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1. INTRODUCTION

Today's modern buildings may contain a number of mechanicatl
systems that provide the supporting services necessary for
them to function as intended. The mechanical equipment
incorporated in these systems represent sources of noise
that must be dealt with in the buiiding design, if their
acousticail impact on both the interior and exterior environ-
ments is to be contro11ed at an acceptable level.

This manual specifically deals with the acoustical impact of
these equipment nofse sources on the exterjor environment
surrounding the building site, and the ¢ontrol of this impact
by the 4introduction of a review process in the procedure for
issuance of a building permit.

For example, procedures are given in this manual for estimat-
ing the nofse level resulting at some ocutdoor reference point
due to the operation of individual items of building mechanical
equipment that are efther acoustically "coupled" or actually
Tocated outdoors. These estimated noise levels are then summed
on an energy basis to arrive at a total noise level {at the
chosen reference peint) due to operation of the combined
building mechanical systems. Assuming that noise-Tevel limits
have been established, a comparison then can be made with the
predicted outdoor nofse level to determine whether or not the
mechanical installations are likely to comply with the appli-
cable nofise code. If not found in compliance, the mechanical

permit can be denfed until appropriate noise reducticn measures

have been incorporated 1in the design and resubmitted for review.
This review process will also reveal which particular items of

“1a
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mechanical equipment have the strongest influence on the
exterior nofse environment. Therefore, in a situation where
a2 non-compliance condition s indicated by the review, the
equipment instailations responsible can generally be identi-
fied and the amount of remedial noise reduction necessary

determined.

The technical data on equipment noise Tevels 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-
1iminary work done in connection with the development of pro-
cedures for use in-the mechanical equipment permit scheme,
will be found in a report prepared for the EPA under Contract

No. 68-01-4396.*

Section 2 of this manual! discusses the administrative and
enforcemant details necessary to implement the EPA Model
Mechanical Equipment Noise Control Permit Scheme at the leocal
buflding/environmental code leveil. Sections 3, 4 and 5 deal
with the technical aspects of the acoustical review process

embodied in permit scheme.

Section & contafns the procedureé to be followed in the
acoustical analysis of building mechanfcal drawings and
specifications, and for estimating resultant noise levels at
some reference point in the exterfor environment. Section 7
discusses procedures to be followed in field testing of the

completed installations to verify compliance with the nofse code.

* BoTt Beranek and Newman, Report No. 3566, September 1977,
“Development of a Mechanfcal 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, reguire only simple addition
or subtraction of factors provided 1in 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 he entered on the worksheets used
in the analysis.

Because of these technical simplifications, the data on pro-
duct noise levels in this manual tend to be slightly on the
high side of the industry average in a given category, to
provide some marafin of safety in the prediction scheme. How-
ever, the reviewer is free toc use data furnished by the
equipment manufacturer instead, 1f these are based on actual
tests and certified accordingly.

“3-
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2. ADMINISTRATIVE AND ENFORCEMENT DETAILS

The Model Mechanical Equipment Noise Control Permit Scheme
may be thought of as containing two distinct parts: Tlegal
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
1imits) and/or subjective provisions (e.g., nuisance-type
provisions) by which the noise from mechanical equipment

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’
mathods that the responsible office uses to encourage compii-
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-
nation before construction activity on any proposed building
may commence. The building department examines the plans,
speci fications, calculations, etc. to verify correctness and
cempletenass before issuing a buf?ding permit. During construc-
tion, building inspectors visit the construction site to assure
that the structure is being built in accordance with the plans.
Ffnally, the completed building is inspected for conformance,
and if all is in order, an occupancy permit is issued.

The extension of this enforcement strategy to include an analysis

of mechanical equipment noise levels, prior to the {ssuance of
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construction or occupancy permits, is a significant departure
from current practfice in most jurisdictions. Therefore, the
impacts this new requirement may have on both the private and
pubilfc sectors of the building industry are speculative.
Clearly, there wl11 be some cost {fmpact introduced by the
requirement for a technjcal analysis of the acoustical design;
however, how these costs are distributed between the sectors
will depend on where a particular jurisdiction places the
responsibility for performing the task. On the other hand,
field testifng to establish compliance with noise codes is not
a new requirement in many Jurisdictions; the principal dif-
ferences are whether this is done on a routine basis or only

in response to complaints.

2,1 Legal Provisions

Statutory authoﬁity must be given the appropriate office to
require submission of pertinent data, c¢alculations, reports,
etc. that it deems necessary for demonstrating compliance of
proposed buildings with all laws of the Jurisdiction. This
authority already exists in most jurisdictions with respect
to energy conservation, safety, minfmum ventijation, etc. fn
building mechanical systems; the authorfty must be extended
to include a noise-control analysis.

2.1.1 Noise Limit Terminoloqgy

There also may be a confiict between the method of specifying
nofse 1imits in &n existing code and that upon which the model
permit scheme s based. For example, the noise level estimates

"that result from using the procedures given in this manual are

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

“5a
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Howaver, some jurisdictions express noise Timits on an octave-
band basis (level as a function of frequency) and do not specify
a corresponding T1imit in terms of a single-number level in

dBA. S5ti171 other jurisdictions use the metrics, Leq and Ldn-
which are based on A-weighted sound levels, but incorporate
energy-averaging and time-weighting functions.

Hhere an existing ardinance is expressed in terms of octave-
band frequencies, it is recommended that this be modified te
provide alternative 1imits expressed in dB(A). Ordinances
using L., and Ldn should not require any numerfcal changes in
the stated limits, although some revision may be necessary in
the interpretive language, to clarify how this is to-be used

in evaluating the noise Tevel estimates generated by the review
procedures of the permit scheme.

For example, the noise produced by building mechanical equip-
ment may be considered "steady-state" rather than transient,
as in the case of traffic-nofse. Consequently, the dB(A)
level predicted by the permit scheme would be equivalent to

Leq'
However, the metric Ldn 1s a time-wéighted rating that contains
a penality of 10 dB for night time as opposed to day time Tevels
of the same amplitude. This is equivalent to reducing the
noise 1imits by 10 dB for night time operation of building
mechanical equipment relative to that permitted during the

day time hours.

"2.1.2 Reference Point For Establishing Compliance

One of the important varfables founhd in the noise codes of
different jurisdictions is the reference point at which

~G-
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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 & few codes that reference the
“point of compTaint". Furthermore, most ordinances of the
praoperty-line type fail to state whether or not the reference
point {5 near the ground or at any elevation above. lThis is

a particularly important consideration if one is dealing with

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

dwellings.

Exampies are presented in Section 6 that {llustrate how impor-
tant the chofce of reference pofnt 15 in the noise level
estimation process. 1t will be -seen that unless the ordinance
is very specific 1n this respect, a number of lTegal disputes
could arise concerning whether or not certain installations

were in compliance.

2.2 Enforcement Strategy

The enforcement strategy must be implemented in such a way that
all relevant plans are reviewed for complfance with the objec-
tive restrifctions on outdoor nofse. Such a thorough review
probably means that efther the building department 15 given

the respensibility, or that a responsible office closely
coordinates its efforts with the building department.

Second, an acoustical analysis must accompany the building
permit application for 211 mechanical equipment or systems that
'radiate part or all of their nofse to the exterfor environment.
These acoustical analyses should follow the procedurss des-
cribed 1n Section 6 and be presented in a format similar to

the sample worksheets appearing 1in Appendix 1.

2 VI B IS SAPE PR PR ST SRR DU
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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:

1. This will encourage the building design team to evaluate
potential problems with code compliance early during the
desfgn development phase, when corrective actfon can be
taken with the least impact on costs and construction
scheduling. For example, if the desfgner does not make
the acoustical analysis until just prior to application
for permit, he may not have the flaxibflity for making
changes that existed during design development. Invari=
ably, this results in higher costs for noise-control and
schedule dalays.

2. The effort expended by the building department (or other
responsible office) during the review process fs reduced
significantly because the task will be mostly one of
checking the analysis by verifying that correct proce-
dures and input data have been used.

3. The potential for costly delays in construction while
awaiting approval should be reduced. The contractor will
know in advance what the problems with compl{ance are
11kely to be and can take appropriate action te resolve
them by negotiation.

Third, the office that is rasponsible for reviewing the acoustf-
cal gnalysis should also be given the responsib{lity for conduct-

ing post-construction noise tests, prior to the fssuance of an

occupancy permit. This office should alse respond to any
camplaints about mechanical equipment noise. This would ensure

-
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not only that the officifals who respond to the complaints are
familjar 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-
ness of its permit scheme to control mechanical noise.

2.3 Personnel Requirements and Qualifications

The number of persons required to check and evaluate acoustical
analyses submitted with appiications for permit, perform post-
construction noise measurements and respond to complaints

about mechanical noise, will cbviously depend on the size of
the jurisdiction and the. volume of construction in the area.

A team of two people {s probably a minimum requirement. One
person must have the trafning and background necessary to read
and interpret mechanicai/architectural drawings and specifica-
tions. This person should have the responsibility for review-
ing the acoustical analysfs worksheets and recommending approval
on rejection of the application. He might also serve as the
interface between the building department and the mechanicaly
architectural/contractor representatives on matters pertaining
to meeting code requirements on neise.

The second person must have training in the use of acoustfcal
instrumentation. This individual! should have the responsibi-
1{ty for performing post-construction nofse measurements and
responding to complaints about mechanical noise. Depending on
the work Toad, this person might actually double as the member

‘of 2 second team that responds to noise complaints of all types

fn Jurisdictions that have an active noise control program.

k] Y ks oo bt T
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2.4 Training in Preparation and Review of Acoustical Analysis
Horksheets

Sections 3, 4, 5 and 6 of this manual have been structured to
serve the dual-purpose of being both a training-aid and a
procedural model for noise-analysis. However, there are cer-
tain to be questjons arise when the worksheet procedures are
applied to real-1{fe situations rather than the simplified
examples used for illustration in Section 6.

One solution would be to obtain the services of a person with
mechanical system noise-control experience to monftor the
gcoustical review process fnitially and to provide on-tha-job
training of in-house personnel. It {s anticipated that most
of the questions which are likely to arise will cccur 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.

=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.

However, the tevel of detail required for an adequate noise
control review is frequently not avajlable at the time most

of the other types of construction permits are usually sought.
For example, the.review for permit of a mechanical system
design for function, safety, energy conservatiocn and other
cede requirements typically takes place at a time prior to

the completion of detailed desfgn, when many of the elements
affecting noise-control performance have not been {ncorporated.
Therefora, the new requirement for a mechanical noise-control
permit will mean that more detafled information must be made
avajlable earlier 4n the design development than 4t normaliy
vwould occur, because the approval process may identify areas
in which design changes are necessary to meet the noise ordf-

nance.

3.1 Schedule of Mechanical Equipment

A detafled schedule of a3l mechanfcal equipment Tikely to
affect ocutdoor nofse Tevels must be provided. This will {include
not only that equipment which is to be installed outdoors, but
also fan equipment coupled to the exterior and other machinery

. Tocated 1n ventflated mechanical rooms.

3.1.1 Eguipment Identification and Operation

The following information must appear on the Schedule for each

-1T=



Report No. 1923 Warren Blazier Associates

item of equipment:

N 1. Type of equipment
{ 2. Size or capacity
3. ldentificatfion symbol or tag number
f' 4. Location and Configuration
. a. Qutdoors
( b. Ducted to outdoors
¢c. Ventilated mechanical room
r 5. Period of operation (24 hours, 7 a.m. ~ 7 p.m.,
| intermittent, ete.)

fﬁ 3.1.2_ Acoustical Performance Data
{“ 3.1.2.1 Sound Power Levels

The anticipated noise generating capacity of each piece of

f" equipment must appear on the Schedule. These should be

‘ expressed as A-weighted sound power levels (re: 10']2 watt).
If the manufacturer's data are used, the method of test and
rating tolerance should be noted. In the absence of maznu-
facturer's data, the noise ratings should be determined in
accordance with the instructions provided in Section 4.

L 3.1.2.2 Spectrum Classification

Each source noise must be ¢lassified on the basis of its
spectrum shape. There are four classifications of spectrum
shape which are defined in Section 4.1.1.1 for use with data
provided by the manufacturer. In the absence of manufacturer's
.data, use the classifications Tisted in Section 4 for the parti-

cular aquipment of concern.

L 3.1.3 Governing Ordinance Noise Limits and Reference Distance
3.1.3.17 Noise Limits

The review procedure assumes that the governing noise ordinance

-12-
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is specified in terms of A-wejghted sound pressure lTevel (dBA)
or its approximate equivalent. Many municipaiities have ordj-
nances which specify dBA levels as a function of time of day
and zoning location. Others use either Leq or Ldn which can
be converted tp an equivalent dBA Tevel, if the noise source

i is continuous {rather than intermittent or transient) and its

period of operation is known.

| The equipment schedule should jdentify the appropriate noise
. 1imit for each piece of equipment. These noise 1imits may

! differ because of the time of equipment operation or diffar-
- ences in zoning of areas adjacent to the side of the building

[ where the equipment 15 located.

3.1.3.2 Reference Distance for Establishina Compiiance

In order to use the procedures in this'manual to determine
the potentfal compliance of the buflding mechanical systems -
with prescribed noise limits, a distance must be established
between the equipment location and the reference point at
which the regulation {s to be met. This reference point may
[ vary with different Jurisdictions. Some use the property
L. 1ine of the noise emitter, while others specify the property
line of the receiver or the closest point of potentia?l complaint.

; L_ In some ordinances of the property~-line type, it is not stated
, whether or not the reference fs at ground level or at all eleva-
{ tions, which is of considerable importance to the assessment of
roof-top installations.
!
L The equipment schedule should state the reference distance
! ‘app1icab1e to each item. This distance is to be measured
L from the centerline of equipment installed outdoors, or from

the corresponding opening in the Bui]dfng facade for indoor
i, installations.

-13-
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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
equipment, acoustically lined ductwork, acoustical louvers

in the mechanical room openings, and shielding barriers Jocated
in the source to recefver path. This schedule should identify
which pieces of equipment are so treated and the estimated
noise reduction expressed in terms of A-weighted sound power
level., Guidelines for estimating the noise reduction perform-
ance of typfical elements will be found 1in Section 5.

-14-
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4, NOISE RATINGS OF BUILDING MECHANICAL EQUIPMENT

In this manual equipment nofse ratings are expressed in terms
of efther the A-weighted sound power or sound pressure level.
In general, most of the equipment of concern will be rated

in terms of A-weighted sound power, Tevel, re 10'12 watt;
however, a few large pieces of machinery may be rated in terms
of the A-weighted sound pressure level at 3 feet (1 meter)
because of measurement difficulties encountaered {in determining
the sound power level when tests must be made under field
rather than laboratory condditions.

The -use 'of an "‘A-wetghted metric for equipment noise is con=-

sistent with the present trend in setting noise limfts in
municifpal ordinances and codes in terms of efther dBA or Leq?

4.1 Estimation of A-Heighted Noise Ratings

Hith a few exceptions, the A-weighted sound power levels of
equipment used in buildings are predictable in terms of &

constant (which varies with the specific type of equipment)
plus corrections for size and other operational parameters.

In the case of fans, the correction factors are based on air
volume, total static pressure, and percent of peak static
efficiency at the point of operation. Several types of compo-
nants, such as condensing units and packaged HVAC units,
correlate best with 2 correction factor based on the cooling
capacity. Sti111 others correlate better by a simple relation-

~ship to the total horsepower of the drive-motors.

4.1.1 Spectral Characterf{stics of Noise Sources

The frequency spectrum associated with a particular type of

-15=
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mechanical equipment may differ significantly from that of
another, even though the A-weighted noise ratings are similar.
Since maost noise control elements are frequency-sensitive,

the amount of noise reduction (expressed on an A-weighted
basfs) that will occur in the application to a given device
depends on the spectral characteristics of the nofse source.

For most building mechanical equipment, the characteristic
differences in frequency content can be classified on the
basis of the shape of the A-wejghted octave band spectrum.
Typically, a plateau ragion.will be found that is about three-
octaves wide. The center frequency of this plateau can be
usaed to classify the characteristics of the noise source
sufficiently to determine how much attenuation should result
from the use of a partfcular noise-control device.

4,1.1.1 Llassification of Nofse Sources

In this manual four spectrum classifications 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)

Class - Plateau Center
1 250 " Hz
11 500 Hz
II1 1000 Hz
v 2000 Hz

'4.2 Noise Ratings of Equipment Usually Located Outdoors

4.2,1 Self-Contajned HVAC Equipment
Qutdoor, self-contained HVAC units provide both the functions

-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, experiance shows
that the best correlation of total noise with unit size is on
the basis of the rated cooling capacity exprassed 4in Tons.
One-Ton is equal to 12,000 Btu/hr. Typical sound power level
values for such equipment are given 1n Table 4-1.

TABLE 4.1
A-Weighted Sound Power Levels of Seif-Contained HVAC Equipment
Frequency Spectrum: Class III

Rated Capacity Sound Power Level

Tons ~ dBA re 10712 Watt
10 - 12 92
12 - 13 93
14 « 16 84
17 - 20 95
21 - 24 96
25 « 29 97
30 - 35 98
36 - 42 99
43 - 51 3100
52 - 62 107
63 - 75 102
76 - 91 103
92 - 110 104
111 - 133 105
134 - 162 106
163 ~ 200 107

4.2.2 Air-Cooled Condensing Equipment

This equipment is installed outdoors as a remote component of

-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
] 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

given fn Table 4-2.

TABLE 4.2
A-Weighted Sound Power Levels of Air-Cooled Condensers
Frequency Spectrum: Class III

11 T T

B Rated Capacity Sound Power Leval
[ Tons dBA re 10712 patt
10 « 11 90
r 12 - 13 91
i 14 - 16 92
' 17 - 20 93
. 21 - 24 . 94
: 25 - 29 95
L 30 - 35 96
36 - 42 97
43 - 51 98
[_ 52 -~ 62 99
63 = 75 100
76 - 491 101
92 - 110 102
111 - 133 103
134 - 162 104
163 - 200 105

4.2.3 CooT1ng Towers and Evaporative Condensers

This equipment 15'1nsta11ed outdoors as & remote component

" of HVAC and refrigeration systems. The units generally con-
tain fans and water-spray nozzles. Therefore, the noise pro-
duced 15 a mixture of fan and water noise.

— — r— o
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The fans most commonly used are of either the centrifugal or
propellor type, which have different characteristic noise
spectra. The A-weighted sound power levels of typical unfts,
as a function of total motor horsepower and fan type, are given

in Table 4-3.

TABLE 4.3

P A-Weightaed Sound Power Levels
Of Cooling Towers and Evaporative Condensers

H Total Fan-Motor hp Sound Power Level
. Equipment Type .__hp dBA re TU'IZJEatt

A 10 - 13 o0

Centrifugal %; - ;? g%

Range 10-350 Hp 22 - 28 93

Fraguency Spectrum gg N gg gg

Class III 44 =~ 55 96

56 - 70 97

71 - 89 98

90 - 113 99
114 - 144 100

145 - 183 107

184 - 234 102
235 - 298 103

; 299 - 350 104
- : " %
O Propelier . 11 -~ 14 99
o Range 5-~100 Hp 18 -~ 19 100
Freguency Spectrum gg : gg }g;
Class II 35 - 46 103
47 - B3 104
64 -~ B5 105
B6 - 100 106

§————

o 4.2.4 MHindow or Through-The-Wall Afr-Conditionaers
This type of unit has two principal applicatfons. The first

-19.
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is as a window installation in older buildings that were not
planned for central air conditioning: the second is in newer
construction where air conditioning ¥s provided on a room-by-
room basis with a "through~the-wall", non-ducted unit. The
noise emitted to the outdoors by these units is principally

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

- 8tu/hr. capacity, are given in Table 4-4,.

TABLE 4-4

A-Weighted Sound Power Levels of Window and Through=-The-Hal1l
Air Conditioners

f {Condenser S$ide)

Frequency Spectrum: <Class III

{' ' Capacity * A-Weighted Sound Power Level

Btu/h dBA re 10712 Hatt

, 3,500 - 4,500 73
4,600 - 5,600 74
5,700 - 7,100 78
9,000 - 11,200 17
11,300 - 14,100 78
14,200 - 17,800 79
r 17,900 - 22,400 80
L 22,500 - 28,200 81
28,300 - 36,000 82
. 36,100 - 45,100 ] 83
[_ 45,200 - 56,500 ) 84
56,600 - 70,700 8s

-

4,2.5 Power Transformers

Sub-station transformers associated with buildings typically
have electrical power- ratings in the range between 250 and
10,000 KVA, and may be efther 'adfant-cooled or fen-cooled
units. These units may be located outdoors or in vaults below
strect level, and are often owned by the uti7i1ty. The smaller
transformers less than about 1000 KVA, purchased by the building

o
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owners, are typically located in mechanical rooms in several
areas of the building which are ventilated to.the outdoors.

The sound power levels of transformers depend on the physical
size, power rating and the type of coolfing used (radiant-cooled
vs. fan-cooled). Because physfcui sfze and power rating are
more or less interdependent, the amount of noise radiation for
2 given size tends to depend on the method of cooling. Typical
values of A-weighted sound power levels for radiant and fan-
cooled transformers are given in Table 4-5.

TABLE 4-5

A=-Weighted Sound Pawer Lavels of Transformers
Frequency Spectrum: GClass I

Electrical Rating Radiant~Cooled Fan-Cooled
KVA dBA_re 10712 watt  g8A re 10712 watt
220 - 2BD 65 72
281 - 360 : 70 73
361 =~ 450 71 74
451 < 560 72 75
567 - 710 73 78
711 - 89%0 78 77
891 - 1700 75 78
1101 - 1400 76 79
1401 - 1800 77, 80
1801 - 2200 78 al
2201 - 2800 79 82
2801 -~ 3500 - 80 83
3501 - 4500 81 84
4501 - 5800 82 85
5601 - 7000 a3 86
7007 - 9000 84 a7
9007 - 11000 B5 : 88

'4.3 Noise Ratings of Equipment Uswally Located Indoors

The building mechanical equipment located indoors, and of con-
cern to the permit review, 15 that instzlled in pechanical

a2l
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rooms which are ventilated to the outdoors through openings
in the walls or roof. Fan equipment which is ducted to the
outside (air intake and exhaust) is also in this category.

4.3.1 Fan_Equipment
The equation for estimating the A-weighted sound power level

of fan equipment s as follows:
L (A) = K, + A + B + C dBA re 10772 Watt

where
L, (A) = A-weighted Sound Power Level re 1012 Hatt

K A-weighted Specific Sound Power Level re 10°72 yatt
= Correction for Air Volume, dB

Correction for Total Static Pressure, dB

Correction for Operating Point ac a Function of
Percent of Peak Static Efficiency, dB

A

0O m X
n

The values of K, and the spectrum classifications for fans of
various types are provided in Table 4-6 below. The values of
the correction facters, A, B, and C, are tabulated in Tables
4-7, 4-8 and 4-9, respectively, for the range of typical oparate
ing conditions encountered in practice.

-22a




—

e

Report No. 1923

A.

c.

TABLE 4-6

Specific Sound Power Level Fan Equipment

Fan Type

Centrifugal Design

Warren Blazier Associates

Spectrum

KA-(dBA) Class

1. Airfoil

Backward Curved

Backward Inclined

a. Wheel Dizmeter, 36" & over 35

b. Wheel Diameter, less than 36" 40
2. Forward Curved 39
3. Modified Radfa?l

a. Wheel Diameter, 40" & over 45

b. HWheel! Diameter, less than 40" 50
Vane-Axial Design

50% Hub/Diameter Ratio

a. Wheel Diameter, 40" & over 46

b. Wheel Diameter, Tess than 40" 52
Propellar (Exhaust or Ventilation
pplications 52

.23
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TABLE 4-7 TABLE 4-8 TABLE 4-9
Air VoTume Total Static Static Efficiency
Correction Pressure Correc- Correction Factor
Factor "A" tion Factor "B" neu
Air Volume “A" T.5.P. "ge weH
x1000 CFM dB Inches, ¥W.G6. dB ‘% of Peak S.E. dB
1.0 30 1.0 0 93-100 0
1.3 31 1.25 2 90-92 1
1.6 32 1.5 a 87-89 2
2.0 33 1.75 5 84-86 3
2.5 34 2.0 6 81-83 4 -
3.2 35 2.25 7 78-80 5
4.0 36 2.5 8 75=-77 §
5.0 37 2.75 9 72~74 7
6.0 38 3.0 10 69-71 8
8.0 39 3.5 11 56-68 9
10.0 40 4.0 12 63-65 10
13.0 41 4.8 13 60-62 1M1
16.0 42 5.0 14 §7-59 12
20.0 43 5.5 15 54-56 13
25.0 44 6.0 16 51+53 14
32.0 - 45 7.0 17 < 51 15
40.0 48 8.0 18
50.0 47 9.0 19
60.0 48 16.0 20
80.0 49 11.0 21
100.0 50 12.0 22
130.0 51 14.0 23
160.0 52 16.0 24
200.0 53

4.3.1.1 Example of Fan Noise Calculation

A building exhaust fan is to handle 60,000 CFM at 2.5" W.G.
total statfe praessure; the mechanical engineer has selected a

40" dfameter, double-width, double-inlet airfoil fan (40 AF DWDI):

From the catalog performance data it 1s determined that this

" particular fan is capable of operatfng at a peak static effie

ciency of 78 percent; however, for the selected duty, the point
of operatfon on the fan curve corresponds to a static efficiency
of only 44 percent. The percentage of psak statiec efriciency,
therafore, fs 56 percent (44 2 78 x 100).

-24a-
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35 dBA (Tablie 4-6, Airfoil fan < 36")
= 4B dB (Table 4-7, correction for 60,000 &fm)
8 d8 (Table 4-8, correction for 2.5" static pressure)
=. 13 dB (Table 4-9, correction for 56% of peak static
afficiency
Ly{A) = K, + A+B +C
W A -12
= 35 + 48 + 8 + 13 = 104 dBA re 10 Watt

<
=
L]

O m
i

4.3.2 ‘Lentrifugal Compressor Equipment

Centrifugal compressors are very common in chiller equipment
used for MVAC applications In most medium and large 5ized
buiidings. Unless the cooling capacity of individual machines
is required to be much in excess of 1,000 tans, the compressors
are generally hermetics (motor-drive and compressor integrated
in a sealed housing}. 1In the size range above 71,000 tons,

the motor-drive system {is frequently separate from the compressor.

There are two basic types of centrifugal machines: the direct-
drive design, where the compressor speed {5 the same as the
motor, and the gear-drive, where the compressor speed may be
several times greater than that of the motor. The radiated
noise spectra of these two machine designs are distinctly
dffferent. The direct-driven equipment nofse spectrum typically
peaks in the regfon of 1000 Hz, whereas the geared-machine
spectrum peaks one to two octaves higher {n the frequency range.

Because of the large physical size of the equipment, most
available data are obtained from measurements of sound pres-
sure level at a distance of 3 feet {1 meter) from the machine

'in a normal mechanical room installation. Estimates of sound

power Tevel can be made from these data with an uncertainty in
the range of #3dB and have been incorporated in the tablas of

noise ratings.

-25.
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4.3.2.1 Internally-Geared, Hermetic Compressors

The noise level of these machines varies as a function of the
refrigeration capacity (tons) and the operating point, expressed
as a percent of full load. 1In general, the machines are the .
noisfiest when operating at less than 50% Tull load. The noise
ratings 1isted in Table 4-10 are representative of 1ight to

medium load operation.

—_—
1

TABLE 4-10
Noise Ratings for Internally-Geared, Hermetic Compressors
Frequency Spectrum: Class IV

} 1 T

[" Rated Capacity Sound Pressure Level @ 3! Sound Power Level
Tons dBA_re 2x10~%N/m? dBA_re 10712 yatt
[ ‘100 ~ 114 88 100
115 - 147 . 89 101
148 - 190 90 . . 102
r 191 - 245 . 81 103
i 246 - 316 92 104
317 - 408 . 93 105
409 -~ 528 94 106
j 529 « 681 95 107
682 - 880 96 108
: 881 - 1000 97 109
L.
4,3.2.2 Direct-Orive, Hermetic Compressors :
Li These compressors are similar to the internally-geared machines §
in refrigeration performance, but have a different characteristic §
L noise spectrum, and hence, different noise ratings for the same

capacity. The noise ratings Tisted in Table 4-11 are representa-
tive of opération in the 1ight to medium load range.

r—
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TABLE 4-11
Noise Ratings for Direct-Drive, Hermetic Compressers
Frequency Spectrum: Class III

Rated Capacity Sound Pressure Level @ 3' Sound Power Level

Tons dBA re 2x10"5n/m? dBA re 10712 yatt
100 - 116 81 93
. 117 - 132 82 94
| 133 - 151 83 95
* 152 - 173 84 96
174 - 198 85 97
f 199 - 226 86 98
l 227 - 259 .87 39
260 - 296 B8 100
: 297 - 338 89 101
339 - 387 50 102
388 - 442 91 103
. 443 - 505 92 104
! 505 - 578 93 108
579 - 660 94 106
661 - 755 95 107
756 ~ 864 96 108
865 - 1000 |, . 57 109

4,3,2,3 Large, Open-Drive, Centrifugal Compressors

Compressors in a size range above about 1000 tons are usually
driven by a separate motor/gear assembly. The noise ratings

Tisted 4n Table 4-12 are typical of equipment in this category.
TABLE 4-12
Ei Noise Ratings for Large, Open-Drive, Centrifugal Compressors
;“' ' Frequency Spectrum: Class IV
A Rated Capacity Sound Pressure Level @ 3 Sound Power Level
Tons dBA re 2x10-Sy/m? dBA re 1077 Watt
. 1050 - 1550 99 111
. 1551 - 2300 100 112
2307 - 3400 101 113
;g 3401 - 5100 102 114
T 5101 - 7600 103 115
7601 - 10000 104 116

w27~
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4.3.3 PReciprocating Compressor Equipment

Reciprocating compressor equipment is found in a variety of
sizes and applications in building mechanical systems. The
most commonly encountered applications are in refrigeration and
small to medfum sized air-conditioning chillers. There are
also applications as air compressors.

The noise levels of these machines can be correlated with the
horsepower of the drive-motor. Table 4-13 lists typical noise
ratings over the size range usually found in building mechanical

systems.

TABLE 4-13
Noise Ratings for Reciprocating Compressor Equipment
Frequency Spectrum: Class III

Drive-Motor Sound Pressure Level 0 3' Sound Power Laove]
Hp dBA re 2x10"5n/m? dBA_re 10712 yatt
20 - 26 88 96
27 - 34 89 97
35 - 44 90 o8
45 - 58 .9 89
59 - 75 92 100
76 - 97 a3 101
98 - 125 94 102
126 - 164 95 . 103
165 - 200 a5 104

4.3.4 Pump Equipment

The noise Tevels of pump equipment used in normal building ser-
vice have been found to correlate with the horsepower of the

drive-motor., Table 4-14 11sts typical noise ratings over the

range usually encountered.

-28-
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TABLE 4-14
Noise Ratings for Pump Equipment
Frequency Spectrum: Class III

Drive-Motor Size Sound Pressure Level @ 3' Sound Pressure Level
Hp dBA re 2x10”3N/m? dBA re 10712 watt
3,0 - 3.5 82 a0
3.6 - 4.5 83 817
4.6 - 5.5 g4 92
5.8 - 7.0 Bs 93
7.1 - 9.0 86 94
9.1 - 11.0 87 95
11.7T = 14.0 g8 96
14,1 - 18.0 89 87
18.1 - 23.0 90 98
23.1 - 28.0 91 99
29.0 - 35.0 52 100
36.0 ~ 45.0 93 101
46.0 - 56.0 54 102
57.0 - 71.0 g5 103
72.0 - BS.0 96 104
90.0 - 112.0 97 105
113.0 - 1471.0 98 106
142.0 ~ 178.0 99 107
179.0 - 225.0 100 108

4.3.5 Emergency/Auxiliary Electrical Power Generators

Emergency electrical power systems are found in many new build-
ings. These systems are generally driven by efjther a diesel
engine or gas turbine and widely vary In physical size, depend-
ing on the power requirements.

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

‘peak periods, or to permit more than emergency operation in

the event of a2 major power failure.

The noise Impact of these systems depands on the fraquency and
duration of their opeération. Emergdgency systems are typically

20~

Ly L ApRekaibe T2 ki et H e A 5 I B

e



—-

—

———
H

~— -

—=

VAN L1 ot b

Report No. 1921 Warren Blazier Associates

operated for test once a2 week for a 30-minute period and the
noisa-control precautions taken are generally minimal for

this reascn, Hawéver. auxiliary power systems used, for
exampie, to balance out peak-demand loads, are a different
matter; the perfods of operation may be several hours in dura-

tion, on a dajly basis.

There fs also growing evidence that systems which were initially
installed for emergency power service are now being used periodi-
cally for auxiliary power. For this reason, it is recommended
that both emergency and auxfliary power systems be considered

in the reviaw procaess as potentially operative for extended

perfods on a daily basis.

4.3.5.1 pDiesel-Engine Driven
The noise of diesel-driven equipment is a composite of three
principal sources: .

Combustion air-intake

Machine casing

Combustion exhaust
Hhen these systems are fnstalled in bufldings, there are
typically two paths through which the noise is coupled to the
outdoors: the first path 15 through openings to the exterior
in the walls of the mechanical room housing the machine,
required for combustion air and for ventilatfon. It 1s through
these openings that the noise associated with the afr-intake
and casing radiated components 15 of concern. The second path
fs the combustion exhaust system which 1s piped to the out-

doors and discharged at or near the roof.

4.3.5.1.1 Afr-Intake and Casing Radiated Noise Ratings

Typical noise ratings for the combination of ajr-fntake and

-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

Afr-Intake/Casing Radiated Noise Ratings of Diesel Equipmeni
! Frequency Spectrum: Class III

Electrical Rating Sound Pressure Level 0 3'

Sound Power Level

4,3,5.1.2 Exhaust Noise Ratinags

«3lm

Py SRR SH PR WAREE SO RSP RE Y SO T -2 R

?f Typical ratings of exhaust noise (unmuffled) are listed in
b . Table 4-15 as a function of power generating capacity, expressed

;fL in kilowatts (Kw).

R TN

o K dBA re 2x10~°N/m? dBA re 107 1% Watt
40 - 56 104 112
57 - 71 105 113
72 - 89 106 114
90 - 112 107 115

13 - 141 108 118
142 - 178 109 119
176 - 224 110 120
225 - 282 m 121
283 - 355 112 122
356 - 447 113 123
248 - 562 174 126
563 - 708 115 127
709 - 891 118 128
B892 - 1122 117 129
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TABLE 4-16
Unmuffled Exhaust Noise Ratings of Diesel Equipment
Frequency Spectrum: Class 11

ETectrical Rating Exhaust Sound Power Level
K dBA re 10712 watt

40 - 56 123
§7 - 7 124
72 - B89 125
90 - 112 126

113 - 141 127 '
142 - 178 128
179 - 224 129
225 -~ 282 130
283 - 355 131
356 - 447 132
448 - 562 133
563 - 708 134
709 - 891 135
892 - 1122 136

4.3.5.2 Gas Turbine Driven

The noise control problems with turbine-driven equipment are
similar to those of the diesels discussed above. However,
there are generally three separate paths for the noise to0 raach
the outdoors: .

Casing radfated noise; path is generally through ventilation
openings in the mechanical room;

Combustion air-intake noise; path is typically ducted to the
exterjor at or near the level of the mechanical room;

Exhaust noise; path is ducted to the exterior through a
roof-stack.

4,3.5.2.17 Casing Radiated Noise

Typical noise ratings for the casing radiated component of
turbifne-driven equipment are Tisted in Table 4-17 as a function
of power generating capacity, expressed in kitowatts (Kw).

-32=
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TABLE 4-17
Casing Radiated Noise Ratings for Gas Turbine Generators
frequency Spectrum: Class IV

Efectrical Rating Sound Pressure Level @ 3° Sound Power Level

Kwt dBA re g)('IO‘SN/m2 dBA re 10712 Watt
200 - 329 113 125
330 - 529 114 126
530 - 849 115 127
850 ~ 1299 116 128
1300 - 15899 117 129
2000 ~ 3289 118 130
3300 -~ 5000 119 131

4.3.5.2.2 Intake Noise and Exhaust Noise

Typical noise ratings for both the intake and exhaust components
of turbine-driven equipment are listed in Table 4-18 as a func-
tion of power generating capacity, expressed in kilowatts (Kw).

TABLE 4-18
Intake and Exhaust Nofse Ratings for Gas Turbine Generators
Frequency Spectrum: Intake, Class IV
Exhaust, Class III

Electrical Rating Intake Noise Exhaust Noise
K Sound Power Level, dBA re 10" 'S Watt
200 - 329 - 122 124
330 - 529 125 126
£30 -~ 849 128 128
850 - 1299 13 130
1300 - 1949 134 132
2000 - 3299 137 134
3300 - 5000 140 136

4.4 Noise Ratings for Equipment Not Listed in.Manual

In the event mechanical equipment not covered by this manual
1s subject to nofse control review, a set of appropriate noise
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noise data should be furnished by the manufacturer. These data
should be expressed as an A-Weighted socund power lavel in dBA
re 10"12 Watt., Should the raw data be submftted in terms of
A-Heighted sound pressure lavel, .re 2x10'5N/m2. the correspond-
ing sound power level shall be estimated by adding 8dB, for '
equipment whose characteristic difmension is 5 feet or less,

and 12d8 for equipment of a larger size.

~24.
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5. NDISE REDUCTION ELEMENTS IN THE SOURCE TO 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 nofse 1imit. For example, the noise level at the
! receiving location depends upon the distance from the source
and whether there are any intervening shieiding barriers. In
! addition, there may be other noise reductfon elements in the
installation, such as scund-traps, mufflers, ductlining, etc.,
which introduce sti11 further Tosses in the path between source
and receiver. This section-provides gufdelines for estimating
the amount of noise reduction to be anticipated due to these

factors.

5.1 Equipment Located Outdoars

When mechanical equipment s installed outdoors, on either the
ground or a rooftop, the chief noise reduction factors to be
considered are the source to recefver distance and whether the
1ine of sight between source and recaiver 15 broken by an

_ intervening barrifer. The directivity of the nofse source is
! also an important factor to be taken {into account in certain
- installation geometries, particulariy if the radiated sound

-[- energy fs principally 1n one direction only.

5.1.1 Noise Reduction With Distance From the Source

. The natural attenuation (noise reduction) of sound with distance
from the source results from spatfal spreading of the sound

o

. energy. For a point source of sound elevated in space, such

. .as that emanating from an exhaust stack the energy spreading
j[ fs spherical and the directivity factor, Q, is unity. However,

when the saurce is Tocated on a reflecting plane such as the

j ground or rooftop, the energy spreading takes place over a
3“' hemisphere and thus Q # 2. 1In this case the sound level at a

~35-
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given source to.recefver distance is 3dB greater than it would
be for the same source power radiated with a directivity, q = 1.

Sources which are Tocated on a reflecting plane adjacent to

a wall or in an enclosing corner have directivity factors of

4 and 8, respectively, and the levels that exist at a given
distance are either 6 or @ dB greater than that due to a point
source of the same total energy, but with.a directivity of 1.
Thus, 1t 1s essential to know the directivity pattern of the
noise source when determining the attenuation due to distance.

Table 5-1 shows the number of decibels to be subtracted from
the sound power level of the noise source, LW(AJ, to determine
the resulting sound pressure level, LP(A) as a function of
dictance and directivity factor.

-36-
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TABLE 5-1
Attenuation As A Function of Distance and Directivity

Source to Recefver Distance Ly(A) - LD(A)' 48

Feet Meters Q=1 Qm2% a=4
10 3.0 21 18 15
1 3.4 22 .18 16
12 3.7 23 20 17
13-14 4.1 24 21 18
15-16 4.7 25 22 19
17-18 5.3 26 23 20
19-21 6.1 27 24 21
22-24 7.0 28 25 22
25-27 7.9 ' 29 26 23
28-30 8.8 30 27 24
31-34 9.9 3 28 26
35-.38 11.1 32 -29 26
39-40 12.3 33 30 27
43-47 13.7 34 31 28
48:53 15.4 35 32 29
54-60 17.4 36 33 30
61-67 19.5 37 34 3
68-75 21.8 38 35 32
76-84 24.4 39 36 33
85-94 . 27.3 40 37 34
95-106 30.9 41 38 35
107-119 34,4 42 39 36
120-133 38.6 43 40 37
134-150 43.3 44 4 38
151-168 48.6 45 42 39
169-1889 54.6 46 43 40
190-212 61.3 47 44 a1
213-238 68.7 48 45 42
239-267 77.1 49 46 43
268-300 86.6 50 47 44

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

.5.7.2 Noise Reduction Due to Barrier Shielding
A barrier which is introduced in the path between a noise source

Warren Blazier Associates

EgA

POTO D v el ot ot o) o aed ok
N=OOOUO~S TS WM

23

and the recefver location is potentially capable of providing
a noise reduction on the order of 5-20 dBA. The actual amount
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of attentuation achieved in a given situation depends on
saveral factors:

1. Barrier Construction. To be effective, the barrier must
be a continucus solid wall or gbstruction of some type
vhich weighs at least 4 1bs./ft.2. Constructions weighing
Tess than this are 1ikely to be acoustically transparent.

2. Barrier Hejght and Width., The hefght and width of the
barrier above a nofse source are critical factors. A
barrier that just breaks the 1ine-of-sight between source
and receiver will provide a noise reduction of about 5 dBA;
if the height is less than this, there will be .no attenua-
tion. To achieve noise reductions greater than 5 dBA, the
barrier must be larger in size than that necessary to just
break the visual path between source and recefver.

3. Source to Barrier and Receiver to Barrier Distance. The
position of the barrfer with respect to the source and
recefver determines the extent of the “shadow zone" within
which the barrier {s effective and thus the amount of noise
reduction obtadned. 1In general, the closer either the
source or receiver 1is to the barrfer, the greater the

attenuation.

5.1.2.17 Estimating the Magnitude of Barrier Shielding

The interrelation between barrier height and width, source

toc recefver distance and barrier position in affecting the
nofse reductfon provided is complex. Although a barrfer that
"Just breaks the line-of-sight will provide about a 5 dBA noise
reduction, irrespective of source/receiver geometry, the method
for determining the improvement resulting from an 1increase in
barrier height or position involves a more rigorous analysis.

-38-
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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 § dBA credit for any
barrier which breaks the Tine~of~sfght i5 recommended in the
inttial analysis for permit approval; if the answer obtained
is too high, relative to the noise Timit, then a detailed
analysis of the barrier should be made.

5.2 Equipment lLocated Within Mechanical Rooms

Thesexterior noise level resulting from equipment located
within a buflding mechanicdl room depends on several additional
factors beyond those of significance with outdoor equipment
fnstallatifons. For exampie, {f the mechanical room is venti-
lated the equipment noise reaching the ocutdoors has generally
experienced some losses due to "room-effects” and the path
through which the energy 15 coupled from inside to outside.

An example is with fan equipment where either the 2ir inlet

or exhaust is ducted or passed through plenums that have
acoustical treatment.

The most common nojse reduction elements in the coupling path
are absorptive ductlinings, scund-traps or mufflers, and
acoustical louvers inserted in the building openings. These
naise reduction devices are frequency-sensitive and, therafore,
the amount of attenuation provided in a given situation depands
on the spectrum of the input nofse energy. 1In Section 4, the
nofse ratings for equipment of varfous types which have been
listed also identify the "spectrum class", or frequency charac-
teristic, associated with each ftem. The nofse reducticen
ratings for the several elements discussed in this section are
presented in terms of the spectrum classes of the input energy
usually encountered by the devices.in typical applications.

-39-
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5.2.1 MNoise Reduction Performance of Ductiinings

The most commonly encountered use of acoustically lined duct-
work is with fan equipment. With respect to fan noise radjated
oputdoors, there are two principal sources:

T. Supply Fan Inlet. 1In 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 equfﬁment. Therefore, the noise generated
at the supply fan inlet can be radiated to the ocutdoors.

2. Return/Exhaust Fan 0ut1ét. In a typfical atr distribution
system some of the afr s recirculated and some is exhausted

to the cutsfde. Return/exhaust fans are used for this
purpose and the noise radiated to the outdoors {is that
genarated at the fan discharge.

The fan noise radiated outdoors can be reduced 1n magnitude by
1¥ning the connected ductwork with acoustical materials of
various thicknesses and densitias. Thicknesses of efither 1
inch or 2 inches are frequently used; the material is generally
efther flexible glass fiber blanket in a density of 14 1bs./cu.
ft. or rigid glass fiber board with a density in the range of

3-5 1bs./cu. ft.

. The amount of sound attenuation that can be obtained with duct-

1inings depends upon several factors. The principal factors
are size and shape of the duct, the 1ining thickness, and the
duct Tength. The attenuation obtained is also frequency

.sensitive and thus depends on the spectrum of the {input source.

Table 5-2 may be used for estimating the noise reduction of
1ined ductwork whose Teast cross-dimension 4s fin the range of

~40-
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30 - 48 inches. Ducts in this size range are typical of those
used on the supply fan inlet or return/exhaust fan outlet 1in

many buildings. For ducts smatler than this, the Tength required
to obtain a given attenuatijon is about 30% less; with larger
ducts, the equivalent length {5 about 30% greater.

-41a
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TABLE 5-2
Attenuation of Ductlining®
Input Spectrum Class II Class II1
' Duct Shape Rectangle] Round Reetangle] Round
Lining Thickness i 2" 1" an i an n an
Heguired Length ——m Fe.| FE. | Ft.f Ft. Ft. ]| Ft., | Ft. | Ft.
or is Attenuation
¢ 1 1 1 1 1 1 1 1 1
2 3 2 3 2 2 2 2 1
3 5 3 5 3 3 3 3 2
4 7 Y 7 b 4 ] 4 2
5 9 6 9 6 6 3 5 3
6 11 8.1 22 8 8 6 7 ]
7 13 10 15 10 10 7 9 5
; B 16 12 138 13 12 8 11 6
' 9 13 | 14 21 | 16 1k 9 |13 7
| 10 22 16 24 19 16% | 10 15 9
11 25 | 18 27 22 18 11 17 11
' 12 28 20 30 25 21 iz 19 13
13 31 22 34 28 24 1y 21 15
14 3y |28 |38 ] 31 27 |16 {23 17 |
15 37 | 27 N2 34 30 18 25 19 :
16 4o 30 46 38 33 | 20 27 |21
17 43 |33 50 42 36 22 29 |23 :
18 46 |36 | 54 | 46 39 24 |31 |25 ;
19 50 39 58 50 L2 26 33 27
20 54 42 62 54 45 28 35 29
21 58 | 45 68 58 L8 30 37 3l
' 22 62 | 4B 70 62 52 32 ko 33
23 68 51 T4 66 56 34 43 36
24 70 54 79 71 60 36 46 39
I 25 T4 57 B4. | 16 64 38 4g y2
[ 26 78 | 60 89 81 68 4o 52 | 4us
' 27 B2 | 63 9y 86 72 42 55 L8
l 28 86 | 66 99 91 76 Ly 58 |51
, 29 90 |69 [104 | 96 80 |u6 |61 |54
‘ 30 Sy 72 1109 (101 84 ] &4 57

iFor example:

{ a length of 16 feet.

-42.
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' To obtain 10 4B attenuaticn of a Class III input
spectrum using rectangular ductwork with 1l'ethick lining requires
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5.2.2 Noise Reduction Performance of Packaged Sound Attenuators

Packaged sound attenuators are frequently used in place of duct-
1ining in HVAC systems. Although these devices are avaflable

in a variety of sizes and shapes, the typical noise reduction
performance is primarily dependent on their length and the
pressure drop experienced by the airflow through them.

The noise attenuation (insertion loss) of typical devices used
in HVAC systems 1s provided in Table 5-3; the variables are

shape, length and prassure drop.

TABLE 5-3
Insertion Loss of Packaged Sound Attenuators
Shape Length Pressure Average Insertion lLoss, dB
Drop Class II Class 111~
3! Low ' 11 16
Rectangular 5! (Befow 0.1 16 21
71 in. w.g.) 18 25
3° 14 20
Rectangular §5° (o??fé?? in 18 25
7 ¥.9.) 22 29
3¢ High 18 26
Rectangular 5' (Above 0.3 22 33
24 in. w.g.) 24 35
Cylindrical 2-3 Low (below 0.3) 15 20
Diameters High (above 0.38) 18 26

TRTIPCT T SRR et

'5.2.3 Insertion Lass of Acoustical Louvers

The openings 1n a buflding facade adjacent to mechanical equip-
ment spaces are generally fitted with a set of Touvers. :
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In many cases the louvers are simply sheetmetal or wood and
have no acoustical value in terms of noise reduction. However,
in some cases acoustical Jouvers are installed for noise control
purposes; the insertion loss provided by typical assemblies

is given in Table 5-4. b

TABLE 5-4
Insertion Loss of Acoustical Louvers
Pressure Drop Average Insertion Loss, dB
Class IT Class III Class IV

Low: {(Less than 1.0" w.g. - 8 10 10
@ 1000 fpm)

High: (Greater than 1.0" w.g. i0 13 12
@ 1000 fpm)

5.2.4 Interior To Exterior Noise Reduction Across Opening

. The sound power radiated by equipment enclosed in a mechanical

space is dissipated by absorption within the room and by trans-
mission out of exterfor openings ifn the sidewall, The fraction
of the total noise power which fs transmitted outdoors depends
on the relationship between the area of exterior opening and
the effective area of absorptfon attributable to the interior
surfaces of the mechanical room.

Typical losses for the relationships which will be encountered
fn most sftuations are listed in Table 5-5. For a given per-
cent of opening area to floor arez of the mechanical room,

there are two chofces. The first is for a fafrly 1ive mechani-

cal room having a minimal amount of surface acoustical treat-
ment; the second is for a room with distributed ceiling and
sidewall treatment.
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' TABLE 5-5
; Interior te Exterior Noise Reduction Across Opening
r Percent Opening Area Room Acoustical Treatment
| to Flecor Area Minimal Distributed Ceiling/Sidewall
33 0 dB , 3 dB
( 25 1 4
[ 20 2 5
.| 1. 3 6
_ 13 4 7
[ 10 5 8
8 6 9
6 7 i0
5 8 "
4 9 12
3 10 13
2.5 11 14
' 2 12 - 15
. 1.5 13 16
1 14 17
L
|
f -45-
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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 detafled 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.

The second procedure is more detailed in that the entire path
between source and receiver is analyzed in predicting the noise
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 {f a problem is fdentified.

In this respect, i1t 1s envisioned that the mechanical design
engineer may make use of the procédure 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 2 last-minute effort to obtain approval.

€.T Prel{minary Screening Procedure

In principle, the Preliminary Screening Procedure is 2 reverse-
analysis, working backwards from the reference point, at which
the regulation must be met, to the building equipment installa-
tion. For a given noise 1imit, equipmént location and separa-
tion distance, the procedure calculates the maximum sound power
level of the noise emitter which would be permissible under the
"regulation. The noise Tevel ratings of the equipment are then
compared with the corresponding maximum levels establishad for
the appropriate installation geometries to determine whether
the ordinance is 1ikely to be met or exceeded.

46~
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Because the screening procedure does not take jnto account any
noise reduction in the source to recejver path which might

exjst due to barrier shielding, mufflers and other noise con-
trol devices, the result is conservative in jdentifying those
items of mechanical equipment whose noise levels may be '
excessive. However, a sizable group of mechanical noise sources
more than 1ikely will be eliminated as potential problems by

the screening procedure, thus reducing the number of items

that require a more detailed analysis.

6.1.1 Computation of Maxfmum Permissible Equipment Noise Levels

The maximum permissible nofse power leval of the emitter,
st(A), is computed by addfng .the losses in the source to
receiver path to the speciffed sound prassure level, Lpr(A).
of the ordinance limit. Mathematically, this can be expressed:
as:

st(A) = Lpr(A) + [L"s(A) - LpF(A)I
where the guantity [st(A) - Lpr(A)] raepresents the Tosses in
the source to receiver path expressaed as a conversion factor,
c/F, d8, from sound pressure lavel to seound power level.

§.1.1.1 Computation of Conversfon Factor

The power level/pressure lavel donversjon factor, C/F, is a
function of three elements:

1. Equipment Location, E/L, dB {outdoors, ducted to outdoors
ar in a ventilated aquipment room)

2. Source to Receiver Distance, S/R, dB

" 3. Screening Safety Factor, S/F, dB (at the discretion of

the reviewer, but should not exceed 5 dB)

thus, C/F = E/L + S/R - §/F, dB.

-47-
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6.1.1.1.1 Eouipment Location Factor

Three categories are used in identifying equipment locations:

1. Categoary A:

2. Category B:

3. Category C:

Equipment installed outdoors on either the
ground or a roof-~top.

Fan equipment within a mechanical room that
is ducted to the exterior.

Equipment in a ventilated mechanical room.

The values of the equ1pmeﬁt.1ocatinn fhctor, E/L, for each cate-
gory are as follows:

1. Category A:
2. Category B:
3. Category C:

0 dB

+2 dB
+10 dB

§.17.1.1.2 Sourge to Receiver NDistance Factor

The source to recefjver distance factor, $/R, is normalized to

a directivity factor, Q=2. For Category A, the distance is
that measured from the equipment centerline to the ordinance

reference point.

For Categories 8 & C, S/R 1s determined by

the distance between the center point of the opening in the
building facade to the ordinance reference point. Values of
S/R as a function of distance are given in Table 5-1 of Section
5.7.1 under the coliumn, Q=2. '

6.1.1.1.3 Screening Safety Factor

.The use of & screening safety factor, S/F, is recommended to
account for effects of nearby reflections from adjacent build-
ings and the fact that the distance factor, D/F, 1s normalized

to a directivity of Q=2. (For example, equipment located cn
the ground/roof near a reflecting wall or inside corner will

.....
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have directivity factors 2-6 dB higher).

In general, the magnitude of the safety factor should range
between 0 and 5 dB, depending on the site conditions and the

judgment of the reviewer.

6.1.1.2 Selection of Ordinance Nofse Limit

Ordinance noise 1imits are usually established with reference
to zoning district and time of day. For example, the most
stringent requirement usually is in a2 single-family residen-
tial zone between the hours-of 10:00 p.m. to 7:00 a.m.; the
least stringent requirement 15 an {industrial/commercial zone

in the daytime.

It is quite possible for a buflding to be sited such that two
zoning districts abut the property. Consequently, the govern-
ing noise 1imit, L p+ WAy vary as a funetion of equipment loca-
tion and its period of operation. For example, a piece of
buiTding equipment that {s scheduled to operate 24 hours per
day would have to meet the nighttime rather than the daytime
nofise 1imit; §f the potential impact would be experienced in
two different 2oning categories, the screening should be based
on meeting the more stringent noise 1imit.

6.1.2 Examg1e'Using_thg Preliminary Screening Procedure
Worksheat 6.1 11lustrates the tabular information necessary
for preliminary screening and the procedure to be followed 1in
sorting out equipment that wil11 obviously compiy from that

which potentially may exceed the ordinance.

A sample worksheet solution 1s shown in Figure 6-1 for a small
commercial building to be located {n an area where the ordi-
nance nofse 1imits are 65 dBA (daytime) and 55 dBA (nighttime).

~4G-
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Worksheet 6.1 - Prelimipnary Screening

1 2 3 4] 5 ]6 |7 [ B |9 {10[TT 1213714 15
Y S R PR R A 1 P S 1 - ol hdrd o4
ERS PEITO3-[00 NV Io-4n23|2alaclre WD
LT e T3 winmilcw jrtr |lOD b [ ety | 1 =hie ~
°ou Equipment Size, Capacity, |mw oI oo v #lo® | Q|2 R |20 [
mag : —s;- o % - |92 b e B | = = N Y

> Description or Operating %8 Sea S LB |l lxel=gl-2lIs R

- = —d m o | % i~ (on |[of (1 n

Conditions coalr _» o Al+ D [xa|+n|on m
Ew[ Ofa [0 o | |—=3in
it O~ O . ot ) a
D bt [T =] = |o L +»
Centrifugal 7am . -
c-1 Compressor 450 Tons 7 pim c 25 10 { 26 5131 |65 {96 |106110 |Yes

- Reciprocating 24 ' Y
c=-2 Compressor 40.Tong birs . c 50'110 | 32 5137 |55 |32 |98 |6 Yes
- | Cooling 150 Hp, 7 am ' )

1 rower Centrifugal 7 pm A FO o132z 5 127 {65 {92 10219 Yag
cb- ] Alr-Cooled " 40 Tons, 2 4 '

1 Condenaer bropellor pirs., A i e 5136 |35 191 197 |6 Yos

' Hi- 7am R |
g 1 Hot Water Pump 20 Hp 7 om c 5p' 1o ]| 32 5137 |65 |102| 98 |-4 No
! citwd chilled Watar Pump 40 Np ;;: C 25' 10| 26 5131 165 |96 |101]5 Yes

1
CW- ] condenser Water Zam .

1 Pump 75 Np 7 pm c 25 10| 26 5|31 |65 |96 |104] 8 Yas

- Supply Fan 50,000 cFH 7am ' |
5-1 (hirfoll) g 4" TSP 7 pm B 50 2| 32 5|29 |65 94 | 93 1 No

_4 Return/Bxhaust 45,000 CFM 7am " ” K
RE=} (Airfoil) @ 1.5 gp 7 pm B 50 21 32 5129165 |94 186 |8 No

- Supply Fan 16,000 CFH 24 '

S=2 (Airfoil) € 2.5" TSP rs | B 25 2] 26 5123 |55 |78 (a7 |9 Yau

_J Return/Bxhaust 8,000 CFM 24 ' p
RBE~2 (Adrfoil) a'1r mgp s . B 25 2126 5|23 55|78 (81 |3 Yas
7-1| Transformer 24 ‘ 8 i

(Radiant Cooler) 800 KVAi birs . c 12 10 | 29 5125 | 55 ‘0 74 |6 No

Location Cateqory

s: (Outdoors)

(Ducted Outdoors)
N _(Vantitatad_Maeh _Roanm) . 10_dAR_

Location Factor '

0 db
2 dB

L-9 3y¥n9rd
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There are openings in the buiiding exterior at distances of 12,
25 and 50 feet from the reference property lines.

It will be seen that the Preliminary Screering Procedure reveals
that 4 of the 12 items of equipment do not require further
detailed analysfs because their noise emission levels are lower
than the maximum perm{itted. 0On the other hand, the magnjtudes
of excess noise produced by the remaining equipment range from
3-10 dBA and some additional nojse control measures will be
necessary to ensure meeting the ordinance. Therefore, the next
step in the review process is to use the more comprehansive
analysis procedure of Sectiom 6.2 to determine {f ddequate
controls actually have been incorporated in the design of these
particular eaquipment installations, ;

6.2 Comprehensive Analysis Procedures

A detafled analysis should be made of all mechanical equipment
which the Preliminary Screening Procedure (Saction 6.1) indi-
cates may potentfally exceed the regulaticons. The analysis
procedure that should be followed will depend on the location
and configuration of the equipment installation.

In general; one of four analysis procedures will be applicable
to the review of a speciffc potential problem. These proce-
dures cover the following situations:

1. Equipment in ocutdoor locations;
2. Fan equipment in mechanical rooms with one side ducted

to the cutdoors;

‘3. Machinery 1in ventilated mechanical rooms;

4, 'Equipment installed 1n an exterior wall, e.9., an array .
of “through-the-wall" air-conditioners. : }

-§51=
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6.2.1 Procedure For Use With Qutdoor Equipment

For building mechanical equipment installed outdoors, there are
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
to shielding by barriers of some type that break the 1ine~of-
sight between source and recefver. The directivity of the noise
source due to local reflections must, of course, be considered
in the calculations, but this factor affects the initial level
of the source and not the attenuation over the path to the

recefver.

The general equation for determining the sound level at a
raeference point, LP(A)..at a distance, I, and a directivity

factor, Q, is:

Lp(A) = LW(A) - [LH(A) - LP(A)] - Barrier Shielding, d8

vhere:
LW(A) 1s the equipment sound power level obtained

from efther the tables provided in Section 4,
or the manufacturer's certified rating. These
must be expressed as A-Heighted sound power
levels.

[LH(A) - LP{A)J is the attenuation as a function of distance
and directivity factor as discussed in Section
5.1.1 and given in Table 5~1,

and, the loss due to barrier shielding is determined

' from the guidelines given in Section 5.7.2.

Sample Worksheet 6.2A {llustrates the steps in the proéedure
for determining the compliance of outdoor equipment. The work-

sheet requires the use of the tables provided {n Sections 4 and 5

-52a
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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/
Mechani¢al Designer, as discussed fn Section 3.

Part 1 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 caleculating the sound level at the reference point based on
the information developed in Part 1.

6.2.1.1 Examples 1 and 2 Using Sample Worksheet 6.2A

Two examples are given that demonstrate the analysis of outdoor
equipment {nstallations. The first deals with the Installation
of a cooling tower for a small commercial buflding where 2an
option exists for its location on the roof or on the ground.

The second example deals with the installation of a codling
tower on the roof of a high-rise structure that {s -adjacent to
an apartment building. This example demonstrates how the
ordinance language, with respect to the reference point of
measurement, can jnfluence the result of the analysis.

Example 1: Small Commercial Building Adjacent to Residence

A 50=-hp centriflugal-type cooling tower is to serve a one-story
commercial building that is located adjacent to a resfidential
neighborhood. The reference point for evaluation is the neargst
peint on the intervening property l1ine as {11lustrated in

Figure 6-2.

Two installation options exist:
1. Location of the cooling tower on-grade, near an inside corner,

b3
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50 Horsepower Centrifugal Coaling Tower

One Story
Commercial

Building

»~D

A — = 70~ —

[ FIGURE 6-2.

Cption 1:
Ooption 2

Location on Grade
Lecation on Reof

%4— 40" ——p|(72 dBA)

) Home
(51 dBA)}

Property Line

CUTDOOR EQUIPMENT INSTALLATION - EXAMPLE 1
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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 will be visible from the residence.

The sample worksheet relating to this example is shown in Figure
6-3. The solutfon is first obtained for option 1; the solution
for option 2 is shown in parentheses.

Part 1

Steps 1-4:
Step 5:

Step 6:

Step 7:

Step 8:

Satp 9:

part 2

Step 10:
Step 11:

Step 12:
Step 13:

Step 14:

Identify the equipment type and size.

List the sound power level of the equipment based
on Table 4-3 (96 dBA re 1072 Watt).

Identify the installation Tocations for the two
options.

Indicate that two sidewall reflecting surfaces
exist for option 1 and that none exist for option
2. (The tables used in conjunction with the work-
sheet assume all sources have a reflecting plane
at the base.)

Indicate that the Tine of sight to the reference
paint (property l1ine) 15 unobstructed in both cases.
Indicate the equipment distances to the reference

pofnts.

Enter the sound power level determined in step 5.
Determine the directivity factor, Qu8, for option

‘1, 2 for option 2.

Corraction for shielding; none.
Correct radiated sound power level for shielding;

no change.
Correct for distance using Table 5-1; 24 dB for
eption 1, 35 dB for option 2.
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10.
11.

12.

13.
14.

5.

SAMPLE WORKSHEET 6.2A FIGURE 6-3
Qutdoor Equipment

Part 1: Reference Data

Equipment Description Centrifugal Fan Cooling Tower

ldentification Symbol on Drawings cr-2
Manufacturer and Model Number XYz 1040A
Operating Conditions 50 #p
A-Weighted Sound Power Level _ 96 dBA re 10~ '° Watt (Table 4+3)
Spectrum Class Il
¥ Calculated from tables
Certified test data (attach substantiation)
Installation Location:
¥ _ On-grade
{X) Rpof-top
Presence of Nearby Reflecting Surfaces:
{X) a. None b. One X ¢. Two
Line of Sight between Equipment and Reference Point:
x tx) 8. Unobstructed
b. Broken by solid barf1er, roof setback, etec.
Distance, Equipment to Reference Point 40_(70) feet
x _rx) Perpendicular distance Slant distance

Part 2: Sound Level Estimation

Sound Pover Level (from line 5) g5 dBA re 10712 yatt
Directivity Factor, Q: 8_r2)

&. If 7a checked, § = 2

b. If 7b checked, Q@ = §

¢c. If 7¢ checked, § = 8
Correction for Shielding:

a. 1If 8a checked, enter 0O o (o) dB
b. If 8b checked, enter:
(1) 5 (allowance w/o0 calc.) or ___d8B
(2) Result of computation usin
Appendix 2 (attach cale's, dB

Subtract 1ine 12 from 1ine 10 96 (96) dBA re 10”12 Watt

Distance Correction {from Table 5-1)
using distance shown on line 9 for Q

shown on 1ine 11) 24 (35)dB
Subtract 1ine 14 from line 13 to get
Sound Level at Reference Point 72 ¢61)dBA re 2 x 10-5 K/m2

-5§-
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Step 13: Subtract the distance correction from the adjusted
sound power level to find the sound Tevel at the
reference point: 72 dBA for option 1, 61 dBA for

f option 2.

! This example demonstrates the influence of directfvity and dis-

f tance on the socund Tevel at the boundary of the receiver. For

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 at night and the ordinance under these
conditions was 55 dBA, then a greater set-back, or the installa-

i tion of a shielding barrfer, would be required to achieve
compliance.

Example 2: Office Building Adjacent to Apartment Bujlding.

A 150 hp centrifugal-type cooling tower is to be installed on
the roof of a high-rise office building. The cliosest property
11ne boundary perpendifcular to the tower 1s 50 feet away. There
15 a lower apartment structure with exterior bazlconies across

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

L i1lustration in Fligure 6-4). Determine the sound level due to
the tower at two points: 1) the property 1ine, and 2) the

ciosest balcony face.

The worksheet for Example 2 {s §llustrated in Figure 6-5, first
with the calculations for case 1 (the property 1ine) and then
with the calculations for case 2 (the balcony face) shown in

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

i the level at the balcony face is 13 dBA lower (56 dBA). This
R demonstratas the diffarence between choosing a reference point

57
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SAMPLE WORKSHEET 6.2A FIGURE 6-5
Outdoor Equipment

Part 1: Reference Data

1. Equipment Description Centrifugal Fan Cooling Tower
2. Identification Symbol on Drawings er-1

3. Manufacturer and Model Number __ xyz 2050 B

4. Operating Conditions 150 #p )

5. A-Weighted Sound Power Level 101 dBA re 10'12 Watt (Table 4-3)
Spectrum Class _rr _
x Calculated from tables
Certified test data {attach substantfation)
6. Installation Location: :
On-grade
X (x) Roof-top
7. Presence of Nearby Reflecting Surfaces:
X (x) a. None - b. One . c. Two
8. Line of Sight between Equipment and Reference Point:
¥ 8. Unobstructed
(x; b. Broken by solid barrier, roof setback, etc.
9. Distance, Equipment to Reference Point 50_¢130) feet
x Parpendicular distance {x) Slant distance

pPart 2: Sound Level Estimation

10. Sound Power Level (from line 5) 101 dBA re 10712 watt
11. Directivity Factor, Q: 2 '

4. If 7a checked, Q = 2

b. If 7b checked, Q = 4

c. If 7c¢ checked, Q@ = 8
12. Correction for Shielding:

a. If Ba checked, enter O o dB

b. I¢¥ 8b checkad, enter:

(1) 5 (allowance w/o cale.) or t5)  dB

{2} Result of computation usin
Appendix 2 (attach calc's. di

13, Subtract line 12 from 1ine 10 101 (96) dBA re 10712 yatt

14. Distance Correction (from Table 5-1)
using distance shown on 1ine 9 for Q

shown on line 11) | 22 (40) dB
15. Subtract 11ine 14 from 1ine 13 to get
Sound Level at Reference Point 69 _¢56)dBA re 2 x 10-5 N/m2

=50
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at the property line as opposed to a Tocation at the closest
receiver in an existing land-use..

The shielding correction accounts for 5 dB of this difference;
the remaining 8 dB is the effect of the greater distance. In
this regard, the shielding correction of § dB which was used
in the example is allowable for any barrier that breaks the
Tine of sight. A larger deduction probably would result by
using the detajled calculation procedure of Appendix 2; this
procedure is recommended if shielding Tosses greater than 5 dB
are required to achieve compliance.

6.2.2 Procedure for Use With 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 §s calculated based on the fan type, size and operat-

F ing peint 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
i source to receiver. The third step is to subtract the path

. losses from the fan sound power level to determine the

[_ A-Heighted sound Tevel at the recefver reference point. Sample
Horksheet 6.28 detadils the steps in this procedure.

——
i

6.2.2.1 Examplie 3 Using Sample Worksheet 6.28

L A building exhaust fan, of the vane-ax{ial type, {is ducted to an
opening in the side of a high-rise office buflding. There is

; a Tower apartment building a2cross the street with balconies.

) The geometry is similar to that iTlustrated in Figure 6-4,

f which was used i{n conjunction with Example 2, above.

-

The vane-ax{ial fan fs 60" 1n diameter and handles 37,800 cfm
L. against a total static pressue of 1.5 inches, w.g9. The static

-60-
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efficiency at the chosen operating point 1s 64 percent; the
peak static efficiency of the fan design is 80 percent.

A rectangular 54" x 64" discharge duct {is connected to the fan
and is acoustically treated for a Tength of 16 feet with one-
inch=-thick ductliner, The duct opening at the building face
is connected to a louvered plenum. The Touvers are of the
non-acoustical type.

An analysis 15 required for two reference conditions:

Case 7, Evaluatfion at the p}operty Tine perpendicular to the
buflding 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 s
95 feet at an angle of 40° below the normal to the

opening.

The step by step analysfs using Sample Worksheet 6.28 1s {f1lus-
trated in Figure 6-6. Part 1 of the worksheet detafls all of
the reference data required for the calculation procedure.

This information should be c¢btainable from the equipment sche=
dule in the construction documents submitted for permit review.
Part 2 of the worksheet 15 the stép by step calculation proce-~
dure to determine the resulting sound lavel at the receiver
reference point. In the example shown, the numbers in paren~
theses refer to the Case 2 reference conditions,

It will be seen that a df fference of 17 dBA exists in the results

‘between the analyses at the two different receiver locations

(65 dBA, Case 1; 48 dBA, Case 2). 14 dBA of this difference
results from the grester distance to the recefver reference
point anrd 3 dBA {s due to the lower noise radiation at the off-
axis angle of 40° with respect to the normal te the building

=51
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SAMPLE WORKSHEET 6.2B FIGURE 6-6
Ducted Fan Equipment {page 1)
Part 1: Reference Datea

Equipment Description Vane-Axial Exhaust Fan
Pesignation on Drawings or Schedule E-l
Manufacturer and Model Number XyYZ 60-263-860
Service Application: :
Supply Air . Return Air X Exhaust Air

8. Airfoil

b. Backward Curved/Inclined
¢c. Forward Curved

d. Radial

X e&. Vane-Axial

f. Propeller

Fan Type:

1]

Fan Diameter: 60 inches
Fan Operating Point:

a. Volume _ 37,800 cfm
b. Total Static ressure 1.5 ifnches, w.q.

Brake Horsepower

c. P
- d. Static Efficiency at Operating Point 64 ]

e. Peak Static Efficiency on Fan Curve %
f. Percent of Peak Static Efficiency at Uperating Point &80 %

Configuration:

X a. Ducted

1) Duct Width 84 1inches

2) Duct Height _54_ inches

3) Duct Length 16 feet
x 4) Ductlining:

a) Lining thickness inches
b) Length of strafght ned duct feet
c) Lined elbow with minimum 10 ft. 1ining
beyondvelbow in dirgcetion of sound propagatiun.
es
No

(5) Packzaged Sound Attenuator:
a) Manufacturer & Model Number

b) Static Pressure Drop at 1000 fpm ___ inches, w.g.:
{(6) Acoustical Louvers
a2} Low Pressure Drop
b) High Pressure Drop
b. Non-Ducted (Plenum Intake oF D3s charge)

Distance. Building Opening to Reference Point 20 ras) feet

Perpendicular Distance - )
cgg Stant Distance; Off-Axis Angle 40 degrees

Line of Sight between Equipment and Reference Point

X (X)a, Unobstructed
b. Broken by sotid barrier, roof setback, etc.

-62~
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Part 2:

SAMPLE WORKSHEET 6.2B (Continued)

FIGURE 6-6
{(Page 2)

Sound Level Estimation at Reference Point

Calculation of Fan Sound Power Level {Based on
Lines 5, 6, 7):

Specific Sound Power Level, KA
(Table 4-6) y

Volume Correction, A (Table 4-7)
Static Pressure Correction, B
(Table 4-8)

Static Efficiency Correction, C
(Table 4-9)

Sound Power Level (17a + 11b + 1l¢

11d)

102

dBA

Corrections for Absorption and Spreading Losses:

e.
f.

Lined Straight Duct (Table 5-2):
Elbow Attenuation (Line 8a(4)(¢)):
51; 1f "yes" checked, enter 5

2 I "no" checked, enter 0
Packaged Sound Attenuvator

(Table 5-3):
Radfation Directivity:

If axis of 1ine between opening
and reference pojint fs:

0° - 30°, enter 2

30° « §0°, enter 5

60° - 90°, enter 8

Barrier Shielding {(Section 5.1.2):
Distance Factor {(use Table

5-1, Q = 2):

?g%g] Losses (add Lines 122 through

Sound Level at Reference Point:
{Line 11e minus Line 13)

-§3-
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opening. This example emphasizes the importance of clearly
defining in the noise control regulations where the reference
is to be taken in establishing compliance.

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
for mechanical rooms which are ventilated by natural rather

than forced-draft afir circulation. Naturally ventilated mechani-
cal rooms will have openings to the outside that are ejther fitted
with Jouvers or a metal grating. The louvered openings may or

may not introduce an acoustfcal loss depending on their design.
Sample Worksheet 6-.2C detafls the step by step analysis for
equipment installations of this type.

6.2.3.1 Example 4 Using Sample Worksheet 6.2C

A 950-ton, ‘internally-geared, hermetic centrifugal ¢hiller is

to be tnstalled in a mechanical room on the top floor of the
office building described in the previous exampies. The mechani-
cal room has a floor area of 1500 ft2 and there is an opening

fn the sidewall for ventilation which has an area of 150 ft2 and
is fitted with Tow pressure drop acoustical Touvers. There is

no surface acoustical treatment in the room.

An assessment is desired at two reference points outdoors. The
first 1s at a distance of 20 ft. directly opposite the opening;
the second is for a stant distance of 95 ft. to an apartment
building across the street at an angle of 40° relative to the
opening. There is no intervening barrier that breaks the line-

of-sight.

~64-
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The step by step analysis using Sample Worksheet 6.2C is 117us-
trated in Figure 6-7. The pertinent information about the
installation is tabulated in steps 1-12. The calculation of
the sound lavels at the reference points is carried out in
steps 13-21; the numbers in parentheses refer to the soTution

for a 95 ft. slant distance.

Note that the same difference of 17 dBA occurs between the Tevels
at the two reference points as was found in Example 3, although
the absolute values are different. This 1s because the chosen
reference distances and radiation angles are the same,

However, suppose that the ordinance 1imit 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 installatfon into
complfance, the designer would have at least four options for

a solution:

1. Add distributed acoustical treatment to the cefiling and
sfdewalls of the mechanical room (good for 3 dBA per Table 5-5).
2. Use high pressure drop louvers {instead of the low pressure
drop type in the ventflation opening (see Table 5-4).
3. Reduce the sfze of the ventilation opening if feasible
{see Table 5-5).
4. Determine if the equipment manufacturer can provide a machine
whose certified sound power rating 15 lower than that given
in Table 4-11 for typical equipment in this category.

6.2.4 Procedure for Use With an Array of Afir-Condftioning
Units Installed 1n an Exterior HWall

Many buildings such as apertments, hotels, motels and small
offices are afr-conditioned by using an array of "through-the-
wall" units that serve occupied spaces around the perimeter.

N
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FIGURE 6-7
(Page 1)
SAMPLE WORKSHEET 6.2C
Building Mechaniecal Egquipment Indoors
Part 1: Reference Data

Equipment Description Hermetic, Internally-Geared Centrifug :l
Identificatifon Symbol on Drawings cH-1 Citller
Manufacturer and Model Number XYZ I6-95
Operating Condjtions. 950 tons
Area of Equipment Room Floor: 1500 Ft.
Area of Total Exterior Openings: 150 ft.
Percent Opening Area to Floor Area: 10 z

X a. Opening unshielded from equipment
b, Opening shialded from equipment
Room Acoustical Treatment: '

x a. None to minimai

b. Distributed ceiling/sidewall treatment

Acoustical Treatment of Opening:

L]

2

4, MNone
b. Packaged sound attenuator
X ¢. Acoustical Jouvers

Distance, Buflding Opening to Reference Point: 20 _t95) ft.
X a. Perpendicular distance

() b, Slant distance
Angle Between Buflding Opening and Reference Point: o _rgp0) degrees.

Line of Sight, Building Opening to Referance Point:

X x) a.. Unobﬁtructed
b. Shielded

-66-
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FIGURE 6-7

SAMPLE WORKSHEET 6.2C (Continued) (Page 2)

Part 2: Calculated Sound Level at Reference Point

13. Equipment Sound Power Level (From .12
Tables, Section 4): 100 _dBA re 10 Watt

2. Spectrum Class: IIT (Table 4=11)
i 14. Correction, Interior Shielding
! {Line 7a or b): g __ dB

Unshielded, enter 0
Shielded, anter 3

' 15. Correctfon, % Opening Area to Floor
. Aroa: 5 dB
, .
[ {Use Table 5-5 and the data
from lines 7 and 8a or b)

i 16. Correction, Sound Attenuation in
Opening (1ine 9): 10 dBA (Tadle 5-4, low p/d)

»

None, enter O
! . Packaged Attenuator (see
! Table §-3)
Acoustical Louvers (see
i Table 5-4)
' 17. Correction, Distance from Opening to
Reference Point:
(From Table 5-1, Q = 2, using
distance on 1ine 10)

18. Correction, Radiation Directivity
(from 1ine 11): 2_(5)dB

& 0° - 30°, enter 2
o 30° - 60°, enter §
e 60° - 90°, enter 8

19. Correction, Exterior Shielding
(1ine 12 and Section 5.1.2): 0_to)dB

Unshielded, enter 0
) Shielded, entar 5 or Appendix
L I1 ecalculation

20, Total corrections (sum of

24 (3848

o Tines 14 - 19): ql_(5g4B
L 21. Sound Leve) at Reference Point 5 2
(1ine 13 minus Tine 20): 68_¢511dBA re 2x10 “N/m

67~

v e e A A R i 2




Report No., 1923 Warren Bilazier Associates

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
tha receiver reference point. For example, when the distance

to the receiver reference point is less than about one-third
of the long dimension of the array, the reduction in noise level
due to spreading is substantially less than that experienced by
a "point-source" of sound energy; at greater distances the noise
raeduction begins to approach that of a point-source. Sample
Worksheeet 6.2D should be used for analyzing equipment installa-

tions of this type.

6.2.4.1 Example 5 Using Sample Worksheet 6.20

A two-story motel is to be air-conditioned us{ng "through=-the
-wal1l" room units whose average capacity is 12,000 btu/hour. On
the side of the building adjacent to the property lins 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, 15 90 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 building which is 50 ft. away.

The analysis of this installation is {1lustrated in Figure 6-8,
using Sample Worksheat 6.2D. Part 1 1ists all of the reference
information required and Part 2 shows the step-by-step solution
for the two source-to-recefver distances specifi{ed. The solu-

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

in parentheses.

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

58~
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FIGURE 6-8
(Page 1)

SAMPLE WORKSHEET 6.2D
Array of Equipment In Exterior Wall
Part 1: Reference Data

Equipment Descrippion: Wind - -

Identification Symbol on Drawings: RAC 1~14

Equipment Size or Capacity: 12,000 RTU/R

A-Weighted Sound Power Level (single unit
average): 78 dBA re 10°'2 watt
Number of Units 4n Exterior Wall: 14
Pimensions of Multiple Array: '
2. Verticdal distance between
centerliines of first and last units: 10 ft.
b. MHorizontal distance botween

centerlines of first and last units: 90 ft.
Largest Dimension of Equipment Array (line 6a or 6b): 90
Distance from Building to Receiver Reference Point: 50 (20)

“§0-
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FIGURE 6&6-8
{Page 2)

SAMPLE WORKSHEET 6.20 (Continued)
Array of Equipment In Exterfor Wall
Part 2: Sound Level Estimation at Referance Point

Equipment Sound Power Level (single unit

average): ) 78 dBA re 10712 yatt
Total Number of Units: 14

Correction Factor for Number of

Units (use Table A below) 1 ds

Total Sound Power Level (l1ine

9 + Tine 11) 80 dBA re 10712 watt

. One-Third of Largest Array

Dimensfon: (line 7 2 3) 30 ft.

‘Distance to Reference Peint:

(1ine 8) 50 (203 ft.
Noise Radiation Pattern {check one):
x a. Line 14 is equal to or greater than linpe 13,

proceed to step 16

¢(x) b. Line 14 is Jess than 1ine 13, proceed to step 18

Distance Correction {f Line 15a

15 checked: a2 dB

(Use Table 5-1, Column Q = 2

at distance shown on Line 14)
Sound Level at Reference Point:

{Line 12 minus Tine 16) 57 dBA re 2x10'5N1m2
Distance Correction ff Line 15b

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

(Line 7 times line 8) (180) £t.2
b. Distance correction factor:
(Use Table B below) (217) dB
Sound Level at Reference Point:
(Line 12 minus Jline 18b)

(72) dBA re 2x10°N/m°

..7-0..




FIGURE 6-8
(Page 3)
SAMPLE WORKSHEET 6.2D (Continued)
Array of Equipment In Exterjor Wall

TABLE A
Correction Factar For Number of Units (Line 11)

Number of 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
5 7 30-36 15
67 8 37-45 16 .
8-0 ] ' 46~56 17 .
8 & i i
> 97-110 20

TABLE B
Lorrection Factor for Building to Recefver Distance (Line 18b)
Array Factor Distance Factor Array Factor Distance Factor
(Line 18a) (Line 18b) (Line 18a) {(Line 18b)
45-57 ft.z 12 dB 451-570 £t.2 22 dB
58-72 13 571-720 23
73=90 14 721-900 24
91-110 15 907-1100 25
111-140 ] 110711400 26
141-180 . 1407-1800 27
181-225 8 1801-2300 28
226-280 19 2301-3000 29
281-36D 20 3001-3900 - 30
361-450 21 3901-5000 31

7T
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Tevel represented by the array of fourteen units., Steps 13-15
are used to determine which of two procedures is to be followed
in calculating the noise reduction over the source-to-recefve

path.. The procedure chosen depends on the relaticnship between
the width of the array and the distance to the recejver refer-

ence point.

The solution for the S50 ft. reference distance is 57 dBA and is
shown on line 17. The solution for the 20 ft. reference distance
is 72 dBA, as shown on 1ine 19. The relative difference between
the levels at the two points.is 15 dB, as compared with a dif-
ference of about 8 dB that would have resulted 1f the noise had
radiated from a point-source rather than an extended area-source.
In other words, the noise level at 20 ft. is actually nmuch higher
than that which would occur with a point-source of the same total
sound power. This i1s because the drop-off in nofse level with
distance i5 much less for an area-source out to about 2 distance
equivalent to one-third the width of the array (30 ft. in this
example). Beyond this distance, the noise reduction proceeds

at a faster rate and eventually approaches that of a point source.

6.3 Lunulative 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
refarence point are valid for only the equipment under considera-
tion and do not take into account the contributions of other
equipment noise sources that mfight be present simultaneously.

In other words, each ftem of equipment may be found to satis-
factorily meet the noise level regulation, as individual sources,
but, in combination, might rasult in a situation wherein the
regulation was actually exceeded. Therefore, the final step in
the review process should be to consider the cumulative effect

-72-



Report No. 1823 Warren Blazier Associates

of a1l sources.

6.3.1 Addition of Decibels

Decibel quantities are logarithmic numbers which cannot be com-
bined by simple algebraic addition to obtain the cumulative
tevel resulting from the combination of several sources. For
example, 63 dB + 63 dB -does not equal 126 dB, but only 66 dB.

A very simple, but adequate schedule for adding decibels 1is
given in Table 6-1 below:

TABLE 6-1
Addition of Decibels
When two decibel values Add the following amount
differ by: to the higher value:
0D or 1 dB 3 dsg
2 or 3 dB 2 db
4 to 9 dB 1 dB

10 dB or more ] 0 dB

The simpiified addition rules above fnvolve rounding off of some
sums to the nearest whole number, resulting In the possibility
of a small error. In general, the above procedure will yleld
sums accurate to the nearest 1 dB.

Whan there are saveral decibel levels to be added, they should
be added two at a time, starting with the Tower valued levels
and continuing the additfon procedure of two at a time until
only one value remains. To {1lustrate, suppose it is desired
to add the following five sound levels, using the abeve summa-
tion procedure:

~73a
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58 B 7

75 dB \

79 dB >—n 81

82 dB - e
88 dB - = 90 dB

6.3.2 Example 6 Illustrating the Cumulative Result of
Several Eguipment Sgurces

In Section 6.2, three djfferent equipment installations in a
high-rise building were analyzed to determine the noise level

of each with respect to a property line distance of 20 ft. from
the building face. 1In Example 2, a cooling tower installed on
the roof was calculated to have a Tevel at the property l1ine 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=-
iation opening in the mechanical room (Examp1e 4) was 68 dBA

at the same point of reference. Suppose now that the noise
regulation specified a2 maximum 1imit of 70 dBA at the property
1ine for this particular zoning district. From the above analysis,
it 15 ciear that each of the three noise sources, taken indivi-
dually, will meet the regulation. However, what is the actual
noise impact of the three sources if the cumulative effect is
considered? The solution is shown below:

Exhaust Fan: 65
63 ——5==2.70 (difference 3 4B, add 2 d8)

Chiller : :;:"
Cooling i 69 = 73 (difference 1 dB, add 3 d8)

Tower

It will be seen that the cumulative effect of the three sources
is a property line noise level of 73 dBA. Therefore, the regula-
tion would be exceeded by 3 dBA {f interpreted in terms of the
cumulative level of all sources. In this case it would be neces-
sary to incorporate the add{itional noise-gcontrol measures in the
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installations to meet the regulation.

One solution would be to reduce the received levels of both
chiller and cooling tower noise to 65 dBA. As illustrated
below, this would result in a cumulative noise level at the
property 1ine of 70 dBA.

Exhaust Fan: 65—y . 68 (qifference 0 dB, add 3 dB)

Chiller : 65 _ ::::
Cooling H 1 = 70 (difference 3 dB, add 2 dB)

Tower

It should be recognized that quieting the exhaust fan instead
of the other two sources will not soive the problem because the
combination of chiller and cooling tower noise sti11 adds up

to 72 dBA. In general., one must concentrate on quieting the
nojsiest sources first.

w«75a
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7. POST-CONSTRUCTION COMPLIANCE TESTING

The acocustical 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 issuance
of a permit on this basis does not absolve the applicant from
the responsibility to comply with the code in the completed
constructfon. Therefore, post-construction testing for compli-
ance 1s an 1mportant elfement in the enforcement strategy for

an effective noise control progranm.

7.1 Practical Considerations in Compliance Testing

One of the antfcipated difficulties in conducting post-construction
compliance tests is that the prevailing ambient noise levels

in the regfion of the building site may be higher than those speci-
fied in the code. Under these conditions it cannot be demon-
strated that the building mechanfcal systems meet code require- '
ments, even if they actually do. ' However, it can be established
that the building does not meet the code {f the measured noise
level 15 higher with the systems on than when turned off.

In most urban areas the ambiaeant noise levels are almost entirely
determined by motor-vehicle noise. The magnitude of this ambient
noise varies over a wide range as a function of traffic density
in the area. Typical daytime levels range from about 60 dBA

" along residentfal streets to 75 dBA adjacent to major arteries

carrying heavy traffic; nighttime ambient laveis tend to be

-75=
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about 10 dBA lower.

The noise codes pertaining to “"stationary" sources that have

been established 4n many local jurisdictions 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-construction
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 nofse source. In these cases measurements with and without
this source operating may be intarpretable in terms of the nofse
code Tim{ts.

7.2 JYesting Technigqueé

7.2.1 Microphone Location

Most noise codes define where measurements are to be made when
testing for compliance. However, as pointed out in Section
2.1.2, many of the exi{sting codes are vague with respect to the
microphone locatfon 1n the verticail raference plane. This can

be a very important factor, pnrtfbu1ar1y when testind in response
to & complaint.

One way te resolve this prabiem would be to Tocate the microphone
above the source property 1ine at an elevation which intersects

a 1ine drawn between centerline of the source and the closest
receiver location or point of complaint. Such a convention for
microphone placement would ensure that any noise reduction that
occurred due to barrier shielding would be properly assessed in
terms of fts geometry with respect to the source and recejver.

-77-
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For example, with roof-top mounted equipment, noise measurements
made at the property line near ground level are 1ikely to show
significantly lower values, due to shielding by the building
side-wall, than those across the street at the same slant dis-
tance, because of different shielding Tosses 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 scund-level-meters as defined in American
National Standard, 51.4-1971, or the most recent revisions thereof.
Prior to measurements the fnstrument should be stazndardized to
within #0.3 decibel by means of an approved acoustic calibrator.

7.2.3 Evaluation Procedure

7.2.3.1 Ambient Noise Corrections

The partfcular measureément procedure used for testing the noise
Tevel complfance of completed construction will vary with the
circumstances encountered. In general, the ambient noise level
due to sources not related to the building should be about 10 dBA
balow the code Timit to obtajfn correct direct readings of equip-
ment noise levels that are actually at the code 1imit. 1If this
condition does not exist then corrections to the measured data
are required te account for the ambjent contribution to the

total noise.

For bu11d1ng equipment nofse that just meets the code limit, the
table below {liustrates how the actual measured level is affected

by the ambient noise level:
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Measured Total Difference:
Ambient Noise Level Noise Level Total - Ambient
Code Level - 10 d4BA Code Level 10 dB
; Code Leve] - & 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 Code Level + 4 dBA 2
Code Level + 3 dBA Code Level + 5 dBA 2
Code Level + § dBA Code Level + 6 dBA 1

In actual practice it will be found that both the typical ambient
levels and those due to mechanical equipment will be fluctuating
: with time rather than steady, constant, values. Therefore, some
form -of averaging is required {f these levels are to be expressed
'f 25 single numbers. The preferred type of visual averaging is to
| use the "slow" meter damping functfon of the sound level meter
and read a value corresponding to the "central tendency" of the
fluctuation, together with the range over which ft occurs. The
range will provide an Index to the uncertainty of the readfng.

The reliability of corrections made to measured data for the

{ contribution of ambient noise -depends not only on the relative
level of the two but 27so on their statistical fluctuations

! with time. In generai, the uncertainty of the correction increases

e rapidily For differences between the total noise and the ambient

[ alone of less than 6 dB. 1In case of a legal dispute about

L code compliance, it could be very difficult to defend if the
ambient leve! was within a few dB of the measured data.

Therefore, it 4s recommended that compliance tests for the pur-
L pose of legal enforcement be conducted with cautfon whenever the

ambient nofse environment 1s less than 6 dBA below the specified
I code Timit. Expert advice may be required in these cases.
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7.2.3.2 Test Procedure

At some time in advance of construction completion, it is recom-
mended that a survey be made of the prevailing ambient noise
environment in the area of the site. If the ambient noise

lavels 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 ff

lower amb{ents occur. In sftuatfons where the ambient is traffic-
noise dominated, levels during the nighttime hours may be 10. dBA

Tower than during the day.

After completion of construction when all building mechanical
systems are-operating properly, compliance -‘testing should begin
with a repeat of the original survey to determine what the new
noise environment fs. If the measured Tevels do not exceed the -
Timits of the nofse code, no further tests are required since
¢11 building mechanfcal systems are in compliance.

However, if 1t is found that the measured levels exceed the
code, the naxt step would be to determine the extent to which
the ambient noise {without the building systems operating) has
influenced the result. This evaluation can be made in two ways:

1. Use the results of the initial survey made prior to construce
tion, 1f there is redson to belfeve that the ambient has
not changed significantly.

2. Turn off the building mechanical systems and evaluate the

ambient directly.

ff it s established that the ambient levels are not affecting
the test resuits, the next step should be the determination of
which elements of the bui?&ing mechanical systems are responsi-
bte for the noise in excess of code. This can be dene by cycling
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individual pjeces of equipment or systems and determining their
contributions to the total noise using the procedure given in

Section 6.3.1.

This diagnestic testing role may not be considered a part of
compiiance testing by some jurisdictions. Rather, the attitude
may be that compliance tests will be done on a go, no-go basis,
and that such dfagnoses are the contractor's responsibility.

0n the other hand, 1f the analysfs done during appifcatien for
permit indfcates that complifance should have resulted, then the
installation should be inspected for deviations from the approval

In some instances deviations from the approved design may have
been granted pending 2 demonstration of post-construction comp-
liance. In others, noise control etements which the parmit
revien revealed might be borderline requirements may have been
emitted. In efther case, the jurisdiction probably cannot
entirely divorce 1tself from participation ir some form of
diagnostic activity after the fact. Field experience fn this
regard would provide valuable feadback on how to obtain better
control on the outcome of future construction.

-81-
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APPENDIX 1

SAMPLE PERMIT SCHEME WORKSHEETS
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10.
1.

12.

13.
14-

SAMPLE WORKSHEET 6.2A
Qutdoor Equijpment

Part 1: Reference Data

Equipment Description

Identification Symbol on Drawings
Manufacturer and Model Number
Operating Conditions
A-Heighted Sound Power Level dBA re 10'12 Watt
Spectrum Class

Calculated from tables

Certified test data (attach substantiation)

Installation Location:

On-grade
Roof-top
Presence of Nearby Reflecting Surfaces:
2. HNone b. One c. Two

Line of S1ght between Equipment and Reference Point:
‘ a. Unobstructed
b. Broken by solid barrier, roof setback, etc. ]
Distance, Equipment to Reference Point feet
Perpendicular distance Slant distance

Part 2: Sound Level Estimation

Sound Power Level (from line 5) dBA re 10”12 Hatt
Directivity Factor, Q: ‘

a. If 7a checked, Q = 2

b. If 7b checked, Q = 4

€. If 7e checked, Q = 8
Correction for Shielding:

a. If 8a checked, enter O dB

b. If 8b checked, enter:

(1) 5 (allowance w/o calc.) or dB

(2) Result of computation usin
Appendix 2 (attach cale’s. dB

Subtract 1ine 12 from 1ine 10 dBA re 10°12 Hatt

Bistance Correction {from Table 5-1)
using distance shown on 1ine 9 for Q

shown on Tine 11) dB
158, Subtract 1ine 14 from 1ine 13 to get
Sound Lavel at Reference Point dBA re 2 x 10=-5 N/m2

el s R L E e T s - 9l A g

A-1=-3

i i T T T L



E B MR .\
* s s .

r— JR— —

SAMPLE WORKSHEET 6.28
Ducted Fan Equipment
Part 1: Reference Data

Equipment Description

Designation on Drawings or Schedule
Manufacturer and Model Number

Service Application:

Supply Adr Return Air Exhaust Air

a, Airfoil

b. Backward Curved/Inclined
c. Forward Curved

d. Radial

e. Vane-Axial

f. Propeller

Fan Type:

T

Fan Diameter: inches
Fan QOperating Point:
a. Volume cfm

b. Total Static Pressure inches, w.g.
c. Brake Horsepower hp
d. Statfic Efficiency at Operating Point 2
e. Peak Static Efficiency on Fan Curve b
f. Percent of Peak Static Efficiency at Operating Point,
Configuration:

a. Ducted

1} Duct Width inches

2) Duct Height inches

3) Duct Length feet

4) Ductlining:
4) Lining thickness inches
b) Length of straight Tined duct

c

:es
0
Packzged Sound Attenuator:

— (5)

Lined elbow with minfmum 10 ft. of lining
beyond elbow in direction of sound propagation:

{a Manufacturer & Model Number
b) Static Pressure Drop at 1000 Tpm ____
Acoustical Louvers

a) Low Pressure Drop

b) High Pressure Drop

b. Non-Ducted (Plenum Intake oF Discharge)

Distance, Building Opening to Reference Point feet

Parpendicuiar Distance
Slant Distance; Off-Axis Angle __ degrees

—_—

. Line of 51ght between Equipment and Reference Point

a. Urnobstructed L

b. Broken by solid barrier, roof setback, etc.

Thches, w.g. -
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part 2:

SAMPLE WORKSHEET 6.2B (Continued)

Sound Level Estimation at Reference Point

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

a. Specific Sound Power Level, K dBA
(Table 4-8)
. b. Velume Correction, A (Table 4-7) dB
{ c. Static Pressure Correction, B
! {Table 4-8) dB
_ d. Static Efficiency Correction, €
a (Table 4-9) dB
a. Sound Power Level (17a + 11b + 1lc¢ .12
11d} dBA re 10 Hatt
12. CLorrections for Absorption and Spreading Losses:
: a. Linad Strafght Duct (Table 5-2): dBA
b. Elbow Attenuation (Line 8&(4)(c)): dBA
51; If "yes" c¢checked, enter 5
2 If "no" checked, enter O
c. Packaged Sound Attenuator
(Table 5= dBA
d. Radfatjon Directivity: dB
) 1f axis of line between opening
and reference point {1s:
0° - 30°, enter 2
30° - §0°, enter's
60° -~ 90°, enter
e. Barrfer Shielding (Sectjon 5.1.2): dBA
f f. Distnnce Factor ?use Table
3 5.1, Q = 2) dB
13. Total Losses (add Lines 12a through
[ 12¢) dBA
14, Sound Level at Reference Point: dBA re 2x10°°N/m®

{(Line 11e minus Line 13)

A=1=-§

T —
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SAMPLE WORKSHEET 6.2C
Building Mechanical Equipment Indoors
Part 1: Reference Data

. Equipment Description

Identification Symbol on Drawings

. Manufacturer and Model Number

Area of Equipment Room Floor: Ft.z

Area of Total Exterior Openings: ft.2
. Percent Opening Area to Floor Area: %
a. Opening unshielded from equipment
b. Opening shielded from equipment
8. Room Acoustical Treatment:
—_ 2. None to minimal

1
2
3
4. Operating Conditions
5
6
7

b, Distributed cefling/sidewall treatment

9. Acoustical Treatment of Opening:
b. None
b. Packaged sound attenuator
¢. Acoustical louvers
10. Distance, Building Opening to Reference Point:
a. Perpendicular distance
b. Slant distance
11. Angle Between Building Qpening and Reference Point:
12. Line of Sight, Building Opening to Reference Point:
a. Unobstructed '
b. Shielded

A-1-6

ftl

——————

e a1

degrees.
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13,

; 14,
15,

16.

' 17.

18.
19.

20.

4 21,

SAMPLE WORKSHEET 6.2C (Continued)
Part 2: Calculated Sound Level at Reference Ppint

Equipment Sound Power Level (From
Tables, Section 4):

8. Spectrum Class:

Correction, Interior Shielding
(Line 7a or b):

Unshielded, enter O
Shielded, enter 3

Correction, % Opening Area to Floor

Area:

{Use Table 5-5 and the data
from lines 7 and 8a or b)

Correction, Sound Attenuation 1n
Opening (1ine 9):

None, enter 0

Packaged Attenuator (see -
Table 5-3)

Acoustical Louvers (see
Table 5-4)

Correction, Distance from Opening to

Reference Point:

(From Table 5-1, Q = 2, using

. distance on 1ine 10)
Correction, Radiatfon Directivity
(from 1ine 11): . :

0° - 30°, enter 2

30° - 60°, enter 5

50°% - 90°, enter 8

Correction, Exterjor Shielding-
(19ne 12 and Sectfon 5.1.2):

Unshielded, enter 0
Shielded, enter 5 or Appendix
11 calculation
Total corrections (sum of
1ines 14 - 19):
Sound Level at Reference Pofnt
(1ine 13 minus line 20):

A<1-7

B

dBA re 10

dB

bl ke s

dB

dBA

ds

dB

dB

dB

dBA

12 yatt

re 2x10"5N/m?
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SAMPLE WORKSHEET 6.2D
Array of Equipment In Exterior Wall
Part 1: Reference Data

Equipment Description:

Identifijcation Symbol on Drawings:

Equipment Size or Capacity:

A-Weighted Sound Power Level (single unit
average): dBA re 10712 Watt
Number of Units in Exterior Wall:
Dimensions of Multiple Array:
a. Vertical distance between
centerlines of first and last units:
b. Horizontal distance between
centerlines of first and last units:

Largest Dimension of Equipment Array [line 6a or 6b}:

Distance from Building to Receiver Refarence Point:

A-1-8

T e

ft.

ft.
ft.
ft.

e e e a7+
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12.
13.
14.

f 15.

] 16.

: 17.
o

18.

1L 19,
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SAMPLE WORKSHEET 6.2D (Continued)
Array of Equipment In Exterfior Wall
Part 2: Sound Level Estimation at Reference Point

Equipment Sound Power Level (single unit

average):
Total Number of Units:
Correction Factor for Number of

dBA re 10712 Watt

Units {use Table A below) dB
Total Sound Power Level {line
9 + 1ine 11) dBA re 10712 yatt

One=-Third of Largest Arfay
Dimension: (line 7 2 3) ft.
Dfstance to Reference Point:
(1ine 8) ft.
Noise Radiation Pattern (check one):
a. Line 14 is equal to or greater than 1ine 13,
proceed to step 16
b, Line 14 is less than 'ine 13, proceed to step 18
Distance Correction 1f Line 15a
is checked: ' dB
{Use Table 5-1, Column Q = 2
at distance shown on Line 14)
Sound Level at Reference Point:

{Line 12 minus 1ine 16) dBA re 2x10-5N/m?
Distance Correction 4f Line 15b

is checked:
a. Largest array dimensfon x reference distance:

{Line 7 times line 8) ft.z
b. Distance correction factor:

(Use Table B below) dB
Sound Level at Referenqe Point:
(Line 12 minus line 18b) dBA re 2x10°5N/m?

A-1-9
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Number of Units

SAMPLE WORKSHEET 6.2D (Continued)
Array of Equijrment In Exterior Wall

TABLE A

Correction Factor For Number of Units (Line 11)

Correction Factor

Number of Units

Correction Factor

{Line 10) {Line 11) (Line 10) (Line 11)

2 3 ds 16-18 12 dB
3 5 1923 13
4 6 24-29 14
5 7 30-36 15

6=7 B 37-45 16 )
8-9 9 46=56 17
10-12 10 §7-72 18
13-15 11 73=90 19
81-110 20
TABLE B '

Correction Factor for Building to Recefver Distance (tine 18b)

Array Factor

(Line 18a)

B RA T l  u dBmaP

Distance Factor

Array Factor

POPD et ot e ) el ) af

{(Line 18b)

-8
o

-ﬂommug\mbwm

(Line 18a)
451-570 t.°2

721-900
01-1100

]
1
1

9

101-1400
401-1800
801-2300

2301-3000
3001-3900
3801-5000

A=-1~10

e KT IO ST FY AR S

Distance Factor
(Line 185)

22
23
24
25

26

a7
28
29
30
3

db

|
t
|
i
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APPENDIX 2
SOUND ATTENUATION BY BARRIERS

A barrier 18 a solid wall or obstruction which breaks the direct
line of sight between a sound acurce and a receivar. An effective
barrier has no holes or air gaps and has a surface weight of at
least 4 lb/ft?. Figure A-2.1 shows & typical geometrical con-
figuration of source, recelver, and intervening infinite bar-
rier. The sound attenuatien provided by this simple barrier 13

a function of the source-te-barrier distance (R), the receiver-
to-barrier distance (D), and the line~of-sight break distance (h).

It should be noted that for barriers of finite width, sound may
propagate around the s5ides of the barrier as well as over the

top and, therefore, such a barrier provides less attenuation than
a2n infinite barrier. The sitdation becomes even more complex
for 2, 3, or 4-sided barriers, where sound reflection between
non-absorptive barrier walls may also compromise the attenuation.
Finally, barrier attenuation may be compromised by the use of
walls with low surface weight. Due to these considerations, the
practical upper limit of bdarrier performance lies in the range

between 15 and 20 dB.

A procedure for estimating the sound attenuation provided by
finite, single-wall barriers is outlined below. The method,
adapted from Reference 29, calculates the reduction in A-weighted
sound level provided by a berrier, based on a point source model
evaluated at a frequency of 555 Hz. The procedure iz considered
applicable to all building mechanical equipment spectrum classes,
Wwith an expected accuracy of $3 d8. In practice, where non-ideal
noise sourees are the rule rather than the excepticn, greater

A=2-1
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FIGURE A-2,1, SIMPLE BARRIER CONFIG URATION




| discrepancies are possible. Nevertheless, the calculation
procedure presented below ylelds an estimate of barrier nolse
! reduction which is useful for design purposes.

I Barriar Evaluation Procedure
r l. Determine the observer locatlon of interest.

2. Locate the source at a point 1/3 down from the top and 1/2
in from the front and sides of the equipment noise source.

1

3. Locate the barrier profile and obtain accurate values for

the followlng quantities (see Figure-A~2.1): h, the shortest

distance from the barrier top to the line of aight f{rom

source to observer (feet); R and D, the slant distances,

aleng the line of sight, from the barrier to the source and

observer, respectively., (Specifically, R and D are the two \
. . segments into which h breaks the line of sight.) Note that :
l_ h is8 not the height of the barrier above ground, but the i
distance from the barrier top to the llne of sight. .

—_—— e ey

P 4, Enter at the top of Pigure A-2.2 with the value of h on the
. [ lef't=-hand scale; move right to intersect the curve corres-
= ponding to R (or D, whichever is smaller).

5. Move down to intersect the curve corresponding to the value
of D/R (or R/D, whichever is greater than unity).

.6. Move right to intersect the vertical sc¢ale in order to find ' f
o L_ the potential barrier shielding, Al' in decibels, corres- !
: ponding te an ideal barrier of infinite length.
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BASIC WORKCHART FOR-BARRIER

SOUND ATTENUATION .

FIGURE A-2,2.
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If there are no sound paths around the sides of the barrier,
and the barrjer has a surface weight greater or equal to
4 1b/ft?, then the estimated barrier attenuation may be

taken to be Al.

If there are no sound paths around the sides of the barrier,
and the barrier has a surface weight less than U 1b/ft?, then
the barrier attgnuation may be estimated by combining Al with
Tp 00 {(the transmission loss of the harrier wall evaluated

for the 500 Hz octave frequency band)., A simplified method
for combining decibel attenuations 1s provided in Table A-2.1,

If there are sound paths around one or two sides of the bar-
rler,.calculate the barrier attenuations A2 and A3 for these.
paths in the horizental plane, as described in steps 3 through
& above, The source locations for these calculations, how=
ever, should be at the gide of the equipment closest to the
barrier edge belng evaluated.

Estimate the overall bdbarrier attenustion by combining Al, A2,
A,, and TLsoo (whichever apply) in a step-wise fashion, using
the method in Table A«2.]

TABLE A-2.1

SIMPLIFIED COMBINATION OF DECIBEL ATTENUATIONS
When Two Declbel Subtraet the
Attanuation Values Follewing Amount
Differ by: from the Lower Value:

OorldB 3 dB

2 or 3 dE 2 dB

4 to 9 dB 1 4B

10 dB or more . 0 dB

A=2-5
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Example

Estimate the sound attenuation of the barrier configuration il-
lustrated in Flgure A-2.3, The barrier i1s constructed of 1/2
inch plywood with a surface density of 1.5 1lb/ft? and a sound
transmission loss of 18 dB in the 500 Hz octave band

(TL

1.

2.

500

= 18).
The observer locatlion, 0, is as indicated on Figure A-2.3.

The source location, Sl; for the "over-the-top" sound path
is chosen at the center of the machine (plan view) and 1/3
down from the top as shown on Flgure A=2.3.

The qQuantlities hl’ Rl. and Dl are obtained from a scale
drawing, as indicated in Figure A-2.3.

Entering the workchart with hy = 6.3 ft on the left-hand
scale, 2 line 13 drawn to the right to intersect the curve-
corresponding to R = D = 16 ft (see Flgure A=2.4).

Moving down, &8 line is drawn to intersect the curve cor=
responding to R/D = 1 (see Figure A-2.4).

Moving right, 2 line is drawn to intersect the vertical
scale 1n order to find Al = 17 dB (see Figure A«2.4).

Since there are sound paths around the sidgs of’ the barrier and
the surface weight of the barrier is less than 4 1b/ft?, the
caleulatisn proceeds to Step 9.
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The source locatlons, S2 and S3, for the sound paths

around the two sides of the barrier are chosen at the

ends of the machine as 1llustrated in Figure A-2.3. The
attenuation values A2 and A3 for these paths are calcu=-
lated in the same manner as Al' The workchart computa-
tions, shown on Figure A-2.4, result in values of A2 = 18 dB

and A3 = 21 dB.

The overall barrier attenuation 1is estimated by combining
Al' Ay, A3, and TLSOO using the method of Table A-2,1. 1In
order to do this, the component attenuations are arranged
in descending order and combined as shown below.

A3 = 2]
= 16
= 14
Ag a 18«
= A = 12 dB
A, TOTAL

Thus, the procedure estimgtes an overall barprier attenuation
of 12 dB, which 1is well below the attenuation of any one

component path.
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