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192 CHAPTER 14

Table 1 .... Octave Pass Bands

Frequency, Cycles per Second

A. Previously Used*
Banda:

Frequency [Lower 137.5° 75 150 300 600 1200 2400 4800
Limits  \Upper | 75 150 300 600 1200 2400 4800 9600

Approximate
Geamstric
Frequency

B. New Preferred®
Bands:
Mid-Frequency

63 125 250 500 1000 2000 4000 8000

Approximate
Frequency [Lower
Limits Upper

45 90 180 355 710 1400 2800 5600
90 180 355 710 1400 2800 5600 11200

Iimi.d for the first band. This does oot ficantly affe
t cpe for signil c:
‘s-n'f De set forth in this chapter, or any of tha design data.

where W = the sound power in watts.

In this chapter, the reference value for sound pregsuré is
always 0.0002 microbar, and for scund power is dlways 10—
watt. In the text, these reference values usually are not re-
peated, in order to simplify-the presentation. When data in
this chapter is compared with other publications, reference
values must be considered, because other values (notably
10— watt for sound power) have often been used. Earlier edi-
tions of the GUIE AND Darta Boox used 1072 wnt.t for
sound power.

Sound Frequency
The quality of a sound is determined primarily by its fre-

d by air. 3

1965 Guide And Data Book

element (elbow, bare or lined duct section, sound trap, ete.).

"'Thenhoofthesoundpowerenmgt.heelemmtwthe

-, decibels, is called the ion of thal

53 106 212 425 850 1700 3400 6900°

sound power continuing beyond the element, expressed in
¢ duct ek t:

Attenuation, in db = 10 log,s (W./W.) €]

where

W, = sound power ent nducf. element, '
W. = sound power wnhnumg beyond a duct elun-t, wWatls,

Eg.lmybelmdwconvertthemhoofsoundpowemm
Equation 4 to decibels and vice versa. If the sound power con-

" tinuing beyond a bare duct section is 25 percent of the enter

ing sound power, the ratio is 100/25 = 4, and the attenuation

is 6 db. Ii&suunduapnmorbsWQpemento“.hémtenng'

sound, the ratio is 100/0.1 = 1000, md the attenuation is
30 db. Since the a ion ratio is di jonless, no refer-
ence value is needed.

Whenf.hesoundpowerenwnngnductelemtand the
power contmumg beyond the element are expressed as power
levels in decibels, Equahon 4 xedums to a mmple mthmetw
expression: -

Attenuation, in db = p.. —Le. (5)
where

Lw, = sound power level entenng a'duct e!ement, decibels.
Ly, = sound power level continuuig, decibels.

The attenuation of a group of elements Lhruugh which the
soundpmmmccmanmzbenmhmetwsumofaﬂmm-
vu:lual jon values, in decibels. The net

jon that can be ot d i3 limited by noise regenera-
tion due to air flow. - .

Since attenuation cannot.be measured directly, duct ele-

ments m genenlly rated in terms of differences between

levels. D di unt.hewnym',
which t.hese mmsunments are made (see Reference 3),
ratings will differ in i nndnx.me \ g
'heumtlsalwaysﬁmdec

quency spectrum. Unllke a tone, whu:h hm a single frequency,
the sounds

system
bave a multitude of frequencm A plot of sound prmsum level

loss (IL) ratings of duct silencers most accumtdy
d&cnbe m reduction of fan noise level as measured in an air-

ormundpawerlevel&gmnst ) y is called a f

For i it, would be too oom—
pl.lmted to deal with t.he levels at all individual frequcncles
Instead, the audible fre 'y range of app 20~
10,000 cycles per second is d.lvuied into bands, usually one
octave wide. The term octave means that the frequency of
theupperhmnofthepmbandmtmeech&tofthebwer
limit. An octave band sound spectrum is abtai
with- an ociave band unalyzer containing electronic filters
which pass only those components of the measuredsound
which. have frequencies within the fimits of the filter.

The second set of octave band limits shown in Table 1 is
presently specified by an ASA standard."® New instruments
snd most new published data can be expected to comply with
this set of limits. However, the first set given has been in gen-
eral use for some time, and the bulk of I now availabl

d room. Insertion loss data, however, are relatively
costly to establish because full sets of readings have to be
taken both before and after the insertion of the silencer into
a typical duct system. Insertion loss measurements can be
made with air flowing through the duct and silencer.

Noise reduction (NR) ratings of duct silencers are merely
the difference in the sound pressure levels measured inside the
duct at points just ahead of and just. after the silencer. Due to

of wave propagation, the effect whith' will be
achxevedbymsmhngthemleneermdxeactuﬂsystemu
usually less thar the measured noise reduction. Since induct
measurements genemlly have 0 be ‘made "without air flow,
the useful of NR is imited. -

Trwuﬂmwnlou(’l‘L)mhngsmammumofsound-

transmission from one room to snother, sud are generslly

will be' found with this division by frequency. Data in this
chapter are presented 50 that values.are apparent for either
set of band limits. Experimental data obtained in one sys-
tcmmusnml]ybemmrpolnted(odxeoumrsystun-thh

sufficient y for all | design p
Aﬂenuahon .
“In the design of sound control for air handling systems'it is

used 10 describe the sound isolating value of walls, Whea this
technique is used to rate duct silencers, it is necessary o sub-
tract the TL of the test set-up. .

Table 2.... Combining Two Sound Levels

Diffarance betwesn Two Lavels To o .
, &b o] 1 |21 4 |6]°?

usually necessary to calculate the extent to which sound is
attenuated (reduced) as it travels through a duct system. A
ce_rtunpereentugeoﬁheenmnngmundlslostmeachduct

NumbernfDeuhdsToBeAdded
wﬂxﬁrhvdmobtam(bm-
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Decibel Calculations . o
Fqunuon s shows that calculations involving &
hﬁedbytbcdembe\notauonmwml the

“rmsdb
bolds true

trol caleulations, all data in this chapter are premmed dxrecﬂy
mﬂmver, when' the decibel ‘system’ is used, n. should be
arithmetically. Table 2 may be used to combine two-sound

oumbmedmﬂﬂhanexthlghmlevel Levels which'aré more
tbanlodbbdowﬂ)eothmmloomblmhunmbeneghcted

mc?k : Find the combiniéd lével of two sounds havmgA
lmls wnn

debmpwhvey ..
between the" two - levels™
_34-6db me Tnhan fcr&db dxﬂennee.m leyda, xt
uundthaildbmuxtbeadded
level of 40 + 1 = 41 db.

ANALYSIS OF THE SOUND CONTROL PROBLEM

Every major piece of air-conditioning equxpm:nt is, to -
some extent, a8 source of sound. ’D)e qua.nuty and qua!xtylofli .
being 5

values are simply added or subtracted. The same .
for the conversion of sound power levels to sound .,
; Jevels, and vice versa. To further simplify sound con”

notadt.han-helevelsonwoormoresoundsmwbeadded N

levels,lfmomth&ntwo!eve]smwbecombmed,(hetwo.
highest levels should be-combined, and the ‘resulting value -

hlzhu level 0 obtain the -
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- -commonly used noise reduction methods in Table 3, and some
of the case histories in Reference 19. It cannot be overempha-
sized that every effort should be made to install the major
noise sources as far away from critical areas as posible. This
phase of noise control must be jointly considered in the ad-

. ,vmcedphnnmgstage”bythemhxtect ﬂwmedmmmlengi
neer and, if he is available, the

DESIGN PROCEDURE-

In order to deal with each of the various noise sources and
}p;:ﬂ;s in the simplest manner, the following seven stéps should
taken:

. 1. Determine the design for the air-conditioning uynvem
= uound for each ‘room, according to its use and construction.’ -
2. Select equipment radiating directly mw the room Lhat wi
be quxe?. enough to meet the design
culate the amount of duct af.tenuauon required to reduee
. een syswn sonnd to design go:
4 Dmxgn or select sound nt‘henuntmg duct elemmts to meet
the ts established in Step 3.
© 5 e :ure nolse radiated by ocutdoor equlpmcnt ‘will ‘not
disturb neighbo
- 6 Prevent transnusnon of vibration through the structure.
7. the and inake nem.ry
ad)ustmenu.

r swpsz'w4mmmmdmmthofumcmpwbya
typical probl msegmenf.snaﬂlemanalxsdm-

)

sound that a source may
too noisy depends on two factors:

1. Theuﬁmtmwblcht.besoundu
dnn;&ap#.:“nbgm source to

‘maximom sound level which, the receiver will consider

‘receiver (the person

d and attmuawd_,

cussed (Emmples 2 to 6). The same problem solution”is
ghown on a sound control work sheet at the end of this chap-
. ter. These work sheets are available from ASHRAE.

STEP 1—DETERMINATION OF DESIGN GOAL

le. For noise radiated to the ingidé of a building, thisis '

the which ia established to suit the requirements of
t.huoewpa.mseeprSup 1in later .. For noise radiated
to the outside, local ordinances may dictate edmgn goal w178

The degree of quietness required in each type of room in
the building should be specified by the architect. On large
projects and special buildings, such as music halls, it is usually

Inorduwmeettheaubhshaddm@gml,thesystem-

designer may enher(mdum the source strength, or increase
the path is more ticable. Due to

thelog;nthmmmuueofthedeabel,thnscanagmnbeex-f

pressed as a snnple Aarithmetic relationship:

Sound Dispersion’ .
i) -] (035

‘Table 3 lists the major sound sources in an mr-eondxtmmngA

system, together with the sound path from each source to
the receiver, and gives suggested methods for sound reduc-

tion, Itahnuldbemfedthatmmmtmsesthmmsevual .

parallel paths; all of which have to be considered for effective
sound control.

3,7, 8,md9(Tu.ble3),

a3, carried

mhrely b% :I’ ﬁ thr:oum to the rmvu. Airborne sound

whether 0 lucts or;! uph open spaces, can

i ted readily. This chapter contains the necessary-data

4 Mhmum for solving Equation 6 for these paths.”

or Ztﬁ,ﬂ.mdlomTabla -contain solid partitions
steuctaral sound . must. I

many cases, it ma, beA ; le, u.lcuhtc lothbompa:uns

g

Tom&kemretbatmundmd)mgﬂlebmnerﬂlmughtbe
to W'l]]notex@edthedwgngoal,zhc .has
Use empirica) methods, mlymgmnsﬂyonb:nudgmentnnd
Past experitnce. Itmaybehelpfultommwthecheckhstof

" negessary to obtain the advice of an acoustical consultant.

. How to Express Design Goals ™ “
In order to be an adequate criterion of the degree of quiet-
V‘nessreqmmd,thedmgngoalmustbeexpressedmmcha
) manneraawdaﬁnesoundquxhtyaswellumammde . Of
the many methods available for doing this, the following are

(6{‘ A ,mnst. wldely used: (1) varmus criterion curves or tebles defin-

sound levels for each fre-

qumcy band (usually octave or } octave band), (2) loudness,

in sones, or loudness level, in phons, and (3) the A-scale sound
level, in decibels.
Each of these methods will be discussed in some detail.

.+ Design Specifications Based on Frequency Band Levels. Single
number systems of evaluation are useful in descnbmg the rela~_
tive acceptability of sound quality and magnitude in an occu-
pied space. Accordingly, they may be useful for purposes of
sound control specification and équipment rating in the
of eqmpmem radiating directly into the occupied spaee (
a3 found ongmnt.mg at yllles and diffusers).

Smgle number sy, are not ad 1
express the nature of remotely located sound soures. -
quency has such an important effect on all thre¢ "terms, of
Equation 6 that this equation must be solved sepamt.ely for
a number of freq ¥ bands Tot eding oné’ octave in
width (see Table.1). T]ns procedure is not as time consuming
as it may seem because, with someé experience, ltmususlly
possible to plck $wo or three octave bands whmh eould X
muml onesin a g;ven situstion. *
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