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1. INTRODUCTION

This report is concerned with the develcepment of nolse-control
approaches applicable to a mechanical equipment permit scheme
for commereial, business, instltutional, and residential high-
rise buildings. The application to low= and medium-rise structures
has also bheen considered. Thils project has been conflned to those
aspects of nolse control associaﬁ?ﬁ‘#ith building mechanic¢al
equipment and systems that can influence the quality of the ex-
terior envircnment in the vicinity of the structure,

It is anticipated that the mechanical equipment permit scheme
will be an integral part of the U. 3. Environmental Protectlon
Agency (EPA) model building code for nolse control. The model
bullding code and mechanical equipment permit scheme will be
valuable tools which communitlies can use to construct their own
building eodes and permit approaches suited to local needs and

conditions.

Sections 2 and 3 of the report deal with the ldentification and
categerizing of equipment as noise scources; how these can he
¢lassified and rank-ordered on the basis of pectential noise im=-

pace.

Section Y discusses the sources f{or the data base from which the

ganerzlized neoise characteristics of each equipment category were
established in terms of magnitude and f{requency structure, as a

funetion of size or other ogeratlicnal paramsters,

, and 7, the technical procedures are developed
ng the magnitude of noise produced by specilic iLtems
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of equipment, within each category, as a funcetion of the details
concerning mechanlcal performance which ordinarily are available

from bullding plans and speciflcations.

Sections 8 and 9 contain procedures for calculating the noise
level at an assigned polnt of reference outdocurs due to mechanical
equipment and systems serving the building that s being secreened

for permit purposes,

Section 10 contalns a series of worksheets and guidelines for
their use in performing the caleulations necessary to evaluate

a gziven mechanical deaign for exterior noise impact. A discussion
of the potential for errors and the uncertainties that.affect the
rellahlilisy of calculated results is alse included.

Havihg developed the procedure and worksheets for c¢alculating
mechanical-equipment noise levels at specific points of reference

Section 1l digcussez how the procadure might be ilncorporated 1into

a mechanical equipment permit scheme., A recommended scheme i3

developed by first examining the strangths and weaknesses of en-
forcement strategles currently being used by various Jjurisdieticns
These exlsting strategles are evaluated in

across the country.
11t and enforcement costs, This

terms of effectiveness, feaslbility,
avaluation identliflies the importance of legal provisicns; bul
mare impertantly shows which enforcement practices inerease and

Which deacrease the prebabllity that mechanicazl-equipmant noise

will be cantrolled.

wla
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2. IDENTIFICATION QF MECHANICAL EQUIPMENT NOISE SOURCES IN
BUILDINGS THAT CAN SIGNIFICANTLY INFLUENCE THE EXTERIOR

ENVIRONMENT

The identification of bullding mechanical equipment that can
potentially impact the exterilor noise environment depends on four

factors:

1. The nolse power produced by the equipment.
2. The locaticn of the equipment (i.e. whether it is outdoors

or indcors). _
3. The noise transmission path from the equipment source to

receiver,
4, The ambient noise level at the receiver loeation due te

other sources,

2.1 gutdoor Equipment

Zquipment normally located outdoors (such as a cooling tower, for
example) usually will have a greater éotential impact on the ex-
tarior envircﬁment, for a given noilse power, than equipment that
is normally located indcors; the scund attenuation between source
and recelver at comparable distances 1s typically less., This gen-
eralization leads to the grouping of bduillding mechanical equipment
cn the basis of narmal installaticn location, when c¢lassifying
sgecifie izems with regard to potantizl noise impact.

<f the analysis is restricted to machinery asscciated with building

heating, ventilating, or air-conditloning systems (HVAC), the
merit megt likely to be locatad ocutdoors may be identifiled as

-~
-

s
| el
(3 I 4 ]
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Cooling Towers and Evaporative Condensears
Air-Cooled Condensers (with or without Iintegral compressors)
Packaged Roof-Taop HVAC Units

Exhaust Fans
Room Alr Conditioners (condenser side)

In addition to the above, outdoor equipment may lnelude trans-
formars, emergency power generator sets, circulating pumps, ete.,
although these ltems are more generally located indoers in built-

up urban areas.

2.2 Indoor Equipment

With regard to equipment normally located indoers but coupled to
the outdeors through ventilation openings or duets, the follawing
tems will most f{requently be of_concern:

Air Return/Zxhaust Fans (discharge side)
Air Supply Fans (intake side)
Centrifugal Chillers

Reciprocating Chillers

Refrigeraticn Cempressers

Alr Compressors _
Transformer Substation Egquipment
Emergency Power Generators

Radlateor Fans

12, Circulating Pumps

- - .

. - -

O 0~ O oL N s

-l
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3. CATEGORIZATION OF EQUIPMENT HOISE SQURCES

8y far the most frequently encountaered environmental noise prob-
lems associcted with building mechanical syatema are with fanas.
Most bullding equipment, with the possible exceptlion of pumps and
compressors, contain fans of one type or ancother; the noise of a
cooling tower or ccndensing unit, for example, is prineipally

that due to the fan compeonents. For this reason, considerable
emphasls has been placed on the predlction scheme for fan-noise
evaluation in developing the technical backup for noise-estimation
crocedures presented in Section 10 of this report.

Compreassor equipment establishes another important category of
buildinz nolse sources; these are frequently located in mechanical
spaces o penthouses that contain large areas of openings to the
éxterior for ventilatien. Of particular significance are recipro-~
eating .aid centriffugal compressors used in both packaged and
built-up water/brine chillers for air-c¢onditioning or refrigeraticn-
system applications., Alr compressors are of less signiflcance in
noat commercilal or residential high-rise bulldings; they.are gen-
erally amall in capacity because theipr use is primarily for powe
ering gneumatlc centrol devices in HVAC systems. However, air
compressors used in laboratory processing and snsumatic coenveyor
applications can be very significant in their potential for noise
impact on the surrcunding environment.

Zlectrical substaticen tranaformers rated at or above 500 XVA must
alsq be censidered. There are electrical substations gserving most

large buildings that contain transformers and cooling fans which
Those in vaules

re typically either located outdoors cor in vaults,
aicher at

are vented So the outside through openings in the building
srade level or from a sub-grade level through sidewalk grilles.
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»

A less significant category of bullding noilse sources includes
emergency power systems, and miscellane=

pumps, electrlec motors,
The nolise problems traceable

ous building support equipment.
te motors are usually caused by the motor-cooling fan. FPump

noise i3 hard to separate from that of the drive motor except

in cases where a strong tone ls generated at the 1mpelier blade~
passage frequency. Emergency power generators can be very nolsy,.
However, in normal times, the units are typically operated only
for test during a 30-minute interval on z. once-a-week basis;

test operations are generally scheduled to minimize noise impact.
Howéver, we are aware of several instances (a hospital in San
Diege, for example) where emergency power systems are used during
peak-load pericds, on a dally basls, to supplement the power
available from the loecal utility; in these cases, "emergency"
senerator systems can have significant nolsge impact.

Thusg, there are four broad categories of building-equipment ncize
sQutes, summarized helow in decreasing order of significance:

1. Pan systems and fans used as components in packaged equipment

(inecluding boilers).
2 Compressor equipment.
3. Transformer substations,
Pumps, motors, and emergerncy power units (when cperated only

¥

fer =est).

af=-
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4. CHARACTERIZATION OF BUILDING MECHANICAL EQUIPMENT NOISE

4.1 Sources for the Data Base

A complete deseription of the nolse produced by a particular plece
of mechanical equipment requires the detailed measurement and
analysis of the followilng characteristics:

1. Noise magnitude (Sound power level or scund pressure level at
_a reference distance),

2. Frequerncy Spectrum (whether predominantly broadband, pre-
dominantly pure-tone, or, a mixture of the twao).

3. Temporal variations in magnitude and frequency distribution
that occur with changes in operating conditions, cperating
peints, or sudden changes due to c¢ycling of components.

At the present time such detailed datr. on the nolse of speciflc
produets rarely, 1f ever, appear in ¢ manufacturer's catalog
(althoush they may exist as part of a product improvement or
developmeant program). Part of the reason 1s the manufacturer’'s
¢onecern that the building mechanical designer would have great
diffieulty in evaluating such detailed information in terms of
fnilis own reguirements; he might easily becsme confused, possibly
reaching the wrong concluslon, when mz2iing comparisens with
commetitive products whose cataleg information on noise 1is
"nlayed dewn" as a potential socurce of problems.,

In equipment areas where no industry standards have yet Bbeen
adopted, the completeness of an individual manufacturer's pub-~
lished data on product noise tends to mateh that of the competi-
tion. Furthermore, unless some form of certification requirement
gexisss, the published data can become so¢ "massaged" that any
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significant differences betwesn campeting products tend to vanish.
Thus, some uncertainty exists about the reliability of published
catalog data in product areas where industry standards for noise
rating either de not exlst or are not subject to certification

or other forms of "poliecing."

Yhere industry standards pertaining to equipment noise do exist,
it 1s important to distinguish between standards for nolae
measurement and standards for noise rating. A further distinc-
tion is required between certified nolse ratings and ratings

"pased" con industry standards.,

For example, the American Soclety of Heatlng, Refrigerating and
Alr-Conditioning Engineers (ASHRAE), in the role of a %echnical
soclety, aver the years has developed or adepted standards for
the mecsurement of equipment noise in several HVAC product areas.’
The American National Standards Institute (ANSI) 4is als: develop-
ing standards for noise measurement that cover a breades scope of
equipment categories.? However, these staandards deal primarily
with the problems of nolse measurement and do not address the
cuestion of nolse rating (how to process and interpret measursd

data).

In practice, industxy trade assoclations such as the Air-Conditioning
and Refrigeration Institute (ARI) and the Alr Moving and Conditioning
Asscclation (AMCA) assume the responsibility for developing rating
standards. (In some cases it may also include 2 measurement pro-
cedure.) These standards are available for use by member companies
and others, a2as a dasis for the pgroduct noise-rating information

that is supplied to the field. 2**°®

8w instances, %hese rating standards are used as the hasis for
tizn preograms within the trade associations, wheraby member

-8~
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~companies can measure and publish product noilse ratings that are

backed up by independent laboratory testing of random samples
drawn f{rom the participating manufacturers. At the present tine,
however, few of these certification proegrams apply to products
in the size ranges of concern in commerclal or residential high-

rise buildings.®

More generally, the test and rating standards that presently

exist are used by manufacturers on an optlcnal basls to describe
product nolse, without the requirement for gertiflcation at the
trade=association level. Presumably a member company may be asked
by the assocatlion to verify the capabllity of his laboratory to
meet the requirements embodled in the test standard, should the
procedure be 3pecifilcally referenced in the published data. How=-
ever, in the case of non-member companies and others who state
that their tests are "baged" on a‘particular standard, &the quality
of the published data is subjeet to wide variation in credibilicy.

Consequently, many af the data obtained from manufacturer's cata-
logs and other published sources during this Project have required
careful scereeninsg and interpretation for applicablility in charac-
tarizing nolse sources of equipment used in duildings. These
data have been supplemented by measurements made by B8o0lt Beranek
and Newman (33N} on other related projects’and by new data che
tained in {leld surveys conducted specifically for this Project.

1 addition, ARI and several of thelr member companies undertook
2 cocperative program to furnish the Project with current data in

-

Tr
-l

several equipment categories for which little information has yet

appeared in the lizarature,
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4,2 Selection of Scheme for Classifying Equipment Naoise

From the outset, we have taken the position that the technlcal

review process, which 1s required in support of a mechanical [
equipment permit scheme, must be of minimum complexity if it Ef.zzbwz_,
1s to find acceptance at the Bullding-0fficial level or that

of the Bullder/Mechanical Desligner. Therefore, the task has

bean one of developlng a procedure that 1s simple enough to fol-

low with a minimum of experience in acoustical engineering, but

yet 1s capable of providing answers that are meaningful and

dependable.

A second factor of importance is that the current trend and
farmat of enviranmental nelse-contrel c¢ritaeria should strongly
influence the metric chosen for the technical review process
incorporated in the mechanical equipment permit scheme.

Taking these two factors into account, a strong case can be
made for using A-weighted sound levels, rather than cctave-
band ¢r cne-third-octave-band levels, for the numerdical outpust
af the tachnical review process. Once this conclusien’'is
reached, two other declsions are required:

1, The use of an A-welghted sound level to desecribe mechanical
noise does not differentiate between a plece of equipment
whose gpectrun contains significant narrowband or pure-tone
comeenents and one whose spectrum 1s principally breadhband
in characster. For example, a power transfeormer vs. a fan.

There is.glso a conecern that the A-~weighted level does not
properly classify machinery such as larsge air compressors

and vibkration-induced noise radiation from rotating equip-
ment pecause the prineipal snergy is typilecally at low fre-

quencies,
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These concerns are serious 1f the questlion of subjective
response 1s to be adequately addressed, However, con=-
sidering that the present trend in setting limits on en-
virenmental nolse 1is to use a metric that 1s essentially
only "level-sensitive," there is no justification for
making the ratings of machinery noise more complex than
the eriteria that are likely to be used to evaluate it.

‘2. If the output of the technlcal procedure that is embodied
in the permit scheme is to be an A-weighted sound level,
the input information must in some way refer to the shape
of the frequency spectrum.

This information is required because many nolse-control
elaments that c¢an appear in the path between source and
receiver are frequency-sensitive in their performance.

For example, the nolse of a vane-axial fan peaks about
one=actave higher in the frequency dpectrum than 2 cen-
trifugal fan, Because the attenuation provided by moss
commercial sound traps inereases significantly with {re-
quency over the range of lnterest, the resulting A-weighted
neisze reducticon is generally greater when used with vane-
axial as opposed to éentrifugal fans,

Taking all of these considerations into account, the simplest
bhase for c¢lassifying mechanical-equipment noise that retains

suflicient infermatleon about the source for use in the permit
scheme reguires two elements.

-

1 A~Weighted Sound Power Level (the use ¢f A-welghtad sound
pressure level at 2 reference distance ls alse acceptabls

In some situzations).

-l]ll=
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2. Identlification of the spectrum shape, for example, by
comparison with several generallized reference spectra.

4.3 Classifications of Mechanical Equipment Noise

4.3.1 Sound Power Level vs., Scund Pressure Level

The argument generally advanced for using Power Level rather
than Pressure Level in quantifying equipment nolse Ls that

the power radiated 1s not dependent on the acoustleal proper-
ties gf the surroundings, whereas the pressure depends on
distance, roam absorption, or the geometry of the installatien.

For simple point sources (and cnes whose power sutput 1s not
appreciably affected by the radiation impedance presented by

the test environment) there is a c¢lassical relationship between
rower and pressure that permits using eithar descriptor, with
only small uncertainties in the translation {rom one to the
other, 1In the c¢lassical relaticnship, the sound pressure level
1s assumed to drop off at the rate of § 48 per doubling of dis-
tance, initially, until the reflected energy begins to dominate;
at some: nolnt the level bacomes constant and independéent of

creater distances.

Hoewever, for larger sourcas outdoors, or for a distribution of

several sources over an extended surface, the sound pressure

in the ¥icinisty of the source is not ralated to the radiated

sower by the simple inverse-square distance law; and in the
indoor situaticen, there 15 growing evidence that the relation-
ship between the radiated sound power and the resulting sound
pressure at a'paint in the room does not follew the direct/
£121d relaticenship generzally assumed in current
Fer the actual situaticen, in tysical mechanieal

reverssrans
practice,

wllw
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rooms, vhe drop in sound pressure level 1s cbserved to be
closer to 3 dB per doubling of distance and the "constant"

reverberant fileld level cannot be found.

This is particularly true for an extended source such as a
large pilece of equipment and in "eluttered" rooms where the
absorptive treatment 1s concentrated on 2 single surface, such
as the c¢eiling. In these situations it i3 more reliasble to
.astimate the sound pressure level at some desired distance,
based on the sound level measured close to the machine (sueh

as one meter), rather than to caleculate it using a known sound
power level and the classical reverberant room equation. '

Thus, there i3 no simple answer ta the question of whether
sound power level or scund pressure level should he used for
the input data in the techniecal reviaw ereocedure of the Mechan-
ical Equipment Permit Scheme, In some situations greater re-
liabilicy will result by using sound pressure level at a refw
erence distance; in others, the use of socund power lavel will

be ﬁreferable.

4.3.1.1 Qusdoor Soutoment

In the case of outdoer equipment, the use of sound power level
for source characterization is the better cholce in mest in-
stances., If scund pressure lavel is used, then the reference
distance should de large with respect to the source dimensicns
(at least one, but preferably two to three times the major

aquipment dimensicon).

4,.3.1.2 Indoopr Zzuizomant

The use =f scund pewer level fgr scurce characterization is
recamnanded for 2ll fan equipmant and for certain small
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n or alr-compressor equipment; this 1s
resent trend in industry standards for

"

packaged refrigeras
consistent with the

nolse rating.

io
D

We recommend the use of sound pressure level at a distance
such as 3 feet (or 1 meter) for large machinery such as cane
trifugal chillers, transformer substation equipment, ete; this
is also consistent with the present trend in industry rating

standards."

k.3.2 Classgsification by Scectrum Shapes

The use of an A-weighted metrie for machinery nolse must be
supplemented by some identification of the typical frequency
spectrum asscclated with the equipment, in order to compute
the attenuation provided by frequency-sensitive nolse-control

devices,

We have reviewed many noise data resresenting a number of equip-
ment categories to detarmine how best to classiry differences

in the fregquency spectra encountered. Since pure-tone components
and other narrowband characteristics cannot be dealt with (for
the reasons discussed abave) the raview was confined te an anal-
y8is of spectral distributlions in occtave bands.

Hde found, Lf the cetave-band noise spectra are firstc adjusted by
A=welghting and then normalized at 500 Hz or 1000 Hz, that a
plateau region exists, typically three-cctaves wide, where the
levels are neminally ecnstant; and also that these three bands
can be llantified with speclfic tymes of equipment, From this
evolved 2 c¢lassillcation scheme that requires only feur charag-
teristic spectra feor ldentifyding frequency cantent. A possible

o b

-1l
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exceptisn is with transformers where significant differences
exist between fan-cooled and radiant-ceeled equipment.

The four classificztions are as follows: (The cctave-band
levels, adjusted by A-welghting, are typlcally constant within
*1 dB in the indicated bands.)

1

Class I 250, 500, 1000 Hz Par
Class 1II - 500, l100C¢, 2000 Hz ‘I'M"‘?
Class IIT - 1000, 2000, 4000 Hz '
Class IVA 125, 250, 500 Hz (radiant-cooled transformers)

IVE 125, 250, 500, 1000 Hz (fan-coolsd transformers)

It was found that the (logarithmic) sum of A-weighted octave-
band levels at the center frequencies indicated was generally
within 1 424 of the value for the entire spectrum. Thus, a
feasible schema for rating egquipment nolse can be established
by using the A=-weighted scund power (or pressure) level with
an added subsceript to denota the spectrum c¢lassification. For
examnle, Lw 2 105 dBAI would refer to an A-weighted sound
powar lavel of 105 d3A asscelated with a2 Class I type spectum.

4.4 Examples of Eauijoment with Similar Characteristic Soagtrum
Shaoes

The following egquizment lists, grouped by spectrum classifilication,
have teen established frem an 2nalysis of the avallable daca.

The data base came frem manufacturers' catalegs, the technigal
literacure, 33N flles on previous projects, new fleld data cob-
tained &y 3B, and information recently furnished us by ARI

membar companies.
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Class I (250, 500, 1000 Hz A-welghted octave=-band levels

similar)
a. Centrifugal Pans (airfoil, backward inclined, forward

curved, and modifled radial)
Cooling Towers wlth Propeller Fans
Rotary Secrew Compressors

d. Large Air Compressors

Class II (500, 1000, 2000 Ez A-weighted octave-band levels

similar)

a. Vane-Axizl Fans

b, Air=Cooled Condensing Units

¢, Packaged Roaf-top HVAC Units

d, Cooling Tewers with Centrifugal PFans
Chillers with Reciprocating Compressors

e,

f. Chillers with Dirsct-Drive Harmetic Centrifugal
Compresscrs

£. Pumps

h., Electric lotars
1. Diegsel-Engine Generators

Class III (1000, 2000, 4000 Hz A-weighted octave-band levels

similar)

a, Chillars with Internally-Geared, Hermetice Centrifugal
fomprassars

b. Large Chillers (» 1,000 TR) Both Direct and Gear-Driven

Class IVA (125, 250, 500 Hz A-welighted ccrtave=bdand levels

giztlar) .
a. Transformers (radiant cooled)

Tlass IVE (129, 250, 500, 100Q Hz A-welghted occtave=band

levels similar) ‘
a., Transformers {(fan-cooled)

wlfa
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The majority ¢f the equipment af concern to the Permit Schema
falls into either the Class I or II characteristic spectrum
categories. The noilse-reduction elements most frequently used
in HVAC systems, such as packaged sound attenuators and duct
lining materials, also will most generally bte applied with
equipment in these spectrum classifications. This suggests

that only two A-welghted nolse-reduction ratings may be required
for such elements.

-l7=
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5. RECOMMENDED PROCEDURE FOR ESSTIMATING THE A-WEIGHTED SQUND
POWER LEVEL OF FAN EQUIPMENT IN GENERAL

With few exceptions, the A-welighted sound pewer or sound pres-
sure levels of equipment used in bdbulldings are predictable in
terms of a constant (which varies with the specific type of
equipment) tlus corrections for size and other operaticnal

parameters,

In the case of fans, the correction factors are based on air
volume, total statie pressure, and percent of peak static
efflciencey at the point of operation. Several types of come
ponents, such as condensing units and packaged HVAC undts,
correlate hest with a correction factor based eon the cooling
capacity. 3Still others correlate befter by a simple relaticon-
ship %o the total horsepowar of the drive motors.

§.1 Influence of Static Efffcieancy on Fan Noise Lavels

A number of studies of fan-noise characteristics are found in
the literature., Most papers on this subject within the last
five to tan yeark agree that fan noise 1s predictable on the
alr volume, and statle sressure; but only

basis of fan type,
citad to show the effact of fan ef-

a faw references c¢an ke
flelengy 2n the nolse level actually produced {n a fleld ap-
slicaszion, 712

.
As stated previgusly, air-moving devices can bhe censiderad one
of the mest signillcant scurces of neilse in the exterior en=-
reéﬁlting from operatian of building mechanical
Thus, we have invastigated the paotan-

likely te be introduced by

visanmens
aguipment and systems,
tizl error in fan-noisa estimates

=18«
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neglecting the static efficiency at the peoint of operation on the
fan curve, We conclude that this factor muat not bve lgnored,

The fan may actuzlly be as much as 12-15 dBA noisler than es-
timated by negleceting static efficiency, 1f the operating

peint, for example, should lie within the range of 50 percent =
60 percent of peak static efficiency.

Many fan applications in the field operate at points substantlally”
to the »ight ¢ the pealk in the static-efficlency curve. This '

is the reason that an installaticn frequently turns out to be u;:“‘

noisier than anticipated in design. Although the ASHRAE Hand- .
book, which 13 the basis fer many current design estimatas of

fan neise, cautions againat making a fan s2election tgo far off

the point of peak efficiency, no relationship is= given to demen=-
strate the importance of this factor.

Ta gain an insight to this prcélem, we queried several major
manufacturers for data on nolse at ¢perating peints other than
peak static efficiency (most tests for nolse rating are custcom=-
arily >un in the range of peak statlc efficiency). Although

the response was mixed, we were able to obtain enough data to
obgerve the trend of changes in noise level with point of cpera-
tionn on the fan curve, These data were nermalizad to spec¢ifie
sound gower level at pegk static efficiency and compared with
computations based on the methed published Iin the gursent ASHRAZ
Handbeek;!? gocd agreemsnt was fcound.

sample of the static-elllciency corrslation cbtained for air-

A als
feil-type fars, using data furnished by two manufacturers, is
shown 4in Pigura 1, lote that a2 predictlon kased con the currant

-

(19768) ASHRAZ Handbeok would be in agreement a2t abcut 95 percent

B e i S
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Note: Derlved From Catalog (nfeemation
Provided by Twa Mejor Manufact=
urers of Cantrifugal Fans

20
10 ok =n:_—,__°
""-u_~ a
0 ~p
\hc
.‘4‘*‘:
0 }-r—o-o-r
i’ :
1976 ASHRAE Hendbook
=10
40 §a ) 70 80 %0 100
Parcent of Penk Statie Efficiency
FIGURE 1.~ CHANGE IN A - WEIGHTED SOUND POWER LEVEL
WITH POINT QOF OPERATION ON FAN
PERFORMANGCE CURVE

-20.
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neak static efficiencey, and significantly underestimates the
ncise level L the fan actually runs at lower efflielency. The
2 the curve implies that fan-noise level increases 1 dB

(¢ ]
id

-
e
-

k]

e

'O i

3 noints reducticn in percent of pealk statlec efficlency.
dotalled analysis of the data indicatad that these changes

with statlie efficlency zre relatively constant over a wide

Sregueney range and thus can be appllied to the A-weighted level. .

Thus, it i1s clear that the estimation of fan-nclse power must
include a correction for operating point on the fan curve. *¥

*Cne manufacturer who has tested several other types of cen-
srifugal as well as vane-axial fans recommends that a similer
caorrection of this magnitude be applied in all cases. Althcugh
the peak static elfficlency vasies with the type of fan, the o=
rection factor is expressed as a percent of peak efficleney and
is assumed 2o be indemendent of the absolute peak value, The
Aiffapences in the absolute noise levels for fans of other
eharactaristic peak efflolency 45 lower is prasumably

types whese
in the valus identiflied with the specific sound

zacounted for
rower lavel ziven in the ASKEEAE Handbook.

#*The implicatiens ol this conclusicn are an important considera-; =, 4
arvaticn, 4 {an gperating at low staltlc ef~ "N, el

a signiflizantly greater power input fer cthe iF

ztatic pressure than one providing the same duzy ﬁ“-g?

affliciener. FTor 2 glven duty, 2 lewer efficlency

esent 2 lewer fipst occst (some space ——)

gr oparasing czsc. However, considering

2 election may require alseo a larger firsta

snirel, one should ajuestion the decl-

a8 b
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3.2 Procedure for Estimating the A-Weighted Sacund Power Level

For estimating the A-welghted socund power level of fan equip-
ment, the recommended equation assumes the following form:

Lw(’) = KA + A+ B+ C dBA

o

where

L,(A) = A-weighted Sound Powver Level re 10712
:A = A-weighted Specific Socund Power Level
A = Correction for Air Volume, 48 (10 log
3 = Correction for total static pressure,
c = Correctian for percent o( neak static

Watt

re 10712 yagt#
efm)

dB (20 log Ps)
efficiency,

d2 (108 - 54 log & peak £.2.).
The values of KA and the spectrur c¢lassification for fars of
variocus types are provided in Tarle 1 helow. These val-.as
are based on the oczave band spectra corresponding to Specific
Sound Power Level (as a function of fan type) published Iin the
13978 ASHRAAZ EHandbock. Adjustments have bean made to account
fer the blade-passage (requency. (Typegraphical errors present
in the Handbook tasles have alzo been carrected.)
The values of the zorrecsion faetzrs, A, 2, and ¢, are tébu-

s 2, 3, and 4, resgacsively, for the range of

mleal aperating conditions encsuntered in sracstice.

(4]
-

aselifiz Iound Fower Lewvel 1s thar level correspending to a
efm az 1" w.g. statle pressure,
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TABLE )
Fan Noise Estimation Parameters
Tan Type K, (dBA) Spectrum o
Ian _-ype R Classification 7en
A. Centrifucal Design
1. Airfoil
Backward Curved
Backward Inclined
a. Wheel diameter, 36" & over? 35 I
- Bb. YWheel diameter, less than 36" . ug I.
2, Forward Curved (i o'c,-cnda.—df vZ e 39 I
3. Medified Radial Aee/ o0a.
a. Wheel diameter, 40" & overt Ls I
b. Wheel diameter, less than 40" 50 I
3, Vane-=Axial Desisn
S04 Hub/Diametar Ratio
a. Wheel diameter, 40" & over?® Le I1
b. heel diameter, less than 40" 52 IT
€., Prorellar (Zxhaust or Ventilation
(Arniicaticns) 52 I &

*Hagant data frem two {an eguipment manufacturers indleate

that the specific sound power level is alsc dependent upen
fan diameter; the peak fan efflciency Ls reduced at wheel
diameters below the dreakpoint indicated. This fact is net
recognized in the 197& ASHRAE Handbook.

RPN A . e L . N - . v
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TABLE 2
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Correction Factor "A," For Fan Air VYolume

Alr Volume
Q0 CFM

100

| ol

[
=)

1

16
20
25
32
Lo
50
£0

]
Lol i o
h w O
o O o

209

WOV W NN e

. .

O 00O MNMWMOo i O

Correction Facktor
dB

30
31
32
33
34
35
36
37
38
39
40
41
42
43
b
us
46
47
u8

JI W
WM O W
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TABLE 3
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Correction Factor "B8," For Fan Static Pressure

Pan Static Prassure
Lnches, Watar (Gauge

l.0
1.25

.—l

L Y -

MmN O ~3
L5} (8 )]

WU e
. -
-..]
U

»
Ui O OwWm O

AR B B IR IR
" .

-25-

Correction Factor .
4B

0

W o3 v\ o=

10
11
12
13
14
15

17
18
19
20
al
22
a3
24
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TABLE 4

Correction Factor "C," For Percent of Peak Static Efficiency

Statie Efficiency : Correction Faetor
% of Peak dB
93-100 0
9Q-82 1
87-89 F
8486 3
81-83 4
78-80 5
75=177 6
72-T4 7
£§3-T1 8
£6=-£8 : 9
§3-65 10
Q=62 11
57=59 12
SH-56 13
51-53 , 14
4850 . ' 15

aZf=
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§.3 Example I[1lystrating Use of the Procedure ta Estimate
Sound Power Level of Fans

An example to i1llustrate the procedure for estimating fan noilse
power level using Tables 1, 2, 3, and 4 i1s given below.

5.3.1 Eguipment Selection Based on First-Cost Cansiderations

A bullding exhaust fan 1s to handle 60,000 ¢fm at 2.5" w.g.
static pressure, Based on first-cost considerations, the mechan-
ical engineer has selected a2 40"-diameter, double-width, double-

inlet airfoil fan (40 AF DWDI).

Trom the c¢atalog performance data 1t Is determined that this
particular fan 1s capable of operating at a pealc static af'-
fiecleney of 78 percent; however, for the selected dusy, the
peint of cperation on the fan curve corresponds to a static
afficiency of only 44 percent. The percentage of peak static
efficiency, therefore, is 56 percent (44 + 79 x 100).

35 dB8A (Table 1, Airfeil fan > 368")

U8 43 (Table 2, corcection for 80,000 <¢fm)

8 43 (Table 3, carrection for 2.5" static pressure)

13 dB (Table 4, correction for 56% of peak static efficlency

b
[ |

[ T UL I~y S
[ ]

Lo(4) =X, + A+3 +C

a 35 + U8 + 8 + 13 = 104 EBA re 10-12 Waztt,

€.3.2 Zzuioman+: Selecticn 3azed cn Ootimizing Operating Costs

milar fan duty (50,000 e¢fm & 2.5 ?s),

Consider new a casa for si oy
excant sShat sthe mechaniczl engineer makes a (an selecticn based
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en octimizing mechanical efficlency, thereby reduclng operating

costs.

The fan selected might be a 60 AF DWDI prather than the 40 AP
DWDI chosen in the previous example, The peak static efflcleney
for this fan would still be 78 percent; however, the point of
aperation cn the fan curve would be at about 70 percent statlc
efficiency. Thus, the percent of peak statilc efflelency would
be 90 percent; and the C-correction term would be only 1 dB.
This change to a more effictlent fan reduces the sound power
lavel by 12 dBA! This reduection in noise, achieved by choosing
an efficlent fan, is comparable to the attenuatlion provided by
a 3-foot commercial packaged sound trap. Thus, to offset the.
inerease in noise resulting from the seglection of a less af-
fleient fan would require the installation of a sound trap that

otherwise might not be necessary.

5.3.3 First Cost vs, Operatinz Cost

*n practice, the cholee of a less efficlent fan is generally
Dased on lower fIrst cest and smaller s2paca reguirements, Feor
the fan and drive-motor selecticns used in the above examples,
the cost difference 1s about $3900. However, the cost of adding
2 sound trap to obtain the egulvalent nolse level would be about
31200, Thersfore, the net savings in first cost would e in the

range of 32104,

long-term operating costs: Tha less
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far will reguire about 33 brake-horsepower to mest
anditiens; the more efflceient fan to do
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the same job reguires only 34 brake-norsepcwer. This 1s a
ng of 20 np, er 15 kW, At 4 cents/kWh, operating 12 hours/day,
s 13 2 gaving in power c¢costs in 2xgQess of
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$2000Q/year. Thus the savings 1n first cost with the less ef- Y

ficient fan would be offset by operating cost after the flrst
year's operation. In addition, for the local utility pro=-
viding the power, the 20 hp reduction in moter size for the
efficient fan would correspond to a saving of about 106 barre

ef oil per year!

-29-
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§. RECOMMENDED PROCEDURES FOR ESTIMATING THE A-WEIGHTED
SQUND POWER LEVEL OF QUTDOCR EQUIPMENT

We recommend the use of Sound Power Level for expressing the
nolse magnitude of ocutdoor equipment, This is consistent with
the present trend of industry measurement and rating standards
for HVAC equipment, A possible exception is with coeling
tawers and transformer substations, which, due to thelr large
physical size, are mere fregquently rated in terms of sound
pressure level at some reference distance,

8.1 Packaged HVAC Roof-Top Units

These units typically are self-contained, packaged, HVAC sys-
tams composed of three component parts:

1. A cocling seaction containing one or mere reciprocating
compressors, plus an air-cooled condenser generally using

propeller-type fans.

2. A heating section cantaining either a gas/oil-fired furnace,

or registance heater aleéements in conjunetion with a reverse-

ayele heat purep; the heat pump would utilize the same com-

ponents described inn Item 1 above,

A fan sactlion containing 2 supply fan and a return/exhaust

fan.

“he axteriecr nclse level genaratad by these units Lis typleally
2 mixsuze of <

the four prineipal sources listed below in order
of significance.

30
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1, Alr-cooled condenser fan

2. Discharge side of return/exhaust fan
3. Intake side of supply fan

L, Compressor and unit casing.

Secause very little information on the exterior noilse levels of
thegse units could be found in the mznufacturers' current cata-
logs, we sought the éssistance of Air-Conditicning and Refriger-
atlion Institute (ARI). A request was made that ARI member com-
canies c¢ontribute whatever data were available to an infarmation
peel, which would then be used as the basis for bracketing the
range of nolise levels likely to be encountered in fleld applica-
tions. It was hoped that a data correlation might be found that
would permit the estimation of noise levels based on a simple

relatienship to unit size or capacity.

The Industry responded by making available data on 21 different
units within the cagacity range of 10-82 Tons Refrigeration (TR).¥

These data, together with those measured independently by S8BN on

11 additional units, were found to correlate with refrigeration

capacity in a pradictable manner.

The ccrrelaticn of the data provided by ARI i3 shown in Fligure 2;
the best it is LW(A) s 77 + 12 log (TR), dBA, with a standard
equal to 3 ¢B., We recommend that ncise

error ¢f eatimate, s,
Scheme be based cn the best-lit

estimation fer use in the Fermit
curve plus o¢ne standard errar as follows:

Lw(A) a 80 + 12 leg (TR), dBA;

the charzetaristic fraquency spectrum was found to be Class II.

#one ton i equivzlent ¢ 2 capacity of 12,000 3tu/hour,
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Table 5A lists the estimated A-Weighted Sound Power Levels in
increments of 1 dB8A for the capacity range of 10-200 TR.

5.2 Air-Cooled Condensing Units/Chillers

These units are compenents of many HVAC systems used in buildings,
They are frequently remote from the rest of the system and are
located outdeors. The units may or may not ccntain integral
compresasor equipment; however, they will always contaln fansew

gsenerally of the nropeller type.

Very little information on the operating noilse levels of theae
units was found in manufacturers' current catalegs, and the as-
sistance of ARI was requested again. The Industry responded with
data on 40 units of various designs within a capacity range of
10-100 TR. Included in the sample ware data for air-cooled
condensers, with and without integral ccmpressors, and for air=-

coeled enillers,

The best it to the data, as shown in Figure 3, is

LW(A) = 75 + 12 log (TR), dBA,

with a standard error of estimate equal to 3 dB. Thus, for use

With the Permit Scheme we recommend estimating the A-welghtad
Zcund power lavel cn the basis of:
L,(A) = 78 + 12 leg (TR), dBA;

she charactarpistic Jreguency specirum was found to bve Class IT.

t=2 the estimaced A-W2ighted Scund Power Lewvels in
£ 1 d48A fcr the capacity range of 10-200 TR.

«33=



TR ' el

Report No. 2556

TABLE §

Baolt Beranek and Newman Inc.

A-Weighted Sound Power Levels of Qutdoor HVAC Equipment

Rataed Capacity

Sound Power Level (A-Weighted)
dBA re 10-12 watt

Zgquipment Type Tons
A 10 - 11 92

12 - 13 93

14 - 16 gl

Packaged "Roeftop” 17 - 20 95
HVAC Equipment 21 - 24 g6
. 25 - 29 a7

Range 10-200 TR 30 -« 35 98
36 - 42 99

Frequency Spectrum 43 - 51 100
Class II 82 - 82 101

83 - 75 102

76 - 91 103

92 - 110 104

111 - 133 105

134 . 162 1086

163 - 200 107

3 10 - 11 S0

12 - 13 Sl

14 - 18 92

Air-Cooled 17 - 29 93
Condensing Units/ 21 -~ 24 gl
Chillers 25 - 29 85

30 - 35 96

Range 10-200 TR 36 - 42 57
43 - 51 98

Traquaney Spectrum 52 - §2 99
Class II §3 « 75 100

786 - 91 101

92 - 110 102

111 - 133 103

T 134 « 162 104

- 183 - 200 105

~34-
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6.3 Coolinag Taowaers And Evaporative Condensers

Bolt Baranek and Newman Inc,

These units are components of many HVAC systems used in buildings.
They are located outdoors and provide essentlially the same func-

tion as air-cooled condensing units in the heat-transfer process

associated with the compressor equlpment.

At the present time, there appears to be ne industry standard
for measurement and rating of cooling tower nolse. The Cooling
Tower Institute (CTI) has set up a working group to develop a

Jocd

L
Shpnt.

aorocedure for sound measurement (although we were unable to da= Lo Lo

tarmine the present status of this program) .

Twe major manufacturars of cooling tower equipment were cone-
tacted r'or noise level data representative of their product
lines. ' The information received from these sources was com=-
binad wi:zh additicnal data present in BBN files and analyzed
to devel:p a noise level prediction scheme.

The besc corrslaticn of equipment size with nolse level appears
to be on the basis of ;otal fan-motor nersapower, However, a
different equation is required for each of the three types of
towers in common usage today (Centrifugal, Propeller, Vane=-

Axdal).

Cantrifuzal Fan Cogolins Towers

. 3.
Pigure 4 shows the A-Weighted Sound Power Levels obtalned frem
one equirment manufacturer for 166 towers with centrifugal f{ans,

slotted as a Sfunction of fan-motor horsepower. The dest curve

on

fLt o the datz is

L,tA) = 78 + 9.3 log(hp), d24,

7
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with a standard error aof estimate equal to 2 dB. Thus, for
use in the Permit Scheme we recommend estimating the A-Welghted

Sound Power Level as follows:

Lw(A) = 80 + 9.5 log (hp), dBA;

the characteristic frequency spectrum was found to be Class II.

Table 6A lists the estimated A-Weighted Sound Power Levels Iin
1 dBA increments for fan-motor drives in the 10-350 hp range.

£.3.2 Propeller Fan Cooling Towers

Figure 5 shows the noise correlaticn cbtained for 55 towers
with propeller fans, The best fit to the data is '

L,(A) = 88 + 7.5 log (hp), 4BA,

with 2 standard error of estimate equal to 3 dB. Thus, for use
in the Permit Schems we recommend estimating the A-Welightaed
Sound Power Lavel as follows:

LW(A) = g1 + 7.5 leg (hp), 4BaA;
the characteristcic frequency spectrum was found %o be Class I.

Table 88 Lists the astimated A-Weighted Sound Power Levels in
1 dB8A increments for fanemoter drives in the 5-100 hp range.

§.3.3 Vane=A%kial Tan Zvanorative Condensars

lon ebtained for 1l evapora-
ans. The data base is from

e

sure 5 shows the neoilse cor

relat
ve condansers with vane=axial f
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TABLE 6

A-Weighted Sound Power Levels
of Cooling Towers and Evaporative Condensers ‘

Total Fan-Motor np A-Weighted Sound Power Level

Equipment Type ho dBA re 1012 Watt
A 10 - 13 g0
14 - 16 a1l
centrifugzal . é? - S% g§
2 -
Range 10-350 hp 37 . 34 34
Frequency Spectrum gf - gg 32
Class II 56 - 70 - 37
77 - 89 98
90 - 113 99
124 - 144 100
145 - 183 101
184 - 234 102
235 - 298 103
299 - 350. 104
3 § - 7 97
8 - 10 98
Sraspellar 11. - 14 99
~ 15 - 19 100
Range 5-100 hp 20 - 25 101
26 - 3y 102
Preaquency Spectrum 3 - 46 103
Class I uy - 83 104
64 - 8s 105
88 - 100 106
< 5.0 = 6.2 100
- £.3 = 7.5 191
Vane=ixial 7.6 = 5.1 102
8.2 - 11.0 103
Aange 5=75 nhp 11.1 - 13.3 104
e 13.4 - 18.2 105
Trequeney 3pectrun 16.3 - 1%9.6 166
Clasgs II 19.7 - 23.7 107
23.8 - 28.7 108
28.8 - 34.8 10¢
34.9 - 42,2 1190
b2.3 - 31.1 111
31,28 = £&1.9 112
£2.6 - 75.0 113
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anly one =quipment manufacturer, The best fit to the data

is:
LW(A) = 90 + 12 log (hp), dBA,
with & standard errcr of estimate equal to 1 dB. Thus, for use

in the Permit Scheme we reccmmend estlimating tne A-Weighted
Sound Power Level as follows:

LwCA) = 81 + 12 leog (hp), dBA;
the characterlistie frequency spectrum was found to be Class II.

Table 6C lists the es:imated A-Weighted Sound Power Levels-
in 1 dBA increments far fan-metor drives in the 5=75 hp range.

6.4 Roaom Air Caoanditi ners (Londenser S$ide)

This type of unit has twe prinelipal applications, The [flrst 13
as a window installation in older buildings that were not
rlanned for g¢entral air cepditioning; the second 12 in newer
¢onstruction where air eendiclioning iz provided con a room=by-
Toom basis with a "through-the-wall," non-ducted unit.

With respect to this project, the multiple applicaticon Iin re-
modeled or new bullding construeticen L2 of ghief concern; an
array of thesge unlts iastallad in 2 building facada can repraw-
fent a significant souree ¢f axtarigqr noise.

Products of this ¢
American Ecme Appl
though indusiry s

racting of rocm al

yme lz2ll within the Jjurisdietion cf the
lance Manufacturers Assoclatlon (AEAM)., Al-
andards ars avallable for measurement and
~¢onditicner noise lavels, AHAM does not at

oa
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the present time have a certification program to pelice the
¢claims made by the manufacturers,

We found 1t very difficult to obtain sound data on these units
from the individual manufacturers-~not because data are un~
avallable, but because these companies are reluctant to disclose
such informatien untll an industzry certificaticen program 13
adoptad. However, one of the companies was willing to diacuss
the subject with us on an informal, non-official basis and
provided an indication of the probable »ange of nolse levels
likaly to be encountered with present industry products. This
infermation, cocupled with data in BEN flles from a study made
in 1967!* nas besn used to develop a prediction scheme for

the noise level on the condenser (outdeor) side of room air

canditionears.

The recommended equation for estimating the A-Weighted Scund
Power Level of room air conditioners is:

LNCA) a 37 + 10 log (3tu/h), dBa;
the characteristic frequency spectrum shape 1s Claas II,

Thae basis for the srediceion scheme 1s shown in Flgure 7., It
Will be notaed chat the corpalation betwesan the curve bassed on
an "unofficial" industry souresz znd that derived by axtrapola-
ting the ARI data on air-cooled condensers 1s quita gecd. Fur-
thermere, the range of data cbtained in the 1%67 BBN study 1s
well hraciketed by either curve. We have chosen to use the
curvae basgsed on the indusi>y source hecause it 15 glightly more
canservative:; At is estimated that 1l0~15 percent of the tyoieal

units enccuntared in sractice may be 2-3 dBA higher than predicted

-4
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by this curve. In Table 7 helow, the A«Weighted Scund Power
Levels are listed in 1 dBA increments for room air ccndltioners
(condenser side) over the capacity range of 3500-36,000 Btu/h.

TABLE 7

A-Weightad Sound Power Levels of Roam Air Conditioners
(Condenser Side)

Capacity A=-Welghted Sound Pewer Lavel
Btu/h dBa re 10-12 watt
3,500~ 4,500 73
4,600~ 5,600 74
§,700- 7,100 75
7,200~ 8,900 76
9,000=11,200 ' 77
11,300-14,100 78
14,200-17,800 79
17,900-22,400 80
22,500-28,200 81
28,300-36,000 82

§.8 Transformer fauioment

Sub~station transformers associated with Buildings typiczlly have
sower ratlngs in the range between 0.3 and 20 MVA, and may be
either radiznt-cocolad or fanecnoled units. These units may be
located cutdeors or in vaults below street level, and are often
ownad by the utilisy. Smaller transformers (< 0.5 MVA), purehased
by the building ewners, are tywnically lecated in mechanical rooms
in sevaral areas of the huilding.

--u 5-
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It is proposed that the A-Welghted Socund Power Levels of outdoor

transformers be predicted based on MVA rating, readily obtailnable

manufacturerts data. If, however, transformer dimensional data

(obtained by the NEMA Standard !'® methed) are available, it i3
recommended that nolse prediction be deone by direct caleulatlon.
This procedure 1s qutlined in Appendix 1 of thls report,

A relationship between transformer MVA rating and A-weightad
sound level was obtained in a recent study carred out on behalf
of the Bonneville Power Administration.!' Measurements for 59
transformers rated between 6§ and 1200 MVA, as illustrated 4in
Figur= 8, resulted in the following correlation:

L(BOO) = 29,7 + 8.2 log (MVA)
where .

L(SOO) = sound level at 500 ft,., dBA

MVA = transformer power rating

The z2tandard deviation ¢n the above Tagression line at the mean
rating is approximately 3 48. The fact that the scund level
varies as 5.2 log (MVA) rather than the expected 10 log (MVA) is

srobably axplained by the increased coeling capacity of the

larger power transformers.’® Furthermeore, the study indicates

shat due tg the close-in measurement procedure, the above cor-
ralation 1s overegredicting the far-fleld A-weighted gound leavels

by approximately 4 4B, Thus, 4if the above equation is adjusted

to a2 19 log slope, reduced by 4 dB and converted to sound power
lavel (assuming free-fileld hemispherical sound radiation) the

follewing relaticn resulis:

wifa
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Lw(A)
where

Lw(A) A-weighted Sound Power Level re 10'12
K, = A-welghted specific sound power level

re 10712 yact

= 75 for radiant-cooled transformers
a 77 for fan=-ccoled transformers
MVA = transformer power rating

KA + 10 log (MVA) , dBa

Thus, it 1s proposed that the A-Weighted Sound Pdwér Leval of
outdocr transformers be predicted based on MVA rating using the
above relation. Table 8 tabulates the function 10 log (MVA).

Sinc¢e the BPA correlation was based on relatively large trans-
formers, other correalation methods were devaloped based on data
from References 17, 18 and 19. The resulting pradiciion curves
agreed reasonably well with the proposed curve and thus it is
felt that the propesed method i3 Justifiable for desizn purposes
within the ftransformer size range of intersse,

In summary, 1t is recommened that outdoor transformer noise

'prediction he based an MVA- rating as deseribed above. If,

hewever, measured NEMA data are available, the tranaformer neilse
predicoion may be based on measured NEMA sound dats and trans-
former size, as described in Appendix 1. The characterissic
requency spectra are (Clzss IVA for radiant-cooled sransformers
and Class W3 for fanecooied transformers,

-48-
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TABLE 8
Correction Factor For MVA Rating

MVA Rating 10 loe (MVA)

0.447-0,562 -3
0.563-0,708 _ -2
0.709-0.891
0.892- 1.12
1.13- 1.41
1.41- 1.78
1.79=- 2.24
2.25- 2.82
2.83- 3.55%
3.56- 4,47
b, 48« 5,62
5.63- 7.08
7.09- 8.51
8.92-11.2
11,3 =14.1
14,2 «17.8
17.9 =22.4
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7. RECOMMENDED PROCEDURE FOR ESTIMATING THE A-WEIGHTED SOUNO
PRESSURE LEVELS QF INOOQR EQUIPMENT

In Section 4.3 reference was made to growing evidence that the
relationship between radliated sound power and the resulting sound
gressure at a paint in mest typical rooms does not generally fol-
low the direct/reverberant fleld relationship usually assumed 1n
current practice. For example, in typical mechanical roems, the
drop in sound pressure level 1ls observed to be closer to 3 dB

per doubling of dilstance and the "constant" reverberant field

level cannot be found.

To demaonstrate this departure from the classical direct/reverber-
ant fleld relatienship measurements were made In five typical
building mechanical rooms that ranged in size from 29' xz 15!
to 4! x 25' x 18'. These rcoms contained varying amounts of
machinery, piping, ductwork, plenums, and surface acoustiecal
treatment., The measurement periods were chosen at times when..—
enough equipment could he shut down to permit using an Ilg’fef-
erence scund scurce as a nolse generator without interference frem
other machinery. In each room the A-VWeightad Sound Pressure Levels
wers measured it saveral distances from the Ilg scurca. The
relationship, in dB8, detween the known sound power being rediated
by the reference source and the resulting sound presgsure at each
measurement distance was then datermined., The results of this

x 1l2°

axperiment are zlettad in Tigure ¢,

Hote that the scatter of the daza at ccomparzble distancses from
the refarence sgsgouree is generally on the crder of only 1 dB
arsund the best curva £it, which has 2 slepe of about -3 4B per
doubling of distance. It is alse signiflcant that for distances
comparable fe the maxinum rocm dimensions there is no "laveling
sff" of the sound gregsure level Shat weuld indicate the existenge

e w

5
58 a revercerant {leld,
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With regard to the Permit Scheme, the prediction of extaerior
neoise levels, due to a scurce located indcars, requires the
estimation ¢f equlipment socund levels at an opening in the
building face., Based on the above discussion, we belleve
better reliabllity will be obtained using equipment sound pres-
Sure levels at a reference dilstance from the source, such as
one meter, rather than to use sound power level. Were the lat-
ter chosen instaad, the conversion to sound pressure at a

point in the room would requlire the use of a relationship

that doesn't seem reliable in typical mechanical spaces--gven
for a small source such as the Ilg fan. Furthermore, the con-
version would require the determination of room absorption
which could be subject to groas error 1f estimated from the
information likely to appear on a set of buillding plans.

7.1 Cantrifuagal Chillar Eauinmen%

Centrifugal compressors ars very common in chillex aquipment
used for HVAC applications in most medium and large sized
bulldings., Unless the cooling capacity of individual machines
is required to be much in execess of 1,000 tons, the compressors
are generally hermetics (motor-drive and ccmpressor-integrated
in a sealed housing). In the size range above 1000 tons, the
motor-drive system 1s frequently separate from the compresasor.

There are two basice types of ¢e2ntrifugal machines; the directw
drive dasign, where the compressor speed l1s the same zas the
metor, and the gear-drive, where the compressqr speed may be
simes greater than that of the moter. The radiated

saveral g
machine designs are distincesly difa-

nolse spectra of these twe
fapant, The dirs¢t-driven equipment noiss spacgtrum typically
the reglen of 1000 Hz, whereas the geared-machine

neaks in
meaks one o two oc¢tavas higher Iin the fregquency range.

spect™um

52
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Zecause little catalog data on nolse has been published for
centrifugal machines, ARI was asked to request whatever data
were avallable from member companles for use on this project.
The respense was very good; data were supplied on some 35 dif-
ferent machlnes of both designs, and covering a range of sizes
frem 100-7,000 tons., PFor most of these machines, data were
furnished for operation at light, medlium, and full-locad ¢on-

ditions.

The first attempt te establish 2 nolse-level correlation with
equipment size was to plot the data independently of differences
in machine design, refrigerants, or cperating lecad. The result
is shown in Plgure 10. llote that the standard error of estimate
i3 approximately 4 dB relative to the hest-curve fit.

After a seriaes of different correlation schemes were triled, in
an attempt to reduce the scatter in results, it was determined
that the data should be saparated on the basis of drive desisn,
operating load, and equipment capacity range.

7.1.1 InternallvaGeared Machines

In Pigure 11, the correlaticn between sound level and equipment
capacity L8 shewn for machines in the size range of 100-1000 tons.
The data are geparated on the hasis of operation at light loads
and madlius to full load, llote that the standard arror of estimate
has hean raducsad to abeut 2 d3 and also that ceperation at lizht

lecads s zbout 3 4B nolser than at medium to full load.

Tor uge in the Fermit Scheme, we recemmend that the A-Weighted
Sound Pressure Level a2t one meter be estimated using the following

eguaticn:
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Lp(A) 2 70 + ¢ log (TR), dBA*;
the characteristic frequency spectrum is Class IIT,
The recommended curve corresponds t¢ the best-fit of the data
plus one standard error for light load conditiens. This should

yield a2 conservative estimate for machines at any operating load.

7.1.2 Direct Drive Machines

Figure 12 shows the correlation of noise with equipment size_de-
tertiined for direct-drive machines in the capacity range of 100-
1000 tons when oparating in the medium to full-load range. No
data were made_available for operaticn at light-loads. The
standard error of estimate is 4 &B and thus the correlaticn is

. not as good as for the geared machines,

We recommend that the curve fer aestimation of maximum noise levels
be rasied 4 dB above that corresponding to the medium to full-
lcad range. On this pasis the relationship recommended for es-
timating the A=-weighted scund pressue level at 1 meter begcomes:

Lp(A) = 486 + 17 log (TR}, dBA;

the characsaristic shape of the frequency spectrum is Class II.

#PTRY 13 an abbreviation for Tons-Refrigeration. 1 Ton equals
12,000 37U per hour.
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arzge Centrigugal Equipment (> 1000 tons)

(g

7.1.3

There were less noise data provided on large centrifugal machines
However, the trend

in the size range greater than 1000 tons.
clearly indicated the need for a different equation for estimating
nolse levels than either of those derived for the hermetic

machines.

In Figure 13 it will be seen that the best curve=-fit has a stan=-

dard error of estimate equal to 3 dB. Machines using different

refrigerants and types of drives (motof, turbine and motor-gear)-
are included in the data base. To be on the conservative side

we recommend using a nolse estimating curve 3 dB higher than the

best curve-{it. The equatien for estimating the A-weighted sound

preasure level at 1 meter thus becomes:
Ib(A) = 81 + 6.8 log (TR), dBA;
the shape of the characteristic frequency spectrum is Class IIT.

T.2.4 Nolse Laval Compariscns

In Pigure 14, the three curves recommended above for estimating
tae scund level of centrigugal equipment at 1 meter are drawn

for comparisen. It can be seen that direct-driven machines are
characterized by somewhat lower scund levels than geared machines
in the cagacity range bhelew L1000 teons. The offset for large
equipment 1s about +1 d2 near 1000 tons, but the rate

cencrifugal
in sound level with ecapaeity is lass than that of

¢f increase
elther type of hermetic machins.®

#Tha sty
Tepgrted in Referencs 27 found noise lavels for hermetic machines
seme L4-% 424 hizher than those ceontatined in current survey,

Zowever, the Iwo surveys are in fairly good agreement for large

centrifugal macshines.

: -58=
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Tables 9A, SB and 9C list the socund levels at 1 meter in 1 dBA
increments as a2 functlon of equipment type and design full-leoad
capacity.

7.2 Recigrocating Chiller Eauioment

Reeiprocating compressors are most generally found in chiller
equipment used in HVAC and refrigeration appllications where the
gapacity requirements for individual machines are ordinarily
100 tons or less.

The deﬁisn of these '"paekaged" chillers 1ls subject tc‘wide var-
lation; for the same capaclty, the number and types of compres-
sors used (open v3. hermetic) are the prineipal variables., The
refrigerant used (R-12 vs. R-22, etec.) may also vary since this
permits the same compressor to provide several ranges of ca-
pacity.

Each of the abovae design factors affects the noise level of the
machine for a given Quty; our attempts to correlate the measured
data on this equipmant with capacity resulted in a scatter
greater than +5 dBA. '

In Pigure 15, the data furnished by ARI on 11 different machines,
aperating 'at several loads, have besn combined with those used

in the 1971-1972 study reported in Reference 20 and plotted
versus capacity in tons. It will be seen that the scatter about
the haest curve-{it to the data 1s +10, -8 dBA; the standard

erroer of eatimate 13 5 dB.

A Setsar correlaticn could probably be found for units separated
on the basis of compressor desizn, number of compressors/package
né refrigerant used., However, the sample size of the data made
available by Lndustry was too small te permlit this type of an
analysis., Tharefore, a consgervative approach must he taken in

the estimaticn of nolse levals for this equipment,

L d
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TABLE 9

Chiller Equipment.
A-Weightad Sound Pressure Level at 1 Mater

Rated Capaclty Sound Level at 1 Meter

Sauinment Type : Tons dBA re 2x10'5 N/m2
A 100-114 §8
Internally-Geared 115-147 89
Hermetie Centxifugal  148-190 ' 90
Range 100-1000 TR 191-245 91
246=-316 92
Prequency Spectrum 317-408 93
Class IIT 409-528 ' 94
529=-681 95
§82-880 . 96
881-1000 a7

]

Direct-Drive 100=-116 81
Harmetic Centrifugal  117-132 82
Range 100-1000 TR 133-151 83
152-173 84
Frequency Spectrum 174-1%8 85
Class II 199-225 86
227=-29¢8 37
260=-286 88
297-338 89
329-387 90
] 388442 - 91
4u3.50¢% g2
506-578 93
579-620 94
661-755 95
756-354 96
8651000 a7

-
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Report No.
TABLE 9 (continued)
Chiller Equipment
A-Weighted Sound Pressure Level at 1 Meter
Rated Capacity Sound Level at 1 Meter
Squipment Type Tons dBA re 2x10-5 N/m2
¢
Large Centrifugal 1050-1550 9%
Machines 15512300 100
> 1000 TR 2301=-3400 ' 101
All Drive Types 3401-5100 la2
51017600 103
Fragqueney Spectrum 7601l=-10,000 104
Class III
2
Hermetic Reciprocating 20«26 88
Range 20-200 TR 27-34 89
3544 g0
Frequency Spectrum Lg5-53 91
Class II 5975 g2
76=97 a3
g8-125 94
128164 g5
165=-200 96

~63=
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For application ta the Permit Scheme, the followlng relationship

is recomrmended:

Lp(A) 8 1 meter = 76 + 8,8 leg (TR), dBA;
the characteristic frequency spectrum in Class II.

Although the above relatieonship may potentially underestimate

abeout 18% of the equipment, pegging the estimation curve at a
higher level doss not seem Justified considering the small size

Qf the data sample. Table 9D lists the sound level of this
equipment in 1 4BA inerements vs. capacity, based upon the

relationshin recaommended abaove,

7.3 Miscellanacus Chiller Equioment

T#c other types of chillers are occasiocnally found in HVAC systems
in buildings. These are: (1) aksorption machines, and (2) chil-
lers using rotary SCrewW-COompressors.

Vary little published infermation ls avallable on these two types
of ehillers and the data in BBN files on measurements ocobtained
during past grajfacts have been used as the hasis for the nolse
level estimates presentad below.

7.2.1 Atgerstion Machines

The neise lavel asgeelatad with these machines 1s primarily that

resulting from.the solution pump a2nd the auxiliary equipment

regquired to operate She systam,

the Parmit Scheme we recommend using 85 dBA
1 meser f{rom these machines, independent

4-55-
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of equipment size. The characteristic frequency spectrum is

Class II,

7.3.2 BRotary Screw Compressors

Zased on data for only 5 units, we recommend using a value of
90 dBA for the scund level at 1 meter from this equipment. The
characteristic frequency spectrum is Class I. The above value
is representative of machines operating in the 100 - 300 ton
capacity range, at or near 3600 rpm.

7.4 Circulating Pumps

The noise environment near pumps usaed in HVAC applications 1s
typlecally that due to the pump itself plus significant contri-

butions from the motor-drive,

Several references have baen reviewed to establish a bhasls for
estimating the sound level of pump equipment in HVAC appllca-
tions, 21122123 The hest correlation seems to be horse-

power of the motor-drive., On the basis of this review we
reccmmend using the fallowing equation for estimating the sound

leval at 1 meter from pump equipment:
LQ(A) = 77 + 10 leg (hp), dEA;

thae characteristic spectrum shape 13 Class II.

Table 10, following, lists pump scund levels in 1 dBA increments

as 3 functlion, of motor-drive horsapower.
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Drive=iotor Size

HP
3.0 - 3.8
3.6 = 4.5
b6 - 5.5
5.6 = 7.0
7.1 = 9.0
.1 - 11.0
11.1 - 14.0
14.1 - 18.0
18.1 -~ 23.0
23.1 - 28
29 - 35
3 - 45
46 - 56
57 - 71
72 . - 89
90 - 112
113 - 141
142 - 178
179 - 225

e e e L B - Y

TABLE 10

Bolt Beranek and Newman Inc.

Pump Equipment

Seund Level at 1 Meter
ABA re 2x107° N/m°

82
83
84
85
g6
87
88
89
90
91
92
93
94
9%
96
87
98
99
100
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7.5 Bgoilers

On previcus BEBN projectsz?! noise data have been measured or col-

lected for at least 36 boilers, ranging in size from 50 - 2,000
toller-naorsepower {one "BHP" equals 33,3500 BTU per hour). It
has not been possible to correlate noilse with heating capacilty

zlone or any other known design parameter. Nolse levels,

normalized to 1 meter distance, may be as high for the smallest
as for the largest units. Considering the wide variety of
blower assemblies, burners and combustion chambers found on
varicus boilers, 1t 1s not surprising that the noise output
cannot be simply asscceiated with heating capacity.

Fer bellers of the forced-draft type (thase are the cnes most
likely to produce noise problems in bulldings), we reccmmend
meter of 28 dBA 2e used for Permit

that a sound level of 1
This

Scheme estimatian purposes, independent of boller size.
level i3 representative of those measured at the front (ccm-
busticon air-intake) of units in the 50 - 2000 BHP? range. The

-
i

characteristic f{reguency spectrum is Class I.

7.6 Afir-Camnressars

Twa typas of alr-compressers are frequently found in Zuildings:
ene 1s a relatively small cempressor (usually under S np) used
9 suzply high-pressure air for sperating ecnirols of the HVAC
gystems; the othar ls a medium size combressor {pessibly up to
100 hnp) usad te supply alr to maintanance and machine sheps or

te labarazary.spaces.

*

The cperzticon oFf this aquisment tends tg be cyelic, o¢on demand,

and thus 1s widely variable {rem building $e buillding., Furthers

~E8~
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more, the principal noise problems that arise from this equip-
absence of an effectilve
air-intake muffler in the installation. For example, nolse
levels at 1 meter from typlcal bullding ailr-compressors, without
afficlent intake mufflers installed, may be as high as 95 =-

100 dBA, Howaver, a noise reduction of 20 dBA can be anticipated
by using an efficlent muffler on the aiq—intake. Noise reduc-
tions greater than this are generaljynoﬁ obtained in practice
because of flanking by casing radiated noise.

For application to the Permit Scheme, we recommend using a value
of 95 dBA for the soundnlevel at 1 meter, independent of aguip-
ment size, for unmuffled machinea.® The characteriztic fre-

quency gpectrum 1s Class III.

When an efficient air-intake muffler {3 Ilncorporatses 1in the
installation we belleve the nolse of this equipment can be
neglected in most instances,

7.7 Emergencv/Auxiliary Elactrical Power Genaratars

Smergency electrical power systems are found in nearly all new
tuildings. These systems are of two types (dlesel engine or
turdine) and vary widely in physical capacity, depending o¢n the

reculrements for emargency power,

-

*n many ocecasians, the filter assembly on the air-intake to
"mufflapr." Cur exrperisnce 1s that

he compresscr is called 2
noise reductlion preovided by such filters 1s negligible.

(1]

L]

.4

o
[

LAt e s b




INT HYNATY nuWY 2030

Report No. 3568 Bolt Beranek and Mewman Inc.

Auxiliary electrical power systems are beglnning to be used in
many buildings to reduce the demand on local utlllities during
Beak periods or to permit more than emergency opneration in the

czse of a major power fallure,

The noise impact of these systems depends on the frequency and
duration of their use. Emergency systems are typlcally operated
for test onee a week for a 30-minute period and the nelse-control
precautions taken are generally minimal for this reason. Auxil-
lary power systems used, for example, tc balance out peak-
demand loada are a different matter; the pericds of cperation

may be several hours in duration, on a daily basis. There is
growing evidencs that systems initially inatalled for use as
emergancy power sourcess are now also being used periodically

for auxiliary power. .

Wizh regard to the Permit Scheme, the need for a detailed
analysis of these syatems depends on their utilization factor.
Par thase situations where analysis 1s required, the follawing

lscussion is pertinent. The data base used to develop the

procaedures for noise estimation appearing helew were drawn {rom
88N flles on other projeets and, in particular, References 24§ & 25,

7.7.1 Diesel-fngine Eguinment

hres

The neise eof dlesel~driven equipment is a function cof ¢
sQureas:

. fembustion air-intake

. maghind casing;

¢ombustion exhaust.

-70- i
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Wnhen these systems are Installed in buildings, there are typ-
ically two paths through which the noise 1s coupled to the cut-
doors: the first path 1s through openings to the exterior in

the walls of the mechanlcal room housing the machine, required
for combusien air and for ventilation. It 1s through %these
openings that the noilse assoc¢ilated with the alr-intake and casing
radiated components is of econcern. The second path 1s the com-
bustion exhaus?® System which 1s plped to the ocutdeoers and dis-
eharged at or near the roof.

?7.7.1.1 Estimation of Intarior Scund Lavels

Within the mechanleal room, the scund level at 1 metar from a
diecgsel-driven generatqr can be astimatad by use of the follow-

ing expression:
Lp (A) = B7 + 10 1iog (KW}?®, dBA;
the characteristic frequency spectrum 13 Class II.

The sound levels at 1 meter are listad in Table 11 for the range
of equipment slzes normally found in buildings.

7.,7,1.2 Easimasion of IZsheust Sound Power Léevels

Because the axhaust system is piped to the outdoors, sound power
rather than sound pressure is the preferred basis for estimating

the lavel of this csmponent.

The A=Weizhtad Scund Pcower Level of the exhaust at the peint it
lTeaves the epgine can te estimated frem the following expreszsicn:

*The corralaticn has bYeen expressed in kilcowatts since the systams
are typically rated an this basis. The bdrake-hersapower of the

engine 13 abeut 1,5 times the KXW capacity assuming an electrical
el{iciency of 50%.

“7lm

TR T Bl




-t T BEIIY AVWY AOJ0

e et 1k gemo 2

Report No. 3566 Bolt Beranek and Mewman Inc.

TABLE 11

Diesel-Driven Electrical Power Genarators

Aoom Sound Level @ 1 Meter . Exhaust Sound Power Level

Equipment
Capaeity, XKW dBA re 2x1077 N/m° dBA re 10712 wate
50 - 56 104 123
57 - 71 105 124
72 - 89 106 125
90 = 112 107 - 126
113 - 141 108 127
142 - 178 109 128
179 - 224 110 129
225 -~ 282 111 130
283 - 355 112 131
386 = 447 113 132
448 - 562 114 133
563 - 708 115 134
708 - 391 1158 135
892 -1122 117 136

-72-
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L, (A) = 106 + log (XK¥), dsa re 10712 wase;

the echaracteristic frequency spectrum 1s Clasg I.

The sound pawer levels of the "unmuf'fled" exhaust are listed in
Table 1l for the range of equipment sizes normally found in the
bulldings.

7.7.2 Gas Turbine Fauioment

The noise control problems with turbine-driven équipment are
similar te thoses for the diesels discussed above. However,
there are generally three geparate paths for the neolse to reach

the outdoors:

. Casing radlated noise; path 1s generally through venti-
lation openings in the mechanical room;

. Combustion air-intake noise; path is typilcally ductad
to the extarior at or near the level of the mechanical

room;

Exhaust noise; path 13 ducted to the exterior through a
rogof-stack.

?2.7.2.2 Casina Aediated Noise .

The estimation of c¢asing radiatad noise impaet on the exterior
envircnnent ianvolves a roome-acoustics analyais; therefore sound
leval at ] mater ls the preferrsd metric. This can be estimarad

using relaticenship!

L; (A) a 101 + 5 log (XW), dB4;

the characteristic spectrum shape 1s Class IIX,

Tha sound levels at 1 mater ars listad in Table 12 for equipment
in the capaclty range found in bulldings.
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TABLE 12
Gas Turbine - Oriven Electrical Power Generatars
Equipment' Casing Radiated Noise Intake Noise Exhaust Noise
Capacity Sound Level at 1 Meter A=Weighted Sound Power Level
KW dBA re 2x1072 N/m? dBA re 10712 wats

200 - 329 113 122 124

330 - 529 . 114 125 B -1

30 - 8lug 115 128 128

850 - 1299 118 131 130

1300 = 1999 117 134 132

2000 - 3299 118 137 134

3300 - 5000 119 140 136

. -l
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7.7.2.2 Combusion Atnr-Intake Noise

Since the cembustion air is neormally ducted from cutdoors, nolse
estimatlon on a power level hasis is preferred., The A-weighted
sound power level may be estimated from the following equation:

L. (A) = 86 + 15 log (KW), dBA re 10712 wate;

W

characteristic frequency spectrum is Class III,

Table 12 lists the sound power lavels of this nolse compenent
over the range of equipment sizes found in bulldings.

?2.72.2.3 Zzhaust Noise

The exhaust noise is always ducted tos the ocutside; therefore,
sound power levael {3 the preferre& basis for noise eatimation.

The recommended equation is:

L, (A) = 100 + 10 log (XW), dBA re 10722 watt;

the characteristic frequency spectrum is Class 1I.

The sound power levels of this noise component will be found
llated in Table 12 for the range of equipment sizes found in

bulldings.

7.8 Transfarmar Zquioment

It is proposad that ncise estimation for indoor transformers he
vasged on the WIMA Standard !'? sound level.® Due to the

by

Since HIMA ratinas ars ma=<imum allowable

levels, it 13 prefarahnls
te use 2 maasurad NEMA level, when availakls

, for eatimation

purposes.

Do g R e
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characteristice dimensions of these units, we recommend using the
NEMA value for estimating the sound level at 1 meter from the
transformar tank or cabinet, The characteristic freaquency spectrz
are Class IVA for radiant-cooled transformers and Class IVB for
fanwc¢ogled transformers.
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8. DEVELOPMENT OF PROCEDURES FOR ESTIMATING THE SOUND LEVEL AT
A POINT QUTDOORS OQUE TO EXTERIOR BUILDING MECHANICAL

EQUIPMENT

outdoors, there are
in the sourge to
the Permit Schene.

For building mechanical equipment installed
genarally only two nolse reduction elements
recelver path that require consideratlion in

The first i3 the natural attenuation, due fo spreading, over

the distance between source and receiver. The second is the

attenuation due to shielding by barriers in some form that break
the line-of-sight between source and receiver, The directivity
of the noise source due to local reflections must, of course, be
considered in the caleculations, but this factor affects only

the initial leval of the source and not the attenuation ocver the

path tc the recelver,

8.1 At:enuation Due to Soreading

In using the worksheets daveloped in Section 10 to compute the -
sound lavel at a paint ocutdoors resulting from an equipment
scurce at distance, 4, the assumption is made that the source=
directivizy factor, Q, will always be at least 2.,%

In the Fermit 3Scheme, the noise of exterior eguipment 1s ta bhe

expressaed as an A-Welghted Socund Power Level the scund lavel
at the preceiver peint will thus be a functicn ¢f the distznce,

d, and the corresponding L (AY.

#TmMig 15 true -Tor all scurces considered in the Permit Scheme

except noint scurces emanating from rcof-stacks; this i3

accountad Sor on the spegific worksheets for dlesel and

Turbingedrivan gaenesrators.

[ 94
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The attenuation due t¢ spreading is tabulated in Table 13 in

1 dB ine¢ramaents for source to receiver distances fraom 10 -

300 feev. The table 1s valld for source to recelver distances
greater than about one=third of a major equipment-dimension.
Where this restrietion 13 viclated at a source distance of
concern, a method 1s deseribed in Sec¢tion 9.3 for dealing with

the situation.

8.2 Attenuation Due to Barriers

In using thg worksheets developed In Seetlon 10 to compute the
sogund level cutdoors, a credit of 5 dB i3 applied for the in~
sertion losz2 of a barrier that just breaks the line=of=sight

betweent the source and recaiver, Greater attenuations than this

can, of course, be realized for a barrier that extends some
distance beyond thatnecessary %o just provide a break in the
sight-1line. A procedure faor calculating the actual barrier
ingertion leoss 18 provided in Appendix 2 and its use in the

worksheats 1s made opticnal,

£33 Closr. dua 1% ri‘-ﬁ&cj;an:.

-78-
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TABLE 13

Outdoor Equipment: Attenuation Due to Spreading

Source to Receiver Distance, D. Attentuation

Feet [Lw (A) = Lp (a)]*
dB
10 18
11 19
12 20
13 - 1% 21
15 - 186 22
17 - 138 23
19 - 21 24
22 - 24 25
25 - 27 26
28 - 30 27
31 - 34 28
35 - 38 ' 29
39 - 42 30
43 - 47 T3l
48 - 53 32
. 54 - 60 . 33
§1 - 67 34
68 - 75 38
75 - 84 36
85 - 94 37
95 - 106 38
107 - 119 ' 39
120 - 133 ko
134 - 150 51
¥51 - 158 Lz
169 - 1859 43
180 - 212 by
213 - 238 85
235 = 287 48
268 - 300 47

*The refarence 1

Taral 1e 2r1A=3 g md

P N

vel for L 1is 10712 wate; for Lp, the reference
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9, DEVELOPMENT OF PROCEDURES FOR ESTIMATING THE SOUND LEVEL
AT A PQINT OUTDOORS DUE TO BUILDING MECHANICAL EQUIPMENT

"LOCATED INDOOQRS
For equipment installed indoeors, the calculatlon of the sound
level at 2 point ocutdoors 13 significantly meore complex than
that for an outdeoor source. The procedure must be carried out
in two steps: the first step determines the sound level present
at an opening in the building face due to the interior noise
source; the second step determines the sound lavel at the
receiver point by taking into account the attenuaticns due to

spreading, directivity and shielding.

9.1 Prozsadure for Usae with Queted Fan Equfoment

This proczdure, in general, applies to the discharge side of

exhaust 2:1d return-air fan systems, and to the intake side of
The basis for the procsdure i3 that the sound

supply-ai fans.
pewer laval of the equipment, on the side c¢f interest, i3

ductad to :the outside,

In the procedure, the attenuation provided by such elements a=z
absorptive duct-lining and commercial sound traps 1s determined
By taking into account the characteristic spectrum shape of the
noise soqurze and the frequency-dependent preoperties ¢f these

noise-reducticn elamants,

72 use the procedure the first step is to obtain the following

infarmation about the fan equipment:

Fan-type (air-feil, ferward curved, atg,)
Wheel diameter
Cesizn ¢fn

W R s
»
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Design total statle pressure
Statiec efficlency at design operating point
Peak static efficiency for the fan design
Nolse spectrum classifiication (I or II),.

-~} Oh WA -

Using the above information, the second step is to determine
the A=-welghted sound power level of the fan at the specified
aperating conditions. This may be done by following the pro=
cedure outlined inp Seetion 5.2 using Tables 1, 2, 3 and 4,

The third step is to determine the noise-reduction of the
elements in the ducet between the sourcece and the bdullding
opening, as desceribed below,

$.1.1 ‘Attenuation Dus to Duetlining

In Table 14, the attenuation due to the pressics of absorptive
lining 4in straight ducts is tabulated for the following combi-
nation of variables: Rectangular vs. round duct; cne-inch vs.
Two=1inch ductlining; Class I vs,. Clasa II input spectrum shapge.t
For convenisnce the table i3 established in increments of 1 dB,
To use this table, first seslect the column c¢orrssponding %o the
azpropriate input spectrum, duct shape and lining thickness; then,

detarmine the attenuation in dB provided by the length cf lined
duet shewn ort the drawing.

In the worksheets developed in Section 10, a eredit of 5 dB is
alse given for elbows that are follewed by a minimum of 10 feet
b ning dcﬁﬁs:ream of the turn, However, thils lining beyond
ne elbow LS not counted in the length used when entering Table 114,

1
Pe
3

lues shown in this table are tentativa, They are based con
al evidence daveleped from many vears of practical ex=
&, Hewever, recent werk in this £ield sponsorad by ASHRAZS

ead t9 a revisipn of this table upon publication of the results.

S
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TABLE 14
Attenuation af Ductlining*

Report No. 3566

Input Spectrum Class I Class II .
Duct Shape Rectangle{ Round Rectangle| HRound f'd‘
rining Thickness n P 1" an 1 an i an :u/é’ Lo
Reguired Lengzsh——w= | FE, | Ft. | Ft.| Ft. Fe. | Ft. | Ft, | Ft,
¥or ‘This Attenuation
¢ 1 1 "1 1 1 1 1 1 1
2 3 2 3 b 2 2 2 1
3 5 . 3 5 3 3 3 3 2
4y 7 ] 7 iy ] 4 b Q
g 9 & 9 & & 5 5 3
6 11 8 | 12 8 - 8 6 7 4
7 13 10 15 10 10 7 g ]
8 16 12" ] 18 13 12 8 11 5
9 19 14 21 15 14 9 13 7
10 22 | 16 24 19 16* | 10 15 9
il 25 13 27 22 18 11 17 il
12 28 20 3Q 25 21 12 19 13
13 3l 22 34 28 24 18 21 15
14 38 )24 | 38 | 31 27 |16 |23 117
15 37 27 42 34 30 18 a5 13
16 40 39 Lg 38 33 20 27 2l
17 43 33 50 42 36 22 29 23
13 b 36 8y L6 39 24 31 25
19 50 ig 58 50 42 26 33 a7
a9 L b2 82 54 45 28 35 29
21 58 s 66 58 48 30 7} 37 31
22 62 48 70 g2 5& 32 Lo 33
23 1 1 T4 g6 56 34 b3 36
au 70 gi 75 71 &0 36 Lg 39
2s T4 57 g4 76 g 38 Lg 42
26 78 g0 8s 81 68 49 52 Ls
27 g2 63 94 s 72 L2 55 48
28 1) 66 99 gl 76 by 53 51
25 18] 65 |14 g8 g0 46 61 54
30 sS4 72 |lo9 jiol g Lg 64 57
*Tor axanmgle Ta cbtain 10 dB attenuaticen of a Class II input
speetrun using rectangular duetwork with 1"-thick lining requires
T4

lengs: . | _ .
.QJM% ¢ o b%ﬂp% .

-2
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g.1.2 ttenuation of Packaced Scund Attenuators

To establish a data base for classifying commerclal sound atten~
uators according to thelr insertion-loss as a functleon of input
spectrum éhape, the catalog data publlished by elght manufacturers

were subJected to a detalled review,

The best basls found for normalizing the performance of these
devigces was in terms of statlc preasure-drop, unit-leng:th and

shape (rectangular vs. round).

The best c¢lassification In terms of static pressure-drop, at
1,000 fom entering face-velocity, was as follows:

Shape ' Pressure Droo Glassification
Rectangular < 0.10 in. w.g.  fLow"
Reetangular 0.10 - 0.30 4in. w.g. "Medium”
fegtangular > 0.30 in. w.g. "High"
Cylindrical < 0.03 in. w.g. "Low®
Cylindrical > 0.03 in. w.g. "H1gh"

There was some standardizatlon of length found with the rectang-
ular sound attenuators (3', 5', 7' long). The length of the
eylindrical attenuaters generally was on the order of 2 - 3
diametars, but this was not standardized among the various

manufaczurers.

The average insertion loss for typical packaged acund attenuators
is tabulated in Table 15 in line with the classificaticn scheme

L AR -

discussed ahove, Insertion loss values are given for the twe
gectra (Clazss I and II) chat bracket meost of the
1

¥ £a be found in HVAC systems.

tyces af

input
fan designs 14

8
4

~83-
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TABLE 15
Inserticon Loss of Packaged Sound Attenuators
Shape Length - Pressure Average Insertion Loss, dB
Drop €lass I Class II
3! 11 16
Regctangular g1 Low 16 21
7! . 18 25
3 14 20
Rectangular 51 Medium 18 25
7! 22 29
3! 18 26
Rectansgular St Kigh 22 33
7! . 24 _35
Cylindrical 2-3 Low 15 20
> Duct Diam. Diameters Hisgh 13 2€
Cylindrical 2«3 Low 11 l’
= Dugt Diam. Diamecters High 14

PRt s
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8.1.3 Correction for Arez of Duct Quvening in Building Face

A cenverslon is required between the sound powér in the duct and
the resulting sound pressure at the opening in the building face.
1l the dudt terminates in a louvered plenum, but there 1ls an
on-axis opening to the outside, no ¢redit is taken for the area
of the louvered face, A correction of =3 4B 1s allowed 1f the
duct discharges into a louvered plenum where the opening to the
cutside 13 at least 45° off-axis of the duct centerline. The

correcticns for duct cross-sectional area are given in Table 186,

At this point in the procedure the sound level at the bullding
face can be determined by subtracting the corrections for
attenuation in the ductwork and for duct cress-sectional area.

For example, consider the installatlon of an exhaust fan of the
Alrfail type that 13 selectaed for a duty of 60,000 e¢fm & 2.5"
total static pressure.  The fan 1s 40" in diameter; for this
service it will operate at 564% of peak static-efficiency (this
iz the fan used in the example given in Secticon 5.3.1.

The fan 1s c¢onnected %o an axhaust duct of dimensions, 54" x
8G" (30 sg. ft.), in series with a § ft. "low" pressure-drop
sound attenuator. The duct terminates at a louvered opening
in the building face, on-axis with the duct centerline: De-
tarmine the scund level at the building face,

Step 1. Calculata the A-weightad sound power level of
. she fan (Refer to Section 5.2)
: R (A) = K, + A +B+¢C
« 3§ + 48 + 8§ + 13

-l2
= 104 dBA re 10 12 Watt; the spectrum

is Ciass I.

-35-
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16

Correctiaon for Duct Cross-Sectional Area

Duet area,

£,

2

9~11
11.1 - 14
14.1 - 18
18.1 - 22
22,1 - 28
28.1 - 35
36 - u%
45 -~ 56
57 - 70
71 - 89
90 - 112
113 - 141
142 - 180
181 - 225

Correction Factor, 4B
Q

W 0~ v E o

o
v o

13

-86-
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Step 2. Determine the caorrection for the sound attenuator,.
' FProm Table 15, a 5 ft. "low" pressure-drop unit
has an attenuation of 16 dB for a Class I input

gpectrum.

Step 3: Determine the area correction.
' From Table 16, the area correction for a 30 ft.

duct 13 5 dB.

2

-

The sound level at the buillding face is determined by subtbacting
the regults of Steps 2 and 3 from Step 1.

Lp (A) = 104 - 15 - 5 = 83 dBA.

9.2 Procedure for Usae with Non-Ducted Mechanical Eauioment

This procedure deals with the noise radiated by mechanical
equipment inte an enclesing space that is coupled to the outdoars
by wentilation o¢penings in the buiiding. The sound transmissicn
through axterior walls of the bullding i3 not considered an im-
portant factor in this analysis because Iin nearly all praciical
situations the walls are "flankad" by the ventilation openings.

The firgt step 1s to determine the sound levels at 1 meter for

each machine o7 interest using the appropriate equations devel~

oped in Secsion 7. Liat these in descending order of magnitude
and cancentrate £first on only those noise sources that are the

Nighest,

The secand step 13 to determine the distance in feet from the
machine of interest to the c¢losest opening to the outside; use
Table 17, feollowing, to obzain the ccocrrectlion factor o be

- -
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subtracted from the sound level at 1 meter to obtaln the sound
level on the rcoom side of the building openlng. An additional
correction of 3 dB is permitted if the machine is shielded from

the openirig by plenums or other large barrilers.

TABLE 17+

Corraction for Distance Batween
Machine and Building Opening

Distance from Openings Correction Factor

£e. dB
5 2
67 3
8.9 4
10-11 5
12-14 ) §
15-18 7
19-22 8
23=29 9
30«36 10
> 36 10

*Tanle 17 1s bhased on the discussion in Secticn 7 cencarning the

daparcurs of iyplcal machaniczl rooms frem classical direet/

reverbarant {ield theery., The correction 1s limited to 10 4R,

maximum, because of the small size of the data base.

=88~
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Tne next step 1s to compute the sound level an the room side of
the building omening by subtracting the correction factor de-
termined in step two from the machine sound level at 1 meter
determined in step cne.

At thils point 1t 13 best to determine whether there are other
nolise sources in the mechanical room that will significantly
inf'lueance tne'sound level at the buillding opening that was
computad for the noisiest machine., In general, nolse sources

6 dB lower in level will have negligible effect unless they are
¢loger to the copening, or geveral in number.

" We recommend that the mechanieal installations in a given room

be sgreened first ont the basis of the neisiest sources; 1if this
analysis indicates that no envircnmental problems exist at the
receiver point (ocutdcors), then other lowar level souneces
probably can be neglected. However, for those situations where
the sound levels of several sourcees are to be combined, a
procedure 13 provided in Appendix 3 for the addition of decibels;
decibels are leogarithmic values and cannot be summed by nermal

algebraic additions.

The final step in the analysis 1s to adjust the scund level,
detarmined for the room-side of the building cwmening, for any
lgsges through the opening; the result will be the scund levael

at the extarior face of sthe building. The losses to be accountad
for, ALf any, generally will be these due to the Installation of

packaged sound.attenuators or acoustical louvers at the cpening.
The avarage lhsersion loss of sound attenuators may be found in

-y

Table 13; the inserticn loss of typilcal acoustical louvers 13
- b

3, follewing.

=39~
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TABLE 18

Insartion Loss of Acoustical Louvers

Average Insertion Loss, dB
Class I Class 71 Class III

Pressure Dreop

Low: "< 1.0" w.g. 8 10 10
€ 1000 fem
High: > 1.0" w.g. 10 13 12
§ 1000 fom )

As an example in using this procedure, consider the installation
of a cantrifugal ehiller, of the intarnally-geared type, having
a capacity of 600 tons. The chiller is located in a mechanieal
Toom at a distance of 12 feet directly cpposite a ventilation
opening i1 the exterior wall, A low=pressure drop acoustical

louver i3 installed in the ohening.

Daetermine the sound level of the chillarx
using Table SA. The 600 ton unit is found
to produce a scund level of $5 dBA at a
distance of 1 meter, Ter the internally-
geared machine, the characteristic spectrum

-
..

Step

is Class TIZTI,

Step 2: Find the magnitudecof the distance correction
facter using Table 17, Fer 12 feet, the
T factaor Ls § dB,

Stap 3: Determina the insertion loss of the acsustia

louver, using Table 18, for 2 Clasas III input
spectrum. This fageer Ls 10 dB8,
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The sound level at the exterior face of the bulldling due to this
compressor installation will he found by subtracting the results

of steps 2 and 3 from step 1.
LP(A) an 05 - § = 10 = 7§ dBA.

Had the acoustical louver not been installed, the sound level
would be 10 dB higher, or 89 dBA.

6.3 Procedure for Uetarmining the Sound Level at a Point Out-
doors Due to a Source at the Buildinag dpaning

In subsections 9.1 and 9.2 above, procedures were given for de-
termining the sound level at the axterior face of a bullding
opening resulting from a machine lacated inaide, This sub=-
section presents a procedura for datermining the corresponding
sound level at some distance frem the huilding copposite the

opening.

The attenuation of sound with distance frem a finite rectangular
plane source (or opening) of dimensions 2 and b (a < B) has the
follewing characteristics along an axils perpendicular to the
opening?t:

1 In the regionh batween the cpening and a distance of about
a/3, there 13 no change in sound level,

2. In the raegiocn batween about a/3 and bB/3, the sound level
dreps at the rate of 3 d8 per doubling of distance,

3. In vhe region beyend about B/3, the sound lavel drops at the
rate of § dB per doubling of distance.
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Thus, to determine the sound level at some distance, d, from a
building opening, the "source dimensions™ must be taken into
consideration; for a given dlstance, the attenuation reduces
with an increase in the size of the opening.

For dlstances equal to or greater than about b/3, the attenuation
can be determined from the folleowing equation:

L. - L =20 log d - 10 log {ab) + 10, dB
Po Pa

“here L iz the sound level at the opening,

Lp iz the sound level at distance 4, and

d

a2 &b are the dimensions of the cpening; thus
(ab) 13 the area of the opening.

In most practical fleld situations, the distance Lo aome point of
referance cutdoors more than likely will be equal to or greater
than b/3. For example, consider a reference distanes of 20 faeet
from the bullding opening. In this case,'the "effactive™ build-
ing openinz (that portion coupled te the nolgse scurge) would

need to axceed 50 feet in width before use of the above equation

would be invalid., For ducted fan equipment, the effective bulld-
ing opening will, in general, be the same as the duet cergsz-sectional
aresa, Fcr ventilated mechanical roems, the opening 1s not likely to
be much greatar than one bay in width. Therefor=, the 80 feet
allowable width for an opening to receiver distance of 20 faet

would accommodate most practical situations.? The use aof this

IOne fraguently cbserves bulldings with a louvered facade extending
throushout an #ntinre floor. Hewever, behind the leuvers shere will
generalliy be a series of plenums or ctherwise compartmentalized
spaces assqgcliarted with individual nelse scurces. The "affactive
spening relative to 2 specific sourze in most cases will be lass

than chservad frem cutside. 92
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equation might be marginal at a reference distance less than
10 feet because the corresponding maximum effective opening
of 30 feet 1s close to a typical bay spacing.

In addition to sound levels along the axis varying with distance
from the opening, there will be a variation with angle cwey from
the axis baecause the radiation of sound from a rectangular op?;Efl
ing 1s directional??’. The sound level is about 3 dB leas for .
angles in the range of 30° - 60° than on-axis; for angles in the
range of 60° to 90°, the radiation 1s down about 6 dB with re-

spect to the con-axis lavel,

Te calculate the outdoor sound lavel at some polint of reference,

then 1t i3 necessary to determine four quantities: the sound
level at the opening, the area of the opening, the on~-axis dis-
tance £o the point of intarest, and the vertical angle hetweean
the recelver and the perpendicular axis through the center of

the opening. This can be axpressed as:

Lp = Lp - (Directivity Factor) - (Distance Facter) + (Area Facsor)
d o

where Directivity Pactor = 0 dB for angles between 0°9-30°9;
3 dB fer angles between 30°-60°;
6§ dB8 for angles hetween £3°-909;
Distance Faetor = 20 log 4 + 10 dB8; '
Area Factor a2 10 log (ab),

Values of Distance and Area Factors appropriate for use in the
worksheets in Secticn 10 are listad in Table 19.

Jppa—— Bl FYTTSRTEINUE NI
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TABLE 19

OISTANCE AND AREA FACTORS FOR USE IN
DETERMINING SOUND ATTENUATION FROM A RECTANGULAR OQPENING

Distance Factor Area Factor

Distance Factor Area of Opening Factor

{ feat) {dB) {(sa ft) (dB)
14 = 15 33 9 - 11 10
18 - 17 34 12 - 14 11
18 - 19 35 15 - 18 12
20 -~ 21 36 13 - 22 13
22 24 37 23 - 28 14
25 - 27 38 29 - 35 15
28 - 30 39 36 - U5 16
31 ~ 34 &g 46 58 17
35 - 38 41 57 - 70 18
39 ~ 42 42 71 - 89 1
43 -« 47 k1 80 - 112 zQ
48 ~ 53 44 113 - 141 21
34 -« 60 bg 142 -~ 178 e
81 -« &7 bg 179 - 224 23
£d « 75 L7 228 .~ 282 ol
76 - 34 48 283 - 358 s
85 = g4 49 158 - 447 26
95 - 106 50 hag - 562 27
107 - 119 51 563 - 708 . 28
120 - 133 852 708 -~ 891 29
134 - 150 53 gg2 -1120 30
151 - 168 54
185 - 188 535
189 - 211 56
212 - 237 87
238 - 265 58
267 - 300 59
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10. DEVELOPMENT OF MECHANICAL EQUIPMENT NOISE GUIDELINES AND
WORKSHEETS FOR MODEL PERMIT SCHEME

The guidelines and worksheets develeped 1in this section are in-
tended for use in sereening buillding mechanical system designs
and the corregponding installation detaills for potential nolse
impact on the exterior envirenment.

A number of steps are involved in this screening process that
require the availability of detailed mechanical'drawings and
speclfiications for the bullding, in order to ohtalin the necessary
data inputs for the worksheet analysis. In addition, cesrtain
architectural drawings are required, such as site plans and builda-
ing elevations In order to establish the locations of exterieor
equipment and openings to interior mechanical rooms with respect
to the outdoer refarence points designated for analysis.,

In general, the worksheets progsed in a step-wise manner, begin-
ning wizh an identificaticn of the pilece of equipment of concert,
Together with technical data concerning its dperation sufficlent
%0 establish the level of sound energy producad by the machine.
The locaticn of the equipment, relative ta the outdeor referanqcs
is then established and those factars are liated that will
affect the sound attenuation in the path hetween source and re=
caiver, The magnitudes of these sound attenuating szomponents are
then caleulated and cembined to determine the total losses in the
The final step 1s to calculate the scund level

goint,

transmission path.
at the chosen cutdoor point due %o the building equipment source

under censideration,

neadad: one to deal

Twg bDasie types of Wworkshest procedures ars
with sourges loeated in-

with cutdoor zourcss; the other to deal w
doors hut couplad teo the outdcors through ducts or ventilation

openings. 3Sampls Wworkshesets are provided in Appendix 4.

G5
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10.1 MWorksheet for Calculation of the Sound Level at an Out-
door Reference Point Dua to Exterior Building Mechanical

Equipment.
Worksheet A Lllustrates the procedure to be followed in calcu-
lating the ocutdoor sound level at some point of concern due to
a plece of mechanical equipment installed cutside the huilding.
The worksheet requires the use of the tables provided in previous
sections of the report for data entries with regard to scurce
neise lavels and sound attenuating elements in the path between
scurce and receiver. The other information required for the
woriksheet must be obtained from the drawings and specifications
prepared by the Architect/Mechanical Designer.

Part 1 of the worksheet liats the data requlired concerning the
item of equipment to be analyzed and the necessary details about
the installation configuration. Part 2 contains the precedure
for c¢aleunlating the sound level at the refearence point based on

the {nformation developed in Part 1.

To illusgctrate the use of Worksheet A, the follewing examples are

siven:

Zzampla 1: Cooling Towar Installation

4 S0=hp centrifugalstype c20ling tower is %0 serve a one=story
cammercial dullding that 1ls located adjacent to a reaidential

neighbornoed. The raference point for evaluation is the nearest

point on the intervening propersy line as i1llustratad in Plgure 16.

Two installation opticns exist: 7

Location 0f the cooling tawer cn-gréde, near an inside cornex.
Location eon the rcof, with a set=back sufffciant $to prevent
m the close-in appreoach to the buillding.

PN

i3 Deing seen fro
Zowever, it will be visidbla from tha residences.

=9f-
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50 Horsepower Centrifugal Cocling Tower

One Stary
Coammercial Building
Kq—— 40" ampi(72 dBA}
o ' ¢ Home
| ¢ e = — 70" — — o 61dBA)
A '
Q
=
=
2
e

Cetion 1:  Location on Grade
Cotion 2: Locstion on Roof

Al

FIGURE 16, QUTODOQOR EQUIPMENT INS, ALLATION - EXAMPLE 3
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On the sample worksheet shown in Table 20, the solution is
first obtained for optlon 1; the solution for option 2 is shown

in parentheses,

Part 1

Steps l-4:
3tap 5:

Step 6

Step T:

Step E&:

Step 9

Part 2
Stap 19:
Step 1ll:

Identify the equipment type and slze.
List the sound power level of the equipment based on

Table 6 (96 dBA re 10™*2 watt),

Identify the installation locaticons far the two op=-
ticens.

Indicate that two reflecting surfaces exist for
option 1 and none exist for option 2. (The tables
usad in conjunction with the worksheet assume all
sourcas have a reflecting plane at the base.)
Indicata that the line.of sight to the reference
peint {(praperty line) is unobstructed in bcoth cases.
Indicate the aquipment distances to the reference
peincs.

Znter the sound pawer level determined in step 5.
Corraction for directivity; & dB for cpticn 1, 0 dB

for option 2.
Correct the radiated sound power level for directivity;

%6 > 102 for optien 1, no change for ocption 2.
Correctlon for shielding; none.
Correct radilatsd sound power level [or shielding; no

change.
Coprrect for dissance using Table 13; 30 d3 for optien 1,

3% d3 feor opticn 2.

Subtract the distance cerrsciilicn ffrom the adjusted
sound power level to find the sgund level at referencs
soint: T2 d2A fer option 1, €61 d2A feor opticn 2.

maiw e PRy

-8~
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TABLE 20
Qutdoor Equipment Installation - Example 1 Worksheet

WORKSHEET A
Outdoor Equipment

Procedure i‘or Caleulation of Sound lLevel at a Reference Point Outdoors

Part l: Reference BRata

l. Equlipment Description gen'?l'rffugq L E'm Céc/j/l_? 7;506/'
'
2. Identification Symbol on Drawings CTr-~]
3. Manufacturer and Model Number XY 2 /OO A
b, Operating Conditions S0 he
5. A=Weighted Sound Power Level 'Zé dBA re 10742 wate
Spectrum Class :ﬂ:
_g: Calculated from tables (attach werksheet)
— Certifled test data {attach substantiation)

8. Insﬁallation Locatian:

£ Cn-grade

m Roof=tap

7. Presence of Nearby Reflecting Surfaces:

‘ (_d a. HNone - b. Qne _ﬁc. ;P'ﬂd

8. Line of Sight between Equipment and Reference Point:

b/) C_v_/2 3. Unobstructed

Sraken by solid barrier, reof setback, ete.

__ b,

; $. Distanee, Zguipment to Relfarences Point 0 (70) reet
\/; ( /> Parpendicular distance

Slant distancs
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TABLE 20 {continued)

Qutdoor Equipment Installation - Example 1 Worksheet

Worksheet A (continued)

Part 2: Sound Level Estimation

10. Seund Power Lavel (from line %) ié dBA re 10"12 wWatt
11. Correction for Directivity:

a. If 74 checked, enter 0 _(Q)_ds

b. If 7o checked, enter 3 . aB

¢. If Tc checked, enter 6 & a8
12. Add lines 10 and 11 (a, b, ar ¢) [03,(46)aBA re 10°%2 wact
13. Correction for Shielding:

a. If 8a checkad, enter 0 O)LQldB

b. If 8b checked, enter:
(1) 5 (allowance w/o éale.) or dB

(2) Result of computaticn using
Appendix 2 (attach cale's.) dB

14, Subsraet line 13 from line 12 IOJJ 96 ) dBA re 10'12 Hats

15, Distance Correction (from Table 13 :
using distance shown on line 3) 3%(35’2:&3

16. Subtract line 15 from line 14 to get -5 -
Saund Lavel at References Polint 72}(5]}':15;\ re 2 % 10 °N/m

~-10Q<
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This example demonstrates the influence of directivity and
distance on the socund level at the toundary of the receiver,
The 11 dB change from option 1 to optien 2 in this case ¢ould
well represent the difference between complaint and acceptance

by the adJjeoining neighborhood.
Izamzla 2: Coeling Tower Ingsiallation (digh-Rise)

A 150 hp centrifugal-type cooling tower is. to be installed on

the rgof of a high=rise office building. The closest property
l1ine boundary perpendicular to the tower is 50 feet away. There
iz 2 lower apartment structure with exterilor baleconles across

the street. The slant distance from tower to the closest balcony
is 130 feet, but the line of sight is broken. (See illustration
in Figure 17.) Determine the sound level due to the Cower at

two pelnts: 1) the property line .and 2) the dalecony face.

The worksheet for ZIxanple 2 is illustrated in Table 21, first
with the caleculations for case 1 (the property line) and then
with the ¢aleculaticns for case 2 (the balceny face) shown 1in
parentheses., It will be noted that the soelution relative to
zroperty line predicss 2 sound leavel of £9 dBA, whereas
evel 22 the halceny face 13 13 dBA lower (56 dBA). This
demeonssrates the diffarence between cheosing a refarence point
8 propersy line as cpposed to a2 loecatlion at the closest

in an existing land-use. The shislding correction
accounts for 5§ 43 of this differencs; the remaining 8 43 s the

effect of the greater distance,

10.2 Horkshe;t far Caleulation of the Sound Lavel at an Qutdoar
Raterancs FPaint Oue to [Intariar Buiidina Mecnanical taquioment

Two tynes ¢ werikshsets are regulired for analysls of tullding
mazhanisal agquinment Lzezatad indeers. VWarkshest 3a] is ta be

=101=
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150 Hortepower Cooling Tower

/

/
yadien

/

/
§
/

®

Qffiea Building

Ana_rfrnenr

Property Line
rr r rr.cr

e e—— —— — — —— —

FIG URE

|

L

Cese I: Evaluation in Plone of Property Line
Case 2: Eveluation at Clesest Receiver

-

QUTDOCR EQUIPMENT INSTALLATION - EXAMPLE 2

-102 -
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TABLE 21
Qutdoor Equipment Installation - Example 2 Worksheet

WORKSHEET A
Qutdeor Eguipment

Procedure fgor Calculation of Sound Level at 2 Reference Point Qutdcors

Part l1: Reference Data

1. Equipment Description (,hni',_-] 1:_4,34/ FM_QQ/!‘A: -Z?:y/r/“

Identification Symbol on Drawings _C. T =3
Manufacturer and Model Number a ¥ g AQ <O é
Qperating CQonditions
A-Weighted Sound Power Level _J A/ gsa re 10-12 Watt
Spectrum Class IE
_ZCa.lcula-*ed from tables (attach werksheet)
Certificd test data (attach substantiation)

LS N TV Y
.

8. Installation Location:

On=grade

/) () Roof-top

7. Presence of Nearby Reflecting Surfacss:

i/)(/ 4. Ngne — b. One ¢, Two

8. Line of Sight between Equipment and Reference Point:

K Unobstructad

a.
(/)5. Broken by solid barrier, rcof setback, ete.

3. Distance, Zquipment te Referencs Peint 50; ;{30[ feet
rerpendicular distance

(,g J glant iiscance

«103=
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TABLE 21 (continued)
Qutdoor Equipment Installation - Example 2 Worksheet

Worksheet A {continued)

10.
1l.

12.
13.

B e [t

Part 2: Sound Level Estimaticn

Sound Power Level (from line 5) O] dBA re 10712 waee
Correction for Directivity:

a. If 7a checked, enter 0 O,fO}dB .
b. If 7b checked, enter 3 __._.daB
¢. If Te checked, enter 6 dB

Add lines 10 and 11 (a, b, or ¢) JOI,(JO[}BA re 1072 wace
Carrection .for Shielding:
a. If 8a checked, enter 0 & as
b. If 8b checked, enter:
(1) § (allowance w/o ‘cals.) or 1;1)93

(2) Result of computation using
Appendix 2 (attach cale's.) dB

Subtract line 13 from line 12 10i, (96)aBa re 20712 wacs
Distance Correction (from Table 13 .

using distance shown on line 9) 32, (¥2)ds

Subtraet line 15 from line 1i to get "
Sound Level at Reference Point 6%{_{5)_«13!1 re 2 x 1079N/m*

«108-
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used for ducted air~handling equipment, Worksheet B-2 ls to be
used for equlpment located within a2 mechanical room which i3
vented to the outdoors through openings in the side or roof of

a puillding. The farmat of these procedures ls similar to that
used for Worksheet A discussed above: Part 1 llsts the preference
data required in the analysis; Part 2 contains the calculation
procedure for determining the sound level at some extarior refer-

ence point.

Tzemple 3: BJuilding Exhaust fan

A bullding exhaust fan, of the vane-axial type, i3 ducted ta an
opening in the side of a high-rise office building. There l1ls a
lower apartment bullding across the strest with balconies, The
seometry 13 similar to that fllustrated in Figure 17 which was
usecd in conjunction with Example 2, above,

The vanea-axial fan 13 50" in diameter and handles 37,800 ¢fm
against a total static pressure of 1.5 inches, w.g. The statie
afflciency at the chosen opsrating point 13 £4 percent; the
peak static effliciency of the fan desizn L5 80 percent,

The discharge duct connected to nhe fan is 54" x 64" (24 squars
feat) and is agoustically treated for a length of 16 feet with
cna=inchatiziak ductliner, The duet aopening at the tullding face

i3 gonnectaed s 2 louverad plenum, gn=axis with the duet center=
H 3

.
iine,

-105-
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The solution shown on the sample warksheet (Table 22) 1s for

two situations:

] Zvaluation at the property line directly oppesite the
epening at 20 feet.

2. Evaluation at the baleony face of the closest apartment
across the streat, which is a distance of 95 feet away,
at an angle of U40° below the normal to the opening.

The solution for case 2 is shown 1in parentheses,

The reference data based on the above description LIs entered in
Part 1 in Staps l-10., The caleulation procadure (Part 2) begins
with Step 11, the caleulation of fan-sound power level,using the
informatien locatad in Section 5 of this report. Steps 12-17

re used to calculate the sound level at the exterior face of
the building, using the information provided in Section 9.1.
Steps 153-20 detarmine the sound level at the extaricr reference
point btased on the procedure given in Saction 9.3.

It will be noted that a 17 dB difference exlsts betwean the Lwo
referance points chosen for analysis; 3 dB i3 the result of 3
directivity correcsicn for the 40° off-axis line of sight; 14 dB
results from the greater distance te¢ the houndary of cthe closest

rageiver,

10.2.2 Worksheet for Indogr 3Juilding Mechanical Eguipment

-

To Lilustrate she use af VWorksheet 2.2, the folloewing example
4

-106-
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TABLE 22

Oucted Building Exhaust Fan-Installation - Example 3 Worksheet

F o g
.

5.

x

WORKSHEET B-1
Indoor Air-Handling Eguinment

Calculaticon of Sound Level at a Refermnce Paint Qutdoors
Part l: Reference Data

Equipment Description Q’gag Aglgz &;}Mujf

Designaticn on Drawings or Schedule
Manufacturer and Model Number X Y 2 60 26 Vo =250
Service Application: _ _Supply Air
T Return Air
Z:xnausc Alr
Fan Type: a. Alrfoll
. Backward Curved/Inclined
¢. Forward Curved
d. Radial
a, Vane-~Axial
‘. Proneller
Fan Diameter: &0 inches
Fan Cperating Peint: ’
a. “olume 37 gaoc £m
b. Total Ztatic Pressure [.“ﬁ inches, w.g2.
¢. Brake Horsepowar _[& hp
d. Static :““‘c*e*c" at Operat*ns Toint gf:
&, Peak 3tatice Eff‘ic*pnc; en Fan Curve bt
. Percent of Peak Statiz Efficlency at Operating Point £8& 2
Cenfiguration:
a. Ducted
(1) Duce wWidth _&4% inches
(2) Duct Heighrt _ &84 inches
{3) Dust Length _/ & feat
v (4) Duetlinina:
(a) Lining thickness _/  inches
(b) Length =f stralgnt lined duct_/ & feet
(e} Lined elbew with minimum 10 £% of lining
. havond 2liow in direction of sound propagation:
- fas
-]
{3) Packazea Scund Attenuaszcr:
(a) Manufacourer & lModel Number
. {b) Statis Pressure Drop at 1700 z‘um inches, w.g.
() ,Area of Juers Crening at Sulliding Face S mer?
v 73} Flanum Jpenine en Axis arl Duct:
—({8) Flenmum Jyeningy > 43° of 7 Axir of Duct
B, Han=-Ducsed (Azgpliszbla o Flushedsuntad Ventlilacing Fan
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Report Na,
TABLE 22 (continued)

Horkshess 2-1 (Zontinued)
9. Distance, 3ullding Opening to Reference ?oint&ﬂdqgibet

Perpendicular Distance
Slant Distance

10, Line of Sight between Equigpment and Reference Polnt

V;(zﬁé. Uncbstructed
b. Zroken by scolid varrier, roof setback ete.,

Pares 2: Sound Level Estimation at Reference Point

11. Calculation of Fan Sound Power Level (Based on Lines 5,6,7):

2. Specific Sound Power Level, £, (Tavle 1) Ybhdna re 107 2uacs

b, Volume Correction, A (Table 2 d8
¢. Static Pressure Correction, 83 (Table 3) %d3

d, Static Ifficleney Correction, C (Table 4)_ 5B -1
e. 3Sound Fower Level (1lla + 1lb + llc¢ + 1l1d)/9/dBA re 10 alu‘at'.:
f. 3pectrum Class

#12, Correction for Lined Duetwork (eniy i line £a,(%) checked):

a. Attenuation of 3traight Duct (Table 14) [O dB

2. Elbow Atrtenuatian:
(1) If "Yas" checked, enter 35 dB
{(2) If "Mo" checked, enter O A 48
#13. Cerrecsion for Packaged Sound Attenuator (enly 1f 8a,(5) checked):
a. Attenuatian {(Table 19) da
B, Certified Tess Lata (atzach substanciatiznl =5z
14, Adlusted Sound Fower Level:
«12
a. Line 11~ =inus (Lines 122 + 128)* @ / = re 107 Hmes
£, Line lle minus Line lila, b? ___CBA re 10 ""Wats
23, Jaliculation 2f Sound Level at Fullding Upening:
a. Correction for Duct Cress-Sectionzl Area (frem
Table 16 uginz zarez of 3z, (3), kb d3
¥, Correctizn {or Flenum Llz=n3
(L) I 2a,(4),(a; checkad, anter C: & d3
(2) If 22,(2),(%) chacked, enter 3: a8
Add Lines l5a and 13%: a4 dB8

-+ -

S
d. Sound Level at Cpening (Line 1Y4(a or b) =
mihus Line 1ie): 87 aza re 2x10™/m°

scund z2¢saenu-

-t

e
4
-
ot
—
[} 3
fL
[
(2]
‘r
-
1
L
o |
o}
3}
'3
f
i3
L]
(2]
Iy
)
o
L]
1,
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TABLE 22 {continued)

Repart No.

Worksheet B-1 (Continued)

*18. Correction for Directivity (use only if 10a is checked)
Vertical angle between reference point and opening:

99 - 307, =nter 0 Q dB
30° - 609, enter 3: {(3)ds
€0° - $0°, enter 6&: ds

*17. Correction for Shielding (use only if 10b is checked):

d. Allowance w/¢c Caleulations, entar § dB
B. Computation from Appendix 2
{attach caleulations): dB

18. AdJusted Sound Level at Building Cpening -5 2
(Line 15d minus 1€, or, Line 17}: 315@£&riBA re 2x1077N/m

19. 'Cerreetion for Distance to Referesnce
Foint:
a. Distance Factaer (From Table 19
36, ()s

and Line 9):
b. Area Factor (From Table 19 and

Line 8a, (6)): dB
¢. Line 1%a minus Line 19b: .::)ca_;,_)da
20. Sound Lavel at Refarence ?Poins: -
{Line 18 minus Line 19¢) éﬁ:fFJ!daA re 2x107oN/m¢

-
.

vity 2r shilallling 1s allewed,

-
oo 1

*3 carracstlen for aither dirse

byt n¢et toth.
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Szample ¢: Chiller Roonm

A building mechanical rocm Ls located on the top lloor of the
office Building described in the previous example. A louvered

opening ll' x 25! (275 square feet) used for ventilation is
leccated on the side of the bullding copposite the apartment
sSructure, Inside this mechanical room 1s a 950-tan hermetic,

internally=-geared centrifugal chiller that is a digtance of

8 feet from the extericr opening in which low~pressure drop

acoustical louvers are installed,

As in the previous example, two soluticns are given (sees Zable
cne, for the property-line case; tha other, based on the loca-
tion of the c¢losest raeceiver. The necessary refepence datz are
lilsted in Steps 1-10 of Part 1; the sound level of the chiller
antared in Step 5 was obtained from Table 9 in Seeticn 7.2 of

this report.

The calculation precedure in Steps ll-14% determines the sound

level at the building exterior, using the infarmation provided
in Seczion 9.2, Staps 13«19 result in the sound levels at the
cutdaor rafarence points based on the procedure given in

Seazion 9.3.

Zxamples Z, 3, and Y4 were based 20 the same extericr gecmerry,
Wish cre zuilding zonrsildared 22 the nelse scurce, and an

=-110-

Bolt Beranek and Newman Inc.
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TABLE 23
Chiller Room Installation - Example 4 Worksheet

WORKSHEZT B-:
Bulldineg Mechanical Zaulpment Indeors
Calgulation of Sound Level at a Reference Point Qutdoors

Part 1: Reference Data
Equipment Description mermnal) If-p - » Cu?‘r. CJ. /.‘/"
Identification Symbol on Drawings__ § i =/
Manufacturer and Model Number XY 2 T G = 9.4
Operating Conditions 950 Tons (AirCond;tlonira Seryrce)
A-Weighted Sound Level at 1 meter $ 7 dBA re 2 x 1077 N/m°

Spectrum Class IIZ'.
Distance between Equipment and Closest Opening in Extarior

Wall g faat

a. Opening unshilelded from enuipment
Opening shielded from equipment

b.
Dimenslons ¢! Opening:
a. Height “ re
b. Width g,s re

2
¢. Area by A

Aegustlical Treaztment of Opening:

a2, aone
b, Fackaged Scund Attenuator
Z ¢. Aczusticzl Lcouvers

Ddiz~=nee, 2ullding Tnening to Reflsrence ?cintéo,g:‘_?,g!f‘z
l/?erpendicular Dissance

( £.ans otlszance

Retyaen Eguliptent anéd Reference Poins

A ]

e af Sigh

<

- -

nsststticgtacd
rcken by solid harrier, roof sathack, ete.

o N
(1}

1] T

S e e bt
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218, Cerrection [or Shielding (use only if
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TABLE 23 {continued)
32 (Continued)

Worksheet
Part 2. Scound Level ‘Escimation at Relerence Point

11, A-Weighted Sound Level at 1 meter (from Line 5)97dBA re 2x20™/m*
12. Correction for Distance to Closest Cpening:

2. Distance (using Table 17 and Line &) L ag
b. Shielding:
Unshielded, enter 0 © dB
Shielded, enter 3 -
c¢. Total Cerrection (l2a + 12b) b~ dB
13. Attenuation across Opening:
a. If 8a is checked, enter 0 ___ds

B. If 8b is checked, use
Table 1% er
Cartified Ratings(attach substantlation) dB
¢, If,f:c Ls checized, use
Table 13 or
Careified Ratings(attach substantiation)/Od3
14, A=Weightod Jound Level at Exterior Side of Opening:

Line 11 minus Line 12¢ minus Line 13a,b,c: 82deA re 2x10™ 0 /m?

#1585, (Carrection for Dirsativisy (use only if Line 10a 1s checked:
Vertical anpgle between refarence polint and opening:

Q dm

0% - 30°, enter 0:
309 - 50°, encer 3: (2348
dB

§99 . 202, entar &: ]
line 10b is checked):
5. ]

2. Allowance w/¢ Caleulaticns, enter
B, Cemputation from Appendix 2 (atiach czle's): dB

17, AdJustaed Scund lLawvel at Suilding Qpening s e
(Line 1% minus Line L5, 2r, Line 16): 83, (80)cza re 2x0™/m*
18, Correcsion [fer Distance 7o Reference Feine:
a. Distance Factor (from Table 1¢ and Line 9)5_&@5
B, Arez Facegor (frem Tanle 19 and Line Te): 38
e, Lime 1Za minus Lire 133: aL)d:
18, Saun2 Leval z: Refzrarmee Painc -
- . " - . . - 2
(Lirme 17 minus Line ide¢) 7{) C..S'_ﬂc.sn re 2310 M/m

ddsapudyics ar shislding is allowved, ous not both.

%~ - 4 o, o
AL Qormeectism for alsher Alsa
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adfacent buillding considered as the recelver., <Lonsider now the
combined effect z¢ the balcony face of the closest agartment:

Sound Level due to Cooling Tower (Example 2) 56 dBA
Sound Level due to Exhaust Tan (Zxample 3) L8 dBA
Sound Level due to Chiller (Zxample U4) sh 4BA
Combined Sound Level 59 dBat

Prom the above analysis the noise of the cooling tower 1s seen
to have the greatest influence; the combinaticn of the other
two sQurces ralses the level by 3 d8,

However, in setting up Zxamples 3 and 4 for the intaerior equip-
ment, 1t was assunmed that some attempt had been made by the
Arehitectural/Mechanical designerg to incorporate at least mini-
mal noise-control measures. In the e¢ase of the exhaust fan,

16 feat of lined duct, corresponding to a noise reduction of

10 48, was used. In the Chiller installaticn, acoustical louvers
were installed in the ventilation cpening resulting in a rnolse
reduction of 10 dB. Had these nolse-ccntroel measures not heen
taken, the scund lavels at the balcony face would have combined

as fallows:

Sound Level dus to Cooling Tower 58 dBA
Sound Lewvel due 25 Zxhaust Man 58 4BA
Sound Lewvel due to Chiller 84 dBA
Combined Scund Lavel £5 dBA»

Vieta tThat :“;'difference in these comparisens ls an inerease in
1

By & &3, This 1s a sipnillcant ghange on mos:t

ee Appendix 3.
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scales of subjective response to nolse; typleally, suech scales
are graduated in.5 4B increments in the range between acceptable

marginal, and objecticnable.

10.4 Reljability of Calculated Results

The rellzbillity of these precedures in predicting the sound
lavel at a point outdoors depends cn several faCCOrs. For poth
indoor and outdoor sources, the primary uncertainty concerns the
for the eguipment nelse characteris-

validity of the input data
much of the availahle

tics, As discussed in Secticn 5, 5, and 7,
data ¢cn the noise of mechanical equipment have heen chtained
during a period when standardized test orecedures are in various
stages of development within a bBread segrant ¢f the industries
producing bullding mechanical equipzment. For this ressson, many
of the data in specifi: produes categord s refllect the use af
different arocedural t:chiniques, measure 2nt parameters, and test
raducineg these %o scme commen denceminater for
introduced that depend cn how

environments. In

comparison, Lnhersant eprrors are
much Lis known about the way the tests were conductad and hew the

data were proceassed.

-

The data feor certain HVAC gompeonents that were furnished By ARI,
4

nies, zrobahly nhave the high
est grocedures for each

-t .

With the c¢ooperation of memter ccempa
est reliability because standaxdized =

equinment category ware usad, The dazta f{rom ether segments of

le because the sources are principal-
55 where comgetitive pressurses o

the indust>y are lass reliak
le
uptadly =2ave an Lnfluence--garticuls

i1y frem manufacsursrs' sata
manisulacs ine sesults unds i

- -

—~on

in the abgence =f Iindussry gertilicaticn nrogranms, N
chese "gray arezs,” however, we nave bizsed thls ifnfermaticn on
ne

g of cur cwn Tast data cbsain

1
o
o
n
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che formulas for equipment noise estimaticn recommended earlier

in this report.

Thers was, of course, scatter in the data that were used 1n

the correlation of equipment noilse levels with physical size

or other cperating parameters. In general, we chose an estima=-
tion curve representing one standard error of estimate above
the linear regression line corresponding to the best fit to the
data. Statistlcally, this means that about 16 percent of all
products within a given category could have nclse levels abaove
the estimation curve. However, In many ecases falling within
that 16 percent, the amount by which the curve might ba axcesded
iz only 2-3 dBA; in almest all cases it 13 less than 5 dBA.

Several factors ware congidersd in deciding where te locate the
astimaticn curve relative to the data scatter; the two obvious
cholces would be to use the guerzge of all the acceptadle data,

or to use the upper boundary of the data scatter, as a very cone-
servative apgoroach. The disadvantage in using an average value

is twofold: Pirst, the nolslar equipment might well be nore

than 5 <B4 higher than astlimzted, and we know that increments of
change Ln subjective respcnse are sraduated on this order. Second,
we'believe that thers should be some Inducement o the manufacturer
to provide certilied test ratings on his =2guipment, for use as an
alsernasive input fer the workshest analrysis; LF the estimation
gurve aroduces cnly "average" values, ne incentive exists,

¢urve that represants the
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the strong inducement to industry to provide certified test
ratings as an alternative to estimating the sound ocutput of
the ecguizgment. However, we believe that the industry 25 a
whole 1s taking seriously the nolse-control problems witt
thelr equipmens; to set the estimation curve at the upper
limit of the data scatter would not reflect any recoéniticn
of this effort. Using one standard error of estimate above
the pest-{it linear regression line seems to be the best com=

promise among the possible alternatives.

The second arez in which potential erreors may be present in
the prediction of the nolse level at an ocutdoor reference

nelnt is in the detarmination of sound attenuation along the

sQuree-to-receiver path., For example, the tables provided for

estimating the attenuatlion aof frequency-sensitive slements,
such as paskaged sound traps and duct linings, have been based
on several generalized spectrum shapes that approximate gthe
gharacteristics ¢f most typleally encountered sgurces. The
attenuasion values themselves were derived from an analysis of
saveral nanufacturars' cataleg data, which is nct yet subject
to industry standardizaticn with regard to test method. In dew
valoping thesge attanuation tables, therefore, 2 ¢onservative
azproach was taken., The "downstream” sound level cgaleulazed
with these tablag would tend to be ¢n the high side of the
average value 2y Ze3 2ZA. Thege ceorraectizns for attenuation
are subjeet te some uncertalnty, in sart because af deviations
in input spectrum shape {rom those assumed and, in pars, because
of the wvariabiliew in performance of s¢-called "equivalent"
scund crazs aman

2 the varigus manufazsturers, Howaver, tne work-
sheat providaes for the use ol alze

ttenuatlion factors

s |
)
m
(1]
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W
n

-115-




- e ® FLEIRT AW L2

3588 Bolt Beranek and Newman Inc.

Report Nq. &a

when certified ratings are available. This sheuld be an induce-
ment to the manufacturers to develop an industry standards aznd

¢ertificzation progranm.

A third possibility for error lles Iin the provision made for the
effects of shielding due to barpiers and other gscmetric factors
assaecliated with the installauicn of gutdoor equipment; with in-
door scources, the principal uncertainty 1is in assigning an at-
tenuation for the distance betwaen the aquipment and a bullding
epening. In both situatiens, the worksheets tend to be conserva-
tive by using attenuation factors on the low side of what might
actually occur in practice, Por example, a credit of § dB is
Allowed for barriers that Just break the "ine of sifht between
source and receiver. Higher barriers would ordinarily introduce
an atvenuaticn greater than 5 d8, For th se cases an alternate
procadure is nrovided in Appendix 2 and 1. made opticnal <n the

worksheets,

Qur chief concern 1s with difflcultlies that may be experienced
in trying tqo verify the predicted sound level on the basis of
fleld measurements after completion ¢f the bullding. The problems
s in the worksheet pro=-
izn and cperational

sed untll aftar the
uld te fan systens

arige nct so much {rom ;o:ential arro
cedures as [rom facturs such 25 installa
ariables that c¢annot be realistica
ingtalilation 13 completed, Ona exanms
wherelin the diffarances Iin point of cpera:icn on tThe lan curve
m2y sorrespend tc ¢hanges in noise level 2s high as 15 4B (see
Seetion 5.1).. The mechanical designer may have =nade an ¢ptinum
Zon bYzsed 2n als hest knewledre off the coperaticn re-

fan sectis
guirements and his estinata of system resistznce., However, Lf
exgarianze I the apglicasion should resulr in a diffarent ses ol
Sgeratisnal requiraements, or 17 for scme reasqn chansges In dues
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configuration and resistive system elements have been made
between the pepmit approval and the actual installation of the
system, the fan noise level could be significantly higher (or
lower) than predicted. In order to assess the validity af the
Worksheet analysis by means of measurements at the completed
installation, it will he essantial to determine first that the
design under review 1s consistent with the actual installation.
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11. ENFORCEMENT STRATEGIES FOR THE MECHANICAL EQUIPMENT
PERMIT SCHEME

11.1 Introduction

The mechanical equipment permit scheme may be thought of as con-
taining two distinet parts: legal provisions, and an enforcement
rategy. The legal provisions are those sections of an ordi-

nanece, building or zoning code that specify the objectlive pro=-
visions (e.g., sound level limits) and/or subjective provisions
(e.g., nulsance-type provisions) by which the noise from mech-
anical egquipment must ze Jjudged. Legal provisions also provide
a given individual or office, such as the building department,
witlh the requisite autharity to enforce the objective/subjective

provisions.

The enforcement stratagy, on the cﬁner hand, consists of those
methods that the responsible office uses to encourage compliance,
and te detect non-compllance when it cccurs. A typlcal enforce-
mens strategy for bullding code provisions cansiscsg of first
requiring that building plans, assoclated specificasicns, and
cartain engineering calceulations are sutmitted for examinaticn
caeflore ¢onstructicon activity on any prerosed bullding may com-
mence, The building department examines the plans, specifica-
tions, caleulations, etc. to verify correctness and completenass
pefors issuing a building permic. During conssruction, Duild-
ing inspecters visit the coanstruction site te assure that th
structure 13 being oullt LIn accordance with the plans. Finally,
the complerad-building i35 ingpected far confermance, and 1f all

is in order, zn ce gupansy permit is Lssued.

=119~



AT DITAIY AWWWY AO030

Report No. 3E&5 ) Bolt Beranek and Hewman Inc,

This section of the report first develons and then evaluates
several different mechanical equipment permit schemes for specifi-
caticn and contrel of mechanical equirment nolse., Development 1is
based ¢n an examination of current practice in different juris-
dictions across the U.S. The evaluation is based on judgements

of the effectiveness, feasibility, and enforcement ccsts of these

differaent schemes.

Ideally, all existing permit achemes that are directed at con-
trelling mechanical equipment noise would be ldentifled and evale
vated. In practice, however, no Jurisdicticns were found, with
the possibhle exception of New York City, that have a completes
mechanical equipment permit scheme contiaining not only the
negassgary legal provisions but also a complete enforcement stra-
teagy. Rather, several Jjurisdictions were found that esnfarcse
identifiable bitcs and pleces of a complete scheme. Ceonsequently,
sach scheme had to be broken down not only into its important
legal provisions and enfercement strategy, but the enforcament
stratesies had to bYe broksn inta separate enforeemant practices.
Zach enforaement practice could then be evaluzated in terms of it
eontribution to the scheme's effectiveness, lea3ibllizy and en-

e

forcamens costs.

The remainder of this sectien ls divided in:ze
exlsting schemes in various Jurisdictions are describe
sxamined emitically fer strengihs and waaknesses., Next, legal
srovisicons and enforcenent gractices are evaluatad., The impoer-
tancea of the.varicus legzal provisicns ls evaluatad by comparing
notiha law with the grevisicns as they are agtue
ment praczices that ilngrease pere
ntiflaed zand these practices ars
itution to cverall permit scheme
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effectiveness. The feasibility and enforcement costs of the dif-
ferent enforcement practices are also examined. Filpally, 2 recom=-
mended mechanical equipment permit scheme is presented.

11.2 Existine Mechanical Equipment Permit Schemes

11.2.1 Introduction

With the possible exceptiocn of New York City, ne fully developed
permit schemes to control mechaniecal egquipment noise could be
found. However, a2 number of Jurisdicticns have bullding related
noelse control procedures and provisions that nrovide insight into
the importance of specific legal provisions and enfercement prac=-
tices., These jurisdictions can, {or the most part be divided

into twa categories:

+ Jurisdlcetions that have mechaniczl equipment noise related
praovisions in their loecal code or ordinance;

« Jurisdictions that have no specifié mechanical equipment
nolse law provisicns, but do have nolse contrcl considers
ations forming a part of the bullding plans review process.

The following sub-section discusses these jurisdictlons, and
Table 2% summarizaes their ncise z2¢ntrel pravisions.

-

-~ 4 LY - 4
fontalining Waghanisal Eculzment

“1.2.2 Jupisdicsions with lawsg :
Ngisa Zravisicns

3]
1
3
(L
H

11.2.2.1 GHaverlu F<lls,

e Pegulaticns, §U4-8,.208, makes it unlawful te

sment, gump, fan, or alr-conditicning
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apparatus so as to create any noise which would cause the noise
laevel at the property line of any property to exceed the ambient
nalse level by more than five decibels. "Amblent noilse shall mean
the all-encempassing nolse associated with a given environment,
usually being a composite of sounds with many sources, near and
far." Filnally, the building official has broad powers te requlire
"plans and specifications to be prepared and designed by an
engineer or architect," and to require associated computations

and other data sufficient to show the correctness of the plans.

Enforcement Practices

In Beverly Hills, the bullding department interprets the legal
requirements o mean that the ambient nolise lavels during ths

quietest period-of the day (usually 2 am to 5 am) should not be __ _.4~é
axceaded by . ;The Sﬁ%ligﬂgpplicable to each octave hand aéjgzi::giéi
well as to the averall sound pressure lavel, and a report from ﬁ;g::i;é]?
an acoustical engineer must be submitted demonstrating that the sud tukr .
proposad building will comply with the requirements. Such re-

parts mustc be preparsd for most condominiums and apartments and

for commercial buildings that will e adjacant or close to resi-

dential areas. The duilding department can evidently exerclsze

some judgement in determining whether cr not a repeort is required.

Sueh judgsement is bazed on thne likelihood thas mechanigzal equip-

ment noise will causze problems.

Though the bullding department Zinspeets all tulldings during ccn-
gtruction, Lt 13 not always possible for an inspector to be at
the =ite cften enough ta verisy conformance with all plans and

gpacificaticns., Consequently, for prefests Lin particularly noise
4

sensitive areas, or when 2 grejest is likely te resul: In nolse

=123~
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problems, the tuilding department has required builders to have
thelr work inspected periodically and reported on by an acousti-

cal engineser,

A5 a dullding (s completed, the mechanical eguipment is generally
started up, and the bullding inspector can make a Judgement as to
whether the equipment seems excessively nolsy. The department has
withheld occupancy permits until neisy mechanical equipment was

adequately quieted.

If nolse problems arise shertly after a building has been completed,
the bullding departoient wlll attempt to contact the contractor,
hullder, owner, acoustical engineer, and others who were lnvolved
in the projeet, and to encourage remedial actions, If, howaver,
noise problams arise long after a bullding is finished, the origi-
nal "cast of characters" has usually disappeared, and the current
owner mnust be parsuaded te correct the problem. In thede latter
cases, the Suilding department has found that corrective action

i3 often difficult to obtain, and that pursuing legal action (pro=-

sacuting chrough the cisty attorney) 13 generally too time consuming

and is judgsed not worth the affaort.

Conclusiona
ative requirements 4o not nesad to he

A. Deralled adminissr
law for implementation of an active

specillad in the
mechanical equigment nolse cant=al progran.

B, Wichholding the aqccupancy nermit 1s an affective method

for Zaining compliance,

C. ZHesqlving nolse zroblems after Lssuance of the gccupancy
ern can kta agtramely difficul

.

3
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n

D. Not formulating specific guidelines for requiring an ,ﬂ;r.
acoustical engineer's report could, under some circum= O;if:j;
stances, result in arbitrary Jjudgements of when a report ol
must be prepared,

£1,2.2.2 fHartfopd, Connectiout

Provisions in Law

Chaptar 41-97, Noise Contrcl, under the Health Department nuisance
centrol ordinance, gives mounting and ducting recuirements for
mechanical equizment so that "axcessive" vihration ls prevented,

"molse nuisance” i3 eliminataed, and "neise transmission” 1s re-

ducaed., Thase provisions are enforced by the Department of Licen-

ses and Inspections,

Enforcemant Ppactices

When building plans are previewed, the Department of Licensges and .
Inspections verifies that vibraticn_isolaclon 13 specifled where i
it i3 required. Primarily, however, for adeguate noise control ?JQ'
the department relles on the knowledge of the licensed sngineer/ ::a2414-
arehitact who places a seal on the n2lans thus chru-fjins that the f”‘ﬂ
flans comply wich 21l code/crdinancs requirements.

Conclugions
A. Subjective noise eczntrel regquirements in the law, and
specdilicaction of design detalls for Lnstallation of mech-~
anical aquizmant do not of themselves guarantes that
mechanizal eguismens use and desisn will he clasely
ol

gerutinized far rzotentlal nels ohlams a2t plans re-

1]
iy

+ an
ValW,
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Specification of design dervails can tie the bullding
department to cutdated technolegy. The bullding officizl
eannot be expected to keep abreast of all technological
advances in mechanical equipment design. Consegquently,
1f the law says that all zir-conditioning equipment must
te mounted on vibration isolating materials, he may feel
compelled to require vibration isolation, even though
Improved designs may have reduced air-conditioner vibra-

tion to insignificant lewvels,

11.2.2.3 Haemat, 2alifornia

Provigions in [aw

Chapter 12, Code of the City of Hemer, §12.2,
specifies, by f{requency, maximum permissible sound pressure levels
for elegtrical and mechanical nolse produced in commercial/indus-
trial zones. 3Scund pressure levels are to te measured "at the
Aroperty line of the resldancial progerty ¢oncearned closest to
property upon whiceh the sound or neoise is produced.”

subgaetion 1l

-

£,

Inforcement Proeosices

1 Wwith only on

n

Machanical equipmant ncise requirements are de
Plans review— oy che buillding
*

a camplaint basis by the pelice.
inspaction dezariment dees not include an sxamination for mscshani-

N

o]

cal equisment nolse contrcl praovisiens.

wed for conformance with other nolse

% L5 divided into S$hreae

The Ciuy Planner reviews plans
aro-

T0 noisa levals in excess of speciflad

Frojeets are, however, revi
2ontrel reguirements, and <!
separate areas of regponald
for single family nome developments ta determine whether th
posed lecaticn ls exposad
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standards. The building Iinspection department reviews proposed
multi-family dwellings for adequate wall and floor-ceiling noise
control design, and inspects zall buildings during construction
for conformance with the plans and specifications. Finally, the
City sends the plans for all eccmmerclal bulldings to either ICBO
(International Confarence of Building 0fficials) or, recently, to
a private enginearing firm. For a fee, these and similar organi-
zations review plans for conformance with state and local ceodes,
For Hemet, these organizatlions review the commercial bduilding
plans for adequate noise control in wall and floor-ceiling assem-

blies.

Concluszions

A, Property line limits on mechanical agquipment noise do
net insure that mechanical equipment noise wil. be con-
sidered at the design stage.

8. Any enforcement strategy for a mechanical equirzment per-
mit scheme should recognize the possibility that several
diffarent offices, in addition te the buillding department,
may have ta he cocordinated t¢ achieve maximum effactive-

ness:

1. A planning department may wish tec utilize mcchanical
equirment noise predictions/measurements that could
rasult from the permit scheme. Mechanical equipment
nolse contributes to "ambient” community nolise lavels,
and these community noise levels may form a par: of
the infarmation used for planning declsicons.,

2. Outside csnsultantg/enginears «wno may reviaw gians
for the Jurisdicrnion must be aware of mechanical

be ke

equipment requirements and procedures, Some
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Jurisdicetions, especially those with small bullding
" department staffs, send out plans to such consulting
firms or organizations for review,

3. ?Police departments, or other departments, that respond
£t nolse complalnts should know of the mechanical
equlpment requirements so that complaints abgut equip=-
ment noise from new buildings are coordinated with

the huilding department.

11.2.2.4 Miami, Flopida

Froutatons Ln Ilaw

(Although Miami hcs neither specific provisions controlling mech-
anlcal equipment nolse ner nolse related review of projects, 1t
dces have nolse ccatrel provisiens in its bullding cede,) The
Miami Building Coce, Article XXII, Performance standards, specifies
that all uses in general commercial, commercial, light indussrial,
general industrial diztriets shall conform o scund level limics
apecified by frequency as measured at the progerty linre, Addi-
tionally, these uses shall te s¢ constructed, maintained and
crarated s¢ as not to he injuricus or offensive to the occupants

¢f adjacent premises Wy rezsen of the emission or creation aof

widam

noise.

Inforcemens Pracsices
Neise L3 net considered at the plans rewviaw stage, and the noise
gentral crovisions are dealts with on a ccmplaint basis by the

-
zening deparsment.

-128-
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Conclusions

A. The City of Miami has unused, though somewhat ill-defined,
authority to enforee noise restrictions on mechanical
equipment constructed and used in the ldentified dis-
tricts. Other jurisdicticns having similar restrictions
on the use of mechanical equipment (see Beverly Hills,
Chicage and Table 2U4) or even less well defined re-
stricetlions on noise from bulldings (see Massachusetts
and Table 24) have developed and implemented plans re-
view orograms feor control of mechanical equipment noilse,

B. Qbvicously, any model permit scheme must include zan asso-
clated set of enforcement practices (an enforcement stra-
tegyl); putting the appropriate language intoc law may, for
many Jurdisdictions, not be encugh to insure develcpment
of a working, effective program to control mechanical
equipment noise,

11,2.2.5 New Haven, Jonnagcticut

Prov<izionsg <in Law

Saesicn 18=19 of the Code of Ordinance of the City of New Haven
provides that operation of any aire-conditicning or mechaniceal
equipment so as to cause excessive noilse fs unlawful. In an
arsea zoned residentlal, nocise i3 execessive only if the sound
lovel exqeeds 55 d5A as measured on the propersy line. In an
area zoned industrial, nolse is excessive 1 the scund level ex-
ceeds 80 4BA on the preperty line. If air-conditioning or mech-
anical equipm;n: 13 feund to violate the ordinance, the equip=-
ment shall not be operated unless the proper corrections have
been made and agpproved oy the Bullding Department. The bBuildinz
Tepartment (or other munizipal departments) "shall be empowered
ta enforee the viclations of suech erdinance,”
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Znforcement Prootices

There 1s no enforcement of the ordinance at plans review, during
canstruction, or prior to 1lssuance of occupancy permits. The
Building Department staff has attempted to enfarce the ordinance
in response te complalnts, including taking offenders to cours.
Jut due to lack of training in the use of nolse measurement
equipment and in noise law enforcement, prasecution of violatiaons

was terminated,

Coneluas<ions

If a new law requires enforcement technicues or measurement pro=-
cadures that differ substantially frem existing techniques and
procedures, the people who will be responsible for enforcemant
of' the law must receive adequate training in thosaz technigues

and procedures,.

11-2.2.5 LVGU !ork C't:'&‘u

Frovigiona in Law

Section C26~1208.3 of the Bullding Code of the City of New Yerk

specifies that mechanical equipment spaces shall not be ventilated
through openings into yards or caurts where living quarter win-

dows cpen untless such copenings have sound atsenuating devices to

limit the neise cransmizied 3 NC-3% (noise eritarion) insides

an open window cf the axstosed dwelling units. Fer mechanical

equipment located cutside a huillding, maximum permicsible sound
ara specififad by frequency. These maximum levels

ouwen lavels 188
=ply whan one ar moras windows of a residentlal dwelling is lo-
cated within 10Q feet of cthe eculifment. The maximum permissible
sound power levals dezend upon sthe distance {rom thna window T2

The sound power lavels need not be used LI the

™
-
F

E
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gctave-band sound pressure levels measured within the dwelling
do not exceed specified maximums. Though not clearly stated in
the code, it 1s apparent that when sound power data are not avail-
able, the maximum sound pressure levels apply.

Additionally, Local Law No. 37, the Noise Control Code, Section
1403.3-5.13, Circulation Devices, states that no person shall
operate a circulation device not subject to Title C, Chapter 26
(zsee above), so as to create a sound level in excess of bg dB(a)
as measured inside the dwelling unit affected. Measurements are
made in a line with, and three feet from an open portien of the
window nearest the exterior face of the circulation device. ir-

culation devices circulate a gas or fluid and include, but are
not limited to any air-conditioner, pump, cooling tower, fan or

blaower,
Enforcement Prastices

A. Initial

AT the time the City adested the code, in 1970, it alsc contracted
an acoustical consulting firm to provide enfcrcement training

for plan examiners and builldling inspectors. General training in-
acoustics was given to 30 City officilals, and L1 of these 30
recalivyad speelallzed training in fla2ld measurement progedures,
Thus, dullding degarthent persaonnel knew what to lcok for when
axamining olans prior te lssuing tullding permiss and when in-
specting new pgildings beth during constructien and prior o
uganey permics., If " ... cenditicns indicate that
uipnmen: does not meet the nolse
"bullding perscnnel were

redessary fia2ld tests.
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"In the event a2 consstruction or nolse source falls to

meet the bullding code neoise ceontrol requirement in a2 field
test, the inspector will place a violation agalnst the
buillding. The architect or owner may then engage the
services of an acoustical consultant to conduct tests

to determine the responsibility for the failure or to
challenge the violation. If a violation exists, corrective
work must follow before the Certcificate of Qccupancy is=s

awarded, "2t

It would seem, then, that in 1970, New Yaork City had all the in-
gredients necessary to make the noise control provisions of its
The code contained speciflic objective

bullding code affactive,
Measurament

standards, based on current engineering practice,

procedures had beean developed for verification of compliance, and

tuilding decartment perscennel wers trained in these grocsedures,
Finally, plan examiners and buillding inspectors had been trained
in the code requirements, and presumably kKnew what theilr respen-
sibilitias were with respecet 90 these requirements,

3., Currgns
Since New York City had a seemingly strong foundation at the
Frogran's commencement, the current status of the grogram may pre=
vida insizght inte what ingredisncs are important L2 2 mechaniczl

aquipnens germic scheme 1s to ke affective,

Sased cn conversations wich saveral ¢ffleizls in thne Cizy's
zullding departmens, ong must csnelude shat the noilse central
h

grovisions of the cade are now es

Secause the bullding department was sc overlozaded w

th responsi-
focund that ohtzini

u\..e
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I‘t -

3
n
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ngcessary germizs was excessively time-consuming., In an effort
to speed the process, local architects and engineers applied for,
and recelved, permission to assume responsibilicy at the desizn
stage for cenformance with all code requirements excent those
that apply to safety, egress and zoning. Thus, up to the time

of £inal plans examinaticn, the licensed architect or engineer
has 3cle respensipoility feor designing to comply with the nolse
centrol provisions. At final plans examination, the compléte
final drawings are reviewed by the buillding department, but this
examination deals primarily with the major items of safety, egress
and zoninz. Thus, nolse controcl desisn is often never reviswed

by City officials,.

3ut zside from these problems of an overloaded building depart-

the enforcement zrocedures had several other shortcomings

mens,
The scound

Wit respeat to the mechanical equipment requirements.
fgow-pr laval requirements pgroved unworkable. Most manufacturers
do nat supgly sound zower level data for the larger equipment

typically used in multinle family dwellings; this eguipment is

tog larg2 T2 he measured using zpereved procedures. LConsequently,
) E 2DC P

the Sullding dapariment nad to rely for preef of conformances on
the alcernative mazximum permiasivle sound pressure levels within

nearky dwellings. EBut dercermining these lavels was time-consuming,
nel, Qvar the

and requlred Qostly g2ulpment and tralined perscnn
d, and the

Fears, sne mezzuremant ag. a
ared chrough nermal

5
70 have disapg

zeqple who ware trained
that new mechan-
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2 gede noise zrovisions unless com=-

zizglnts arilse atar insgsallation zanéd use, When complzints ceccur,
the suilding Zezartmens rafers tnem to the zullding ewner. I
sivity 13 erganizaed, the ctullding dezartment will
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rder"

Ho
rlalnts have Bezsn sporadlc and are
cifferent cZorroughs; consequentsly, there

Bolt Baranek and Newman Inc.

the Bullding owner to nave nolse measurements made. Com-

handled separatesly by the five
15 no collected informa-

tion on hew complaincs are finally resolved.

Conalusicns

A,

An qverloaded building departmant may delegate and/or
ignore building code reauirsments thought to te of minor

imporsance,
Xncwledze ¢f cemplex nrocedurss asscocfated with low pri-
ority code requirements is not easily passed an frem one
senerztlizcn of dullding inspectgrs to the nexc.

Withous some change in the scund power level determina-

slon srocedures (ASHIEAZ lo. 39-42) that were available
use of maximum per=

when the New York Code was written,
missible scund pewar lavels may prove unwerkable. An
alzarmacive anpreach weuld e for a Jurisdiction to es=-
rablish Lzs5 own srneedures for determinzation of sound
sower lavels, and rezuire manufacturers of mechanical
equizmant o provide ssund gower level data as a con-

dizion for use/sals in that Jurisdlesicn.
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bullding inspection is more likely, and ccmplaints will
be dealt with 1In 2 consistent manner. This one person
will know the procedures, and could see that new person-
nel recesive adequate instruction.

12.2.2,7 San Trancisco, Cgltfornia

Provisions in Iaw

Chapter VII of the Municipal Code (Police Cade), Part II, Article
29, Regulation of Nolse, Section 2905 specifies maximum permitted
A=welghted sound levels for flxed sources as measured at the pro=-
perty line of the receiving land use. Fixed sources include, bdut
are not limited o, industrial and commercial srocess machinery
and equipment, pumps, fans, alr-conditioning apparatus, or refrig-

eration machines.

Enforcament Practices
M

When applying for a bullding permit, the applicant regleves a

¢opy of the nolse ordinance, and must certify that he understarids
this and all other legal requiraesments imposed by the City. The
applicant 4s thus held responsible, both before and after recelipt
af the oceccupancy permit, {or the conformance of the bullding with
all requirements. After the gcecupancy permi: has been Lssued, ot
Howaver, .f any ltems ¢f nancompliance are found, requiring the ‘

applicant to cerrect these ltams proves, in practice, o be ex-
tremaly difficult, The Clty does not revisw the plans to deter-

mine petential mechanidcal equipment noise »roblems,

Maghanizal eguipment noise 15 also dealt with 9y respending tco
cemplainss. Since 1972, some 3000 noise-rslatacd complainss have
tean cagaivad, and an estimated 50% of these concern

e g,

-~
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alr-conditioner nolse, Most alr-conditloner related complaints

invelve old/poorly maintained equipment.

Conclusions

ifying knowledge of ncilse control require-
for compllance

In practice; how-

enforcing this

A simple procedure (cert
ments) may theoretically help fix responsibily
with mechanical equipment nolse requirements.
ever, cnce the ocecupancy permit has heen issued,
responsinllity for a bullding that 1s found net in conformance
Jot only ean the defendant use numerous delay=

may be difficuls.
if not impessible, te iden=-

ing tactices, but 1t may he difflecult,
tify and locate the original owners/permit applicant.

11.2.3 Jurisdictions with no Specific Provisions for Mechanical
Bt wich Naise Considerations as Part

Zauioment Noise, th
of the flans Review Process

11.2.3.1 2 hreace, Illino<s

Chaptar l?, the Chicagc Znvironmenszzal Cenirol Crdinanc b
maximum sound pressure lavels by oQctave band, at zZaoning district
noundarias, This chapter alsa gives the Commissi

and/ar lot
»lne and aperove the

¢f Envircnmensal Cantrel autherizy "to =x=

plang ¢f fuel-turning, 2smbusticn or prcocess eguigment or devices,
3

furnaces ... ang nolse centrol devices Iinstalled, construcgted,

paired, or added o any Building ... t3 assure

reccnsirucsad, et
“hat the she requirenents of this chap-

[

]
'—‘
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Enforeement Practices

The Depar:tment of Environmental Control (DEC) presently has two
employees waorking full time in the bullding department affice,
These two people review all plans to determine compliance with
the environmental contrel ordinance., If elther of these two

DEC perscnnel decldes thas the nlans indicate that a building may
cause envirgnmental noise problems, the plans are sent to the
DEC aofficesg for closer serutiny. Generally, two baslc ecriteria
are used to ildentify potential noise problems: building plans
need more detailed study if (a) the bullding volums ls greater
thap 500,000 cuble feet; or if (b) fans capable of delivering
more than 2000 c¢fm will be used. Additionally, the twe DEC
employees are familiar encugh with the neolse control parameters
%0 deviate somewhat from these criteriz, as when a smaller build=-
ing will be located in an especizlly nolse-sensitcive arez, or
when a building that exceeds the criteria will be built in an
arez that 1s solely industrial.

Onece the nlans of potential problem vulldings have bteen sent to
DEC, more iLnfermation is required from the architect/engineer,
DEC must know what types of equizment will te used (by make and
medel), what the sound power levels of this egulpment are, what
nelse centrol devices or designs will be used, and what the
seund cressurs lavals will be at the property lire, UJsually,
the mecnanical snginesr working on the praject grepares this
infarmaticn. SEC checeks the calculaticons, and spet checks She
sound pewer lavels with manufacsturers' dasa. If all is preasonable,

o3
rofage L5 given "envirenmental appreval." DEC has been re-
]

wlawing abgsut 5% =2 50 plams ger yaar,

-127a
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As with the New York City department of buildings, Chicago LEC

has found that no sound power level data are available for large
equipment. In these cases, DEC requires that the owner submit a
letter stating that any equipment installed will comply with the

maximuwn permissible sound pressure levels, and if it does not

Tl
comply, noise controrﬂwill be used. DEC polley is to assume that

the owner will be respensible for corrective measures,

Once plans are approved, the buillding department inspectors insure

that the speciflied equipment is, in fact, installed. (DEC indi~
cated, however, that coordination with the bullding department was

"t L
After construction, DEC ’,Aw ”£

a major problem at program inception.)
has spot checked with nolse measursements and found no instances
of non-compliznca. DEC also handles noise cemplaints, and though
many of the complaints concern ailr-conditicner or mechanical equip-
ment nelse, they have not received ﬁny complaints about large

squipment since the program vegan.

Conclusions

Hesponsibility for building noise contrel requlirements

¢an be lecatead cucside the Bullding department, but co-
ordination may te facilizated Lf the grogram l1ls Kept
antirely within the tullding department.

to reduce wark, both
identiflying projacts

A.

3. A screening sracedure can be used
for designer and for inspeeter, ty
that reqguire detalled nailse analysis,

C. The problem of equipmant sound gower levels must ta re-
selved if all size installations are to be dealt wist

guantitatively at the desizn stage z2nd unifermly at

the conssruccion stage. Without scme quantitative data
an large equicment, compliznce cannot he determined

prior o installation and use of the equipment.

=138~
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172.2.3.2 Masacchuset:ts

Provigions tn [aw
fegulation 10, Noilse, of Regulations for the Control of Alr Pol-

lution prohibits unnecessary emissions from a source of sound

that may cause nolse. Nolse means sound of sufficlent intensity

and/or duration as to cause or contribute to a condition of air
poellution. Air pollution means the presence of one or more air
contaminants in such concentrations and of such duration.as to
cause a nuisance, be injurious, or unreasonably interfere with
the enjoyment of life and property. Alr contaminant means,
among other things, scund. Emlssion means any discharge or re-

lease of an air contaminant,

Enforcement Pracetices

Noise squrces that are proposed to be built or medified nmust sub-
mit nolss data to the Department of Eavironmental Quality Engl=

These nolse data are to show, at the property line and

neening,
a) the lowest "ambient”

at the nearest inhavited residences:
sound levels during the operating heurs of the nolse sgurcs; b)
the peasured sound levels of the noilss soures grior to modifica-
tizn (L% apgprepriate); c) the calculated sound lavels that will
o¢eur during the operatling nours of the noise souree due to the
Apcroval Tor the modification
grantad Lf the medifled
the broad band ncise level

modification ¢f she noise source.
Or constructicon of the noilse soures is

Sr new nelse scource does not "increasa
in excess of.l0 dB(A) akgve ambient or produce a pure tone con-

-

disien,”

~139=-
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The Department cannot be certaln that 1t recelves noise datz feor

all »rorosed medifications %o nolse sources or faor all proposed
is possible fer new bullidings to be con-

new nolse scurces., It
The

trueted without receiving approval from the Department.
Department also enfarces air quality requirements for proposed
prolects, and can thus reaquire noise data for these projects.

2ut neot all projects need file for air quality approval.

The Dapaptment alsg responds to complaints, and has regelved ¢om-
plaints about mechanical equipment nolse from newly constructed

suildings.

Conclugstions
A. Lack of objective restrictions (l.a., sound level limits)
in the law did not precludeé the use af such restricticons.

B, Though the law does not specifically identify mechanical

equipment, enforcemant practlices result in restrictions
an mechanical equisment noise.

C. A mechanical equipment permit scheme should be enforced
in suceh a way that the probacility of identifying all
potential offenders is high; new bulldings containing
mechanical zquipment should not "slip by" inco the conw-

structicn phase without reviaw,

12.2.3.,3 3Sen Diego, Califopnia

Provigions in. Law

Primarily, 3an Diego enfirges Czlifapnia Admlnizi-acive Code
{TAC), Tirle 23, "Modse Irnsulagion Itandards." However, this
anflorcement nas be<en nadse possidble in part by San Diege Municizal

«lU0-




et RV N 2000

Repart Mao. 31566 Bolt Beranek and Newman Inc.

Code, Article §.5, Noise Abatement and Control. This code

astablishes the office of the Noise Abatament and Control Admin-
istrator within the Bullding Inspectilon Department, gives the
Adminiscrator broad pawers to control nolse, requires development
af noise level conteours for the c¢ity, and sets maximum permissible

scund levels by land use zones.

Znforcement Practices

There are no noilse related restrictions placed on mechanical
equipment at plans review, and nelsy mechanical equipment 1s dealt

wlth in response to complalnts.

San Diege daes have, hewaver, a well-developed proceadure [or
enforcement of CAC Titcle 25. Primary emphasis Ls on insuring
adeguate cutdoor-so~indcor noise reduction in new multi=Camily
dwellings, with secondary efforts directed a%t insuring the use cf
acproved rarty wall, and floor-ceiling constructlions in these

buildings.

All mulsi-family profecs slans are reviewed to determine the lo=-
caticn of the project relative o the Cilty's nolse level centours,
Ty

anéd to verify the use
if the project L1ls located in speeilied high nolse areas, the

tuilding germit agplicant is netiflied that he must have an

"aesustical analysis resort" prepared oy a "recistered acoustical

censultant." (The Building Inspection Department furnishes a

list of accustical consultants that have prepared adequats re-
The zacoustical analysis rerort must e sub-

gorts in the mast.)
inmzarier nclse

micted, =e adejuately documenzad, and show that
lavals will not excesd the standards., The Zuilding Inspscticn
time to time

Dagartment spot checks the caleulations, and from

~llle
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conducsts simultanesus outdoor-indoor nolse measurements on build-

ings In hizh neise areas to verify adequate reduction of ocutdeoor

nelse.

2 onaluaions

A. A single person in the Buillding Inspection Department,
the Nolse Abatement and Control Adminlstrator, ls respon-
gsible for all the Clty's noise control aefforts, Locating
this person in the bullding department facilitates the
coordinaticn of bhullding inspection and plans review;
the building inspectors are kept aware of the important,
noilse related detaills that muar be inspesctad during

eonstruction.

E. Sinece all noilse complaints are directed to the Nolse
Abatement and Contral Adminisctrater, he will be kapt
aware qf not only the major noise problems in the clty,
tut he -sheould te able to Jjudge the effectiveness of the
plans review/ouilding inspection nolse contrel program.

C. Acoustical exnertise (the "registered acoustlical con-
sultanz") is incorperacted into the bullding design pro-
cess according to specific critcariz (when a propesed
multi-family dwelling is lccatad 1in an identifled high
noise arez).

reviawaed Wy the lNolse

D, 410 mulsi-family dwelling plzans arse
Thus, ne new multi-

Abatement and Centrel Administrater.
family dulldinz will e bullt wizhout a review of Lts
Lol

spacifiz nolse control desizn.,

-a w4k
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11.2.3.4 Wgruick, Rhode Island

Freovigtions in law

Section 8.4.9 of the city zoning ordinance specifies maximum
permissible sound pressure levels by frequency for Light Indus-
trial and for Heavy Iaduscrial districts. For Light Industrizl
Districts, noife measurements are mads on any property line of
the tract on which the 1lndustrial operation is leccated. For
Heavy Industrial Districts, nolse measurements are made at the

nearest Heavy Industrizl Diissricet boundary line.,

Enforcament Practicas

Por apartments and faor industrizl buildings, the designer/engineer
develops a plan that shows property line noise levels, and this
plan 13 submitted at the time of application for a building per=-
mit, The builldins departnent compares the submitcted property
line ncise levels with the limits specified in the ordinance.

No noise relatad complaihts have been recelved on buildings built
SQ comply with the limits specifled in the ordinancs.

Conglusions

An ordinance with only property line scund pressure level limits

nas given rise o a plans review procedure that includes ncise

cenerel considerazions for mechanical equipment.

11.3 Evaluatien of Alternative Machanical Equipmaent Parmit
Schemes

12.3.1 Ircredugsisn

- g

This sub-secticen evaluates the permit scheme ccomponents, that
that

is, the legal provisions and th2 enforcement strategies,

e
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were presented in the preceeding sub-sections. (Recall that an

enforcement strategy s composed of many separate enforcement

First, the legal provisions are evaluated by com-

practices.) F
paring the restrictions that the laws place con noise with the
Such a comparison

restrictions a2s shey are actually enforced.
of provisions in law vs. de faeto provisions indicates how im-
pertant the specifle provisions in the law are for development
cf a permit scheme. Second, the enforcement practices that seem
to contribute most to the effectiveness of an enforcement stra-
tegy are ldentifled andéd rated, not only in terms of thelr con-

tribution tg the strategy's effectivehess, but alse 1in terms of

their feasihility and enforeement costs. Such an evaluation helps

more clearly identify the importance of individual enforcement
oractices in an gverall enforcement strategy.

11.3.2 Provisions in Law Compared with Da feezto Provisions

Table 24 summarizes, by Jurisdietion, the provisions in the law

(columns labeled "L") and the dg Ffacto previsions (eclumns labeled

"D"), The table z2lso summarizes the types of duildings to which
if mechanic2l equinment nolse 1is

-

the provisicns aggly, and nates
dealt with only in resgonse to comglaints.

the provisions may e thought of as restricting cut-

a Lavels in some way., The restrictions may apply spe-

£9 the nolse groduced by mecehaniczl squicment or more
] tions apply to

o
o

e
eneralls to any outdoer noise. I

2al equlipment, they may apnly tallaticn/constouc=-

c
5

sugh eguipment. Ressrica
o~

s r
er/grassure level Limiss, deslizn speci-
4 a%ion or minimum

-
-

[
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size, or subjective ressrictlons such as a prchibition
agalinst unnecessary nolse. The only type of mechanlecal equipment
s estrictions found are objective ones (sound level limits).
f she restrictions do not apply specifiicelly to mechanical equip-
s, they are elther zoning-type (sound level llmits specified
roperty lines by land-use) cr subjective.

H

L)

‘ a
‘0 o

In practice, the most effective type of restriction for mechanical
equipment noeise 13 a performance standard enforced on inscallation
of equinment (i.e., at plans review and during building consgtruc-
tion). 32uch a standard specifies, {or example, sound level limits
at a particular receiver location. The u;timace objective of the
permit scheme 15 to gcontrol the sound level that people will be
exposed to, and the performance standard (if enforced) can do Just

that.

Whicih jurisdicticns have enforced a e [acto performance standard,
and what aras the provisions that these jurisdictions have in thelr
laws? Six Jurisdictions have da facteo performance standards en-

forced on equinmens installation. OFf these six, one (Massachu-
aw only a subjective ressriction that is not

i~

setts) has in its

even speciiic to mechanical ecquipment, two (Warwick, Chicago)

have zoning-type restricticns not ssecifle to mechanical equip-
¢iges, Beverly HEills) have objective restric-

ment, two (San Fran
sions on mechanical agquirman: use, and cr2 (New York Clty) has
serfsrmance scandards that apply ts installatien 2f mechanlizal

eguipmens.

Frem this ccriériscn, {7 15 undeniable zhat enforcement ¢f per=
fopmance standards at slans review can oaccur lor widely dilfaring
arovisisns in che law; it Ls net necessary, empirically, to have
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licable to equipment installa-

speclflc performance standards, app
be conecluded that 24

ticn, written into the law. Therefore, 1t must
‘C“"‘—““Wﬂ'ﬂ'f"
the provisicns in the law as identified' here do not play a par-> &fg
ticularly important role in determining the enforcement pract*cei;b(ff~2
in a given jurisdiction Jpwﬂ“"*“““ b“”tdqpﬂiﬁ‘/ﬁj&iééﬁ
Mt ool et s
1Cr ﬂ*é" j'“'- trwy = f h Vil '
. ' [ e s . “;f’ LA
However, i3 should not be concludad that any and all prtvisions :
are unimportant. All six Jurisdictions mentioned do have a n01531/4~wf5
related provision in the law and, except for Hassachusetts, do ﬁfﬂr
have odjective sound level limits in the law.
cept agalin for Massachusetts, 1t 1s believed
these Jurisdictions provide bread statutory authority to the
responsihle office (hullding deparstment, health department,
ment of envirenmental gonservation, ete.) to require from permit

applicants any reports, plans, specifications, computations deemed

necessary to insure complliance wich the laws of that Jurisdietion.

Additlionally, ex-
that the laws of

depart-

Thus, two general grovisiens can be tentatively ldentified as
glaying an imporstant role in davelopment of an effective permit
gchene to ¢ontral mechaniecal ecuipment nailse: an oblective re-
and broead zuthority to request ine-
The exact form of the objecs
it may apply to elther the use
of mechanical ecuipment, or it
und lavel limits without

girietion oan outdoor nolse,
formation from permit applicants.
tive ressricetien is unimportant:
<r the installation/construction
¢an he a saneral zening-tyce fet ol 83
specific refeprence to mechanical equipmenzt. This cbjsctive re-

gtrietion can be usad To set the perfarmance standards for

mec¢hanical aquipment noise,

-

AS tha next sub=szectlion wilil demonstrate, effagtive enforcement
sragtlces depend sargely upen a bullding departmenc's ahbhilicy
(a¢r the zzilizy af the reszonsihle office) o Tequest certain

-llUf=




REVART MMM D S

Repaort No. 35458 801t Beranek and Newman Inc.

information from permit appilicants. Thus, if the permit scheme

is to effactively control mechanical equipment noilse, the other
important provision, the authorlty to request informaticn, must
be present in the law. It is believed that this authoprity al-
ready exists in the bullding departments of mest Jurisdictions

in the U.S.
--._T‘

Thus, these two provisions form the necessary legal frameworik for
davelopment of the effective mechanical equipment permit scheme.
The ramaining cuestion 1s: What enforcement strategy should be
implemented to form the ccmplete, and most effective permit
scheme? The next sub-section presents an answer to this question.

11.3.3 ESaforcement Stratecies

R e

The enforcemant stratagy evaluatlion presented here 13 based on
Judzments of anforceament practice effectiveness, A given enforce-

‘mant pracsice lnereases or contributes to an enforcement strategy’'s

affectiveness i it 1s Judged to inerease the probabilify that

mechanical aquipment nolse will be controlled to some glven
3y examining beth the snforcement practices
1.2) and the asso-

gerformance standard.
g 1
fv at least pnine

of the Jjurisdictions (ildentifled in Section

zlated conclugions, it Lls possible to identi

gractices that inerease the effactiveness of any enforcement stra-~
[ad [ otk od

tagy designed %2 cesntrol mechanizzal equipgment roilse. Thils sube

section first liszts these practicaes, Then ratas each c¢ne cn the

basglis of arfecgzivenssgs, feasibllity, ard enfercement c¢ssts, then,

using these ratings, evaluacas <he enforceoment s:trategiles of the
a4

3
ldansy 2 Jupigiiziion.,

vy
[
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£1.3.3.7 Identified Snrforcement DPractices

The fellcwing are the enforcement practices that, when present 1in
an enforcement strategy, should increase the effectiveness of the
strategy, and that, when absent will result Iin a lesgs effective

strategy.
1, 411 avplicable bullding plans are reviswed for mechani-
¢al egquipment ncise.
2. The permit applicant must hire an "expert" to prepare an
acoustical analysls.

/2a. Technical information needed for preparation ¢f the
acoustical analysis 1s readily available.

2b. Acoustical analysis methods are standardized.

3. An "expert" is required to certify that the bullding
glans comply with the mechanical equipment neise contreol
rejuiremencts. )

4, The "axpert" hecomes involved in the groject cenly under
pres¢rided circumstances.

Tesponsisle offiz2ial oegasicenzlly performs 2 {inal,

L% )]

l=1=F-}+ constucticn check cf mechanical equipment noise.
Sa, The final check requires use o¢f neise measuring egquip-
/
mechanical ecuipment nolse
] view stage 2lso respends to
¢al acuicment noise.

m

»
-
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11.3.3.2 QRFaoting of Enforcement Practices

Numerical ratings presented in Table 29 are hased an the relative
¢t eachl practice will have on enforcement strategy effective-~
e feasinilicy and enforcement costs. FRatings are presented
for both t=he presence and the absence of ezch practice in an en-
oreement strategy. These ratings are based on the following

guidelines.

Effectivenasa

All identifiad practices increase effectiveness 1l present in

2 peprmic scheme, and elther deerease or do nat change effective-
ness if absent. The more a practice increases effectiveness, the
nigher the numarical ratcing on a2 scale of 1 to 4., If, when a
practice L3 aksant, it does not decerease eflfectiveness, it Iis
rataed as zaro (0). When absent, the mere the enforcement stra-
tegy's elfectivenass is reduced, the more negative the numerical

rating (-1 ar =2)}.

Tha feasinilizy of sach enforcament zractize is rated by Judging
maw muen tkat sractice would z7fs¢t the aoperatlons of 2 building.
damaremaent in a "sypleal" Jurisdiceticn LF

pol

the bullding deparc-
a

al
mant ade: aament strategy ¢onsainins shat practice.
Tha "oyelazl" Jurlsdiculieon L3 zssumed T o gurrently make nQ ate
nersl mechanice £t n

ige at the
also agswumned

Qry awthorisy

o s o
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Enforcement PFractice Ratings

*E a Effeccivenass racing
T = Feasibility racing

C = cpag racing

1
—
wn

(]

]

Rating*
Present Absent

Enforcement Practice E F C E F ¢
l. All plans raviewed 2 o 2 -1 0 1
2. Analysis required 4 =3 4 =2 0 0
2a. Information available i 1 0 -2 =1 2
2b. Analysis standardized L 1 4 -1 =1 1
3. Expert certifips 2 a 0 Q 0 0
4. Expert invelvement prescribed 1 0 -1 0 2
5. Qcecasicnal final check 2 =2 1 P 6 ¢ ¢
Sa. Final chack requiras squipment 2 -3 3 /;,O 00
6. 0ffica also takes complaincas I =2 2 é/ g 0 ¢

[
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Regort No. 8

A feasibilicy rating aof zaros (0) is given 1f the presence of an
enforgement practice 1ls Judged to require little or no change in
the existing bullding code enforcement system. Naturally, for

all but twa of the identifled enforcement practices, thelr

ahsence recelves a zero feasibliity rating since absence implles
no change 1s needed in the current enforcement system. Only 22
and 2b (informaticn needed for, and standardized metheds for the
acoustical analysis) are given negative feasibility ratings when
absent since, if an acoustlcal analysis. is required, their absence

will create additional work for those officials who must review

the acoustical analyses. (Canversely, the presence of 22 and 2b

receive positive feasinility ratings.) Negative feasibility
ratings are also given when the gresence of a given enforcement
Rractlce i the adontad enforcement strategy means that someone
in the builling department must learn precedures that dilfer sub-

L )

stantially Trom current procedures,

Costs

Costs are rated by estimating how much the presence or absence

I the identified pracsices in an enforcement strategy will

- -
increasa the enforzement costs of the respensidle degartment.

These rasings are tased on subjective 'udgments, and should te

regarded only as indicators of relative costs. For example, the

Aighess ¢cst rating is &, 1s given to thne enforsement practice of
a ysis, and indicates cnly that the

uiring an ageosusticeal analys
in an enfcreement strategy could in-

farsemeant scrategy moere than weuld the
raatize, Sut 1%t would Le incorract

inclusiaen of this gragtice
arease the qosts 20 that 2n

inclugicon ¢ zZny osInir 3infle ¢ i

£2 assume that 2 ¢9sT r2ting of f mezns that the rated gractice
i3 twize as costly as cne with a rasing =f 2. Bather, the &
rating indicanas z2csts substansially higher than the costs assc-
2lasad with 2
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Using these general guldelines, the enfaorcement practice ratings

are presented in Table 25, and resultant evaluations of enforce-

ment strategles are presented in Table 26. Examination of Table

26 shows that scme Jurisdicticns have falrly effective enfcorce-
ment strategles, and pay a2 fairly high price; cthers pay a low
arice and have relatively ineffective programs, and one (Massa-
chugetsts) has a fairly costly program with almost no effactiveness,

Qbviously, these enforcement practices could be combined in

numerous enfaercement strategies, and the reader may wish to try

a faw combinations., However, a single recommended enforcement

strategy 1s shown, and this strategy is discussed in the next
sub-section.

11.4 Recommended Permit Scheme for Cantral of Mechanical Equio-

ment Noise

1.4, Pravisions in Law

A. Sgatutery autharicy for the appropriate cffice to raquire

submission of pertinent data, ealeulations, resorts,
it deems necessary for demonssrating compliance

age. thas o
¢f preposed buildings with all laws of sthe Jurisdietion.

B. Objective reatricticns on outdcor noise, such as sound
laval limits specified by land use categeries as measured
as,

at progersy lin

11.4.2 Znforcsment Strataglag
gy L= evaluated in Table 2%,

- et Fd
ha pregammandad enfer

e ¢ a
udes mest of the identiftad enforceament srac-
fe le

This gtratezgy inclu
ticas, Spe¢iflically, the 2nlercement strategy must be implementad
in such a way that all relevant plans are reviewad for comnllance

[}
'.-l
[91]
[ L% ]

i
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with the objective restrictions cn outdecor nolse (enfarcement
practice 1l). Such a thorocugh review probably means that either
the bullding department is gilven responsibhility for this plans
reviaew, or that the responsible office closely coordinates its

efforts with the bullding department.

Second, an acosustlceal analysis must accompany btullding permit
applications for any project that will use any of the equipment
covered by the worksheets of section 10. This acoustical analysis
must follow the pracedures identified by the worksheets, These
requirements insure that enforcement practices 2, 2a, 2b, and

4 are part of the enforcement strategy.

Third, postecoansituction measurements of actual mechanical equip-
ment neise levels must be made on 2 spot check basis prior to
issuing the cecupaney permit. This reguirement (practices $ and
fa), though improving the stratagy's affactiveness, may prasent
sericus praoblems of feasihility. Building inspectors are not
accustaomed to making final tests af performance and are likely

t0 balk at the preospect of danying an occupancy permit hecause

of a failure, By "2 few decihels," t2 meet appropriate perfarmance

standards.

S 1s resoonsible for reviewlng the acousti-
ng *he firal ncise measuraments, should
raspending to gomplalints about mechaniczal
§)., This would ansure net only shat

20 the complaints are familiar with

is responsible

rinally, the oflice a
cal analyses, and parfe
2lso be respensivle lor
equipmens nclse (pract
the oflficials wheo respon
mechaniezl equ;;men: nolge, bBut zhat a singls office
iith mechaniczl equipment nolse Irom design through

for dealing
gn te occupaney and sherealtar. The offfce would thus
-

& effageiveness of lts permit scheme to con-

.

he kept awzre of th
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11.4.3 Protblems Not Solved by the Recommended Enforcement Stratezy

There are three major problems, all zlluded to in earlier sections
ef this report, that must be left unresclved bty the recommended
anforcement strategy. First, the statistical accuracy of the work-
sheet procedures in predicting the ncise levels of operating
equipment is not known (see Secticen 10). Seccnd, a Reference

Point at which mechanical equipment sound levels are to be pre-
dicted must be determined for each installation., Third, the &JZ%aL
faasibility as well as the effectiveness of the final post-

¥ e a h e ! ¢4&:B

construction test is net really known. ,

All these prodlems, however, cculd be hetter understood, 'if neot
resolved, by "trial" implementation of the strategy. If one

o more jurisdicticons were to adopt the recommended strategy and
implement all the enforcement practices, data could be gathered
demonstrating the accuracy and utility of all procedures. Such
a srial period would provide experience in how building depart-
ments and other offices zc¢tually react to the practices, and

how aasy or diffieuls architects/enginesrs find the worksheet

procedures.

T e b it e 0
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APPENDIX 1
TRANSFORMER SOUND POWER LEVEL CALCULATION

This appendix provides 2 progedure for calculating the A-Weilghted

Sound Power Level for a transformer based on measured NEMA sound

ievels and transformer dimensions.

A recent study performed for ESEERCC!’ has demonstrated the fol-
lowing relationship between the nolse level measured in the far-
field and that measured at NEMA positions:

Ld = LN - 20 log (&) + 10 log (S) -~ 8

where
Ld = space average sound level measured at distance, 4,
from the tank wall, in dBA

L“ = sound level measured at MENA position, circumferential

averages, in dBA

S = gurface arez of the four sides of the transformer

tank in zguare faat

d = distanes from the transformer ftank, in feet,

The above relation 1s basad on measured data, a5 shown 1in
A=l.L, with a standard deviaticen, ¢, of 3 dB8 (due messtly

FTizure A-
3 dizegtiviey effects)., A limited number of mezsurements alsao

indicated that the above eguation is valid for units with ccoling
fans cperasing, oravided the measurement pesiticns ares not

shzelded fremthe fans by =he tank wall.

Assuming free-{leld, hemisnherical sound radlaticn from z point

seuree, the A-walighted Scund Power Level, Lw (A) i3 related ta the

A=l=l
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far-fleld socund level as follows:

Lw(A) = LN + KA

where

12

Lw(A) = A-Weilzhted Sound Pewer Level re 10~ Watt

L » average sound level measursd at NEMA positions,

N
in dEA

K, = area correction factor { = 10 log (S) - 10.5), in
dB. :

Thusg, transformer Sound Power Level may be calculataed using the
above relation, Table A-l.l provides the area correction factaer,

KA, as a function of tank face area.

TABLE A-1.1
TRANS “ORMER TANK AREA CORRECTION FACTOR

Tank Face Aresa, S, ft? Kk, 4B
100 - 125 10
126 - 155 1l
1586 - 200 12
201 - 250 13
251 - 315 14
318 - 490 13
431 - 500 16
501 -~ 630 17
6§31 - 795 18
T8 - 1000 19

1001 - 1250 20
1281 - 1585 21
1586 - 1595 22
1996 - 2500 23

Aml-3

L e —— e 2
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APPENDIX 2
SOUND ATTENUATION 8Y BARRIERS

A barrier 12 a so0lid wall or obstruction which breaks the direct

line of sight between a socund source and a recsesiver, An effective

barrier has no holes or air gaps and has a surface welght of at
least 4 1b/ft?. Figure A-2.1 shows a typical geometrical con-
flguration of socurce, receiver, and intervening infiinite bar-
riar., The sound attenuation provided by this simple barrier is
2 function of the source-ta-tbarrier distance (R), the receiver-
to-barrier distance (D), and the line-of-sight break distance (h).
It should te noted that for barriers of finite width, sound may
propagate around she sides of the barrier as well as over the

top and, therefeore, such a barrier provides less attenuation than
an infinite dbarrier. The situation becomes even more complex

for 2, 3, or 4=sided barriers, where scund reflection hetween
nan-absorptive barrler walls may also compromise the attenuaticn,
fnally, baprrier attanuation may bhe conmpromised by the use of

Wwalls with low surface waight. Due to these cansiderations, the

practical upper limit of barrier performance lies in the range

batween 15 and 24 48,

A procedure for estlimating the sound attenuatian provided by
The methoed,

finite, single-wall barriers is qutlined below,
adapted Irom Refarence 29, caleulatss the reduction in A-«welghted
based on a point source model

sound lavel provided by 2 harrier,
The procedure is considered

evaluatsd at.a fregquency orf $685 Hz,

applicable ¢d all building mechanical eguisment specsrum classes,
ar

Wish an expectad accurascy of =3 42, In actice, wheres non=-ideal

c
noilse scurges are the rule rather than the eigeption, greatar

A=2-1
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discrepancies are possible. Nevertheless, the calculation
sracadure presented below yields an estimate of barrier noilse
reduction which Ls useful for design purposes,

Barrier Evaluation Procedure

1. Detéarmine the observer location of interest,

2. Locate the source at a poeint 1/3 down from the top and 1/2
in from the front and sides of the equlipment noise scurce,

3. Locate the barrier profile and obtain accurate values for
the following quantities (see Figure A-2,1): h, the shortest
distance from the barrier top to the line of sight from
source to observer (feet); R and D, the slant distances,
along the line of sight, froem the barrier to the source and
ebserver, respectively. (Specifically, R and D are the two
segments into which h breaksa the line of sight.) Note that
h 13 not the height of the barrier above ground, but the
distanee from the haryier tap to the line of sight,

4, ZEnter at the top of Fligure A-2.2 with the value of h on the
laft=hand scale; meve right to intersect the curve corres-
ponding to R (or D, whichever is smallanr),.

5. Move down to intersect the curve corresponding to the wvalue
of D/R (or A/D, whichever is greater than unity).

3. Move right taq intersect the vertical scale in order t¢ find
lelding, 4,, in decihels, corres~

the potential tarrisr shi
wler of inflnite length.

ar

o
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Examole

Estimate the sound attenuaticn of the barrier confliguratien il-
luatrated in Figure A-2.3. The barrier 1s constructed of 1/2
inch plywood with a2 surface density of 1.5 1lb/ft? and a sound
transmission loss of 18 dB in the 500 Bz octave band

1. The observer location, 0, is as indicated on Figure A-2.3.

2. The source location, S,, for the "over-the-top" sound path
is chosen at the center aof the machine (plan view) and 1/3
down from the top as shown aon Filgure A=2,3.

3. The gquantities hl, Rl, and Dl are obtained from a scale
drawing, as indicated in Figure A-2.3.

4, Entering the workchart with hy = 6.3 f* on the left«hand
scale, a line 1is drawn to the right to inserssact the gurve
corresponding to R = D = 16 ft (see Pigure A=Z2.04),

5. Moving down, 2 line is drawn to intarzect the curve cor-
responding t¢ R/D = 1 (see Figure A=2.4).

8. Moving right, a line is drawn to intersect the vertical

-

scale In order to find A, = 17 d3 (see Filgure A=2.4).
Since there are sound pachs arocund the sides of the barrisr and

the surface welght of the tarrier is less than U 1b/ft?, the
caleulzcisn srocseds S0 Ster 9.
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If there are no sound paths around the sides of the barrier,
and the barrier has a surface weight greater or equal to
4 1b/ft?, then the estimated barrier attenuation may be

taken to be Al.

If there are no sound paths arcund the sides of the barrier,
and the darrier has a surface weight less than 4 1lb/ft?, then
the barrier attenuation may be estimated by combining Al with
TLSOO {the transmission loss of the barrier wall avaluated
for the 500 Hz occtave frequency band)., A simplifled methaed
for combining decibel attenuations is provided in Table A-2.1.

If there are sound paths around one or two sides of the bar-
rier, calculate the barrier attenuations A2 and A3 for these
Paths in the horizontal plane, as described in steps 3 through
6 above., The source locations for these c¢alceculations, howe
ever, should be at the sida of the equipment c¢lesest ta the

barrier edge belng evaluated.

stimate the overall barrier attenuation by combining Al, Az,

A., and TL. (whichever apply) in a step-wise fashion, using
500 )

the method in Tabla A=2.1

TABLE A-2.1
SIMPLIFIED COMBINATION QF DECIBEL ATTENMUATIONS
When Twe Dacibel Subtract the
Atsenuaticon Values Follawing Amount
Diffar Dy from the Lower Value:
Q or 1 4B 3 d8
2 or 3 &3 z 42
4 o 9 48 1 48
0 d8

17 45 or mere
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10.

The scurce locations, 32 and 83, for the sound paths

round the two sldes of the barrier are cheosan at the
ends of the machine as illustrated in rFigure A-2.,3. The
atrenuation values A2 and A3 for these paths are c¢alcu-
lated in the same manner 2as Al. The workehart computa=-
tions, shown on Flgure A-2.4, result in values of Ay = 19 dB
and A3 s 21 dB.

The overall barrier attenuation is estimated by combining
Al, Aa, Aj, and TLSOO_using the methed of Table A-2.1. In
order to do this, the component attenuations are arranged
in descending order and combined as shown belaw,

A3 = 21
= 16
TLSOO = 18
= 14
As a 13 e
= A = 1z 458
A e 17— TOTAL

Thus, the procedure astimates an aoverall barrier attanuaticn
gf 12 28, whick 1s well below the attenuaticon of any one
camponent path.
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APPENDIX 3
ADDITION OF DECIBELS

Since decibels are logarithmic values 1t 1s not proper to add
them by normal algebraic addition. For axampnle, §3 dB plus
83 dB does not equal 126 dB bucr only 66 dB.

A very simple, but adequate schedule for adding decibels i3 as

follows:
Wnen two dacibel Add the following amount
values differ by: to the highar valua:
0 orl dB 3 dB
2 or : 4B 2 dB
4 to ¢ dB 1 dB
10 dB o~ more ‘ 0 &8

; When there are several decibel levels to be added, they should
! be added two at a2 time, starting with tHe lower valued levels
and continuing the addition proecedurs of twe at & time until
P only one value ra2mains.

Tao 1llus“rate, suppeése it 13 desired to add the following five
sound levels, using the above summation procedure:

68 a8
! ::::::::;. 76
= 3

»
-

e ~_
/ 82 d= \‘\\\\\\\k
‘: ‘ = G0 4B

28 as

WA Wt v e e
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The simplified addition rules above invelve rounding off of

some sums to the nearest whole number, resulting in the pos-
8ibility of a small error. In general, the above procedure

will yleld sums accurate to the nearest 1 4B.

Inc.



- W i el ] W

Raport No.

A

B e PR A
[ APENN

3566

Bolt Beranek and

APPENDIX 4

SAMPLE PERMIT SCHEME WORKSHEETS

Nawman Inc.



rraY FVIWW vl

Report Nao. 35§68 8olt Beranek and Newman Inc.

WORKSHEET A
Qutdeoor Equipment

Procedure for Calculation of Scund Level at a Reference Point Outdoors

Part 1: HReference Data

1. Eguipment Deseription

Identificatien Symbel on Drawings
Manufacturer and Model Number
Operating Conditions
A-Weighted Sound Power Level 434 e 107%° ware
Spectrum Class
. Calculated from tables (attach worksheet)
___'Certified test data (attach substantiation)

Wi = oW pa
.

8. Installation Leeaticn:

On=grade
___ Roofetop

-3

Presence of Nearbty Reflecting Surfaces:

a. Necne p. Ona e, Two

8. Line of Sight betwaen Equipment and Fefarernce Point:

2. Unehstructad
®. 3EBroken by solid barxriar, rocef sathack, ete.

———

Distance, Egudpment to Hafarence rFoint faat

A3 ¢ ]

Perpendicular distancs
Slant dlstanca
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Werksheet A (continued)

rart 2: 3Jound Lewvel Estimation

10. Sound Power Level (from line 5) dBA re 10722 wacs
1i. GCorrection for Directivity:
a. If Ta checked, enter 0 . ___4dB
b. If 7b checked, enter 3 . ds
¢. If 7c checked, enter § ___dB
12, Add lines 10 and 1l (a, b, or c) ___dBA re 107%2 yacs
13, Correction for Shielding:
a. If 8a checked, enter 0 ____ds
b, If &b checked, enter:
(1) 5 (allowance w/o ¢ale.) or ___ dB
{2) Result of computation using
Appendix 2 (attach cale's.) ____dB
14, Subtract line 13 frem line 12 ___dBa re 107%2 yacs
15. Distance Corrsction (from Table 13
using dissance shown on line 9) - g8
16, Subtract line 15 from line 1% to zet ‘ -
Sound Level at Reference Foint ____dBA re 2 x 10™7u/m?

Amba3
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WORKSHEET B-1
Indoor Air-Handling Eguioment

Caleculation of Sound lLevel a2t a2 Refarence Point Outdoors
Part 1l: FHeference Data

1. Equipment Desgription
2. Designation on Drawings or Schedule
3. Manufacturer and Model Number
4, Service Application: ) Supply Air
Return Air
Exhaust Air
5., Fan Type: . Airfeil
. Backward Curved/Inclined
.t PForward Curved
d. Radial
. Vane-Axial
£, Propellar
8, Fan Diameter: inches
7. Pan Operating Point:

a. Volume efn

b. Total Static Fressure inches, w.s.

¢. Brake Horsencwer hp

d. Statle Zffielancey at Cperating Point .

e, Peak Statle Efficiency on Fan Curve -
Paercent of Peak Static Efftciency at Cperati

8, Configuration:
Ducted

) Duet Width inches
Duect Helght inches
Duet Length feat
suetlining:
(a) Lining thickness _____Inches
(o) Lengsh of straisght lined dugs faat
(e) Lined elbow with minimum 10 £% of lining
: tayend elbow in direcetion of sound prepagaticn:
y Tesg
Yo
g£ad Sound Atternuz
anufacturer & NMcdal !lumber
atic Pressure Orop at 1000 fom inehes, w.xz.
£ Dues Cpening at 2uilding Face™ . fe?
a
e

»r

ng oint Z

a.

(1
(2
(3
( t

e e N

-

(34
0

bl
M

aum Qpening on Axds of Duct

clamae i
num Opening > 335° off Axis e¢f Duet
(Agpliczble to Flush-Mountad Ventilating Fans)

A=bal

!

/
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Worksheer Z-1 (Continued)
9, Distance, Suilding Orening to Reference Foint feat
Perpendicular Distance
Slant Distance
19, Line of Sight between Egquipment and Reference Point

a. Unobstructed
b. Broken by solld barrier, rcof setback etc.

Paprt 2: Sound Level Zstimation at HReference Point

11. Calculation of Fan Sound Power Level (3ased on Lines 5,6,7):

a. Specific Sound Power Level, K, (Table 1) aBA re 10" Pwars

b, Velume Correction, A (Table 27) __.dB

¢. Static Pressure Correction, B8 (Table 3) __ dB

d. Static¢ Efficiency Correction, C (Table 4)__ d3 12

e. Sound Power Level (lla + 1lb + lle + 11d)__ dBA re 10 "TWats

f. Spee¢trum Class —
#12, Correction for Lined Duetwork (enly if line Sa,(l4) checked):

a. Attenuation of Straight Duect (Table 14) dg
b. Elbew Attenuation:!

(1) If "Yes" checked, enter S dB
(2) I£ "No'" checked, enter ¢ dB
#13. Correction for Packaged Scund Attenuator (enly if 8a,(5) checked):
a. Attenuation (Table 195) das
n. Cartified Test Data ( atsach subszantiaticn) 48
14, Adjusted Sound Powaer Level:
a. Line lle minus (Lines 12a + 12n)* dBA re 10:}.‘2.:\.'3.!::
n. Line lle minus Line 13a, bt dBA re 10 ““Wa:t:s

Calculation ¢f Sgund Level zt 3Sullding Orening:

151

a. Correction for Duct Cross-Se¢tional Area (from
Tahle 16 using area of 8a, (£), ___¢B

B, Carraction fer Plenum Loss
(1) I2 Za,(8),(a) checkad, anter Q: ___dB
(2} If 3a,(8),(9) checked, enter 3: ___d8

¢, Add Lines 152 and 13b: _..4aB

d. Sound Level at Opening (Line l4(a cr b) = -
minus Line 15¢): ___GBA re 210 “N/Mm°

#*A popragtieon for elsher duct lining ¢r a packaged sound attenu=-

acter is allowed but neot oeth,

Lapes b eyt
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Worksheet 3=1 (Continued)

*15. Correction for Directivity (use only Lif 10a 1is checked)
Vertical angle between reference polnt and opening:
0° -~ 30°, enger 0O 4B
309 - 6Q9, anter 3: 48
609 -~ 909, enter 6: dB
817, Correction for Shielding (use only 1if 10b is checkad):
a. Allowance w/c Calculatiens, enter 5 dB
. Computation from Appendix 2
(attach caleulations): dB
18. Adjustad Sound Level at Building Opening -5 2
(Line 15d minus 16, or, Line 17): dBA re 22107 °N/m
19, Carrection for Distance tao Referwnce
Point:
a. Distance Pactor (From Table 19
and Line 9): fot)
%. Area Pactor (From Table 19 and
Wine 8a, (8)): . dB
¢. Line 19a minus Line 19b: bz
20. Sound Level at Reference Paoint: 5., 2
(Line 18 minus Line 19¢) dBA re 2x10°-N/m

*A cgrrecenion for elther directivicy or shlelding is allswed,

Dut net both.
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WORKSHEET B-2
Building Mechanical Zquioment Indoors
Caleulation of Sound Level at a Reference Polnt Qutdoors

Part 1: Referance Data

1. Equipment Description
2. Identificaticon Symbol on Drawings
3. Manufacturer and Model Number
b
-]

. Qparating Conditlons
A-Welghted Sound Level at 1 meter __ _ dBA re 2 x 107> l"l/m2
Spectrum Class
6§, Distance hetween Equipment and Closest Opening .n Exterior
Wall feat
2. (Opening unshilelded from equipment
- 5. Opening shielded from equipment

7. ©Dimensions of Opening:
; a, Helight PR
b. Width __ft
‘ c. Area —rlr

8. Acoustical Trezatment of Onening:

2

a. Nene
»., Packaged Sound Attanuatar
¢, Acgustizal Louvers

re

9 Dztanee, Sullding Orpening to Reference Point
Perpendicular Distance
__Slant ‘Distance

; 10, Line of Sizht Besween Zzulpment and Heference Palnt
? a. Unebscructed -
i b. Z2roken by solid barrier, roof setback, etz.

Amlla?

P s b i
g
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dorksheet -2 (Continued)
fart 2. Sound Level EZstimaticn at Refarence Point

11. A-Weighted Sound Lavel at 1 meter (from Line 5)  dBA re 2x.0™/m°
L2, Correction fer Distance to Closest Opening:

a. Distance (using Table 17 and Line §) __dB
b. Shielding:
Unshielded, enter Q . as
Shielded, enter 3 -.as
¢. Total Correc¢tion (1l2a + 12b) _das
13. Attenuation ac¢ross Opening: .
a. If 8a is checked, enter 0 __dm
b, If 8t is checked, use
Table 15 or

Cartified Ratings(attach substantiation) dB

¢. If 8¢ is chaclzed, use

Table 18 or
Certifiaed Ratings(attach sunstantiation) dB

14, A-Weighted Sound Level at Exterior Side of Opening: .
Line 11 minus Line 12¢ minus Line 12a,b,c: dBA re 2X10°N/m°

#1585, Caorrection for Directivity (use enly if Line 10a i3 chaecked:
Vertical énale betwean reference point and opening:

-39 - 309, enter 0: dB
30° - 60°, enter 3: dB
. 80° =~ 9Q°, entar §: 4B
*;6. Correction for Shielding (use aonly if line 10h 15 checkad):
a. Allowance w/9 Caleculations, enter 3: dB

b. Computation from Appendix 2 (attach cale’s): d8
17. Adjusted Sound Lavel at S
(Line 1Y% minus Line 13, o

13. Carrection for Distance
a. Distanca Factor (from Table 1% and Line 9): 45

uilding Ogenins = =
r, Line 13): dRA re 210 “N/T

2 Rafarance Peint:

5. Ared Factar (frem Table 19 and Line 7e): dg
¢. Line 132 minus Line 18b: ‘ 43

19. Sound Level at Reference Paint - 4
(Line 17 minus Line i8e) dBA e 2x10TN/mt

*A corzrection for elther dlrectlivity or shielding is allewed, but net toth.

-

Amb=8




