then not only will the signals not cancel but they
may even increase the noise level, The technique
for accomplishing noise cancellation is straight-
lorward in theory but much less so in practice.
A microphone samples a neise source and feeds
that signal into an analysis/synthesis device. This,
as the name implies, analyzes the frequency and
amplitude content of the noise and synthesizes the
anti-noise, which is then fed to a loudspeaker in the
original noise path. The resultant residual noise is
detected by a downstream microphone and fed back
into the controller as a feedback correction signal.

This entire procedure is shown in block dia
form in Fig. 19.51. The technical problems ¥
must be overcome are formidable. Without daj A
deeply into the physics involved, we can dese
them qualitatively. ;

1. It takes a finite amount of time to anal
the frequency content of a noise and to synthey
the anti-noise. If the noise is random it will ha
changed by the time the anti-noise signal is inje
and will therefore not be canceled. As a result
only type of nise that ean effectively be attenuated
anti-noise is one that is continuous and/or predictal
Random noise, such as that of a barking dog, can-
not be actively attenuated with the present techriol
ogy. Candidates for noise cancellation are sound
like those produced by operating machinery, tha
is, continuous and repetitive sounds. This inckid
very-low-frequency noise, .

2. The analysis and synthesis process
achieved by a device called an adaptive digital filter,
For technical reasons, the higher the frequen
{pitch) involved, the more complex and expensive
are the required digital electronics, microphon

/gUndesirabJe noise ‘\

_-_*__w____*ﬁ----—~—)))

‘L Loudspeaker

Residval
noise
detector  Fig. 19.57 Block diagram of an active nofse- -
cancellation system, The noise slenal s detected

Signal Waveform )))

A analysis,
detection synthesis

Anti-nojse

its periodicity determined, its waveform analyzed;
and an out-of-phase noise s synifesized and_
injected into the acoustic environment. A residuat

Correction signal

noise detector provides a feedback signal that
acts to improve noise canceliation.

rs. This further narrows the range
ccllation candidates to those
such as blowers, fans,
d their
ni in

gpealse
] moise-can
ow frequencies,
ternal combustion engines an
. ' ai me
transformers (lwm), air move

movement in pipes, and the like. .
he waveform ofthenoise, its modes, and 1‘5;31
‘i space impact heavily on the type an

Sensing
microptione

Acoustic insuiation

Mesh coating

Loudspeaker

Error sensing microphone

{@)

19,52 Active duct-noise-canceliation

equipment. (&} The syste
buiit into a duct section 0

ACTIVE NOISE CANCELLATICN 849
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i i ially). The simplesttype
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ined HYAC ducts). (Gourtesy of DIgis

error-signal micro-
duct system, () A
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Considering the three stated criteria, an ideal
candidate for economic nolse cancellation treat-
ment is duct noise, which is low frequency, con-
tinuous, and a plane wave. Figure 19.52 shows the
construction of a typical commercial duct-noise-
suppression unit, plus application photographs,
Practical duct-noise-cancellation equipment in use
today can reduce levels from NC-50 to NC-35 and
s particularly effective at the “rumble” frequencies
below 200 Hz.

Important auxiliary advantages of active duct-
noise cancellation are energy conservation and
economic benefits. Passive duct-noise reduction,
particularly at low frequency, requires massive
noise absorbers, requiring 7 to 10 ft (2.1 to 3.0 m)
of duet for installation. See Fig, 19.49¢c—¢. In addi-

tion to the high first cost of these devices and their
installation, they introduce a static pressure Joss
of %2 in. to 1% in. w.g. (125 to 375 Pa), depend-
ing upon airflow and speed, This, in turn, requires
a higher horsepower (and noisier) fan. Economic
analysis of such designs generally shows an advan-
tage for active noise-cancellation equipment. Such
an analysis should be performed for every design
where duct silencers are desired or required.

Another important application of active noise
cancellation, already in wide use, is in the area of
hearing conservation for people exposed fo high
noise levels at work, Here the out-of-phase noise
Is introduced into miniature loudspeakers (ear-
phones} in an acoustically transparent headset,
This allows the wearer to hear random sounds (such
as speech) clearly, while repetitive cyclic noise from
engines and the like is attenuated (Fig. 19.53).

NQISE CANCELLATéON
MODULE (wirelass version

MINIATURE
RESICUAL
MICROPHONE

Intense OPEN-
periadic BACKED
nolse EARPHONE

EARPHONE DIAPHRAGM (ACTUATOR)
seleclively cancels synchronous
periodic noise only

Fig. 19.53 Schematic ciagram of a headset with active nofse
cancellation. Because of the physical proximity of alf the ele-
ments, only a single microphone is used. (Courtesy of Noise
Canceliation Technologies.)

Other areas where active noige cange
is already in use include engine exhausts:
machine vibration, interiors of Iuxury automg
military and space vehicles, and selected g
spaces. Applications will undoubtedly Increags
advances in digital signal processing techj
equipment miniaturization, and reduction in &g
ment costs,

19.29 PIPING SYSTEM NOISE REDUCTIg

As with airflow, noise increases exponentially
liquid flow velocity. Piping is not a major
source normally, since the radiating diarrietér"
small, except for flow velocities much i eXCes
8 ips (2.4 m/s) where a pipe is in contact with'th
structure, This is, of course, most serious whey
pipe passes through NC-15 to NC-25 area {se,
Table 19.8). Domestic water system mains shioy
be limited to 50 psi (345 kPa} in other than
buildings and pressure in branches to 35 psi

kPa). In high-rise structures, pressure-redii

valves will be required in high-pressure m
to meet these recommendations. Piping must
designed to prevent water hammer, and n
sources must be located away from quiet areas
Pumps, like all rotating equipment, are soures
of vibration and noise and should be treated
described in Section 19.26, Figure 19.54 show
typical pump installation with appropriate nois
reduction measures. For at least a distance of 1
pipe diameters beyond the pump, resilient p
hangers should be used. With centrifugal puny
as with fans and blowers, machine sound conc
trates in narrow bands and, if extremely disturbir_ig
can be attenuated with resenant filters. Recipto
cating pumps are more difficult to control, as th
pulsations are more vibration than noise, Flexibl
connections and U-jeints in the piping will absor
much of this vibration. '

19.30 ELECTRICAL EQUIPMENT NOISE

Electrical equipment is generally overlooked as d
noise source, and this is unwise, Most electrical
noise is a 120-Hz hum. This can be very distlxr_.
ing because the frequency is so low and, as we have
noted repeatedly, low-frequency noise is dﬁﬁcm'_:
to attenuate passively. Transformer noise levels

Series
isolator

ELECTRICAL EQUIPMENT NOISE 851

MNeoprene ot

butyl flexible
hose

Mass block

= Unhoused spring
g House keeping

padestal

Fig. 19.

ated by National Electrical Marlmi'acturers
jation (NEMA) and American National St.an—
fustitute (ANSI) standards. For a prenmun;
jower-noise units are obtainable. Tablle 1.9.1_
Axirnum noise levels for dry-type 1nits. Most
facturers wearranty noise below these 16"1815.
i silicone-filled units are norm_aﬂy qlflletB(]’_‘l
dry-type transformers, as are units dt‘TSIgIlE
| wer temperature rise. Transformer noise can

imized by these steps:

unt the unit on vibration isolators. 3y
the transformer is wall-hung, use rfiSllleﬂ.t
angers, 1f it is floor-mounted, place it on &
ive slab if possible. .

H:JCS;tIZilfe unitio that reflections do not amplify
the sound. Sound-absorbent material on the

alls behind the nnits is not useful at 1ZQ Ha.

n"ly cavity resonators will absorb appreciable

mounts of sound at that frequency.

ABLE 19,11 Maximum Sound Levels:
ry-Type Transformers

54 Typical pump instaliation with appropriate vibration isolation

- Decibels (NEMA Standard)

a0
45
50
55
60

and damping measures.

4, TUse only flexible conduit connectigns.

5 Avold locating transformers adjacent t
immediately outside, quiet areas. A cor‘nmon
error in this regard is placing a transiorrr;?é
pad immediately below the window of an

15-25 area.

0, OF

The second major source of 120-Hz hum is cor;xkfler;;
tional core-and-coil discharge lamp ballastsl. deﬂﬂ
include magnetic ballasts for fluorescent an »
high-intensity discharge (H1D) sourcles. Fortm‘ls;le Sys
clectronic ballasts, which aredpralclt;c:llllslis g{)li ﬂuo:
apidly replacing core-and-coll bal ‘
:Z:czi ﬁ;urgs, and fo a lesser CXttelt m HID ;‘lmtri_
Table 19.12 lists recommended appllcau?ns Zl n‘o iy
electronic fiuorescent ballasts. (llonvenuon co ’
type HID ballasts can be very noisy, .and carel11:nut S ;
be exercised in their placement. Wwith all ba azhé
the method of mounting has a maFde effect on e
radiated noise. As pointed out earlier, when a ;md
vibrating source is coupled rigidly to a larger to_ ;1;
noise is amplified because of increased sourcg— Sasts
coupling. Since core-and-coil ﬂuorescen.t a1 )
for linear fluorescent lamps are necessanlly 'c ?:iofl
coupled to large metal fixtures fo'r heat dism?d "
purposes, the gound radiation is great yﬁdrtn;;es
fied. A large number of such fluorescent fixtu

d in a plenum can create a serious noise

mounte: ase . i
problem. Solution of the problem lies either in bal

replacement or in the use of absorptive material

t : .
. flexible conduit connection to fixtures,

in plenums,
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i ixers, bins, chutes, polish-
. on laundry machines, mIixers, . s, PO
TABLE 19.12 Acoustic Criteria for Selection of E . : oaded vinyl ing drums, and the like, a very effec‘c*wel n0'1se godone
Conventional Core-and-Coil Fluorescent Lamp Ballasts _— e . lhlﬁ(m io the
" : -achment of a layer of foam
Use of Ballasts with This Ratin Dzac;n h;;ggfoam by permanent attacl e o o loxing o
o i Will Usually Be Satisfactor vibrating metal, whic b yt' n energy Lo heat. The
: E mass, converis the vibration €T .
B | noise reduction can be further enhanced l:?y ad;htrkllg
C a heavy, limp bavrier material to the outside Za e
| | | nations are called composite dantp-
{oam. Such combinations are < . - i
| ing barrier materials, several of which atre glusi;[i ;f;
i [ am layer also acts to deco
Fig, 19.56. The foam : e
and resilient fixture hanging. In severe cases, bal-  enclosing the noise source with materials th Barier i, 1956, The o e o dec
lasts can be remote-mounted. Coil-type HID bal-  vide a combination of reverberant noise red
lasts are inherently noisier than fluorescent ones by absorption (as explained in Section 18.9 ang
but, like ballasts for compact fluorescent lamps, are  18.10) and blocking of airborne sound with | oupling : - D
generally less troublesome, being coupled to small transmission loss (as detailed in Sections i irping . “C. RECOMMENDATIONS .
radiating bodies. 19.12}. These materials are available in the form. COUMEN s A
curtains, panels, and prefabricated partial ang : B |
- . i e levels
enclosures tailored to the specific characte e baCkgrmigdsnggteﬂa .
19.31 NOISE PROBLEMS DUE TO of the noise source (Fig. 19.55). Such enclog : Recomuendasioe 0T R,
EQUIPMENT LOCATION .

TV or radio station, church, synagogue

Office, residencs, library, reception or reading room, school study hall
Moisy office, doctor's or dentist's office, classrcom
Industrial applications

. R on
' partition insulation (STC) and impact insulatio
Roof-mounted HVAC units have proven to be very R

. jons and in
- £-2D25-10-0 ([IC) are given in the following sectlons a
. —— E-25-10-0
economical yet very noisy. Vibration, short duct e

-~ Polyethylene/WB-10 Table 19.13.
runs, and sound reflections are serious problems
that can be solved with vibration isolators, sound
mufflers, and careful location of equipment. Roof-
mounted cooling towers are a particular problem e

. i ign criteria for

when they are located adjacent to a taller building. The most important auou?.t.lcal demgzlr o aed by
This problem has led {0 a spate of lawsnits and noise . B ] : ' residential work in the United States o
control legislation in many cities. For this reason, Vinyl iaye g8 the Department of Housing andFUgb';léll Igf;;?fg
particular attention should be paid to all exterior Absorbent : ] CRE ment in conjunction with the Fede
equipment during the design process. foam

ini i ‘ The reader is referred
Administration (HUD/FHA) -

' uent
Y ; loise Control and to subseq
| 36 C site dampead, decoupled parrier material Structure-Borne Noise
m Absorbant 6 Compo A '
of elevator machine rooms, mechanical equipment

1blicati ables 19.14 and 19.15
ising a layer of damping foam plus an integral layer of HUD/FHA pubhcanons. Table
foam 0
rooms, and COOIjﬂg towers, These problems are |

‘ ' i : in the current edi-
vinyl barrier material. The exterior may bf; c{%\;eﬁg ﬁé gggg give the essenti al data presented in
. i ¢is 10 da
| ' rative cover layer. The foam Jayer a
almost impossible to solve after construction and : _

. . e to which it adheres (o) and to decouple the barrie{;tgz;r{.j ] tion (n}f ﬁhe Gm};{;nendations  divided tnfo grﬂdes
[ . i i fte CONS e reco
. | ! . ation test data (o) for 8 Composiis | - , ( o g
require the services of an acoustics expert during ) .ﬁ?j%?n??g:m and 1 1h/7F (4.9 kg/m?) loaded vinyl. (Couirtesy [ 1L and . Grade 1 is the most mpo
design,

v imarily i i i ban and
Speciatty Composites, division of AFARQ Co.) s app]jcable pnmanly in residential ur

| | | . suburban areas considered to have an.aveigiz
| » | | ildi i iropument, The nighttime exterior
B R ARRERS oo o URES: me'(' Zye’ : ¢ not normally the responsibility of the building nolse enviro
BARRIERS, AND DAMPING J

s

. about 40 to 45 dBA, and the perml

' : important to know that levels may 'bc abo}lt 42;V1ronment characteristics
) Ia esigner. It i, however, .r characteristics, so  sible interior NOISe IV de 1is suburban,

Fig. 19.55 (3) Typical flexible nonmetallic compasits acousticd 7 will be used. as well as their char dinto the  should not exceed NC 25-30. Gra

- T . . . barvier material that can be used as a free-hanging curtain or:. : ) . . an be designed into t '

In buildings with concentrated high-level noise applied to a rigid surface, It consists of a faver Gf flexible viny! hat appropriate isolation can

sources, such as certain types of machinery, it is

, - t characterized by
Iyt jiet noise environmern ~

) atis radiated from ~ with a quiet nolse ety 35 o 40
sandwichied belweer two layers of fiberglass or other acous- nitding for the residual sound that is radiate a nighttime exterior nmse'level of ap(;u;j o than

always more desirable to reduce the noise at its ! foarm. The construction is seen leary in the cutaway (o the enclosures. ¢ dBA. Grade I STC/IIC criteria are 3 points hig
g than to att t to treat the | ] The material is most effective when appiied with an air 5pace ; Wh oise is at least partially the result o ’
SOUree than to altempt o treat the farger enclos- 0 any rigid support barrier. (Courtesy of E-AR €re a I
mg space. This is most effectively accomplished by -

i % i a{ie I -
bra ing sheet) metal enclosares, as for instance these of gt ]
Speciafty C it 5, division o AFARD co.} ) . (‘ ] 1 ,

cY
.33 MULTIPLE-OCCUPAN
13 RESIDENTIAL STCAIC CRITERIA

; Frequency (H2) .
In high-rise buildings, problems are caused by © to the latest issue of A Guide to Airborne,

conflicts between the stringent noise requirements

ofthe prime upper floor space and the near presence
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R HUA DA R " Rooin Being .
| Typé of Occupancy: - .

Considered - and.

TABLE 19.13 Recommended STC for Partitions; Specific Occupancies

" Adjacent Area

Mormal school buildings without
extraordinary or unusual
activities or requirements

Ciassrooms

Music practice
rooms

Adjacent classrooms
Corridor or public areas

Kitchen and dining areas
Shops

Recreation areas

Music rooms

Mechanical equipment rooms
Toilet areas

Adjacent practice rooms
Corridor and public areas

Executive areas, doctors' suites; Office
confidential privacy
requirements

Adjacent offices

General office areas
Corridor or lobby
Washrooms and toilet areas

Narmal office; normal privacy

requirements, any occupancy
using rooms for group
meetings

Conference rooms

Large offices, drafting areas,

Adacent offices
Corridor, lobby, exterior
Washrooms, kitchen, dining

Other conference rooms
Adjacent offices
Corridor or lobby
Exterior of building
Kitchen and dining areas

Large general

banking floors, etc. office areas

Motels and urban hotels

Corridors, lobby, exterior
Data-processing area
Kitchen and dining areas

Bedrooms
Hospitals and dormitories

_

Adjacent bedrooms?

Bathroom?

Living rooms?

Dining areas

Carridor, fobby, or public
spaces

Source: Courtesy of U.S. Gypsum.
°Separate occupancy.

The fundamental criteria for airborne sound

insulation between dwelling units are, for grade IT:

Wall partitions STC= 52
Floor-ceiling assemblies  1IC > 52

These apply where similar function spaces are
contiguous, such as bedroom to bedroom and liv-
ing room to living room. Where this is not the case,
the insulation must be increased to meet the higher
sensitivity requirement.

Grade TI recommendations are minimal and
can be characterized as noisy, with an average

nighttime exterior noise level of about 55 dBA
higher. Grade Il STC/IIC vecommendations ar
points lower than those of grade 11,

19.34 SPECIFIC OCCUPANCIES

(a) Schools

School buildings house spaces of many kinds&-
classrooms, anditoriums, gymnasiums, cafeterias

shop areas, swimming pools, and music suit
that pose acoustics problems.

SPECIFIC GCCUPANCIES

iteri i d
15 Criteria for Airborne an .
1 Criteri i ound TABLE 19. _ 2and
4 critera Alrbomf)ivelling Units Impact Sound Insulation of_Flocl)Jr (i:tesi o]
of partitions between Assemblies between Dwelling Un

i R LT TETE I
Grade 11 STC™ Apt Ao AL

S -
Bedroom 52
52 Bedroom Above ., 54 57

Bedrooma =4 Living room  Above BedroomalC e &2
Bedrooma - itchen® Above Bedrooma)d i 67
Bedrooma P Family room  Above Begroorn'3 p &
Bedroor‘nac 52 Corridor Above  Bedroom " 1 53
Bedroom™ 52 Bedroom Above  Living roo 52 52
Living room 52 Living room  Above  Livingroom 52 57
Living roor 54 Kitchen Apove  Living room ", 54 60
Living roam 52 Family room ~ Above  Living room” 52 57
Liviag o™ 50 Comidor ~ Above  Livingroom 55 50
Ki»tchenE 57 Bedroom Above Kftchenc-e - 52
K!tchenacd 2 Living room  Above K!tchenc« o0 s
Kitchen®* 50 Kitchen Above K‘.tChenac 52 52
BathT’OOma ¢ 48 Bathroom Above K!tChena Gl 52 58
Bathroom?® Family room  Above K!tchen 'c' 5 2

jmpact, and Corridor Above Eltcrlhen‘zome o6 43

ide to Airborne, Impact Above amily 1

illriiay o tattomiy Dueliings (1358). For EE,?QS?B”W Aoove  Family room® 2‘21 2
3-;:@“;;2%1 for Grade I, subtract 4 points. il Above  Family room 2%
Bathroom Above  Bathrcom 4ﬂ

ional
 partition wall may serve 10 lseparate severaW function
ighest criterion must prevail.

i 48
Corridor Apove  Corridor

G- farnily or recreation room.

Source; Reptin om A Gui Al t, and
- ) i Guide to Alrborne, Impact,
e i cnancs dcr g o $ uurc : e E‘?oprf;;?\fii)fsfet Control in Multifamily Dwellings (1968} For
: . e 2id 3 poi btract 4 points.

o | iti ust  Grade |, add 3 points; for Grade Iif, subtr

appli ition. Doors in corridor partitions rade |,

dpplies to the parti

S arrangeme 1 reguires eater | pac[ sound insulatio tha
vice v ‘ g
' a

ONVErse, W a sens e area is above a less itive ared.
(\ Vi

K e CONverse, ere a Sens

construction 1§ reco me ded to ze Kitche th h t b

Qr dining or family or recreation room.

) ) L are
qt is assumed that plumhing fixtures, appliances, and piping
instailed with proper vibration isolation.

i ical parti-
#The aitborne STC criteria in this table apply as well to vertical p
tions between these two spaces. A . o
itori require a i t vequires equivalent airborne sound insuiat
uditoriums. All anditoriams T artangement req

i i erse.
. fi e of the activities accommo-  and perhaps less impact sound insulation than the conv
system for som : .

i 1.8.27). The most diffica | P
sceFlgS- lf lzjﬂanis inte;rau‘on of a loud- 2. Classrooms. TyplCdlS crlrallzs)sr‘?\:;th ok
i"ardtl1‘;161011?1112 tﬁa design. To provide proper ximately 30 fi square (]2:.l .CO e on s oaly
: Sﬁ‘ § ent, londspeakers must be located  ceilings. Adequate sp?e;; " s].Zml‘ﬂe Ana———
‘1:eI ‘E;CGI?I ,e obstructions. To accomplish  achieved in a roomlo i .

i . i ‘ i es.
hg loudspeaker system should be incorporated  design usually involv
éarliest design stages. ; -
In'general, a school auditoriumis a multlpuz
é facility. It should be designed to meet Spee;
itéments and also should be sultal.)le for the
I's music activities. Often a mOdileS gym; d
. i feteria (cafetorinm o - - o soun
Fl (gymnatom?‘? 1?;1;? BObvioE:lsly Acous- Acoustic tile ceilings prov1d1?1d;q11{;tc e
; | ) l , i s. .
:c.l_ons as laﬂs c(l)lfllc:lr in such facilities. Large  absorption for most clgssro;;nlm
Gamrf)mmlsfi-absorbing treatment in either recommeln.ded (see ‘Sn:ctlor::n US:E pr.OVide ffcient
d t? e ke them unsuitable as audito- Partition systems. o activiics
1€ of space make that require speech insulation to prevent dis ur- o ions
ooy, e in other classrooms and corridors. Suchp

a. Tocaiing sound-absorbing treatment to reduce
classroom noise levels ‘

h. Ensuring adequate privacy between adjacent
spaces .
Control of air-handling system noise
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should run foll-height from floor to ceiling slab
or roof construction. If return-air {ransfer ducts
are needed, their noise reduction charucteristics
must be as good as those of the walls or doors that
they penstrate (for NC data, see Table 19.8). Unit
ventilators commonly used for classrooms pro-
duce approximately the required level of back-
ground sound.

3. Music Suites. School music programs
usaally range from individual istruction to
band and choral concerts. The teaching spaces
required for such a program include practice
rooms, ensemble rooms, and large rehearsal
spaces. Both room acoustics design and sound
isolation are important in music suites. Privacy
between adjacent spaces is critical, since simul-
taneous use is necessary,

4. Dining Areas. The activily in cafeterias or
lunchrooms asually generates a great deal of noise.
The kitcher and serving areas should be separated
from the eating spaces. Ceilings and wall areasin the
cafeteria should he treated with sound-absorbing
material. Unless the ceiling is completely treated
with a highly clficient sound-absorbing material,
the environment will be unsatisfactory due to its
high noise level, The minimum NRC of this mate-
rial should be (.8,

3. Gymnasiums, Activities in gymmasiums cre-
date so much noise that even extensive treatment
will not quiet these spaces, A quiet gymmasium
probably would be unsatisfactory in any case, since
spectatars are conditioned to consider the noise as
an enjoyable aspect of athletic events, However,
to provide a proper environment for normal sports
activities, the ceiling area should absorb sound.
In addition, if a sound amplification system is to
be used, sound-absorbing wall treatment may be
required {o eliminate echoes that would redice the
intelligibility of announcements. An NRC of 0.7

is suggested wilh sound-absorbent materiat to be
ceiling-mommted,

If a gymnasium will also serve as an audito-
rium, loudspeaker system placement requires spe-
cial consideration. For example, the loudspeakers
should be located above the source location for
speeches and plays,

6. Swimming Pools. The acoustic environ-
ment of swimming pools is often chaotic, Most,
sound-absorbing materials disintegrate in the high-
humidity conditions prevalent in pool areas. Use

special sound-absorbing units that have
resistant properties.

7. Shops. Metal, woodworking, ariq
shopsinschools contain ANy noise sourcg
planers, drill presses, and manual tools. Hag ge
ates high airborne and structure-borpe Hois
Consolidating noisy areas and maximizing ¢
tance between them and quiet spaces are (-}'ssje]l
Ceiling and wall absorptive treatment with 4
of atleast 0.75 is recommended. '

(b) Houses of Worship

The basic activities of these buildings i
combine speech and music. Thus, the w
environment must be acoustically hospit
both. The architectural plan also must r
to religious requirements, including the Té]
positioning of pulpits, lecterns, the altar if
and the choir. i

Successful acoustics can be achieve
designing the overall environment for ‘mu
and providing special assistance for épe_e
Large congregational spaces frequently includ
sound-reflecting canopy over ihe pulpit to-d
the speaker’s voice to the congregation. 1§
large buildings, a loudspeaker located abo et
canopy further reinforces speech from the pulp
The choir and organ communicate with the ent
volume of the building and, therefore, benefit fro
a reverberant environment,

(c) Offices

Although office buildings may contain pub
spaces, auditoriums, and restaurants, prime o
pancy is in office areas. Most acoustics problemt
office buildings relate to privacy—either betwe
spaces within a single firm or between adjace
firms. Speech privacy has been discussed at lengtlt
in Sections 19.16 through 19.21, including cor
sideration of open-plan offices, Mechanical at
electrical equipment, noise problems are discusse
in Sections 19.25 through 19.32.

(d) Apartment Buildings

Large apartment buildings house hundreds an
even thousands of residents. Privacy and freedo

ance are high on the list of tenant ne
eo'ris Gee the HUD/FHA criteria in Sec- de:
ments.

erformance of partitions islcompromised
designs by careless planning of conlvei
i1fjets, medicine cabinets, and mechanica
Diirect-exhaust duct connections betwee?
ts and back-lo-back placement of mE’Bdll-
irets resnit in loss of privacy. Back-to-back
;ﬁce outlets must be avoided. . e
tallation of rugs or ca_rpetmgl provides
protection against {footfall n015fa. Manl{
Aow require that a tenant provide sgc
éducing floor covering over .most of t?}e
o4 in an apartment. Good design also d1c~‘
sat similar spaces in adjacent apartments
:ﬁped‘bedrooms next to bedrooms. fcl}g
lo: Absorptive material in bedroo?rls ‘shou ‘
g mounted. A minimum NRC of 0.6 is
Amﬁriit house site selection seldom includes
deration of acoustics. Nevertheless, truck
' uperhighways, and airports ca"n be a@oy;
gighbors.” Cooling lowers serving ad]ac?n
igs must be considered during the planning

OUTDOOR ACOUSTIC
. CONSIDERATIONS

PRESSURE LEVELS IN
FREE SPACE (OUTDOORS)

equations in Section 18.8 are not applicable
tdoor sound propagation, in which the llallfge
tive component of the indoor condition
sent, Although the propagation of sourlld out-

S may not appear to be of immediate lmp(l)r—
icé in architectaral acoustics, outdoor noisc
olrces such as traffic, cooling towers, and a'n*c.rlaft
-'..&EQUEnﬂy loud enough fo disturb activities
ithin or immediately adjacent to a building. Con-
érsely, the noise made by building equipmenlt such
s cooling towers, heat pumps, and even w1?:1dow
conditioners may be loud encugh to disturb

es
iﬁ:)lirthibit inverse square properties, sou_nd‘lcvel
estimates are best made on the basis of eXp?flean
and empirical data beyond the scope of :;hls bL];O k
(see Magrab, 1975; Schaudinischlky. 1)76).1 Oli
small outdoor sources, the equipment power leve
can be estimated by measuring tl}e sound pres:qpre
Jevel at § ft (1.5 m) and adding 15 dB. Other factors
(such as meisture in the air, the presence‘ of treei.
wind, and temperature gradients} will affect (;;1 -
door sound propagation o some E!Xt?ﬂ_t, but‘ t. ey
can be ignored except when gregt dlsttanceb ](::..el..,1
aver 1000 ft [305 m]) are involved. Barriers, whic
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ighbors in a nearby building. For this rfaason, itis
sirable to have some basic understanding of out-

door sound propagation.

For preliminary evaluation of an outdoor noise

problem, assuming a small nondirectional source
on the ground, the sound pressure level can be
determined from Equations 18.5 and 18.6.For large

such as cooling towers and traffic, which do

are the most effective outdoor attenuators, were
discussed in Section 19.14,

19.36 BUILDING SITING

Building siting, vis-a-vis exterior noisle sourlces, 15 ];Z
{mportant as interior structural design. Since -
subject is somewhat beyond our scope of conci d,
the discussion is brief. Buildings should be sited,
with respect to noise sources:

1. To use natural terrain noise barriers (Fig.
19.57a). .
Regarding trees as noise harriers, to rely only
on very thickly wooded areas (Fig. 19.57h).

3. To avoid naturally poor sites (Fig. 1 9.574.9).. |

A. To avoid sound reflection from other buildings

(Fig. 19.57d).

Point 4 is also importantin a mu]tiwin‘g buﬂdllrllg, m
avoiding U-shapes or other configurations where a
central court becomes an echo chambe}?. -
Where avoidance of an exterior noise souru.c is
impossible, quiet zones can be buffered £rom (];10;5;3;
by placing higher-noise arcas on the noisy Zl i{‘ '
building. Thus, in a school. classrooms 31_1 offi
can be buffered by a cafeteria and gyny; 11{1 a I:{'Eﬁlk
dence, bedrooms by living reoms and clo.rrldors: Hi
an office building, private offices by notsier clerical

offices; and so on.
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gud G55
FP—100 FT —sy
(30.5 m})
A THICK GROWTH OF LEAFY TREES AND

UNDERBRUSH RED
UCES NOI
6 to 7 dB/100 FT{61o 7dBf3U-5SII'En)ABOUT

(AVERAGE OVER AUDIBLE FREQ. RANGE)

LOW-FREQ. LOSS: 3
. : 3—4 dB
HIGH-FREQ. LOSS: 10—12 dB

NOT THIS

ey i "
- HIGH-FREQ. REDUCTION 3—4 dB
INGLE ROW OF TREES IS WORTHLESS

AS NOISE BARRIER. DUE TO INTERREFLECTION.

M _
ULTI-ROWS OF TREES ARE MORE EFFECTIV

AVOID HOLLOWS OR ‘
DEPRESSION:
THEY ARE GENERALLY NOJS:ERNTSQAN

FLAT OPEN LAND.

BUILDING SITES IN
OPEN
AREAS ARE LESS NOISY

THAN SITES IN CONGESTED

BUILDING AREAS

Fig. 19.57 (a) Use of
natural noise barri
Ec) An example of a poor Buiidi o
ome, Impact, and Structure-

TRAFFIC ARTERIE
S BE
TALL BUILDINGS ARE THEEN

QUITE NOISY.

(b} Effactiveness of

: () wooded area, A i

o Gl 5 & ]

g Site. (0 Building site issues near traffic arteriessaivoc]fsgtg e i e e (Bdction of ees

84 : ” -
me Noise Control in Multifamily Dwellings, 1968,

er buildings. (Reprinted from A Gulde to A=

--E'F_E_'"RENCE" MATERIAL

afe. A filtering system with characteristics
sughly match the response characteristics
& fman ear. Referred to as dBA.

gorption Coefficient o. The ratio of the
ind absorbed to the sound incident on a mate-
or device-
¢choic Room. A room that provides a free
{ acoustic testing environment like the ont-
" All the sound emanating from a source
sgentially absorbed at the surfaces of the
m.
&NSI American National Standards Institute,
onprofit national technical association that
ches standards covering definitions, test
hods, recommmended pra'ctices, and zpecifi-
ns of materials.
culation Class (AC). A figure of merit for
Sustic absorption indicating the absorption
“Mliciency of a material for angles of incidence of
asound wave between 45° and 55° Therange
150 to 250 (po units), with higher numbers
indicating better absorption.
rticulation Index (AT). A numerical index
he range of 0.0 to 1.0 indicating the degree
{speech inteligibility in an open-office design,
easured  with background noise, inchud-
¢ masking sound, if any: Also a measure
f speech privacy. An index of 0.0 indicates no
peech intelligibility, hence ideal speech pri-

vacy; an index of 1.0 indicates perfect speech

intelligibility and therefore no speech privacy.
ASTM. Formerly the American Society for Test-
ing and Materials, now simply ASTM, & no-
rofit national technical society that publishes
definitions, standards, test methods, recom-
mended installation practices, and specifica-

* Hons for materials. ASTM is a consensus group

of the entire building materials industry. 1§ sets
standards for products and establishes methods
for testing.
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Baffle or Barrier, Sound. A shielding struc-
ture or partition used to increase the effective
length of a sound transmission path between
two locations.

Ceiling Attenuation Class (CAC). A single
number or range of numbers for evaluating the
effectiveness of an acoustical ceiling construction
in isolating andible airborne sound transmission,
tegted at 16 one-third-octave frequencies. Higher
aumbers indicate more effectiveness in prevent-
ing noise betweern rooms. Tested in accordance
with ASTM E1414. Previously described as the
Ceiling Sound Transmission Class (CSTC) or
Sound Transmission Class {STC).

Critical Frequency. The lowest frequency at
which the wavelength of a bending wave, trav-
eling in a structure, is the same as the wave-
length in air at that frequency.

Damping. Dissipation of structure-borne noise.
This is usually accomplished by using & material
with a high intermal energy-absorbing capacity
(i.e., high internal damping).

Decibel (dB). A measurement approach ad-
opted for convenience in represeniing vastly dif-
ferent sound quantities.

Diffraction. The tendency of sound waves (o
flow readily around obstacles that are small in
comparison to the wavelength of the sound.
Diffuse Sound Field. A region where sound at
any given point is made up of sound waves with
all angles of incidence.

Direct Sound Field. A region in which all
or most of the sound arrives directly from the
source without reflection.

FIIC. Field Impact Insulation Class, which is
determined by an actual field test. Also see FSTC,
Field Sound Transmission Class, also determined

by an actual field test.

Flanking Sound Path. The transmission of
sound or noise from one room to another by
indirect paths rather than directly through an
intervening partition.

Flatter. A multiple echo set tp between parallel
reflecting surfaces.

Free Sound Field {Free Field). A region ina
homogeneous medium free from boundarles.
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In & free field, the sound pressure level decreases
6 dB for & doubling of the disiance from a point
sotrce.

FSTC. Field Sound Transmission Class, which is
determined by an actual field test performed per
ASTM E336. Also see FIIC, Field Impact Insula-
tion Class, also determined by an actual field test.
Impact Insulation Class (ILC). A si ngle-figure
rating that provides an estimate of the impact
sound-isolating performance of a floor-ceiling
assembly.

Intensity. The amount of sound energy per sec-
ond that is carried across a unit arca.

Intensity Level (L), A measure of the acoustic
power passing through a unit arca expressed in
the decibel scale and referenced to some stan-
dard base (usually 1012 W/cm?),
Interference. The destructive or reinforcing
action of two or more waves arriving at the
same position simultanecusly.

Loudness. A subjective human definition of the
ntensity of a sound.

Masking, The presence of a background sound
increases the level to which a sound signal must
be raised in ovder to be heard or distinguished.
If the Jevel of the background sound is signifi-
cantly higher than that of the sound signal, the
signal cannot be heard. This effect is known as
masking.

Mass Law. States that the transmission loss
of walls (in part of the frequency range) is con-
trolled entirely by the mass per unit area of the
panel. It also states that the transmission loss
increases 6 dB for each doubling of frequency or
each doubling of the panel mass per unit area,
Noise. Any undesired sounds, usually of differ-
ent frequencies, resulting in an objectionable or
irritating sensation.

Noise Reduction (NR). (1) The reduction
in sound pressure level caused by making an
alteration to a sound source. (2) The difference
in sound pressure level measured between two
adjacent rooms caused by the transmission loss
of an intervening barrier.

Noise Reduction Coefficient (NRC). The
average sound absorption coefficient (to the
nearest 0.05) measured at the four one-third

octave bands centered on frequencig
500, 1000, and 2000 Hz, o

Octave Band. A range of frequene

the highest frequency of the band jg doii
lowest frequency. The band is usuall

by its center frequency.

Phon. Loudness level, ai a particular freg,
cqual to the 1000-Hz decibel level of thas
loudness contour. :
Pink Noise. Widc-spectrum noise wh
plitude drops 3 dB per octave with ins
frequency {equal energy per octave), ke
masking, 5
Random Noise. A noise whose magnit

or frequency cannot be predicted procis
any given time. A rough approximation:
dom noise is the static heard on g radio be
stutions (see Noise, Pink Noise, White Noics
Reverberation. A persistence or echioin
previously generated sound caused by re |
of acoustic waves from the surfaces of encly
spaces,

Reverberation Time. The time required fi
sound to decay to a value one-millionth ¢
original infensity or to reduce 60 dB aff
sound scurce has stopped.

Sabin. The unit of acoustic absorption;
sabin, (ft?) (m?) is the absorption of 1 ft2 (
perfect sound-absorbing material or open g
with no reflecting surfaces. X
Sound Absorption Coefficient. The fract
of the incident energy absorbed (not reflacted
by a material when a sound wave strikes i

‘the sound absorption cocflicient of that mas

Usually represented by the Greek letter alpha (
Sound Barrier. A material installed to prever
the passage of sound from one area to anoth
Sound-deadening board and lead sheet ors
cial insulation make good sound barriers.
Sound Level Meter. An instrument fo

band filters for measuring sound direct
octave bands. .
Sound Power Level (PWL). A Measure.
the total airborne acoustic power generated
by a noise source, expressed in the decibel sc_ﬂl_ff
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ually ASTMEL179-8
Sourd Souirce
nents and Systems

ferenced to sOmE stendard base (@

i |ressure Level (SPL). A measure zf
gsure change caused by a sound wave.

Pre iy the decibel scale and referenced to

- (usually 0.0002 pbar).

on Class (STC). A single-

Ceiling Products
se
tandard base

d Transmissi
or pating of a bui
ol rthe transmission of sound compared to
j d;:gil’d transimission attennation/frequency
o ee also Ceiling Attenation Class. |
mission Loss (TL). The I‘{}dl?.CtLOD. O.L ;iug;
i&'sound power caused by placing a w {
o reverberant sound field o

between ihe sot Lo 1 .
FiIIJf;rce and its recetver. TransmissiorL lossis & ) qpuiR1414-00a. Standa

' i barrier.
Serty of the wall or o
hl;te Noise. Noise of a wide frequency r;nlgle
LD ' o is egsentially .
litude of the noise is essen ASTMELS73 '
Whmh the ?Lflﬂgr;quen oy bands (equal enexgy Masking Sound in Open Offices Using A
ey d and One-third Octave Band

£ frequency ban: ).

tics and Applicable ASTM Standards

Panels Used as Acoustical Barriers

Measuring the Interzone Att

mon Ceiling Plenum

180 717-1, 1996. {Intern
Standardization). Acot —
iation in Buildings and of Building E
i i - Airborne Sound Insular:ion )
sotion 19.11(h) for a description of the con Ko 1996, o ating of
these standards.
F0A23-02a, Standard Test Method for.Soyn: N
beorption and Sound Absorption Goefficients by the
everheration Room Method
f Test Method for Laboratery
e Sound Transmission Loss of

Tmpact Sound Insulation.

TM E90-04. Standard
Aeasurement of Airbor ‘
wilding Partitions and Llements

TV E336-97e]. Standard Test Methad fo‘r M castire-
nent of Airberne Sound Insulation in Buildings

See Table 19.16.

TABLE 19.16 Acoustic Units and

Variable MKS Units -

A\ iffcati i 1 Insulo-
M E413-04. Classification for Rating Soumnd e
= newion,
ices for ing Test . tenst watts/meter
TM E795-00. Standard Practices for Mounting Tes !Pnr essug vattmeter:

. L
Specimens During Sourtd Ahsorption Tests W

Force

ME1110-01. Standard Classificatior for Deterinl-
nati ticulation Class
oo Force newions

STME]111-02. Standard Test Method for Measuring e

- eiling Systems - wattsicrn®
he Tnterzone Attenuation of Cefling Si Intersity watts/m?
pascals

microbar

Quantity

| jective
TME1130-02el. Standard Test Method for Obqur 1'n —
- Speech Privacy in Open Offices Using

:Measurement of

: : —
- Artieulation Index o

Note: One atmosphere

Ming dleracel clicacy ' ASTMEI375-90(2002). Standard Test Method for
L Measuring the Interzone Atfenuation of Fur

tion in Buildings and of Building Element

7(2003). Standard Specification for
s Used for Testing Open Office Compo-

ASTM E1264-98. Standard Classification for Acoustical

ASTMT1374-02. Stindard Guide for Open Office Acous-
miture

rost Method for
[ _90(2002). Standard Test
A enuation of Sound

Reflected by Wall Finishes and Purniture Panels
Methad for Airborie

i o~
Sound Attenuation Between Rooms Sharing a C

pred 1es M f() 0
02. b ﬂdﬂ]d Test Bt][()d T Emﬂuﬂl 1

Sound Pressure Levels

ational Organization for
\stics—Rating of Sound Insu-
Hements—DPart 1:

Sound Insula-

s—Part 2:

19.39‘ UNITS AND CONVERSIONS

Conversions
. CGS Units

gram-cro/s?

= dyne
watts/am?
dynes/cm?

= microbars

 To Obtain

dynes
newtons
watts/m?
watts/om
microbars
pascals

2
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192.40 SYMBOLS

See Table 19,17,

TABLE 19.17 Symbols and Abbreviations Used
Commonly in Accustics

A

Ag

AC
c

Al

Total absorption, sabins; area in unit
being used

Abserption in recelving room, sabins

Total absorption of each material in a
space, sahins

Articulation Class

Velocity of sound, feet per secand

Cefling Attenuation Class

Distance from source, meters or feet

Decibel

Frequency of sound, hertz {Hz)

Intensity, W/em?

Absorbed energy, Wem?

Indident energy, Wrcm?

Reference intensity, 1016 W/em?

Impact [nsulation Class, no units

Intensity fevel, decibels

Noise criterion, no units

Noise reduction coeffidient, no units

Noise reduction, decibels

Pressure, pascals or microbars

Reference base pressure, 2 x 10-5 pa

Acoustic power, watts

Pascal, unit of pressure (SI)

Sound power level, decibels

Rocm constant, square feet {meters)

Distance from saurce, meters or feet

Surface area, in unit being used

Sound pressure level, decibels

Sound Transmission Class, no units

Reverberation time, seconds

Transmission lgss, decibels

Yolume {geometric)

Sound power, watts

Reference base sound power, 10712 w

Absorption coefficient (no units}

Average absorption coefficient {(Ne units)

Wavelength, feet or meters

Sum of, or total (no units)

Total absorption, sahins

Change in & quantity or difference
between two quantities

Nota: Where definitions are expressed in - units, S| units are also
understood, with proper conversion factors, and vice versa,
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