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I. INTRODUCTION

"' Today's modern buildings may contain a number of mechanical

systems that provide the supporting services necessary for

F" them to function as intended. The mechanical equipment

incorporated in these systems represent sources of noise
that must be dealt with in the building design, if theirr •

acoustical impact on both the interior and exterior environ-
ments is to be controlled at an acceptable level.

F +

l
This manual specifically deals with the acoustical impact of

F- these equipment noise sources on the exteri.or environment

surrounding the building site, and the con_rol of this impact

" by the introduction of a review process in the procedure for
issuance of a building permit.

For exampl.e, procedures are given in thi's manual for estimat-
ing the noise.level resulting at some outdoor reference point

due to the operation of individual items of building mechanical

equipment that are either acoustically "coupled" or actually
located outdoors. These estimated noise levels are then summed

: on an energy basis to arrive at a total noise level (st the
:" chosen reference point) due to operation of the combined

- building mechanical systems. Assuming that noise-level limits
have been established, a comparison then can be made with the

predicted outdoor noise level to determine whether or not the

mechanical installations are likely to comply with the appli-

cable noise code. If not found in compliance, the mechanical
permit can be denied until appropriate noise reduction measures

have been incorporated in the design and resubmitted for review.

This review process will also reveal which particular items of

+

+
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mechanical equipment have the strongest influence on the
exterior noise environment. Therefore, in a situation where

a non-compliance condition is.indicated by the review, the,.

equipment installations responsible can generally be identi-.

fled and the amount of remedial noise reduction necessary
determined.

F The technical data on equipment noise levels presented in

( this manual are based on the results of a comprehensive survey

=,- made of typical "State of the art" products being marketed

in 1977. A detailed discussion of this study, and the pre-

liminary work done in connection with the development of pro-F"
cedures for use in the mechanical equipment permit scheme,
will be found in a report prepared for the ErA under Contract

I
; No. 68-01-4396.*

t- Section 2 of this manual discusses the administrative andI

enforcement details necessary to implement the EPA Model

_ Mechanlcal Equipment Noise Control Permit Scheme at the local
,. building/environmental code level. Sections 3, 4 end B deal

with the technical aspects of the acoustical review process

Ill embodied in permit scheme.

L. Section 6 contains the procedures to be followed in the
acoustical analysts of building mechanical drawings and

! specifications, and for estimating resultant noise levels at
_ some reference point in the exterior environment. Section 7

: discusses procedures to be followed in field testing of the

L.. completed installations to verify compliance with the noise code.
s ,i

__ * Bolt Beranek and Newman, Report No. 3566, September 1977,
"Development of a Mechanical Equipment Noise-Control Permit
Scheme for Model Building Code"

-2-
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.. This manual has been prepared for use by building officials

and engineers whose knowledge and training in acoustics'may

be limited. The analytical procedures given for estimating

acoustical impact, in general, require only simple addition
or subtraction of factors provided in charts and tables.

However, the reviewer must be able to read and interpret

architectural and engineering drawings In order to select
: the appropriate factors to be entered on the worksheets used

in _he analysis,

Because of these technical sfmpllftcatiens, the data on pro-

• duct noise levels in thts manual tend to be slightly on the

high stde of the industry average in a given category, to

provide some margin of safety in the prediction scheme, How-
ever, the reviewer is free to use data furnished by the

equipment manufacturer instead, if these are based on actual

tests and certified accordingly.

_i - 3-
%
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2. ADMINISTRATIVE AND ENFORCEMENT DETAILS

The Model Mechanical F_quipment Noise Control Permit Scheme

may be thought of as containing two distinct parts: legal

provisions, and an enforcement strategy. The legal provisions
are those sections of an ordinance, building or zoning code

that specify the objective provisions (e.g., sound level:.
i limits) and/or subjective provisions (e.g., nuisance-type

provisions) by which the noise from mechanical equipment

F" must be Judged. Legal provisions also provide a given indi-

vidual or office, such as the building department, with the

"" requisite authority to enforce the objective/subjective pro-
visions.

The enforcement strategy, on the other hand, consists of those'

methods that the responsible office uses to encourage compli-

ance, and to detect non-compliance when it occurs. A typical

enforcement strategy for building code provisions consists of

first requiring that building plans, associated specifications,
and certain engineering calculations are submitted for exami-

F nation before construction activity on any proposed building
(.. may commence. The building department examines the plans,

l specifications, calculations, etc. to verify correctness and_ completeness before issuing s building permit. During construc-

f tion, building inspectors visit the construction site to assure
l. that the structure is being built in accordance with the plans.

Finally, the completed building is inspected for conformance,
i and if all is in order, an occupancy permit ts issued.

! The extenslon of this enforcement strategy to include an analysis

L_ of mechanical equipment noise levels, prior to the issuance of

,



Report No, 1923 Warren Blazier Associates

construction or occupancy permits, is a significant departuret.

. from current practice in most Jurisdictions. Therefore, the
impacts this new requirement may have on both the private and

! public sectors of the building industry are speculative.
Clearly, there w'171 be some cost impact introduced by the

J.... requirement for a technical analysts of the acoustical design;
E

however, how these costs are d_stributed between the sectors

_" will depend on where e particular Jurisdiction places the

i responsibility for performing the task. On the other hand,

r" field testing to establish compliance with noise codes is not
l e new requirement in many Jurisdictions; the principal dif-

ferences are whether this is done on a routine basis or only

( in response to complaints.

f- 2,1 Legal ' Provisions(

Statutory authority must be given the appropriate office to
requtre submission of pertinent data, calculations, reports,

etc. that i¢ deems necessary for demonstrating compliance of

.... proposed buildings with all laws of the Jurisdiction. This

. author'ity already exists in most Jurisdictions with respect
to energy conservation, safety, minimum ventilation, etc. in

:' bufldtng mechanical sJtstems; the authority must be extended

._ to include a noise-control analysis.

2.1.1 Notse L_m.tt. Terminolo.qy

There also may be a conflict between the method of specifying

' noise limits in an existing code and that upon which the model

permit scheme is based. For example, the noise leve7 estimates
that result from using the procedures given in this manual are

expressed in terms of the A-weighted sound pressure level (dBA).

: - 5-
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However, some jurisdictions express noise limits on an octave-

: hand basis (level as a function of frequency) and do not specify

a corresponding llmit in terms of a single-number level in

r dBA. Still other jurisdictions use the metrics, Leq and tdn
which are based on A-welghted sound levels, but incorporate

r-

) energy-averaging and time-weighting functions.
&

F- Where an existing ordinance is expressed in terms of octave-

band frequencies, it is recommended that this be modified to

.-- provide alternative limlts expressed in dB(A). Ordinances

using Leq and Ldn should not require any numerical changes in
the stated limits, although some revision may be necessary in

the Intenp_etlve language, to clarify how.thls .is to be used

in evaluating the noise level estimates generated by the review

I procedures of the permit scheme.
I

For example, the noise produced by building mechanical equip-

ment may be considered "steady-state" rather than transient,
as in the case of traffic-noise. Consequently, the dB(A)

level predicted bythe permit scheme would be equivalent to

. Leq"

However, the metric Ldn Is a tlme-weighted rating that contains

{_ a penaltty of 10 dB for night time opposed to day time levels
as

of the same amplitude. This is equivalent to reducing the

I noise limtts by 10 dB for night time operation of building
L. mechanical equipment relative to that permitted during the

f day time hours.
L,,

i "2.1,2 Reference Point For Establishin_ Compliance

L One of the important variables found in the noise codes of

! different jurisdictions is the reference point at which
I

! -6-
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prescribed noise limits must be met. Some codes use the property

line of the emitter, while others specify the property-line of
the receiver. There are also a few codes that reference the

"point of complaint". Furthermore, most ordinances of the

property-line type fat1 to state whether or not the reference
" point is near the ground or at any elevation above. This is

a particularly important consideration ff one is dealing with

apatr of adjacent high-rise buildings or roof-top equipment
installed on low-rtse structures in the vicinity of multi-level

dwellings.

Examples are presented in Section 6 that illustrate how impor-

tant the choice of reference point is in the noise level

estimation process, It will be.seen that unless the ordinance

is very specific in this respect, a number of legal disputes
could arise concerning whether or not certain installations

were in complianCeo

2.2 Enforcement Strateg_

The enforcement strategy must be implemented in such a way that

all relevant plans are reviewed for compliance with the objec-
tive restrictfolls on outdoor noise. Such a thorough review

probably means that either the building department ts given

the responsibility, or that a responsible office closely

coordinates its efforts with the building deportment.

Second, an acoustical analysis must accompany the building
permit application for all mechanical equipment or systems that

'radiate part or all of their noise to the exterior environment.

these acoustical analyses should follow the procedures des-

cribed in Section 6 and be presented in a format stmtlar to

the sample worksheets appearing in Appendix 1.

-7-
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It is important to recognize that requiring these analyses

to be prepared and submitted as a part of the application for
permit has the following advantages:

F"

i I. This will encourage the building design team to evaluate

potentia7 problems with code compliance early during the
: design development phase, when corrective act ton can be

taken with the least impact on costs and constructioni
I scheduling. For example, if the designer does not make

the acoustical analysis until Just prior to application

I for permit, he may not have the flexlbillty for making

changes that existed during design development. Invari-

ably, this results in higher costs for nolse-contro'l and
schedule delays.

2. The effort expended by the building department (or other

responsible offtoe) during the review process is reduced
significohtly because the task will be mostly one of

checking the analysts by verifying that correct proce-
dures and input data have been used.

I 3. The potential for costly delays in construction while
awaiting approval should be reduced. The contractor will

L know in advance what the problems with compliance are
likely to be and can take appropriate action to resolve

i them by negotiation.

Third, the office that is responsible for reviewing the acoustt-

L_ col qnalysis should also be given the responsibility for conduct-
.ing past-construction noise tests, prior tO the issuance of an

[ occupency permit. This office should also respond to any
L

camp]dints about mechanical equipment noise. This would ensure

E
t -8-
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not only that the officials who respond to the complaints are

familiar with mechanical equipment noise, but that a single

office is responsible for dealing with mechanical equipment

noise from design through construction to occupancy and there-

after. The office would thus be kept aware of the effective-

i-" ness of its permit scheme to control mechanical noise.
!

._ 2.3 Personnel Requirements and qualifications

The number of persons required "co check and evaluate acoustical

-- analyses submitted with applications for permit, perform post-construction noise measurembnts and respond to complaints

about mechanical noise, will obviously depend on the size of

- the Jurisdiction and the. volume of constr.uct.ion in the area.

A team of two people is probably a minimum requirement. One

person must have the training and background necessary to read
' and interpret mechanical/architectural drawings and specifica-

tions, This person should have the responsibility for review-

ing the acoustical anal:/sis worksheets and recommending approval
on rejection of the application, He might also serve as the

interface between the building department and the mechanical/f
L.. architecturalcontractor representatives on matters pertaining

to meeting code requirements on noise,

L
The second person must have training in the use of acoustical

I instrumentation. This individual should have the responsibi-
_ ltty for performing post-construction noise measurements and

responding to complaints about mechanical noise, Depending on

L_ the work load, this person might actually double as the member

of a second team that responds to noise complaints of all types

L in Jurisdictions that have an active noise control program.

!
=

"9-
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2.4 Training in Preparation and. Review of Acoustic.el Analysis
Horksheets

Sections 3, 4, 5 and 6 of this manual have been structured to

i" serve the dual-purpose of being both a training-aid and a
procedural model for noise-analysis. However, there are cer-

I rain to be questions arise when the workshee¢ procedures ere
applied to real-life situations rather than the simplified

r- examples used for illustration in Section 6.

F One solution would be to obtain the services of a person withmechanical s_stem noise-control experience to monitor the

F acoustical review process initially and to provide on-the-Jobtraining of in-house personnel. It is an'_icipated that most
of the questions which are likely to arise will occur on

_ the first five or six projects submitted for acoustical review..
By this time, the reviewer may have developed sufficient

!" experience of his own that only occasional expert advice need
!,

be sought.

[
[
L

L
!"

L

, -10-
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: 3. INFORMATION AND TECHNICAL DATA REQUIRED IN THE REVIEW
AND ASSESSMENT OF BUILDING MECHANICAL SYSTEMS

In general, the principal sources of information and data

required in the review process are the drawings and specifica-

tions for the building which have been prepared by the archi-

tect in conjunction with his mechanical engineer.

i
However, the level of detail required for an adequate noise

I- control review is frequently not available at the time most
[ of the other types of construction permits are usually sought.

f. For example, the review for permit of a mechanical system
! design for function, s_fety, energy conservation and other

code requirements typlcally takes place at a time prior to

I" the completion of detailed design when many of the elements!
affecting noise-control performance have not been incorporated.
Therefore, the new requirement for a mechanical nolse-control

permit will meanthat more detailed information must be made

available earlier in the design development than it normally

would occur, because the approval process may identify areas

in which design changes are necessary to meet the noise ordi-
_._ nonce.

Schedule of Mechanical Equipment3.1"

r' A detailed schedule of all mechanical equipment ltkely to
__ affect outdoor noise levels must be provided. This will include

not only that equipment which is to be installed outdoors, but

L. equipment coupled to exterior and machineryalso fen the other

• located tn ventilated mechanical rooms.

i f

L 3.1.1 Equipment Identification. and Operation

t The following information must appear on the Schedule for eachL

I -11-L
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item of equipment:

I. Type of equipment
{-
{ 2. Size or capacity

3. Identification symbol or tag number

4. Location and Configurationa. Outdoors

I- b. Oucted to outdoorsc. Ventilated mechanical room

I- 5. Period of operation (24 hours, 7 a.m. - 7 p.m.,
intermittent, etc.)

r 3..l.2-Acouetlca_- Performance Data

_'l 3.1.2.1 Sound Power Levels
The anticipated noise generating capacity of each piece of

! equipment must appear on the Schedule. These should be
expressed as A-weighted sound power levels (re: 10 -12 watt).

If the manufacturer's data are used, the method of test and
: rating tolerance should be noted. In the absence of manu-

E lecturer's data, the noise ratings should be determined inaccordance with the instructions provided in Section 4.

3.1.2.2 Spectrum Classification

[ Each source noise must be classified on the basis of its
L_ spectrum shape. There are four classifications of spectrum

shape which are defined In Section 4.1.1.1 for use with data

I_ provided by the manufacturer. In the absence of manufacturer's
data, use the classifications listed in Section 4 for the parti-

L cular equipment of concern.

L 3.1.3 Governtn 9 Ordinance Noise Limits and Reference Distance
3.1.3.1 Noise Ltmi_.ss

r
I The review procedure assumes that the governing noise ordinance

-12-
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is specified in terms of A-weighted sound pressure level (dBA)

or its approximate equiva]ent. Many municipa]ities have ordi-

nances which specify dBA levels as a function of time of day

and zoning ]ocation. Others use either Leq or Ldn which can
be converted to an equiva]ent dBA level, if the noise source

is continuous (rather than intermittent or transient) and its
period of operation is known.

The equipment schedule should identify the appropriate noise
]imit for each piece of equipment. These noise limits may

differ because of the time of equipment operation or differ-

ences in zoning of areas adjacent to the side of the building

'" where the equipment is located.

;" 3.1.3.2 Reference Distance fop Establishing Camp]lance
I

In' order to use the procedures in this'manual to determine

the potential compliance of the building mechanical systems •
with prescribed noise limtts, a distance must be established

between the equipment ]ocatton and the reference point at

which the regul=tion is to be met. This reference point may
vary with different Jurisdictions. Some use the property

line of the noise emitter, while others specify the property

line of the receiver or the closest point of potential complaint.

I. In some ordinances of the property-line type, it is not stated :
whether or not the reference is at ground level or at all eleva-

] tions, which is of considerable importance to the assessment ofl.

roof-top installations.
r

L The equipment schedule should state the reference distance

= applicable to each item. This distance is to be measured

L from the centerline of equipment Installed outdoors, or from

the corresponding opening in the building facade for indoor
installations.

r
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3.2 Schedule of Noise-Control Elements

A schedule should be provided of noise-control elements which

,- have been incorporated in the mechanical design for reducing
=

) outdoor noise levels. For example, these would include the

use of packaged sound-attenuators on the outdoor side of fan

L equipment, acoustically lined ductwork, acoustical louvers&

in the mechanical room openings, and shielding barriers located

'" in the source to receiver path. This schedule should identify
which pieces of equipment are so treated and the estimated

[" . noise reduction expressed in terms of A-welghted sound power

I level. Guidelines for estimating the noise reductlon perform-

- ance of typical elements will be found in Section 5.

i

F
I
L.
f
L.

L
L
I -14-
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4. NOISE RATINGS OF BUILDING MECHANICAL EQUIPMENT

In this manual equipment noise ratings are expressed in terms
F'
i of either the A-weighted sound power or sound pressure level.

In general, most of the equipment of concern will be rated

I" in terms of A-welghted sound power, level, re lO"12 watt;
however, a few large pieces of machinery may be rated in terms

F of the A-welghted sound pressure level at 3 feet (I meter)because of measurement dlfflcultles encountered in determining

'" the sound power level when tests Must be made under fieldrather than laboratory conditions,

I" Th_-use.of-an-A-wetghted metric fo'r equipment noise is con-
ststent with the present trend in setting noise limits in

I" municipal ordinances and codes in terms of either dBA or Leq ..I

"_ 4,1 Estimation of A-Weighted Noise Ratin,qs

Htth o few exceptions, the A-weighted sound power levels of

equipment used in buildings are predictable in terms of a
& .

constant (which varies with the specific type of equipment)

_ plus corrections for size and other operational parameters.

.F.t. In the case of fans, the correction factors are based on airvolume, total static pressure, and percent of peak static

efficiency at the point of operation. Several types of compo-

l.i nents, such as condensing units and packaged HVAC units,
correlate best wtth a correction factor based on the cooling

capacity. Still ethers correlate better by a simple relation-
• ship to the 1;oral horsepower of the drive-motors,

L 4,1,1 Spectral Characteristics of Noise Sources

The frequency spectrum associated with a particular type of

'. -15-
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i

_. mechanical equipment may differ significantly from that of

another, even though the A-weighted noise ratings are similar.

Since most noise control elements are frequency-sensitive,

the amount of noise reduction (expressed on an A-weighted

basis) that will occur in the application to a given device

F depends on the spectral characteristics of the noise source.
I

I Far most building mechanical equipment, the characteristicdifferences in frequency content can be classified on the

i- basis of the shape of the A-weighted octave band spectrum.Typical]y, a plateau region wil] be found that is about three-

octaves wide. The center frequency of this p]ateeu can be

I" used to classify the characteristics of the noise source*
sufficiently to determine how much attenuation should result

f,-

t from the use of a particular noise-control device.i

4.1.].1 Classification of Noise Sources

In this manual four spectrum c]assificatlons are used for

mechanical equipment subject to noise control treatment. The
four classifications are as follows: (The A-weighted octave-

band levels are approximately constant over a three-octave
range)

L Class Plateau Center
I 250HZ

l II 500 Hz
III ]OO0 Hz

L IV 2000 Hz

L 4.2 Noise Ratings of Equipment Usually Located Outdoors

L 4.2.1 Self-Contained HVAC Equipment
Outdoor, se]f-contained HVAC units provide both the functions

I
I
L. -16-
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of heating and cooling in a single integrated package. Thus,
there are several component noise sources that affect the

outdoor environment. The noise is typically radiated from the

supply air intake and exhaust openings, the condenser fan, and

from the unit casing; the highest noise levels are generally

encountered during the cooling cycle.

Because of the multiplicity of noise sources, experience shows
' that the best correlation of total noise with unit size is on

r the basis of the rated cooling capacity expressed in Tons.

One-Ton is equal to 12,000 Btu/hr. Typical sound power level

values for such equipment are given in Table 4-1.

TABLE 4-1

A-Weighted Sound Power Levels qf Self-Contained HVAC Equipment
Frequency Spectrum: Class III

Rated Capacity Sound Power Level
Tons dBA re lO "12 Watt

lO - 12 g2
12 - 13 93
14 - 16 94
17 - 20 95
21 - 24 96
25 - 29 97

i - g8
30 35

" 36 - 42 99
43 - S1 I00

; 52 - 62 101
L 63 - 75 102

76 - 91 103
I 92 - 110 104
I Ill - 133 105
L, 134 - 162 106
f 163 - 200 I07
L

4.1.2 Air-Cooled Condensln 9 Equipmentf

! This equipment is installed outdoors as a remote component of

i): -17-
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the HVAC system. They generally contain one or more compres-

sors and condensing fans. These units may also be used in

conjunction with refrigeration equipment found in supermarkets

I and other buildings requiring freezers or coolers.

- The sound power levels of this equipment are generally a func-
tion of the cooling capacity of the unit. Typical values are

F given in Table 4-2.

F TABLE 4-2A-Weighted Sound Power Levelslof Air-Cooled Condensers

F Frequency Spectrum: Class III
Rated Capacity Sound Power Level

- Tons dBAI re 10"12 Watt
10 - 11 90

(-. 12 - 13 91
14 - 16 92t

i 17- 20 93
21 - 24 94
25 -"29 95

i 30 - 35 g6
36 - 42 97

F 43- 51 ,B
L 52 - 62 99

63 - 75 100
76 - 91 101

E - 102
92 110

111 - 133 103
134 - 162 104

L 163 - 200 105

L 4.2.3 Coolfnq Towers alnd Evaporati.ve Condensers
This equipment is installed outdoors as a remote component

L of HVAC and refrigeration systems. The units generally con-
tetn fans and water-spray nozzles. Therefore, the noise pro-

duced is a mixture of fan and water noise.

! -1B-
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The fans most commonly used are of either the centrifugal or

propeller type, which have different characteristic noise
spectra. The A-weighted sound power levels of typical units,

as a function of total motor horsepower and fan type, are given
in Table 4-3.

TABLE 4-3

A-Weighted Sound Power Levels
Of Coo]tng Towers and Evaporative Condensers

Total Fan-Motor hp Sound Power Level

E,qu,,_pmentType hp dBA re 10"12 Watt

A 10 - 13 90

Centrifugal 14 - 16 91- 17 - 21 92
Range 10-350 Hp 22 - 2B 93

27 - 34 94
Frequency Spectrum 35 - 43 95

Class 1II 44 - 55 96
56 - 70 97
71 - 89 98
90 - 113 99
114 - 244 100
145 - IBg 101
184 - 234 102
235 - 298 103
299 - 350 104

L " "8 5 7 97
B I0 98

Propeller 11 14 99
• Range 5..100 lip 15 19 100

ZO 2S 101Frequency Spectrum
:_' Class II 26 - 34 10235 - 46 103
: 47 - 63 104
: 64 - B5 105
ii_ 86 - 100 106

i! 4.2.4 _tndow or Through.The-Wall Air-Conditioners

_! Thts type of untt has two principol applications. The first

:i.... 1go
,!
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is as a window installation in older buildings that were not

i planned for central air conditioning; the second is in newer
construction where air conditioning is provided on a room-by-

F basis with a "through-the-wall", non-ducted unit. The
room

noise emitted to the outdoors by these units is principally

F that of the compressor and the condenser fan. The A-Weighted
sound power levels of typical units, as a function of the

F" Btu/hr. capacity, are given in Table 4-4.

TABLE 4-4

F A-Weighted Bound Power Levels of Window and Through-The-Wall
Air Conditioners

(Condenser Bide)
Frequency Spectrum: Class Ill

i Capacity A-Weighted Sound Power LevelBtu/h dBA re 10-12 Watt

1 3,500 - 4,500 73
4,600 - 5,600 74
5,700 - 7,100 75
7,200 - 8,900 76

_ 9,000 - 11,200 77
11,300 - 14,100 78
14,200 - 17,800 79

F 17,900 - 22,400 80
L 22,500 - 28,200 81

28,300 - 36,000 82
36,100 -'45,100 83

L 45,200 - 56,500 8456,600 - 70,700 85

4.2.5 Power Transformers

I Sub-station transformers associated with buildings typically
have electrical power-ratings in the range between 250 and

.10,000 KVA, and may be either _adiant-cooled or fan-cooled

L units. These units may be located outdoors or in vaults below
street level, and are often owned by the utllity. The smaller

L transformers less than about 1000 KVA, purchased by the building

-20-
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• owners, are typically located in mechanJca_ rooms in several

: areas of the building which are ventilated to.the out:doors.

( The sound power levels of transformers depend on the physical
size, power rating and 1:he type of cooling used (radiant-cooled

vs. fan-cooled) Because physical size and power ra1:tng are
more or less interdependent:, 1:he amount: of noise radiation for

F" a given size 1:ends to depend on 1:he met:hod of cooling. Typical
values of A-weighted sound power levels for radiant and fan-

F cooled transformers are given in Table 4-5.
{

[. TABLE 4-5
{ A-We_gh1:ed Sound Power Levels of Transformers

Frequency Spectrum: Class I
t"
f

Electrical Rating Radiant-Cooled Fan-Cooled

.... KVA _BA re 10"12 _/a1:t dBA re 10"12 We1:1:
220 - 2BO 69 72
281 - 360 70 73
351 - 450 71 74
451 - 560 72 75
561 - 710 73 76
711 - 890 74 77

F 891 - 1100 75 78
I. 1101 - 1400 76 79

1401 - 1800 77 80
f" 1801 - 2200 78' 81
L 2201 - 2800 79 82

2801 - 3500 BO 83

L 3501 - 4500 B1 844501 - 5600 82 85
5601 - 7000 83 86
7001 - 9000 84 87

9001 - 11000 BB 88

4.3 Noise Ra1:tngs .of Equipment: Usually Located Indoors
L-
. The bulldlng mechanical equipment local:ed indoors, and of con-
_iI tern to 1:he permit: review, ts thai: installed tn mechanical

=...

: -21-
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(

rooms which are ventilated to the outdoors through openings

i" In the walls or roof. Fan equipment which is ducted to the

outside (air intake and exhaust) Is also in this category.

F
4.3.1 Fan Equipment

F" The equation for estimating the A-welghted sound power level
of fan equipment is as follows: iI

- Lw(A) - + A + B + C dBA re I0"32 WattKA
where

F Lw (A) = A-weighted Sound Power Level re I0"12 Watt
KA _ A-welghted Specific Sound Power Level re 10"12 Watt

.F- , A = Correction for Air Volume, dB
L B - Correction for Total Static Pressure, dB

C - Correction for Operating Point as e Functton of

I- Percent of Peek Static Efficiency, dB

: The valuos of KA and the spectrum classifications for fans of
various types are provided in Table 4-6 below. The values of

: the correction factors, A, B, and C, are tabulated in Tables
l L. 4-7, 4-8 and 4-g, respectively, for the range of typical aperat-
;

r Ing conditions encountered in practice,

[
L
f

L.
-22-

r
i
+



Report No. ]923 Warren B]azter Associates

I..

I TABLE 4-6

F_ Specific Sound Power Level Fan Equipment

Fan T_pe Spectrum
I A. CentriFugal Design KA (dBA)
L , _, ,_ a S,S

1. Atrfoll
r-" Backward Curved
i Backward Inclined

a. Wheel Diameter, 36" a over 35 IZ
:. b. Hheel Diameter, less than 36" 40 Z!

2. Forward Curved 39 ZI

3. Modified Redfal
•., a. Wheel Diameter, 40" & over 45 ZI

b. Hheel Diameter, less than 40" 50 1I

!

B. Vane-Axial Oestgn
( 50% Hub/Diameter Ratto
{_ e. Wheel Diameter, 40" & over 46 ZZZ

b. Wheel Diameter, less than 40" 52 ZZZ

I
L.. C. Propeller IExhaust or Ventilation

l_ Applications) 52 !I

!
L

f
I

L

ii' -23-
L,.

L



Report No. 1923 Warren Blazier Associates
+

l

i" TABLE 4-7 TABLE,4-8 TABLE 4-9
Air Volume Total Static Static Efficiency
Correction Pressure Correc- Correction Factor

F Factor "A" tion Factor "B" "C"

Air Volume !'A" T.S.P. "B" "C"
F xlOOO CFM dB Inches..I W.G. dB '%of Peak S.E. dB
I

1.O 30 1.0 0 93-100 0

f- 1.3 31 1.25 2 90-92 11.6 32 1.5 4 87-89 2
2.0 33 1.75 5 84-85 3
2.5 34 2.0 6 81-83 4 "

F 3.2 35 2.25 7 78-80 54.0 36 2.5 8 75-77 6
5.0 37 2.75 9 72-74 7

5.0 38 3.0 10 59,71 88.0 39 3.5 11 66"58 9
10.0 40 4.0 12 53-65 lO

F 13.0 41 4.5 13 60-62 1116.0 42 B.O 14 57-59 12
20.0 43 5.5 15 54-55 13
25.0 44 6.0 16 51,53 14

I'" 32.0 ; 45 7.0 17 < 81 15
40,0 46 8.0 18
50,0 47 9.0 19
60.0 48 10.0 20

,.. 80.0 49 11.0 21
100.0 50 12.0 22

L 130.0 51 14.0 23150.0 52 16.0 24
200.0 53

L 4.3.1.1 Example of Fan No,tse Calculation

( A butldtn9 exhaust fan Is to handle 60,000 CF_ at 2.8" W.G.

L total static pressure; the mechanical engineer has selected a

L 40" diameter, double-width, double-inlet airfoll fan (40 AF DWDI):
From the catalog performance data it is determined that this

! ' particular fan is capable of operating at a peak static effi-
ctency of 78 percent; however, for the selected duty, the point

of operation on the fan curve corresponds to a static efficiencyI
L of only 44 percent. The percentage of peak static efficiency,

therefore, is 86 percent (44 ÷ 78 x I00).

L
-24-
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KA - 35 dBA (Table 4-G, Atrfotl fan<36")
A = 48 dB (Table 4-7, correction for 60,000 cfm)

B = 8 dB (Table 4-8, correction for 2.5" static pressure)

C =. 13 dB (Table 4-9, correction for 56_ of peak static

efffctency
t,-

t Lw(A) = KA + A + B + Ct
= 35 + 48 + 8 + 13 = 104 dgA re 30"12 Watt

4.3.2 'Centrifugal Compressor Equipment

Centrifugal compressors are very common t.n chiller equipment

used for HVAC applications ]n most medium and large sized

C_ buildings. Unless the cooling capacity of _ndiv_dual machines

_s required to be much in excess of 1,000 tons, the compressors
are generally hermettcs {motor-drive and compressor _ntegrated

tn a sealed housing). In the size range above ],OOO tons,

the motor-drive s2stem fs frequently separate lfrom the compressor.

There are two baste types of centrifugal machines: the direct-

drive design, where the compressor speed is the same as the

motor+ and the gear-drive, where the compressor speed may be

mI" several ttmes greater than that of the motor. The radiated

noise spectra of these two machine designs are d_stfnct12

l different. The direct-driven equipment noise spectrum typically_ peeks in the region of lO00 Hz, whereas the geared-machlne

spectrum peaks one to two octaves higher fn the frequency range.

l..
Because of the large physical stze of the equipment, most

! available data are obtatned from measurements of sound pres-
L,,

sure level at a distance of 3 feet (1 meter) _rom the machine
I in a normal mechanical room Installation. Estimates of sound

L power level can be made from these data with an uncertainty in

the range of ±3dB and have been Incorporated in the tables of
notse ratings.

; -25-
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4.3.2.1 Interna11_-Geared_ Hermetic Compressors

The noise level of these machines varies as a function of the

refrigeration capacity (tons) and the operating point, expressed

I as a percent of full load. In general, the machines are the

noisiest when operating at less than 50% full load. The noise

r ratlngs listed In Table 4-10 are representative of light to
medium load operation.

F :
TABLE 4-10

r Noise Ratings for Internally-Geared, Hermetic Compressors
Frequency Spectrum: Class IV

I- Rated Capacity Sound Pressure Level @ 3' Sound Power Level
Tons dBA re 2xl0"5N/m 2 dBA re 10 "12 Watt

" 100 - 114 88 100115 - 147 89 101
148 - 190 gO 102

F" 191 - 245 91 103i

_. 246 - 316 92 104
317 - 408 g3 105
409 - 528 94 106
529 - 6B1 g5 107
682 - g80 96 108
881 - 1000 97 109

L.

4.3.2.2 Direct-Drive t Hermetic Compressors

_. These compressors are similar to the internally-geared machines
in refrigeration performance, but have a different characteristic

I noise spectrum, and hence, different noise ratings for the same

capacity. The noise ratings lis_ed in Table 4-11 are representa-

l rive of operation in the light to medium _oad range.

L
L
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TABLE 4-11

Noise Ratings for Direct-Drive, Hermetic Compressors

Frequency Spectrum: Class ]IZ

Rated Capacit2 Sound Pressure Level @ 3' Sound Power Level

Tons dBA re 2xlo'SN/m 2 dB.A re 10 -]2 Watt

100 - 116 B1 93
117 - 132 82 94
133 - 151 53 95
152 - 173 54 96 !
174 - 198 55 97
199 - 226 86 98
227 - 259 .87 99
260 - 296 88 100
297- 338 89 101
339 - 387 90 102
383 - 442 91 103
443 - 506 92 104
506 - 578 93 105
579 - 660 94 106
661 - 755 95 1 07
756 - 854 96 I08
855 - 1000 , 97 109

4.3.2.3 ,Lar�e r Open-Drtve_ Centrtfu�a] Compressors

Compressors in a stze ronge above about 1000 tons are usua]Ly
driven by a separate motor/gear assembly. The noise rattngs

listed in Table 4-12 are typtca] of equipment fn this category.

TABLE 4-12

Noise Ratings for Large, Open-Drive, Centrifugal Compressors

Frequency Spectrum: Class IV

Rated Capactty Sound Pressure Level 0 3' Sound Power Level

Tons dBA r.e 2xLO'SN/m 2 dBA re 10"12 Watt

1050 - 1550 99 111
1551 - 2300 100 112
2301 - 3400 101 113
3401 - 5100 102 '114
5101 - 7600 103 115
7601 .- 10000 104 116

"27-
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4.3.3 Reciprocating Compressor Equipmentr.

Reciprocating compressor equipment is found in a variety of

{- sizes and applications in building mechanical systems. The
I most commonly encountered applications are in refrigeration and

small to medium sized air-conditioning chillers. There are

F also applications as air compressors.&

F The noise levels of these machines can be correlated with the

horsepower of the drive-motor. Table 4-13 lists typical noise
f--

I ratings over the size range usually found in building mechanical
systems.

F"
TABLE 4-13

Noise Ratings for Reciprocating Compressor Equipment
("
{ Frequency Spectrum: Class Ill

,.. Drlve-Motor Sound Pressure Level @ 3' Sound Power Level

Hp -. dBA re 2xlO'BN/m 2 dBA re 10"12 Watt

20 - 26 88 96
27 - 34 89 97
35 - 44 90 98
45 - 58 91 99

( 59 - 75 92 100
L. 76 - 97 93 101

98 - 125 94 102
I 126 - 164 95 103
L 165 - 200 96 104

F
L 4.3.4 Pump Equipment

The noise levels of pump equipment used in normal building set-(
L,. vice have been found to correlate with the horsepower of the

.drive-motor. Table 4-14 lists typical noise ratings over the
f range usually encountered.L

L
-28-
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TABLE 4-14

Noise Ratings for Pump Equipment

Frequency Spectrum: Class IZZ

Drive-Motor Stze Sound Pressure Level @ 3' Sound Pressure Level

Hp dBA re 2xlO'5N/m 2 dBA re 10"12 Watt

3.0 - 3.5 82 90
3.6 - 4,5 83 91
4.6 - 5.5 B4 92
5.6 - 7.0 85 93
7.1 - 9.0 86 94

{ 9.1 - 11.0 B7 95
11.1 - 14.0 88 96
14.1 - 18.0 89 97
18.1 - 23.0 90 98
23.1 - 28.0 91 99
29.0 - 35,0 92 100
36.0 - 45.0 93 101
46.0 - 56.0 94 102
57.0 - 71.0 95 103
72.0 - 89.0 96 104
90.0- 112.0 97 105

113.0- 141.0 98 106
142.0- 178.0 99 107
179.0 - 225.0 100 108

4.3.5 Emer.clenc,v/Auxtliary Electrical Power Generators

Emergency electrical power systems see found in many new build-

Ings. These systems are generally driven by either a diesel

engine Or gas turbine end widely vary In phystcel stze, depend-
fng on the power requirements.

J
L

Auxiliary electrical power systems ere beginning to be used in
many buildings to reduce the demand on local utilities during

(
peak periods, or to permit more then emergency operation In

i the event of a major power failure.
L-

i( The noise impact of these systems depends on the frequency and
_:L dCeation of their operation, Emergency systems ere typically

:,' +
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operated for test once a week for a 30-minute period and the

noise-control precautions taken are generally minimal for

this reason. However, auxiliary power systems used, for
r"

example, to balance out peak-demand loads, are a different

matter; the"periods of operation may be several hours in dura-

r tlon, on a daily basis.
L

F There is also growing evidence that systems which were Inltially

t installed for emergency power service are now being used periodi-

F" cally for auxiliary power. For this reason, it is recommended
( that both emergency and auxiliary power systems be considered

in the review process as potentially operative for extended!.
( periods on a daily basis.

f" 4,3.5,1 Diesel-Engine Driven

The noise of diesel-driven equipment is a composite of three
t"

principal sources:
Combustion air-Intake

Machine casing
Combustion exhaust

When these systems are installed in butldlngs, there ore

_,- typically two paths through whtch the noise ts coupled to the

outdoors: the first path Is through openings to the exterior
L fn the walls of the mechanical room housing the mechfne,

l requtred for combustion air and for ventilation. It is through
_. these openings that the noise associated with the air-Intake

and casing radtated components is of concern, The second path
r

L is the combustion exhaust system which is piped to the out-
doors and discharged at or near the roof.

L 4.3.5.1.1 Air-Intake and Castn R Radiated Noise Rattm_s

! Typical noise ratings for the combination of afr-_ntake andL

:. -30-
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casing radiated sound are listed in Table 4-15 as a function

of power generating capacity, expressed in kilowatts (Kw).

TABLE 4-15

Air-Intake/Casing Radiated Noise Ratings of Diesel Equipment

Frequency Spectrum: Class II!

Electrical Rating Sound Pressure Level @ 3' Sound Power Level

Kw dBA re,.2xlO-SN/m 2 dBA re 10 "12,Watt,,

40 - 56 104 112
' 57 - 71 105. 113

72 - 89 106 114
90 - 112 107 115

113 o 141 108 118
142 - 178 109 119
179- 224 110 120
225- 282 111 121
283 - 355 112 122
356 - 447 113 123
448 - 562 114 12_
S63 - 708 115 127
709 - 891 116 128
B92 - 1122 117 129

4.3.5.1.2 _xha,ust. Noise Rat,ings

': Typical ratings of exhaust nofse (unmuffled) are listed in

i _ Table 4-16 as a function of power generating capacity, expressed

'_t.L in kilowatts (Kw).

t

3
L

_r
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TABLE 4-16

Unmuffled Exhaust Noise Ratings of Diesel Equipment

Frequency Spectrum: Class II
F
! Electrical Rating Exhaust Sound Power Level

Kw dBA re I0"12 Watt
F
, 40 - 56 1E3

57 - 71 124

72 - Bg 125t 90 - 112 126
I13 - 141 127
142 - 178 128

F 179 - 224 129
i 225 - 282 130

283 - 355 131
f 356 - 447 132
L 448 - 562 133

B63 - 708 134
r 709 - 891 135

892 - 1122 136

4.3.5.2 Gas Turbine Driven

The noise control problems with turbtne-drlven equipment are
similar to those of the dtes els discussed above. However,

there are generally three separate paths for the noise to reach
the outdoors:

Casing radiated noise; path is generally through ventilation

openings in the mechanical room;
Combustion air-intake noise; path is typically ducted to ther

i exterior at or near the level of the mechanical room;
L_

Exhaust noise; path is ducted to the exterior through a

L. + roof-stack,

L 4.3.5.2.1 Castn 9 Radiated Noise
Typical noise ratings for the casing radtated component of

I turbine-driven equipment are listed in Table 4-17 as a function

of power generating capacity, expressed in kilowatts (Kw).
(

L.. -32-
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TABLE 4-17

Casing Radiated Noise Ratings for Gas Turbine Generators

I Frequency Spectrum: Class IV

Electrical Rating Sound Pressure Level @ 3' Sound Power Level

! Kw dBA r.e..2.x1.0"SN/m2 dBA re lO"12,Watt.

200- 329 113 125
330- 529 114 126

l 530- 849 115 127
" 850- 1299 116 128

1300 = 1999 117 129
Y 2000- 3299 118 130i

i 3300 - 5000 119 131

4.3.5.2.2 Intake Noise and.Exh.aust.Noi.se

Typical noise ratings for both the intake and exhaust components

of turblne-drlven equipment are llsted in Table 4-18 as a func-

tion of power generating capacity, expressed in kilowatts (Kw).

, TABLE 4-IB

Intake and Exhaust Noise Ratings for Gas Turbine Generators

Frequency Spectrum: Intake, Class IV;L:
I Exhaust, Class III

i Electrical Rating Intak.e Noise Exhaust Noise

KW Sound Power. Level I dB.A re 10"12 WattL
i 200 - 329 122 324
:., 330- 529 125 126
Iii s30 - 849 12G 12e, 850- 1299 131 130
: 1300- 1999 134 132
., 2000- 3299 137 134
_ 3300- 5000 140 136

L 4.4 Noise Ratln,qs for Equloment Not Listed in.Mal,ual

:_ I.n the event mechanical equipment not covered by this manual

_!. is subject to noise control review, a set of appropriate noise
i;

:t
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noise data should be furnfshed by the manufacturer. These data

should be expressed as an A-Weighted sound power lave] fn dBA
re 10"12 Watt. Should Che raw data be submitted in terms of

F A-Weighted sound pressure level, re 2xlO'SN/m 2, the correspond-
ing sound power level shall be estimated by adding 8dB, fop

[ equipment whose characteristic dimension is 5 feet or less,
L and 12dB for equipment of a larger size.

L

!

i L

L

f
L
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5. NOISE REDUCTION ELEMENTS I_ THE SOURCETO RECEIVER PATH

There are several noise reduction elements in the typical path

• between source and receiver which must be considered when deter-

mining if a particular item of mechanical equipment should

meet a given noise limit. For examp1"e,the noise level at the

receiving location depends upon the distance from the source

and whether there are any intervening shielding barriers. In

addition, there may be other noise reduction elements in the
installation, such as sound-traps, mufflers, ductlining, etc.,

which introduce still further losses in the path between source

and receiver. This section.provides guidelines for estimating

the amount of noise reduction to be anticipated due to these
factors.

5.1 Equipment Located Outdoors

Nhen mechanical equipment is Installed outdoors, on either the • :

ground or a rooftop, the chief noise reduction factors to be
considered ere the source to receiver distance and whether the

line of sight between source and receiver is broken by an

intervening barrier. The directfvity of the noise source is

also an important factor to be taken into account in certain
.... installation geometries, particularly if the radiated sound

i energy is principally in one direction only.

5.1.1 Noise Reduct.ton With Distance From the Source

(- The natural attenuation (noise reduction) of sound with distance =

{ from the source results from spatial spreading of the sound
L energy. For a point source of sound elevated in space, such

.as that emanating from an exhaust stack the energy spreading

l is spherical dtrecttvity factor, Q, Is unity. However,and the

when the source is located on a reflecting plane such as the

)1 ground or rooftop, the energy spreading takes place over a

r;L. hemisphere and thus 0 = 2. In this case the sound level at a

i!
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given source to"receiver distance is 3dB greater than it would

be for the same source power radiated with a directivity, Q = I.

F"
Sources which are located on a reflecting plane adjacent to

a wall or in an enclosing corner have directivlty factors of

_" 4 and 8, respectively., and the levels that exist at a given

distance are either 6 or 9 dB greater than that due to a point

source of the same total energy, but wlth.a dlrectlvlty of I.

Thus, it is essential to know the dlrectivity pattern of the

noise source when determining the attenuation due to distance.f

Table 5-1 shows the number of decibels to be subtracted from
I"

! the sound power level of the noise source, Lw(A), to determine i_

the resulting sound pressure level, Lp(A) as a function of
c distance and dtrecttvtty factor.
i

i .

f
L

r
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TABLE 5-1

Attenuation As A Function of Distance and Dfrectivit_

Source to Receiver Distance Lw(A) - Lp(A),
dB

Feet Meters q=l q-2* q?4 q=8

( 10 3.0 21 18 IS 12
: 11 3.4 22 19 16 13

12 3.7 23 20 17 14
F 13-14 4.1 24 21 18 15
i 15-16 4.7 2B 22 19 16

17-18 5.3 26 23 20 17
I 19-21 6.1 27 24 21 IB

22-24 7.0 28 25 22 19
25-27 7.9 29 26 23 20
28-30 8.8 30 27 24 21
31-34 9.9 31 28 25 22
35-38 11.1 32 29 26 23
39-40 12.3 33 30 27 24
43-47 13.7 34 31 28 25

_ 48:53 15.4 35 32 29 26
54-60 17.4 36 33 30 27
61-B7 19.5 37 34 31 28
68°75 21.B 38 35 32 29
76-84 24.4 39 36 33 30
B5-94 27.3 40 37 34 31
95-106 30.9 41 38 35 32

i 107-11g 34.4 42 39 36 33
120-133 38.6 43 40 37 34
134-150 43.3 44 41 3B 35

•l 151-168 48.6 45 42 39 36
16g-189 54. B 46 43 40 37
190-212 61.3 47 44 41 38

, 2,3-238 6,,7 " 48 4, 42 3,239-267 77.1 49 46 43 40

,!_ 268-300 86.6 80 47 44 41

* This column is to be used in the Preliminary Screening
Procedure of Section 6.

{

:: .5.1.2 Noise Reduction Due to Barrier Shteld,in,q
:t

IL A barrier which _s introduced fn the path between a noise source

and the receiver location is potentially capable of providing
f
' a noise reduction on the order of 5-20 dBA. The actual amounti

31 -37-
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of attentuation achieved in a given situation depends on

several factors:

I. Barrier Construction. To be effective, the barrier must

be a continuous solid wall or obstruction of some type

: which weighs at least 4 lbs./ft. 2. Constructions weighing

less than this are likely to be acoustically transparent.

= 2. Barrier Height and Width, The hel.ght and width of the

barrier above a noise source are critical factors. A

= barrier that Just breaks the line-of-sight between source

and receiver will provide a noise reduction of about 5 dBA;

i" if the height is less than this, there will be.no attenua-
tion. To achieve noise reductions greater than S dgA, the

barrier must be larger in size than that necessary to just.
break the visual path between source and receiver.

3. Source tO BArrier and Recetve f to Barrier Distance. The
position of the barrier with respect to the source and
receiver determines the extent of the "shadow zone" within
which the barrier is effective and thus the amount of noise

reduction obta4ned. In general, the closer either the

source or receiver is to the barrier, the greater the
attenuation.

5.1.2.1 Estimetin_ the Magnitude of Berrie_.Shieldinq

The interrelation between barrier height and width, source

to receiver distance and barrier position in affecting the
noise reduction provided is complex. Although a barrier that

Just breaks the line-of-sight w111 provide about a 5 dBA noise

reduction, irrespective of sourcereceiver geometry, the method

for determining the improvement resulting from an increase in
i barrier height or position involves a more rigorous analysis.
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A method for making such an analysis is provided in Appendix

2 and this should be used whenever a problem solution depends

on barrier design. However, allowing a 5 dBA credit for any

barrier which breaks the llne-of-slght is rbcommended in the

initial analysis for permit approval; if the answer obtained

is too high, relative to the noise limit, then a detailed

analysis of the barrier should be made.

F
i 5 2 Equipment Located Within Mechanical Rooms

F Thesexterior noise level resulting from equipment located
i within a building mechanical room depends on several additional

factors beyond those of significance with outdoor equipment

installations For example if the mechanical room is venti
lated the equipment noise reaching the outdoors has generally

experienced some losses due to "roomeffects and the path
through which the energy is coupled from inside to outside
An example is with fan equipment where either the air inlet

or exhaust is dueted or passed through plenums that have
acoustical treatment

I The most common noise reduction elements in the coupling pail1are absorptive duc¢ltnfngs sound traps or mufflers end

acoustical louvers inserted in the building openings These

L , noise reduction devices are frequency sensitive end therefore
i the amount of attenuation provided in a given situation depends

ii on the spectrum of the input noise In Section theenergy. 4,

noise ratings for equipment of various types which have beeni
I listed also identify the spectrum class or frequency charac

i L teristtc associated with each item The noise reduction

L rattngs for the several elements discussed in this section arepresented in terms of the spectrum classes of the input energy

L usually encountered by the devices tn typical applications

t

i "3g-
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5.2.1 Noise Reduction Performance of Ductlinings

The most commonly encountered use of acoustlcally lined duct-

work is with fan equipment. With respect to fan noise radiated

outdoors, there are two principal sources:

I. Sup}ly Fan Inlet. In a typical air-distribution system

fresh, outside air is drawn in through the inlet to the

supply fan through openings in the building exterior that

are ducted to the equipment. Therefore, the noise generated
at the supply fan inlet can be radiated to the outdoors.

2. Return/Exhaust Fan Outlet. In a typical air distribution

' system some of the air is reclrculated and some is exhausted

to the outside. Return/exhaust fans are used for this

purpose and the noise radiated to the outdoors is that

generated at the fan discharge.

The fan noise radiated outdoors can be reduced in magnitude by

lining the connected ductwork with acoustical materials of
various thicknesses and densities. Thicknesses of either 1

inch or 2 inches ore frequently used; the material is generally

either flexlble glass fiber blanket in a density of 1½ lbs./cu.

) ft. or rigid glass fiber board with a density In the range of

3-5 lbs./cu, ft.
L.

The amount of sound attenuation that con be obtained w4th duct-

ltntngs depends upon several factors. The principal factors

are sfze and shape of the duct, the lining thickness, and the

L. duct length. The attenuation obtained is also frequency
.sensitive and thus depends on the spectrum of the input source.

L_ Table 5-2 may be used for estimating the noise reduction of

lined ductwork whose least cross-dimension is in the range of
L.
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30 - 48 inches, Ducts In this size range are typical of those

i used on the supply fan inlet or retuPnJexhaust fan outlet in
many buildings. For ducts smaller than this, the length required

I to obtain a given attenuation Js about 30% less; with larger
ducts, the equivalent length is about 30g greater.

F
I

r

f,

l

L

L.

L.

_ -41-
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TABLE 5-2

Attenuation of Ductllning*

Spectrum Class II Class Ill
l

Shape Rectanglel Round Rectangle Round

Thickness i" 2" I" 2" I" 2" I". 2"

Required L_n_th_ Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft.
This Attenuation

I i I I I I I 1 1
2 3 2 3 2 2 2 2 i
3 5 3 5 3 3 3 3 2
4 7 4 7 4 4 4 4 2
5 9 6 9 6 6 5 5 3
6 ii 8 12 8 8 6 7 4
7 13 i0 15 I0 I0 7 9 5
8 16 12 18 13 12 8 ii 6
9 19 14 21 16 I, 9 13 7

i0 22 16 24 19 16" I0 15 9
ii 25 18 27 22 18 Ii 17 ii
12 28 20 30 25 21 12 19 13
13 31 22 34 28 24 14 21 15
i" 34 2" 38 31 27 16 23 17
15 37 27 42 34 30 18 25 19
16 ,0 30 46 38 33 20 27 21
17 43 33 50 42 36 22 29 123
18 46 36 54 46 39 24 31 :25
19 50 39 58 50 42 26 33 27
20 54 42 62 S4 45 28 35 29
21 58 45 66 58 48 30 37 31
22 62 48 70 62 52 32 40 33
23 66 51 74 66 56 34 43 36
24 70 5_ 79 71 60 36 46 39
25 74 57 84. 76 6, 38 49 42
26 78 60 89 81 68 40 52 "5
27 82 63 94 86 72 a2 55 48
28 86 66 99 91 76 ,4 58 51
29 90 69 I0" 96 80 ,6 61 54
30 9" 72 109 I01 84 "8 64 57

example: To obtain I0 dB attenuation of a Class Ill input

using rectangular ductwork with l"-thick lining requires

of 16 feet.
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5.2.2 Noise Reduction Performance of Packaged Sound Attenuators

i Packaged sound attenuators are frequently used in place of duct-

lining in HVAC systems. Although these devices are available
I in a variety of sizes and shapes, the typical noise reduction

r- performance is primarily dependent on their length and the
t pressure drop experienced by the airflow through them.I

t The noise attenuation {insertion loss) of typical devices used
in HVAC systems is provided in Table 5-3; the variables are

F" shape, length and pressure drop.
1

i" TABLE 5-3
{ Insertion Loss of Packaged Sound Attenuators

Shape Length Pressure Avera,ge Insertion Loss r dB
Drop Class IlIll Class III

3' 11 16Low
Rectangular 5' (Below 0.1 16 21

7' in. w.g.) 1B 25
i

3' 14 20

Medium 18 25Rectangular 5' (0.1-0.3 tn.
7' w.g.) 22 29

3' i8 26
i High"lRectangular 5' (Above 0.3 22 33

7' in. w.g.) 24 35

- Cylindrical 2-3 Low (below 0.3) 15 20

i. Diameters High (above 0.8) 19 26

5.2.3 Insertion Loss of Acoustical Louvers
The openings In a building facade adjacent to mechanical equip-

I ment spaces ere generally fitted with a set of louvers.

-43-
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In many cases the louvers are simply sheetmeta] or wood and

have no acoustical value in terms of noise reduction. However,

in some cases acoustica] louvers are installed for noise control

purposes; the insertion loss provided by typical assemblies

is given in Table 5-4.

TABLE 5-4

r Insertion Loss of Acoustical Louvers

J Pressure Drop Average Insertion Loss t dB,.

F , , , Class II Class III Class IV
i Low: (Less than 1.0" w.g.. B 10 10

@ 1000 fpm)f

, High: (Greater than l.O" w.g. 70 13 12

@ 1000 fpm)

5.2.4 In tertor To Ex_ertor Noise Reduction Across Opentnq

The sound power radiated by equipment enclosed in a mechanical

space is dissipated by absorption within the room and by trans-

mission out of exterior openings in the sidewall. The fraction
r
p of the total noise power which is transmitted outdoors depends

on the relationship between the area of exterior opening and

the effective area of absorption'attributable to the interior- surfaces of the mechanlcal room,

(
I. Typical Tosses for the relationships which wtll be encountered

in most situations are ltsted in Table 5-5. For a given per-t
L. cent of opening area to floor area of the mechanical room,

.there are two choices. The first is for a fairly llve mechanl-

L cal room having a minimal amount of surface acoustical treat-
ment; the second is for a room with distributed ceiling and

r sldewall treatment
I
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TABLE 5-5

Interior to Exterior Noise Reduction Across Opening

r Percent Opening Area Room Acoustical Treatment

I to Floor Area Minimal Distributed Ceilin_/Sidewa]1

I 33 0 dB 3 dB
[ 2J 1 4

20 2 5

I 1: 3 6
13 4 7

lO 5 B

B 6 9
6 7 10

5 B 11

F 4 g 12
L 3 10 13
,.. 2.5 11 14

2 12 15

1.5 13 16

1 14 17

[i
L,

r

[.

L.
L
L
! -4S-
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6. PROCEDURES FOR DETERMINING THE POTENTIAL COMPLIANCE
WITH NOISE REGULATIONS

Two procedures have been provided for use in the mechanical

equipment permit review. The first is a coarse screening pro-

cedure which may be used to identify potential problem areas

in which a more detailed analysis should be made during the

review process. The use of this procedure, as an initial step,

should significantly reduce the number of items in a typical

mechanical equipment schedule that require analysis in depth.

F"

i The second procedure is more detailed in that the entire path
between source and receiver is analyzed In predicting the noise

F

level reaching the reference point established for compliance.

To some degree this procedure is interactive with the noise-

control design since the requirements for additional noise
control measures are established tf a problem is identified.

In this respectp it is envisioned that the mechanica] design

engineer may make use of the procedure well in advance of the

permit review in order to ensure meeting the noise regulations
in the most cost-effective way and to avoid the need to redesign

in a last-minute effort to obtain approval.

6.1 Prellmlnary Screentnq Procedure
(
(_ In p_inoiple, the Prellminary Screening Procedure is a reverse-

analysls, working backwards from the reference point, at which

the regulation must be met, to the building equipment installa-
tion. For a given noise limit, equipment location and separa-

tion distance, the procedure calculates the maximum sound power- level of the noise emitter which would be permlssible under the

( regulation. The noise level ratings of the equipment are then
L compared with the corresponding maximum levels established for

the appropriate Installstion geometries to determine whether

the ordinance is likely to be met or exceeded.

-46-



Report No. 1923 IVarren Blazier Associates

Because the screening procedure does not take into account any

noise reduction in the source to receiver path which might

exist due to barrier shielding, mufflers and other noise con-

trol devices, the result is conservative in Identifylng those

items of mechanical equipment whose noise levels may be

excessive. However, a sizable group of mechanical noise sources
more than likely wtll be eliminated as potential problems by

the screening procedure, thus reducing the number of itemsthat require a more detailed analysis.

F 6.1.1 Compu.tation of.Maximum Perm.tsstble Equipment Noise Levels

The maximum permissible noise power level of the emitter,

Lws(A), is computed by adding .the losses in the source to

receiver path to the specified sound pressure level, Lpr(A),
of the ordinance limit. Mathematlcally, this can be expressed.
as;

Lws(A) • Lpr(A) + [Lws(A) - Lpp{A)_

where the quantity [Lws(A) - Lpr(A)] represents the losses in
the source to receiver path expressed as a conversion factor,

C/F, dB, from sound pressure level to sound power level.

" 6.1.1.1 Computation of Conversion Factor

The power levelpressure level conversion factor, C/F, is a
function of three elements:

- 1. Equipment Location, E/L, dB {outdoors, ducted to outdoors

or tn a ventilated equipment room)' 2. Source to Receiver Distance, S/R, dB

I " 3. Screening Safety Factor, S/F, dB (at the discretion of
the reviewer, but should not exceed 5 dB)

l
L.. thus, C/F " E/L + S/R - S/F, dB.

.i

i I
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6.1.I.1.1 Equipment Location Factor

Three categories are used in identifying equipment locations:

I. Category A: Equipment installed outdoors on either the

ground or a roof-top.

2. Category B: Fan equipment within a mechanical room that
is ducted to the exterior.

3. Category C: Equipment in a ventilated mechanical room.

The values of the equlpment location factor, E/L, for each cate-

gory are as follows:

1. Category A: O dg

2. Category B: +2 dB

3. Category C: +10 dB

6.I,1.I.2 Sgurceto Receiver Distance _actor

The source to receiver distance factor, S/R, Is normalized to

a dtrecttvity factor, Q-2. For Category A, the distance is

I that measured from the equipment centerltne to the ordinance

_ reference point, For Categories B & C, S/R is determined by
the distance between the center point of the opening in the

i building facade to the ordinance reference point. Values of
S/R as a function of distance ore given in Table S-1 of Section

i 5.1.1 under the column, Q=2.
1.

I 6.1.1.1.3 Screenin_ Safety FactorI
{

The use of a screening safety factor, S/F, is recommended to

I account for effects of nearby reflections from adjacent build-
)_

tngs and the fact that the distance factor, D/F, is normalized

to a dtrecttvfty of Q-2. (For exemple, equipment located on
the ground/roof near a reflecting well or inside corner will

-48-
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have dlrectivity factors 2-6 dB higher).

In general, the magnitude of the safety factor should range

between 0 and 5 dg, depending on the site conditions and the

Judgment of the reviewer.

6.1.I.2 $.elect.lonof Ordinance Noise. Limit

Ordinance noise limits are usually established with reference

to zoning district and time of day. For example, the most
stringent requirement usually is in a slngle-family reslden-

tlel zone between the hours-of 10:00 p.m. to 7:00 a.m.; the

least stringent requirement is an industrlal/eommerolal zone

in the daytime.

It is quite possible for a building to be sited such that two

zoning districts abut the property. Consequently, the govern-

ing noise limit, Lpr, may vary as a function of equipment loca-
tion and its period of operation. For example, a piece of

building equipment that is scheduled to operate 24 hours per

day would have to meet the nighttime rather than the daytime

noise limit; if the potential impact would be experienced in
t. two different zoning categories, the screening should be based

i, on meeting the more stringent noise llmtt.
'1

5.1.2 .Example Using the Preliminary Screentn.q Procedure

Worksheet 6.I illustrates the tabular information necessary
for preliminary screening and the procedure to be followed in

ii[ sorting out equipment that will obviously comply from that
which potentially may exceed the ordinance.

!L
, - A sample worksheet solution ts shown in Figure 6-1 for a small

i] commercial building to be located in an area where the ordt-
%. nonce noise limits are 65 dBA (daytime) and 55 dBA (nighttime).

:i -49-
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.. worksheet 6.1 - Preltmtnar,y Screening

I 2 3 4 5 6 7oc' 8 9 10 11, 12 13 14 15,¢.¢_ t=10 C) O _l _ • _ -=" UJ_ I_ 0 *_°0 "J*O Ca 0 13

o_ Equipment Stze, Capacity, _ o _ io_ o= . _ om _zl,_ == -Jm _._
= Descr on or Operating K_ _tg

ConditJ0ns o_ n i_. m n += >m +_ mm m

C-I Centrifugal 450 Tone ?am C 25,' lO 26 5 32 65 96 I06 I0 lYea
Compressor 7pm

Reciprocating 24

''2ii C,ompreseor 40*TONS tire. C 50' lO 32 5" 37 55 92 98 6 _ee
2T- Cooling 150 R_, ?#m

l Tower . Centrifugal 7pm A 50' 0 32 5 27 65 92 lOl 9 _es

_,D- Air-Cooled 40 Tons, 24 A 40' 0 41 5 36 55 91 97 6 _os
Condsn=er .... Propeller _tr_ .,,

lltW- 7am

1 llot Water Pump 20 Hp ?pm C 50' i0 32 5 37 65 I0_ 98 -4 No

C#W. chilled Water Pump 40 lip 7am C 25'I 10 26 5 31 65 96 lOl 5 Yen

1 ......
?am

CW- Condenser Water 75 lip
1 Pump ?pm c 25 _ I0 26 5 32 65 96 1204 8 Yes

S-I Suppl_J Fan 50,000 CFN 78m }9 50' 2 32 5 29 65 94 93 -1 No
(Airfoil) 8 4" TSP ?pro

RE-_ ReturnExhaust 45,000 CFM ;'am B 50' 2 32 5 29 65 94 86 .8 No _'_
(Airfoil) _ 1.5" TSP ?pro , =

_0

S-2 Suppl_ Pan I0',000 CFN. _4 B 25' 2 26 5 23 55 78 _7 g Yes m
(_Irfoil) # 2.5" TSP Trs. c_

''' 4

RE-; ReturnExhaust 8,000 CFM _4 B 25 _ 2 26 5 23 55 ?B Ol 3 Yes -_
(Airfoil) @ I" TSP Its

T-I Transformer 800 KVA 74 C 12' I0 20 5 25 55 80 74 ,6 No
(Radiant Cooler) Ira

L0cat_on Category ,Location Factor
A: {Outdoors) 0 d8
D: (Ducted Outdoors) 2 d8

_ P.;_ (.V p n f t 1.e.f._ d_Mar_h___l_n nm-_.... 1J3 _l_ ...... ..............................



Report No. 1923 Warren Blazier Associates

There ore openings in the building exterior at distances of 12,
25 and 50 feet from the reference property lines.

It will be seen that the Preliminary Screening Procedure reveals

that 4 of the 12 items of equipment do not require further

detailed analysts because their noise emission levels are lower

then the maximum permitted. On the other hand, the magnitudes

F of excess noise produced by the remaining equipment range from
i 3-10 dBA and some additional noise control measures will be

necessary to ensure meeting the ordinance. Therefore, the next

step in the revte_t process is to use the more comprehensive
analysis procedure of Section 6.2 to determine if adequate

! controls actually have been incorporated in the design of these
particular equipment installations.

: !

: : 6.2 Comprehe,nsive Analysis Procedures,,,,,

detailed analysis should be made of all mechanical equipment

which the Preliminary Screening Procedure (Section 6.1) indi-
cates moy potentially exceed the regulations. The analysts

- . procedure that should be followed will depend on the location

,{ and configuration of the equipment Installation.
L,

In general, one of four analysts.procedures will be applicable
f

" L. to the review of a specific potential problem. These proce-
dures coyer tlle following situations:

IT I
; L
' 1. Equipment in outdoor locations;

l 2. Fan equipment in mechanical rooms with one side ducted:i to the outdoors;

3, Machinery in ventilated mechanical rooms;

!:L. 4. Equipment Installed in an exterior wet1, e.g., an array

of "through-the-wall" air-conditioners.

L
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6.2.1 Procedure For Use With Outdoor Equipment

For building mechanical equipment installed outdoors, there are

r usually only two noise reduction elements in the source to

receiver path that are significant to the analysis. The first

is the natural attenuation, due to spreading, over the distance
between source and receiver. The second is the attenuation due

f to shielding by barriers of some type that break the line-of-

: sight between source and receiver. The directlvity of the noise

source due to local reflections must, of course, be consideredF

in the calculations, but this factor affects the initial level

of the source and not the attenuation over the path to the
F" receiver.

i The general equation for determining the sound level at a

! reference point, Lp(A),.at a distance, D, and a directivity
factor, Q, is:

Lp(A) - Lw(A) - [Lw(A ) - Lp(A)] - Barrier Shielding, dB
where:

I Lw(A) is the equipment sound power level obtained
from either the tables provided in Section 4,

or the manufacturer's certified rating. These

l must be expressed as A-Heighted sound power
levels.

! [Lw(A) - l.p(A)] is the attenuation as e function of distance
and dtrectivity factor as discussed in Section

l 5.1.1 and given in Table 5-1.
and, the loss due to barrier shlelding is determined

l from the guidelines given in Section 5.1.2.

! Sample Worksheet 6.2A illustrates the steps in the procedure
L_ for determining the compliance of outdoor equipment. The work-

sheet requires the use of the tables provided in Sections 4 end 6
r
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for data entries with regard to source noise levels and sound

attenuating elements in the path between source and receiver.

The other information required for the worksheet must be obtained

from the drawings and specifications prepared by the Architect/

Mechanical Designer, as discussed In Section 3.

r

Part I of the worksheet lists the data required concerning the

item of equipment to be analyzed and the necessary details about

the installation configuration. Part 2 contains the procedure
for calculating the sound level at the reference point based on

the information developed In Part I.

6.2.7.1 Examples 1 and 2 Usin.q SamRle. W,lOrksheet 6.2A

Two examples are given that demonstrate the analysis of outdoor

equipment installations. The first deals with the installation
of a cooling tower for a small commercial building where an

F option exists for its location on the roof or on the ground.

The second example deals with the installation of a cobling

tower on the roof of a high-rise structure that ts .adjacent to

an apartment building. This example demonstrates how the

ordinance language_ wtth respect to the reference point of
measurement, can influence the result of'the analysis.

L
Example 1: Small Commercial Butldinq Adjacent to Residence

A 50-hp centrifbgal-type cooling tower ts to a
serve one-st'ory

commercial building that is located adjacent to a residential

neighborhood. The reference point for evaluation is the nearqst
' point on the intervening property line as illustrated in

L Figure 5-2.

r Two installation options exist:
L. l. Location of the cooling tower on-grade, nea'r an inside corner.

J ; -S3-
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50 Horsepower Centrifugal Cooling Tower
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_, One Story!
I Commercial Build;ng
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J J
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.. _tion 1: Location on Grade
_tlon 2: Location on Roof

[
L

L
[ FIGURE 6-2. OUTDOOR EQUIPMENT INSTALLATION- EXAMPLE 1
L
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2. Location on the roof, with a set-back sufficient to prevent

its being seen from the close-in approach to the building.

However, it wtl] be visible from the residence.

The sample worksheet re]ating to this example ts shown in Figure

F 6-3. The solution is f_rst obtained for option 1" the solution
I •

for option 2 is shown in parentheses.
f-
I
I

,P.art 1

!"
, Steps 1-4: Identify the equipment type and size.

Step 5: List the sound power level of the equipment based

on Table 4-3 (96 dBA re 10"12 Watt}.
Step 6: Identify the installation locations for the two

t options.
Step 7: Indicate that two sidewall reflecting surfaces

exist for option 1 and that none exist for option

2. (The tables used in conjunction wtth the work-

sheet assume all sources have a reflecting plane
at the bose.)

Step B: Indicate the1; the ltne of sight to the reference

point (property ltne) Is unobstructed in both cases,

Seep 9: Indicate the equipment distances to the reference

_ points.

Part2
t

Step 10: Enter the sound power level determined in step S.
[ Step 11: Determine the dtrecttvtty factor, Q=8, for option

"1, 2 for option 2.

,_ Step 12: Correction for shielding; none.
Step 13: Correct radiated sound power level for shielding;

_; t no change.
Step 14: Correct for distance using Table 5-1; 24 dB for

' option 1, 35 dB for option 2.

' -55-
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SAMPLE WORKSHEET 6.2A FIGURE 6-3

Outdoor Equipment

Part 1:. Reference Data

1. Equipment Description gencrifuya2 Fa_ Coo,li_ Tower

2. Identification Symbol on Drawlngs CT-2 ........

i 3. Manufacturer and Model Number lo4oAI X_

4. Operating Conditions .so Hp
r 5. A-Weighted Sound Power Level 96 dBA re 10"12 Watt (_Ye 4_3), ,,,,

! Spectrum Class zz
x Calculat.ed from tables

Certified test data (attach substantiation)
6. Installation Location:

x On-grade

(z) Roof-top

I 7. Presence of Nearby Reflecting Surfaces:
(xJ a, None b. One x c. Two

8. Line of Sight between Equipment and Reference Point:
x rx_ a. Unobstructed

b. Broken by solid battler, roof setback, etc.i

g. Distance, Equipment to Reference Point 40 (?o} feet
• " x e_) Perpendicular distance Slant distance
L

Part 2: Sound...Level .Estimation

[ 10. Sound Power Level (from line B) • s6 dBA re 10"12 Watt

T 11. Oirecttvtty Factor, Q: e (_)
L a. If 7a checked, Q - 2

b. If 7b checked, q • 4
I c. If 7c checked, O = 8t_

12. Correction for Shielding:

L a. If 8a checked, enter 0 o dB
b, If 8b checked, enter:

L (1) 5 (allowance wig calc.) or dB
(2} Result of computation using

Appendix 2 (attach colc's.) dB

t_ 13. Subtract line 12 from line 10 96 (96) dBA re 10 "12 Watt
14. Distance Correction (from Table 5-1)

; using dtstance shown on line 9 for Q
shown on 11ne II) 54 (3s)dB

15. Subtract ltne 14 from line 13 to get
Bound Level at Reference Point ?_ t_1)dnA re 2 x 10-5 N/m2

-56-
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Step 15: Subtract the distance correction from the adjusted

sound power level to find the sound level at the

reference point: 72 dBA for option I, 61 dBA for

F option 2.

This example demonstrates the influence of directivity and dis-=
! tance on the sound level at the boundary of the receiver. For

r example, the 11 dB difference between option 1 and option 2 would
represent the difference between compliance and non-compliance

with a daytime ordinance of 65 dBA. On the other hand, if the

equipment were to operate atnight and the ordinance under these
conditions was 55 dBA, then a greater set-back, or the installa-

tion of a shielding barrier, would be required to achieve

compliance.

Example 2: Office BuildtnR Adjacent to Apartment Building.
r

A 150 hp centrifugal-type cooling tower is to be installed on
the roof of a high-rise office building. The closest property

line boundary perpendicular to the tower ts 50 feet away. There
is a lower apartment structure with exterior balconies across

i the street. The slant distance from the tower to the closest
balcony is 130 feet, but the line of sight is broken. (See

L illustration in Figure 6-4). Determine the sound level due to
the tower at two points: 1) the property line, and 2) the

.. closest balcony face.

The worksheet for Example 2 is illustrated in Figure 6-5, first

L wtth the calculations for case I (the property line) and then
wtth the calculations for case 2 (the balcony face) shown in

parentheses. It will be noted that the solution relative to
the property line predicts a sound level of 69 dBA, whereas

J the level at the balcony face is 13 dBA lower (56 dBA). This

L demonstrates the difference between choosing a reference point

-- -57-
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SAMPLE WORKSHEET6.2A FIGURE 6-5

Outdoor Equipment

Part 1: Reference Data

I. Equipment Description Centrifuqal Fan Coolin_ Tower

2. Identification Symbol on Drawings CT-_
3. Manufacturer and Model Number x_'z 2050 s

4. Operating Condfttons .zso ;tp

5. A-Weighted Sound Power Level lol dBA re 10"]2 _/att (Table 4"--3)
Spectrum Class ::

x Calculated from tab]es

Certified test data (attach substantiation},, ,,,,

F 3. Installation Location:

; -- On-grade

x (x..) Roof-top
7. Presence of Nearby Reflecting Surfaces:

x (x) a. None b. One c. Two

S. Line of Sight between Equipment and Reference Pofnt: "'

a. Unobstructed
txJ b. Broken by soltd battler, roof setback, etc.

9. Distance, Equipment to Reference Potnt 50 (.'_3o)feat

_t Perpendicular dtstance (X,_ Slant distance

Part 2: Sound Level Estimation
t-

L lo. sound..er Level(, rom11. s) d,Are lO'" .art

L II. Dlrecttvtty Factor, Q: 2a. If 7a checked, Q - 2
b. If 7b checked, Q - 4

[
L. c. If 7c checked, Q - 8

12. Correction for Shielding:
I
L. a. If 8a checked, enter 0 o d3

b. If 8b checked, enter:

L (1) 5 (allowance w/o colo.) or rs) dB
(2) Result .of computation using

Appendix 2 (attach colt's.) dB

L 13. Subtract 11ne 12 from l_ne 10 lol .(96) dBA re Watt10-12

14. Distance Correction (from Table S-l)
i using distance shown on 11ne 9 for Q
... shown on ltne 11) 32 (40)dB

15. Subtract ltne 14 from line 13 to get
Sound Level at Reference Point e9 (ss)dgA re 2 x 10-5 M/m2
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at the property line as opposed to a location at the closest

receiver in an existing land-use..

i The shielding correction accounts for 5 dB of this difference;

i the remaining 8 dB is the effect of the greater distance. In

F this regard, the shielding correction of 5 dB which was used

i in the example is allowable for any barrier that breaks the

- line of sight. A larger deduction probably would result by

I using the detailed calculation procedure of Appendix 2; this

procedure is recommended if shielding losses greater than S dS

- are required to achieve compliance.

!" 6.2.2 Procedure for Use Wtth Ducted Fan Equipment
The analysis procedure for use with ducted fan equipment has

three main steps. First, the A-Weighted sound power level of
the fan is calculated based on the fan type, size and operat-

ing point as tabulated on the equipment schedule. Second, all

of the losses due to absorption and spreading are determined

and added together to obtain the total losses over the path from

source to receiver. The third step is to subtract the path
losses from the fan sound power level to determine the

i'. A-Weighted sound level at the receiver reference point. Sample

Worksheet 6.2B details the steps 4n this procedure.
I
L.

6.2.2.1 Example 3 Using Sample Worksheet 6.2B
I
L A building exhaust fan, of the vane-axial type, is ducted to an

opening in the side of a high-rise office building. There is
a lower apartment building across the street with balconies.l_
The geometry is similar to that illustrated in Figure 6-4,

) which was used in conjunction with Example 2, above.
L

t The vane-axial fan Is 60" in diameter and handles 37,800 cfm
L against a total static pressue of 1.5 inches, w.g. The static

-60-
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efficiency at the chosen operating point Is 64 percent; the

peak static efficiency of the fan design Is 80 percent.

A rectangular 64" x 64" discharge duct is connected to the fan

and is acoustically treated for e length of ]6 feet with one-

t Inch-thlck ductliner. The duct opening at the building face

i ts connected to a louvered plenum. The louvers are of the

non-acoustical type.1
t

An analysis is required for two reference conditions:
F
I
{

Case 1. Evaluation at the property ]tne perpendicular to the

I building opening at a distance of 20 feet.
Case 2. Evaluation at the balcony face of the closest apart-

ment unit across the street. The slant distance is

95 feet at an angle of 40 ° below the norntal to the

opening.

The step by step analysis using Sample Worksheet 6._B is Illus-
trated In Figure 6-6. Part I of the worksheet details all of

the reference data roqutred for the calculation procedure.

Th_s information should be obtainable from the equipment sche-
dule tn the construction documents submitted for permit review.

Part 2 of the worksheet is the step by step calculation proce-dure to determine the resulting sound level at the receiver

reference point. In the example shown, the numbers in paten-• theses refer to the Case 2 reference conditions.

L It wtll be seen that a difference of 27 dBA exists in the results
'between the analyses at the two different receiver locations

L (65 dBA, Cas_ 1; 48 dBA, Case 2). 14 dBA of thls difference
results from the greeter distance to the recalver reference

I polnt and 3 dBA is due to the lower noise radiation at the off-
L axis sngle of 40 °wtth respect to the normal to the building

I

. -6l-



SAMPLE WORKSHEET 6.2B FIGURE 6-6

Ducted Fan Equipment {Page 1)
Part l: Reference Data

I. Equipment Description Vane-Axial _xhaus_ Fan

2. Designation on Drawings or Schedule _-1

3. Manufacturer and Model Number x_z 6o-26J-aeo

4. Service Application:

Supply Air __ Return Air x ....Exhaust Air

5. Fan Type: e. Airfoil
I

_ b. Backward Curved/Inclined
t

c. Forward Curved
F
, d. Radial

x e. Vane-Axial

,I f. Propeller
I

6. Fan Diameter: 60 inches

f 7. Fan Operating Point:
S. Volume 37r800 cfm
b. Total S_ati'c'Pressure l.s inches, w.9.
c. Broke Horsepower 14

• d. Static £fficiency_Operating Point 64 % ."
e. Peak Static Efficiency on Fan Curve eo %
f. Percent of Peak Static Efficiency at p-'_'_attng Point ao Z

8. Configuration:
x a. Oucted

/!l Duct Width 6, inches

Duct Height 54 inches
Duct Length 1-"_7 feet

z Ouctltntng:

I!l Lining thickness ___Z_ inches
Length of straight Tined duct _ feet

Lined elbow with minimum 10 ft_of lfningbeyond elbow tn direction of sound propagation:
Yes
No

(5) Packag-_'_Sound Attenuator:

l_I Manufacturer & Model NumberStatic Pressure Drop at _ODO fpm inches, w.g.
(6) Acoustical Louvers

L (a) Low Pressure Drop
(b) Htgh Pressure Drop __

b. Non-DucCed (Plenum Intake or---iT_charge)

L. g. Distance, Building Dpentng to Reference Point 20 (gs)feet

t x Perpendicular Dlstance
, (#) Slant Distance; Off-Axts Angle 40 degree's

ID. Line of Sight between Equipment and Reference Point
x (x) a. Unobstructed

L b. Broken by solid barrier, roof setback, etc.
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FIGURE 6-6

(Page 2)
SAMPLE WORKSHEET 6.2B (Continued)

Part 2: Sound Level Estimation at Reference Point

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

a. Specific Sound Power Level, KA 46 dBA
(Table 4-6)

b. Volume Correction, A (Table 4-7) 46 dB
c. Static Pressure'Correctton, B

(Table 4-8) 4 dB
d. Static Efficiency Correction, C

(Table 4-9) 5 dB
e. Sound Power Level (lla +]lb + llc

lld) lol dBA re lO "12 Watt

12. Corrections for Absorption and Spreading Losses:

a. Lined Straight Duct (Table 5-2): 30 dBA (claas zz spectrum)
b. Elbow Attenuation (Line 8a(4)(c))= @...dBA

I_l If "yes" checked, enter SIf "no" checked, enter O
c. Packaged Sound Attenuator

(Table 5-3): - dBA '"
d. Radiation Dtrectivity: 2-'-_-dB

'" If axis of line between opentng
and reference point is:

D° - 30 =, enter 2
30 = - 60 °, enter S
60 ° - 90 a. enter 8

e. Barrter Shielding (Section 5.1.2): odBA

I f. Distance Factor (use Table
L S-l, q - 2): 24 t38_dB

13. Total Losses (add Lines 12a through

. 12f1: 36 'ts3JdBA
14. Sound Level at Reference Point: 6s (4e) dBA re 2xlO'5N/m 2

i (Ltne lle minus Ltne 13) !
L

i
I
f

i. i

L

[
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opening. This example emphasizes the importance of clearly

defining in the noise control regulations where the referencek

is to be taken in establishing compliance.
F

6.2.3 Procedure for Use With Equipment Located in Ventilated
Mechanical Rooms

Equipment such as compressors, pumps and transformers is usually
located in mechanical rooms that are ventilated to control ther-

mal build-up. The procedure given in this section is to be used

I for mechanical rooms which are ventilated by natural rather
L than forced-draft air circulation. Naturally ventilated mechani-

cal rooms will have openings to the outside that are either fitted
F
i with louvers or a metal grating. The louvered openings may or

may not introduce an acoustical loss depending on their design.

I Sample Worksheet 6_2C details the step by step analysis for
equipment installations of this type.

r

6.2.3.1 Example 4 Ustn_ Sample Worksheet 6.2C

A 950-ton, internally-geared, hermetic centrifugal chiller is

to be installed tn a mechanical room on the top floor of the

i office butldtng described in the previous examples. The mechant-• cal room has a floor area of 150O ft 2 and there is an opening
in the sidewall for ventilation which has an area of 1S0 ft 2 and

is fitted with low pressure drop acoustical louvers. There is
no surface acoustical treatment in the room.

An assessment is desired at two reference points outdoors, The

first ts at a distance of 20 ft. directly opposite the opentng_
L.

the second is for a slant distance of g5 ft. to an apartment
i building across the street at an angle of 40" relative to the

L opening. There is no intervening barrier that breaks the line-

! of-s_ght.
L

-64-



Report No. 1923 Warren Blazier Associates

The step by step analysis using Sample Norksheet 6.2C is illus-

trated in Figure 6-7. The pertinent information about the

installation is tabulated in steps 1-12. The calculation of

the sound ]evels at the reference points is carried out in

steps 13-21; the numbers in parentheses refer to the solution
for a 95 ft. slant distance.

Note that the same difference of 17 dBA occurs between the levels
I

{ at the two reference points as was found in Example 3, although
the absolute values are different. This is because the chosen#

reference distances and radiation angles are the same,

r,

However, suppose that the ordinance limit at the 20 ft. distance
was 65 dBA. This analysis shows that a level of 68 dBA is pre-
dicted, an excess of 3 dBA. To bring this installation into

compliance, the designer would have at lea@¢ four options for
a solution:

I. Add distributed acoustical treatment to the ceiling and

sidewalls of the mechanical room (good for 3 dBA per Table 5-5).

2. Use high pressure drop louvers instead of the low pressure

I drop type in the ventilation opening (see Table 6-4).
3. Reduce the size of the ventilation opening if feasible

'(see Table 5-5).
• 4. Determine if the equipment manufacturer can provide a machine

I whose certified sound power rating is lower than that given

t in Table 4-11 for typical equipment in this category.

i 6.2.4 Procedure for Use Wtth an Array of Atr-CondJtJqninq

,Un,tCs.,Installed in an Exterior Wall

L Many build'lags such as apartments, hotels, motels and small

offices are air-conditioned by using an array of "through-the-

, wall" units that serve occupied spaces around the perimeter.

-65-
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FIGURE 6-7

(Page 1)

SAMPLEWORKSHEET6.2C

Buildin_ Mechanical Equipment Indoo,s
Part I: Reference Data

1. Equipment Description Hermetic, Ineernall_-Geared CentrifuvLl
C_Jiller

C 2. Identification Symbol on Drawings cs-1
J 3. Manufacturer and Model Number xzz XG-95

r 4. Operating Conditions. 950 tons .....
t 5. Area of Equipment Room Floor: lsoo Ft."

6. Area of Total Exterior Openings: 15o .. ft.2

7. Area to Floor Area: loPercent Opening
x a. Opening unshielded from equipment

.-
b. Opening shielded from equipment

B. Room Acoustical Treatment:
r x a. None to minimal

[ b. Distributed ceiling/sidewall treatment

I g. Acoustical Treatment of Opening:
It &. None

b. Packaged sound attenuator
{'"

z c. Acoustical louvers
10. Distance, Building Opening to Reference Point: 2_ rgs_ ft.

_ o. Perpendicular distance
(z) b. Slant distance

11. Angle Between Building Opening and Reference Point: o t4o) degrees.
12. Line of Sight, Building Opening to Reference Point:

_ tx; a. Unobstructedb. Shtelded

[.
L
L
L
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FIGURE 6-7

SAMPLE WORKSHEET 6.2C {Continued) (Page 2)

Part 2: Calculated Sound Leve_..at Reference Point

]3. Equipment Sound Power Level (From
Tables, Section 4): __I_dBA re I0"12 Watt

a. Spectrum Class: 2_T, (Table 4-11)

]4. Correction, Interior Shielding
(Line 7a or b): o..dB

Unshie]ded, enter 0
Shielded, enter 3

15. Correction, _ Opening Area to Floor
Area: ,5 ,,.dB

(Use Table 5_5 and the data
from lines 7 and 8a or b)

16. Correction, Sound Attenuation in
Opening (Tine 9): lo .dBA (Table s-4, _ow p/e)

None, enter 0
Packaged Attenuator (see

Table 5-3)
Acoustical Louvers (see

Table 5-4) ..
17. Correction, Dtstance from Opening to

• Reference Point: 24 (3a_B

; (From Table 5-1, Q - 2, using
distance on line 90)

18. Correction, Radiation Olrectlvltyi
(from ltne 11): 2 _sJdB

0 ° - 30 _. enter 2
30 ° - 60% enter S

[+ 60 ° - BO°, enter 8
lg. Correction, Exterlor Shielding .

i I+.t (line 12 and Section 5.1.2): o (o_dB
Unshielded, enter 0
Shielded, enter S or Appendix

II calculation

20, Total corrections (sum of
: lines 14 - 19): 41 tsRdS

i L+ 21. Sound Level at Reference Point
. (line 13 minus ]tne 20): 6a_C_3.LdBA re 2xlO'SN/m 2

:1 1

i' L..

rf

,i

ii
", i
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This type of equipment installation must be modeled acoustically

as a large "extended-area" source whose noise radiation pattern

depends on both the geometry of the array and its distance from

F the receiver reference point. For example, when the distance
t

to the receiver reference point is less than about one-third

of the long dimension of the array, the reduction in noise leveldue to spreading is substantially less than that experienced by
t

F" a "point-source" of sound energy; at greater distances the noise
l reduction begins to approach that of a point-source. Sample

Workaheeet 6.2D should be used for analyzing equipment installa-

tions of this type.

6.2.4.1 Example 5 Ustnq Sample Worksheet 6.2D

A two-story motel is to be atr-condlttoned using "through-the
-wall" room units whose average capacity is 12,000 btu/hour. On

the side of the building adjacent to the property line there

will be a total of fourteen units installed. The width of the
array, measured from the centerline of the first unit to that

of the last, ts gO feet; the height of the array from the first

to second story is 10 feet.

A noise level analysis is required at two reference points:

the property line at a distance of 20 ft., and at the closest

{ ,_ boundary of an adjacent bulldlng which is SO ft. away.

The analysis of thts installation is illustrated in Figure 6-8,
using Sample Worksheet 6,2D. Part 1 lists all of the reference

L information required and Part 2 shews the step-by-step solutionfor the two source-to-receiver distances specified. The solu-

tion based on the lesser of the two distances (20 ft.) is shown

L in parentheses.

L Steps 9-12 are used in the determination of the total sound power

i -68-



FIGURE 6-8

(Page I)

SAMPLE WORKSHEET 6,2D

Array ,,ofEquipment ,In,Exterior Wall
Part I: Reference Data

I. Equipment Description: . w_ndov A._r-Cona_t_nner

I 2. Identification Symbol on Drawings: _c _-_4

3. Equipment Size or Capacity: _2.ooo ._./_

! 4. A-Weighted Sound ,Power Level (single unit
i average): 78 dBA re lO"12 Watt

I • 5. Humber of Units in Exterior Wall: 14

: 6. Dimensions of Multiple Array:
a. Vertlda] distance between

center-lines of f4 rst and last units: lo ft.

b. liorizontal distance between
centerltnes of first and last units: 90 ft..

7. Largest Dimension of Equipment Array (lfne 6a or 6b): 90 ft.
8. Distance from Butldtng to Recelver Reference Point: 50 (20) ft.

I"

L
J

?,

ir_I
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FIGURE 6-8

(Page 2)

SAMPLE WORKSHEET 6.2D (Continued)

Array of Equipment In Exterior Wall
f Part 2: Sound Level Estimation at Reference Point

I

F
I 9. Equipment Sound Power Level (single unit

average): 7a dBA re 10"12 Watt

F Io. Total Number of Units: #4I
11. Correction Factor for Number of

I" Units (use Table.A below) _ dB
I 12. Total Sound Power Level (line

9 + line 13,) e9 dBA re I0"12 Watt

I" 13. One-Third of Largest Array

Dimension: (line 7 ÷ 3) 30 ft.

I 14.'Distance to Reference Point:

(line 8) 5C (20_ ft.
! 15. Noise Radiation Pattern (check one): ."

x a. Line 14 ts equal to or greater than line 13,

proceed to step 16

(x) b. Line 14 is less then 1the 13, proceed to step 18
16. Dls_once Correction if Line IDa

ts checked: _R dB

f. (U=eT.lo 5-1.ColumnQ-2
1.. at distance sho_n on Ltne 14)

17. Sound Level at Reference Point=

L. (Line 12 minus line 16) sT, dBA re 2xlO'BN/m 2
18. Distance Correction if Line 15b

i is checked:
L. a. Largest array dimension x reference distance:

i (Line 7 times llne 8) (_ao@ ft.2
b. Distance correction factor:

(Use Table B below) (27_ dDf
L_ 19. Sound Level at Reference Point:

(Line 12 minus line 18b) t?2) dBA re 2xlO'SN/m 2

i
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FIGURE 6-8

(Page 3)
SAMPLE_ORKSHEET 6.2D (Continued)

Array of Equipment In Exterior Wall

TABLE A

¢,orrection Factor For Number of Unit,s (Line 11)

Number _f Units Correction Factor Number of Units Correction Factor

(Line 10) (Line 11) (Line 10) (Line,,11).
2 3 dB 16-18 12 dB
3 5 19-23 13
4 6 24-29 14 !
E 7 30-36 15

6-7 8 37-45 16
8-9 9 46-56 17 .

10-12 _ 57-72 18
--_13-15 (_ 73-90 19

91-110 20

,TABLE,B
Correction Factor for Buildtn._ t 0 Recetver.Dis.tance (Line 18b) i

Arra_ Factor Distance Factor Array Factor Distance Factor
(Line 18a) (lf.ne .18b) (line 18a) (Line 1Bb)

4S-57 ft, 2 12 d8 451-570 _t, 2 22 d8
:' 58-72 13 571-720 23
_i 73-90 14 721-900 24

91-110 15" 901-1100 2S
, 111-140 I_L 1101-1400 26

i _ 141-180 1_8 1401-1800 27' 1B1-225 1801-2300 28
228-280 19 2301-3000 29
281-360 20 3001-3900 " 30

_ 361-450 21 3901-5000 31

u

'_ =71_ '
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level represented by the array of fourteen units. Steps 13-15

are used to determine which of two procedures is to be followed

in calculat'ing the noise reduction over the source-to-receive

path.. The procedure chosen depends on the relationship between

the width of the array and the distance to the receiver refer-

ence point.

f The solutlon for the 50 ft. reference distance is 57 dBA and is

t shown on line 17. The solution for the 20 ft. reference distance

r" is 72 dgA, as shown on line lg. The relative difference between
the levels at the two polnts, is 15 dB, as compared with a dif-
ference of about 8 dB that would have resulted if the noise had

radiated from • polnt-source rather than an extended area-source.

In other words, the noise level at 20 ft. is actually much higher

than that which would occur with a point-source of the same total

sound power. This is because the drop-off in noise level with
distance ts much less for an area-source out to about a distance

equivalent to one-third the width of the array (30 ft. lfl this

example). Beyond this distance, the noise reduction proceeds
at a faster rate and eventually approaches that of a point source.

6.3 Cumulative Sound Level of Individual Noise Sources

The noise analysis procedures discussed in Sections 6.1 and 6.2

deal with installations of individual items of equipment. Con-
sequently, the resulting noise level estimates at the receiver

( reference point are valid for only the equipment under consfdera-t
tion and do not take into account the contributions of other

! equipment noise sources that might be present simultaneously.

[ In other words, each item of equipment may be found to satfs-

factortly meet the noise level regulation, as individual sources,
L but, in combination, might result in a situation wherein the

I regulation was actually exceeded. Therefore, the final s¢ep in
L. the review process should be to consider the cumulative effect
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of all sources.

6.3.] Additlon. of Declbe]s

Decibel quantities are ]ogarithmlc numbers which cannot be com-

bined by slmp]e a]gebralc addition ¢o obtain the cumulative

]evel resulting from the combination of several sources. For

example, 63 dB + 63 dB.does RO_ equal 126 dB, but only 66 dB.

A very simple, but adequate schedule for adding declbels is

given in Table 6-1 below:

TABLE 6-]

Ad.dftion of Decibels

When two decibel values Add _he fol.low.t.ng amount
differ by: to the higher value:

O or I dB 3 dB

2 or 3 dB 2 dR

4 to g dB 1 dB
10 dB or more O dB

The stmpltffad addition rules above involve rounding off of some
r sums to the nearest whole number resulting tn the possibility

L of a sma]l error. In general, the above procedure wt]l yteld

sums accurate to the nearest I dB;
t.

When there are several decibel levels to be added, they should

be added _wo at a time, starttng wtth the lower valued ]eve]s
and continuing the addition procedure of two at a time unti]

only one value rem_tns. To t]]ustrste, suppose it iS desired
L.

go add the fo]lowfng five sound 1eve]s, using the above summa-
_r _1on procedure:

;!

if

!:
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68 dB- > = 76
75dB_

[ " " 888279dBdBdB _ - 81 >-_= 85 >_._.___= 90 dB

I

6.3.2 Example 6 Illustrating the Cumulative Result of
Several Equipment Sources

In Section 6.2, three different equipment installations in a

"" high-rise building were analyzed to de.termine the noise level

of each with respect to a property line distance of 20 ft. from

the building face. In Example 2, a cooling tower installed on

the roof was calculated to have a level at the property line of
69 dBA. In Example 3, the discharge of a vane-axial exhaust

fan produced 65 dBA and the chiller noise emanating from a venti-
lation opening in the mechanical room (Example 4) was 68 dBA

r" at the same point of reference. Suppose now that the noise

• regulation specified a maximum limlt of 70 dBA at th.eproperty

line for this particular zoning district. From the above analysis,
it is clear that each of the three noise sources, taken indivi-

dually, will meet the regulation. However, what is the actualnoise impact of the three sources if the cumulative effect is

considered? The solution is shown below:

E
Exhaust Fan: 65_

I Chiller : 68_70 (difference 3 dB, add 2 dB)
L . 69 t--Cooling • _L, 73 (difference 1 dB, add 3 dB)

L Tower

It will be seen that the cumulative effect of the three sources

L is a property line noise level of 73 dBA. Therefore, the regula-
tion would be exceeded by 3 dBA if interpreted in terms of the

,) cumulative level of all sources. In this case it would be neces-
sary to incorporate the additional noise-control measures in the

J
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Installations to meet the regulation.

One solutton would'be to reduce the received levels of both

chiller and cooling tower noise to 65 dBA. As illustrated

below, this would result tn a cumulative noise level at the

property line of 70 dBA.

Exhaust Fan: 65 _---_68 (difference 0 dB, odd 3 dB)
Chiller : 65

Cooling . 65_70 (difference 3 dB, odd 2 dB)
Tower

It should be recognized that quieting the exhaust fan instead

of the other two sources wtll not solve the problem because the

combination of ¢htller and cooling tower noise still odds up

: to 72 dBA. In general, one must concentrate on quieting the

noisiest sources firs1;.
T

L

,,i
il
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7. POST-CONSTRUCTION COMPLIANCE TESTING

The acoustical analyses of building mechanical systems submitted

for review with applications for permit are based on drawings

and specifications that must be implemented in construction.

The noise level estimates that are made at this time are, in

effect, part of a screening process that assesses the capabi-

lity of.the proposed construction to meet the restrictions

imposed by the noise code.

{ However, the approval of an acoustical design and the issuanceof a permit on this basis do.esnot absolve the applicant from

the responsibility to comply with the code in the completed[
l construction. Therefore, post-construction testing for compli-

ance is an important element in the enforcement strategy for

an effective noise control program.

7.1 Practical Considerations in Compliance Testing

One of the anticipated difflculties in conducting post-construction

compliance tests is that the prevailing ambient noise levels

in the region of the building site may be higher than those speci-

fled tn the code. Under these conditions it cannot be demon-- strafed that the building mechanical systems meet code require- '

i ments, even tf they actually do. However, it can be establishedthat the building does not meet the code if the measured noise

level is higher with the systems on than when turned off.

[
In most urban areas the ambient noise levels are almost entirely

) determined by motor-vehicle noise. The magnitude of this ambientL.
noise varies over a wide range as a function of traffic density

[ in the area. Typical daytime levels range from about 60 dBA

L along residentlal streets to 75 dgA adjacent to major arteries

l carrying heavy traffic; nighttime ambient levels tend to be
L

) -76-
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about IO dBA lower.

The noise codes pertaining to "stationary" sources that have

; been established in many local _urisdlctions tend to be in the

range of 55-60 dBA for residential areas during the day and

50-55 dBA at night. Thus, it will be seen that post-constructlon

compliance testing in an urban environment may not always be

practical.

However, responding to complaint situations is another matter.

The fact that a complaint has been made suggests that the normal

ambient in the area has been elevated by the introduction of a
new noise source. In these cases measurements with and without

this source operating may be Interpretable in terms of the noise
code limits.

7.2 Testin 9 Technique

7.2.1 Mtcr.ophone Location
q

Most noise codes define where measurements are to be m_de when

testing for compliance. However, as pointed out in Section

2.1.2, many of the existing codes are vague with respect to the

microphone location in the verl:ical reference plane. This can

." be a very important factor, particularly when testing in response
to a compIafnt.

I
I

One way to resolve this problem would be to locate the microphone

'i I above the source property line at an elevation which intersects
• _- a line drawn between, centerltne of the source and _he closest

I receiver local:Ion or point of complaint. Such e convention for
, L. microphone placement would ensure that any noise reduction that

occurred due to barrier shielding would be properly assessed in
I terms of its geometry with respect to the source and receiver.L

-77-
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For example, with roof-top mounted equipment, noise measurements

made at the property line near ground level,are llkely to show

significantly lower values, due to shielding by the buildlng

slde-wa11, than those across the street at the same slant dis-

tance, because of different shieldlng losses in the source to

receiver path.

7.2.2 Instrumentation

The basic instrument recommended for measurement of A-weighted

sound levels (dBA) should satisfy at least the applicable

requirements for Type 1 sound-level-meters as defined fn American
National Standard, S1.4-1971, or the most recent revisions thereof.
Prior to measurements the instrument should be standardized ¢o

within ±0.3 decfbel by means of an approved acoustic calibrator.
p

7.2_3 Evaluation Procedure

7.2.3.1 Ambient Noise Corrections

The particular measurement procedure used for testlng the noise

level complfance of completed construction will vary with the

i circumstances encountered. In general, the ambient noise level
due to sources not related to the building should be about 10 dBA

[ below the code llmtt to obtain correct direct readtngs of equip-

{. ment noise levels that are actually a_t.tthe code limit. If thts
condition does not exist then corrections to the measured data

! are required to account for the ambient contribution to the
total noise

I
[

For butldtng equipment noise that Just meets the code ]tmlt, the
table below illustrates how the actual measured level ts affectedI

L by the ambient noise level:
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Measured Total Difference:
Ambient Noise Level Noise Level Total - Ambient

Code Level - 10 dBA Code Level lO dB

i Code Level - 6 dBA Code Level + 1 dBA 7

Code Level - 2 dBA Code Level + 2 dBA 4

; Code Level Code Level + 3 dBA 3
; Code Level + 2 dBA Cede Level + 4 dBA 2

Code Level + 3 dBA Code Level + 5 dBA 2
q

i Code Level + 5 dBA Code Level + 6 dBA 1

r

! In actual practlce it will be found that both the typlcal amblen¢
levels and those due to mechanical equipment will be fluctuating

with time rather than steady, constant, values. Therefore, some

form of averaging is required if these levels ere to be expressed

as single numbers. The preferred type of visual averaging ts to
use the "slow" meter damping function of the sound level meter

and read a value corresponding to the "central tehdency" of the

fluctuation, together with the range over whtch it occurs. The

range wtll provide an index to the uncertainty of the reading.

The reliability of corrections made =o measured data for the

contribution of ambient noise depends not only on the relative
level of the two but also on their statistical fluctuations

wlth time. In general, the uncer_alnty of the correction increases

L rapidly for differences between the total noise and the ambient

' alone of less than 6 dB. In case of a legal dispute about
code compliance, it could be very difficult to defend if the
ambient level was within a few dB of the measured data.

T _,
i

Therefore, tt is recommended that compliance tests for the puP-

: pose of legal enforcement be conducted with caution whenever the
ambient noise environment is less than 6 dBA below the specified

! code ltmit. Expert advice may be required in these cases.
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7,2.3°2 Test P,rocedure
F

At some time in advance of construction completion, it Is recom-

mended that a survey be made of the prevaillng ambient noise(
i environment in the area of the site. If the ambient noise

levels are found to be less than 6 dBA below the code limit

during the period of the survey, it is recommended that a time-

history be obtained over an extended period to determine if

lower amblents occur, In situations where the ambient is traffic-

noise dominated, levels during the nighttime hours may be lO,dgA

lower than during the day.

After completion of construction when all building mechanlcal

systems ere-operating properly, compliance .testing shovld begin

with a repeat of the original survey to determine what the new
noise environment is. If the measured levels do not exceed the.

limits of the noise code, no further tests are required since

all buildtng mechanical systems are in compliance.

However, if it is found that the measured levels exceed the

code. the next step would be to determine the extent to which
the ambient noise (wt_hout the butlding systems operating) has

Influenced the result. This evaluation can be made in two ways:

I '.. 1. Use the results of the initial survey made prior to construc-
tion, If there is reason to believe that the ambient has

changed significantly.
not

2. Turn off the building mechanical systems and evaluate the

{ ambient directly.L

I if it is established that the ambient levels are not affecting

L the test results, _he next step should be the determination of

I which elements of the building mechanlcal systems are responsi-
ble for the noise tn excess of code. This can be done by cycling
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individual pieces of equipment or systems and determining their

contributions to the total noise using the procedure given in
Section 6.3.1.

This diagnostic testing role may not be considered a part of

compliance testing by some Jurisdictions. Rather, the attitude

may be that compliance tests will be done on a go, no-go basis,

and that such diagnoses are the contractor's responsibility.
On the other hand, ff the analysis done during application for

permit indicates that compliance should have resulted, then the

installation should be inspected for deviations from the approval

'drawings.

In some instances deviations from the approved design may have

been granted pendtng a demonstration of post-construction comp-

liance. In others, noise control elements which the permit
review revealed might be borderline requirements may have been

omitted. In either case, the 3urtsdictton probably cannot

entirely divorce Itself from participation in some form of
diagnostic activliy after the fact. Field experience in this

regard would provide valuable feedback on how to obtain better
control on theoutcome of future construction.

t

ii r
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Work_heet 6.1 - Preliminary Screen_n9 ,

1 2 3 4 5 I 6 7 8 9 10 "11 12 13 14 15

o_ -_ -r-_aut"ment Stze, --r---_Ca"acttv, _.,, _, m"l o¢+ o _ - rV c-_.

Conditions o_ n ® m n +7 >m +m mm
_c'_ (3,.-,;. _ 0 ! ..a

,o

,>

Locattoq,Cutegocy ' Locatton Factor
A: (Outdoors) . 0 dD
B: (Oucted Outdoors) 2 dO
C: _Ventttated Hech. Room} 10 dB ......................
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SAMPLE WORKSHEETB.2A

Outdoor Equipment

Part I: Reference Data

1. Equipment Description

2. Identification Symbol on Drawings
3. Manufacturer and Model Number

4. Operating Conditions

5. A-Weighted Sound Power Level dBA re lO -12 Watt

Spectrum Class
Calculated from tables

__ Certified test data (attach substantiation)
6. Installation Location:

On-grade

'" Roof-top

1 7. Presence of Nearby Reflecting Surfaces:
a. None b. One c. Two

=. 8. Line of Sight between Equfpment and Reference Point:
a. Unobstructed

T.-

_ b. Broken b_, solid barrier, roof setback, etc. i
9. Distance, Equipment to Reference Point feet !

I Perpendicular distance Slant distance

Part 2: Sound Level Estimation

Ii
10. Sound Po_er Level (from ltne .S) dBA re lO -12 Watt

f 11. Directivity Factor, Q:
L_ a. If 7a checked, q = 2

b. If 7b checked, Q • 4
L c. If 7c checked, q • 8

12. Correction for Shielding:
I a. If 8a checked, enter O dB

b. If 8b checked, enter:

I (1) 5 (allowance w/o talc.) or dS£_
(2) Result of computation usir_g

Appendlx 2 (attach celt's.) dB

L 13. Subtract line 12 from line 10 dBA re lO"12 Watt
14. Distance Correction (from Table 5-1)

using distance shown on line 9 for Q
' shown on line ll) dS

lB. Subtraot 11ne 14 from line 13 to get
; Sound Level at Reference Point _ dgA re 2 x 10-5 N/m2
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SAMPLE WORKSHEET6.2B

Ducted Fan Equipment
Part 1: Reference Data

1. Equipment Description
2. Designation on Drawings or Schedule
3. Manufacturer and Model Number

4. Service Application:

Supply Air _ Return Air _ Exhaust Air
5. Fan Type: -- a. Airfoil

b. Backward Curved/Inclined
c. Forward Curved
d. Radial

e. Vane-Axial=,,

f. Propeller
=

6. Fan Diameter: Inches

F- 7, Fan Operating Point:
a. Volume cfm
b. Total Sta't_c Pressure inches, w.g.
c. Brake Horsepower
d. Static Efflciency_t Operating Point
e. Peak Static Efficiency on Fan Curve

! f. Percent of Peak Static Efficiency at p'-O'_-_Fating Point, %
B. Configuration:

a. gutted

Duct Height inches
Duct Length feet
Ductltning:

l! / Lining thickness inches

Length of straight--'l-_'_ed duct feet
{' Lined elbow with minimum 10 ft.---o'_-lining
_. beyond elbow in direction of sound propagation:

Yes
No

. (B) Package-'_Sound Attenuator:

f_l Manufacturer, Model NumberStatic Pressure Drop at 1000 fpm inches_ w.g.
i (6) Acoustical Louvers- ' (e) Low Pressure Drop

. (b) High Pressure Drop __
b. Non-uucted (Plenum Intake o_charge)

L- " 9. Distance, Building Opening to Reference Point feet

r Perpendicular Distance
(.. Slant Distance; Off-Axis Angle _ degrees

10. Line of Sight between Equipment and Reference Point
a. Unobstructed

•. b. Broken by so_td barrier, roof setback, etc.
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SAHPLE WORKSHEET6.2B (Continued)

Part 2: Sound Level Estimation at Reference Point

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

a. Specfftc Sound Power Level, KA dBA
(Table 4-6)

b. Volume Correction, A (Table 4-7) dB
c. Static Pressure Correction, B

(Table 4-8) dB
d. Static Efficiency Correction= C

(Table 4-9) dB
e. Sound Power Level (lla + llb + 11c

11d) dBA re 10-12 Hart

: 12. Corrections for Absorpttoq and Spreadlng Losses:

, a. Lined Straight Duct (Table 5-2): dBA
b. Elbow Attenuation (Line 8e(4)(c)): ..dBA

",e="checked,entersIf "no" checked, enter O
c. Packaged Sound Attenuator

(Table 5-3): dBA
d. Radiation Dtrectivtty: dB

' If axis of ltne between opentng
and reference point is:
0 ° - 30 °, enter 2
30 ° - 60 ° , enter .5
60 = - 90 = , enter 8

e. Barrier Shielding (Section 5.1.2): dBA

1_, DtlStaRce Factor (use Table5-1, (_ = 2): dB

./ 13. Total Losses (odd Lines 12a through

;i !- 12f) : dDA
;._. 14. Sound Level at Reference Point: dBA re 2xlO'SN/m 2
!_ I (Line lle minus Ltne 13)
!i L.

'I

;i L

I
L.

(
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SAMPLE WORKSHEET6.2C

Building Mechanical Equipment Indoors
Part 1: Reference Data

1. Equipment Description

2. Identificatlon Symbol on Drawings
1 3. Manufacturer and Model Number

4. Operating Conditions

5. Area of Equipment Room Floor: ft. 2

6. Area of Total Exterior Openings: ft. 2
7. Percent Opening Area to Floor Area: g

a. Opening unshielded from equipment

bo Opening shielded from equlpmenl:
B. Room Acoustical Treatment:

._ a. None to minimal
b.- DisCl-ibuted ceiling/sidewall treatment

• 9. Acoustical Treatment of Opening:
b. None

b. Packaged sound attenuator
c. Acoustical louvers

10. Distance. Building Opening to Reference Point: ft.

a. Perpendicular distance
b. Slant distance

' 11. Ang]e Between Butldlng Opening and Reference Point: ..... degrees.
i

12. Ltne of Sight, Building Openi'n9 to Reference Point:

! a. Unobstructed
L b. Shtelded

i
L.

I
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SAHPLE WORKSHEET6.2C (Continued)

Part 2: Calculated Sound Level at Reference Point

13. Equipment Sound Power Level (F_om
I Tables, Section 4): dBA re 10-12 Watt

- a. Spectrum Class:

,_ 14, Correction, Interior Shielding
' (L_ne 7a or b): dB

Unshlelded, enter 0
Shfeldedo enter 3

15. Correction, _ Openfng Area to Floor
i Area: dB

(Use Table 5-5 and the data
from 1tries 7 and 8a or b)

: 16. Correctfon. Sound Attenuation fn
: Openfng (line 9): dBA

None, enter 0
Packaged Attenuator (see-

Table 5-3)
Acoustical Louvers (see

Table 5-4)

17. C_rrectton, D_stance from Opentng to
t Reference Po4nt: dE
i (From Table 5-1, 0 " 2, ustn9

distance on l_ne 10)

: lB. Correction, Radiation OlrectfvltyJ

(from line 11): . dB
0 ° - 30° , enter 2

i 30 _ - 60 °, enter 5
60 = - 90 ° , enter B

19. Correction, Extertor Shielding"

(11ne 12 and Sectton 5.1.2)': d_
:_ Unsh_elded, enter 0

Shielded. enter 5 oP Appendtx
L ;_ calculation

20. Total corrections (sum of
( lines 14 - 19): dB
_- 21, Sound Level at Reference Pofnt

(11ne 13 mtnus 11ne 20): dBA re 2xlO'SN/m 2
t
=.

r
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SAMPLE WORKSHEET 6.2D

Array of Equipment In Exterior Wall
Part I: Reference Data

I. Equipment Description:
2. Identification Symbol on Drawings:

3. Equipment Size or Capacity:

4. A-Weighted Sound Power Level (single unit

average): dBA re 10"12 Watt
5. Number of Units in Exterior Wall:

6. Dimensions of Multiple Array:
a. VertiCal distance between

centerlines of first and last units: ft.

b. Horizontal distance between

centerlines of first and last units: ft;

7. Largest Dimension of Equipment Array (line 6a or 6b): ft.

8. Distance from Building to Receiver Reference Point: ft.
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SAMPLE WORKSHEET 6.2D (Continued)

Array of Equipment In Exterlor..Wall
Part 2: Sound Level Estimation at Reference Point

9. Equipment Sound Power Level (single unit

average): dBA re I0"12 Watt
lO. Total Number of Units:

11. Correction Factor for Number of

Units (use Table A below) dB

12. Total Sound Power Level (line
10-12

I 9 + llne II.) redBA Watt

13. One-Thlrd of Largest Array

:'" Dimension: (line 7 9 3) ft.
14. Distance to Reference Point:

(line 8) ft.

[ 15. Noise Radiation Pattern (check one):

a. Line 14 fs equal to or greater than llne 13,

proceed to step 16
b. Line 14 is less than line 13, proceed to step 18

16. Distance Correction if Line lSa

ts checked: dB

(Use Table S-l, Column Q = 2

at distance shown on Line 14)

"1 17. Sound Level at Reference Pofht:
(Line 12 minus line 16) dBA re 2xlO'SN/m 2

18. Distance Correction if Line 15b

I is checked:
a. Largest array dimension x reference distance:

I (Line 7 times llne 8) ft. 2
L. b. Distance correction factor:

I (Use Table B below) dB
!__ 19. Sound Level at Reference Point:

(Line 12 minus line lsb) dBA re 2xlO'SN/m 2
I
L
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SAMPLE WORKSNEET 6.2D (Continued)

Arra_ of EquiF_ent In Exterior Wall

I' TABLE A

Correction Factor For Number of Units (Line II)

I' Number of Units Correction Factor Number of Units Correction Factor
I

(Line 10) (Line 11) (Line 10) (Line 11)

: 2 3 dB 16-18 12 dB
3 5 19-23 13
4 6 24-29 14
5 7 30-36 15

6-7 8 37-45 16
8-9 9 46-56 17

10-12 10 57-72 18
13-15 11 73-90 19

91-110 20

TABLE_B

' ('LICorrection Factor for Building to Receiver Distance ne 18b)

Array Factor Distance Factor Array Factor D_stence Factor

(Line 18a) (Line 18b) (Line 18e) (Line 18b)

45-57 ft. 2 12 dB 451-570 ft. 2 22 dB
58-72 13 571-720 23
73-90 14 721-900 24
91-110 15 _01-1100 25

I 111-140 16. 1101-1400 '26._ 141-180 17 1401-1800 27
181-225 18 1801-2300 28
226-280 19 2301-3000 29
281-360 20 3001-3900 30
361-450 21 3901-5000 31

L

!
L

I

I
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APPENDIX 2

SOUNO ATTENUATION BY BARRIERS

A battler is a solid wall or obstructlon whlch breaks the direct

llne of slght between a sound source and a recelver. An effective

barrier has no holes or alr Esps and has a surface welEht of at

least _ Ib/ft 2. FIEure A-2.1 shows a typlcal geometrlcal con-

flEuratlon of source, receiver, and Intervenlng infinite bar-

I' rler. Yne sound attenuation provided by thls simple barrier Is
a function of the source-to-battleD distance (R), the receiver-

to-battler dlstance (D), and the llne-of-slEht break dlstance (h).

It should be noted that for battlers of flnlte width, sound may

! propaEaCe around the sides of' the barrier as well as over the

top and, therefore, such a barrier provides less attenuation than

_n infinite bar_lez'. The slt_atl6n becomes even more complex

l'or 2, 3, or 4-slded barriers, where sound reflectlon between

non-absorptlve battler walls may also oompromlse the _ttenua_ion.

Finally, battler a_tenuatlon may be compromised by the use of

walls wlth low sue'face welEht. Due to these conslder_tlons, the

l_ practtcsl upper limit of barrier performance lles In the fanes

between 15 and 20 dB.

! L
A procedure for estimating the sound attenuation provided by

I flnlte, slnEle-wall b_rrlers Is outllned below. The method,

_dapted from Reference 29, calculates the reductlon In A-welEhted

sound level provlded by a battler, based on a point source model
: evaluated at a frequency of 565 Hz. The proseduz'e Is consldeDed

L applicable to all bulldln_ mechanlcsl equipment spectrum classes,wlth an expected accuracy of ¢3 dB. In practice, where non-ldeal

i noise sources 8re the D-is rather than the exceptlon, _ater

[.

i,
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FIGURE A-2,1. SIMPLE BARRIER CONFIGURATION



dlsorepancles are possible. Neverthelessj the calculation

procedure presented below yields an estlmate of battler noise

reduction which is useful for design purposes.

I Barrier Evaluation Procedure

r i. Determine the observer location of interest.

2. Locate the source at a point 1/3 down from the top and 1/2
F

in from the fDont and sides of the equipment noise source.

3. Locate the barrier profile and obtain accurate values for
the followinE quantities (see FiEure-A-2.1): h, the shortest

dlstance from the barrier top to the llne of slght from
source to observer (feet); R and D, the slant distances, i

l'- along the line of sight, from the barrier to _he source andobserver, respectively. (Specifically, R and D are the _wo

segments into which h breaks the llne of sight.) Note that

Ii h is moo the helght of the barrier above ground, bu_ the

dlsiance fDom the barrier top to the line of sight.

_. Enter at the top of Figure A-2.2 with the value of h on the

I, left-hand scale; move right _o intersect the curve corres-
pondlns to R (or D, whichever is _maZZ¢_).

i

I 5. Move down to intersect the'curve corresponding to the value

of D/R (or R/D, whichever is greater than unity).

l_
,6. Move right to intersect the vertical seals in order to find

I the potential barrier shielding, AI. in decibels, corres-L
pending to _,n ideal battler of infinite length.

r
L
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7. If there are no sound paths around the sldes of the barrier,

and the barrier has a surface weight greater or equal to

ib/ft 2, then the estimated barrier attenuation may be

taken to be AI.

8. If there are no sound paths around the sides of the barrier,
l

and the barrier has a surface weight less than 4 ib/ft a, then
%

the ba_rler attenuation may be estimated by combinlnE A1 with

l':i TLs0o (the transmission loss of the barrier wall evaluated
for the 500 Hz octave frequency band). A simplified method

for comblnlnE decibel attenuations is provided in Table A-2.1.

9. 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 plan e, as des,'ribed in steps 3 through

, 6 ahoy6. The source locations for these calculations, how-I

ever, should be at the _du of the equipment closest to the

battler edge belnE evaluated.

, 1O. Estimate _he overall barrier attenuatlon by combining AI, A2,

A3, _nd TLs0 0 (whlohever apply) in a step-wlse fashion, uslnE

ths method in Table A-2.1

TABLE A-2.1

/ SIMPLIFIED COMBINATION OF DECIBEL ATTENUATIONS
When Two Decibel Subtract the

i Attenuation Values FollowlnE Amoun_
I Dlffer b_/: from the Lower Value:

0 or 1 dB 3 dB

2 or 3 dB 2 dB =,

_' _ to 9 dB 1 dB

t i0 dB Or more 0 dB

l
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t

Example

r Estimate the sound attenuation of the barrier configuration il-

lustrated in Figure A-2.3. The barrier is constructed of 1/2

inch plywood with a surface density of 1.5 ib/ft 2 and a sound

transmission loss of 18 dB in the 500 Hz octave band

[ (TLs0 0 • 18).

i. The observer location, 0, is as indicated on Figure A-2.3.

f.
2. The source location, SI,' for the "over-the-tqp" sound path

[ iS chosen at the center of the machine (plan view) and 1/3
down from the top as shown on FIEure A-2.3.

[.
3. The quantities hl, RI. and D1 are obtained from a scale

I' drawlns, as indicated in Figure A-2.3.

4. Enterlng the workchart with hI - 6.3 ft on the left-hand
scale, a llne is drawn to the riEht to intersect the curve

correspondlng to R • D - 16 ft (see Figure A-2.4).

5. Moving down, a llne is drawn _o intersect the curve cor-

respondlng to R/D - I (see Figure A-2.4).

6. Moving right, a llne is drawn to intersect the vertical

I scale in order to find A1 - 17 dB (see Figure A-2.4).

Since there are sound paths around the sides of the barrier and

the surface weight of the barrier is less than _ ib/ft 2, the

I calculation proceeds to Step 9.

r
L

J

i A-2-6



f

--_'*"_0 RI ,'16'

[ r,-/,,.,',/_-,,_,.,,//,/,,,/,_ .,..,,.,., h_._._.
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i::.! . FIGURE A-2.3. BARRIER EVALUATION EXAMPLE
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9. The source locations, S2 and $3, for the sound paths
around the two sides of the barrler are chosen at the

ends of the machine as illustrated in Figure A-2.3. The

[ attenuation values A2 and AS for these paths are calcu-
I lated in the same manner as AI. The workchart computa-

tions, shown on Figure A-2._, result in values of A2 - 18 dB

" and = 21 dB.A 3

[ I0. The overall battler attenuation is estimated by comblnlng
i

AI, A2, A3, and TLs00 using the method of Table A-2.1. In

_ I order to do this, the component atcenuat$ons are arranged
l in descending oTde_ and combined as shown below.

I" A3 21

\.
TLs00 18"- "

- 14

!!i A2 - l_--
k

" ATOTA L " 12 dB

.[ A1 " 17--
_L I..

.I Thus, the procedure estimates an overall barrler attenuation

_I' of 12 dB, which is well below the attenuation of any one

component path.

:i
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