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NOISE CONTROL FOR MECHANTCAL EQUIPMENT

SECTION T - INTRODUCTION

1-01. PURPOSE AND SCOPE. This manual provides noise control data and
eriteria for bullding construction at Army installations in the continen-
tal United States (CONUS). It also serves as a basic reference for noise
control for design and construction of Army facilities world-wide. Cri-
teria herein apply to all new construction of Army facilicies in CONUS
and to major alteration of existing struckures. Army facilities requir-
ing higher standards because of special function or mission are not
covered in this manual; eriteria for these and further exceptions are
normally contained in a design directive, Where standards given in this
manual and referenced documents do not provide for all the functional

and structural needs of a project, recognized construction practices and
design standards will govern. This manual does not cover power plant
acoustics. For noise control criteria For design and construction of
pover plants refer to TM 5-805-9, "Power Plant Acoustlcs," which is re-
ferenced frequently hereinafter as "PPA."

1-02. GENERAL. This manual presents: (a) data for estimating noise
levels for operation of electrical and mechanical equipment mest frequenk-
ly used in buildings, and basic noise criteria for determining accept-
able noise and vibration levels of that equipment in buildings; (b)
characteristies of various treatments avallable to control neise and vi-
bration in buildings, and criteria to achieve satisfactory neise level
environments within bulldings; and relaced information.

During the early stages of design of a bullding, it is usually
impossible to know the exact size, type, speed or manufacturer of the
mechanical equipment that may ultimately be used in the building, Yet
is Is essential that the architect and engineer design Into the building
the features necessary to the adequate control of the noise and vibration
produced by the equipment. The real purpose of this manual, then, is to
provide & means for estimating the noise levels of the equipment and to
give technical data for determining the noise and vibration control
structures of the building, even before the equipment bids arc submitted
and the final selectlon made,

1-03, EQUIPMENT INCLUDED, The types of equipment included in this
manual are as follows:
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Refrigeration System Equipment

Packaged chillers with reciprocating compressors
Packaged chillers with rotary-screw compressors
Packaged chillers wilth ceptrifugal compressors

Built-up refrigeration machines
Absorption machines

Heating System Fguipment

Boilers
Steam valves

Liquid Circulation System Equipment
Cooling towers and evaporative condensers

Pumps
Piping and plumbingt

Prime Mover Equipment

Electric motors
Steam turbines
Qears

Electric Equipment

Transformers
Switch geart

Air Compressors
For those items marked with a plus sign (+), actunl noise or vibration
levels are not provided, but recommendations are given for providing
a sultably quiet installation.
1-0%. EQUIPMENT EXCLUDED., Thie manual does not include noise data
or recommendations concerning:
Pans
Alr distribution systems
{Guets, air valves, diffusers, ete.)
Lighting system
{dimmers, ballasts, fluorescent lemps, etc.)
Personnel or material conveyance systems
{elevators, escalators, conveyors, ete.}
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External noilse and vibration soutces

such as vehieles, railroads, aircraft, highways, precipita-
tion, thunder or wind-induced vibratiom.

In the absence of noise data and recommendations in this
manual for any of the components of the air handling system, it is
suggested that the latest issue of the ASHRAE Guide and Data Book be
ysed, See Reference [2] in Seection VI of the manual,

1-05, EQUIPMENT LOCATIONS, Data and recommendations are given for
equipment installations on-grade and in upper-floor locations of steel
and concrete buildings, Vibration isolation recommendations do not
apply for this equipment located in upper floors of huildings of 2all-
wood constructions.

1-06. APPLICABILITY OF NOISE DATA. A large quantity of noise data
have been collected and studied for chis manual, Nolse level estimates
are derived for each type of equipment, in some cases graded for power
or speed variations of the noise producing machines, The noise level
estimates generally are set near the upper limit of the range of nolse
levels measured for che several individual pieces of a particular type
of equipment. Thus, it is believed that the noise level estimates

will lead to noise control designs that will adequately "protect"
approximately 80-95% of all equipment that might be encountered, It

is uneconomical to design mechanical equipment spaces to contain the
noise of all the noisiesc possible equipment; this would require thicker
and heavier walls and floors than requiredby most of the equipment, and
such over-designs would be an expensive burden to the building,

The noise estimates and the noise control designs offered
by this manual may be used with reasonable confidence for most general
purposes. If the building involves some highly critical areas, in
terms of low noise and vibration levels, it may be necessary to take
special steps ko assure that the required conditions are met. This
could invelve the use of special treatments and evaluations or the
specification of maximum noise levels for equipment, A sample noise
specification is offered in Paragraph 3-17 for such purposes. The
agsistance of an acoustical specialist might be engaged for these
highly critical situations,

Where a qualified designer can apply more complete and
rigorous analyses and noise data to a special or unusual noise problem,
that is to be encouraged provided the designer can demonstrate the
validity of his data and methods.

EE .
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1-07. "POWER PLANT ACOUSTICS' MANUAL. Many of the methods and mueh
of the data vsed in this manual are taken from TM 5-805-9 entitled
"Power Plant Acoustics", [1] . The present manual is a sequel to
"Power Plant Acoustics', and it is assumed that both manuals are avail-
able as support material for use on any particular building design
authorized by the OCE,

Where it is anticipated that material from "Power Plant
Acousties' will be used freguently in the application of the present
manual, that material is duplicated in the present manual, Where
relatively little or infrequent use of the earlietr material is required
in the present manual, that material will be referred to in “"Power
Plant Acoustics" but not repeated here in any detail,

1-08. ABBREVIATTIONS. In the wauwual, the following abbreviations
are used.
BUHP boiller horsepower
CPM cycles per minute
dB decibel
HP horsepower
Hz Hertz (cycle per second), unit of froquency
KW kilowatt
MER mechanical equipment room
NC noise eriteria
NR noise reduetion
NRC noise reduction coefficient
oc Office of the Chief of Engincers
PPA "Power Plant Acousties™ manual
PSIL speech interference level, "preferred' frequencies
PWL sound power lavel
RPM revolutions per minute
SIL speech interference level, formerly-used frequency
bands
SPL sound pressure level
TL transmission loss
1-09, REFERENCES. A list of reference material is given under

Section VI, These refercnces are identified within che text of the
manual by numbers enclosed in brackets, as [].

1-10. TABLES AND FIGURES. Tables and figures designated by letters
(A, B, C, etc,) anccompany the descriptive material and are included
within the text of the discussion. They are used to illustrate specific

examples or calculations,

4
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Tables and figures designated by numbers {1, 2, 3, etc.)
are presented in Seetion VII in numerical order at the end of the
manual. They are used [or source date and are kept together for the
convenience of the user when working on later design analyses.

Sample Data Forms are filled in and used within the text
in Section IV to illustrate certain examples discussed in the text,
Blank Dats Forms (DA Forms 3452-14-R through 3452-20-R) are given in
Section V1I at the end of the manual. They may be duplicated for use
on later specific analysis problems.

SECTION Il -~ NOTSE AND VIBRATION CRITERIA

2-01. INDOOR NOISE CRITERIA - "NC" CURVES. The family of curves in
Figure 1 may be used to describe acceptable indcor noise environments
for a large range of living and working conditions [3], These curves
are based on many earlier case histories of nolse enviromments that
peaple have found either "acceptable" or "unacceptable” for certain
types of mctivitiea. Each curve represents a reasonably “comfortable"
balance of low frequency to high frequency nolse content for a variety
of indoor situations. The curves are alsc related in & numerical way
to "speech communication” conditions permitted by the noise.

The lower "NC" (Noise Criterion) curves describe noise
levels {for the variocus octave Trequency bands) that arc guiet enough
for resting and sleeping or for excellent listening conditions in an
auditorium or large meeting reem. 'The upper "HC" curves describe
increesingly higher noise levels acceptable for generally noisiler
work spaces. For the highest "NC" curves even speech communication
becomes difficult and restricted. The curves within this total range
may be used to set desired noise level goals for almost all typieal
indoor functional areas where some acoustic need must be served. Thae
petave band "sound pressure levels" for these "NC" curves are tabulated
in Table 1.+

In Table 2, a number of typical indoor living, working and listen-
ing spaces are grouped together into "eategories" and each category is

+Refer to pages 19-2U of "Power Plant Acousties™ [1] (OCE ™ 5-805-9)
for brief discussions of "scund pressure level”, "sound power level' and

"sotave band frequencies".
5
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assigned a representative range of noise e¢riterion values. Low
category numbers indlente areas in which relatively low noilse levels
are desired; hipgher category numbers indicate arees in which relatively
higher neise levels are permissible. Any occupied or habitable area
not specifically named in Table 2 can be added under any appropriate
category number as long as the acoustic requirements of the new area
are reaseonably similar to those of the areas already named under that
category. A 5 dB range of "NC" values is given in Table 2 for each

of the flrat five categories. In general, the lower limit of each
range should be used for the more critical spaces or the more sensitive
or critieal occupants of an area, while the upper limit of each range
mey be used for the less critical spaces or occupants of an area. An
exception to this generalization may occur when it is elearly known
that the backpground noise of an arean is so quiet and the walls between
asdjoining rooms have such low "transmission lomg" that speseh sounds or
other clearly identifiable sounds may intrude from one area to another
and be disturbing to occupants of either area. In this type of situa-
tion, "masking noise™ may have to be introduced into the rooms in

order to reduce some of the intelligibility of the intruding sounds,+
and the higher range of noise criterion values may actually be useful,
as long as the mechanical equipment noise itself is relatively unobtru-
sive and not too identifiable. When properly controlled as to spectrum
shape and sound level, ventilation system nolse (the gentle "hissing"
of diffusers, under-window induction units, damperc or air valves)
sometimes provides some of this "masking noise"., In more eritical cases,
vhere apectrum and level must be held under close control, electronie

noise sources may be used,

2-02, SPEECH INTERFERENCE LEVELS ("PSIL"). A reasonably steady
broad-band noise with moderate to high noise levels in the frequency
bands of 500 to h00O Hza¥ will produce some degree of interference with
speech, fince most of the intelligibvility of the human voilce falls in
thie frequency range. The term “speech interference level" ("PSIL")
of a nolae 1s now defined as the arithmetic average of the sound
pressure levels of the nolse in the three octave bands centered at
500, 1000 and 2000 Haz. Table 3 gives the average "speech interference

+For a more detailed discussion of this effect, refer to pages 533-537
of Reference [4] or to Reference [5].

#The recently accepted U,S. and international standard unit of frequency
is the "Hertz", nbbreviated "Hz". Thus, Hertz has the same meaning and
value as the traditional and familiar term "cycles per second" or 'eps".
The new unit Hz is used in the manual,

6
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level™ of a noise+ that will just barely permit reliable speech communi-
cation for a range of voice levels and distances, The data are based

on tests performed out-of-doors where there are no reflecting surfaces
to help reinforce the speech sounds, but the values can be used as
approximations for indoor conditions as well, Also, to a first approxi-
mation {but not exactly), if a noise follows the shape of an "NC" curve,
the "PSIL" value of the noise will nesrly equal the "NC" curve number,

As a simple example of the use of Table 3, if the noise
levels in a Mechanical Equipment Room average 62 dB in the 500, 1000
and 2000 Hz bands, barely reliable speech conversations could be carried
on in that room by shouting at a 16-ft distance, by using a loud voice
level at a distance of 8 ft, by using a raised volce at a distance of
4 £t or by using & normal voice level at & distance of 2 ft.

2-03. OUTDOOR NOISE CRITERIA. In the "Power Plant Acousties" manual
it is pointed out that the cutdoor noise produced by a noise source

is generally compared by a listener with the background noise that was
present before the new nolse made its appearance. A procedure for
estimating the background noise level is given in the "Power Plant
Acoustics" ("PPA") manual (pages 16-17, Table T and Figure 10); that
material is not reproduced here.

There are two general types of conditions arising from
mechanical equipment installations that involve outdoor noise considera-
tions. The most important one pertains to outdoor transformer or ’
cooling tover noise, and the second one pertains to noise escaping from
mechanical equipment rooms (MERs ) through ventilation openings, DA
Forms 3452-12 and 3452-13 of the "PPA" manual maey be used to determine
if outdoor noise will be a problem to a nearby neighber of the ouilding.
A npecific example 1s given later in this manual.

2-0b, CRITERIA FOR FROTECTION OF HEARING. The PPA manual (pages

8-12, Tables 1~4 and Figures 1-8) discusses in considerable detail the
nolse exposure conditions recommended for the preservation of hearing.
That same material would apply to MERs having high noise levels, The

+"8IL was originally defined in terms of the three formerly-used octave
bands 600-1200, 1200-2400 and 2h00-4BOO Hz. With the acceptance of the
nevw international frequency bands in the U.S., an adjustment of values
has been mede and the new values are being identified by the notation
"PSIL" in order to designate that they are based on the novw "preferred"
frequencies. 'These values take procedence over the interim values used
in "Power Plant Accusties”.
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noise levels of some of the equipment that pgoes into an MER installation (’-

may exceed "safe" values, so it would be vise to apply the PPA DA Forms
3452-10 and 3452-~11 to determine if specinl measures should be taken.
In modern equipment layouts for most buildings, the equipment operator
is given a Control Room (that mny or may not be near the actual equip-
ment) and he is not expected to spend full time in the MER itself.
However, frequent visits are mnde to the MER for inspection and main-
tenance purposes, and if the noise levels are high or if the visits
are frequent and prolonged, there is o good chance that ear protection
should be worn near some machines.

Two general recommendations are made here: (1) it is
suggested that a separate Control Room be provided for the operator
{ah enclosure with glass walls and snug fitting doors will probably
be adequate) if the control area or console is located in the MER
area; and (2) it is suggested that the responsible personnel involved
in the use and operation of the bullding check the noise levels in the
various MERs to determine if special hearing-protection routines should
be applied. Actunl measured nolse levels would be preferable, but
estimnted noise levels obtained from later portions of this manual
can be used in the absence of measured data., For any strict legal
interpretation of the nolse levels, measured values would be required,

of course.

The Walsh-Healey regulation of May 20, 1969, with slight
revisions in July 1969, provides federal legislation regarding per-
miggible noise levels in certain manufacturing spaces working under
government contract. It is possible that these noise limits may
ultimately come into widespread use in other work spaces through other
types of legislation. Thus, the noise level values are mentioned here.
It would seem advisable to provide a guiet Control Room space for
operating personnel who would otherwise be sublected to eXxeessive neise

exposures,

The Valsh-Healey permissible noise exposures are miven
ot the top of the followinm nage:
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Sound

Duration per level
day, hours dBA
B e e 90
6 —em —— 92
b e e e e e 95
3 — m———— 97
2 =-= -~ 100
1% - 102
1 105
15 110
¥ or less —_— 115

These gound levels are expressed in dBA, as read from Lhe A-scale of a
sound level meter, because of the ease ¢f taking a quick survey with
a simple single-number-reading instrument.

If octave band readines for n noisy snnce are avpilable,
they mey be plntted on the chart reoroducnd helow to determine anproxi-
nately the enuivalent dBA value.
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There are other detailr of the Wealsh-lienley rerulation
that might be invelved if this should ultimately be anvplied to mechani-
cal eauvirment snaces, but they will not bLe mentioned here.

In brief summary, if a nolsy smace will meet the noisne
exposure conditions of Table 3 of PPA for 1- to l-hour exnosures it
will satisfy the Ynlsh-lealey remulation. The Table 1 and 3 values
{of PPA) should be reduced by 2 to 5 dE to meet the Walsh-lealey limits
for 9-hour, O-hour, l=hour and M=hour exmosures.

215, YIBRATION CRITFRIA. An approximation of the "threshold of
gensitivity"” of individuals te feelable vibration is shown in Fiszure 2.
Obviously, this may vnry over a relatively wide ranme for different
individuals and for different ways in which a nerson mirht be sub-
Jected to vibration {standine, seated, throush the fineer tipns, cte.).
The exact thresheld values are nol nariicularly immortant, for the
nurpose of this discussion, but it is considered ‘mnortant to realize
that vibration ean evidence itself in two different ways to an indivi-
dual: (1) a5 Y"feelnhle" vibration, and (2) as "audible" sound radiated
from a vibrating surface. Along the right-hand side of Flaure 2, the
low frequency ends of some "NC-eauivalent" curves are shown. The
complete "NC-equivnlent" curves for this senuence are nshown in Flrure
3. To 1llustrate, using either Fig. 2 or Fie. 3, i1 A wall or {loo-
of o building has & vibratinn acceleration level of -0 dB r 1 G at

o frequency of 63 Hz, the sound level radiated by that wal® or floor
would be eguivalent to the noise level of an 'C=30 curve rt A3 Hz.
According to Fimgure 1, an NC-30 curve shows n noise level of about

57 a3 (re 0.0002 microbar). In o quiet roam, & 57 dB sound pressure
level ot 63 Hz would be faintly audible; vet Fisure 2 suemests that
the vibration itself would be imnercentible for =60 dB nccelerntion
level at 63 Hz. TIn fact, Fimure 2 reveals that the acceleration level
would have to be abeut 20 to 30 dB hisher than this value in order to
be barely vercentible as feelable vibration.

The objective of this discussion is to emphasize that
the sound radiated by a vibratinmg wall or floor mav be more imwortant
in noise control than the feelable wvibration of that wall or floor,

10
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especially in the frequency region above about 30 to 60 Hz. In other
words, if a piece of equipment is vibration-isolated well enough to
produce no audible noise radiation from a wall or floor, then it is
quite probable that there will be no feelable vibration associated with
that machinery {(as observed in some pert of the building cutside the
actual MER)., This is especially true for equipment operating ot speeds
in the vicinity of 1800 RPM (or higher), which would give rise to 30 Hz
{or higher) driving frequency. For slow speed machinery, the vibration
isolation treatment should provide lewer fraquency protecticn.

In this manual, actual vibration levels of mechanical
and electrical equipment are not given, but the vibration isolation
recommendations that are given are aimed at achieving acceptable
radiated noise levels (as "NC-equivalents"} and essentially impercep-
tible "feelable" vibration levels in occupied spaces of the building.

SECTION III
NOISE DATA FOR MECHANICAL AND ELECTRICAL EQUIPMENT

Noise data have been collected and studied for fourteen
different types of electrical and mechanical equipment eavered by
this menual . More than 250 individual items have been included in
the study. The noise drta have been evaluated in an attempt to corre-
late nolse levels with same of the more obvious noise=-influencing
parameters, such as manufacturer, type, speed, power rating, ete., The
noise data are summarized here, as a function of some of those para~
meters. It is believed thot the nolse levels given represent approx-
imately the BO to 95 percentile values; in other words about 80 to 95%
of the equimment might be expected to have no higher noise levels than
the estimates given, but possibly 5 to 205 of the equipnent may have
higher nolse levels. The sample-size of the date would not seem to
Justify any finer resolution. Noise data were obtained from various
sources, including some equipment manufacturers, and no known favoritism
or selectivity was shown in the collection and study of the data, All
acoustically reliable dats were used.

3-01. SOUND PRESSURE LEVELS AT 3-FT DISTANCE. In the present collec-
tion of data, most nolse levels are measured at close-in positions
because (1) equipment space is usually limited; {2) most mechaniecal
equipment spaces are somewhat similar in size (especially the height of

11
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the room); and (3) for a very major part of the data, not enough infor-
mation is given about the room conditions to warrant an evaluation of
sound power level, For these reasons, most of the noise data are
presented in terms of sound pressure levels (SPLs) rather than sound

power levels (PWLs).

In order to "standardize" all sound pressure levels to
a common condition, a distance of 3 ft has been selected. This decision
is based on at leuast three considerations: (1) because of crowded con-
ditions in mechmnical spaces most measurements are taken at close
distances, (2) much of the quoted data in the literature refers to a
3-ft distance, although this is not a universally used distance, and
(3) when consldering the various building elements that provide noise
contrel {(walls, ecoilingsz, flesrs, ete.), the floor is always & near=by
element and it is not unreascnable to consider that the nolse at a
3-ft distance will approximete the noise levels impinging on the floor
at the base of the eguipment. Thus, it appears that the 3-ft SPL
values would be the highest SPLs necessary in & noise evaluation
(specifically applicable to the floor) and that the levels would
decrease for greater distances within the room. Also, for most appli-
cations, at 3-f't distances the noise levels are essentiaslly in the
near field of large pleces of equipment and are reasonably independent
of the acoustic characteristics of the room. Thus, these cloge-in
levels can be taken for any room and/or equipment configuration with
only a small amount of uncertainty due to room acoustics. In Section IV
of the manual, the SPL reduction for greater distances from the equip-

ment will be shown.

302, EQUIPMENT NOISE SUMMARIES. DBrief discussions of the noise
of each type of measured equipment are given in the paragraphs that
follow., The types of equipment included in the noise summaries are
listed here:
Refrigeration System Equirment

Packaged Chillers with reciprocating compressors

Packaged Chillers with rotary-screw compressors

Packaged Chillers with centrifugal compressors

Built-up refrigeration machines

Absorption machines

Heating System Equipment

Boilers
Steam Valves

12
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Ligquid Cireculation System Equipment

Cocling Tovwers
Pumps

Prime-Mover Equipment

Electric Motors
Steam Turbines
Gears

Electric Equipment
Transformers
Alr Compressors

3-03. PACKAGED CHILLERS WITH RECIPROCATING COMPRESSORS. lNolse data
for 24 reciprocating compressors or packaged chillers with reciprocating
compressors have been collected and studied. These units range in size
from 15 tons to 150 tons cooling capacity. The noise levels have been
reduced to a common 3-ft distance from the front of the compressoxr.

In terms of noise production, it appears that the
measured compressors can be divided into two groups: 15-50 tons and
51-150 tons. The two ends of the total range have been extended slight-
ly to cover noise estimates for compressors from 10 to 175 tons. When
cooling requirements exceed about 100 to 150 tons, centrifugal com=—
pressors become more economigal so thers are few reciprocating units
rated above about 150 tons. Even in this collection of data, several
of the larger units are actually made up of assemblies of two to four

smaller compressors.

The suggested Design Curves based on study of all the
nolse date are given in Figure 4. These noise levels are also in-
cluded in the upper portion of Tabie L, Apparently, there is not a
large enough range in speed of these machines to justify A noise adjust-
ment for speed. Although major interest is concentrated here on the
compressor component of a refrigeration machine, an electric motor is
usually the drive unit for the compressor. The noise levels attributed
hare to the compressor will encompass the drive motor most of the time,
sa these values are taken to be anplicadble to elther a reciprocating
compresgor alone or a motoredriven packeged chiller containing & re-

ciprocating compressor,

3~0k4, PACKAGED CHILLERS WITH ROTARY-SCREW COMPRESSORS. BRased on
data for only three units, the octave band sound pressure levels belileved
to represent essentially maximum noise levels for rotery-screw comn-

13
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pressors are listed in the middle portion of Table 4. These data apply
for the size range of 100-300 tons cooling capacity, operating at or
near 3600 RPM,

3-05. PACKAGED CHILLERS WITH CENTRIFUGAL COMPRESSORS. For this
study, noise has been measured for 22 centrifugal type compressors.
Thete measured compressors range in size from 140 tons to 4000 tons

and represent several leading manufacturers. The nolse levels mey be
influenced by motors, gears or steam turbines used to drive the com-
pressors, but the measurement positions are generally selected to em-
phasize the compressor noise, Two design curves for neise of centrifu-
gal compressors are glven in Figure 5: one curve represents units of
under 500 tons cooling capacity and one curve represents units of 500
or more tons cooling capeeityt, Thece surves are drawn hear the highest
levels of the machines measured, althcugh an occasional machine may still
exceed these values, The SPLs shown by the design curves of Figure 5
ars tabulated in one part of Table L.

3-06. BUILT-UP REFRIGERATION MACHINES. The noise of packaged
chillers, as presented in the preceding paregraphs, includes the noise
of both the compresaor and the drive unit. If a refrigeration system
is to be made up of separate pieces, then the noise level estimate
should include the noise of each component making up the assembly.

The noise levels of the components ghould not be added together, but
the total noise in each octave band should equal the highest noise
level of each component in that oetave band.

As sn example, suppose a built-up refrigeration machine
igs to be made up of a steam turbine, a gear and a centrifupal com-
pressor, Agsume & 1000-HP steam turbine at 1800 RPM, a l000=-HP gear
at 1800 RPM input speed and 3600 RPM output speed and a 1000-ton centyi-
fugal compressor at 3600 RPM. From the other paragraphs in this section,
the following 3~ft SPLs are estimated for the nine octave frequency
bends from 31 Hz to 8000 Hz respectively:

for the steam turbine (from Teble 1h4)

B8 93 95 91 87 87 88 85 &0
for the gear {from Table 15)

ol o7 100 100 100 100 100 100 100

+A ton of cooling capacity is defined as the amount of heat removal re-
gquired to produce one ton of ice per 24 hour periocd,

14
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for the centrifugal compressor (from Table )
89 9 91 92 93 97 59 94 87

From these three rows of values, it 1s seen that the gear noisze domin-
ates all octave bands. The nolse levels for the entire system would
be estimated as the highest levels of each of the components, ie

9% 97 100 100 100 100 102 100 100

3-07. ABSORPTION MACHINES. Noise data have been acquired for only
two steam abgorption machines for this study. More data would be
sought 1if these wers significantly noisy devices, but they are quiet
cnough that they are usually dgnored in any noise survey of a mechani-
cal equipment room. The machine uaually includes one or two small
punps. Steam flow nolse or ateam valve noise may also be present.

It is believed that the noise levels given at the bottom
of Table I will give ndequate coverage of most abgorption machines
used in refrigeration systems for buildings.

3-08. BOILERS. Noise data have been measured or collected for at
least 36 boilers, ranging in size from 50 to 2000 boiler horsepower
("BHE"). It has not been possible to correlate noise with heating
capacity alone or with any other known design parameter. Nolse levels
at the normalized 3-ft distance may be as high for the smallest as for
the largest units covered in this study. Hence, the estimated noise
levels given in Table 5 are believed applicable for sll boilers, al-
though asome units may exceed even these values. Note, that the guoted
noise levels apply at 3-ft distance from the front of the boiler.

In the course of the study, it was learned that heating
capacity of boilers may be expressed in four different ways, as follows:

{(a) =q. ft of heating surface
{b) BTU/hour

{e} 1b of steam/hour

{a) BHP (boiler horsepower),

Te a first approximation, these terms are interrelated as follows:

10 sq. ft of heating surface = 1 BHP
33,500 BIU/hour = 1 BEP
33 1b of steam/hour = 1 BHP

TFor the atudy, all ratings were reduced to equivalent BHP. When one
fees the wide variety of blower assemblies, burners and combustion
chambers found on various boilers, it is no wonder that the noise output
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cannot be simply associated with heating capacity.

3-00. STEAM VALVES. Based on the nolse level data of three groups
of steam valves, mostly on high pressure steam lines, estimated noise
levels are given in Table 5 for a typleal thermally-insulated steam
pipe and valve, Even though the nolse Is generated near the orifice
of the valve, the plpes on either side of the valve radiate a large
part of the total noise energy that is radiated. Hence, the pipe 1s
considered, along with the valve, as a part of the noilse source.

3-10. COOLING TOWERS. Sound power level data for ceoling towers
were glven in Tables 17 and 18 of the PPA manual. Those values general-
ly epply to the total nolse ocutput of the entire tower, regardless of
tower orientation. In the present manual, (1) some relatively small
adjustments are made to some of the PPA data; (2) a large mmount of
material is added on the directionality of various cocling tower
arrangements; and (3} new data are given for close-in noise levels of
towers «- near the air inlet and discharge openings.

It should be realized that the generalizntions drawn
here may not apply exactly to all cooling towers, but it is believed
that these generalizations are one step closer toward the useful dota
frequently required by the architect or engineer in laying out cooling
tovers and cooling tower noise control treatments In any given acoustic
environment., It is still desirablc to try to obtain from the manufac-
turer actual measured noise levels for all directions of interest, but
if these data are not fortheoming, it Is essential to be able to con-
struct approximately the directional pattern of the cooling tower noise,

For ald in identification, four general types of cooling
towers are sketched in Figure 6:
A. the centrifupnl-fan blow-through type,

B. the axial-flow blow-through type {with the fan or fans
located on a side wall),

C. the induced-draft propeller-type, and

D, the "underflow" forced-draf't propeller type (with the
fan located under the assembly).

a. Holse Levels at a Distance, The enclosed Table 6 gives
the corrected sound power levels (PWLs) for the propeller~type cooling
tower. In the absence of more accurate measured or estimnted data from
the tower manufacturer, the Table 6 dasta mey be used for estimating the
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total noise cutput of types B, C, and D cooling towers listed immediately
above and shown in Flgure €, provided they are driven hy propeller-
type fans. The values in Table 6 differ from those originally given

in Table 17 of the PPA manual in that 3 dB increases have been made to
the power levels in the 63 and 125 Hz octave bands in recopnition of
the greater nolse output at the blade passage frequency. Since the
blade passage frequency may not be known at the time of the preliminary
design, this noise increase is provided in both of the low frequency
cctave bands that might contain the propeller blade passage frequency.
An occaslonal tower may have a blade passage frequency {or harmonics)
in the 250 Hz octave band, but thesc can be ignored here since they
will fall under the general protection of the estimated values,

Table 7 gives the estimated sound power levels of cooling
towers driven by centrifugal-type fans, such as shown in type A of
Figure 6. These data are unchanged from Figure 18 of the PPA manual.

To obtain the averape outdoor sound pressure levels at
any distance from an uncbstructed cooling tower, a "distance term"
is applied to the sound power levelsy of Tables 6 and 7. This "distance
term" 15 taken from Tables 8 and 9, which are duplicates of Tables 46
and 47 of the PPA manual. For an example and a discussion of the cal-
culation of SPL from PWL using the "distonce term," refer to peges
67-69 of the PPA manual. DNote that this caleulation yields the averapge
SPL all arocund the cooling tower as though there were po directionality
variations of the noise,

b. Directional Corrections. It is obvious, of course, that
the nolse differs for different radiating surfaces of a typical tower,
and it is valuable to know, at least approximetely, the amount of the
directional variations, Table 10 gives some approximate corrections
for the directional effects of the four types of towers considered
here. These corrections are to be added to the average SPlLs calculated
for the particular distance involved. Please note the qualifications
to the use of Table 10, as given under the caption of the table. These
corrections apply to the five principal directions from a cooling tower,
ie, in a direction perpendicular to each of the four sides and to the
top of the tower. If it is necessary to estimate the SPL at some
direction other thean the principsl directions, one should feel free to
interpolate between the values given for the principal directions,

+For a more detailed discussion of sound pressure level and sound power
level, refer to pages 19-22, 36-bk, and 67-69 of the Power Plant Asous—
tics manual or to an acoustics textbook (see References [47] and [6],
for example).

AT




T

T 5-805-4

2. Close-in Noise Levels. The neisc date given in the preceding {#‘
discussion are most useful in estimatiog the noise levels of cooling towers
as heard at scme distance away. Although the sound power level data can be
used to estimate approximately the close-in noige levels, ip this study con-
slderable close-in data have been coliected and are suggested for use in i
determining, for example, the type of wall or floor required to separate the !
cooling towers from quiet parts of the building. Based on the data collected
and evaluated under this study, Table 1l gives the estimated close-in noise
level summaries for the four types of towers., Although very little data
were studied for the "underflow'" tower, it would seem reasonable to expect
the close-in noise levels of the axial-flow blow-through type to be com-
parable to those of the "underflow" type. Thus, these two types are combined
in Table 11; functionally the fans perform similer operatinns, the only
signiricant difference is their location relative to the tower assembly.

d, Half-speed Operation. When it is practical to do so, the
cooling tower fan can be reduced to half-speed in order to reduce cocoling
capacity and to reduce noise. Half-speed produces approximately two-thirds
cooling capacity and approximately 8«10 dB noise reduction in the octave
bands that contain most of the fan-induced noise. A suggested noise reduc-
tion schedule for half-speed operation is as follows, Reduce the octave band
SPLs or PWLs of full-speed cooling tower noise by the following amounts for
half-gpeed operation, where fB is the blade passage frequetcy and is calculated
from the relation

£ = No. of fan blades x shaft RPM C
B

60
!
Octave band Noise reduction §
that contains: due to half-speed: :
1/8 fy 3 dB !
! 1/4 s 6 dB .!
E /2 fn 9 dB §
g g9 4B 5
Ty z dB :
4 fB dB I
fB 3 dB f
|
|

If the blade passage frequency is not known, assume that it falls in the
125 Hz band for propeller-type cooling towers and in the 250 Hz band for
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centrifugal~fan cooling towers. Waterfall noise ususlly dominates in the
upper octave bands and it would not change significantly with reduced fan
speed,

e. Limitations. The data given here represent the most complete
survey to date on cooling tower noise, but it must still be expected that
noise levels may vary from manufacturer to manufacturer and lrom model to
model as specific design changes teke place. Whenever possible, request the
manufacturer to supply the specific noise levels for the specific needs.

In this manual, it is assumed that cooling towers will be
used in outdoor loeations. If they are located inside enclosed mechanical
equipment rooms or within courts formed by several sollid walls, the sound
patterns will be distorted, In such instances, the PWL of the tower (or
appropriate porticns of the total PWL) can be placed in that sevting, and
the enclosed or partinlly enclosed space can be likened to a room having
certain estimated amounts of reflecting and sbsorbing surfaces. Because of
the limitless number of possible arrangements, this is not simply handled
in a general way, so the problem of partially enclosed cooling towers is not
treated here in detail. In the absence of a detailed analysis of cooling
tower noise levels inside enclosed spaces, it i{s suggested that the close-~
in noise levels of Table 1l be used as general approximations,

£, Evaporative Condensers. Evaporative condensers are somewhat
similar to cooling towers in terms of nolse generation. A few evaporative
condensers have been included in the cecoling tower data study, but not enough
units have been measured to Justify a separate study of evaporative condensers
alone. In the absence of noise data on specific evanorative condensers, it
is supgested that noise data be used for the most nearly similar type end size

cooling tower,

g+ Alr-cooled Condepsers., For some installations, an outdoor air-
coocled condenser may serve as a substitute for a cooling tower or evaporative
condenser. The neise of an air-cooled condenser is made up almost entirely
of fan nolse and possibly air-flow nolse through the condenser coll decks,
Since fan nolse is not included in this manual, the noise of apir-cooled con-
densers cannot be directly related to fan noise estimates, However, in a
typieal cooling tower most of the low frequency noise is due to the fan sys-
tem and much of the high frequency noise 1s due to waterfall noise. In gen-
eral, the low frequency fan noise dominates. Thus, in the absence of specifie
data on air-ccoled condensers, it would not be unreasonable to use noise data
for the meost nearly similar type and size cooling tower.

3-11, PUMPS, Noise data have been collected and studied for eighteen
pumps ranging in size from 3 HP to approximately 800 HP and for ons 2000-HP
19
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pump. All but the 2000-HP pump were used to pump hot or cold water in
various typical bullding applications, %he 2000-HP pump was used in fuel
©il pipeline transmission and was located out-of-doors. This type of
pump is not usually located inside occupied bulldings but its noise data
were included to represent a very lerge size pump. The various pumps
covered a speed range of L50 to 3600 RPM, All pumps were losded but not
necessarily at full rated load. The name-plate horsepower of the drive
motor or turbine has usually been used to rate.the pump power. All noise
data have been normalized to the reference distance of 3 £t in an indoor
situation. Because pumps are usually located very close to their drive
motors or turbines, some of the nolse attributed to the pumps may actually
be due to the drive unit. In most ecases, however, measurement positions
were selected to favor the pump nolse.

From the measured noise and from some related published
work by Heitner [77, the noise design curves of Figure 7 have been
derived. Thege carves attempt to correlate noise with HP rating and
speed of the pumps. The curves Indicate that noise levels follow a 10
log HP relationship up to about 40O HP; above that ratipg it appears that
the nolse does not inecrease significantly for conventional pumps, possibly
due to the greater mass and thickness of castings and frames for the
larger sizes. At speeds below the range of 1600-3600 RFM, noise drops
off{ approximately as shown in the notes in Figure 7. There may be &
significant noise variation with speed for the two speed ranges of 1800
and 3600 RPM, but this dig not show up in the limited number of pumps

included in this study.

The pump noise levels of Figure T are given in tabular
form in Table 12 for the various HP and speed ranges.

312, ELECTRIC MOTORS. The noise data of more than 90 electric
motors {or groups of motors) have been accumulated and summarized. The
deta include tables of noise levels listed in the IEEE Publication No. 85
(8] and the Heitner paper [ 7], as well as noise levels collected or
measured speeifically for this study. UThe data study included large
numbers of both "drip-proof" (or "splash-proof" or "weather-protected")
motors and "totally-enclosed fan-coecled” (TEFC) motors, but no signifi-
cant nolse difference was found for these two groups, Noise levels were
found to increase with HP rating aond to decrease with speed approximately
in accordance with the summary curves shown in Figure 8. The total
range of motor power covered was 1 to LOOO HP, and the total range of
moter speed was 450 to 3600 REM. Many motors range 10 to 30 dB below
the noise level curves of Figure 8, but a few motors exceed the nolse
curves throughout the speed and power ranges.
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The noise level values of the curves of Figure 8 are sum-
marized in Table 13.

3-13. STEAM TURBINES, Noise data for eight steam turbines have been
collucted under this study, covering a power range of 500 to 11,000 HP.
The noise levels are found generally to iperease with increasing power
rating, but it has not been possible to attribute any specific noise
characteristies with speed or turbine blade passage frequency (because
these were not known on the units measured). Due to the small number of
steam turbines tested, the noise estimation curves are drawn to envelop
the noise curves of all eight turbines and to inelude the estimation pro-
cedure developed and suggested in the Heitner paper [T] .

The noise level design curves are shown in Figure 9 and
these values are given in Table 14, Although it may be surprising to
find such high low-frequency noise levels (compared to the high-frequency
noise levels) for high speed steam turbines, the data are considered valid
and the low frequency peaks are probably associated with shaft speed of
the turbines (3600-7200 RPM corresponds to 60-120 Hz).

In Figure 9 and Table 1k, power ratings are listed both
in HP and KW, since steam turbines freguently are used to drive generators
and may then be rated in terms of electrical power. For conversion of IiP
to KW, or vice versa, for any of the equipment listed in this manual, use
the relationship

HP = 1.5 gM.

3-14, GEARS, Noise date have been measured or collected for ninc large
gears in the power handling range of 300 to 23,200 HP. Three of the largest
of these were taken from datr Tirst obtained in conjunetion with the pas
turbine engine study for the Power Plant Acousties Manual. Lorgely on the
baslis of those three larpge gears, a noise estimation procedure was given

in Table 15 of the PPA Manual. It has since been found that the PPA
procedure underestimates the nolse of smaller gears. Hence, in Table 15
of this manual a modified noise estimate is given for gear nolse, Lven
here, it must be conceded, nine gears do not comprise n large sample num-
ber and this estimate may not be highly accurate, There is justification
for genrs meking more neise es both the speed and power increase, and it

is generally impossible to predict the octave band in which gear tooth
contacts or "ringing frequencies” of unknown gears will oceur. The sched-
ule of noise levels of Table 15 roflects these pgenernlizations,
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The gear noise dats of Table 15 of this manual should be
used instend of the gear noise daia of Table 15 of the PPA Mapual,

3-15. TRANSFORMERS. Transformers typleally are covered by NEMA sound
level ratings, and transformer manufacturers usunlly quote the NEMA rat-
ings when asked to specify the noise output of their products. Some
manufacturers, however, produce and market iransformers having sound
levels below the applicable NEMA ratings. fThese quieter transformers

may be sold at somewhat higher prices.

8. NEMA Sound Level Ratings. The current NEMA Standards Pub-
lication No. TR 1-1968 [0 ] specifies the method for measuring and cal-
culating the sound level rating for a transformer. In effect, the pro-
cedure consists of averaging a large number of A-scale sound level peter

rendings taken all around the transformer (at suitably specified positions)

at distances of 1 Tt from varicus surlfuces of the transformer {(or at 6-~{t
distances from fan~cooled radisting surfaces). The reader is referred to
the various applicable NEMA publications for more detailed discussions of
the procedure,

It is Important to understand the significance of the NEMA
"audible sound level”, as it is called in the specification. Interest
here is limited to 60~Hz {cycle) power. Due to the magnetastirictive
action of the transformer core material, the core goes through a com-
plete cycle of oseillation for each half-cycle of voltege change. Thus,
for 60-Hz operation, maximum sound output from the core occurs at 120 Hz
and its harmenies (240, 360, 480 Hz and so on). Of course, there are
relatively small amounts of sound radiation at 60 Hz nnd its odd-numbered
harmonies but these are not significant in the present discussion.

The A-scale welghting network of the sound level meter
intentionally discriminates against lov-frequency sound; it somewhat
gimelates the response of the human ear for low-level sounds at low
frequency. To be specific, the A-scale network reduces the signal levels
of the transformer frequencies, of interest here, by the following amounts
{in accordance with ANST standards for sound level meters):

60 Hz =27 dB
120 Hz ~16 dp
2Lo He -9 dB
360 Hz -5 dB
480 Hz -4 dB

a2
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This means, simply, that if a transformer produced at the l-ft position
o true sound pressure level of 66 dB at 120 Hz (and assuming no other
components present), the A-seale reading would be 66~16 = 50 dBA. Note
the designation "dBA" to indiecate an A-scale reading in decibels, and
note also that this value is ealled n "sound level” not a "sound pressure
level",

Many manufacturers produce and sell transformers that are
quieter than the NEMA standard for transformers. In fact, one might con-
Jecture that the NEMA sound level standard is high enough that only the
most unreasonably noisy transformers would be rejected, Even so, occasional
noise problems are produced by transformers and it is the purpose of this
study to protect a building against excessive noise due to a transformer
that (1) possibly did not meet the NEMA standard when installed, {(2) be-
came noisier with use, {3) became noisier when under load (the NEMA rating
is taken under no-load conditions),or (&) is just too noisy for the quiet
surroundings. In any event, n reasonable safaty factor is derived here so
that inereased noisiness, hopefully, will not be a future serious problem.

b. Indgor SPL of Transformers. Based on data and experience
with a few noipy transformers, an estimating procedure has been derived
which, it is believed, will provide a maximum reasonable sound pressure
level in a transformer room based on the NEMA sound level rating for that
transformer. Thus, it is necessary for the electrical engineer on the
Job to determine the electrical power handling reguirements of the planned
transformer and to estimate or obtain from a manufacturer the probable
NEMA sound level rating for that transformer. The NEMA rating number
(in dBA) should then be added algebraically to the values listed in the
right hand column of Table 16 to obitain the estimated maximum SPLs near
the transformer for the various octave frequency bands.

In this development, assumptions have been made regarding

"harmonic content" of the transformer noise and the poasibllity of stand-
ing waves in the transformer room. For most transformers and transformer
rooms, the SPLs will not be as high as the estimated values, Many trans-
formers are quieter than the NEMA standard, meany transformers do not pro-
duce unusually high 240, 360 and 480 Hz nolse components, and for many
installations there will be no strong standing wave build-up, so this
procedure will appear to yield high sound pressure levels vwhen tested
egainst many existing situations. However, this procedure is designed
to protect a room egainst the marginally "noisy" transformer in which each
of these effects may be comewhat pronounced.

There are a few points to keep in mind in the application
of this procedure.
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1. Where a manufacturer is willing to guarantee that
his preduct will produce a lower sound level rating than
the otherwise-applicable NEMA rating, the manufacturer's
sound level value (the average dBA reading taken at 1 It
distance in nccordance with the NEMA method)} may be used
when entering Table 16 for obteining the octave band SPLs,

2, The purchase specification should state that the
sound level of the purchased transformer shall not ex—
ceed the applicable NEMA sound level rating, and that the
transformer shall be remgved if it does not comply.

3.  Although the procedure developed here is based on

transformer noise rather than cooling fan noise, it is

believed that the noise estimate will protect against a
reasonable amount of fan noise for any large forced-sir
cooled transformer.

e. Quitdoor SPL of Transformers. Transformers are frequently
located out-of-doors where they may be audible Lo the neighbors, especially
if their radiated sound includes the harmoniecs 240, 360 and 480 Hz., An
approximation of the outdoor 5PL at any given distance may be determined
by the following steps, whiech apply only to transformers and not to any
other equipment considered in this manual:

(1) From the NIMA sound rating for the trans-
former, determine the indoor SPL at 3=t distance
with the use of Table 16

{2)  Subtract from the 3-ft indoor SPL the outdoor
distance term from Table B or 9 for the distance

of interest. The resulting SPL values will approx=-
imate the SPLs of a "noisy" transformer at that
outdoor distance.

The above simple approximation applies only because the inw
door SPL estimate has already been inereascd due to the possibility of
standing wave build-up inside a closed transformer room. The assumed in-
crease for standing waves approximately offsets the conversion terms en-
countered in going stepwise from an indoor SPL to PWL and then to an out-
door SPL. 'This simplification would not apply for any other equipment,
because standing waves have not been assumed for any other indoor equip-
ment.
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d. Example. Suppose that a particular transformer has a NEMA
gound rating of 70 dABA. Suppose it is desired to know the maximum indeor
SPL at 3~ft distance for that unit if it is to be located inside a trans-
former room, and to know approximately the outdoor SPL at 300-ft distance
if it is to be located outside the building.

According to Table 16, the maximum SPL at 3-ft distance
indoors would be

70 15 80 87 8 79 Th 69 6l dB

for the octave bands 31-8000 Hz. The SPL at any other distance inside the
room can be determined with the use of Figures 11 and 12 or Table 203 this
material is explained later in the manual.

At 300-ft distance ocutdoors, the distance term is found
from Table 9 to be

L8 L8 48 L8 L8 L8 hg 50 53 dp

for the octave bands 31-8000 Hz. When the second line of numbers is sub=-
tracted from the first line of numbers above, the resulting values are

22 at 32 39 36 31 25 19 11 dB

These are approximately the outdoor SPL estimates at the 300-ft distance,
for the nine cctave frequency bands,

It is reminded that this entire discussion of transformer
noise assumes a '"noisy" transformer, that is, one with a mederately high
noise content at 240, 360 or 480 Hz, Not all transformers have high
harmonic content, and not all transformers with a NEMA rating of 70 dBA
will produce the above SPLs indoors or outdoors. If these estimated
noise levels are likely to cause later problems at an installation, it
is advised that the transformer manufacturer be requested to submit
actual SPL values obtained from some similar installation.

The simple estimation procedure given above may not be
appropriate for large transformers found at power generating stations
or at sub-stations located along power transmission lines. For those
types of transformers, which sometimes are faintly audible in quiet
rural areas for distances of over one mile, special analysis and noise
control are sometimes required.
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3-16. AIR COMPRESSORS, Two types of pir compressors are frequently
found in buildings: one is a relatively small compressor (usually under

% HP) used to provide a high pressure air supply for cperating the con-
trols of the ventilation system, and the other is a medium size compreasor
(poasibly up to 100 HP) used to provide "shop air" to maintenance shops,
mechine shops or some laboratory spaces, or to provide ventilation system
control pressure for large buildings. Larger compressors are used for
special industrisl processes or speclal facilities, but these are not
considered within the scope of this study.

The noisc levels of four small and five medium-size air com-
pressors have been measured or collected for this manual. Seven of these
have been reciprocating comprecsors covering the power range of 1 - 75 HP,
and two have heen centrifugal compressors at 10 and 20 HP. From the noise
data, it has heen posslble to arrive at design curves that will encompass
both reciprocating and centrifugal compressors in the range of 1 - 100 HP,
These are shown in Figure 10, and the noise level values are gilven in

Table 17.

3~17. SPECINICATIONS. A=z stated earlier, the noise level estimates
given in this manual will probably exceed the sttual noise levels of
approximately BO - 95% of all those types of machinery that will be en-
countered in typical building use. In many cases, actual noise levels may
fall 3 to 6 dB below the estimates, and for some types of eguipment some
noise levels may fall ag much as 10 to 20 dB below the estimates. Thus,
there appears to be no shortage of avallable equipment that will fall at
or below the estimnted nolsc levels glven in the manual, and it would not
appear discriminatory or unreasonable to specify that any purchased equip-
ment for a particular building be required not to exceed the estimated
values given here for that equipment, This is especially true if the
actual acoustic design of a wall or floor or room tresiment is dependent
upoh one or two particulerly noisy pleces of equipment. Such a noise
specifieation would not seem necessary for relatively quiet equipment

that does nob dictate noise control design for the MER or the bullding.

If a noise level specification is required to be met for a
particular piece of equipment, nnd this becomes a "hardship" on the manu-
facturer or the owner in terms of cost or aveilability, the noise specifi-
cation could be waived, depending on the respense of all the bidders. ITf
some bidders agree to meet the specification while others do not, this
could be a volid basis tor selecting the quieter equipment. If no bidders
cnn meet the specification, the specification can be walved but it may be
necessary to reevaluate the nolse control requirements of the MER, if this
particular equipment is so noisy that it is responsible for the noise
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design in the first place. Of course, it is the primary purpose of this
manual to prevent just such situations as this,as too many waivers would
negate the value of the noise evaluation as a part of the design phase of
the building., If the equipment measured for- this study represents a
failr sampling, it is likely that most of the equipment would meet & nolse
specification.

The semple nolse level specification given below offers a
generel set of mrocedures and suggestions for carrying out noise level
measurements on any desired piece of equipment, This is not offered as
a "standard" for noige messurements, however., Any acceptable and
applicable measurement and specification procedure reccmmended by an
appropriate standards group (such as ANSI or IS0) may be used as a basis
for setting up an equivment noise specification, See References [10] '

SAMPLE NOISE LEVEL SPECIFICATION

1, The maximum sound pressure levels measured at o distance of 3 ft from
the (eguipment in question) shall not exceed the following decibel values
in the nine "preferred" octave frequency bands

OCTAVE S0UND PRESSURE
BAND LEVEL
(He) {dB re 0.0002 microbar)
31 {Insert
63 desired
125 nolise levels
250 in blanks,
500 using estimated
1000 noise levels
2000 from manual,
Looo if these
8ooo are desired.}

2. At lenst four sets of noise level readings shall be submitted with
the bid, where each set is taken at & 3-ft distance from each of the four
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prineipal orthogonel surfaces of the equipment., Each octave band reading
of each set of readings shall be no greater than the specified value of

Item )1 nbove.

3. Durinm the tests, the equivment shall be in normal overation at not
leas than 50% full rated load {or at a specified muturlly acceptable
load condition). The tests shall be carried out by the equipment
manufac turer or by an approved testing amency, having proven capability
in nolse meagurements and using approved measurement caquinment and
acceptable measurement procedures. Whenever possible, approved
"gstandards" of measurements should apply.

k. In lieu of the tests under Ttem 3 above, final testing for conformance
with the Item 1 noise levels may be made following complete installation

of the equipment in the customer's bulilding, provided the eguipment manu-
facturer will remove and replace the equipment at his own expense if it
fails to meet the noise tests. To be acceptable, the replacement equip~
ment must meet the nolse tests. Tor the on-site tests, the equipment shall
be in normel operation at not less than 50% full rated load (or at a
specified mutually acceptable load condition), and the tests shall be in
accordance with the procedures givenin Item 3 above.

5., For all noise tests, the ambient noise level of the test area shall
be at least 10 dB below the specified levels of Item 1 mbove, and the
octave band sound measurement equipment shall meet the applicable ANSI

standards for that type of equipment.

3.18, MULTIPLE NOISE SOURCES (DECIBEL ADDITION). Since a mechanical
equipment room generally contains several pieces of equipment, it will be
necessary frequently to add together the noise levels at a particular
location in the room due to a number of sources. When noize levels are
combined "by decibel addition"™, four simple steps are ilnvolved:
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When odding any two decibel levels together -

When two decibel Add the following amount
values differ by to the higher value:

0 or 1dB 3 dB

2 or 3dB 2 dB

k to 8 dB 1l dB

9 dB or more 0 dB

If there are several levels of the same value, they may
be added as follows:

No. of equal levels Add
2 3 aB
3 5 dB
H 6 dB
6-1 4 4B
H) g dB
9-10 10 4B
N 10 log N dB

The individual components can bhe added in any order.
The total, using this simplified procedure, will give
an answer which is correct to within 1 4B.

When combining the cectave band contributions of dif-
ferent sources, add only nolse levels from the same
octave frequency band.

These four steps are repeated in Table 18 at the end of the

manual, for the convenience of the user. An example of "decibel addition"
will be given later in the manual.
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SECTION IV
CONTROL OF AIRBORNE NOISE OF MECHANICAL AND ELECTRICAL EQUIPMENT

In practicsl terms, the objective of this manual is to pro-
vide assistance in the acoustic design of the Mechanical Equipment Room
(MER}, so that the airborne noise that escapes from that room is not dise-
turblng to oceupants of the rooms above, below and beside the MER nor to
neighbors cutside the building. In effect, it is necessary to know (1) the
noise levels mede by the equipment inside the MER, (2) the desired noise
levels for the areas immediately adjoining the MER, and {3) the noise re-
duction that can be provided between the noisy MER and the gquieter adjoin-
ing rooms by such structures as walls, floors, ceilings, doors, corridors
and other acoustic treatments. )

Section II of this manua)l discusses briefly the noise levels
that are considered desirable or acceptable for various kinds of room uses.
Section III gives basic nolse levels at a standardized 3-f't distance for
much of the equipment found in a typical MER. Section IV now gives (1) in-
formation on the variation of noise levels inside the MER for distances
greater than 3 £t from the equipment, and (2) information on the "noise
reduction" provided by walls, floors, acoustic treatments, etec., in limit-
ing the escape of noise outside the MER. A somewhat more elaborate dis-
cussion of some of this meterial is given In the Power Plant Acoustics
(PPA) Manual, or can be found in scoustic textbooks.

h-o1. SOUND DISTRIBUTION IN A ROOM. 8. SPL Variation with Distance.
It is generally true that the sound pressurc level (8FL) drops off as one
moves away from the sound source. In an outdoor "free-field" situation

(no reflecting surfaces except the ground), the SPL drops off at the rate
of 6 dB for each doubling of distance from the acoustic center of the
source (there are qualifications to this generalization that can be ignored
for the present). In an indoor situstion, however, all the enclosing
surfaces of a room confine the sound waves so that they cannot continue
spreading out ipdefinitely and become dissipated with distance. Instead,
as the sound waves bounce around within the room, although a certaln amount
of energy is absorbed at each reflection, in general, there is a build-up
of sound level because the sound energy is "trapped" inside the room and
eannot escape (somewhat figuratively speaking). In a highly reverberant
room, with walls that are hard, rigié and completely impervious, very
little sound energy is absorbed at each reflection so the sound bounces
arcund a long time before it ultimately is absorbed. In this type of
room, the room becomes almost "saturated” with sound; and as one moves
away {rom the sound source, the sound level drops off very slowly with
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distance (possibly only 1/2 to 1 @B per doubling of distance for some rel-
atively small, but very reverberant rooms}. In a highly absorptive room,
hovever, a considerable amount of energy is absorbed at each refleetion

as the sound waves bounce around the room. "There is less build-up of sound
within the room; and as one moves away from the sound source, the sound
level drops off more rapidly (possibly 2 to 4 dB per doubling of distance).
Note that the walls would have to be 100% absorptive in order to have no
reflected sound at all. This would then simulate the outdoor free-field
condition, and the sound level drop-off with distence would become the
theoretical maximum of 6 dB per doubling of distance.

Thus, in a qualitative sense, it is seen that the reduction
of sound pressure level indoors, as one moves across the room away from
the sound source, is dependent on the degree of absorption and, of eourse,
on the distance that one moves. The awounht of absorpliva alsou lnvolves
surface areas of the room. All of this is expressed quantitatively by the
curves of Figure 1l. As an example of the use of Figure 11, suppose a
room has an amount of sound absorption that produces a "Room Constant, R"
value of 1000 sq ft.. At a distance of 2 1/2 rt from the acoustic center
of a non~directional sound source, the "RELATIVE SPL", as read off the
left hand side of the graph for the R=1000 curve, is -7 1/2 dB. At a S5-ft
distance, the REL SPL becomes ~11 dB, indicating a reduction of 3 1/2 4B
as one doubles the distance in going from 2 1/2 to 5-ft distance. Con-
tinuing, at a 10-ft distance, the REL SPL becomes -13 dB, indicating a
reduction of 2 dB as one doubles the distance from 5 ft to 10 ft. Then,
st 8 20-ft distance, the REL SPL becomes -14 dB, indicating a reduction
of only 1 dB as one doubles the distance from 10 It to 20 ft. The other
curves for other values of Room Constant (related to room absorption) give
other variations of SPL with distance away from the source, Only if a
room has an infinite Room Constant {perfect sound absorption at all the
side wall and ceiling surfaces), would the sound pressure level drop off
indefinitely at the outdoor rate of 6 dB per doubling of distance.

Figure 11 offers a means of estimating the amount of noise
level reduction for a plece of mechanical equipment in a room as one moves
from the 3-ft distance (used as the reference distance in all the data
summaries of Section ITI) to any other distance in the room, provided one
knows the Room Constant of that recom. The next step i1s to ealculate or
estimate the value of the Room Conatant.

b. Room Constant, A suitable acoustles Lextbook (such as Ref-

erence [UWJ or L6JJ will give details of a fairly accurate calculation
of the Room Constant for any specific room, knowing {1) all the room
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dimensions, (2) the wall, floor and ceiling materials, (3) the amount
and type of mcoustic absorpbion materials, end (4) the mound sbsorption
coefficients of the acoustic materials at various specified frequencies,
For the purpose of this manual, however, such a high degree of accuracy
is nol considered necessary, 8o a simplified estimating procedure is
suggested, This procedure is also used and described in the FPA Manual.
It must be recognized that this simplification yields & less accurate
estimate than does the more detailed textbook procedure, but it is never-
theless considered acceptable for use in this manual. Refer to pages
36=4Y4 in the PPA Manual for a somewhat more detajled explanation. The
basic steps of the simplified procedure are listed as follows:

1, Determine the total interior surface arca of the roonm.

2, Determine the total area of acoustic absorption mate-
rial to be applied to the walls and/or eeiling of the
room,

3, From steps 1 and 2, determine the percentage of total
roonm surface covered with absorption material.

k, From Part A of Table 19 determine the "room label"
associnted with the percentage figure found in step
3 above,

5. Caleculate the volume of the room, in cu., f't.

6. From Figure 12, using the volume of step 5 and the
"yoom label" of step 4, determine the approximate
Room Constant (K in sq ft) for the room. This value
applies for octave band frequencies of 500-8000 H=z.

1. Determine the corrected values of R for 31-125 Hz as
given in Part B of Table 19. The values differ de-
pending on the type of acoustic treatment used. See
the footnotes of Table 19 regarding "NRC" values
normally associated with 1 in, and 2 in, thick meoustic
absorption materials.

c. Example. Assume a room 40 ft long, 30 ft wide and 15 £t high.

The total interior surface area is 4500 sg ft and the volume of the room
is 18,000 cu. ft. BSuppose 2 in. thick acoustic panels having an NRC of
0.80 are used over the full ceiling area and in & 5-ft wide band around

all four walls. The total area of acoustic treatment is 1900 sq ft, giving
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h2% area coverage, In Table 19, 42% is seen to fall about midway between
& "Medium-Dead Room" and a "Dead Roem". In Figure 12, for a room volume
of 18,000 cu. Tt and a room label between "Medium-Dead" and "Dend", the
value of R is found to be approximately 2000 sq ft. This value would
apply for 500-B000 Hz. At lower frequencies, the value of the corrected
R would be (from Part B of Table 19):

0.2 R or %00 sq £t at 31 Hz

0.3 Ror 600sq £t at 63 Hz

0.5 R or 1000 sq ft at 125 Hz

0.8 R or 1600 sq ft at 250 Hz.
Continuing this example, suppose 1t is desired o find the

SPL reduction in this room while going from 3-ft te 20-ft distance from
the noise source., In Figure 11, find the difference in REL SPL between

3 't and 20 £t for R values of:
Loo, 600, 1000, 1600 and 2000 sq ft.
These are as follows, in order:

3 b 5 6 and 7 dB.

fhus, the 3-ft SPLs for the particular piece of equipment would be reduced

by these smounts to obtein the 20-ft SPLe for the frequency bands, in order:

31, 63, 125, 250 ahd 500-8000 Hz,

d. Simplified Teble for Distance and Room Constant. The pre-
ceding paragraphs show the normal procedure for estimating the effect of
SPL drop-off with distence as one moves away from a nolge source in a
room having an estimated Room Constant. The material of Figure 11 is
placed in a simpler form in Table 20 for the specifie condition of
estimating the SPL drop-off from the normalized 3-It distance given Tor
most equipment in this manual. Obviously, not all distances nor all Room
Conatants can be included to cover & wide range of usage. Various inter-
mediate velues of D and R can be determined by interpolation within Table

20 or by using Figure 11.

To illustrate the use of Table 20, recall the exmmple given
immadistely above. In that example a room was found to have the following
Room Conatant values

33



TH 5-B05-4

Loo, 600, 1000, 1600 and 2000 sq ft
for the octave bands
31, 63, 125, 250 and 500-8000 Hz.

It was desired to find the SPL reduction in going from 3 ft out to 20 ft.
Using Figure 11 it was necessary to determine the REL SPL at 3 ft and the
REL SPL at 20 ft, then subtract one velue from the other to cbtain the
SPL reduction at the greater distance. In Table 20 this iz simplified
merely to reading the SPL reduction for the particuler values of R and D
involved. Agein, note that this table applies only when the "starting
distance" is the normalized 3-ft distance, From Table 20 for a distance
of 20 ft and for the Room Constants listed, the SPL reduction is found to
be

3 4 5 & and 7 42, respectively,

These values, of course, agree with those given above as obtained by the
longer procedure of reading and subtracting two values each from Flgure

L.

It is cautioned that Table 20 must not be used to estimate
an SPL wvalue when the PWL of the noise source is given., Figure 11 still
must be used when converting from a PWL value to an SPL ot some specified
distance,

e, SPL ip a Room when PWL is Known. The above uses of Table 1§
and Pigures 11 and 12 assume that a 3-Tt SPL is known for a given machine
and it is desired to find the SPL of that machine at any distance {greater
than 3 ft} within any room whose dimensions and acoustic absorption are
known or can be estimated. That procedure was illustrated in the
paragraphs above.

In the event that the sound power level (PFWL) of some
piece of equipment is known (rather than the 3-I% SPL), the same pro-
cedure may be used, with an exception. In Fipure 11, the ordinate of the
graph, "Relative Sound Pressure Level" (abbreviated to "REL SPL") is
actunlly releted to SPL and PWL by the ecuation

SPL = PWL + REL SPL
for any particular Distance D and Room Constant R. In this equation,
SPL is given in the standard uni} Y4l re 0.0002 microbar”, PWL is given

in the standard unit "dB re 10 watt", and REL SPL is quoted in decibels
and is the conversion term that relates SPL to PWL. Sound power levels
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(PWLs) were used almost exclusively in the PPA manual, whereas SPLs are
used mostly in the present manual, although PWL date are offered here for
outdoor ccoling tower noise evaluations. In the obove equation, the REL
SPL is read directly off the curve of Figure 1l for a particular D and R
value. Then, since the PWL is given, the SPL ecan be caleulated.

f. Example, Suppose a hermetic centrifugel compressor is to
be installed in the acoustically treated room deseribed above in parsgraph
h—Ol.g, and suppose it is desired to find the SPL at a distence of 20 It
from the compressor. For this example, suppose that the compressor manu-
facturer submits PWL data for this unit, The PWL values are listed in
Column 2 of the accompanying table, From paragraph 4-0l.g, it was learned
that the Room Constent had the velues L0O, 600, 1000, 1600 and 2000 sq £t
ot the varlous frequencies., From Figure 11, RKL SPL values can be deter-

mined for the particular Raom flonstant values st
values are shown in Column 3 of the table below.

SPL = PWL + REL SPL,

a 30-ft distance. These
Finally, since

the SPLs can be caleulated, These are listed in Column 4,
Col. 1 Col. 2 Col, 3 Col. b
QOctave PWL REL SPL at 20 ft
Band (dB re SPL (dB re
(Hz) 10742 ) {aB) 0.0002 microbar)
31 95 ~10 85
63 93 -12 81
125 a4 -1k 8o
250 95 -16 79
500 o9 -17 82
1000 102 =17 85
2000 108 =17 91
hooo 105 -17 88
8oo0 94 -17 7

g+ Qualifications. There are two additionsl points that should

be kept in mind in using the data of Figure 1l.
by the caption under the abscissa of the graph:

These are both suggested

"Equivalent distance from

acoustic center of a nop-directicnal source"., Strictly speaking, very
few noise sources in real life ere completely non-directional sources, but
in this manuasl and in many conventional noise problems the assumption is
made that the source is non-directional, that is, that it radiates sound
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equally in all directions, If the true directional characteristics are
known, they may be used, but for the purpose of the manual thls is not
required. The second point regards the "distance from the acoustic cen-
ter." The acoustic center, as the term implies, is the location that would
bte occupied by a "point source" of equal sound pover output. ‘The acoustic
center of a noise source may be at a near-by surface of the unit being
measured, or it may be located somewhere near the geometirie center inside
the unit. For a strictly correct use of Figure ll, the distance should
be referred to the acoustic center, but in practice the location of the
center is not always known, or it might be agsumed to be at different
locations by different individuals. Illence, for practical purposes, it is
suggested that distances be related to the nemrest external surface that
is generally considered to be the noisiest part of the unit., This will
yield consistent and reasonably accurate results,

Lh-02, TRANSMISSION LOSS OF WALLG. Paragraph h-01L above considered the
distribution of sound inside a room that contains the sound source. Next
it is essential to know the amount of sound that escapes from that roem
into adjoining spaces by way of the walls of the room containing the sound
source,

8. '“he Mass Law". When a sound wave atrikes the "front" sur-
face of r solid wall, there is enough energy in the tiny pressure oscllla~
tions in the mir to cause the whole wall to vibrate, If the wall is rel-
atively lightweight, it will be set into vibration more easily than if it
is heavyweight. In vibrating as a whole, this wnll sets intc oscillatien
the air particles along its "rear" or opposite surface. These vibrating
air particles radiate as sound energy into the space on this rear side of
the wall. Thus, an incident sound wave excites the front side of the wall,
and the wall re-rudiates the sound wave from its rear side. (If the wall
is at all porous, some sound, i.e., oseillating air particles, can actually
pass through the pores of the wnll.)

It is generally true that a lightweight wall will be more
ensily excited by an incident sound wave then will n heavyweight wall and
therefore will "transmit" more radimted energy to the other side, This
generalization gives rise to the effect known as "the mass law' in mcoustics,
To a first approximation, "the mass law" suggests that for each doubling
of the gurface weight of the wall there will be about 5 or 6 dB less trans-
mitted scund. The mass law also suggests that for each doubling of the
frequency of the sound there will be sbout 5 or 6 dB less transmitted
sound, There are some qualifications to these peneralities which will not
be discussed here, but the "transmission loss' datn given in the tables
reflect these effects.
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L. Transmission Loss (TL). The approximate "transmission loss" or
"IL" values, expressed in 4B, of a number of typical wall constructions are
given in Tables 21-31.

Table No. Construction Material

21 Solid, dense concrete or masonry

22 Hollow-gora concrete or masonry

23 Stud-type partitions

2k Metal panel pertition and
industrial acoustiec doors

as Glass wells or windows

26 Double-glass construction

27 Wood or plywood, ineluding
2 in, thick solid wood door

28 Plaster

29 Aluminum

30 Steel

31 Lead

The values given in these tables encompass many more materials
than normally required for straight-forward noise control prehlems, but they
are offered for the benefit of the architeect or engineer who might wish to
consider certain special designs or applications. They are included alsc to
show that certain lightweight wall materials cannot adequately confine the
high nolse levels of some mechanical equipment.

It is important to reallze that the TL of a wall ia merely the
ratlo, expressed in decibels, of the sound transmitted by a wall to the

airborne sound incident upon the wall., Thus, the TL of a wall is a performance

characteristic that is entirely a function of the wall weight and material,
and its numerieal value is not influenced by the acoustie environment on
either side of the wall or the area of the wall.

2. Noise Reduction ("NR"}. The total effectiveness of a wall or
partition involves both the TL of the wall and certain other factors
associated with the geometry and the acoustic characteristics of the
"peceiving room” (the room into which the noise is transmitted). These
factors are reasonably self-evident. For example, it is probably obvious
that a wall with & relatively small area will transmit less total noise
energy than will a wall with a relatively large ares, evan though each
square foot of the wall has the same TL value. Also, it is probably obvious
thet the sound level in the "receiving room" will be influenced by the
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amount of acoustic absorption in the receiving room; that is, the SPL will
be relatively high in a "live" receiving room having little or no acoustic
absorption whereas It will be relatively low in a "dead" recelving room
having large amounts of acoustic absorption.

Thus, when noise travels through a wall from one room (the
"source room") to an adjoining room {the 'recelving roem"), three factors
are involved: {1) the TL of the wall, (2) the area of the wall that is
common to both rooms and that is transmitting the noise, and (3) the

acoustic characteristics of the receiving room that receives the transmitted

noise, The term "noise reduction" of a wall (abbrevinted to "NR") is the
term that includes all three of these factors. In the manual, the aren of
the common transmitting wall and the acpustic characteristies of the
receiving room are combined into a single term, called here "the wall
earrection term" and designatad as "C" fu ihe equation:

NR=TL+C

For this equation, values of TL are found in Tables 21~3l and values of C
are found in Table 32. The "noise reduction' of that specific wall between
the transmitting room and the receiving room is now known. The SPL in
the receiving room can then be determined from
SPlgource = VR = &'PLreceiving
roon room

since the SPL in the source room can be ecalculated from the procedures
given in Paragraph 4-01 above,

The "wall correction term" C in Table 32 depends on the ratio
S /R., where 8_ 1is the area in sqg ft of the common wall between the two
room5 and R, is the Room Constant of the reeceiving room. This Room
Constant can be determined from Table 19 and Fipure 12,

d, Example: Control Room in MER. It now seems appropriate
to illustrate all of the materiel up to this point in the manual with
an example, OSuppese a glass-walled Control Room is to be located at cone
end of 4 mechanical equipment room that houses some refrigeration and
pumping equipment for a building., The MER is BO rt long, %0 't wide and
20 't high and has a 2 in. thick acoustic and thermal insulation treat-
ment applied directly to its entire ceiling area. Assume the NRC (noise
reduction coefficient) of the material is 0,80. The Control Room is
20 ft long, 12 rt wide and 8% ft high. It has an ncoustic tile ceiling
supported on a suspension system that provides an
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18 in. alr space above the ceiling, Sunpose this e¢eiling combination
has an NRC of 0.85 according to the Acoustical and Insulating Materials
Assoclation Bulletin. The 20 ft dimension of the Contrel Room lies along
the U0 ft width of the MER and a % in. thick glass wall is planned as

the common wall extending from the floor line to an 8 ft heirmht. The
glass wall is approximately 60 ft from a 1500-ton centrifumal compressor,
o £t from a hSN-ton centrifural comnressor, 20 ft frem a 100-ton
reciprocating compressor, and 50 £t from a sroup nf h motor-driven 50-
HP numps {1750 RPM)}, It is desired to know the SPL in the Control Room
and to deteymine the nature of speech communication vossible within the
Control Hoom when all the equipment is in cperation.

The volume of the MER is 80xh0x20=6L,000 en 4 and the toiaz
interior surface erea is 11,200 aq ft. The area of the ceilinm acoustic
treatment is 3200 sq ft which amounts to 20% of the total room area.
According to Table 19A and Figure 12, this room has a Room Constant
of approximately 3000 sq ft at 500-8000 Hz. According to Table 193,
the Room Constant at lower frequency is

600 sn £t at 31 Hz
900 sq ft at 063 Hz
1500 sq ft at 125 Hz
2h00 sq ft at 250 Hz

The area of the glass wall (S ) separating the two rooms is 20x8=160
an ft. TFrom Table 32, values of C can be determined for the various
ratios of Sw/RE. These are summarized in Table A immedintely below.

TABLE A

Oetave Common Receiving Ratio C from
Band Wall Area Room Constant Sw/RE Tahle 32

{Hz) 8, Ry (as)

31 160 sn 3.2 -5

63 160 75 2.1 b

125 160 125 1.3 -2

250 160 200 .80 0

500-8000 160 250 NN +1

The TL of ¥ in. thick glass can be found in Table 25, and the NR for
this glass wall can then be determined from the relationshin

NR=TL + C
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' This 1s summarized in Table B immediately below.

T L bt P AT LT LAY L

TABLE B

Octave TL c NR ‘

Band % in. glass {dB) (ap) i

{Hz} {dB)

31 5 -5 0 :

63 11 -4 7 {

125 17 -2 15

250 23 0 23 !
' 500 25 1 26
R 1000 26 1 a7
- : 2000 27 1 28
Looo 28 1 29
8000 30 1 3

In Table C below, the SPLs of the three compressors are given, both at the
normalized 3-ft distance as cbtained from Table 4, and at the 20, 40 and
60-ft distances when extrapolated in accordance with the differences in REL
SPL as found in Figure 11 or in simplified Table 20 (using the Room Constants
for the MER of 600 to 3000 sq ft for the different frequencies).

TABLE C f,

Octave SPL 1500-Ton SPL 450-Ton SPL 100-Ton L

Band Centrifugal Centrifugal Reeiprocating _

{Hz) Compressor Compressor Compressor ’

3rt 60 ft 31t WO ft 3t 201t

31 8o 85 81 83 35 81

63 90 84 ] 82 90 85 '
125 91 8L 89 82 89 83
250 g2 83 90 82 92 85
500 93 83 S0 80 93 85
1000 97 87 91 81 g2 8L
2000 99 89 92 82 S0 82
hooo 9k 8l ar T a6 78
8000 87 77 80 70 81 73

In Table D on the next page, the SPLs of a 50-HP motor and a 50-HP pump are

firat given at 3-ft distance, The higher value in each octave band i5 then
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taken to arrive at the SPL of the combinatien at 3-ft distance. This
is then extrapolated to the 50-ft distance, Finally the total SPLs
are given for all four motors and pumps (6 dB greater than for one
motor-pump, according to Step 2 of Table 18). Again, the MER Room
Constant hes the values 600, 900, 1500, 2400, and 3000 sq ft for the

various fregquencies.

TABLE D
Octave 8PL at 3 ft SPL at 50 f't
Hand
(Hz) Motor Pump Pair One Pair Four Pairs
31 gz 85 oC B2 AR
63 83 86 86 80 86
125 87 8o 89 a2 88
250 91 9L 91 83 B9
500 92 91 92 83 89
1000 92 8o 92 83 By
2000 91 86 91 82 88
kooo és 83 85 76 8a
6000 78 78 78 69 75

In Table E below, the individual 8PL contributions of Table C and D are

combined, by decibel addition, to obtain the total SPL at the glass wall

of the Control Room. To illustrate the deeibvel addition, in accordance
with Step 1 of Table 1B, the four individual SPLs at 31 Hz can be added

as follow:

Z>‘ BT>-
81 = g1 dB
aa>= %

or, adding the same numbers, by a different sequence

5

= B8
83
>= 85

81 = 91 d¥.

88
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Sometimes, addition by different scquences will produce variations

of T dB in the final totnl., This is within the accuracy of the simple
(easy~tn remember} rules of Table 3. In Table E, all other octave
band totals are listed.

TABLE E SPL
QOctave SPL SPL SPL Lk 50-HP Total SPL
Band 1500-~Ton L450-Ton 100-Ton Motor- in MER
(Hz) Compressor  Compressor  Compressor Pumps at Glass
at 60 ft al ho ft at 20 ft at 50 Tt Wall
31 45 B3 81 B 91
63 84 82 85 86 90
125 Bb4 aa 83 68 01
a5e 83 8e 85 89 01
500 83 80 ) 89 o1
1000 87 81 B 89 g2
2000 89 8z Bz 88 92
hooo a4 77 78 82 87
8000 11 70 73 75 o

Now, knowing the SPL on the MER side of the glass wall (from the last
column of Table E} and the NR of the pglass wall {from the last column
of Table B), the SPL inside the Conirol Room can be estimated from
SPLreceiving = SPloource ~ M
Room room

This is shown in Yable F:

TABLE F
Octave SPL in NR of SPL in
Band MER at Gloass Contral
(Hz) Glass Wall Wall Room
31 91 0 01
63 90 7 83
125 91 15 76
250 91 23 68
500 91 26 65| P3IL
1000 92 27 g5} = 65 dB
2000 g2 28 64
hooo ar 29 58
8000 80 31 ko
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This Control Room will have a "speech interferetice level' of
approximately 65 dB, and according to Table 3 this would permit relisble
speech communication with a ralsed volce at 3-ft distance, a very loud
volce at 6-ft distance, or shouting at an 11-ft distance, There would
be no hearing damage problem, as may be seen by comparing the Control
Room SPLs with Tables 1 or 2 in the PPA Manual {Table 2 would be
applicable because the centrifugal compressors and motors would prob-
ably produce pure tone signals)., If there were no glass-wall enclosure
for the Control Room, the noise levels would reach 87 to 92 dB in the
upper frequency bands and thege would be s cause for cancern for cccu-
pants stationed in the Control Room area.

It is of interest to note at this point the acoustic value
of the 2-ln. thick acoustic and thermal insulation material pleced in
the celling of the MER., For a brief comparison, suppose that no
acoustic absorption were used in the MER., Recall that the volume of the
MER in this example is 64,000 cu ft and that the total interilor surface
ares is 11,200 sq £t. From Table 19A and Figure 12, the MER is now
found to have a Room Constant of approximately 500 sq £t at 500-8000 Hz.
At the lower frequencles, according to Table 19R,

0.2 R = 100 5q ft at 31 H=z
0.2 R = 100 sq £t at 63 Hz
0.3 R = 150 sq Tt at 125 Hz
0.5 R = 250 =q £t at 250 Hz

In Table G on the next page, the SPL of the 1500-Ton centrifugal
compresgsor at 3-ft distance is given in Column 2. These 3-ft values
are reagonably independent of the use of absorption in the room (not
exactly true but acceptable for the purposes of the manhual)., In

Column 3, the SPLs at 60-ft distance are given for the original condition,
using the ceiling abeorption materinl (these values are trken from the
third column in Table €¢), In Column 4, the SPLs at 60-Tt distance are
shown for the assumed condition of neo acoustic absorption in the MER.
Comparisen of Columns 3 and 4 shows that the use of absorption material
reduces the neise levels of the 1500-Ton compressor by 3-6 dB in the
middle and high frequency region, as heard st o 60-ft distance. For
shorter distances, the improvement due to the sbsorption material

decreases.
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TABLE G
Col 1 Col 2 Col 3 Col &
Octave SPL at GPL at 60-ft disgtance:
Band 3-rt with without
{Hz) distance absorption absorption
31 89 85 88
63 90 Bk 89
125 91 8k a0
250 92 83 90
500 93 83 89
1000 a7 87 93
2000 99 89 95
booo 9l 8 50
8000 87 77 B3

&, Example: Office beside MER. Now, assume the same size
and arrangement of rooms as studied in the example above, but consider
here that an office is to be located where the Control Room was located
in the above example. Then, Instead of a glass wall, assume a 1O-in,
thick solid, dense concrete block wall separating the office from the
MER., Assume the same equipment and SPLs in the MER and the same acoustic
treatment of both rooms. Then, calculate the SPLe to be expected for
the office and determine if this would be suitable for office space.

In Table H below, the TL of 10-~1in. solid concrete block
ig given (from Table 21), followed by the wall correction term and the
ultimate NR of this wall,

TABLE H

QOctave TL [ NR

Band 10-in. solid

{Hz) concrete
{aB) {dB} (dB)

31 34 =5 29
63 35 =4 31
125 37 -2 35
250 Lo 0 hQ
500 45 1 h6
1000 52 1 53
2000 58 1 59
Looo 63 1 64
8000 68 1 69
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In Table J, the SPL in the office is summarized knowing that
SPLoffice = SPLMEH - NRwall

TABLE T

Octave SPL in NR of SPL, NC=-35
Band MER at Concrete in Noise H
(Uz) Wall Wall Office Criterion i
31 91 29 62 - ;
63 90 31 59 60
125 91 35 56 52 1
250 91 ko 51 Ls
500 91 L6 ks Lo .
1000 92 53 39 36 :
2000 g2 59 33 3k W
Looo 87 6h 23 33 3

8000 80 69 11 32

In Table J, the airborne noise levels in the office are compared with i
the noise levels that would meet an HC-35 noise criterion, The office |
noime levels are seen to exceed the NC-35 condition by as much as 6 dB :
in the 250 Hz band. These levels would be acceptable for an area per~ 1
mitting an NC-LO to NC-L5 eriterion, such as illustrated by Category 5 :
areas in Table 2, but these levels would not be recomnended for an
office that should have an NC-30 to NC=35 acoustic environment. A
corridor between the MER and an office would give the desired additional :
noise reduction required to meet an NC-25 to NC-35 area, provided ade-
quate vibration isolation of the equipment is accomplished.

The office area could be made a bit quieter by use of
additional scoustic design, but in practice the extra treatments might
be more expensive than desired. The additional treatment, if preferred, k
could involve the use of (1) more acoustic absorption in both the MER i
and the office space, (2) a smaller wall area (S5 ) common to both rooms, ;
and {3} a still heavier single wall or a special double wall construc-
tion between the rooms, Actuaslly, it is believed that rearranpgements
in the use of the space immedintely surrounding the MER would be more
economical and practical,

f. Doors and Windows, It is fairly obvious that a poorly-
fitted lightweight deor or a large lightweight window might constitute
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a weak link in an otherwise scoustleally good wall., When a wall must
serve an important acoustiec need, then the door or window must be
carefully selected to be compatible with the total need of the wall.

Beenuse the area of a door or window is usually quite a
small part of the total area of a wall, the TL of the door or window can
be lower than that of the wall by certailn specified amounts without
seriously Jeopardizing the acoustic effectiveness of the well, 1In
Table 33, the reduction in TL of a wall is given for a range of
arens of' doors and windows and for a relative L of the door or window
compared to that of the wall. As an example, suppose thot a wall has a
TL of 40 4B at a particular frequency and that & door has a TL of 20 4B
at the same frequency. Suppose the door area is 5% of the total wall
arzca. Ino Table 33, 1L Is found for inis combination of conditiens that
the wall TL would be reduced by 8 dB by this door. Thus, the composite
wall-door comblnation would have an effective TL of L40-6=32 dB.

To minimize the loss of effectiveness of a wall, the door
or window should be of the smallest possible area and of the largest
possible TL., Doors should be gasketed and provided with a drep strip
in order to minimize air leakagze paths, and windows should be sealed
closed, For massive single walls or for special double walls, double
doors or windows should be used and large alr spaces should be provided
between the doors and windows, The approximate TL of a 2-in. solid
vood door, gasketed around all edges, is given in Table 27 (see Foot—
note 2}, nnd the approximate TLs of a h-in. thick and a G-in. thick
industrial type "acoustic door" are given in Table 24, The approximate
TLe of single thicknesses of glass are given in Table 25 and the TLs of
a few double~glass combinations are given in Table 26,

In many situations, the structural requirements
will exceed the acoustical requirements of a wall, in which case the
door or window can have a TL much lower than that of the wall. A few
generalizations are listed below that should aid in the selection of
a door or window that will be somewhat acoustically compatible with
the wall:

{1) Where the acoustic design requires a minimum, simple, single
wall construetion, such as conventional stud partitions, movable
metal partitions or h~in. or G-in. hollow-core concrete bleck,
use ungasketed hollow-core wood doors or ungasketed metal panel
doors and minimum % in. thick glass windows.

{(2) Where the acoustic design requires scmevwhat more than minimum wall
construetion (such as stepgered stud construction, l-in. er 6-in.
solid core concrete or masonry, or acoustically filled metal panel

partitions), use mosketed solid-core wood doors, or minimum 1-3/4 in.

he
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hollow metal doors packed with dense mineral or glass fiber, or
special 1-3/h in, thick acoustic doors with gasketinm, and use
windows of minimum area made up of double panes of at least 1/ in.
thick gless with at least 2 in, alr space, or windows of larger
but limited arem made up of double panes of at least % jn. thiek
glass with li-in. to 6-in. air space.

{3) Where stringent ncoustic requirements must be met, adhere to the door
or window TL requirements given above as & function of percent area of
the total wall., Use special mscoustic doors or provide “sound locks"
with rasketed double doors, where the doors are spaced at least 5 to
6 ft apart in an acouwstically lined vestibule or corridor. Use double
glass windows with maximum possible air space and glass thickness and
minlinam practical aren, For alisht improvement, the panes may be
tilted relative to one another and the interior surfaces of the window
framing can be given an acoustic lining.

(h) ¥Wnhere doors are cbvious leakage naths for unwanted nolse, locate them
in positions that will provide minimum disturbance or meximm distance
from the important work area of the room, and provide acoustie absorp-
tion in the room.

Table 33 can also be used to determine the effective TL of A
wall made up of two different portions, where the two nortions have diff-
erent TLs, such as in & 10 {in. thick poured solid conerete wall having a
knock~out panel of 6 in. thick concrete block.

£. Double Walls. If MERs are bordered by work apaces vhere a
moderate amount of noise ia acceptable (such ns areas of Catepgories 5 and
6 and possibly in some cases Category U of Table 2), the equipment noise
usually can be adequately contained by hesvy concrete walls of single
thickness. Double walls of concrete can be used to achleve even greater
values of PL. For example, two B-in. thick solid-core concrete block walls
gseparated with an B-in. air space and structurally not connected tomether
at any point (based on separate footings) would have TL values about 5 4B
higher in the low frequency region, 10 dB higher in the middle frequency
reglon and 15 dB higher in the high frequency region than a single 1l2-in.
thick solid-core concrete block wall, Various intentional and unintention-
al structural connections between double walls have highly varying effects
on the TL of double walls, however. For this reason, TL data are not
guoted for double walls. In practice, double walls will give a worthwhile
improvement over single wallas if one of the double walls can be placed on
separate footings {for an on-grade location) or on a l-in. or 2-in. thick
leyer of construction cork (for upper floor locations), and if the two walls
can have & minimum of structural ties hetween themselves. The improvement
will be greetest at high frequency. The alr space between the walls should
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be as large as possible to enhance the low frequency improvement. An
cbvious extension of the double wall is the wide corridor, with an
acoustically treated ceiling. This is recommended as a separator between
a noisy MER and a Category 2-b area and possibly a Category 1 ares of
Table 2. For close locations of acoustically critical areas to noisy
MERs, it is essential that adequate vibration isolation be incorporated
in 8ll the suspect machinery and piping. If a Category 1 area (NC-20 to
NC-25) is to be located very near a nolsy MER, it would be advisable

to have an acoustical engineer check the details of the designs.

It is sometimes possible to enhance the TL of & simple concrete
block wall or a stud-type partition by resiliently attaching to that wall
or partition sdditional layers of plaster skin, possibly mounted on
apring elips that are installed off l-in. or 2-in. thick furring strinas,
with the resulting sir space filled with ecoustic absorption material.
These constructions became rather sophisticated and a hit expensive, but
they can provide an improvement in TL of 5-10 dB in the middle frequency
region and 10-15 4B in the high frequency region, when properly executed.

h-03. TRANSMISSION LOSS OF FLOOR~-CEILING COMBINATIONS, Many mechanical
equlpment areas are located immediately above or below occupied floors

of bulldings, Airborne noise and structure<borne vibration radiated aa
noise may intrude into these occupied floors if adequate controls are not
ineluded in the building deaign. The approximate "TL" and "NR" are given
here for five floor-ceiling combinations frequently used to control air-
borne machinery nolse to apaces above and below the MER.

None of the data apply for equipment installations mounted
on framed wood flooring or on typieal lightwelght metal deck with 2-3
in, thick conerete surface., These floor constructions are not stiff
enough or massive enough to provide good alrborme noise control or to
support heavy machinery or to give an adequate base for a vibration
isolation mounting system.

The five flooreceiling ccmbinations are discussed in the
following paragraphs. All floor slebs are assumed to be of denge concrete
{140-150 1b/eu ft density) or of such extra thickness of less dense
conerete to give the equivalent surface weight of the specified dense
econcrete.

a. Type 1 Floor-Celling., This combination is made up of &
concrete floor slab with or without acoustic tiles or panels cemented

b8
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directly to the underside of the slab., It 1s important to realize
that the acoustic tiles add nothing to the transmission loss of the
floor slab. The acoustie tiles only prowvide acoustic absorption in
the room in which they are located and hence provide a degree of
noise reduction in the room. The estimated TL of & Type 1 floor-
ceiling is given in Table 34 for a few typical floor slab thicknesses,

b. Type 2 Floor-Ceiling. This floor-ceiling combination
consists of a concrete floor slab below which is suspended a typleal
low density acoustic tile ceiling in a mecharical support system. To
qualif'y for Type 2 combination the acoustic tile should be not less
then 3/ in. thick, and it should have a Noise Redustion Coefficient
{"NRC"} of at lemst 0.65 (when mounted as specified by the Acoustical
and Insulating Materials Association). The air spece between the
suspended ceiling and the concrete slab above should be at least 15
in., but the TL improves if the uir space 1s larger than this. The
estimated TL of & Type 2 floor«ceiling is given in Table 35 for a few
typical dimensions of concrete floor slab thickness and air space,

e+ Type 3 Floor~Ceiling. This floor-ceiling combination is
very 8imilar to the Type 2 combination, except that the acoustic tile
material is of the "high TL" variety. This means that the material
is of high density and usually has a foil backing to decrease the
porosity of the back surface of the material. {(Ask the acoustic tile
representative to identify his "high TL" materiaml.) An alternative
version of the Type 3 combination includes a suspended ceiling system
of lightweight metal panel sandwich construction consisting of & perfor-
ated panel on the lower surface and a solid panel on the upper surface,
with acoustic absorption material between. The minimum "NRC" for the
Type 3 acoustic material must be 0.65. The estimated TL of a Type 3
floor-ceiling is given in Table 36 for a few typical dimensions of
conerete floor slab thickness and air space,

d. Type 4 Floor~Ceilinz, The Type L floor-ceiling combination
consists of a concrete floor sleb, an air space, and a reailiently sup-
ported plaster ceiling. This combination is for use in eriticeal situa-
tions where a high TL is required. The plaster ceiling should have at
least 1l in. thiekness of high density plaster (minimum 12 lb/sq ft sur-
face weight) and the nir space should be at least 18 in. thick. The
ceiling should be supported on resilient ceiling hangers that provide
at least 1/10 in. static deflection under load. Neoprene-in-shear
or compressed glass fiber hangers can be used, or steel springs can be
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used if they include a pad or disc of neoprene or glass fiber in the
mount. A thiek felt pad hanger arrangement can be used if it meets
the static deflection requirement. The hanger system must not have
metal-to-metal short-circuit paths around the isolation material of the
hanger,

Where the plaster ceiling meets the vertical wall surface,
the perimeter edge of the ceiling must not make rigid contact with the
wall member, A X-in. open joint should be provided at his edge, which is
filled with & non-hardening caulking or mastic or fibrous packing
after the ceiling plaster is set.

The estimated TL of a Type 4 floor-ceiling combination is
glven in Table 37 for u few Lypical dimensions of floor slab, slr space
and ceiling thicknesses, It is cautioned that this combination is for
use in critical situntions, and special care must be exercised to produce
8 gooed, resiliently supported, non-porous dense ceiling. Acoustic tile
can be added to the underside of the plaster ceiling but it will not
change the transmission loss of the combination; 1t will only add to
the acoustic absorption of the room.

e. Type 5 Floor-Ceiling. The Type 5 floor-ceiling combination
is the some as the Type b combination, except that a "floating concrete
floor" is mounted on top of the structural floor slab., The floating
conerete floor should not support any large opersting equipment. It
should extend over that part of the mechanical floor area within 20

It of any vibration isclated concrete inertip bases carrying specific
pleces of nolsy operating machinery. The floating concrete floor should

be gupported off the structure floor at & height of at least 2 In. with the

use of properly spaced blocks of compressed glass fiber or multiple-
layers of ribbed or waffle-pattern neoprene pads or steel springs (in
series with two layers of ribbed or waffle-pattern neoprene pads). The
density and losding of the compressed glass fiber or neoprene pads
should follow the manufacturers' recommendations, If steel springs are
used, their static deflection should not be less than % in. The 2 in.
space between the floating slab and the structure slab should be covered
with a l-in. thickness of low-cost glass fiber or mineral wool blanket
of 3 to 4 1b/cu £t density. Around all the perimeter edges of the float-
ing floor {(arcund the walls and around all concrete inertis bases within
the floating floor area) there should be 1 in, gaps that are later
packed with mastiec or fibrous filling and then sealed with a water-
proof non-hardening csulking or sealing msterial, A curb should be
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provided around the perimeter of the flanted slab to help discourape
water leakage intoe the sealed perimeter joints, and several floor
drains should be set in the structure slab under the Tloating slab to
provide run~off of any weter leaksge into this cavity space.

As with the Type 4 combination, the Type 5 combination
includes a resiliently supported plaster ceiling under the structure
slab. The estimated TL of & Type 5 floor-ceiling combinmtion is glven
in Table 38 for a few typicsl dimensions of floating floor slab in
combination with the Type 4 structures of Table 37. It is to be noted
that the floating slab is intended to improve the airborne TL of a
floor; it is not suggested here as a vibration isclation mounting base
for large equipment, although it will provide certain benefits to some
structure-borne noise or pipe supporis, duct supports, drainage lines,
electrical conduit and the like. ‘Ihe floating slab may also be used
with the Types 1-3 floor-ceiling combinaticns; see the note at the

bottom: of Table 38,

As a general rule, to be reinforced later in the section
under vibration isolation, the MER structural floor slab for an upper
floor in a multi-floor building should not be less than 6 in. thick for
completely rotary-action equipment, nor less than 8 in, thick for
reciprocating-action equipment. These suggestions are based on
acoustic considerations only and are not intended to represent struc-
tural requirements of the building. Even thicker floor slabs will be
more beneficial acoustically. Where possible, large equipment should
be located over principal or secondary heams in the flooring leyout,

In the upper frequency bands of Tables 34-38, extremely high
TL values (smy, anything above 60 or 65 dB) are indicated as possible,
In practice, these values cannot be achieved without making a real
concentrated effort to stop all escape paths of airborune and structure-

borne noise.

f. Noise Reduction of Floor-Ceiling Combinetions. Paragraph
4-02,c. aiscussed the conversion of transmission loss of a wall into the
noise reduction of a wall by use of the "wall correction term", designated
by the letter "C" in Table 32, The same type of correction must be
applied to convert the TL of a floor-ceiling combination to its HR
value. This applies, of course, to the situation in which the MER
ig immediately above or below an adjoinipg area of concern. TFor
identification purposes, the term is called "floor correction term" here,
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but it 1s represented by the same letter "C" and it is also obtained
from Table 32, based on {1) Room Constant, and (2) common floor-ceil-
ing area of the receiving room. The value of "C" will differ, of
course, from room-to-room, so it must be redetermined for each room of
interest abuve, below or beside a machine room.

In the equipment noise summary tables, SPLs are given at
3=-ft dlstances from the equinment. These values should be used as the
source room SPLs in the relationship

SPL - NR = SPL
source recelver

room room

when estimating noise levels in aress on the floor immediately below

the equipment. However, it would be cautioned that the 3-ft SPLs are
fairly localized values and they drop off with distance from the unit.
Thus, the SPLs calculated for the receiving room below would apply
immediately beneath the equipment and would drop off with distance avay
from thet location, In fact, it can be expected that the SPLs below will
be generally somewhat lower than the calculations would indicate,
depending on receiving room size, the value of S used in the ealeulntion
and possibly the floor area occupled by the equipment in the MER.

L0, SOUND DISTRIBUTION OUT-OF-DOORS. There are three types of condi-
tions in which outdoor equipment may be of concern. This assumes that

all equipment except cooling towers, evaporative or sir-cooled condensers
and some transformers will be housed within a building. The three
conditions are: (1), cooling tower or transformer noise radiated to near-
by neighbors, (2) eclose-in cecoling tower noise that enters its own bulld
ing through the wall or roof deck immediately beside the tower, and (3)
escape of machinery room noise to the cutdoors through ventilation
openings in the MER walls. These are discussed separately in the para-
graphs that follow.

a. Coolinz Tower Noise to Neighbors. In the Power Plant
Acoustics Manual, conalderable attention was given to cutdoor propagation
of sound under Paragraph 5-06 (pages 67-75) and to the derivation of
outdoor noise criteria for neighbors under Paragraph 3-06 {pages 16-18).
A procedure for combining that material was then summarized in DA Forms
3452-12 and 3U452-13 of the PPA Manual. That material 1s directly
applicable to the outdoor cooling tower noise problem. It is not re-
peated here in its entirety, but the key steps are outlined,
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F1ll out DA Form 3452-12 to obtain the outdoor SPLs at
the neighbor's location that are belleved to be
acceptable to the neighbor.

Fill out DA Form 3h452-13 to obtain the PWL of a cooling
tower that would yield the accepieble SPL values.

From Tables 6 and T of this manusl, determine the PWLs
of the proposed coeling tower {or towers).

If the coeling tower orientation is known, the appropr-
iate directionality corrections of Table 10 of this
manual can be applied to the PWL values. These
corrected values would then represent the equlivalent
PWL of the sound radiested in that particular direction
toward the neighbhnr.

These corrected PWL values should be compared with the
PWL criterion of Step 2 above. If the PWL values are
less than the PWL criterdon in ell octave bands, there
will probably be no noise problem. If the FWL values
are greater than the PWL criterion in any octave bands,
there may be & nolse problem. If the noise excess is
less than 10 dB, the bullding owner may choose to
"take a chence" on "getting by" with the noise, but some
practical remedial measure should be planned in the
event that it may later be required, If the noise
excess is over 10 dB, 1t would be wise to consider
definite remedial steps before the cooling tower is
instelled. These asteps could include 4 relocation of
the cooling tower, a re-orientatlon of the cooling
tower, use of a quieter cooling tower, intentional
cycling to a lower fan speed during the acoustically
criticul periods, or installation of intake and/or
discharge mufflers to guiet the noise to acceptable
limits.

In the above step-by-step procedure, DA Form 3452-13 could be by-passed
if desired. Instead, the cooling tower SPL can be calculated for the
nelighbor's distance and direction with the use of Tables 6-10. The
galculated SPL (corrected for any other attenuation effects, such as
listed in Items W-6 of DA Form 3452-13) may then be compared with the
outdoor SPL criterion derived in DA Form 3452-12. Noise excesses should
be considered as in Step 5 above.
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b. Example. Suppose two 50-HP propeller-type induced draft
cooling towers are to be locsted on the ground near the power plant of
a military base at a site approximately 400 ft from a hospital building.
The hospital has several patients' rooms on the third and fourth floors
that have direct line-of-sight to the cooling towers, The rooms have
normally open windows when weather permits. Will the cooling tower noise
be acceptable for patients in the hospital and if not, what alternatives
should be planned?

A Tilled-in sample copy of DA Form 3452-12 is given on the
following page. It shows a ressonable "final outdoor SPL criterion'
for this situation.

The SPLs of the cooling towers are palculated in Table K
for a distance of 40O ft, using Pables 6 and 9. Assuming that the
cooling towers can be oriented tn give minimum noise radiation in the
direction of the hospitel building, the SPL corrections of Table 10 are
then epplied for a “side" of the tower.

TABLE K

Octave PWL Distance AVG Correction Est.
Band 100~HP Term for SPL for side SPL

(Hz) c.m. 400 ft Loo rt of C. . koo ft
31 108 50 58 -2 56
63 113 50 63 -2 61
125 113 50 63 -2 61
250 108 50 58 -3 55
500 105 50 55 = 51
1000 101 51 50 =l 46
2000 98 51 by -5 i)
Looo 95 53 ha -6 31
8ooo g0 56 3k =6 28

Comparison of the bottom line of DA Form 3452-12 with the right-hand
column of Table K reveals that the cooling tower nolse exceeds the
desired criterion by 6-8 dB in the 125-4%000 Hz bands. Several
approaches are possible at this point. On one hand, a 6-8 dB excess
might suggest & "wailt and see" attitude toward later noise control. On
the other hand, once the tower is installed and if it truly is toe noisy,
then expensive baffles or barriers or closed windows {possibly requiring
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DA FORM 345212
CRITERION SPL FOR CRITICAL NEIGHBOR
CRITICAL CRITICAL TIME:

NEIGHBOR HOSFITAL PARTieENT DAY [ | NIGHT (&4

FREQUENCY BAND IN CPS
31 | 63 | 125 [ 250 | 500 [ 1000 | 2000 [ 4000 | 8000

1. OUTDOOR BACKGROUND SPL AT NEIGHBOR (FROM BACKGROUND
i%%pggsamgunﬁmms OR FROM TABLE 7 AND FIG. 10)
BIG. 0 BF i~|5.3L4814:|33[33|2?]:2.f|.=z.:f[
PP A CODLING TOVVE,
2, LET BEANE,NOISE EXCEED BACKGROUND BY 5 aB
(SEE PARAGRAPH 3-06 b FOR DISCUSSION)™ —

3. TENTATIVE CUTDOOR SPL CRITERION {ITEM 1 + ITEM 2)
|~ 158[s23[4F[43] 38 [ 24 [ 20 [X & ]

4, RECOMMENDED INDOOR SPL CRITERION FOR NEIGHRBROR FROM
TABLE 6: "NC- &
5. OCTAVE BAND SPL FCR ITEM 4 "NC" CURVE FROM FIG. Q9
I S4 | 44 [37 [ 3/ [ 27 [ =¢ ]| az]| & |

HesSPITAL
6. APPROXIMATE NOISE REDUCTION PROVIDED BY MEEGiHBoRss
BUILDING, FROM TABLE 51 Si-ShRspwsmcssups 0F PR A,

8|2 |/ w23 T/¢ T 15]rve |

7. TENTATIVE OUTDOOR SPL CRITERION (ITEM 5 + ITEM 6)
= |63 [ 5% |«8[43 |40 [28 [237[37]

8. FINAL OUTDCOR SPL CRITERION. LOWER SPL IN EACH OCTAVE
BAND FROM ITEMS 3 AND 7

= |S8| S3[4F[#3][ 285 [ 34 30] 27|

55



——————— e i

e mE R b —r

™ 5-805-4

room air conditioning)} might be required to reduce the cooling tower
noige. Thus, 1f at all possible, move the cooling tower location to a
distance of at least 600-800 f't, or position the cooling tower so that
some other building (such as the power plant building in this example)
serves as an acoustic barrier between the towers and the hospitsl.

If practical, some nighttime noise reduction could be obtained with re-
duced fan speed (see Paragraph 3-10. d.)

If there is no alternative short of installing sound barriers
or mufflers, refer to Table 48 of PPA for barrier attenuation data and
to Tables 35-l of PPA for attenuation of various muffler configurations.
Cooling towers must have free-~I'low of large quantities of air, so very
large muffler openings and low pressure drops are required, Seck the
assistance of reputable muffler manufacturers; do not attempt the deaipn

of mufflers alone,

¢. Example: Qutdoor Transformer Nolse. Suppose a particular
transformer has a NEMA sound level rating of 80 dBA and that this
transformer is to be installed ocutside a building at a dlstance of 20 ft
from the closed windows of a conference room requiring an NC-30 criterion.
There is no assurance that the transformer will be exceptionanlly noisy
but it is desired to provide a barrier wall if there is a possibility

that it may be noisy.

Table L summarizes the problem., From Table 16 the expected
maximum indoor levels of a transformer are estimated for a 3 ft distance;
these are given in Cel. 2 of Table L. PFrom Paragraph 3-15. ¢., a
procedure is glven for converting the indoor SPL of a transformer to an
outdoor SPL {Lhis procedure not applicable to any other equipment);
the estimated outdoor levels at 20 ft are listed in Column 3 of Table L.
Acceptable SPLs outside the conference room windows are given in
Column k4; these values are obtained by arithmetic addition of the NC-30
eriterion levels to the noise reduction provided by an exterior wall with
closed windows (see Table 51 of FPA). Column 5 of Table L shows a
possible nolse excess of 10 dB at 250 Hz mnd 11 dB at 500 Hz.

Table 48 and pages T1-T3 of PPA describe the attenuation of
barrier walls in terms of two dimensions H (the extension of the wall
beyond the line~of-sight between the source and the recelver) and R (the
distance from the source to the barrier wall). An atEenuation of 10 dB
at 250 Hz can be achieved with dimensions such that H™/R = 2 or pgreater.
Thus, a wall placed 4 £t from the transformer and extending at least 3
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ft above and beyond the line-of-sight between any part of the trans-
former and all windows of the conference room will essentially meet the

need (ie. 32/ =9/h = 2 1/4).

TABLE L

Col.l Col, 2 Col.3 Col.k Col.5 Col.6
Octave Transformer SPL: Acceptable  Noige Attenuation
Band indoors ocutdoors outdoor excess of parrier
{Hz) at 3 £t at 20 ft SPL {aB) H°/R = 2,0

31 8o 56 - - i

63 85 61 T6 - in

125 90 66 68 - T

250 a7 73 63 10 10

500 gl T0 59 11 13
1000 i &5 ST ] 16
2000 ah 60 57 3 19
4ooo T9 55 58 - a2
8000 Th 50 57 - 2k

The barrier wall should be solid and heve a TL of at least 20 dB at
250 Hz. A 4-in. thick hollow-core dense concrete block wall wculd meet

this 1L requirement.

d. Close~in Cooling Tower Noige. If it should be necesaary
to check against transmission of outdoor cooling tower noise through a
nearby wall or the roof deck into a critical area immediately inside
the building, the close-in noise levels of Table 11 should be used, and
& procedure similar to that of the examples under Paragraphs h-02.d
and e above should be followed. Allowance should be made for the fact
that the highest close-~in noise levels exist only a few feet around the
alr intake or discharge and that the noise levels drop off at greater
distances., Hence, the average SPLs Inecident over a large wall or roof
area (5. in the examples referred to) will be lower than the close-in

values,

€. Yentilation Openings in MER Wall. When room ventilation

air is brought into an MER through a hole in the exterior wall, that hole

will allow noise to escape to the outside. The egcaping noise may be
disturbing to nearby neighbors, In anticipation of such a problem, the
PWL of the escaping noise should be caleculated and compared with a PWL
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eriterion for the situation (whieh can be determined by using DA Forms
3452-12 and 3k52-13 ms discussed above under cooling tower noisel,

The power level of sound that passes through an cpening, into
or out of a room is approximately

PUL (in 4B re 1073 wvatt)
= SPL + 10 log A - 10

where SPL is the sound pressure level at or near the opening and A is the
cross-section area in sq ft of the opening. A new term "Area Factor'
("AF") is defined as follows:

"AF" = 10 log A - 10

Then
PWL = SPL + "AF"

Table 39 gives a range of values of "AF" for a representative group of
areas, If the PWL of the escaping noise exceeds the PWL criterion, it
would be wise to consider use of a noise attenuating muffler in the
opening in order to eliminate the excess neise. A muffler manufacturer
could provide attenuation date for his products, or estimates could be
made using muffler data given in the PPA Manual.

h-05, DATA FORMS. The procedures offered in this manual are sunmarized
in a series of Date Forms, which, when filled in, provide simple and
convenient forms for calculation and documentation of most of the acousti-
cal aspects of the mechanical system design for airborne hoilse control,
Blank copies of the Data Forms are given at the rear of the manual under
Section VII, and these can be reproduced and used for any partieular
enalysis. The Data Forms are 1llustrated in the next several pages with

specific examples,
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406 EXAMPLE. In sny real-life mechanical equipment room there is
usually found o wide assortment of several different pleces of electri-
cal and mechanical equipment. In the present illustration, only a few
vieces of equipment are assumed, ln the interest of minimizing the
quantity of details,

2., Conditions. Assume e Boller Room at Elevation 100 ft. in an
upper floor of an office building as sketched in Figure A. The room is
60 ft lont (north to south), 50 £t wide (east to west), and 20 ft high,
The north and south walls of the Boiler Room {MER) and the upper 10 ft
of the east and west wallz are exterlior walls of the buildine, ¥or this
example, assume that the occupied spoces to the east and west of the
Boiler Room have an internal height of 8§ ft and the roof deck is 2 ft
above the ceiling, A 100 sq Tt damper-controlled ventilation opening
is located in both the north and south walls of the MER., The east wall
of the room is bounded hy a Data Computer Room and the west wall is
bounded by a groun of offices for the Building Manager and the Building
Engineer., Two-inch thick thermal insulation, having an "NRC" of 0.80
iz applied to the ceiling of the MER and to approximately 1200 sq ft of
wall surface between the MER and the office spaces along its east and
west walls, The floor of the MER (at Elevation 100 £t} is of 10-in.
thick dense concrete. The floors below the MER are to be used for office
sultes, The east and west walls of the MER might normally be construe-
ted of 10-in, hollow-core dense concrete, but these are tc be checked
for adequacy in this desipn.

There are no nearby neighbors of concern to the south of the
building, but & tull un-air-conditioned hotel {with open windows in the
summer time) is lorated 200 £t to the north. A main street runs between
the office building and the hotel, carrving nighttime traffic that might
be characterized as "continuous light traffic"; and the area might be
classified as & "business or commercial area', {These desimnations are
taken from Table T of the Power Plant Acousties Manual.} The Boiler
Room containg one 2000 BHP boiler and one 1000 BHP boiler located an
shown in Flgure A, The room also econtains tweo steam valves and a bank
of three 50-HP motor-pump assenmblies, To simplify the example only the
2000 BHP boller, one steam valve and ohe motor-pump assembly are in-
cluded in the mample calculatlons here, These are shown shaded iIn
Figure A, In & true life nreblem all equipment would be considered. An
Operator's Control Room is located in the northeast corner of the room.

Assume the Boiler Room end the adjoinine spaces have the follow-
ing common wall or floor areas:
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Control Room {side walls only)
30 ftx 8 £t = 2k0 5q Tt
Dats Computer Room
50 ft x B £t = o0 8q Tt
Manager's and Engineer's Offices {each)
15 ft x 8 £t = 120 sq Tt
Secretary's 0ffice and File Room {each)
12 ft x B £t = 96 sq ft

Any large typical Office or Conference Room
on the floor below the Boiler Reom

15 £t x 20 £t = 300 sq ft floor arca

In the case of the Control Room, suppose that 1/l in. rtless walls are
planned, if they are found to be sdequate, and that a ceiling cover over
the Control Rocom will be of pre-cast 2 in. thick conerete panels {with
an acoustic tile ceilins supported below the concrete panels). Assume
that each of the adjoininz spaces is provided with a mechanically
supported scoustic tile velling having enough air space above the
ceiling to give an NRC value of greater than 0,75,

b. Criterion Asgignments, The following criterion aasignments
are mede for all the spaces bordering the Boiler Room or influenced by
it8 noise. Refer to Table 2. Generally, apply the lower limit of the
NC range to eritical areas and the upper limit of the NC range to non-
critical areas in a given category.

Typical O0ffices at Elevation 90 £t (under the MER):
NC~30
Offices of Building Manager snd Secretary at Rlevation 100 ft:

NC-35
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LOUVER, SAME AS ON SOUTH WALL

100 SQ.FT OPEN AREA WHEN FULLY OPEN

FIG. A

SCALE IN FEET

INITIAL LAYOUT OF ASSUMED BOILER ROOM AND SURROUNDING SPACES

{SAMPLE CALCULATIONS ARE INCLUDED FOR ONLY THE THREE SHADED NOISE
SOURCES; ONE BOILER, ONE STEAM VALVE AND ONE MOTOR-PUMP ASSEMELY)

le— 12! Y + 30’
- T
I BLDG o JOPERATOR'S 1™ EMERGENCY EXIT,
5| ENGR'S _L CONTROL RM. NORMALLY NOT USED
TWO HIGH-PRESSURE
1!_ OFFICE | cTFamM VALVES
12' Ew_%s B8OILER
1 rRooM |
A g DATA
CORRIDOR % g COMPUTER 60'
~— ROOM
. SECY'S PIPE
12 OFFICE SHAFT
1000 BHP
b BOILER
5 BLDG
MGR'S THREE 50 HP MOTOR-
l OFFICE PUMP ASSEMBLIES
. X o s 10 20 30 a0
6'x25' DAMPER-CONTROLLED VENTILATION LOUVER. o i e
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Building Engineer's Office and Drawing File Room
at Elevation 100 ft:

NC-ho

Date Computer Room at FElevation 100 ft:
Ne-h5

Hotel, with open windows, above fairly noisy streei:
NC=25

Cperator's Control Reom:

10 dB below hearing damage levels for
pure tone sounds

These criterion assignments are justified somewhat as follows:

(1) For the Offices under the Boiler Hoom: NC-30. The
ventilation system in modern buildings will preduce background nolse
levels in most offices in the general ranpge of NC~30 to NC-35. Thus,
if typical offices are located under the Boiler Room and if the mechanical
equipment nolse can be kept down to an NC-30 condition, there will almost
certainly be no serious complaints from the tenants about MER nolse.

If a very large Conference Room or Meeting Room or an especially critical

Office i3 to be located under the Boller Roem, an HC-25 criterion would be \

Justified for that roam.

{2) For the Offices of the Building Munager and Secretary
beslde the west wall of the Boller Roam: NC-35, In these Offices,
prospective tenants may discuss rental deteils, costs, bullding facil-
itiea, tenant layouts, ete., It would not be conducive to business ‘
negotiatlons fur the prospective tenant to be disturbed by the nolse from ;
the Bojler Room (even bafore he moves in}, Henece, an NC=-35 criterion !
must be achleved, and an NC-30 would even be desirable. For full time
occupancy by the Manager and the Secretary, an NC-35 would certainly be

acceptable,
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(3) Building Engineer's Office: NC-l0. Typieally, the
Building Engineer 1s aceustomed to a noisy environment, so a quiet
private office is almost o luxury. It would not be unresscnable to apply
an NC=40 noise criterion to this office and to the File Room beside the
office.

{h} Date Conputer Room: NC-45, The present-day Cemputer
Recm is usually quite noilsy due to the operation of varicus ccmputers
and auxiliaries. Iven when the equipment is not actively in operation,
cooling fans in the equipment racks are usually running and producing a
relatively high backeround, An NC-U45 condition is approximately that
found in a room served by a window-type air conditioner with the fan set
st "low" or "medium" speed, This seems to be a reasonable criterion
for Computer Rocm noise transmitted throush the wall from the Boiler

Room.

{5) Inside a Hotel Room, across the street, with windows
open: NC-25, Street noise at nipght would probably exceed an NC-25
condition inside the hotel room. Thus, Boiler Room noise probably would
not be identifiable inside the hotel room if it can be kept at or below
NC-25.

{6) Operator's Control Roem, It would be desirable to keep
the Control Roam nolse levels at least 10 dB below the maximum noise
levels recemmended for hearing conservation based on pure tones, since
motors and pumps may generate pure tones. These levels would be 10 4B
below the TB MED 251 values given in Table 2 of the Power Plant Acoustics
Manusl. 'The reeder is referred to pages 8-12 of PPA for a more detailed
discussion of this criterion.

'The variocus acoustic design features of the Boiler Room and the
surrounding spaces can now be studied with the aid of the Date Forms,
identified by "DA Form" numbers in the manuel, in keeping with Department
of the Army publication prectices. To introduce the forms, only parts
of the total desipgn are carried to completion. Tor the sske of simpli-
eity, MER noise to the Data Computer Roocm and to the Building Manager's
Office are evaluated here.

¢. DA Form 3452-14-R. This Deta Form 1s used to determine the

Room Constant Of the source room (the Boller Room)} and the various re-
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ceiving rooms (the adjoining spaces), On the three pages that follow,
sample Data Forms are filled out for the Beiler Room, the Computer Room,
and the Bullding Manager's 0Office, Four points are noted in regard to

DA Form 3452-14-R,

(1) The volume is obviously the length x width x height of the
roam, The equipment cccupies some of this wvolume, but in the procedures
given here that loss of room volume is ignored. Actually, the equipment
adda effactive surface ares to the room, but this {8 also ignored most of
the time, If large ventilation duects were covered with acoustically
absorbent themal wrappings, that area would te of significant acoustic
value and it should be ndded into the Item I dnta, Also, large pleces
of equipment serve as partial obstecles that interfere with uniform
sound distribution in & large MER. This is aiso ignored in the simpli-
fied procedure, The totel effect of these variouws factors associated with
large rooms and large pieces of equipment iz that the actual SPLs are
usually & bit lower than the estimated SPLs for large distances from the
equipment in question. Only in a very critical problem would it he
Justified, however, to go into greater detail of each specific room lay-

out,

{2) For many rooms, by this simplified method, the Roam Constant
obtained in Item 7 may be very nearly equal to the total area of acoustice
treatment in the room as given in Item Y. There is a basic difference
between these two quantities, however, and the Item 5-7 steps should be
carried out.

{3) In some office-type receiving rooms, carpeting may be used
and accustic tile ceilings may not be used. The first footnote of this
DA Form provides 2 means for allowing some room sbsorption due to carpet
and absorptive furnishings.

{4) Where o room has an opening to the outside that will he open
most of the time (as for ventilation of an MER), that opening has essenti-
ally 100% sbsorption. That is, all the sound that strikes the opening
pasges on through and none of it returns. 1In the case of the BRoiler
Room, there are two ventilation openings totaling 200 sq ft open area
when fully open. Assuming the openings will alwnys be at least 507 open,
an aree of 100 5q ft is added to all the Room Constant values of Items 7T
and 8 to produce the Ttem 9 values. This extra 100 sa £t will be of
little practical value in this particular example, But it may be a
significant part of effective shsorption in some small roomg thst other-
wigse would have no intentional acoustic treatment. For the Boiler Room
in this example, it is added only to illustrate the point. In the DA
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DA FORM 3452-14-R, 10 Aug 70
ROOM CONSTANT OF SOURCE ROCM OR RECEIVER ROOM
ROOM NO. OR DESIGNATION BoiLerR KRoom

1. AVERAGE ROOM DIMENSIONS (IN FT.)

LENGTH bo WIDFH 50 HEIGHT RO red
2. VOLUME OF RoOM___5°&, 000 cu. FT. " 25% EonGRot moom
3. TOTAL INTERIOR SURFACE AREA OF ROOM_/ O, 400  sq, FT,
4, AREA OF PLANNED ACOUSTIC TREATMENT+  &f, 2008 sq, FT.

5. PERCENT AREA COVERED BY ACCUSTIC TREATM'E‘.NT__# e %

FACET Y

BT e T e o

TaTF TR e e

o i

—r TG

{100 x Item 4/Item 3)
6, "ROOM LABEL" FOR ITEM 5 FROM PART A OF TABLE 19
Mepwm- DEgD

To

Dead

7. FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIGURE 12
8Q. FT. FOR 500 - 8000 Hz

R

8. CHECK ACCUSTIC ABSORPTION TREATMENT:

§§§E=°§_55 - 0,74 ‘Z NRC = 0.75 - 0.85
THEN, FPOR 31 Hz 0.2 R = 0.2 R = g o0
63 Hz 0.2 R = 0.3 R=_J/RoO
125 Hz 0.3 R = 0.5R= KQb0D
250 Hz 0.5 R = 0.8 R= 3300

L o000

9. ROOM CONSTANT FOR ALL OCTAVE BANDS, IN Sq. Fr.#

(Repeat approprlate values from Items 7

ADD I0D SQ FT

FOR VENTILATIerN OPENING

and 8)

OCTAVE FREQUENCY BARD IN Hz
3L | 63 125 23a1e] 500 1000 2000 {1 3000 [{o]e]]
Joo|izod(Rle0 3308 |4joDo| 4£i0D [4/0D (470D | )00
+Add 50% of [loor area to Item 4 if floor 1s carpeted or
has drapes or upholstered furniture, Treat this as
NRC = 0.65 material,

#add

to all bands any area always open to the outside, le
having 100% abaorption.
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DA FORM 3452-14-R, 10 Aug 70
ROOM CONSTANT OF SOURCE ROOM OR RECEIVER ROOM
ROOM NO. OR DESIGNATION DA7A ComMPUTER Roomnm

1. AVERAGE ROOM DIMENSIONS (IN FT.)

LENGTH

. VOLUME OF ROOM

6O WIDMH 30 HETGHT 8
14, Loo Cu, FT,
. TOTAL INTERIOR SURFACE AREA OF ROOM S 040  sSq. FT,
/800  sq, FT,

. PERCENT AREA COVERED BY ACOUSTLC TREATMENT 3Bb& 4

(100 x Ttem 4%/Item 3)

2

3

4. AREA OF PLANNED ACOUSTIC TREATMENT +
5

6

MeEDIUM — Dgad

"ROOM LABEL" FOR ITEM 5 FROM PART A OF TABLE 19

7. FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIGURE 12
SQ. FT., FOR 500 - 8000 Hz

R = x-X-

B. CHECK ACOUSTIC ABSORPTION TREATMENT:
NHC = O|75 - 0.85
200
4S50

NONE

OR

NRC = 0.65 -
THEN, FOR 31 Hz

63 Hz

125 Hz
250 Hz

0.2 R
0.2 R
0.3 R
0.5 R =

I3

[

0.74

0.2 R
0.3 R
0.5 R
0.8 R

I

]

750
/12¢0

ROOM CONSTANT FOR ALL OCTAVE BANDS, IN sq. Fr.#
(Repeat appropriate values f{rom Items 7 and 8)

OCTAVE FREGUENCY BANS TN 1=
LT 63 T 125 | 250 1 500 [ 1000 | 2000 4000 T B000
Boo |#£80| 750 100|500\ /8500 | 1588|1800 |/500

+Add 50% of floor area to Item 4 if floor 1s carpeted or
has drapes or upheolstered furnlture,
NRC = 0.65 material.
#Add to all bands any area always open to the cutsilde, le
having 100% absorption,
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DA FORM 3452-14-R, 10 Aug 70
ROOM CONSTANT OF SOURCE ROOM OR RECEIVER ROOM

ROOM NO. OR DESIGNATION BU/ILDING MAavRGeRS OFFics
{sAmE FoR BL/ILDIVG ENGINGER'S OFFICE )

1. AVERAGE ROOM DIMENSIONS (IN FT.)

LENGTH }5 WIDTH /2 HEIGHT 8
2. VOLUME OF ROOM /¥ EO Cu. PT,
3. TOTAL INTERICR SURFACE AREA OF ROOM 77 &2  3Q. FT,
4, AREA OF PLANNED ACOUSTIC TREATMENT + /J & O 5Q. FT.
5
6

-t

PERCENT AREA GCOVERED BY ACOUSTIC TREATMENT A3 %
(100 x Item 4/Item 3)

"ROOM LABEL" FOR ITEM 5 FROM PART A OF TABLE 19
AveRAGE To MEDIVM- DERD

7. FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIGURE 12

R = KR oo SQ. FT. FOR 500 - 8000 Hz

8. CHECK ACOUSTIC ABSORPT'ION TREATMENT:
NONE OR
NRC = 0.865 ~ 0,74 NRG =0.75 - 0.85

THEN, FOR 31 Hz 0.2 R = 0.2R = 4.0
63 Hz 0.2 R = 0.3R = 60
125 Hz 0.3 R = 0.5R = Y-

250 Hz 0.5 R 0.8R = /&0

9. ROOM CONSTANT FOR ALL OCTAVE BANDS, IN 59. Fr #
(Repeat appropriate values from Items 7 and 8

OCTAVE FREQUENCY BAND IN Hz
3L b3 Labs 250 500 1000 | 2000 { 4000 o000

do | go | /00 | 760 |R00|R00 |Roo | 260 |Zoo

+Add 50% of floor area to Item 4 1f floor is carpeted or
has drapes or upholstered furnlture, Treat thls as
NRC = 0.65 material.
#Add to all bands any area always open to the outside, le
having 100% absorption.
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Form this reminder is given by the second footnote,

d. DA Form 3452-15-R. This Data Form is used to estimate the
SPL within the Boiler Room due to each plece of equimment. For this
particular sample caleulation, referring still te Figure A, interest is
confined to noise transmission to the Computer Reom {bevond the east
wall of the MER) and to the Building Menager's Office {beyond the west
wall of the MER)., In an actual probvlem, dath would be filled in for the
fleor and ceiling and all the walls separating the MER from adjoining

spaces.

On pages 79 and 71 , the two sheets of sample DA Form 3452-15-R

" are filled in for the 2000 BHP boiler. For the case of boiler noise,

the noise source is considered as the front face of the beller, so all
distances are measured from the nearest part of the front face. Hence,
the front of the 2000 BHP boiler is approximately 30 ft from the east
wall and 25 ft from the center of the Building Manager's Office. The
distance corrections for the Item ! distances are cbtained from Table 20
and inserted in the appropriete spaces of Item 6. The SPls at those
distences are then given in Item T.

On pages 71 and 73 , the two sheets of this sample DA Form are
filled in for one steam valve, located shout 15 ft from the east wall
and about 50 ft from the center of the west wall adjloining the Manager's

Office.

When a motor and pump are cambined, the highest noise levels in
each occtave band for each of the two items are taken as the 3-ft SPls
for the combined assembly, and the approximate center of the assembly is
taken as the “accustie center'. For this sample calculation only the
rearest motor-pump assembly, shown sheded in Figure A on page 61, ia
taken at this time, For this unit, the distance to the center of the
east wall is approximately IS ft and to the Manager's Office well 10 ft,
The sheets of the sample DA Form for the motor-pump are given on pages

74 and 75.

e. DA Form 3452-16-R. This Danta Form is used to combine all the
SPL ¢components from the various individual pieces of equipment to give
the total SPL at each of the walls and surfaces of the room. Because the
EPLs differ around the room, & new Dats Form must he used for each
surface of Interest. In the present example, a sample DA Form is given
on page 76 for the east well joining the Computer Roem and a second DA
Form is given on page 77 for the west wall jeining the Manapger's Office.
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f. DA Formg 3452-17-R and 3452-18-R. These two forms are used
together, so they are introduced here together. The first of the two
forms involves the selection of the wall or floor-celling construction
and ultimately ylelds the SPL in the room on the other gide of that
structure. The sacond form then compares that SPL with the desired
Nolse Criterion and rates the well accerding to its ability to meet the
criterion.

On page 59 it wes stated that 10-in. thick hollow-core concrete
bloeck would normally be used for the east and west walls of the Boiller
Reom. In the sample DA Form 3452-17-R on page 78, this construection is
agsumed for the wall between the MER and the Computer Room. When all the
data are filled in, the SPL values inajide the Computer Room are shown
in Item 9. These levels will apply for a distance of about one to two
wall heights from the wall, i.e. within about 8 to 16 ft of the wall.
The SPLs.will drep off gradually at areater distances from the wall. On
page 79, the sample DA Form 3452-18-R 1s filled in for the Computer
Room. It is seen in Item 6 that the SPL estimate is below the HC-45
criterion in all octave bands., This vields a "nreferred" wall desinn os
shown in Item T. (If all the equipment in the Boiler Roem of Figure A
were considered, the 5PLs in both the Boller Room and the Computer Room
would be a few dB higher than shown, but this wall would still yield a
"pyreferred" design.)

A gimilar approach is followed for the Building Manager's Office.
A sample DA Form 3452-17-R 1s shown on page 80, Recognizing that the
neise levels in this room should he approximately 10 dB lower than in the
Computer Room, assume as a "first trial" that the wall to the Boiler Room
is made of 10-in. solid-core dense concrete block. The material for
this room is then completed on page 81 with DA Form 3452-18-R. In
Ttem 6 on page 81 it ir found that the SPLs would exceed an NC-35 con-
dition by only 1 dB in the 250 Hz frequency band. Item 8 then defines
this as en "acceptable" wall design for this application. If all the
equipment in the Boiller Room were considered, the SPLs would be a few
dB higher, and this wall could pessibly be found to be "marginal" or
"unaceeptable” for this desimn.

For sake of argument, assume here that the wall is "marginal" or
"unacceptable”, This would raime some fuestiona. Should the wall TL
be further increased? Should a double wall or a corridor be placed be-
tween the Boller Roam and the office? Should the office be moved and
less critical spaces be located here? Should the nolse eriterion be
reconsidered and possibly compromised? Should the Boiler Room equip-
ment be redistributed to achieve quieter conditionz at the office?

{text continued on pane 82)
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DA FORM 3452-15-R, 10 Aug 70 SHEET 1 OF 2
MECHANICAL EQUIPMENT ROOM SFL DUE TO EQUIPMENT

EQUIPMENT IDENTIFICATION
TYPE BolLER BHP Ro00 RPM

OCTAVE FREQUENCY BAND IN Hz

30 1763 17125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

1. SPL OF EQUIPMENT AT 3-FT DISTANCE, FROM TABLE & OF

MANUAL OR OTHER SCURCE

a2 |ozl9ale9! #¢] 83 1 g0 | 272 | 7« ]

2. SPECIAL ADJUSTMENTS, IF ANY, TO ITEM 1 DATA.

EXPLAIN:

I D N | l [ |

RESULTING SPL AFTER ADJUSTMENTS

92192 22| 29| 86| 83 | fo| 77| 74

4. DISTANCE FROM EQUIFMENT TO VARIOUS WALLS AND SURFACES OF

INTEREST (ALL DISTANCES IN FT).

NORTH SOUTH EAST WEST

WALL WALL WALL 230 WALL
+Assume 3 't

CEILING FLOOR+ unless different)
SURPAGE "A" (IDENTIFY): MGRS OFFICE DISTANCE &5
SURFACE "B" (IDENTIRY): DISTANCE

SURFACE "C" (IDENTIFY): DISTANCE

SURFACE "D" (IDENTIFY): DISTANCE

5. ROOM CONSTANT FOR THIS ROOM {FROM ITEM 9 OF

DA FORM 3452-14-R.
\ Qo0| 300 Ri0o|3300] divo| dioo| 4ioal 4100 Hi00]

10
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DA FORM 3452-15-r, 10 Mg 70
MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIPMENT (CONT.)

(BorceER)

T 5-805-4

SHEET 2 OF 2

OCTAVE FREQUENCY BAND LN Hz

31[ 63 [ 125]

250 | 500

1000 | 2c00] 4ooo | 800

6. SPL REDUCTION FOR VARIOUS DISTANCES AND ROOM CONSTANTS,
FROM TABLE 20 OR FIGURE 11 (FILL IN SPACES ONLY FOR
SURFACES OF INTEREST)

NCRTH

SOUTH

EAST

/0

/0 /& 18 /O

WEST

CEIL,

FLOOR+H

IIAII

1lBll

1lct|

!IDII

+Floor value is "0" for all hands, if distance is 3 It

7. SPL AT SURFACES OF INTEREST FOR THIS PIECE OF EQUIPMENT
ONLY (ITEM 7 = ITEM 3 - ITEM 6)

NORTH

SOUTH

EAST

37

&

85

go

76

7?3 | 70 L7 | &4

WEST

CEILL.

FLOOR

"AII

37

86

&5

3!

77

4 | 7! b8 | L&

IIBll

llcn

IIDH

T1
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DA

FORM 3452-15-R, 10 Aug 70 SHEET 1 OF 2

MECHANICAL EQUIPMENT ROOM SFL DUE T0 EQUIPMENT

EQUIPMENT IDENTIFICATION
MPE S TEANM VALVE HP REM

o] z,
31 1 63 1125 [ 250 | 500 | 1000 [ 2000 | 4000 | 8OO0

1. SPL OF EQUIPMENT AT 3-FP DISTANCE, FROM TABLE & OF
MANUAL OR OTHER SOURCE I
| 76 { 701 70| 720 | 75| 8o | 85| 20| 925 |
2. SPECILAL ADJUSTMENTS, IF ANY, TO ITEM 1 DATA,
EXPLAIN:
3. RESULTING SPL AFTER ADJUSTMENTS
L 706 {70 | 701 70| 75| 86 | 85| 90 | 95 ]
4. DISTANCE FROM EQUIPMENT TO VARIOUS WALLS AND SURFACES OF
INTEREST (ALL DISTANCES IN FT).
NORTH SOUTH EAST - WEST
WALL WALL waLL / WALL
+Assume 3 It
CEILING FLOCR + unless different)
SURFACE "A" (IDENTIFY):MGR'S 6FF/CE DISTANCE SO
SURFACE "B" (IDENTIFY): DISTANCE
SURFACE "C" (IDENTIFY): DISTANCE
SURFACE "D" (IDENTIFY): DISTANCE
5. ROOM CONSTANT FOR THIS ROOM (FROM ITEM 9 OF

DA FORM 3452-14-R.

00| i300| Ri00]3300] Yoo [Yiob [4i100 [ 4ive Tysoo |

T2

-

\
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DA FORM 3452-15-R, 10 Aug 70 SHEET 2 OF 2
MECHANICAL EQUIPMENT ROOM SPL DUE PO EQUIPMENT (CONT.)

OCTAVE FREQUENCY BAND IN Hz
31] 63 125] 250] 500 | 1000] 2000] 4000 ] 8000
6. SPI, REDUCTION FOR VARIOUS DISTANCES AND ROOM CONSTANTS,
FROM TABLE 20 OR FIGURE 11 (FILL IN SPACES ONLY FOR
SURFACES OF INTEREST)

NORTH
SOUTH
EasT |4 |51 6 | 7 3 8 8 ' g
WEST
CEIL,
FLOOR+
me tel71 @ |re | /17 /1 /7 /) ¥,
11BII
llcll
1IDII

+Floor value is "O" for all bands, if distance is 3 It

T. SPL AT SURFACES OF INTEREST FOR THIS PIECE lOF EQUIPMENT
ONLY (ITEM 7 = ITEM 3 - ITEM 6)

NORTH
SOUTH
FAST |6&léS| 64 | 63167 |72 |77 | 82 |87
WEST
CEIL.
FLOCR
mpt JEY LD bR | 6o |4 | L9 |74 |79 | 8Y
"B"
"cll
IIDII

13
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DA FORM 3452-15-R, 10 Aug 70 SHEET 1 OF 2
MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIPMENT

EQUIPMENT IDENTIFICATION

TYPE MoTerR — PumpP up 50 RrpM /780

OCTAVE PREGOENGY BAND IN Rz
310 763 Tiz5 ] 250 | '500 T 1000 | 2000 | 4oco [ 8000

1. SPL OF EQUIPMENT AT 3-FT DISTANCE, FROM TABLE /& OF
MANUAL OR OTHER SOQURCE Pum »

[(B[56] 891 9, 2/ [ 89 | 8 | ¥>3]| 78 |
2. SPECIAL ADJUSTMENTS, IF ANY, TO ITEM 1 DATA,

EXPLAIN: MoToR ., FRomM THBLE i3
| 321 231 37] 9/ ]| 221 22| 9/ 85| 22 |

LWEE MHIGHGIST LEVELS
3. RESULTING SPL AFTER ADJUSTMENTS« % & aor BAND

| 826 [ 3a]l 9/ 12292l 9/ | 85| 72 |

4, DISTANCE FROM EQUIPMENT TO VARIOUS WALLS AND SURFACES OF
INTEREST (ALL DISTANCES IN FT),

NORTH SOUTH EAST 5 WEST
WALL WALL WALL WALL

{(+ Assume 3 It
CEILING FLOOR+ unless different)
SURFACE "A" (IDENTIFY): MGR'S OFFICE DISTANCE /D
SURFACE "R" (IDENTIFY): DISTANCE
SURFACE "¢" (IDENTIFY): DISTANCE
SURFACE "D" (IDENTIFY): DISTANCE

5. ROOM CONSTANT FOR THIS ROOM (FRCM IPEM 9 OF
DA FORM 3452-14-R}.

| 9001300 | 2i00]|3300]4i00 [ dioo ] diva] gioo|divo|

TH

—
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DA FORM 3452-15-R, 10 Aug 70 SHEET 2 OF 2
MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIFMENT (CONT,)

OCTAVE FREQUENCY BAND IN HZ
31§ 631 125] 250] 500 | 1000 | 2000| #4000 | 8000
6. SPI, REDUCTION FOR VARIOUS DISTANCES AND ROOM CONSTANTS,

FROM TABLE 20 OR FIGURE 11 (FILL IN SPACES ONLY FOR
SURFACES OF INTEREST)

NORTH
SOUTH
EAST | 6|7 1 ® |/0 | i /1 /7 /7 //
WEST
CEIL,
FLOOR+
ma |4 lS ) 6 |7 17 | 7 7 i
IlBH

nen o
IlDII

+Floor value is "O" for all bands, if distance 1s 3 ft

7. SPL AT SURFACES OF INTEREST FOR THIS PIECE OF EQUIPMENT
ONLY (ITEM 7 = ITEM 3 - ITEM 6)

NORTH
SOUTH
EAsT [Bo (79| & &/ | %) | 2 go 74 | b7
WEST
CEIL.
FLOOR
v (8281 | 83 | 84 | BS | ¥S | 4 | 78 |7
11B|l
1lc|l
IIDH

5
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DA FORM 3452-16-R, 10 Aug 70

SUMMATION OF SPLs DUE T0 ALL EQUIPMENT
IN MECHANICAL EQUIPMENT ROOM (MER)

MER NO. OR DESIGNATION DBoILER Keoom
CHECK WALL OR SURFACE INVOLVED IN THIS SUMMATION

NORTH SOUTH EAST WEST CEIL- FLOOR
WALL D WALL WALLE— WALL ING [:] D

OR OTHER SURFACE DESIGNATION ComPUTER Room

IN NUMBERED SPACES DELOW, IDENTIFY EQUIPMENY WHOSE NOISE
LEVELS CONTRIBUTE TO TOPAL SPL AT INDICATED WALL OR SURFACE,
IN SPL SPACES, INSERT SPL VALUES AT THAT SURFACE DUE TO THAT
EQUIPMENT, AS TAKEN FROM ITEM 7 OF DA FORM 3452-15-R.

OCTAVE FREQUENCY BAND IN Wiz
31 [ 63 [125 | 250 [ 500 | 1000 | 2000 | 4000 | 8ood
1. BoILER AT 3D FT

[87 [ selss[po]76] 73 ] 70 | o7 | a¥]
2. STERM VALVE RT /& Fr

Lol es ey 6377277 [ 8287
3. MOTOR -~ PLMP BT & FT

{80 | 7918/ | 918 18/ [ 80 | 74| 7]

L 1t 1 [ 1 | I

T T T T T T T T

6. TOTAL SPL AT INDICATED WALL OR SURFACES DUE TO ABOVE
EQUIPMENT, USING DECIBEL SUMMATION RULES OF TABLE 18.
E‘SR FL]C?OR, USE HIGHEST READING IN EACH BAND FROM

EMS 1-5.

| B8 [ 77 [ 2624 [ PR 8] 82| #3] 57]

4
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DA FORM 3452-16-R, 10 Aug 70

SUMMATION OF SPLs DUE TO ALL EQUIPMENT
IN MECHANICAL EQUIPMENT ROOM (MER)

MER NO. OR DESIGNATION .JBo/LER Koom

CHECK WALL OR SURFACE INVOLVED IN THIS SUMMATION

NORTH SOUTH EAST WEST CEIL—'D FLOOR D
WALL WALL WALL WALL ING

OR OTHER SURFACE DESIGNATION NMANA GER'S DOFFRICE

IN NUMBERED SPACES BELOW, IDENTIFY EQUIPMENT WHOSE NOISE
LEVELS CONTRLIBUTE TO TOIAL SPL ALl LNDICATED WALL OR SURFACE.
IN SPL SPACES, INSERT SPIL VALUES AT THAT SURFACE DUE TO THAT
EQUIPMENT, AS TAKEN FROM ITEM 7 OF DA FORM 3452-153-R.

DCTAVE FREQUENCY BAND IN Kz
31 | 63 [125 | 250 | s00_| 1000 | 2000 | 4oco [ 8000
1. Bol/tER AT RE FT
[ 87 e 25l a1 | 771 24| 7240 | 68 | 65|
2. _STEAM VALYE BT SO FT
[ [ e3]6r] to] 64] 69 ] 74 | 72 | 84 ]
3. MOTOR ~ PLOMP AT 10 FT
[ g2 ) (g3 | s¢ | @5 | o8 29| 28 [ 7/ ]

e ¢ ¢ ¢ F [ 1 |
¢ 4 11 1 [ T ]

6. TOTAL SPL AT INDICATED WALL OR SURFACES DUE T0 ABOVE
EQUIPMENT, USING DECIBEL SUMMATION RULES OF TAHLE 18,
1;:‘0R FLOOR, USE HIGHEST READING IN EACH BAND FROM

TEMS 1~5.

| g2 [ P72 o7 oc] e Fs | a5 | 52| 5¢]

[
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DA FORM 3452-17-R, 10 Aug 70

SOUND TRANSMISSION FROM MER TO ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

SOUND SOUND
TRANSMITTING RECELVING )
ROOM " BoitER Reor Room ComPUTER Room

OCTAVE FREQUENCY BAND IN Hz
3L | ©3 1 lab 1 250 | 500 [ 1000 | 2000 | J000 | S00U

1. AREA S, OF COMMON TRANSMITTING WALL[£4 OR FLoOR[ ]
So _x__ 8 = 4oo 5Q. FT.

2. ROOM CONSTANT Ro OF REC. RM; ITEM 9 OF DA FORM 3452-14-R

Eoo | 450 | 750 ) 1200| 1500|1500 | )500 | /S0 |/500]
3. RATIO S, /R, (ITEM 1 / ITEM 2)

433 ] 0.89] 0.53[033 027 | 0,272 | 027 | 0.22| 027

4. WALL OR FLOOR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM
TABLE 32

[=2 ] ~1 | +) [ +2[+3 | +3 | +3 | »3 |+3]

5. PROPOSED WALL OR )
FLOOR CONSTRUCTION /0 Moltow-CoRe LoncrRere Bloek

6. "IT" OF PFROPOSED WALL OR FLOOR. SEE TABLES 21-31 FOR
WALL, TLs; SEE TABLES 34 - 38 FCOR FLOOR-CEILING TLs.
[2o[32]24 (362843 | S0 | 56 &/])

7. "NR" OF PROPOSED WALL OR FLOOR. NR = TL + C
ITEM 7 = ITEM 6 + ITEM 4

(2813 (35| 28]¢) [ [S3 ] s7]|6¥]

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM b OF DA FORM
3452-16-k FOR ALl EQUIPMENT CONTRIBUTIONS OR APPROPRIATE
LINE OF ITEM 7 OF DA FORM 3452-15-k IF FOR ONLY ONE PIECE
OF EQUIPMENT

Ls8 1 87 26| g4l e ] 32| ¢3127]

9. SPL IN RECEIVING ROOM DUE TO MER NOISE TRANSMITTED
THROUGH WALL OR FLOOR OF ITEM 5 ABOVE,
SPLpps gpu. = SPLypp - NR. IDEM 9 = ITEM 8 - ITEM 7

leolse [ s/« ¢/ [ 36 | R9]| K¢ [23]
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DA FORM 3452-18-R, 10 Aug 70
COMPARISON OF ROOM SPL WITH NOISE CRITERION
SOUND RECEIVING ROOM (oM PUTER Room

OCTAVE FREQUENGY BAND IN HZ
31 | 63 ] 125 | 250 T 500 [ 10001 2000 | 4000 | 8000

1. APPLICABLE ROCM CATEGORY NO. 5  FROM TABLE 2 OF MANUAL

2, SUGGESTED NOISE CRITERION FOR ROOM: Nc- 4§

3. SPL VALUES CORRESPONDING TO NC VALUE OF ITEM 2; FROM
TABLE 1 OF MANUAL

[ivity) 67 [ 6o | 84| 49| 6] wy | «3 | 2|

2 LAy LS

%, PROPOSED WALL OR FLOOR 3 ~ -
CONSTRUCTION BETWEEN MER /@ /oltow' = CORE
AND REC. RM; FRON ITEM 5 (CoNCRETE Bliock
OF DA FORM 3452-17-R.

5. 8PL IN RECEIVING ROOM FOR ITEM 4 WALL; FROM ITEM 2@ OF
DA I"ORM 3452-17-R.
o | st s/ | «e| 47 | 26| 29 24 | 23 |

6. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE., IF ITEM 5 SFL
EXCEEDS ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE
AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW

=== =1 =] =1 — |

7. IF THERE IS NO NOISE EXCESS IN ANY BAND,
WALL OR FLOCOR DESIGN IS PREFERRED, CHECK HERE

8. IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES
IN ANY BAND, WALL OR FLOOR IS ACCEPTABLE, CHECK HERE

(4 14 ] 13 ] 2] 2]2 |2 T%=2"/1]

9, IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARGINAL, CHECK HERE

| 5-7 1 5-7 ] 5-7 | 4-6 ] 3.5 | 3-5] 3-5 | 3-5 [ 3-5 |

10, IF NOISE EXCESS IS GREATER THAN.ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE, CHECK HERE [ ]
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DA FORM 3452-17-R, 10 Aug 70

SOUND TRANSMISSION FROM MER TO ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

SOUND SOUND
TRANSMITTING RECEIVING
ROOM Boll ER_Rosanms ROM NMANRGER'S OFFICE

OOTAVE YREQUENCY BAND IN Uz
ST 63 1 125 [ 250 1 500 [ 1000 | 2000 [ 4000 [ 8000

1. AREA S, OF COMMON TRANSMITTING WALL[ 4" OR FLOOR[ ]

/5 x ¥ = /1D sQ. FT.

2, ROOM CONSTANT RE OF REC, RM; ITEM 9 OF DA FORM 3452-14-R

| 40| bo | 7100] 160 | 20| Roo | Qoo | oo |Roo]

3. RATIO 5, /R, (ITEM 1 / ITEM 2)

[3.0]2.0lr2]0.725] 0.a] p.6] 6] 0.6]2. 6]

4. WALL OR FLOOR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM

5.

6.

7.

8.

9.

TABLE 32
=S |-¥4]-210 [+ | *s |+ | *1 {+/]

PROPOSED WALL OR
FLOOR CONSTRUCTION /O S0LiD DENSE LomcRrere Biacik

"TL" OF PROPOSED WALL OR FLQOR. SEE TABLES 21-31 FOR
WALL TLs; SEE TABLES 34 - 38 FOR FLOOR-CEILING TLs.
[3¢] 35 T27 Juwo[4s|s2] 58] 63 [468]

"NR" OF PROPOSED WALL OR FLOOR, NR = TL 4 C
ITEM 7 = ITEM 6 + ITEM 4

129213/ |35 40 | 4653 |69 | 6% ]&9]

SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM & OF DA FORM
3452-16-R FOR ALL EQUIPMENT CONTRTBUTIONS OR APPROPRIATE
LINE OF ITEM ? OF DA FORM .3452-15-r IF FOR ONLY ONE PIECE
OF EQUIPMENT

(B8 1 27| 27] 86| 861 85 | 25| B2 ¥

SPL, IN RECEIVING ROCM DUE TO MER NOISE TRANSMITTED
THROUGH WALL OR FLOOR OF ITEM 5 ABOVE,
SPLREC. RM. = SPLMER ~ NR, ITEM 9 = ITEM 8 - ITEM 7

[S9] s | SZ2] ¥6 | 4o | 3R | R6] /8 | /5]
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DA FORM 3452-18-R, 10 Aug 70
COMPARISON OF ROOM SPL WITH NOISE CRITERION

SOUND RECELVING ROOM MANAGERS OFFICE

OCTAVE FREQUENCY BAND 1IN Hz
31 | 63 | 125 [ 250 | 500 | 1000 2000 | 4000 | 8000

1. APPLICABLE ROOM CATEGORY NO, .3  FROM TABLE 2 OF MANUAL

2. SUGGESTED NOISE CRITERION FOR ROOM: Nc- 35

3. SPL VALUES CORRESPONDING TO NC VALUE OF ITEM 2; FROM
TABLE 1 OF MANUAL

i Go| SR 45 40| 36 | 34 | 33 | 32 |

4. PROPOSED WALL OR FLOOR " _
CONSTRUCTION BETWEEN MEr /O So& /D PENSE

AND REC, RM; FROM ITEM 5 . .
OF DA FORM 3452-17-R CoNCRETE BLocK

5. SPL IN RECEIVING ROOM FOR ITEM 4 WALL; FROM ITEM 9 OF
DA FORM 3452-17-R

[sel selsal 6]« [ 321 26] /8 | /5]

&. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE. IF ITEM 5 SPL
EXCEEDS ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE
AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW

[ = [ —] o]t o]~ —]—1T—1]

7. IF THERE IS NO NOISE EXCES3 IN ANY BAND,
WALL OR FLOCR DESIGN IS PREFERRED. CHECK HERE

8. IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES
IN ANY BAND, WALL OR FLCOR IS ACCEPTABLE, CHECK HERE

o T o T4 3 | 2] 2] 2 | 2 T2 ]

g, IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARGINAL. CHECK HERE

[ 57 s-7 ] 5-7] 4-6 { 3-5 | 3-5] 3-5 | 3-5 | 3-5 ]

10. IF NOISE EXCESS IS GREATER THAN.ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE, CHECK HERE [ ]

a1
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Should quieter equipment be required by imposing a maximum nolse level
apecification? These types of questions are asked and must be ansvered
in facing each critical noise control design problem. These questions
will be considered again when this example is pursued later in the text,

g. DA Form 3452-19-R, Now, apart from the example for a moment,
suppose a comnressor manufacturer has submitted sound power level
{"PWL") date for a compressor to be considered for a buildinz. Suppose
his PWL values arel%s Tollows for the cctave frequency bands, expressed
in deeibels re 207" watt (a formerly used power reference):

10% 103 104 105 109 112 118 115 104

Sinece the currently used U.S. and International standards refer to 10718
watt reference power, the shove w&aes should be reduced 10 dB in order
to express them in decibels re 10 watti

95 93 ol 95 99 102 108 105 ol

Using these values and following the procedures given in DA Form 3452-19-R
it is possible to estimate the approximate 3-ft SPLs for one of these
unita, The sample form in filled in on page B3 . Item T shows the
estimated SPls at the nomal 3-ft distence (6 £t from the assumed
acoustic center of the compressor assembly, in this ecase). A note of
caution regarding dats offered by the manufacturer, especially if the
nolise lavels appear surprisingly lew when compared with other similar
eaquipment: (1) are these "guaranteed" values, (2) do they apply ot full-
losad operation, (3) would the manufpcturer {if miven the order) accept
complete responsibility asnd cost for installing the equipment that, under
full load, would meet his quoted values, and (L) would he submit this
guarantee in writing? If the manufecturer's values are "guaranteed"

and copnsidered relisble, they may be used in the nolse analysis procedure,
assuning that the other nen-acoustic conditions are satisfied in the
agreement. The reader should be cautioned against setting up an entire
desizn based on low nolse readings offered by one manufacturer, only to
find later that manufacturer withdraws from the final competition

or that the finally successful bidder cannot meet the low nolse levels
elaimed by the other supplier.

h. DA Form 3452.20-R. The last fomm included in this manual
relates to the escape of noise from an MER to the outside through venti-
lation openings. To illustrate the use of the form, suppose that the
SPlLs at the north wall of the Boiler Room of Figure A on page 51 are as
follows:

g2
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DA FORM 3452-19-R, 10 Aug 70

ESTIMATED SPL AT 3-FT DISTANCE INDOORS WHEN

SOURCE PWL IS KNOWN

EQUIPMENT IDENTIFICATION

rYPE CENTRIFLGAL (OMPRESSOR HPH o000 RPM 34600

OCTAVE FREQUENCY BAND IN Hz
31 | 63 125 [ 250 [ 500 | 1000 | 2000 | #4000 | 8000

1. PWL FOR EQUIPMENT IN DB RE 1012 waTT, IF PWL IS REFER-
RED TO 10-13 WATT, SUBTRACT 10 DB FROM ALL VALUES,

95 23] 94 o5 T 29 [/oa]ios [/05 | 94 |

2. APPROXIMATE OVERALL DIMENSIONS OF EQUIPMENT, IN FEET,
IGNORE ANY PORTION OBVIOUSLY NOT PRODUCING OR RADIATING

NOISE.
LENGTH __ & WIDMH _ &5  HEIGHT __ &

3. ADD THE THREE DIMENSIONS OF ITEM 2; DIVIDE THE SUM BY 6.
THE RESULT IS APPROXIMATELY THE "RADIUS" OF THE EQUIPMENT,

SUM /9 DIVIDED BY 6 = 3 FT,

4. ADD 3 FT TO THE ITEM 3 VALUE. THIS GIVES THE DISTANCE
FROM THE ASSUMED "ACOUSTIC CENTER" OF THE UNIT, WHICH
I5 APPROXIMATELY 3 FT FROM THE NEAREST PART OF THE UNIT.

ITEM 3 3 +3 = & FT.

5. ROOM CONSTANT OF MECHANICAL EQUIFMENT ROOM, FROM ITEM 9
OF DA FORM 3452-14=R  AFSSUMED FOR THIS EXAMPLE

[1000]/500 |Ro00 |4ooo [ So00 | 5000 [Sa0n [Sevs [seo0)

6. DETERMINE "RELATIVE SPL" FROM FIG. 11 OF MANUAL FOR THE
DISTANCE DIMENSION OF ITEM 4 ABOVE, FOR EACH OF THE ROOM
CONSTANT VALUES OF ITEM 5 ABOVE. INSERT "REL SPL" AND
PROPER SIGN (+ OR =~} IN SPACES BELOW.

{-r2 |=i2 |~/3 |-/¢ |18 |~ | =5 | 15~ [ =15 |

T. APPROXIMATE SPL AT 3-F' DISTANCE, SPL = PWL 4 REIL S8PL.
IPEM 7 = ITEM 1 + ITEM 6 (CAUTION: KEEP CORRECT SIGNS!)
THIS SFL AT THE NORMALIZED 3-FT DISTANCE MAY BE INSERTED

INTO ITEM 1 CF DA FORM 3452-15-R AND THIS EQUIPMENT
GLVEN THE SAME TREATMENT AS ALL OTHER INDOOR EQUIPMENT

IN THE ANALYSIS PROCEDURE.
| 2318/ | 87 [ 8) | 84| 87 | 93] 90 77|
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These noise levels may escape through the 100 saq ft louvered opening
along the north wall and might be disturbing to hotel occupants across
the street., The sample Data Form ocn page 85 shows the calculations of
the sound power level {PWL) of the noise escaping through the louvered
cpening. This noise escape will be pursued later.

i. PPA Date Forms. Some of the thirteen data forms contained
in the Power Plant Acoustics Msanual may be of use with the present
manual, Those forms are identified by the Department of the Army publi-~
cation deaignations

DA Form 3452-1 through 3452-13

The last four DA Forms of that series msre most likely to be called upon
accasionally for use with this manusl. Some of the wording in those
forme may not be exactly appropriate to this manual but the intent of
the forms and the ealculations will be falrly ohvious.

DA Form 3452-10 (Sheets 1 and 2) is entitled "Hearing Preserva-
tion Routines for Broad-Band Noise", and DA Form 3452-11 (Sheets 1 and
2) i2 entitled "Hearinpg Preservation Routines for Narrow-Band Noise".
MER noise may esxceed "safe" full-time nolse exposure conditions for
many MER areas, and both the designer and user should take this into
account in providing "safe" operator work areas or control rooms. For
more detalls, refer to the PPA Menual.

DA Form 3452-12 is entitled "Criterion SPL for Critical Neigh-
bor", and DA Form 3152-13 is entitled "Criterion PWL for Critical Neigh-
bor", These forms are used to evaluate the possible impact of outdoor
mechanleal equipment noise on nearby neighbors. The use of these forms
iz illustrated in a latar portion of the manual,

4=07.  NOISE CONTROL TREATMENTS. In most building situstions, nolse

control may be provided by application of the following types of treat-
ments and techniques:

8y
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DA FORM 3452-20-R, 10 Aug 70
NOISE ESCAPE THROUGH OPENINGS IN SOURCE ROOM
ROOM IDENTIFICATION DBelLtErR Roon

‘ OCTAVE FREQUENCY BAND IN Oz
31 | 63 | 125 | 250 | 500 | 1000 | 2000 ] %000 | . 8ood
1, SFL AT OPENING

L2 | 20 29 88 | #7] 86 [ g6 1 5¢ [ 90 |
2. AREA OF NOISE ESCAPE OFENING: /00 5Q. FT

.3, 'iAREA FACTOR" FROM TABLE 39 FOR ITEM 2 AREA; SAME VALUE

FOR ALL FREQUENCY BANDS,
loliol ol o]l o]l /o] /0T 706706

4. PWL OF NOISE AT OPENING (IN DB RE 10-12 WATT), ITEM 4=
ITEM 1 4 ITEM 3

l/erjeo] @22 98| 27] 96 [ 9¢ | 9¢ [700 ]

5. ATTENUATION INSERTED IN PATH TO OUTSIDE (MUFFLER LINED
DUCT, LINED BEND, ETC.-~-~FRCM MUFFLER MFGR, ASHRAE
GUIDE, PPA MANUAL, ETC.)

L+ [ [ 1 1 I L |

6. PWL OF ESCAPING NOISE (IN DB RE 10-12 wapp),
ITEM 6 = ITEM 4 - ITEM 5

{10/ i00] 29| 28] 97| 941 24T 94 [/00]

85
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(1)

{2)

(3)

()

(s)

(6)

(1)

(8)

(9)

86

Use of adequate wall and floor-ceiling constructions
to contain the noise and limit its transmission inte
ed joining areas,

Use of acoustic absorptien material in either or hoth
the sound transmitting room and the sound receiving
room in order to absorb some of the sound energy that
"bounces" around the room. Quantitstive data and
procedures for incorporating sound nbsorption materials
are included in the Tables and DA Forms.

Use of transmission loss data in order to select
various types of construction materlals for the design
of nolse enclosures.

Use of "layout" modifications in an attempt to (a)
redistribute noise sources in a more favorable arrange-
ment, (b) bring together noisy areas in one part of a
building and quiet areas in a different part of the
building in order to minimize their reaction on one
enother, and {c) use less-critical "buffer zones" to
separate nolsy end quiet areas,

Use of vibration isolation mounts for the support of
mechanical or vibrating equipment. Details of such
mounts are given in Section V,

Use of mufflers to control nolse trensmission through
alr passageways. This is presented in considerable
detail on pages 54-64 of the Power Plant Acoustics
Manual and is not repeated here.

Use of duct lining treatments to control nolse trans-
missien through ducted connections., This is presented
briefly on pages 64-65 of the PPA Manual, and detailed
material on this subject can be found in the ASHRAE
Guide [2].

Use of specifications te limit the roise output of
equipment for use in the building; this is suggested
and discussed briefly on pages 26-28 of this manual,

Use of the basic elements of acousties in order to
{a) work intelligently with SPL and PWL data for many
types of electrical and mechanical neise sources,
(b) combine noise sources, {e) know the effects of
distance (both indoors and outdoors), (d) appreciate
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the significance of noise criteria, and (e} be able
to manipulate acoustic data in a meaningful and rational

wvay.

With these noise control procedures at hand, 1t should be
possible to work out most typical problems assoclated with the noise of
mechanical znd electrical egquipment in the MER. As stated earlier, very
unusual or critical problems may require more profound analyses and
treatments,

4-08, EXAMPLE, CONTINUED. In Paragraph 4-06, a Boiler Room example
was described and sample DA Forms were introduced. A few simple parts
of a total MER noise design were carried out in order to illustrate the

use of the Date Forms.

In order to resolve each problem posed by the example, the
Boiler Room is nov re-examined in deteil and the information contained
in the manual (with some mssistance from the PPA Manual) is brought to
bear on this one typical complete MER example.

a, Boiler Room Modiflcations, In the earlier approach to the
problem, the Boiler Room layout was shown in Figure A on page 61,
in the pursuit of the earlier example, it was suggested that with all
equipment in operation a 10-in, thick solid-core dense conecrete block
wall might faill to achieve the desired NC-35 eriterion in the Building
Manager's Office. At that point (page 69 }, several questions were
asked but not answered.

One important noise control design treatment is "layout",
In the floor plan of Figure A the NC-35 Manager's Office was located
immediately adjoining the MER. Of course, this location ¢can be handled
with the use of a double wall or a corridor, but each of these would he
space~consuming and costly. Where possible it would be @esirsble to
locate & less eritical "buffer zone" between the qulet and noisy areas.
A suggested Boiler Room re-arrangement is shown in Figure B on page
88 . Compared to the original layout, severzl changes are made., Obviocusly,
there are unlimited arrangements possible, but the one shown here attempts
to locate noise sources and noise receivers to best advantage relative to
one another. The reasons for the changes are listed below.

(1) In the original layout, the Building Manager's Office
needed the greatest amount of noise reduction. In the new layout the
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g Manager's Office is moved and the Control Room is placed as a "buffer"

; between the MER and the Menager's Office. The Control Room dimensions
are changed {rom 10 £t x 20 ft to § ft x 24 £t s0 that the 24 Tt length
will not only cover the Manager's Office but also a large portion of the
Secretary's 0ffice, The Control Room serves as & "double waell" for the
two offices, and the remaining short length of the single wall at the
Secretary's Office would now provide a more lavorable value of "(¢" in
Table 32 {the wall area S5_ common to the MER and the Secretary's Office
is now small, so that less sound energy can pass through).

L0 LA AR}

LT

+

(2) The motor-pump assemblies were crowded together in
Figure A to use minimum floor area. This concentration of nolse sources
would have provided an especially high noise level into any office
located immediately under these pumps on the flsor helow. Thet specifie
case was not worked out in the previous example, but it is a fact never-
theless., Since the motor-pump units are quite noisy sources in the mid-
frequency bands that frequently control the wall and floor designs,
it is desirable to separate these sources as much as possible. An
alternate location for the pumps would be slong the north wall instead
of along the south wall of the MER., For the north locatlon, however,
the pumps would be ¢loser to the ventilation opening nearest the hotel.
It will be seen later that noise escape. from that ventilation opening
is a smnll potential problem, but at least it is kept small by locating
the pumps as far awey from the ventilation opening as possible.

{3) In the new layout, the Computer Room would be subject
'5; to higher noise levels than with the previous layout. The pumps, and
%
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the front surfaces of the bollers are now closer to the Computer Room,
and the full 60-ft wall length is now exposed to the MER whereas the
Control Room formerly "protected” 10 ft of that wall,

(4) An emergency exit from the MEIR was formerly provided
through the Control Room into the Computer Room, Since the Control
Room served as a "buffer”, the TL of the door would not have been
particularly crucial. Now, a better door will be required. A special
"acoustic door" (Table 24} or a double door arrangement forming a
"sound lock" would be required for a more-or-less eritical neighboring
area, A suggested door for this wall will be determined in the details
that follow, Note that the door has been placed at a large distance from
the noisiest sources {the motors and pumps). If safety regulations
require that the door be placed closer to the pumps, this could be handled
with a still better door.

89
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(5) The Buildiny Engineer's Office is now subject to slight-
ly higher noise levels because it 1s closer to the pumps.

{6) In order to illustrate in this example seome part of
all the noise control treatments available, suppose that several motor
mapufacturers are willing to guarantee motors that will meet the PWL
values llated by IEEE [8] for 1000-RPM, 50-HP motors of the "totally-
enclosed fan-cooled" tyfg, which are as follows for the octave frequency
bands (PML in dB re 10 ~° watt):

- - 81 88 oh o4 20 81 Th

At the pesk bands, these levels are 5 dB lower than the levels given
in Table i3 for this motor.

(7) 1In tire emrliier preliminary analysis of the Boiler
Room, 1t was found (but not discussed) that steam valve noise would
exceed an NC~25 as heard inside the nearby hotel rooms with windows
open, In addition, steam valve noise inside the MER exceeds "safe"
levels for long~time dally exposures of personnel, 50 it would be
desirable to reduce those levels.

As a nolse control treatment for steam valve noise, a box-
like enclosure cen be built around the valves, and the nearest 20 't of
pire on elther side of emch valve can be given an accustic pipe wrapping
(better than the normal thermanl wrapping}. The box enclosure can be
made of any suitable impervious material that will withstand the
temperature, The enclosure material should have a surface weight of not
less than about 5 1b/sq £t and the interioer of the box should be lined
with 2-in. thick acoustic absorption material, The deor to the enclosure
should be of similar material and should be closed and sealed against a
gasketed frame. The nolse reduction previded by such a box would be
about 5 dB in the low frequency region, 10 dB in the mid frequency
region and about 1%5-20 @B in the high frequency region.

The steam piping also radiates the valve noise, and to reduce
this radiated noise, it is usunlly necessary to supplement the regular
thermal imsulation with an "acoustic wrapping". An adequate acoustie
wrapping would probably consist of b-in. total thickness (including
thermal wrapping in this case) of a suitable fibrous thermal insulation
material (glass fiber or mineral wool or equal) of minimum density
3-4 1b/cu ft which is then covered with an impervious skin having a surface
weight of at least 1 1b/sq ft, or even greater if possible. Aluminum,

g0
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steel or lead-loaded wrappings, or n sprayed or troweled applicaticn
of dense plaster, magnesia or cement could be used for the impervious
skin. This wrapping should extend from the valve inside the box
enclosure for a distance of at least 20 ft either side of the bex., A
good seal should be made where the covered piping enters the holes in
the enclosure, This pipe wrapping would be compntible with the box
enclosure of the valves, and the complete treatment would yield the
noise reduction attributed above to the enclosure, This steam valve
and pipe treatment is illustrated in Flgure B and is assumed for the
detalled analysis that follows.

(8) MER noise levels could be tranamitted down the pipe
shaft shown in Figures A and B and could possibly be radiated into
quiet spaces bordering the pipe shaft at the lower fleoors. 1In a thorough
study this pipe shaft noise could be subjected to & complete analysis,
but it will be less expensive and more positive to merely require that
the top of the pipe shaft (st the MER floor line or higher) he capped-
off with a form-fitting cover that provides adequate clearance holes
for all the required piping., Caulking or fibrous stuffing can be used
to close up the final air cracks around the pipes. A cast concrete
cover of 2 in. to U in. thickness would be ideal, but heavy sheet metal
or thiek plywoed could be used to produce an interim cover. If that
cover is later found to be inadequate, it could be used as part of the
form for pouring a concrete cover.

With the above acoustic treatments assumed for the Figure
B arrangemeni of the Boiler Room and the edj}oining sponces, the noise
control design may now be started anew. All the applicable conditions
named earlier on pages 59-63 are still assumed.
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b. DRoom Constant. The Room Constant is now ecaleulated for
all rooms involved in the analysis, using DA Form 3452-14-R. The acoustic
absorption characteristies are unchanged for the rooms that have already
been calculated, so those velues still apply:

for Boiler Room see page 65,

for Computer Room see page 66 ,

for Building Manager's O0ffice and
Building Engineer's Office see page 67 .

Cn the following peges, Room Constants are calculated for the nevw
Control Room {page 93 ), the Secretary's Office (page 94 ), and a

large typical office or conference room (pege 95 ), nssumed located
under the middle of the MER, A carpeted and furnished office is
agsumed, so the first footnote of the Data Form is appropriate and an
additional 150 sq ft of ebsorption is added to Item k., It is enticipated
that a Type 4 floor-celling may be involved, and this requires s plaster
ceiling as a sound barrier. Acoustic tiles are then assumed to be
attached directly to the underside of the plaster. ALl of this leads
typically to an NRC ("noise reduction coefficient"} in the 0.65 - 0.Th
group, whereas the air spece above the suspended acoustic ceiling in

the other rooms would normelly zive rise to NRCs in the 0.7% to 0.85

range,

¢. Equipment SPLs. Next, the 5PLs are estimated for the various
pleces of equipment for the various walls and surfaces of the Boiler
Room that sd)oin eritical areas. The south wall and the celling are
not involved in the problem, so SPLs are not required for these surfaces.
DA Form 3452-15-R 18 used, Because some MER walls border more than one
eritieal room, the Data Form is adapted to meet the speecific layout
needs,

The SPL distribution within the MER is given on pages
36=099 for the two Bollers, On pages 100-101 the SPLs are given for
one steam valve, using the box enclosure and the pipe wrapping discussed
earlier on papes 90-~01. The noilse reduction for the encleosure and
wrapping are estimated and inecluded in Item 2. On pages 103-10h the
BELs are derived for one motor-pump assembly. Reeall that for this
example the motor PWL was assumed to be specified by several motor
manufacturers, as given on page 90 . The 3-Tt SPLs are then calculsted
from the PWL using DA Form 3452-19-R, SPLs for a motor-pump unilt are
calculated for distances of 12,25 and 37 It {the distances from the three
units to the walls of the Engineer's Office and the Computer Roem), 40 £t

(text continued on page 105)
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DA FORM 3452-14-R, 10 Aug 70
ROOM CONSTANT OF SOURCE ROOM OR RECEIVER ROOM
ROOM NO, OR DESIGNATION CovTrRoOL Room

1. AVERAGE ROOM DIMENSIONS (IN FT,)

LENGTH X % WIDTH & HEIGHT g
2, VOLUME OF ROOM /S5 ¢ O cU. FT,
3. TOPAL INTERIOR SURFACE AREA OF ROOM B9 6 SQ. FT.
4. AREA OF PLANNED ACOUSTIC TREATMENT+ /! 72 5. FT.
5. PERCENT AREA COVERED BY ACOUSTIC TREATMENT 22/ %
(100 x Item L/Item 3) -
6. "ROOM LABEL" FOR ITEM 5 FROM PART A OF TABLE 19

ArerRmGe

7. FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIGURE 12

R = /S0 SR, PP, FOR 500 - 8000 Hz

8. CHECK ACOUSTIC ABSORPTION TREATMENT:

NONE OR

"NRC = 0,65 - 0.74 NRC = 0.75 -~ 0,85

THEN, FOR 31 Hz 0.2 R = 0.2 R = E]-)
63 Hz 0.2 R = 0.3 R = .5
125 Hz 0.3 R = 0.5R = 78
250 H2 0.5 R = 0.8R=_[/AD

ROOM CONSTANT FOR ALL CCTAVE BANDS, IN 54. FT.#
{Repeat appropriate values from Items 7 and

4L 1 53 125 250 | hO0 1 1000 2000 | 4000 o000

Qo | Y5 | 75 | /R0 |50 | iSO [ /50 | /850 |/8D

+Add 50% of floor area to Item 4 Lf floor 1s carpeted or

hag drapes or upholstered furnlture. Treat thls as
NRC = 0.65 material,

#Add to all bands any area always open to the outside, i.e.

having 100% absorption.

23
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DA FORM 3452-14=R, 10 Aug 70

ROOM CONSTANT OF SOURCE ROOM OR RECELVER ROOM

ROOM NO, OR DESIGNATION SE&ECRETARYS OFFICE
(S/mILAR To FiL& Raom )

1. AVERAGE ROOM DIMENSIONS (IN FT.)

LENGTH /22 WIDTH /2 HEIGHT g
. VOLUME OF ROOM I/ &= CU, FT

2 .
3, TOPAL INPERIOR SURFACE AREA OF ROOM b7 2 Sg. FT.
4, AREA OF PLANNED ACOUSTIC TREATMENT+ /LY SQ. FT.
5
6

. PERCENT AREA COVERED BY ACOUSTIC TREATMENT 2/ %
(100 x Item 4/Item 3)
"ROOM LABEL" FOR ITEM 5 FROM PART A OF TABLE 19

RVERMRGE
7. FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIGURE 12
R = 1 2D 5Q, FT. FOR 500 - 8000 Hz

8. CHECK ACOUSTIC ABSORPTION TREATMENT:

NONE OR
"NRC = 0.65 - 0.T4 [:zaﬂiRC = 0,75 - 0.85

THEN, FOR 31 Hz 0.2 R 0.2 R = 24
63 Hz 0.2 R C.3R = 3b
125 Hz 0.3 R 0.5R = Lo

1]

13

]

250 Hz 0.5 R = 0,8 R = 76

9. ROOM CONSTANT FOR ALL OCTAVE BANDS, IN s8q, Fr.#
{Repeat appropriate values from Items 7 and 8

OCTAVE PREQUENGY DAND LN Rz

31 03 125 290 | 500 1 1000 | 2000 14000 8000

Q41 36| ko | 96 (/R0 tRo |/Ro |70 |12

+Add 50% of floor area to Item 4 Af floor is carpeted or
has drapes or upholstered furnlture, Treat thls as
NRC = 0.65 material.

#Add to all bands any area always open to the outslde, i.e.
having 100% absorpticen.

g4



]

PP TR

LTI T Sy e e BT T

T

s
S

e e LTI

DA FORM 3452-14~R, 10 Aug 70

TM 5-805-4

ROOM CONSTANT OF SOURCE ROCM OR RECEIVER ROOM
ROOM NO, OR DESIGNATION TYPicAlL OFFICE ©OR CONFERENCE

Roonx| BRENERTH BOIER Room
1. AVERAGE ROOM DIMENSIONS (IN FT.)
LENGTH __ R0 WIDTH /5 HEIGHT &
. VOLUME OF ROOM___ R ¥ 00 CU. FT.

o Vi = w

TOTAL INTERIOR SURFACE AREA OF ROOM
AREA OF FLANNED ACOUSTIC TREATMENT+3po+/50%: 450 sq. FT.

PERCENT AREA COVERED BY ACOQUSTIC TREATMENT 32 %
{100 x Item 4/Item 3)

. "ROOM LABEL" FOR ITEM 5 FROM PART A OF TABLE 19

60

Mepum~ Dinp  To L&A

7. FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIGURE 12

$Q. FP. FOR 500 - 8000 Hz

R = Sbvo
8. CHECK ACOUSTIC ABSORPTION TREATMENT:
NONE OR
"NRC = 0165

THEN, FOR 31 Hz 0.2 R
63 Hz 0.2 R
125 Hz O.3 R
250 H2 0.5 R

I

0.74

{02 0.2R
/108 0.3 R
Y-
250

D NRC = 0.75 - 0.85

)

0.5 R
0.8 R

It

it

9. ROOM CONSTANT FOR ALL OCTAVE BANDS, IN 3Q, Fr . #
{Repeat appropriate values from Items 7 and 8)

(9]

31 03 125 290

500

2
L1000 | 2000 1 4000 JC00

/oo | 10O 15D |RE&D

&oo

Spe| Soo| Sos | Sos

+Add 50% of floor area to Item 4 Af floor is carpeted or
has drapes or upholstered furniture, Treat this as

NRC = 0.65 materlal.

#Add to all bands any area always opeh to the outside, i,e,

having 100% absorption,

95

sQ. FT.
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DA FORM 3452-15-R, 10 Aug 70
MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIPMENT

EQUIPMENT IDENTIFICATICN

SHEET 1 OF 2

TYPE BOILER BHP /200 RPM
OCTAVE DHEQUENGY BAND IN Rz
31 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

1. SPL OF EQUIPMENT AT 3-FT DISTANCE, FROM TABLE 5 OF
MANUAL OR OTHER SOURCE —

92 |92 |92 ]| ?p2| 56| 23 | g0 | 27 | 74 |

2, SPECIAIL ADJUSTMENTS, IF ANY, TO ITEM 1 DATA,
EXPLAIN:

3. RESULTING SPL AFTER ADJUSTMENTS

| 922 |22 |922] ¢ ] #6 | 23 | 80 | 77 | 74 ]

4, DISTANCE FROM EQUIPMENT TO VARIOUS WALLS AND SURFACES OF
INTEREST {ALL DISTANCES IN FT).
NORTH SOUTH EAST g WEST
WALL S WALL WALL __WALL

+A3sume 3 £t

CEILING FLOOR + unless different)
SURFACE "A" (IDENTIFY): Cawrmet /S00M  DISTANCE 3R
SURFACE "B" (IDENTIFY):EnGRs OFF/c& DISTANCE 5§
SURFACE "C" {IDENTIFY): DISTANCE
SURFACE "D" (IDENTIFY): DISTANCE

5, ROOM CONSTANT FOR THIS ROOM (FROM ITEM 9 OF

DA FORM 3452-14-R ).

| 900!l /300]|R/00[3300] /00 |4/0a [4/co | 4ieo | 4/00 |
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DA FORM 3452-15-R, 10 Aug 70
MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIPMENT (CONT.)

T™ 5-805-4

SHEET 2 OF 2

OCTAVE FREQUENCY BAND IN Hz

31] 63 ] 125| 250] 500 | "1000 | 2000| 4000 | 800d

6. SPL REDUCTION FOR VARIOUS DISTANCES AND ROOM CONSTANTS,
FROM TABLE 20 OR FIGURE 11 (FILL IN SPACES ONLY FOR
SURFACES OF INTEREST)

NorTH | R | R 2 | & | # 4 vl « yu
SOUTH
EAST | 4| S & | 7 ® P g b4 &
WEST
CEIL,
FLOOR{ © ] & [a] o o o o o o
upt 5| b -4 v d 19 /D /0 /0 /0
"B" | | 7 Bl s IR IR | IR IR | /2
Ilclr
IIDIr

+Floor value is "O" for all bands, if distance is 3 It

7. SPL, AT SURFACES OF INTEREST FOR THIS PIECE OF EQUIPMENT

ONLY (ITEM 7 = ITEM 3 - ITEM 6

NORTH | Fo| 9o $#2| £S5 | 2R] 72 7é 73 | 70
SOUTH
EAST |E&| 87| &Ly P2 1 78| 75| 7= | &2 | L6
WEST
CRIL.
FLOOR | 7R 72| 9| 22| 6| &3 ¥o 77 |74
van | 87 Bbl £4] 8ol 76| 7R3 L 7o | 47 | 6
"pn | 26| 85 8% | 728 | 74 1 2! L8 | 45 | 42
Hcll
IIDll
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DA FORM 3452-15-R, 10 Aug 70 SHEET 1 OF 2
MECHANICAL EQUIPMENT ROOM SPL DUE TC EQUIPMENT

EQUIPMENT IDENTIFICATION
TYPE Bo/iLER BHP 2000 REM

OCTAVE FREQUENCY BAND IN Hz

31 | 63 ] 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

1,

SPL OF EQUIPMENT AT 3-FT DISTANCE, FROM TABLE £~ OF
MANUAL OR OTHER SQURCE

92 | 9R |92 821 261 83 | 8o | 27 | 74 |

SPECIAL ADJUSTMENTS, IF ANY, TO ITEM 1 DATA.
EXPLAIN:

.ttt + ‘1 ;|

. RESULTING SPI AFTER ADJUSTMENTS

9z |92 92 #2| s | 23 | 80| 727 | 74 |

5.

DISTANCE FROM EQUIPMENT T0Q VARIOUS WALLS AND SURFACES OF
INTEREST (ALL DISTANCES IN FT).

NORTH SQUTH EAST WEST

WALL RS WALL waLL _ {2 waiL
(*Assume 3 ft

CEILING FLOOR+ 3 unless different)

SURFACE "A" (IDENTIFY): ConrRoi Noor DISTANCE 3 Z
SURFACE "B" (IDENTIFY): EXGR'S DFFICE DISTANCE %O
SURFACE "C" (IDENTIFY): DISTANCE
SURFACE "D" (IDENTIFY): DISTANCE

ROOM CONSTANT FOR THIS ROOM (FROM ITEM 9 OF
DA FORM 3452-14-R.

[900] /300|200 [ 3300 4100 [ tt00 [4i00 | 4700 | 4/00 |

o8

q
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DA FORM 3452-15-R, 10 Aug 70 SHEET 2 OF 2
MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIPMENT {CONT,)

OCTAVE FREQUENCY BAND IN #z |
31 631 125] 250] 500 | 1000] 2000 4000 | 8000

6. SPL REDUCTION FOR VARIOUS DISTANCES AND ROOM CONSTANTS,
FROM TABLE 20 OR FIGURE 11 (FILL IN SPACES ONLY FOR
SURFACES OF INTEREST)

NORTH | S | &6 | 7 g 9 < 9 2 9
S3CUTH

BAST |4 | 5| & 7 ) g g g 2
WEST
CEIL,
FLOOR+| O | O o o [»] () o [+] o
"Wl s | b 8 e | 70 /0 /0 0 /8
g bl 7 1 10 7/ / /71 /7 //
!lcll
HDII

+Floor value iz "O" for all bands, if distance 1s 3 ft

7. SPL AT SURFACES OF INTEREST FOR THIS PIECE OF EQUIPMENT
ONLY (ITEM 7 = ITEM 3 - ITEM 6)

NoRTH |87 | 86| 85| 87 | 727 | 7«4 7/ LB | 6§
SOUTH
EAST [B8P|27[ 86 | SR |78 | 75 | 72| 92| 6
WEST
CEIL,
FLOOR | 92|22} 92| 82 | f& | 23 | 80 27 | 7«
"at | R7{ %6 84| %0 | 76| 23 | Vo ? | &<
ngt 86| PS| P4 | 792 | 781 VA | 49 Ll | &3
lrcll
NDII
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DA FORM 3452-15-R, 10 Aug 70

™ 5-805-4
SHEET 1 OF 2

MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIFMENT

EQUIPMENT IDENTIFICATION
TYPE STeEAMm VALvE HP REM

3 Z
31 [ 63 | 125 | 250 { 500 | 1000 [ 2000 [ 40ce [ 8000

1.

SPL OF EQUIPMENT AT 3-FT DISTANCE, FROM TABLE_ & OF
MANUAL OR OTHER SOURCE

7o {70 170 |70 | 75| 80 ] #5[ 9o ] 951

2.

SPECIAL ADJUSTMENTS, IF ANY, TO ITEM 1 DATA,.
EXPLAIN: Boax ENCLOSURE PLYS Pipe WRAPPING

|

~S |~s|—el-to |~r2l-v¢ |-76 | -78|-Re]

3.

RESULTING SPL AFTER ADJUSTMENTS

l

S | 45|64 o | 63] 6o | 69| 72 | 75

4,

5-

DISTANCE FROM EQUIPMENT TO VARIOUS WALLS AND SURFACES OF
INTEREST (ALL DISTANCES IN FT).

NORTH SOUTH EAST , g~  WEST

WALL _ 2 ©  WALL WALL: WALL

- +Assume 3 f't
CEILING FLOOR+ S unless different)
SURFACE "A" (IDENTIFY):(CowwrRot Roon DISTANCE K&
SURFACE "B" (IDENTIFY):ENGR's £FF/ce DISTANCE 48
SURFACE "C" (IDENTIFY): DISTANCE
SURFACE "D" (IDENTIFY): DISTANCE
ROOM CONSTANT FOR THIS ROOM (FROM ITEM 9 OF
DA FORM 3452-14-R

| Fo0 {/300]|g100]|3300|Ltan| ¥/00| /00| &ioo [/ 00|

100
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DA FORM 3452-15-R,. 10 Aug 70

6. SPL REDUCTION FOR VARIOUS DISTANCES AND ROOM CONSTANTS ,

™ 5-
SHEET 2 OF 2
" MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIPMENT (CONT.)

805-4

OCTAVE FREQUENCY BAND 1IN Hz

311 63] 125] 250[ 500 { 1000 2000! 4ooo | 8oo

FRCM TABLE 20 OR FIGURE 11 (FILL IN SPACES ONLY FOR
SURFACES OF INTEREST)

NORTH | S | & | 7 '3 2 7 9 2 7
S0UTH
EAST | ¥ | S| b 7 B 2 g ® 7
WEST
CELL,
FLOORY R | 2] 3 ¥ | 4| ¥ ¢ & &
"W |81 6| 7 g wi Wi 2 2 9
npH &) 7] 8 Y- £/ 'y X 4 'y,
Ilcll
HDII

+Floor value is "O" for all bands, 1f distance 1s 3 ft
T. SPL AT SURFACES OF INTEREST FOR THIS PIECE OF EQUIPMENT

ONLY (ITEM 7 = ITEM 3 - ITEM 6)
NORTH | 60| 8P| 7 | $R| &L | 57 60 43 3
SOUTH
EAST | /[ 60| SF |§3 |65 | 59 | &/ b | 67
WEST
CEIL,
FLoor [ 63| 63| Gl (S |Se | 42 | a5 | g | 77
"A" 1 6D) 57 ST | SR | S¥| ST7 ] 60 | 63 | 44
gt 1 57|58 Se | sp | S22 55| §¢ b/ | LY
ncll
IIDII
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DA FCRM 3452-19-R, 10 Aug 70

ESTIMATED SPL AT 3-FT DISTANCE INDOORS WHEN
SOURCE PWL IS KNOWN

EQUIPMENT IDENTIFICATION
rwPE ELECTRIC MNMoroR HP &0 RPM /7S50

OCTAVE FREQUENCY BAND IN Hz

31 | 63.] 125 | 250 | 500 | 2000 { 2000 | #4000 | 8000
1. PWL FOR EQUIPMENT IN DB RE 10-12 wWATT, IF PWL 1S REFER-
RED T0 10-13 WATT, SUBTRACT 1.0, DB ERQM ALL, VALUES) yoory
[—T—T1 8/ ] % 24 24| 90| &/ | 7% ]

2, APPROXIMATE OVERALL DIMENSIONS OF EQUIFMENT, IN FEET.
IGNORE ANY PORTION OBVIOUSLY NOT FRODUCING OR RADIATING

NOISE.
LENGTH __ R WIDTH = HEIGHT 2.

3. ADD THE THREE DIMENSIONS OF ITEM 2; DIVIDE THE SUM BY 6.
THE RESULT IS APPROXIMATELY PHE "RADIUS" OF THE EQUIFMENT,

SUM o DIVIDED BY 6 = / FT.

4, ADD 3 FT TO THE ITEM 3 VALUE, THIS GIVES THE DISTANCE
FRCM THE ASSUMED "ACOUSTIC CENTER" OF THE UNIT, WHICH
IS APPROXIMATELY 3 FT FROM THE NEAREST PART OF THE UNIT.

ITEM 3 / + 3 = _‘f FT.

5. ROOM CONSTANT OF MECHANICAL EQUIEMENT ROOM, FROM ITEM 9
OF DA FORM '3452-14-R

{900]/300] 2700|3300 ] 4100|4100 [100]s)o0 [¥I00]

6. DETERMINE "RELATIVE SPL" FROM FIG. 11 OF MANUAL FOR THE
DISTANCE DIMENSION OF ITEM 4 ABOVE, FOR EACH OF THE ROOM
CONSTANT VALUES OF ITEM 5 ABOVE, INSERT "REL SPL" AND

" PROPER SIGN (- OR ~) IN SPACES BELOW,

{~rsol=vol -t | =17 [wval-12 [-ra | ~ra]-/2]

7. APPROXIMATE SPL AT 3-FT DISTANCE, SPL = PFWL -+ REL SPL,
IPEM 7 = ITEM 1 + ITEM 6 (CAUTION: KEEP CORRECT -SIGNS!)
THIS SPL AT THE NORMALIZED 3-FT DISTANGE MAY BE INSERTED
INTO ITEM 1 OF DA FORM 3452-15-R AND THIS EQUIPMENT
GIVEN THE SAME TREATMENT AS ALYL OYHER INDOOR EQUIPMENT
IN THE ANALYSIS PROCEDURE.

=1~ |70l 77 22] 72| 79| 62| &2
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DA FORM 3452~15-R, 10 Aug 70 SHEET 1 OF 2
MECHANICAL EQUIPMENT ROOM SPIL DUE TO EQUIPMENT

EQUIPMENT IDENTIFICATION
TYPE MOTOR ~ PuLUMP Hp SO RPM /7S50

QCTAVE FHEQUENCY BAND LN Hz

31 [ 63 J125 | 250 | 500 | 1oo0 | 2000 | 4000 | 8000

1.

SPL OF EQUIPMENT AT 3-FT DISTANCE, FROM TABLE_/Z OF
MANUAL OR OTHER SOURCE

| 3 | 86 | 89| 97 | 97 | 82 | 26] 83| 7% ]

2.

SPECIAL ADJUSTMENTS, IF ANY, TO ITEM 1 DATA,
EXPLAIN: NVoOoTorR, BY MF&R. SFPcec,

[ = [~ T7el=77 ]| 82|82 | 728! 6] &2 |

3.

HIGHEST  BP& IN
RESULTING SPL AFTER ADJUSTMENTS ZSHE3L. lbenly sans

86 | 86 | 89] 9/ 1 971 8% | 86t 23 | 725 |

4,

DISTANCE FROM EQUIPMENT TO VARIOUS WALLS AND SURFACES OF

INTEREST (ALL DISTANCES IN FT). sec s
NORTH SOUTH EAST A gy A Y wEST LIt ne:i "
WALL S0  wALL WALL ‘8" C" D" waLL B"t
(*Assume 3 It
CETLING FLOOR+ 3 ‘unless different)

SURFACE "A" (IDENTIFY): ConTRO4 RoomM DISTANCE 40 (AVG.)
SURFACE "B" (IDENTIFY): NWEAR FPUMFL  DISTANCE 1R
SURFACE "C" (IDENTIFY):M?DDLE PymFP  DISTANCE 2§
SURFACE "D" (IDENTIFY): FAR PumP _ DISTANCE 37

ROOM CONSTANT FOR THIS ROOM (FROM ITEM G OF
DA FORM 3452-14-R),

| 9001/300|2/0013308] %/00| 4r00| reo]| 41086 [4)00 |
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DA FORM 3452-15-R, 10 Aug 70

SHEET 2 OF 2
MECHANICAL, EQUIPMENT ROOM SPL DUE TO EQUIFMENT (CONT.)

OCTAVE FREQUENCY BAND IN Hz

31] 63| 125] 250 500 | 1000 | 2000] 4oco | 800g

6. SPL REDUCTION FOR VARIOUS DISTANCES AND ROOM CONSTANTS,

FROM TABLE 20 OR FIGURE 11 (FILL IN SPACES ONLY FOR

SURFACES OF INPEREST)

NorRtH| & | 7 | & o | 11 17 1/ /1
SOUTH
EAST
WEST
CEIL,
FLooR{ 0 | O | 2 o o o o o o
"W b |7 3 /0 1/ i i/ it Iy,
BT V(S | b 7L 7] 7 7 = >
Ilclr 5" 6 "7 9 9 ? 9 9 ‘?
"o L b | 7 g ‘o | It 7/ t 77 /7

+Floor value 1s "0" for all bands,

if distance 1s 3 ft

7. SPL AT SURFACES OF INTEREST FOR THIS FPIECE OF EQUIPMENT

ONLY (ITEM 7 = ITEM 3 - ITEM 6)
NORTH (%o |79 | #! | & | %0 | 78 78 | 2=z &7
SOUTH
EAST
WEST
CEIL.
FLOOR | 6|86 | 89 | 9/ 2 | 87 ¥b f2 |78
At g0l 79 81 B! §o | 78 75| 7R | &7
"ph | 82| 11 8D g4 | FL P2 | 7921 76 7/
ner | B | Fol 2R | 82 | 2R Fo 77 P | 6T
npr | Fol 79| &/ &/ so | 78 7S 72 L7

10k

1% FT
25 FT
37 FT
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(the approximate average distance from all three units to the Control
Room) and SO ft (the distance of sll three units to the north wall of
the MER), These various SPLs will be combined in the next paragraph.

4. B5PL Summations. The SPL contributions of the various noise
sources at the various walls and surfaces of the MER are combined in
DA Form 3452-16-R. The sample Data Forms or pages 107-111 give the
summations at the north wall (for noise escape through the ventilation
cpening to the hotel across the street), at the east wall adjoining
the Computer Room, at the west wall adjoining the Control Room, ot
the west waell adjoining the Engineer's Office, and at the floor, which
is taken to be above a critical office on the floor below. This
material is fairly straightforward, although a special comment should
be made about applying the summation procedure to the floor (for the
office below the MER). For each of the walls, the individual contri-
butions of Items 1-5 are added together by 'decibel addition" (see
Table 18) to obtain the total SPL given in Item 6. This summation
nrocedure is modified, however, for the floor position: instead of
adding the components, use the highest SPL reading found in each octave
band in the entries of Items 1-5, Recall that the floor readings are
usually the 3-ft SPLs which are themselves the highest levels in the
room and these values apply quite locally around each piece of equip-
ment., Thug, it is not necessary to add these contributions. When the
highest octave band reading from Items 1-5 is used for Item 6, this
asgsures that the ultimate floor-ceiling design will protect all equip-
ment locations in the MER.

e. Wall Selectiong, The final steps in the nnalysis are
carried out by filling in the blanks of DA Forms 3452-17-R and 3452-18-R
Until the user becomes proficient with the procedure, there may be a
faw "tria) and error" attempts in which a given wall design is tried,
only to find that the resulting room SPLs will not meet the noise
criterion SPLs set up for the room. Note that Items T-10 on DA Form
3452-18-R define the degree of acceptability or unacceptability of a
given wall.

The Data Forms for the selectlon of the MER walls adjolning
the Computer Room, the Operator's Control Room, and the Bullding
Engineer's Office are given on pages 112-117. Recall from the earlier
conditions that a 10-in. hollow-core conecrete hlock wall would normally
be used to enclose the MER and that % in. glass would normally be used
to enclose the Control Room. The Data Forms on pages 112-113 show that
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the 10-in. hollow-core dense concrete hlock wall would rate
"sreferred" for the wall between the MER and the Computer Room,
while the Data Forms on pages 116-~117 show that a 10~-in. thick
solid~core dense concrete block wall would be rated "preferred” for
the wall between the MER and the Engineer's Office. The % in. glass
wall between the MER and the Control Room {pages 11h-115) will meet
a "preferred" rating for providing a quiet working area free of any
risk of hearing damage and will yleld a "speech interference level"
{PSIL) of 61 AB {see Table 3 for voice levels and distances required
for reliable speech communication in this noise level environment),

The File Room is sufficlently similar to the Engineer's
Office in Noise Criterion, dimensions and acoustic treatment, that
the wall requirement can be considered equal to that of the Engineer's
Office without a detailed caleulation. Thus, the 10-in, sclid-core
wall would be vonsidered "preferred".

A feature of the Boiler Room re-arrangement of Figure B
(page 88 ) is the use of the Control Room as a "buffer zone" between
the Boiler Reom and the Manager's Office. The noise levels transmitted
into the Manager's Office can be calculated from DA Forms 3452-17-R and
3452-18-R by letting the Control Room now be the sound transmitting room
and the Manager's Office be the sound receiving room., The SPLs in the
Control Room are taken from Item 9 on pnge 11k, The calculations are
shown on pages 118-119. A 10-in. solid-core dense concrete block wall
is suggested in order to be consistent with the wall of the Secretary's
Office, the File Room #nd the Englneer's Office. This wall is found
to be "preferred", Actually a lighter weight wall would be satisfac-
tory but it would represent a change from the remainder of this west
wall of the MER and the change might be more troublesome than keeping
the entire wall alike. Also, it would be desirable to keep the heavy
wall, so that the noise levels in the Manager's Office would not rise
noticeably every time the Control Room door is opened and Boiler Room
noise enters.

In the new Boiler Room layout, the Control Room is inten-
tionally allowed to cover a part of the wall to the Secretary's
Office, thus leaving & reduced area of wall of that office exposed to
Boiler Room noise, This gives a favorable value of "C" in Table 32,
This situation is calculated on pages 120-121, where it is found thot
the 10-in, thiek solid-core dense concrete bloeck wall will be "preferred"
The MER 5PLs ipcident on this exposed portien of wall (Item 8 on page

(text continued op page 122)
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DA FORM 3452416-R, 10 Aug 70

SUMMATION OF SPLs DUE TO ALL EQULPMENT

IN MECHANICAL EQUIPMENT ROOM (MER)

MER NO. OR DEsIgNATTON BolLER Koom

CHECK WALL OR SURFACE INVOLVED IN THIS SUMMATION

NORTH SOUTH EAST WEST CETL- FLOOR
WALL E'WALL WALL WALL ING D I:]
OR OTHER SURFACE DESIGNATION

IN NUMBERED SPACES BELOW, IDENTIFY EQUIPMENT WHOSE NOISE
LEVELS CONTRIBUDE TO LUPAL SEL AT INDICATED WALL OR SURFACE,

IN SPL SPACES, INSERT SPL VALUES AT THAT SURFACE DUE TO THAT
EQUIPMENT, AS TAKEN FROM ITEM 7 OF DA FORM 3452-15-R,

OCTAVE FREQUENCY BAND IN Hz
| 31 | 63 ]125 | 250 | s00 | 1000 | 2000 | #0oo | 800
1. (000 DBHP BoILER AT & FT
[9cl 20l g9 #5221 99| 76 [ 73 [ 70]
2, 2cpb BHP RBoiLlER AT 25 FT
L g2l sel 85| 8 | 22| 74 | 24 | 62 | 65| 345
3, R ENCLOIED STEANM VALVES HT- A0 BT SPL BF
| 63] 6] 60] 55157 6o | 63 | 66| 69 |-t
L, A MopToR~ PLUMPS AT 50 FT
[ 55| #¢] 6] 8| #5| B2 | 80 | 77 | 72|*~5dB
5. ABovE

(T T T T 11 1 s

6. TOTAL SPL AT INDICATED WALL OR SURFACES DUE 10 ABOVE
EQUIPMENT, USING DECIBEL SUMMATION RULES OF 'TABLE 18.
gOR FLOOg, USE HIGHEST READING IN EACH BAND FROM

TEMS 1-5.

l2sl9r[22] 37| g7] &4 | &/ | 79 | 7¢6]
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DA FORM 3452-16-R, 10 Aug 70

SUMMATION OF SPLs DUE TG ALL EQUIPMENT

IN MECHANICAL EQUIPMENT ROOM (MER)

MER NO. OR DESIGNATION B oILER RoomM
CHECK WALL OR SURFACE INVOLVED IN THIS SUMMATION

NORTH SOUTH EAST WEST CEIL-—'D FLOOR D
WALL WALL WALL WALL ING

OR OTHER SURFACE DESIGNATION CoMPUTER Roeom

IN NUMBERED SPACES BELOW, IDENTIFY EQUIPMENT WHOSE NOISE
LEVELS CONTRIBUTE TO TOTAL SPL AT INDICATED WALL OR SURFACE,
IN SPL SPACES, INSERT SPL VALUES AT THAT SURFACE DUE TO THAT
EQUIPMENT, AS TAKEN FROM ITEM T OF DA FORM 3452-15-R .

OCTAVE FREQUENCY BAND IN Hz

| 31 [ 63 [ 125 | 250 | 500 | 1000 § 2000 | 4000 | 8oo
1, /200 BHP BOILER AT 10 FT

L g2l B7] 861 82178 |75 |72 | &9 | 64|
2, Av0p BHP Bo)jLER A /0 Fr

[(g2] 7] Pla] PR | 78 | 75" ] 72 | &2 | &b |
3. R ENCLOSED STEAM YARLVES BT 5 FT

| 64| 63| 6/ | 56| 58| 67 | 64 ] 672 [ 70|
4, 3 MOTOR~ PUMPS (12,26, 37 F7T DITANEES)
[Po]8s[s7[ 88| 872 85| 82 [ 792 [ 74 ]

L1 1 1 | I l P

6. TOTAL SPL AT INDICATED WALL OR SURFACES DUE TO ABOVE
EQUIPMENT, USING DECIBEL SUMMATION RULES OF TABLE 18.
?‘OR FLgog, USE HIGHEST READING IN EACH BAND FROM

TEMS 1-5,

| 221 2/ | 92/ 90] 22| 86] 22 &0 | 76|

5.
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DA FORM 3452-16-R, 10 Aug 70

SUMMATTON OF SPLs DUE TO ALL EQUIPMENT
IN MECHANICAL EQUIPMENT ROOM (MER)

MER NO. OR DESIGNATION BoILER Room
CHECK WALL OR SURFACE INVOLVED IN THIS SUMMATION

NORTH SOUTH EAST WEST CEIL- FLOOR
WALL D WALL WALL WALL ING D D

OR OTHER SURFACE DESIGNATION Ceon~nTRo4L Roonw

IN NUMBERED SPACES BELOW, IDENTIFY EQUIPMENT WHOSE NOILSE
LEVELS CONTRIBUTE TO TOPAL SPL AT INDICATED WALL OR SURFACE.
IN SPL SPACES, INSERT SPL VALUES AT THAT SURFACE DUE TO THAT
EQUIPMENT, AS TAKEN FROM ITEM 7 OF DA FORM 3452-15-R

OCTAVE FREQUENCY BAND IN Hz
31 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8ood

1. /000 BHMHP BdILER RT 32 FT

| 27l ] s¢ 1 80l 76 ] 722 1 20 | 67 | 64
2, Rvod BHP Boll&€R AFAr 3z rFT

| 87] 26! 24| 80| 26] 73 | 70 | 472 | 64|
3. R ENCLOSED STEAM VALVES AT 25 FT

 63] 62 60 | 55| 57| 60| 2] ¢6 | 69
4, B MorTor~ POMPS AT o FT

L as] s¢] 90| 86 85| 33 ] 30] 771 72=2]

1 1 1 [ | I l [ ]

6. TOTAL SPL AT INDICATED WALL OR SURFACES DUE TO ABOVE
EQUIPMENT, USING DECIBEL SUMMATION RULES OF TABLE 18.
FOR FLOOR, USE HIGHEST READING IN EACH BAND FRCOM
ITEMS 1-5.

L% | 70] 89| 9%| £6] &4 [ 81 | 78 | 757]
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DA FORM 3452-16-R, 10 Aug 70

SUMMATION OF SPLs DUE TO ALL EQUIPMENT
IN MECHANICAL EQUIPMENT RCOM (MER)

MER NO. OR DESIGNATION BoitéR Room
CHECK WALL OR SURFACE INVOLVED IN THIS SUMMATION

NORTH SCUTH EAST WEST CEIL- FLOOR
WALL D WALL WALL WALL ING D D

OR OTHER SURFACE DESIGNATION ENGI/NEER'S OFFRICE

IN NUMBERED SPACES BELOW, IDENTIFY EQUIPMENT WHOSE NOISE
LEVELS CONTRIBUTE TQ TOTAL SPL AT INDICATED WALL OR SURFACE.
IN SPL SPACES, INSERT SPL VALUES AT THAT SURFACE DUE TO THAT
EQUIFMENT, AS TAKEN FROM ITEM 7 OF DA PFORM 3452~15R.

OCTAVE FREQUENCY BAND IN Hz

31 | 63 {125 | 250 | 500 [ 1000 | 2000 | 4000 [ 8000
1, /000 BRP BostER AXr £5 FT

L s | @51 8% 1 28| 724 ] 7/ | 62| 5| 62|
2, Avoo BHP DBo/tFR AT &b =T

[ 36| 85|l s¢ |72 1726 72| 69| 6b&] 63
3. A ENCLOSED STERM VALVES ABIr %S FT
(62 6/ |59 53|55 | 8] 61 | 64 | 67 |
4, 3 MpToR=PumMPs (I12,25 37 F1r DISTANCES)
(26l ¢6] 87 8P| 87 8S| 52] 79 | 7¢]

I I I N | 1 | |

6. TOTAL SPL AT INDICATED WALL OR SURFACES DUE TO ABOVE
EQUIPMENT, USING DECIBEL SUMMATION RULES OF TABLE 18.
FOR FLOOR, USE HIGHEST READING IN EACH BAND FRCM
ITEMS 1-5,

| 21| g0l 90| 20| 27| w5| 22 79 | 75|

5.
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DA FORM 3452-16-R, 10 Aug 70

SUMMATION OF SPLs DUE TO ALL EQUIPMENT
IN MECHANICAL EQUIPMENT ROOM (MER)

MER NO. OR DESIGNATION Be/t&R Room

CHECK WALL OR SURFACE INVOLVED IN THIS SUMMATION

NORTH SOUTH EAST WEST CEIL- FLOOR

WALL WALL L) WAL WALL e L) [~
OR OTHER SURFACE DESIGNATION

IN NUMBERED SPACES BELOW, IDENTIFY EQUIPMENT WHOSE NOLSE
LEVELS CONTRIBUTE TO TOTAL SPL AT INDICATED WALL OR SURKACE,

IN SPL SPACES, INSERT SPL VALUES AT THAT SURFACE DUE TO THAT
EQUIFMENT, AS TAKEN FROM ITEM 7 OF DA FORM 3432-15-R.

OCTAVE FREQUENCY BAND IN Hz

[ 31 | 63 [125 | 250 | sc0 | 1000 | 2000 | 4000 [ 8000
1, (P00 BHP BoleER AT 3 FT

[92] 92l 22 29| 26| 23 | 5o | 77 | 74|
2, 2000 BHP BorieR AT 3 FI°

[ 9z] 9z]92] ¢92] f6 | 83 | g2 ] 27 | 24|
3, A ENCLDSED STEAM YRLYES AT S5 FT

[ 6] 6] 64 ] 52| 02| 65| 68| 21 | 74|
4, | MOTOR~ PUMP ABRT 3 FT

L 2] 2861821 9/ 19/ | 89| 6| &3 | 78|

1 1 [ [ | I I |

6. TOTAL SPL AT INDICATED WALL OR SURFACES DUE TO ABOVE
EQUIPMENT, USING DECIREL SUMMATION RULES OF TABLE 18.
LOOR, USE HIGHEST READING IN EACH BAND FROM

Y o = o Momt Y ™

[2z2]l 22 9c[9/[9/] 891 86 ] 83 | 78|
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DA FORM 3452417-R, 10 Aug 70

SOUND TRANSMISSION FROM MER TO ADJOINING ROCM
THROUGH COMMON WALL OR FLOOR-CEILING

SOUND
TRANSMITTING
ROOM

BOICER
Room

SOUND
RECEIVING COMPVTER
ROOM Room

CCTAVE FREQUENCY BAND IN Rz

31 | 53

I I25 | 250 | 500 ] 1000 | 2000 1 4000 [ 8000

1. AREA S, OF COMMON TRANSMITTING WALL[ Z4-0R rroor[ ]

bo x ¢

= L BD sqQ. FT.

2. ROOM CONSTANT R2 OF REC. RM; ITEM 5 QF DA FORM 3452-14-R.

{ 300 ] 45| 750|7200| /8500|1500 | 1500 [ /500 |ises]

3. RATIO S, /R, (ITEM 1 / ITEM 2)

| #6406 0. 6¢| oua] 0.32]0.32 {0.32] 2.32] .32

4, WALL OR FLOOR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM

TABLE 32

[ =2 ] ~/

[ o [+2]|+2|+2 [ r2] +2|+2]

5. PROPOSED WALL OR
FLOOR CONSTRUCTION

10 HotLow- CORE DGNIE CONCRETE BLoCK

6. "TL" OF PROPOSED WALL OR FLOOR. SEE TABLES 21-31 FOR
WALL TLs; SEE TABLES 34 - 38 FOR FLOOR-CEILING TLs,

[Bo[32 | 23¢ |36 |32 ]| 43| 5o | s56]&/]

7. "NR"™ OF PROPOSED WAIL OR FLOOR, NR =TL + C
ITEM 7 = ITEM & + ITEM 4

[27] 3) 3¢ | 39| o | vs| s2 ] 58 ]63]

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM & OF DA FORM
3452-16-R  FOR ALL EQUIPMENT CONTRIBUTIONS OR APPROPRIATE
LINE OF ITEM 7 OF DA FORM 3452-15-R IF FOR ONLY ONE PIECE
OF EQUIFMENT

{ 22| 91

| 2, 90| 88] % | 83| %o 76]

9, SPL IN RECEIVING ROOM DUE TO MER NOISE TRANSMITTED
THROUGH WALL OR FLOOR OF ITEM 5 ABOVE,

SFLlprc, M, = SPlypg

- NR.

ITEM 9 = ITEM 8 - ITEM 7

[68] o [S7 52| 48] 47 |3/ | 22| /3]
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TM 5-805-4
DA FORM 3452-18-R, 10 Aug 70
COMPARISON OF ROOM SPL WITH NOISE CRITERION
SOUND RECEIVING ROOM ComPUTER Room

OCTAVE FREQUENCY BAND IN Hz
31 | 63 | 125 | 250 [ 500 | 1000 | 2000 | 4000 | 8000

1. APPLICABLE ROOM CATEGORY NO,_ .S~ FROM TABLE 2 OF MANUAL

2, SUGGESTED NOISE CRITERION FOR ROOM: NC- 45~

3. SPL VALUES CCRRESPONDING TO NC VALUE OF ITEM 2; FROM
TABLE 1 COF MANUAL

P 67| 6o | S¥ | 49 | %6 | #¢ | 43 | «=2 |

4, PROPOSED WAIL OR FLOOR
CONSTRUCTION BETWEEN MER /0 HoitoW~-coRs Denss

AND REC, RM; FROM ITEM 5
OF DA FORM 3452-17-R ConeRETE BLOCK

5. SPL IN RECEIVING ROOM FCOR ITEM 4 WALL; FROM ITEM 9 OF
DA FORM 3452-17-R
| 65| 6o |s7 | salye| /| 3) | 22| 73 |

6. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE. IF ITEM 5 SPL
EXCEEDS ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE
AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW

7. IF THERE IS NO NOISE EXCESS IN ANY BAND,
WALL OR FLOOR DESIGN IS PREFERRED, CHECK HERE

8. IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES

IN ANY BAND, WALL OR FLOOR IS ACCEPTABLE, CHECK HERE[ ]

Py s w13 | 24 212 | 2 |2 |

9, IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARGINAL, CHECK HERE

{ 5-71 syl 57| 46135 | 35] 3.5 | 3.5 | 3.5 |

10. IF NOISE EXCESS IS GREATER THAN.ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE. CHECK HERE
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DA FORM 3452-17-R, 10 Aug 70

SOUND TRANSMISSION FROM MER TO ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

souwp - BOILER souwp CoNT RDL
ECEIV.
Roon TG Room noow e Room

OCTAVEL FREQUENCY BA LN HZ

3L ] 63 [ 185 | 250 ] 00 | 1000 | 2000 | #000 [ 8000
L. AREA 5, OF COMMON TRANSMITTING WALL[ &3~OR FLOOR[ ]
32 x__ %8 - 2A5% sQ. FI.

2. ROOM CONSTANT R, OF REC. RM; ITEM 9 OF DA FORM 3432-14-R

[2el 45| 75 [/ro] /so | /56 | /60 | /56 /50
3. RATIO S /Ry (ITEM L / ITEM 2)

IHEEBERE I A AR A EE, lz.?l

4, WALL OR FLOOR CORRECTION TERM ¢ FOR ITEM 3 RATIOS, FROM
TABLE 32

[-2]|-2|-&|-4]-3 | ~3 |~3 | -3 |-3|
5, PROPOSED WALL OR
FLOOR CONSTRUCTION % G LASS
6, "pL" OF PROPOSED WALL OR FLOOR. SEE TABLES 21-31 FOR
WALL TLs; SEE TABLES 34 - 38 FOR FLOOR~CEILING TLs.
[T/ T/71 23Tzs5] 2627 T22 [30 |
7. "NR" OF PROPOSED WALL OR FLOOR, NR = TL + C .
ITEM 7 = ITEM 6 + ITEM 4 # cawwoT BE L8355 THAN O
[ o#] » | 17/ [ /2] 22| 23] 24 25|27

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM b6 OF DA FORM
3452-16-R FOR ALL EQUIPMENT CONTRIBUTIONS OR AFPROPFRIATE
LINE OF ITEM 7 OF DA FORM 3452-15-R IF FOR ONLY ONE PIECE
OF EQUIEMENT

291 ] 90| #2 | 78| 26| 2¢ | 8/ | 728175

S, SPL IN RECEIVING ROOM DUE TO MER NOISE TRANSMITTED
THROUGH WALL OR FLOCR OF ITEM 5 ABOVE,

SPLgpe gy, = SPLygp - MR, ITEM 9 = ITEM 8 - ITEM 7

[(9: ] 87] 78 [ 69| 64| 6/ | 57 | 53 |4 & |
PsiLz: bLIdAB

H
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TM 5-805-4

DA FORM 73452-18-R, 10 Aug- 70
COMPARISON OF ROOM SPL WITH NOISE CRITERION

SOUND RECEIVING ROOM _L ONTROL Room

OCIAVE FREQUENCY BAND IN Hz

31 | 63 [ 1251 250 [ 500 [ 1000] 2000 | #4000 | B00O

%v—&Pgﬁﬁﬁﬂﬁaﬁ—ReeMAQM4KKﬁﬁPﬁe7~——-—3§E§n§ﬁﬂﬁﬁ—e—eﬁ—ﬂﬁﬂvkh
‘ / B BELOW NARRDW-~ BRI~ HEARING CONSERVATION

SYELS GD. Col.3 TABL
: PPA MANUAL
s — |~ |27zl 7o |70 | 7ol =2 {22 |

4, PROPOSED WALL OR FLOOR
CONSTRUCTTON BgTWE%II‘\I ME}; "
AND REC. RM; FROM ITEM ; ASS
OF DA FORM 3452-17-R ¢ HL

5. SPL IN RECEIVING ROOM FOR ITEM % WALL; FROM ITEM 9 COF
DA FORM 3452.-17-g
91 872 72| 69] 64| 61| 57| s3 | +¢]

6. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE, IF ITEM 5 SPL
EXCEEDS ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE
AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW

l=J=-J=-{ =101 =1~ { - | = |

7. IF THERE IS NO NOISE EXCESS IN ANY BAND,
WALL OR FLOOR DESIGN IS PREFERRED, CHECK HERE

8., IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES
IN ANY BAND, WALL OR FLOOR IS ACCEPTABLE., CHECK HERE

L4 T4 t4 13 | 217 212 | 2 [ 2 ]

9, IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARGINAL. CHECK HERE

{ 5-7 [ 5-71 5-7| 46 | 35| 35| 3-5 | 3-5 | 3-5 |

10. IF NOISE EXCE3S IS GREATER THAN.ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE. CHECK HERE
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DA FORM 3452-17-R, 10 Aug 70

SOUND TRANSMISSION FROM MER TC ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

]
SOUND SOUND ENGINEER'S
TRANSMITTIING ©O7 ¢ €R RECEIVING
ROOM Reom ROOM ORFICE
Q0 b z

3T 1 63 [ 155 [ 550 [ 500 [ 1000 [ 2000 | 4000 [ 8000
1. AREA 5, OF COMMON TRANSMITTING WALL[ &4~ oR FLOOR[ ]
1S x_ g = /2D sQ. FT,

2. ROCM CONSTANT R2 OF REC, RM; ITEM 9 OF DA FORM 3452-14-R

| 40 | 6o | 700]/60|R00]| 206] Roo| Ros [ 2ss)
3. RATIO S, /R, (ITEM 1 / ITEM 2)

[3. 2] 2 0] sz |ors] o606 ] 0.6] 06 [oa]

4, WALL OR FLOOR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM
TABLE 32

-s|-41]-2 |o | «t f«r | +¢]+s |*1 ]

5, PROPOSED WALL OR "
FLOOR CONSTRUCTION /& JSOLID DENSG CONCRETE BLOCLK

6. "TL" OF PROPDSED WALL OR FLOCR. SEE TABLES 21-31 FOR
WALL TLs; SEE TABLES 34 - 38 FOR FLOOR-CEILING TLs.
| B¢ | 35 [ 37 |42 | #5522 ]| s8] 63 | 6#]

7. "NR" OF PROPOSED WALL OR FLOOR, NR = TL + C
ITEM 7 = ITEM & + ITEM &4

[29]3) [25] 40 [ 46|53 | S 9] 64 | 69|

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM 6 OF DA FORM
3452-16~-R FOR ALL EQUIPMENT CONTRIBUTIONS OR APPROPRIATE
LINE OF ITEM 7 OF DA FORM 3452-15-R IF FOR ONLY ONE PIECE
OF EQUIPMENT

L9/ ] 90| 90| 20| 27| 85| 22| 729 | 757}

9. SPL IN RECEIVING ROCM DUE PC MER NQISE TRANSMITTED
THROUGH WALL OR FLOOR OF ITEM 5 ABOVE.
S8PLpps. gM. = SPLyzg - MR. ITEM 9 = ITEM 8 - ITEM 7

6] 52| 55|50 |4/ | 2222 | /15| & ]
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DA FORM 3452-18-R, 10 Aug 70
COMPARISON OF ROOM SPI, WITH NOISE CRITERION

’
SOUND RECEIVING ROOM ENGINEERS OFFice

OCTAVE FREQUENCY BAND IN Hz
3L | 63 | 125 | 250 | 500 [ 1000 { 2000 | 4000 | 8000

1. APPLICABLE ROOM CATEGORY NO, 3~4 FROM TABLE 2 OF MANUAL

2. SUGGESTED NOISE CRITERION FOR ROOM: NC- 40O

3. SPL VALUES CORRESPONDING TO NC VALUE OF ITEM 2; FROM
TABLE 1 OF MANUAL

il 6ol solso | 45| 40 [ 29 ] »8 T 27 1

4, PROPOSED WALL OR FLOOR
CONSTRUCTION BETWEEN MER /& SoL/D DENSE
AND REC. RM; FROM ITEM 5 .

OF DA FORM 3452-17-R CLNEeRETE BLock

5. SPL IN RECEIVING ROOM FOR ITEM 4 WALL; FROM ITEM 9 OF
DA FORM 3452-17«R

| 6] 57|55 5s0] 4] 32| 23] /s & |

6. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE, IF ITEM 5 SPL
EXCEEDS ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE
AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW

=1l =]l -leol-]-1] =1 =1="1

7. IF THERE IS NO NOISE EXCESS IN ANY BAND,
WALL OR FLOOR DESIGN IS PREFERRED, CHECK HERE

8. IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES

IN ANY BAND, WALL OR FLOOR IS ACCEPTABLE. CHECK HERE[ ]

Ld 14 [ 4 13 1 2] 212 =2 T2 ]

9. IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARGINAL. CHECK HERE

L5-715-71 5-7] 4-6]35] 3535 355 3-5 |

10. IF NOISE EXCESS IS GREATER THAN.ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE. CHECK HERE [
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DA FORM 3452-17-R, 10 Aug 70

SOUND TRANSMISSICON FROM MER TO ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

SOUND NTRoL  SOUND ce's
rransurzeovg  COMTROL ppeprymg  M1ANVAGER
0 %

3T T 63 1 125 [ 250 ] 500 I 1000 | 2000 ] 4000 ] 800U
1. AREA S, OF COMMON TRANSMITTING WALL[Z~0R FLOOR[ ]
/5 x % = /12 O 5Q. FT,

2. ROCM CONSTANT RE OF REC. RM; ITEM 9 OF DA FORM 3452-14-R

| 40] 6o | /00| /60| Roo] Rov| Reo| Rool asce|
3. RATIO S, /R, (ITEM 1 / ITEM 2)

[2o]l2o|rrlers|oe] o6 0.6 2.6 0]
4, WALL OR FLOOR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM

TABLE 32

osl-41-2]0 |+t |+t [ +1 |+t [+/]j

5. PROPOSED WALL COR ”
FLOOR CONSTRUCTLION /O SollD DENSE CONCRETE BLDOLK,

6. "TL" OF PROPOSED WALL OR FLOOR. SEE TABLES 21-31 FOR
WALL TLs; SEE TABLES 34 ~ 38 FOR FLOOR-CEILING TLs.
| 2¢!l 35] 37 [dolssc ] sa| 52| 63 ] s2]

7. "NR" OF PROPOSED WALL OR FLOOR. NR = TL + C
ITEM 7 = ITEM 6 + ITEM 4

29 =/ [ 35] w0 %6 | s3] 59 6% | 69|

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM 6 OF DA FORM
3452-16=-R FOR ALL EQUIPMENT CONTRIBUTIONS OR APPROPRIATE
LINE OF ITEM 7 OF DA FORM 3452-15-R IF FOR ONLY ONE PIECE

OF EQUIPMENT FRom JTEM G o~ PRAGE 1Y
Lg: 1 871 72l 62l e[ 67 | s7 | 53 48]

9. SPL IN RECEIVING ROOM DUE TO MER NOISE TRANSMITTED
THROUGH WALL OR FLCOR OF ITEM 5 ABOVE,
SPlppe pm. = SPlype - NR. ITEM 9 = ITEM 8 - ITEM 7

(62| se | ¥329]/8 ] § ] — | — |~
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DA FORM 3452-18-R, 10 Aug 70
COMPARISON OF ROOM SPL WITH NOISE CRITERION

SOUND RECEIVING ROOM ___MANAGER'S OFF/CE

OCTAVE FREQUENCY BAND IN Hz
31 I 63§ 125 250 | 500 { 1000] 2000 | 4000 | 8000
1. APPLICABLE ROOM CATEGORY NO, 3  FROM TABLE 2 OF MANUAL

2., SUGGESTED NOISE CRITERION FOR ROOM: Nc- 35

3. SPL VALUES CORRESPONDING TO NC VALUE OF ITEM 2; FROM
TABLE 1 OF MANUAL

LR Go] sz[%5 [0 136 | 3% | 32 [ 32 |

4, PROPOSED WALL OR FLOOR y e
CONSTRUGTION BETWEEN MER /10" SoLID DPENSE
AND REC. RM; FROM ITEM 5 CONERETE Bloek

OF DA FORM 3452-17-R
5. SPL IN RECEIVING ROOM FOR ITEM 4 WALL; FROM ITEM 9 OF

DA FORM 3452-17-R
L 6zl sel«alze|/e ] 2 | — 1 - ] - |

6. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE. IF ITEM 5 SPL
EXCEEDS ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE
AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW

=l -1=-0l-1=-3 =] =1= 1 —|

7. IF THERE IS NO NOISE EXCESS IN ANY BAND,
WALL OR FLOOR DESIGN IS PREFERRED. CHECK HERE

8. IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES
IN ANY BAND, WALL OR FLOOR IS ACCEPTABLE. CHECK HERE

L4 e {413 [ 2] a2 ]2 | 2 |

9., I NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARCINAL. CHECK HERE

| 5-71 5-71 5-7] 46 ] 3.5 | 3.5} 3.5 I 3.5 | 3.5 |

10. IF NOISE EXCESS IS GREATER THAN.ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE. CHECK HERE [ ]
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DA FORM 13452-17-R, 10 Aug 70

SOUND TRANSMISSICN FROM MER TO ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

i
SOUND SOUND SELRETHARY S
TRANSMITTING T 2/¢€R RECEIVING .
ROOM R oo ROOM &

SCTAVE FREQUENCY BAND <IN Tz
ST T 63T 155 1 250 | 500 | 1000 | 2000 | 4000 [ 5000

1. AREA S, OF COMMON TRANSMITTING WALL{E4~OR FLOOR[ ]
> x_ 3 = 24 sQ. FT,

2., ROOM CONSTANT R2 OF REC. RM; ITEM 9 OF DA FORM 3452-14-R

(24136 ] o] 9672020 [ /20 /20][120]
3. RATIO 8, /R2 (ITEM 1 / ITEM 2)

[10]os72]o.]mas] oo ] o.2] o.2] 0z

4. WALL OR FLOOR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM
TABLE 32

|-l o [ +2{+3{+3][+3 [+3 [~+3 [+3]

5, PROPOSED WALL CR t
FLOOR CONSTRUCTION /0 Sol/D DENSE CONCREIE BLOCK

6. "TL" OF PROPOSED WALL OR FLOOR, SEE TABLES 21-31 FOR
WALL TLs; SEE TABLES 34 - 38 FOR FLOOR-CEILING TLs.

(39227 4o 9652 [ 55 [ 45 [47]

7. "NR" OF PROPOSED WALL OR FLOOR, NR = TL + C
ITEM 7 = ITEM 6 + ITEM 4

[z ]2 zg9]«al 5] s5] 6/ ] ¢6 [71]

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM & OF DA FORM
3452-16=-k FOR ALL EQUIPMENT CONTRIBUTIONS OR APPROFRIATE
LINE QF ITEM 7 COF DA FORM 3452-15-r IF FOR ONLY ONE PIECE
OF EQUIPMENT

[o/] 92015212256 5] &/ | 78 [ 757

9, SPL IN RECEIVING ROOM DUE TO MER NOISE TRANSMITTED
THROUGH WALL OR FLOOR OF ITEM 5 ABOVE.
SPLpps gy, = SPLypp - NR, ITEM 9 = ITEM 8 - ITEM 7

[8][S5s [ so [ 45| 38| 29 2o ]/a] ¥
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TM 5-805-4

DA FORM 3452-18-R, 10 Aug 70
COMPARISON OF ROOM SPI, WITH NOISE CRITERION

SOUND RECEIVING ROOM SECRETHRY'S OFFICE

 OCTAVE FREQUENCY BAND IN Hz
3L | 63 | 125 | 250 | 500 | 1000 [ 2000 | 4000 | = 8000

1. APPLICABLE ROOM CATEGORY NO.__5 FROM TABLE 2 OF MANUAL

2, SUGGESTED NOISE CRITERION FOR ROOM: Nc- 3 &

3. SPL VALUES CORRESPONDING TO NC VALUE OF ITEM 2; FROM
TABLE 1 OF MANUAL
] o s2]l¥s5] %o 36| 3% ] 32|32}

4, PROPOSED WALL OR FLOOR . L n o
CONSTRUCTION BETWEEN MER ‘& ~°&/D PenNs&
AND REC. RM; FROM ITEM 5 concRers BLOCK
OF DA FORM 3452-17-R.

5, SPL IN RECEIVING ROOM FOR ITEM 4 WALL; FROM ITEM 9 OF
DA FORM 3452-17-R

[ s8] ss|so|l«5]|2%9] 29| 20| /2] 4 |

6. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE, IF ITEM 5 SPL
EXCEEDS ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE
AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW

[ [ -J-JTo]l -] =1 ~-1] -1 —1]

7. IF THERE IS NO NOISE EXCESS IN ANY BAND,
WALL OR FLOOR DESIGN IS PREFERRED. CHECK HERE

8. IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES
IN ANY BAND, WALL OR FLOOR IS ACCEPTABLE. CHECK HERE

[ T4« T % |3 ] 2] 212 | 2 | =2 ]

9, IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARGINAL. CHECK HERE

[ 571 5-7] s-71 4-613.5] 3-5] 35| 35| 3-5 ]

10. IF NOISE EXCESS IS GREATER THAN..ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE, CHECK HERE
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120) are essentially the same as those incident on the Control Room
wall (Item B on page 11h), Since the Control Room represents a

buffer between the MER and approximetely 9 ft of length of the wall

of the Secretary's Office, the noise that is transmitted through that
9-ft portion of the wall will be small compared to the noise tranasmitted
through the exposed 3-ft portion of wall, and can be ignored.

f. Door Selections. Three doors (or sets of doors) open
into the Boiler Room. The Control Room door can quite obviously be a
lightweight metal or glass door and still be compatible with the
% in, glass wall of the Control Room, It would be helpful to have a
door closer, to help assure that the desired Noise Criterion would
be met most of the time.

In Figure B on page 88 a "sound V1ack" im shown at the
main corridor entrance to the Boiler Room. This double-door "sound
lock" could be an option depending on how much noise is considered
acceptable for the corridor. With a single set of 2-in. thick gasket-
ed doors, it would be quite noisy in the corridor (approximately NC-55
condition) and it would he obvious that & mechanical area lay beyond
the doors. When so much effort has gone into quieting the Building
Manager's Office it would be inconsistent to heve such a nolsy approach
to that offiece. With a deuble set of gasketed doors forming the sound
lock, MER noise would be identifiable (approximately an NC-40 condition)
but quite acceptable for a corridor. Double doors would be recommended.
The doors should be of 2-in, thick solid wood, metal clad if required for
fire safety (see Table 27, Footnote 2), or of filled metal panel
construction (see Table 24, Footnote 1). Special single doors, such
as 6-in. thick industrial type acoustic doors {see Table 2, Footnote
2), could bve used if space would not permit the sound lock,

The material of Table 33 is applied to the emergency door
to be placed in the wall between the MER and the Computer Room. The area
of that deor (consider a single door first) might be spproximately 20
a8q ft while the area of the wall is 480 sg ft. Thus the door area
is approximately 4% of the wall area,

Now, the TL of the 1l0~-in. hollow-core concrete block wall
is

30 32 34 36 38 43 50 56 61 4B
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in the nine octave frequency bands from 31 to 8000 Hz. According
to page 113, this is a "preferred" wall, since it meets the desired KC
condition in all bands. This wall would still be "acceptable" if It
had a2 3 dB lower TL in the 500 Hz band., Thus, the composite TL of the
wall plus its door could be as much as 3 dB lower than the TL of the
vall alone, and still be "acceptable", According to Table 33, for a
L% door area {use the 5% entry in Table 33) the door TL could be
approximately 13 dB lower than the wall TL while producing a 3 dB re-
duction in the TL of the "composite" wall and deor, Therefore, subtract
13 4B froem the wall TL values given mbove. The door TL should then
equal

17 19 21 23 25 30 37 h3 48 dB,

Actually the mld fregquency bands asre most important because it is there
that Lhe wall TL is most crucisl. According to Table 27, & well-gasketed
2-in. thick aolid wood door would have a TL of

10 15 17 19 20 26 32 37 L1 4aB.

This door would fail to mest the required TL by 4-5 @B in the mid
frequengy bands and should not be used.

A well-gasketed 3-in. thick filled metal panel door or a
special b-in, thick industrial-type acoustic door meeting the construc-
tion details listed in the footnotes of Table 25 would exceed the above

door TL requirement and would be satisfactory. As an alternative, a sound

lock involving two gasketed 2~in. thick solid wood doors, as shown in
Flgure B, would also be satisfactory.

g. Floor-Celling Selection, The most crucial spaces near the
Beiler Room are the offices and conference rooms located immediately
beneath the Boiler Room. A 15 Tt x 20 £t office has been considered for
this illustration. The accompanying sample DA Forms 3452-17-R and 3452~
18-R show the calculations (pages 124-125), A ‘fype 4 floor-ceiling
combination (see Table 37) is found to be "preferred". Assumed dimen-
sions for this combination are: 10-in., thick dense conerete floor slab,
2h-in, thick air space, 1%=-in, thick resiliently supported dense plaster
e#iling, Actuslly, this exact combination of dimensions is not given
in Table 37, but it is assumed that this combination 15 only 1 4B weaker
than the 10-in, ~ 30=in. = 1%-in. combination that is given in the teble.

The caleculations are not shown here, but 1t may be
eatimated that s Type 3 floor-ceiling of 10-in. slab and 2l-in. air
space with a "Iligh TL" acoustic ceiling would produce 3 dB excess noise
in the 125-250 Hz bands and would therefore be rated "acceptable"”. A
Type 2 floor-ceiling of 10-in., slab and 2l-in. air space with a
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DA FORM 3452-17-R, 10 Aug 70

SOUND TRANSMISSION FROM MER T0 ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING
TYPICAL OFFICE

SOUND SOUND

TRANSMITTING =C/4¢ER  Rpcervine LNDER

ROOM Room ROOM Bo/LER R.obM
OCLAVE PREGQUENGY BAND IN Uz

T B3 IS [ 250 [ 500 | 1000 | 2000 [ 4000 ] 8000
1. AREA 8,, OF COMMON TRANSMITTING WALL[ ] OR FLOOR[&4-
/1S X _AD = 30D SQ. FT,

2. ROOM CONSTANT Ry OF REC. RM; ITEM 9 OF DA FORM 34532-14-R

v

(/ool /100|750 R50|500) S6b] 5056 | 5606 | 500
3. RATIO S, /R, (ITEM 1 / ITEM 2)

[2a] 3] 2 1rr]ee|oe|o &] o 6jos]
4. WALL OR FLOOR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM
TABLE 32
|~s] -~s]| ~¢[-a| +1 | +1 | +1 | +1 [+)]
5. PROPOSED WALL OR TYPE % FeboR~ CEILING
FLOOR CONSTRUCTION /0" concr.~ 24 QiR sPRcs~ /4 FLASTER
6. "TL" OF PROPOSED WALL OR FLOOR. SEE TABLES 21-31 FOR
WALL TLs; SEE TABLES 34 - 38 FOR FLOOR-CEILING TLs.
l43] 45| 49| s3] 52| 7 | 73 | 77 | 23]
7. "NR" OF PROPOSED WALL OR FLOOR, NR = TL + C
ITEM 7 = ITEM 6 + ITEM 4
[T5] o] ¢s[s/ Jeo] 68 7« | 78 24|

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM b OF DA FORM
3452-16-R FOR ALL EQUIPMENT CONTRIBUTIONS OR APPROPRIATE
LINE OF ITEM 7 OF DA FORM 3452-15-R IF FOR ONLY ONE PIECE
OF EQUIPMENT

(22T 92192 9/] 9:[ 891 s61 »3[7s |

9. SPL IN RECEIVING ROOM DUE TO MER NOISE TRANSMITTED
THROUGH WALL OR FLOOR OF ITEM 5 ABOVE,

SPLpps. pM, = SPLypg - NR. ITEM 9 = ITEM 8 - ITEM 7

[s¢ ] salauz [ o] 3, 2/ 1 /2 ] s~ |
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DA FORM 3452-18-R, 10 Aug 70

COMPARISON OF ROOM SPL WITH NOISE CRITERION
TYPICAL LEFICE LOER

SOUND RECEIVING ROOM Bo/ILER RooNM
OCTAVE FREQUENGCY BAND IN Hz
31 | 63 [ 125 [ 250 [ 500 | 1000 | 2000 | 4000 | 8000

1. APPLICABLE ROOM CATEGORY NO. =2 FROM TABLE 2 OF MANUAL
2. SUGGESTED NOISE CRITERION FOR ROOM: _NC— 3D
3, S8PL VALUES CCRRESPONDING TO NC VALUE COF ITEM 2; FROM
TABLE 1 OF MANUAL
bty o7 | 48| 4/ |1 35| 2/ 29| 28 | 27 |
4, PROPOSED WALL OR FLOOR TYPE 4 Flocre-~CaitinNG

CONSTRUCTION BETWEEN MER
AND REC. RM; FROM ITEM 5

OF DA FORM 3452-17-R 10" tonen. - 24 R~ ) " PLRsTER

5. 8PL, IN RECEIVING ROOM FOR ITEM 4 WALL; FROM ITEM 9 OF
DA FORM 3452-17-R
| s¢ [ sz | 47|« | 3¢ [ 2/ 2] s — |

6. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE, IF ITEM 5 SPL
EXCEEDS ITEM 3 SFL IN ANY FREQUENCY BAND, INSERT THE
AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW

= f=J=1 =4 ~1 -~/ =1=1=1
7. IF THERE IS NO NOISE EXCESS IN ANY BAND,
WALL OR FLOOR DESLGN IS PREFERRED, CHECK HERE

8. IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES
IN ANY BAND, WALL OR FLOOR IS ACCEPTABLE. CHECK HERE[ ]

[ & 1% [ 413 [ 2] 2]21%2/]z2 |

9. IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARGINAL. CHECK HERE [ )

[ 5757l 87| %6135 35135 35] 35|

10, IF NOISE EXCESS IS GREATER THAN.ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE, CHECK HERE [ ]
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regular acoustic ceiling would produce a 6 dB noise excess at the
125~250 Hz bands and would therefore be rated "marginal',

h. Ventilation Opening Treatment. On page 107, the MER !
nolse levels at the north wall are estimated to be

93 92 92 89 87 8} BL 79 76 4B

in the nine octave banda. The sound power level (PWL) of & 100 sq ft
opening having this SPL is derived in DA Form 3452-20-R (page 127).
From the Power Plant Acousties Manunl, DA Forms 3452-12 and 3452-13
are next used (pages 128-129); refer to PPA for discussion of the |
material used in these latter twe forms. |

» i

A comparison of the PWL of the escaping noise (Item & on ‘

page 127) with the PWL criterion values of Items 3 and 11 on page 129 !
shovwe that the [ollowlng nolse reducilon would be required at the ;
ventilation opening: i

{1) to achieve an "acceptable" condition

— — - 4 8 8 ) 6 k am |
q

(2) to achieve & "merginal" condition E

- - - 1 5 5 3 3 1 dB. i
|

Becauge of at least three uncertainties, it would be suggested that

no noise reduction treatment be incorperated into the ventilstion open-

ing at the time of construction, but it would be desirable to consider L
the design of a simple treatment that could be added later if required,
in order to achieve approximately B 4B noise reduction st 500 Hz., The

uncertainties are:

(1} emetual nighttime background noise may not agree with
the values estimated,

(2) the criterion assigned to the hotel occupant might be

exceeded slightly with no seriocus effects if the Boiler Room noise does |
not have any strongly identifiable pure tone or wavering sounds, and i

{3) the pumps, which are the nolsiest sources in the middle
and upper frequency region, may not produce the noise levels attributed |
to them.

Since a short muffler or a lined duct turn (see Tables
Ll and 42 of PPA) could easily be added to the ventilation opening laten
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?j DA FORM 3452-20-R, 10 Aug 70
NOISE ESCAPE THROUGH OPENINGS IN SOURCE ROOM
ROOM IDENTIFICATION Borcer Room

9]

CTAVE FREQUENCY BAND IN Hz
31 ] 63 T 125 ] 250 | 500 | 1000 | 2000 | 4000 { 8ocd

1. SPL AT OPENING

93| 92] 92] g9] #2721 84| 87 | 291 74 |
2. AREA OF NOISE ESCAPE OPENING: 06 5Q. BT

" 3. "AREA FACTOR" FROM TARLE 30 FOR TTFM 2 AREA; SAME VALUE
FOR ALL FREQUENCY BANDS .

: { tolol ol 16 o] vo] 20| 16 |0}

4, PWL OF NOISE AT OPENING (IN DB RE 10-12 WATT), ITEM 4=
ITEM 1 + ITEM 3 ‘

[1o31/2R]sez| 99|97 9y [ 2/ | 291 26|

5. ATTENUATION INSERTED IN PATH TO QUTSIDE (MUFFLER LINED
DUCT, LINED BEND, ETC,---FROM MUFFLER MFGR, ASHRAE
GUTIDE, PPA MANUAL, ETC.)
=

S I T 1T T 1T

6. PWL OF ESCAPING NOISE (IN DB RE 10-12 wWATT),
ITEM 6 = ITEM 4 - ITEM 5

/23 (122 |ier] 92| 97| 24 27 | 22| ¢4 |

[ —

S L
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DA FORM 345212

CRITICAL

CRITERION SFL FOR CRITICAL NEIGHBOR
CRITICAL TIME:

NEIGHBOR HoT&L LccuPANT DAYD NIGHT

2,

128

FREQUENCY BAND IN CPS
31 | 63 [ 125 | 250 [ 500 | 1000 [ 2000 | 4000 | 8000

OUTDOCR BACKGROUND SPL AT NEIGHBOR (FROM BACKGROUND
MEASUREMENTS OR FROM TABLE T AND FIG. 10)

L—IS"&'IFST‘HH_’.[ 38 | 3¢ | 30 |2 |

LET, W NOISE EXCEED BACKGROUND BY _& dB
(SEE PARAGRAPH 3-06 b FOR DISCUSSION)™

TENTATIVE OUTDOOR SPL CRITERION (ITEM 1 + ITEM 2)
[ (6357 [52|42| 423 [ 39 ] 35| 33|

TABLE 6: "NC-

OCTAVE BAND SPL FOR ITEM 4 "NG" CURVE FROM FIG. 9
Hsw |#¢ (37 (37 |27 |24 [=2 | =) |

APPROXIMATE NOISE REDUCTION PROVIDED BY NELGHBOR'S
BUILDING, FROM TABLE 51 OR SEPARATE STUDY

(8149 (1o [/ 7] 73 [ J% [ /5[ 76 ]

TENTATIVE OUTDOOR SPL CRITERION (ITEM 5 + ITEM 6)
[~ &35 [#2 |43 4o | 38 [ 37 [ 37 |

RECOMMENDED INDQO SPL CRITERICN FOR NEIGHEOR FROM

FINAL OUTDOOR SFL CRITERION, LOWER SPL IN EACH OCTAVE
BAND FROM ITEMS 3 AND 7

(= &3 [ s¢ [ 4243 %o |32 [ 35| 33 ]

()
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DA FORM 3452-13

CRITERION FWL FOR CRITICAL NEIGHBOR

CRITICAL

NEIGHROR M oTEL DccvPAN T DISTANCE 22&  pr
FREQUENCY BAND IN CPBS
31 { 63 | 125 [ 250 | 500 | 1000 [ 2000 [ 4000 | 8000
1. OQUTDOOR SPL CRLTERION FOR NEIGHBOR

10.

11.

(ITEM B, DATA FORM 12)
| ~ [ 63[5¥ [4F[«3]40 [2a¥ | 35| 33 |
CONVERSION TERM FROM TABLE 46 OR 47 FOR NEIGHBOR'S DISTANCE
Lo (¢ [ dy [ u¥ vy [ 44 [¥S | su] 47 ]

TENTATIVE TOTAL PWL CRITERION FOR ALL NOILSE SCOURCES AT
INSTALLATION BEING CONSIDERED (ITEM 1 + ITEM 2)

[~ (7] 2%[92[87]84 [ 73] §1 ] 20 ]
ATTENUATION OF BARRIER, IF ANY (TABLE 48)

L ] [ 1 | I I |
ATTENUATION OF WOODS, IF ANY (TABLE 49)

L[ L1 L I I I
OTHER ATTENUATION, IF ANY ‘

L I | I I I |

FINAL TOTAL PWL CRITERICN FOR "PREFERRED" SOLUTION
(ITEM 3 + ITEM 4 + ITEM 5 + ITEM 6)

{~ (071 9Z]|92[872] 54 [ P32 [ #1 [ &0 |

FOR "ACCEPTABLE" SOLUTION, ADD FOLLOWING VALUES TO ITEM 7
PWL {SEE PARAGRAPH 6-02)

L4l u] KT 3] 2] 2] 2] 27 2]
PWL CRITERION FOR "ACCEPTABLE" SOLUTION (ITEM 7 + ITEM 8)
L - [nr|rez] 9s{89]7e (25 [ &3 | £2]

FOR "MARGINAL" SOLUTION, ADD FOLLOWING VALUES TO ITEM 7 PWL
(SEE PARAGRAPH 6-02)

Lrl 7] 7] 6] 5] 5] s] 5] 5]
PWL CRITERION FCR "MARGINAL" SOLUTION (ITEM 7 + ITEM 10)
- (#f| r25] 28|T2[ 39 [ P2 ] 86 | &5 |
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it would not be unreasonable to postpone a decision on this point until
it is found actually necessary. For example, the hotel may be getting
ready to air-condition the rooms, thersby closing the outside windows
and raising the inside noise levels, That alone would completely remove
any need for quieting the escaping noise in this example,

1. Accuracy of Analysis Method. Some uncertaintles were
mentioned in the meterial immediately above., If the purchase of a
muffler for the ventilation opening can be postponed becouse of un-
certainties in the data, why should a 10-in. floor slab and a 10-in.
solid-core concrete block wall be considered with such certainty?

It is necessary to realize that small errors or discrepancies

or uncertainties exist with each bit of quoted data, and it is not
reslistic to rely on the analysis method to the nearest one or two

decibels. It is largely for that reason that labels such as "preferred”,

"acceptable" and "marginal" are used. These offer some gradations

in degree of reliability of the final walues. It is even possible that
if the noise levels of certain specific pieces of mechanical equipment
are much lower then the degign estimate used in the manual, a design
caleulated to be '"unacceptable” could actually turn ocut to be
"acceptable", This should not be counted on, however, ss a means of
avolding a difficult problem.

When numerieal values are aussigned to PWLs, SPLs, TlLs,
Room Constants, Noise Criteria, ete., this raises the question of
tolerances, Will a given piece of equipment have exectly the SPL est-
imated for it? Will the TL of a wall actually equal the 7L assumed for
that wall in the manusl? Will the noise be distributed around the
inside of a room in exactly the way it is estimated, using the simpli-
fied methods and assumptions offered in the manual? Is the reaction
of "average" people well enough known to predict with accuracy the noise
levels that they will consider acceptable? Will every individual of a
group of “aversge" people respond in the manner assumed for the "average"
people? The answer is obviously '"no" for each of these questions!
Then, to what extent are the results of the evaluation wvalid?

In most cases the procedure will produce a workable design.
The methods and technigques described here are based on many experlences
with nolse control problems, and these methods have helped produce many
satisfactory or improved installations., {Sometimes the economics of a
situation may not Jjustify an entirely satisfactory solution for all
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concerned, but proper use of the analysis can bring & desired and
predictable improvement.)} The manurl will have even served a useful
purpose if it revesls that a problem Is so serious that the manual alone
cannot solve the problem and that special assistance or special designs
may be required.

A certain emount of Judgement may enter into some design
decisions. A suggestion is offered here for helping guide the declsion
Tor three types of sltuantions..

(1) When a particular design involves a crucial area, use
a conservative approach. Do not weaken the design in order to try
"to get by" with something simpler.

() When o perticulor design invelves a distingt threat to
someone's safety or well-being, use a conservative approach. Examples
could be an employee who might suffer hearing loss in an MER becaute a
separate control room was not provided, or a tenant who would not pay
his rent because of noise coming from an overhead MER, or a neighbor who
might go to court because of disturbing noise. On the other hand, noise
in a corridor or a lobby is of less concern.

{(3) Ifa particular design involves s permanent structural
member that is not easily modified or corrected later (in the event
it should later prove unsatisfactor}T, use a conservative approach,
A poured concrete floor slab is not easily replaced by a new and heavier
floor slab. On the other hand, a lightweight movable partition can
be changed later if necessary, A muffler can be added later or enlarged
later if necessary. Compromises may be justified if the compromised
member can be corrected later at relatively small extra cost. Compro-
mises should not be made when the later corrective measure is impossible
or inordinately expensive.

L-09. SUMMARY. This section has presented the basic ingredients
of airborne noigse control, as supplemented by some applicable material
from PPA. Noise control is a more quantitatively advanced field then
many people would realize. Basically, much of the data and methods
given in this manual merely trace the fleow of acoustic energy from a
gource via one or more paths to a receiver. Reasonably predictable
values can be attributed to the intensity of the source, to many
attenunting and transmitting structures placed in the path of the rad-
isted sound and to the subjective response of people who serve us the
receivers of that sound, During the past thirty years, the "art" of
acoustica has moved rapidly and with assurance toward a position of
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practical architectural acoustics and scoustical engineering. The
material given in this menuel attempts to summarize some of those
down-to-earth aspects of acoustics. Tables of data snd data forms

are gziven, and renl-life examples are used to illustraete the application
of these tables and forms. Many practical problema in mechanical
equipment noise control cen be anticipated and solved with the use of
these procedures,

SECTION V.  VIBRATION ISOLATION OF

MECHANICAL AND ELECTRICAL EQUIPMENT

In Paragraph 2-05 a brief discussion was given on vibration
eriteris based primarily on the "audibility" of vibrating walls or
surfoces, Vibration levels of equipment are not given in the manual, but
the vibration imolation recommendations that are plven are aimed at
achieving acceptable rodiated noise levels and essentially imperceptible
"feelable" vibration in occupied parts of the building.

5=-01. VIBRATION IN BUILDINGS. Almost every structure has many
natural frequencies of vibration depending on its mass, otiffness, di-
mensions, method of mounting, ete. In buildings, many of the natural
frequencies of floors, beams, walls, columns, doors, windows, ceilings,
ete., frequently fall in the range of 10 to 60 Hz. Tynically, much

of the mechanical equipment used in buildings operates at speedsa that
produce noise and vibration in this same frequency range: for example,

600 RPM = 10 Hz
1800 RPM = 30 Hz
3600 RPM = 60 Hz

Thus , it is important to separate or "isolate" these "driving" frequencies
of the equipment from the "natural” frequencies of the building, as well
as to reduce at all the frequencies the structure-bome noise that is so
often disturbing.
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For A vihratlon isolation mount to be effective, 1ts own
natural frequency should be lewer than the driving frequency of the
gource (that it is attempting to isolate) by a factor of about 3 to
10, or even more, For many conditions, the higher this ratio, the more
effective the isolation. If the netural frequency of the isolation
mount Just equals the driving frequency of the vibrating source, the
gystem may go into violent oscillation at that frequency, limited only
by the damping within the system, Some magnifieation of the vibration
will occur, in fact, as long as the driving frequency is within the
range of. about 0.3 to 1.4 times the natural frequency of the mount.
Below its natural frequency, an isclator provides no isolation.

In view of these frequency characteristies of an isolator,
the first important step in the selection of a vibration mount is to
be sure that the natural frequency of the isolator is lower (by a
factor of at least 3 to 10, if possible} than the driving frequency
to be protected. As an aid in taking this first step, the natural
frequency (in Hz and in cycles per minute) of a vibration isclator
is given in Table L0 as a function of the static deflection {in inches)
of the lsolator under loed.

In most vibration isolator catalogues, there is usually a
curve that purports to show the vibration isclation efficiency of a
mount. According to that curve, isolation efficiencies of B0%, 90%,
95%, even 98% would appear to be quite commonplace and simple to
achieve, The curve usually fails to state that these efficiencies can
be achieved only when the isolated system is mounted on an infinitely
massive and rigid base, An upper floor slab that deflects up to 1 in.
vhen it is completely loaded hardly qualifiies as infinitely rigid.
In fact, the actual isolation efficiency of a mount decreases from the
idealized maximum as the actusl floor deflection increases. As an
example, if the isolator static deflection Just equals the floor static
deflectlion, the practical limit of isclation efficiency for the mount
approaches approximately 50% whereas it would have approached 100% for
a completely rigid base. In effect, this means that high deflection
floors (usually comparatively lightweight fleors or large-span floors)
require larger deflection isolators in order to achieve the desired
degree of isolation.

Although there is no simple rule-of-thumb, a few suggestions
are offered on estimating the desired static deflections of vibtration
isolators,
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(1) For a highly critical installation, the natural
frequency of the isolator should be sbout 1/6th to 1/10th the driving
frequency that is to be controlled {or even lower), and the static
deflection of the isolator should not be less than sbout 6 to 10 times
the statie deflectiecn of the floor when the equipment load is added.

(2) TFor a less ecritiecal situatien, the natural frequency
of the isolator should be about 1/3rd to 1/6th the driving frequency
that 1s to be controlled {of even lower), and the static deflection of
the lsolator should not be less then about 3 to 6 times the statie
deflection of the floor when the equipment is edded.

Of course, when practical or econemic limitations prohibit
application of these suggestions, cawpromises have to be made. The need
for eompromise ia illustrated by the vibration isolation of a cooling
tower., Suppose a T5-HF coocling tower is mounted directly above an
executive office that qualifies for an NC-25 eriterion (in other words,
it i{s o eritieal installation). Suppose the propeller fan runs at
240 EPM {a remsonable speed for & 10-ft to ih«ft blade diameter), and
suppogse the roof deck deflects an andditionel 1 in, when the fully
loaded cooling tower is installed, According to one of the suggestions,
the natural frequency of an isolator should be about 1/6th the driving
frequency, or 40 RPM which is approximately 0.7 Hz. In Table %0, a
spring with a 20 in. stetic deflection would meet this suggestion. Such
a spring would stand about ¥ £t tall when uncompressed -- hardly
practical! According to the second suggestion, the static deflection
of the isoclator should be about & to 10 times the floor deflection, or
6 to 10 in, 'This, at least, is possible although it still represents
a spring about 2 £t tall when uncompressed. This {llustrates one of
the reasons why large cooling towers are usually installed on dunnage
that is supported directly off the tops of the columns of the building
instead of on roof decks. The compression of the columns is falrly
negligible when the cooling tower lcad is added. A resulting 5 in. or
6 in. statiec deflection of the springs is a reasonable compromise
decision. Note (from Table 40} that these springs would have a natural
frequency of approximately 80 CPM or 1.3 Hz which is removed by &
factor of 3 from the driving frequency of 2W0 CPM.or 4 Hz., '™e cooling
tower represents an extreme example because of the low shaft speed.

Before leaving this exemple, however, it should be pointed
out that the next higher "driving" frequency of the cooling tower fan
is the blade passnge frequency, which would be shout W0 Hz for a 10-
bleded fan (240 RPM x 10 blades/60 = L0 Hz). A 5~-in. to 6-in. static
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deflection spring with a natural frequency of 1.3 Hz can provide good
isolation at 40 Hz {when properly used). Thus, noise or vibration at
the blade passage frequency would be centrolled by the spring. As an
incidental point, people would not "hear the noise of the cooling
tower at the shaft speed of 240 RPM or 4 Hz, but they might feel the
vibration caused by an unisolated and unbalanced fan, HNence, an
isolator whose natural frequency is only 1/3rd that of the driving
frequency would be worthwhile in this case.

For most other equipment, more reasonaoble values occur,
For example, suppose a reclprocating-compressor refrigeration machine
operates at 1200 RPM and it is to be located over a critical area, and
the floor deflection might be 1/% in. when the machine is installed.
Agecording to one of the approaches, the static deflection of the isola-
tor should be such that its natural frequency is 1/6th te 1/10th the
driving frequency; in other words, a stotic deflection of between 0.9
and 2.4 in, By the second approach, the static deflection of the
isolator should be about 6 to 10 times the f{loor deflection; in other
words, about 1.5 to 2.5 in. Choosing the upper end of the range, a
value of 2 to 2.5 in, static deflection would represent a practical
iselator for this installatien.

In the material that follows, a fairly complete collection
of vibration isolation mounting details are given. These are based on
experlence with many actual installations. Peragraph 5-02 names scme
general conditions applicable to all mounting systems, Paragraphs 5-03
through 5-07 describe in genersl terms five "types of mounting systems"
to be called upon specifically for use with certain equipment, and
Paragraphs 5-08 through 5-20 give detailed recommendations for the
vibration isolmtion of specific equipment, some of which require the
mounting 8ssemblies described in Paragraphs 5-03 through 5-07.
Paragraphs 5-21 through 5-23 refer to piping, connections and auxiliary

equipment.

502, GENERAL CONDITIONS. In the vibration isclation recommendations
that follow, several general conditions ure assumed. These are
summarized here.

1) Building Uses. Isolation recommendations are gilven for
three general equipment lecations: (1) "on grade slab", {2) "on
upper floor above non-critical area", and (3) "on upper floor above
critical area", It is assumed that the building under consideration
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is an occupied building involving many spaces that would require or
degerve the low noise and vihration environments of such buildings as
hotels, hospitals, office buildings and the like, as cheracterized by
Categories 1~ of Table 2. Hence, the recommendations are aimed at
providing the required low vibration levels throughout the building.
Since an on-grade slab usually represents & more rigld base than is
provided by a framed upper floor, the vibration isolation recoemmenda-
tione can generally be somewhat relaxed. Of course, vibration isolation
treatments must he the very beat when a high quality occupied area is
located immediately under the MER, as compared with the case where a
"buffer zone" or non-critical area is located between the MER and the
eritical ares,

If & Lullding is intended to cerve entirely for esuch uses
ag those of Cotegories 5 and 6 of Table 2, the recommendations given
here are too severe and can be simplified at the user's discretion,

b, Floor 8lab Thickness. It is assumed that MER upper floor
8labs will be constructed of dense concrete of minimum 140-150 lb/eu ft
density, or if lighter concrete is used, the thickness will be increased
to provide the equivalent total mass of the specified floor. For large
MERa containing arrays of large and heavy equipment, it 1s assumed
that the floor slab thickness will be in the range of B to 12 in., with
the greater thicknesses required by the greater floor locads. For
smaller MERs containing smaller collections of lighter-weight but typieal
equipment, floor slab thicknesses of 6 to 10 in. are assumed, For
occaslonel locations of one or a very few pieces of small high speed
equipment (say 1800 RPM or higher) having no reciprocating action, floor
slabs of 4 to 6 in. may be used with reasonable expectation of satis-
factory results. lNowever, for reciprocating-action machines operating
at the lover speeds (say, under 1200 RPM), any reduced floor slab thick~
negses from those listed above begin te invite problems, There is no
clear cross-over from "acceptable" to "unacceptable" in terms of floor
8lab thickness, but each reduction in thickness inecreases the
probability of later difficulties due to vibration.

The thicknesses mentioned here are hased on experience
with the "acoustics" of equipment installations., These statements on
thicknesses are in no way intended to repregent structural specifica-
tions for a building.

"Housekeeping pads" under the equipment are assumed, but
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the height of these pads is not to be used in caleulating the
thickness of the floor slab,

¢. BSteel Spring Isolators. As a general rule, unhoused free-
standing stable steel springs ere preferred over housed spring assemblies.
The housed spring is freguently an "unstable spring"; that is, 1t wi1l
tilt sidewise as it is loaded, and the housing i1s required to keep it
in & somewhat upright orientation. In so doing, however, the housing
(or its internal lining of neoprene strips) tends to short-circuit
the coils of the spring or even bind the spring when it is badly
"tilted" inside the housing, All of this reduces the effectiveness
of the spring. Turther, the housing frequently so encloses the spring
that it is hidden from view, and inspection is made diffiecult,

On the other hand, the stable steel epring has e laerger
diameter and requires more spnce {the diammeter is comparable to the
compressed height), but it is clearly in view for critical inspection
(if not recessed inside an enclosing pocket of a conerete inertia block).

é. BSteel Springs Plus Pads, It is a specific recommendastion
that whenever & steel spring is used, at least one and preferably two
pads of ribbed or waffle-pattern neoprene or a minimum l-in. thick
comprezsed glass fiber pad be used in series with the spring {(either
under the base of the spring or on top of the spring). It is
suggested that this pad be considered in addition to the anti-skid
ribbed pad that is frequently supplied already cemented to the bottom
of the spring base. Grout or bullding dirt frequently rfills up the
cavities or grooves of the anti-skid prd and it loses the effectiveness
it might once have had.

From a simple point of view, a steel spring is a colled-
up rod of steel that connects a piece of nolsy equipment to a floor.
The coiled rod is very effective in isolating low frequency vibration
from the floor, but, like any rod, it will transmit high frequency noise
from the machine to the floor. A rubber or neoprene or glass fiber
isolator, however, is most effective at high frequeney. Thus, if a
steel spring is used in series with a neoprene or glass fiber pad,
both the low frequency and the high frequency structure-borne noise
are reduced.

In the material that follows, whenever a steel spring is
specified, noise isolation pads should be used in series with that
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spring (even though this statement is not repeated with every spring
specification)! Although there are times when this is not necessary,
the exceptions are too few to discuss, so they will be lgnored.

For many equipment installations, there ia no need to bolt
down the isolation mountsg to the floor because the smooth operation
of the machine and the weight of the complete mssembly keep the system
from moving, For some systems, however, it may be necessary to restrain
the equipment from "ereeping” across the floor. In these situations,
it iz imperative that the hold-down bolts not short-circuit the pads.
A suggested restraining arrangement is illustrated in Figure 13.

e. Structural Ties, Rigid Connections. Each plece of iso-
lated equipment must be free of any struclural bie or rigié comnection
that can short-circult the isolation joint. Electrical conduit should
be long and "floppy" so that it does not offer any resistance or con-
straint to the {ree movement of the equipment. Piping should be resil-
iently supported or contain flexible connecticns as discussed later.
Limit stops, shipping bolts and leveling bolts on spring isoletors
should be set and inspected to insure that they are not inadvertently
short-circuiting the spring mounts.

All building trash should be removed from under the
isolated base of the equipment. This seemingly innocent and unneces-
sary plen becomes more meaningful when a waste basistiull of loose
grout, 2xls, nuts, bolts, soft drink bottles, beer cans, welding rods,
pipes and pipe couplings are removed from beneath a single base, after
the contractor has lef't the Job but could not understand why the

isolated equipment was still noilsy on the floor below.

It is recommended that large 2-in. to L-in., clearances be

provided upder sll isoclated equipment bases in order to facilitaete
inspection and removal of trash from under the base,

5~03. TYPE I MOUNTING ASSEMBLY. The specified equipment should be
mounted rigidly on a large integral concrete inertia block. (Unless
specified otherwise, all concrete referred %o in this menual should have
a density of at least 1L0-150 1bh/cu ft.) The length and the width of
the inertia block should be at least 50% greater than the length and
width of the supported equipment, Mounting brackets for stable steel
springs should be located off the sides of the inertia block at or

near the height of the vertical centsr-of-gravity of the combined
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completely assembled equipment and concrete block. TIf{ necessary, curbs
or pedestals should be uwsed under the base of the steel snrings in
order to bring the top of the loaded springs up to the center-of-gravity
poaition, As an alternative, the lower portion of the concrete inertie
block can be lowered inte a pit or cavity in the floor so that the steel
springs will not have to be mounted on curbs or nedestals. In any
event, the clearance between the floor (or ell the surfaces of the pit)
and the conerete inertia block shall be at lenst I in. and provision
ghould be allowed to check this clearance at all points under the block.

The ratio of the weight of the econerete block to the
total weight of all the supported equimment (including the weight of
any attached filled piping up the point of the first nipe hanger) shall
be in accordence with the recommendationas given in the paragraph
aend teble for the particuler equinment requirineg this mounting
assembly. The inertis block adds stebility to the system and reduces
motion of the system in the vieinity of the driving freauency. For
reciprocating machines or for wnits involving large starting torgues,
the inertia block provides much-needed stability.

The stetic deflection of the free-standing stable steel
springs shall be in accordance with the recommendations given in the
paragraph andé teble for the particular equipment. There shall be
adequate clearance gl) around the springs to assure no contact
between any spring and any part of the mounted assembly for any possible
alignment or pogition of the installed inertia block.

5-004, TYPE II MOUNTING ASSEMBLY. This mount is the same

g8 the Type I Mount in all respects except {1} the mounting brackets

and the top of the ateel springs shall be located as high as practical on
the concrete inerian block but not necessarily as high as the vertical
center-of-gravity position of the assembly, and {2) the clearance be-
tween the floor and the conerete inertia block shell be at least 2 in.

If necessary, the steel springs can be recessed into
pockets in the concrete block, but clearances around the snrings should
be large enough to assure no contact between any spring and any part
of the mounted assembly for any possible aligmment or position of the
installed inertia block. Provision must be made to sllow positive visual
inspeection of the spring clearasnce in its recessed mounting.

When this type mounting is used for a pump, the concrete
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inertia block can be given a T-shape in plen and the pipes to and from
the pump can be supported rigidly with the pump onto the "wings" of the
T. 1In this way the pipe elbows will not be placed under undue stress.

The weight of the inertia bleck and the stetie deflection
of the mounts shall be in sccordance with the recommendations given in
the table for the particular equipment.

5-05. TYPE IIT MOUNTING ASSEMBLY. The eguipment or the assembly
of eguipment should be mounted on a suffieciently stiff steel frame
that the entire assembly can be supported on flexible peint supperts
without fear of distertion of the frame or mis-slignment of the
equipment. ‘he frame i{g then mounted on resilient mounts, either
steel springs or neoprene-in-shear mounts or isclation pads, as the
static deflection would require., If the equipment frame itself al-
ready has adequate stiffness, no additonal framing is required and the
isclation mounts may be applied directly to the base of the equipment.

The vibration isolated assembly should have enough clear-
ance under and all around the eguipment to prohibit contact with any
structural part of the building during operation. If the equipment has
large starting and stopping toraues and the isolation mounts have
large static deflections, consideration should be given to providing
limit stops on the mounts. Limit stops might also be desired for
large deflection isolators if the filled end unfilled weights of the
equipment are very different,

5-06. TYPE IV MOUNTING ASSEMBLY. The egquipment should be mounted

on an arrsy of "pad mounts"., The peds may be of compressed glnss

fiver or of multiple layers of ribbed-neoprene or waffle-pattern neo=-
prene of sufficient helght and of proper stiffness to support the load
while meeting the static deflection recommended in the applicable
accompanying tables. Cork, cork-neoprene or felt pad materials may

be used if their stiffness characteristies are known and providing

they can be replaced periodically whenever they have become sufficiently
compacted that they no longer provide adequate isolation.

The floor should be grouted or shimmed to assure & level
base for the equipment and therefore a predictable uniform loading
on the isolation pads. The pads should be loaded in accordance with
the loading rates recommended by the pad manufacturer for the
particular densitles or durometers involved. In general, most of
these pads are intended for load rates of 30-60 psi, and If they are
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underloaded (for example, at less than about 10 psi) they will not be
performing at their maximum effectiveness,

5-0T. TYPE V MOUNTING ASSEMBLY (FOR PROPELLER-TYPE COOLING TOWERS).
Large, low-speed propeller-type cooling towers located on roof decks
of large bulldings may produce serious vibration in their buildings
if adequate vibration isolation is not provided. In extreme cases, the
vibration may be evident two or three floors below the cooling towers.

It is recommended that the motor, drive shaft, gear reducer
and propeller be mounted as rigidly as possible on a "unitized"
structural support and that this entire assembly be isolated from the
remainder of the tower with stable steel springs in accordance with
Table 46, Adequate clearance between the propeller tips and the cooling
tower shroud should be provided to allow for starting and stopping
vibratione of the propeller assembly, Several of the cocling tewer
manufacturers provide isolated assemblies as described here.

In sddition, where the cooling tower is located on a roof
deck directly over an scowtically critical area, the structure-borne
waterfall nolse may be objectionable and this can be reduced with the
use of 3 layers of ribbed or waffle-pattern neoprene located between
the bese of the cooling tower and the supporting structure of the hulld-
ing. This latter treatment is usunlly not necessary if there is a non-
critical ares immediately under the cooling tover,

A single-treatment alternate to the combined two treatments
mentioned above is the isolation of the entire cooling tower assembly
on stable steel springs, also in accordance with Table W6, The
springs should be in series with at least two layers of ribbed or
waffle-pattern neoprene if there is an acoustieally critical area im=-
medistely below the eooling tower (or within about 25 ft horlzontally
on the floor immediately under the tower). It may be desirable to
provide limlt stops on these springs to limit movement of the tower
when it is emptied.

Pad materials, when used, should not be short-circuited
by bolts or rigid connections., A schematlc of an acceptable clamping
arrangement for pad mounts is shown in Figure 1h. Cooling tower piping
should be vibration isolated in accordance with suggestions given for
piping.
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5-08. TABLE OF RECOMMENDED VIBRATION ISOLATION DETAILS., The
accompanying Table M, on page 14 3, shows the general form of & table
that 1s used to summarize the recommendations for each type of equipment.
A brief description of the form is given here.

The three columns on the left of Table M define the equip-
ment conditions covered by the recommendations: loeation, "rating" and
speed of the equipment, The "rating" is given by a "power" range for
some equipment, "cooling capacity" for some and "heating capacity" for
some. The rating and speed ronges generally cover the range of equip-
ment included in the noise measurement survey described in Seetion IIY,
Subdivisions in rating and speed are made to accommodate variations in'
the isolation details.

The three columns on the right of the table summarize three
‘baziz groups of recommendations:  Column 1, the type of mounting (from
Paragraphs 5-03 through 5-07); Column 2, the suggested minimum ratio
of the weight of the inertis block (when required) to the total welght
of all the equipment mounted on the inertia block; and Column 3, the
suggested minimum static deflection of the isclator to be used,

Regarding the weight of the inertia block, the larger
welght of the range given should be applied: (1) where the nearby
eritical area is very critiecal -- such as Category 1 or 2 of Table
2, (2} where the speed of the equipment is near the lower limit eof
the speed range given, or (3) where the rating of the equipment is
near the upper limit of the rating range. Conversely, the lower end
of the weight range may be applied: (1) where the nearby critical
area is less critical =- such as Category 3 or 4 of Table 2, (2} where
the speed is near the upper limit of the speed range, or (3) where the
rating 1s near the lower limit of the rating range.

Regarding the static deflection of the isclators, these
minimum values are keyed to the epproximete span of the floor beams;
that is, as the floor span increases, the flcor deflection increases;
and therefore the isolator deflection must inecrease. The specified
minimum deflection in effect specifies the type of isolator that
can be uged:
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VIBRATION ISOLATION MOUNTING DETAILS

TABLE M
FORMAT FOR PRESENTING RECOMMENDED

™ 5-805-4

EQUIPMENT CONDITIONS

MOUNTING RECOMMENDATIONS

EQUIPMENT
LOCATION

RATING

SPEED
RANGE
(RPM)

COLUMN
1

COLUMN
a2

COLUMN
3

30! | Lot l g0

oN
GHADE
SLAB

ON
UPPER
TLOOR
ABOVE

NON=-
CRITICAL
AREA

ON
UPPER
FLOOR
ABOVE

CRITICAL
AREA

COL 1: MOUNTING TYPE (SEE TEXT)

COL 2: MINIMUM BATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL

WEIGHT OF SUPPORTID LOAD

COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEFL SPFRINGS IN INCEES
FOR INDICATED FLOOR SPAN IN FEET
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Deflection Ronge Igolator

1/2 in. and over Steel Spring or Air Spring+

0.3 to 0.5 in, Double deflection necprene-in-
shear

0.10 to 0.25 in. Neoprene-in-shear, or l-in,

to 2~in, thiek compressed glass

fibver pads, or 2 to L layers
ribbed or waffle-pattern neo-
preftie pads

5-09, RECIPROCATING-COMPRESSOR REFRIGERATION EQUIPMENT, 'The
recommended vibration isolation details for this equipment are summar-~
ized 4n Table 41, given in Section VII at the rear of the manual.
These recommendations apply alsc to the drive unit used with the
raciprocating compressor.

Pipe aonnections from this assembly to other
equipment should contain flexible connections (see Paragraph 5-22)
and piping should be given resilient support {see Paragraph 5-21).

5-10. ROTARY-SCREW-COMPRESSOR REFRIGERATION EQUIPMENT. The
recommended vibration isolation details for this equipment are sum-
marized in Table L2. Piping to and from this equipment should be
glven resilient support (Parsgraph 5-21).

S5-11, CENTRIFUGAL-COMPRESSOR REFRIGERATION EQUIPMENT. The

recommended vibration isolation details for this equipment, ineluding
the drive unit and the condenser and chiller tanks, are summarized in
Table 43. Piping to and from this assembly should be given resilient

suppert (Paragraph 35-21).

+Alr Springs sre excellent as low~Trequency isoletors for special

problems, They require & pressure-~controlled air supply and occasianal

ingpectian for proper operation. They may be used instead of steel
springs,especially for low-frequency isolation where springs become
large in size,
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f?b 5-12, ABSORPTION-TYPE REFRIGERATION EQUIPMENT. The recommended j
: vibration isclation details for this equipment are summarized in Table :
b, Piping should be given resilient support (Paragraph 5-21),

5-13, BOILERS. The recommended vibration isolation details for

boilers are summarized in Table 45. These apply for boilers with

integrally attached blowers, but these do not necessarily apply to

blowers on separate mounts, 4

XN LLLT

5]

e At

Piping should be given resilient support in accordance o
with Paragraph 5-21. A flexible connection or a thermal expansion !
Joint should be installed in the exhaust breaching between the boiler
and the exhaust stack,

5~1h, STEAM VALVES, Steam valves are usually supported entirely
on their pipes; refer to Paragraph 5-21 for the resilient support of
piping, including steam valves.

ADARA Y At rdad Fesout o v TR

5=15. COOLING ‘TOWERS. The recommended vibration isolation details

Tor propeller-type cooling towers are summarized in Table 46, :
Additional details for the installation are given in Paragraph 5-07 i
which describes the Type V mounting assembly. :

L)

The recommended vibration igolation deteils for centri-
fugal-fan cooling towers are summarized in Table LWT. Cooling tower
EE% piping should be isclated in accordance with Paragraph 5-21,

TR E L e

R 5-16. MOTOR-FUMP ASSEMBLIES. Recommended vibration 1solation detalls

for motor-pump units are summarized in Table 48, Electrical connections

to the motors should be made with long "floppy'" lengths of flexible

armored cable, and piping should be resiliently supported as in

Paragraph 5-21. For most situations, a good isolation mounting of the -
piping will overcome the need for flexible connections in the pipe. ¢

An important funetion of the conerete inertia block (Type
II mounting) is its stabilizing effect against undue "bouneing" of the
pump assembly at the instant of starting. This gives better long-
time protection to the asscciated piping.

These same recommendaticens may be applied to other
motor-driven rotary devices such as centrifugal-type alr compressors
and motor-generator sets in the power range up to a few hundred horse-

power.

1
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5=17. STEAM TURBINES. Teble 49 provides a set of general

vibration isolation recommendations for steam-turbine-driven rotary
equipment, such as gears, generators or centrifugsl-type gas compressors.
When a steam turblne is used to drive centrifugal-compressor refriger-
ation equipment, refer to the materinl given in Toble h3; and when it

is used to drive reciprbcating-campressor refrigeration equipment or
reciprocating-type gas compressors, refer to the recommendations given
in Table Ll.

Pining associated with the steam turbine and the remainder
of the asgsembly should be vibration isolated according to Paragraph 5-21,

518, GEARS., When a gesar is involved in a drive system, vibration
irnlation ghould be provided in accordance with recommendations given in
the manual for either the mein power drive unit or the driven unit,
whichever imposes the more stringent isclation conditions. The more
stringent conditions are usuallly those requiring the largest inertia
block or the largest static deflection for the spring mounts, Tables
41,43 and 49 may possibly be involved in the camparison.

5=19, TRANSFORMERS. Recommended vibration isolation details for
indoor transformers are given in Table 50, In addition, power leads to
and from the transformers should be a&s flexible as possible. {Switch-
gear may be mounted on isolation mounts having approximately one-half the
static deflection given in Table 50, except that no isclation is required
for most on~grade installations.)

In outdosr locations, earth-borne vibration to nearby neighbors
is usually not a problem, so no vibration isolatlon is suggested. If
vibration should became & problem, the transformer could be installed on
neoprene or compressed glass fiber pads having 1/h in. static @eflection.

5=20. AIR COMPRESSORS., Recommended mounting details for centrifugal-
type eir compresscrs of less than 100 HP are the same as those given for
motor-pump units in Table 48, The same recommendations would apply for
small (under 10 HP) reciprocating-type alr compressora. For reciprocating=-
type ailr compressors (with more than two cylinders) in the 10-50 HP

range, follow the recommendations given in Table hl for the particular
conditions,

For 10-100 HP cne- or two-cylinder reciprocating-type air
compressors, the recammendations ©f Table 51 apply. This equipment is
a potentially serious source of low frequency vibration in & building if
it is not isolated. In fact, the compressor should not be

146



T™M 5-805-4

located in certain parts of the building, even 1f it is vibration
isolated. The "forbidden" locations are indicated in Table 51,

When these compressors are used, all piping should contain
flexible connections and the electrical connections should be made with
Tlexible srmored cable, Refer to Paragraph 5-22 for flexible connections
and to Paregraph 5-21 for resilient pipe supports.

5=-21. RESILIENT PIPE SUPPORTS. All piping in the MER that is
connected to vibrating equipment should be supperted from resilient
ceiling hangers or from floor-mounted resilient supports. As a

general rule, the first three pipe supports nearest the vibrating
equipment should have a static deflection of at least one-half the atsetie
deflection of the mounting system used with the equipment. Beyond the
third pipe support, the static deflection can be reduced to approximately
1/2 in. for the remainder of the pipe run in the MER.

When a pipe passes through the MER wall, a minimum 1 in.
clearance should be provided between the pipe and the hole in the
wall., The pipe should be supported on either side of the hole, so that
the pipe does not rest on the wall. The clearance space should then
be stuffed with fibrous filler material and sealed with a non-hardening

caulking compound,

Vertical pipe chases through a building should not be
located beside acoustically critiecal areas (Categories 1-3 in Table 2),
If they are located beside eritical areas, pipes should be resiliently
mounted from the walls of the pipe chase for a distance of at least
20 ft beyond each such area,

Pipes to and from the cooling tower should be resiliently
supported when the piping passes within 20 Tt of acoustically eritical
areas (Categories 1-3 of Table 2). Steam pipes should be resiliently
supported for their entire length of run inside the bullding, Resilient
mounts should have a statie deflection of at least 1/2 in.

In highly eritical arecas, domestic water pipes and waste
lines can be isolated with the use of 1/k in. to 1/2 in. thick
wrappings of felt pads under the pipe strep or pipe clamp.

As mentioned earlier, whenever a steel spring isolater

is used, it should be in series with a neoprene or gless fiber isolater,
For ceiling hangers, a neoprene washer or grommet should always be
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included; and if the pipe hangers are near very critical areas, the
hanger should be a conbination hanger that contains both a steel spring
and a neoprene-in~shear mount,

During inaspection, check that the hanger rods are not
touching the sides of the isoclator housing and thereby shorting-out the
spring.

5-22. FLEXTBLE PIPE CONNECTIONS. To be at all effective, a

flexible pipe connection should have a length .that is approximately 6
to 10 times its dismeter. Tie rods should not be used to bolt the two
end flanges of a flexible connection together., Flexible connections are
either of the bellows-type or are made up of wire-reinforeced negprene
piping, sometimes fitted with an exterier braided jacket to confine

the neoprene, These cohnections are uwseful when the equipnent Ls
subjeet to falrly high-amplitude wibration, such as for reciprocating-
type canpressors. Flexible connections generally are not necessary when
the piping and its equipment are given thorough and compatible vibration
isoclation.

5=23, NON-VIBRATING EQUIPMENT. When an MER is located directly over
or near a critical area, it is usually desirable to isolate most of the
"non-vidrating equipment” with a simple mount made up of one or two

- pads of neoprene or a l-in. or 2-in. layer of compressed glass fiber.
Heat exchangers, hot water heaters, water storage tanks, large ducts
and some large pipe stands may not themselves be nolse scurces, yet
their pipes or their connections to vibrating sources transmit small
amounta of vibrational energy that they then may transmit into the
floor, A simple minimum isolation pad will usually prevent this

noise transfer.

5-2), SUMMARY. In this section, fairly complete vibration isolation
mounting details are laid out for all the equipment ineluded in the
manual, Most of these details have been developed and proven over many
vears of use, Although all the entries of the accompanying Tebles hl.51
probably have not been tested in actual equipment installations, the
schedules are failrly self-consistent in terms of various locations

and degrees of required isolation. Hence, the mounting details are
considered quite realistic and fairly relisble, They are not extravapant
in their make-up when considered in the light of the extremely low vibra-
tion levels required to achieve near-inandibility.
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The noise and vibration contrel methods used in the manual

are designed to be simple to follow and to nut inte use. TIf thege

methods and recommendetions are carried out, with appropriate attention

to detail, most equipment installations will be tailored to the specific
needs of the building and will give very satisfeetory results acoustically.

1.

2.

3.
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SECTION VII - DATA FORMS,
TABLES, AND FIGURES
T-01. LIST OF DATA FORMS

DA FORMS PAGE TITLE

3452-.14-R 156 ROOM CONSTANT OF SOURCE ROOM OR RRCEIVER ROOM
3452-15-R 157 MECHANTICAL EQUIPMENT ROOM SPL DUE TN POQUIFMENT

3452-16-R 159 SUMMATION OF SPLs DUF TO ALL FQUIPMENT IN
MECHANICAL EQUIPMENT ROOM (MER)

3452-17-R 160 SOUND TRANSMISSION FROM MER TO ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

3452-18-r 161 COMPARISON OF ROOM SPL WITH NOISE CRITERION

3452-19-R 162 ESTIMATED SPL AT 3-FT DISTANCE INDCORS WHEN SCURCE
PWL IS XKNOWN

3452-20-R 163 NOISE ESCAPE THROUGH OPENINGS IN SOQURCE RODM
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OCTAVE BAND SOUND PRESSURK LEVEL (SPL) VALUES ASSCCIATED
WITH THE NOISE CRITERION CURVES OF FIGURE 1 AND TABIE 2

CATEGORY CLASSIFICATION AND SUGGESTED NOISE CRITERION
RANGE TFOR INTRUDING MECHANICAL EQUIPMENT NOISE AS HEARD
IN VARTOUS INDOOR FURCTIONAL ACTIVITY AREAS

SPEECH INTERFERENCE LEVELS ("PSIL"): AVERAGE NOISE LEVELS
(IN DB} THAT PERMIT BARFLY ACCEPTABLE SPEECH INTELLIGIBILITY

MiZabalas il (s [al B
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ESTIMATED SOUND PRESSURE LEVELS (IN DB) AT 3-FT DISTANCH
DUE TO VARIQUS TYPES OF REFRIGRRATION MACHINES

ESTIMATED SOUND PRESSURE LEVELS (IN DB) AT 3-FT DISTANCE
DUE TO BOILERS AND STRAM VALVES

APPROXIMATE OCTAVE BAND SOUND POWER LEVELS OF PROPELLER
TYPE COOLING TOWER IN 4B re 10 =32 yaTT

APPROXTMATE OCTAVE BAND SOUND POWER LEVELS OF CENTRIFUGAL
TYPE COOLING TOWER IN dB re 10-12 warT

DISTANCE TERM [ 10 log (2702) -~ 20 aB] FOR CALCULATING
SPL OUT T0 A DISTANCE OF 100 FI FROM A NOISE SOURCE OF

POWER PWL

DISTANCE TERM, INCLUDING ABSORPTION LOSSES, FOR CALCUIA-
TING SPL FOR DISTANCES OF 100 FT TO 10,000 FT FROM A NOISE
SOURCE OF PCWER PWL

APPROXIMATE CORRRCTIONS TO AVERAGE SPLs FOR DIRECTIONAL
EFFECTS OF COOLING TOWERS

T-02. LIST OF TABLES
TABLE PAGE  TLTLE

1 164

2 165

3 166

4 167

5 167

& 168

T 168

8 169

9 170

10 172

11 173

ESTIMATED CLOSE-IN SOUND PRESSURE LEVELS (IN DR} FOR THE
INTAKE AND DISCHARGE OPENINGS OF VARIOUS COOLING TOWERS
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ESTIMATED SOUND PRESSURE LEVELS (IN DB) OF PUMPS (AT 3-FT
DISTANCE INDOORS) A5 A FUNCTION OF POWER AND SPEED

ESTIMATED SOUND PRESSURE LEVELS (IN DE) OF ELECTRIC MOTORS
(AT 3-FT DISTNACE INDOORS) AS A FUNCTION OF POWER AND

ESTIMATED SOUND PRESSURE LEVELS {IN DB) OF STEAM TURBINES
(AT 3-FT DISTANCE) AS A FUNCTION OF POWER RATING

ESTIMATED SOUND PRESSURE IEVELS (IN DB) OF GEARS AT 3-FF

ESTIMATED MAXIMUM SQUND PRESSURE LEVELS OF A TRANSFORMER
AT 3-FT DISTANCE

ESTIMATED SOUND PRESSURE LEVELS (IN DB) AT 3-FT DISTANCE
DUE TC RECIPROCATING AND CENTRIFUGAL AIR COMPRESSORS

RULES FOR ADDING SPL OR PWL CONTRIBUTTONS BY "DB ADDITION"

ACQUSTIC TREATMENT DETAILS FOR USE WITH FIGURES 11 AND 12
IN ESTIMATING ROOM CONSTANT

REDUCTION OF SPL (IN DB) IN GOING FROM NORMALIZED 3-FT
DISTANCE 70 A GREATER DISTANCE "D" TN A ROOM {IAVING A
ROOM CONSTANT "R"

APPROXTMATE TRANSMISSION LOSS (IN DB} OF DENSE POURED
CONCRETE CR SOLID-CORE CONCRETE BLOCK OR MASONRY

APPROXIMATE TRANSMISSION L0SS (IN DB) OF HOLLOW-CORE DENSE
CONCRETE BLOCK OR MASONRY

APPROXIMATE TRANSMISSION LOSS (IN DB) OF CONVENTIONAL
STUD-TYPE PARTITIONS

APPROXTMATE TRANSMISSION LOSS (IN DB) OF FILLED METAL
PANEL PARTITION AND TYPICAL INDUSTRIAL ACQUSTIC DOORS
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APPROXIMA'TE TRANSMISSION L0SS (IN DB) OF GLASS WALLS OR
APPROXIMATE TRANSMISSION L0SS (IN DB} OF DOUBLE-GIASS

APPROXIMATE TRANSMISSION LOSS (IN DB) OF WOOD OR PLYWOOD
APPROXIMATE TRANSMISSION LOSS (IN DB) OF DENSE PLASTER
APPROXIMATE TRANSMISSION LOSS (IN DB} OF SHEET ALMINIM
APPROXIMATE TRANSMTSSTON TNSS (TN DR) OF SHERET STRREL
APPROXIMATE TRANSMISSION LOSS (IN IB) OF SHEET LFAD

APPROXIMATE WALL OR FLOOR CORRECTION TERM "C" FOR USE IN
THE EQUATION NR = 7L+ "C"

APPROXIMATE TRANSMISSION LOSS OF A WALL CONTAINING DOORS
OR WINDOWS

APPROXIMATE TRANSMISSION LosS (IN DB) OF TYPE 1 FLOOR-
CEILING COMBINATION

APPROXIMATE TRANSMISSION LOSS (IN DB) OF SCME TYPE 2
FLOOR-CEILING COMBINATIONS

APPROXIMATE, TRANSMISSION L0SS (IN DB) OF SOME TYFE 3
FLOOR-CETILING COMBINATIONS

APPROXIMATE TRANSMISSION LOSS {IN DB} OF SOME TYPE 4
FLOOR-CEILING COMBINATIONS :

APPROXIMATE TRANSMISSION L0SS (IN DB) OF SOME TYPE 5
FLOOR-CEILING COMBINATIONS
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YAREA FACTOR!" ("AF") FOR USE IN DETERMINING THE PWL OF
AN AREA "A" THAT TRANSMI'S  SOUND LEVEL SPL
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THE NATURAL FREQUENCY OF AN ISOLATOR AS A FUNCTICN COF ITS
STATIC DEFLECTION UNDER LOAD

RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
RECIPROCATING~-CCMPRESSOR REFRIGERATION EQUIPMENT ASSEMBLY
{INCLUDING MOTOR, GEAR OR STEAM TURBINE DRIVE UNIT)

RECOMMENDED VIBRATION ISOLATION MOUNTING DETAXIS FOR ROTARY-
SCREW ~-COMPRESSOR REFRIGERATION EQUIFMENT ASSEMBLY (INCLUD-
ING MOTOR DRIVE UNIT)

RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
CENTRIFUGAL-COMPRESSOR REFRIGERATION EQUIPMENT ASSEMBLY
(INCLUDING CONDENMSER AND CHILLER TANKS AND MOTOR, GEAR
OR STEAM TURBINE DRIVE UNIT}

RECOMMENDED VIBRATION ISCLATION MOUNTING DETAILS FCR
ABSORPTION-TYPE REFRIGERATTION EQUIPMENT ASSEMBLY

RECOMMENDED VIBRATION TSOLATION MOUNTING DETAILS FOR

RECOMMENDED VIBRATION ISOLATION MOUNTING DOTATILS FOR
PROPELLER~TYPE COOLING TOWERS

RECCQMMENDED VIBRATION ISCLATION MOUNTING DETAILS FOR
CENTRIFUGAL-TYPE COOLING TOWERD

RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
MOTOR~PUMP ASSEMBLIES

RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
STEAM-TURBINE-DRIVEN ROTARY BEQUIPMENT, SUCH AS GEAR,
GENERA TOR' OR GAS CCMPRESSOR

RECCMMENDED VIBRATION ISCLATION MOUNTING DETAILS FOR
TRANSFORMERS

RECOMMENDED VIBRATICN ISOLATION MOUNTING DETAILS FOR
ONE-OR TWO-CYLINDER RECIPROCATING-TYFE AIR COMPRESSORS
IN THE 10-100 HP SIZE RANGE
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Lo 193
k1 19)
b2 195
k3 196
Ly 197
hs 198
BOILERS

4e 199
7 200

L8 201
ho 202

50 203
51 20k

15k



N

i

.....

™™ 5-805-4

INDOOR NOISE CRETERICN "NC" CURVES

VIBRATION ACCELERATION LEVELS NEAR THE ONSET OF
"FEELABI LITY"

ACCELERATION LEVELS OF A LARGE VIBRATING SURFACE THAT
WILL PRODUCE RADIATED SOUND LEVELS INTO A ROOM
APPROXIMATING THE SOQUND LEVELS OF THE NC CURVES

NOISE LEVELS OF RECIPROCATING COMPRESSORS AT 3-FT

VI S

NOISE LEVELS OF CENTRIFUGAL COMPRESSORS AT 3-FT

PRINCIFAL TYPES OF COOLING TOWERS

PUMP NOISE LEVELS AT 3~-FT DISTANCE

NOISE LEVELS OF ELECTRIC MOTORS AT 3-FT DISTANCE
STEAM TURBINE NOISE LEVELS AT 3-FT DISTANCE

HOISE LEVELS 3 FT' FROM AIR COMPRESSCRS

APPROXTMATE RELATIONSHIP BETWEEN "RELATIVE SOUND
PRESSURE LEVEL" AND DISTANCE TO A NOISE SOURCE FOR
VARIOUS ROOM CONSTANT VALUES :

APPROXIMATE BRELATTONSHIP BEIWEEN ROOM VOLUME AND ROOM
CONSTANT FOR SPACES OF VARIQUS AVERAGE ACQUSTIC
ABSORPTION (AT MID-FREAUENCY REGION OF 500-1000 Hz)

DETATL OF VIERATION TSQOILATION MOUNT USING STEEL
SPRING AND RIBBED-NEOPRENE PADS

7.03. LIST OF FIGURES
FIGURE PARE  TITLE
1 205
2 206
3 207
k 208
DISTANCE
5 208
DISTANCE
6 209
T 210
8 210
9 211
10 211
1L 212
12 213
13 21l
14 215

DETAIL OF TIE-DOWN BOLT USED WITH COOLING TOWER
TSOLATION PADS
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DA FORM 3452.14-R, 10 aug 70
ROOM CONSTANT OF SOURCE ROCM OR RECEIVER ROOM

ROOM NO, OR DESIGNATION

1.

AVERAGE ROOM DIMENSIONS (IN FT.)

‘LENGTH WIDTH HEIGHT

VOLUME OF ROOM cu, FT.

TOTAL INTERICR SURFACE AREA OF ROOM S@. FT.
AREA OF PLANNED ACQOUSTIC TREATMENT+ 5Q. FT.

PERCENT AREA COVERED BY ACOUSTIC TREATMENT 4
{100 x Item 4/Item 3)

"ROOM LABEL" FOR ITEM 5 FROM PART A OF TABLE 19

FOR ITEMS 2 AND 6, ROOM CONSTANT FROM FIGURE 12
R = S, FT, FOR 500 - 8000 Hz

CHECK ACOUSTIC ABSORPTION TREATMENT:

NONE OR
“NRC = 0.65 - 0.T4 D NRC = 0.75 ~ 0.85
THEN, FOR 31 H2 0.2 R = Q.2 R =

63 Hz 0.2 R = 0.3 R =
125 Hz 0.3 R = 0.5 R =
250 Hz2 0.5 R = D8R =

ROOM CONSTANT FOR ALL OCTAVE BANDS, IN SQ. FT.#
(Repeat appropriate values from Items 7 and 8)

OUTAVE PHEQUENCY DAND XN Rz

31 03 125 2b0 | hOO 1000 1 2000 | 4000 ja[o]v]e)

+Add 50% of floor area to Item 4 1f floor is carpeted or
has drapes or upholstered furniture. Treat thls as
NRC = 0,65 materdial.

#Add to all bands any area always open to the outslde, le
having 100% absorption.
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DA FORM 3452-15-R, 10 Aug 70 SHEET 1 OF 2
MECHANICAL EQUIPMENT ROOM SPI, DUE TO EQUIPMENT

EQUIPMENT IDENTIFICATION
TYPE BHP RPM

OCTAVE FREGUENCY BAND IN Hz

31 | 63 {125 | 250 | 500 | 2000 | 2000 | 4000 | 8000

1. SPL OF EQUIPMENT AT 3-FT DISTANCE, FROM TABLE __ OF
MANUAL OR OTHER SOURCE

I I I I I I [ 1

2. SPECIAL ADJUSTMENTS, IF ANY, T0 ITEM 1 DATA,
EXPLAILN:

(N N T N I ! |

3. RESULTING SPL APFTER ADJUSTMENTS

I 1t 1 1 I | |

4, DISTANCE FROM EQUIPMENT TO VARIOUS WALLS AND SURFACES OF
INTEREST (ALL DISTANCES IN FT).
NORTH SOUTH EAST WEST
WALL WALL WALL WALL
(*tAssume 3 't

CEILING FLOOR+ unless different)
SURFACE "A" (IDENTIFY): DISTANCE
SURFACE "B" (IDENTIFY): DISTANCE
SURFACE "C" (IDENTIFY): DISTANCE
_ SURFACE "D" (IDENTIFY): ' DISTANCE

5, ROOM CONSTANT FOR THIS ROOM (FROM ITEM 9§ OF
DA FORM 3452-14-R ).

I | | I I I |

)
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DA FORM 3452-15-R, 10 Aug 70 SHEET 2 OF 2 m
MECHANICAL EQUIPMENT ROOM SPL DUE TO EQUIPMENT ({CONT.) \

OCTAVE FREQUENGCY BAND 1IN Hz

31) 63 125] 250] 500 | 1000 | 2000 4000 | 8oo0d

6. SPL REDUCTION FOR VARIOUS DISTANCES AND ROOM CONSTANTS, ‘
FROM TABLE 20 OR FIGURE 11 (FILL IN SPACES ONLY FOR :
SURFACES OF INTEREST)

NORTH
SOUTH
EAST
WEST ;
CEIL, !
FLOORH 1
npn i
IIBII
Ilcll
11Dll

—

+Floor value is "O" for all bands, 1f distance 1s 3 It

7. SPL AT SURFACES OF INTEREST FOR THIS PIECE OF EQUIPMENT ",
ONLY (ITEM 7 = ITEM 3 - ITEM 6)

NORTH
SOUTH
EAST
WEST
CEIL, ,
FLOOR |
lIAil
"B"
llc"
l!Dll
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DA FORM 3452-16-R, . 10 Aug 70

SUMMATION OF SPLs DUE TO ALL EQUIPMENT

IN MECHANICAL EQUIFMENT ROOM (MER)

MER NO. OR DESIGNATION

CHECK WALL CR SURFACE INVOLVED IN THIS SUMMATION

NORTH SOUTH EAST WEST CEIL-’D FLOOR D
WALL WALL - WALL WALL ING

OR OTHER SURFACE DESIGNATION

IN NUMBERED SPACES BELOW, IDENTIFY EQUIPMENT WHOSE NOISE
LEVELS CONTRIBUTE TO TOTAL SPL AT INDICATED WALL OR SURFACE.
IN SPL SPACES, INSERT SPL VALUES AT THAT SURFACE DUE TO THAT
EQUIPMENT, AS TAKEN FROM ITEM 7 OF DA FORM 3452-15-R.

OCTAVE FREQUENCY BAND IN Hz
[ 31 [ 63 1125 ] 250 | 500 | 1000 { 2000 | 4coo | 8oog

Lt 1 [ 1 | | I [ ]
i 1 1 | I I | |
1 [ 1 | I | [
1 1 [ [ | | | 1
L 1 & [ | l I L]

6, TOTAL SPL AT INDICATED WALL OR SURFACES DUE T0 ABOVE
EQUIPMENT, USING DECIBEL SUMMATION RULES OF TABLE 18,
I;:‘OEMFLQOIBR , USE HIGHEST READING IN EACH BAND FROM

TEMS 1-5.

- 7 1 + [ ] ]

159




TM 5-805-4

DA FORM 3452-17-r, 10 Aug 70

SOUND TRANSMISSION FROM MER TO ADJOINING ROOM
THROUGH COMMON WALL OR FLOOR-CEILING

SQUND SOUND
TRANSMITTING RECEIVING
ROOM ROOM

OCTAVE FREQUENCY BAND LN Hz .
3T ] 63 1 125 | 250 ] Sgﬁ [T1000 [ 2000 | 4000 ] 8000

1. AREA S, OF COMMON TRANSMITTING WALL{ ] OR FLOOR[_]
X = 5Q. FI.

2. ROOM CONSTANT R2 OF REC., RM; ITEM 9 OF DA FORM 3452-14«R

L1 [ | I | I I [ |

3. RATIO S, /R, (ITEM 1 / ITEM 2)

L1 | N I I L

4, WALL OR FLOCR CORRECTION TERM C FOR ITEM 3 RATIOS, FROM
TABLE 32

L1 I N I | L]

5. PROPOSED WALL OR
FLOOR CONSTRUCTION

6. "I'L" OF PROPOSED WALL OR FLOOR. SEE TABLES 21-31 FOR
WALL TLs; SEE TABLES 34 - 38 FOR FLOOR-CEILING TLs.

T T T T T T T T

7. "NR" OF PROPOSED WALL OR FLOOR. NR =TL + C
ITEM 7 = ITEM 6 4 ITEM 4

| [ | | I I |

8. SPL ON MER SIDE OF WALL OR FLOOR, FROM ITEM b OF DA FORM
3452-16-R FOR ALL EQUIPMENT CONTRIBUTIONS OR APPROPRIATE
LINE OF ITEM 7 OF DA FORM 3452-15-R IF FOR ONLY ONE PIECE
CF EQUIPMENT

L | I P I I I |

9. SPL IN RECEIVING ROOM DUE TO MER NOISE TRANSMITTED
THROUGH WALL OR FLOOR OF ITEM 5 ABOVE,
SPLREC. RM, = SPLMER - NR, ITEM 9 = ITEM 8 - ITEM 7

1 I A | I ||
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~ DA FORM 3452-18-R, 10 Aug 70
o COMPARISON OF ROOM SPL WITH NOISE CRITERION

SOUND RECEIVING ROOM

OCTAVE FREQUENGY BAND LN Hz
31 ] 63 ] 125 ] 250 | 500 | 1000 2000 | 4000 | 8000

1. APPLICABLE ROOM CATEGORY NO, FROM TABLE 2 OF MANUAL
i 2. SUGGESTED NOISE CRITERION FOR ROOM: NC-
| 3. SPL VALUES CORRESPONDING TC NC VALUE OF ITEM 2; FROM
TABLE 1 OF MANUAL
} Ty T
| e T I I | L1 | ]

4, PROPOSED WALL OR FLOOR
CONSTRUCTION BETWEEN MER
AND REC, RM; FROM ITEM 5
OF DA FORM 3452-17-%

5. SPL IN RECEIVING ROOM FOR ITEM # WALL; FROM ITEM 9 OF
DA IFORM 3452~17-R

N Y N . I | | | I
6. COMPARISON OF ITEM 5 WITH ITEM 3 ABOVE, IF ITEM 5 SPL
wﬂ-‘a‘3 EXCEEDS ITEM 3 SPL IN ANY FREQUENCY BAND, INSERT THE
e AMOUNT OF THAT EXCESS IN THE APPROPRIATE SPACE BELOW
| IS I N I I [ |

WALL OR FLOOR DESIGN IS PREFERRED, CHECK HERE

8. IF NOISE EXCESS IS NOT GREATER THAN THE FOLLOWING VALUES
IN ANY BAND, WALL OR FLOOR IS ACCEPTABLE, CHECK HERE[ ]

P4 a1 4 |3 [ 2] 222 |21

9. IF NOISE EXCESS IS WITHIN FOLLOWING VALUES IN ANY BAND,
WALL OR FLOOR IS MARGINAL., CHECK HERE

[ 5.7 { 5-7] 5-71 46 ] 3-5 | 3-5] 3-5 | 3-5 [ 3.5 |

10, IF NOISE EXCESS IS GREATER THAN..ITEM 9 VALUES IN ANY
BAND, WALL OR FLOOR IS UNACCEPTABLE, CHECK HERE

!

|

! 7. IF THERE IS5 NO NOISE EXCESS IN ANY BAND,
|

|

i
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DA FORM 3452-19-R, 10 Aug 70

ESTIMATED SPL AT 3~FT DISTANCE INDOCRS WHEN
SOURCE PWL IS KNOWN

EQUIPMENT IDENTIFICATION
TYPE HP REM

OCTAVE FREQUENCY BAND IN Hz
31 | 63.] 125 | 250 | 500 | 1000 | 2000 | 4000 | 80CO

1. PWL FOR EQUIPMENT IN DB RE 10-12 WATT, IF PWL IS REFER-
RED TO 10-13 WATT, SUBTRACT 10 DB FROM ALL VALUES.

L+ f [ 1 | l | I |

2., APPROXIMATE OVERALL DIMENSIONS OF EQUIPMENT, IN FEET.
LGNORE ANY FORTION OBVIOUSLY NOT PRODUCING OR RADIATING
NOISE.

LENGTH WIDTH HEIGHT

3. ADD THE THREE DIMENSIONS OF IPEM 2; DIVIDE THE SUM BY 6,
THE RESULT IS APPROXIMATELY THE "RADIUS" OF THE EQUIPMENT,

SUM DIVIDED BY 6 = FT.

4., ADD 3 FT TO THE ITEM 3 VALUE, THIS GIVES THE DISTANCE
FROM THE ASSUMED "ACOUSTIC CENTER" OF THE UNIT, WHICH
IS APPROXIMATELY 3 FT FROM THE NEAREST PART OF THE UNIT,

ITEM 3 +3 = FT.

5. ROOM CONSTANT OF MECHANICAL EQUIPMENT ROCM, FROM ITEM 9
OF DA FORM 3452-14-R

L+ 1 & t § T ]

6. DETERMINE "RELATIVE SPL" FROM FIG, 11 OF MANUAL FOR THE
DISTANCE DIMENSION OF ITEM 4 ABOVE, FOR EACH OF THE ROOM
CONSTANT VALUES OF ITEM 5 ABOVE. INSERT "REL SPL" AND
PROPER SIGN (+ OR -) IN SPACES BELOW. .

e 1+ + 1 1 [ 1}

7. APPROXIMATE SPL AT 3-~-FT DISTANCE. SPL = PWL + REL SPL,
ITEM 7 = ITEM 1 -+ ITEM 6 (CAUTION: KEEP CORRECT -SIGNS!)
THIS SPL AT THE NORMALIZED 3-FT DISTANCE MAY BE INSERTED
INTO ITEM 1 OF DA FORM 3452«15-R AND THIS EQUIPMENT
GIVEN THE SAME TREATMENT AS ALL OTHER INDOOR EQUIPMENT
IN THE ANALYSIS PROCEDURE.

1 1 r § ¥ v [ [ |
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DA FORM .3452.20-R, 10 Aug 70
NOISE ESCAPE THROUGH OPENINGS IN SQURCE ROOM'
ROOM IDENTIFICATION

CCTAVHE H2

31 3 1125 | 250 | 5C0 | 1000 | 2000 000 | _ 800(g

1. SPL AT OFENING

1 1 i [ 1 I | ]

2. AREA OF NOISE ESCAPE OPENING: 5Q. FT

3. "AREA FACTOR" FROM TABLE 39 FOR ITEM 2 AREA; SAME VALUE

FOR ALL FREQUENCY BANDS, ‘

L1 ¢ 1 1 | | I |

4, PWL OF NOISE AT OPENING (IN DB RE 10-12 WATT). ITEM 4=
ITEM 1 + ITEM 3

N N I N | I 1

5. ATTENUATION INSERTED IN PATH TO OUTSIDE {MUFFLER LINED

DUCT, LINED BEND, ETC.---FROM MUFFLER MFOR, ASHRAE
QUIDE, PPA MANUAL, ETC.)

I I N N I I { ]

6. PWL OF ESCAPING NOISE (IN DB RE 10-12 WATT).

ITEM 6 = ITEM 4 - ITEM 5

Lt [ [ [ 1 I I L
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NOLSE
CRITERION
CURVES

NC-15
NG-20
NC-25
NC-30
NC-35
NC-40
NC-45
~ NG-50
NC-55
NC-60
NC~65

164

TABRLE 1

OCTAVE BAND SOUND PRESSURE LEVRL (SPL) VALUES

ASSOCIATED WITH THE NCISE CRITERION

CURVES OF FIGURE 1 AND TABLE 2

63 125 250 500
HZ _nZ HZ M2
47 36 29 22

51 40 33 26
54 44 37 31
57 48 41 35
60 52 45 40
64 56 50 43

67 60 54 49
71 64 58 54
74 67 62 58
77 71 67 63
80 75 71 68

1000
HZ

17
22
27
it
36
41
46
51
56
61
€6

2000
HZ

14
19
24
29
3%
39
44
49
54
59
64

4000
HZ

12
17
22
28
33
38
43
48
53
58
63

8000
HZ

11
l6
21
az
iz
37
42
47
52
57
62
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TABLE 2

CATEGORY CLASSIFICATION AND SUGGESTED KOLSE CRITERION RANGE
FOR INTRUDING MECHANLCAL EQUIPMENT NOILSE AS HEARD IN VARIOUS
INDOOR FUNCTIONAL ACTIVITY AREAS

AREA (AND ACOUSTIC REQUIREMENTS) NOISE CRITERION

Bedrooms, sleeping quarters, NC-20
hospitals, residences, apartments, to
hotels, motels, ete, (for sleeping, NC-30
resting, relaxing).

Auvditoriums, theaters, large meeting NC-20
rocms, large conference rooms, base Lo
eommunication centers, churches, NC-30

chapels, ete. {for very good
listening conditions).

Private offices, small conference NC-30
rooms, classrooms, libraries, ctc. to
(for good listening conditions). NC-35
Large offices, reception areas, PX, NC-35
retail shops and stores, cafeterias, to
restaurants, etc, (for fair listening NC-40

conditions),

Lobbies, laboratory work spaces,

drafting and engilneering rooms, NC-40
mailntenance shops such as for to
electrical equipment, ete, NC~50
(for moderately falr listening

conditions),

Kitchens, laundries, shopa, garages,

machinery spaces, power plant control NC-45
rooms, ete, {(for minimum acceptable to
speech communication, no risk of NC-65

hearing damage).
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TABLE 3 (ﬁé

SPEECH INTERFERENCE LEVELS (''PSIL"):
AVERAGE NOILSE LEVELS# (IN DB) THAT PERMIT
BARELY ACCEPTABLE SPEECH INTELLIGIBILITY
AT THE DISTANCES AND VOICE LEVELS SHOWN

Voice Level

B
7

Di?i:?ee Normal Raised Very Loud Shouting ;
% 74 80 86 92

1 68 74 80 B6

2 62 68 74 80

4 56 62 68 74 :

6 53 59 65 71 ,

8 50 56 62 68 !

10 48 54 60 66 |
12 46 52 58 64 ("-'
16 44 50 56 62 -

#PSIL (Speech Interference Level in "Preferred” Octave Bands) is
"arithmetic average of nailse levels in the 500, 1000 and 2000 Hz
octave frequency bands. PSIL values apply for average male volces
(reduce values 5 dB for female voice}, with speaker and listener
facing each other, using unexpected word material, PSIL values
may be increased 5 dB when familiar material is spoken. Dis-
tances assume no nearby reflecting surface to ald the speech sounds,
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TABLE 4

LESTIMATED SOUND PRESSURE LEVELS (IN DB) AT 3-FT DISTANCE
DUE TO VARIOUS TYPES OF REFRIGERATION MACHINES

OCTAVE
BAND {HZ)} 3l 63 125 250 500 1000 2000 Looo 8000

MACHINE TYPE AND COOLING CAPACITY (‘TONS):
PACKAGED CHILLERS WITH RECIPROCATING COMPRESSORS

10-50 82 86 84 86 a1 86 84 8o 15

51175 85 g0 89 92 o3 2 90 BS B

L X

PACKAGED CHILLERS WITH ROTARY~SCREW COMPRESSORS

100-300 70 76 80 92 89 B85 B 75 T3

PACKAGED CHILLERS WITH CENTRIFUOAL COMPRESSORS

Under 500 8t 88 89 90 oS0 91 92 87 B0

500 and more 8 90 99 92 93 97 99 gk &7

ABSORPTION MACHINES

All sizes a8 91 B& a6 86 a3 8o 11 12
TABLE 5

ESTIMATED SCUND PRESSURE LEVELS {IN DB) AT 3-FT DISTANCE
DUE TO BOILERS AND STEAM VALVES

OCTAVE
BAND (HZ) 31 63 125 250 500 1000 2000 hooo 8000

BOILERS (50-2000 BHP) #
g 92 92 89 86 83 8o 7 h

STEAM VALVES (WITH THERMAL INSULATION )
7 T0 70 70 75 80 8 90 9

# Distance should be measured from the front surface of the boiler.
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TABLE 6

APPROXIMATE OCTAVE BAND SOUND POWER LEVELS OF PROPELLER
TYPE COOLING TOWER IN dB re 10-12 WATT

OCTAVE 4 9 17 33 65 129
FREQUENCY to to to to to to
BAND 8 16 iz 64 128 256
: —Hz) 11" HP_ HPE MR MR
31 a6 99 102 105 108 111

63 101 104 167 110 113 116

125 101 104 107 110 113 116

250 96 99 Loz 105 108 111
500 a3 96 99 102 105 108
1000 89 92 95 28 101 104
2000 86 89 92 95 98 101
4000 82 86 89 92 95 98
8000 78 81 84 a7 90 923

TABLE T
APPROXIMATE OCTAVE BAND SOUND POWER LEVELS OF
CENTRIFUGAL TYPE COOLING TOWER
IN dB re 10712 WATT

; OCTAVE 4 9 17 33 65 129
FRE QUENCY to to to to to to

BAND B 16 32 64 128 ° 256

—~(B2) HE_ HE_ :i: HP_ HP_ HP_

31 85 88 91 9% 97 100

63 86 89 92 95 98 101

125 86 89 92 95 98 101

250 84 a7 90 93 96 99

500 83 86 89 92 95 98

I 1000 8L 84 87 90 93 96

2000 82 as 88 91 94 97

; 4000 76 79 B2 85 88 91

8000 69 72 75 78 81 84
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TABLE 8

DISTANCE TERM [10 log (2rD°) - 10 dB)
FOR CALCULATING SPL OUT 'f0 A DISTANCE OF 100 BT
FROM A NDISE SOURCE OF POWER PUL

SPL = PWL - DISTANCE TERM
la

where WL is in dB reo 10 ~° watts
DISTANCY DISTANCE DISTANCE DISTANCE
D TERM D TERN
(re) (am) (1) (4B)
1% 0 10-21 24
2 h 22-23 25
3 3 2420 28
4 10 27-29 27
3 12 30-33 28
5 14 34-37 29
7 15 38-42 30
8 15 4347 31
9 17 48-53 3e
10 18 Eh-59 33
11 19 60-57 34
12-13 20 6538-75 35
14 21 75-84 35
15-15 an 85-04 37
17-18 23 A5-100 28
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TABLE 9

DISMANCE TERM, INCLUDING ABSORPRICHK LOSSES,
FOR CALCULATING SPL, FOR DISTANCES OF 100 FT D0 10,000 FT
FROM A NOISZ SCURCE OF POWER FWL
SPL = FWL - DIBZTANCE TERM
where PYL 1s in dB re 107+°

dm dw gy
Wanei

DISTANCE DISTANCE TERM {T0 NEAREST dB
D FOR OCTAVE FREMUENCY BAND (Hz

(rt) 31-250 500 1000 2000 4000 8000

100 38 58 38 38 30 39

112 39 30 39 39 %0 51

125 ho 40 40 ho 4, 42

Sl . 14 4 41 43 Iy 4 43
e 158 h2 42 h2 42 43 Ly
. 178 43 3 43 ni 4 4G
200 L 44 4it 45 44 iz

22k 15 45 5 W6 47 W3

252 46 45 h5 by i 50

282 b 47 47 48 4o 51

316 48 48 43 Le 50 53

355 49 I 49 50 52 5

400 50 50 51 5l 53 )

448 51 51 52 52 54 57

504 52 ha 53 5h 56 59

564 53 53 54 55 57 61

632 54 54 55 56 59 63

712 55 55 58 57 GO o5

geo 56 57 57 58 52 ar

900 57 53 58 60 54 70

{continued on next page)
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SHEET 2 OF 2

TABLE 9 (continued)

DISTANCE DISTANCE TERM (T0 NEARKST dB

s D FOR OCTAVi FREQUENCY BAND (i

4 (rt) 31-250 500 1006 200C  4oto €000
3 1000 58 59 59 61 66 72
1120 50 6o G2. 62 G 75
1260 60 61 62 64 70 78
!‘j 1410 61 62 63 65 73 81
1580 G2 63 Sl 67 5 85
1780 63 G4 66 68 7 &9

o 2000 Gl 65 67 70 79 93

. 2240 65 57 68 72 82 oy
; 2520 66 68 70 7l 85 102
1 2820 &7 &9 7 75 89 108
7 3160 69 70 72 7 92 114
: 3560 69 72 7h 80 96 120
: 3 oo 70 5 e 8z 101 128
i nBo 71 T rr 8ht 105 136
3 500 12 76 79 87 111 145
i 5640 73 7T 8l 90 116 154
£ 6320 Pl 78 83 93 123 165

S 7120 75 80 85 96 130 178

- ? 8000 7% g2 &7 100 138 191
% 5000 7 . 83 <o) 10% 116 207
§ 10000 78 85 ga 108 155 222
: | 171
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TARLE 10

APPROXIMATE CORRECTIONS TO AVERAGE SPLa FOR DIRECTIONAL EFFECTS OF COOLING TOWERS

(Add these decibel corrections to the aversape SPL calculated for a given distance from the tower,
Do not apply thesa corrections for close=-in positions, such ap less than 10 £ft, Also, these
corrections apply when there are no reflecting or obstructing surfaces that woeuld modify the
normal radiation of sound from the tower.)

OCTAVE

BAND (He 3 63 125 250 500 1000 2000 4000 8000
CENTRIFUCAL-PAN DLOW-THROUGH TYPE

Pront +3 +3 +2 +3 +4 +3 +3 +4 +4
Side ¢] 0 0 -2 ~3 =4 -5 =5 =5
Rear 0 o -1 ~2 -3 & ~5 =6 -6
Top -3 -3 -2 0 +1 +2 +3 +4 +5
AXIAL-FLOY_BLOW-THROUGH TYPE '
Front +2 +2 +4 +6 +6 +35 +5 +5 +5
Side +1 : +1 +1 -2 =5 . -5 =5 =5 4
Rear -3 -3 -4 =7 -7 -7 -8 =11 -8
Top «5 -5 =5 =3 -2 o 0 +2 +1
INDUCED-DRAPT PROPELLER-TYPE

Front 0 0 0 +1 +2 +2 +2 +3 +3
Side ' -2 -2 -2 -3 =4 ~4 =5 =6 ~6
Top +3 +3 +3 +3 +2 +2 +2 +1 +1
UUNDERFLOHY FORCED-DRAFT PROPELLER~TYPE

Any side nl =l -1 © -2 -2 -3 ~J =t -4
Top +2 +2 +2 43 +3 +4 + +5 +5

PN
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TABLE 11

DISCHARGE OPENINGS OF VARIOUS COOLING TOWLIRS
(3-ft to 5=ft Diatanca)

OCTAVE

ELT

T e bt 7 B

BAND (Hz al 53 125 250 00 1000
CENTRIFUGAL=FAN BLOW-THROUGH TYPE

Intake a5 85 85 a3 a1 79
‘Dinacharge 80 80 80 79 78 77
ARIAL-FLOW BLOW-THROUGH TYPE (INCLUDING VUNDERFLOW! TYPE)

Intake 97 100 98 95 91 86
Discharge aa 88 88 86 b4 82
PROPELLER-FAN INDUCED DRAFT TYPE

Intake 97 98 97 94 90 LE
Diachargo 102 107 103 93 93 88

ESTIHMATED CLOSE-IN SOUND FRESSURE LEVELS (IN Ib) FOR THE IKTAKE ARD

Bl
a0

60
83

4000

b
15

75
78

5000

68
74

71
76

70
73

#-5S08-€ HI
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TABILE 12

'...I
2
ESTIMATED SOUND PRESSURE LEVELS (IN DB) OF
PUMPS (AT 3-FT DISTANCE INDOORS) 45 A
FUNCTION OF POWER AND SPEED
. puMp- RATED OCTAVE BAND FREGUENCY =~ HZ

RPM HP 3 83 125 250 500 1000 2000 4000 8000

_ Under 12 77 77 80 82 B2 BO 77 74 69
o 12424 80 80 83 85 85 83 BO 77 72

S 25=49 83 83 86 88 &8 86 83 80 75

D 50-~99 86 86 89 91 91 89 86 83 78

2  100-199 89 89 92 ok 9k 92 89 86 81

= 200-400 92 92 95 97 97 95 92 89 84
Over 400 95 95 98 100 100 98 95 92 97

Under 12 72 72 75 iKf 77 75 72 69 b4

2 12-24 75 75 78 80 8o 78 75 72 67
n 25-49 78 78 8L 83 83 81 78 75 70

) 50-99 8l 81 84 86 86 84 81 78 73

S 100-199 8 B4 87 89 89 87 84 81 76
200-400 87 87 90 g2 92 90 87 84 79

Ovar 400 90 90 93 95 95 93 90 87 82

Under 12 70 70 73 V] 75 73 70 67 62

x 12-24 73 73 76 8 78 76 73 10 65

© 25449 7% 76 79 81 o1 79 76 73 68

b 50-99 79 79 82 8l 8Y 82 79 76 7

¥ 100-199 Bz B2 85 a7 87 85 82 79 74
200-400 85 85 88 90 90 88 85 82 77

Over 400 88 88 91 93 93 91 88 85 80

L e riibaibe adil s we e R Al
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ESTIMATED SOUND PRESSURE LEVELES (IN DB) OF ELECIRIC HOIORS
(AT 3-FT DISTANCE INDCORS) AS A FUNCTION

TABLE 13

OF POWER AND SPEED

MOTOR RATED OCTAVE BAND FREQUENCY - HZ
RPM HP 31 63 125 250 500 1000 2000 4000 - 8000
Under 12 73 74 78 82 83 83 82 76 69

8 12-26 78 79 83 87 a8 88 a7 8l 7%
2 25-49 83 84 88 92 93 93 92 86 79
& 50~-99 87 g8 92 96 a7 97 96 90 83
2 100-200 90 9l 95 99 100 100 99 93 86
N pver 200 93 9 98 102 103 103 102 96 89
o Under 12 68 69 73 77 78 78 77 71 64
N 12-24 73 4 78 82 83 83 82 76 69
i 25-49 78 79 83 87 a8 88 87 81 14
] 50-99 82 83 87 91 92 92 91 85 78
S 100-~200 85 86 50 94 95 95 94 88 81
Over 200 88 89 93 97 98 98 97 91 84
Under 12 64 65 69 73 74 74 73 67 60

g 12«24 69 70 74 78 79 79 78 72 65
o 25-49 74 75 79 B3 84 B4 83 77 70
g 50-9¢ 78 79 83 87 88 88 87 Bl 74
< 100-200 8L 82 86 90 91 91 90 B4 77
Over 200 84 B85 89 93 94 94 93 87 80
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TARLE 1k
ESTIMATED SOUND PRESSURE LEVELS (IN If)
OF STEAM TURBINES {AT 3-FT DISTANCE)
A8 A FUNCTION OF POWER RATING

|
i T™ 5-805-4
]
i

RATED HP RATED KW 31 63 125 250 S00 1000 2000 Lkooo Booo

—_—— e e —— i —

, 500-1500 333-1000 88 93 95 91 87 87 8B 85 8o
‘ ‘ i 1501-5000 1001-3333 g0 95 97 93 8 90 g2 89 85
TR 5001-15000 3334-10000 92 97 92 95 91 93 6 93 90

TABLE 15
ESTIMATED SOUND PRESSURE LEVELS {IN DB) OF GEARS AT 3-FT DISTANCE

VALUES APPLY TO 125-8000 HZ OCTAVE BANDS
DEDUCT 3 DB FOR 63 HZ OCTAVE BAND
DEDUCT 6 DB FOR 31 HZ OCTAVE BAND

POWER RATING OF GEAR IN HP

SPEED OF
SLOWER 125 250 sSoo0 1000 2000 Looo  Booo 16000
GEAR SHAFT to to to to to to to to
{rPM) 2k koo 999 1999 3999 T999 15999 32000
125-2h9 9k 95 96 97 98 99 100 101
i 250-h99 95 96 o7 98 99 100 101 102
500-999 96 a7 28 99 160 101 102 103
1000-~199% o7 g8 9 100 101 102 103 104
2000-3999 98 99 100 101 102 103 10k 105
hooo-7999 99 100 101 107 103 104 105 106
800p-16000 100 101 102 103 104 105 106 107
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TABLE 16
EHTIMATED MAXIMUM SQUND PRESSURE LEVELS OF A

- .-} e v e L

TRANSFORMER AT 3~FT DISTANCE

First, obtain or estimate the NEMA Sound Level Rating for the Transformer,
(This is an average of several A-scale readings taken at certain specified
positions at a l~ft distance from the transformer surfaces or at a 6-ft

distance from the forced-air ventilated surfaces,)

Add the following values to the NEMA

OCTAVE
FREQUENCY Sound Level Rating. The resulting
BAND values are sound pressure levels in dB
__(Hz) re 0,0002 microbar
il 0
63 5
125 10
250 17
500 1L
1000 9
2000 4
4000 -1
8000 -6

AIR COMPRESSCR

TABLE 17
ESTIMATED BOUND PRESSURE LEVELS (IN DB) AT 3-F1 DISTANCE
DUE TO RECIPROCATING AND CENTRIFUGAL AIR COMFRESSORS

OCTAVE BAND CENTER FREQUENCY - HZ

POWER RANGE
(up) 31 63 125 250 500 1000 2000 Looo 8000
1-2 85 683 83 83 86 By 89 89 8k
3-9 90 86 86 86 B9 92 92 92 8t
10~100 95 B89 8 89 92 95 95 95 90
177
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TABLE 18
RULES FOR ADDING SPL OR PWL CONTRIBUTIONS BY "DB ADDITION"

1, For adding any two decibel levels together -

When two decibel Add the follawing emount
values differ by: to the higher value:

0 or 1l dB 3 4B

Zor 348 2 aB

L to 8 dB 1 dB

9 dB or more 0 4B

2. If there are geveral levels of the same value, they msy be
added ag follows:

No. of egqual levels Add
2 3ds
3 5 dB
4 6 dB
5 T 4B
6T 8 a8
8 9 aB
9-10 10 4B
N 10 log N dB

3. The individual components can be added in sny order. The total,
using this simplified procedure, will give an answer that is
correct to within 1 4B,

Y, Wnen combining the frequency contributions of different sources,
add only noise levels fram the same octave frequency bhand.

178
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TABLE 19
ACOUSTIC TREATMENT DETAILS FOR USE WITH
FIGURES 11 AND 12 IN ESTIMATING ROOM CONSTANT
{See pages 31-33 of text)

PART A, BURFACE COYERAGE OF ACOUSTIC MATERIAL

Percentage of Total Room Room Label
Surface Aren Covered on Flgure 2
with Absorption Muterinl Curveg
(v "Live Room"
10% "Medium-Live Room"
15-20% "Average Room"
30-35% "Medium-Dead Room"
50-60% "Dead Room"

PART B, 1OW FREQUENCY CORRECTION TO "R

Octave Corrocted R to be used in Figure 1 for
Band HRC = 0,65 -~ 0,7k NCR = 0,75 ~ 0,85
and if there is no
!H:! acountic abaorption
k)i 0.2 R 0.2 R
63 0.2R 0.3R
125 0.3 R 0.5 R
250 0.5R 0.8 R

Notoesm: 1.

2.

3.

"NRC" is "noise reduction coefficient” It represcnta the
avarage of the acoustic absorption coefficients of the material
for the four frequency bands 250, 500, 1000 and 2000 Hz, This
doea not nocessarily mean that noipe is reduced by the amount
of the NRC value, NRC values are published for all acountical
materials manufacturcd and distributed by mesbers of the
Acountical and Insulating Materials Aspociation, 205 W. Touhy
Avenue, Park Ridge, Illinois 60068,

An NRC of 0,65 to 0.Th can be met by mout perforated, fissurad
or textured ncountic tiles or panels of 3/hein. or l=in. thick-
neas or by most perforated panels containing at least 1 in,
thick layers of glass fiber or mineral wool.

An HRC of 0,75 - 0.85 coan be met by most 2-in, thick layers of
acoustic abnorption materiul or by most 3/4-in. or l-in. thick
acoustic materinls spaced at leant 2 in. away from the wall or
10 in. awsy from the ceiling from which they are supported.
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TABLE 20
REDUCTION OF SPL (IN DB) IN GOING FROM NORMALIZED
3-FP DISTANCE TO A GREATER DISTANCE "D"
IN A ROOM HAVING A ROOM CONSTANT "R"

180

ROOM DISTANCE "D" (IN FT) FROM EQUIPMENT
i CONSTANT
. lIRll

{in 8q. ft) 5 10 15 20 30 Lo 60

100 0 1 1 1 2 101

200 1 1 1 1 2 11

320 2 2 2 2 2 2 2

500 2 3 3 L L L i

700 2 3 L k 4 5 5

1000 2 " 5 5 6 6 6

2000 3 6 T T 8 8 8

3200 Y 7 8 8 9 10 1

5000 N 8 9 10 1 12 12

7000 b 8§ 10 11 1122 13 1k

10000 Y 9 11 12 13 14k 15

20000 5 1 12 1% 16 17 19

50000 5 10 13 16 18 21 23

INFINITE 5 11 1% 17 20 23 26

L
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TARLE 21

TM 5~805-4

APPROXIMATE TRANSMISSION LOSS (IN DB) OF DENSE POURED
CONCRETE# OR SOLID-CORE CONCRETE BLOCK OR MASONRY

OCTAVE
FREQUENCY

(Hz)

BAND

31
63
125
250
500
1000
2000
kooo
8000

b

AﬁgRDXIMATE SURFACE WEIGHT {LB/SQ FT)

29
32
34
25
37
L2
Lo
55
60

10

THICKNESS OF CONCRETE OR MASONRY (IN.)
8

12

16

2 96 120 b 192
32 33 34 35 36
33 34 35 36 37
5 36 37 38 39
26 28 ko L1 L3
Lo 43 L5 47 50
he 50 52 54 56
53 56 58 59 61
58 61 63 6l 66
63 66 68 69 T0
TABLE 22

APPROXIMATE TRANSMISSION LOSS (IN DB) OF HOLLOW-CORE

OCTAVE
FREQUENCY

BAND
(nz)

31
63
125
250
500
1000
2000
4000
8000

# 1.
2!

4

DENSE# CONCRETE BLOCK OR MASONRY

10

APPROXIMATE SUEFAGE WEIGHT
L

28 36 W 52
a4 26 28 30
29 30 3l 32
32 33 33 34
33 34 35 36
34 35 36 38
37 39 Ll 43
L2 Y L8 50
49 52 5h 56
55 57 59 6l

THICKNESS OF CONCRETE OR MASONRY (IN.)
6 8

12

16

{(LB/eq FT)
60 176

iy

31
32
3k
36
39
L5
52
58
63

"Dense" concrete = 110-150 lb/eu ft denaity

For applications involving "transmission losa" as an
acouastic requirement, do not use "einder bloek" or
other lightweight porous block material.

ety

32
33
a3
37
L2
48
35
60
65
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TABLE 23

APPROXIMATE TRANSMISSION LoSS (IN DB)
OF CONVENTIONAL STUD-TYPE PARTITIONSl

CQCT'AVE STANDARD STAGGERED IMPROVEMENT
FREQUENCY WooD STUD,, WOOD STUD3 WITH
BAND PARTITION PARTITION INSULATION
(12)
31 10 12 1
63 15 17 1
125 20 22 2
250 26 30 3
500 34 38 4
1000 40 44 )
2000 45 47 5
4000 43 L5 5
8000 45 L7 5
1, Partitions made with 2-1/2 in, to 3-1/2 in. wide steel

182

studs will approximate the values given here for wood-
atud constructicn,

2x4 wood studs on 16 in. centers, nalled to 2x4 wood
plates; 5/8 in; thiclk gypsum board nalled on both sides
of itugs; £111 and tape Jolnts and edges, finish as
desired.

2x4 wood studs staggered on 2x6 wood plates, alternate
atuds supporting separate walls of 5 in, thick gypsum
board; all-nalled constructloen, studs for each wall on
156 in, centers; fill and tape joints and edges, finlsh
ag desired,

Installation of either (a) 1/2 in, thick glass fiber
board or metal spring cllps hetween studs and gypsum
board, or {b) min, 1-1/2 1in, thick limply supported
llghtwelght insulation in alr space between partltions
will produce improvement indicated. [For staggered
partitlion, use of both types of insulation will produce
twice the improvement shown in the table. Add the "im-
proyement values" to the TL of the stud partition to
whlch the insulation has been added.

B Y R
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TABLE 24
APPROXIMATE TRANSMISSION LOSS (IN DB)
O0F FILLED METAL PANEL PARTITION AND
TYPICAL INDUSTRIAL ACOUSTIC DOORS

TYPICAL ACOUSTIC DOORS®

QCTAVE FILLED
FREQUENCY METAL
BAND PANEL 4m pHICK 6" THICK
(H2) PARTITION:
31 19 27 33
63 22 29 35
125 26 33 37
250 31 36 39
500 36 42 Lo
1000 43 47 50
2000 48 53 56
4000 50 56 61
8000 52 59 65
1. 00nstructed of two 18 ga. steel panels filled with
3 4in., thickness of 6-8 lb/cu rt glass fiber or rock
wool; Jolnts and edges sealed alr~tight,
2, Industrial type acoustic doors typlcally constructed

of sheet steel exterior facings, 1 in, plywood under
the sheet steel, densely packed filler of glass flber
or rock wool; heavy framing and hardware; double
gasket seals all around door edges. ”Studio-type"
acoustic doors usually not as thilck and heavy, with
more elaborate finlsh detalls.
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TABLE 25
APPROXIMATE TRANSMISSION LOSS (IN DB) OF GILASS WALLS OR WINDOWS #
OCTAVE THICKNESS OF GIASS (IN.)
FREQUENCY 1/8 1/h 1/ 3/4
BAND APPROXIMATE SURFACE WEIGHT (LB/SQ FT)
(uz) 1 3 b 10
31 0 5 11 14
63 5 11 17 20
125 11 17 23 2y
250 17 23 25 25
500 23 25 26 a7
1000 25 26 27 28
2000 26 27 28 29
Looo 27 28 30 33
8000 28 30 36 39

# Special laminated safety gless containing one or more viscoelastic
layers sandwiched between glass panels will yield 3-8 dB higher values
than given here for single thicknesses of glass; available in
approximately 1/b4 in. toc 5/8 in. thicknesses.

TABIE 26
APPROYTMATE TRANSMISSION LOSS (IN DB} OF DOUBLE~GLASS WINDOWS#

OCTAVE
FREQUENCY GLASS - AIR SPACE - GIASS THICKHESSES
BAND { INCHES)
(Hz) hada E P R h-6-X
31 13 1k 15
63 18 19 20
125 23 23 2k
250 24 25 28
500 ay 27 31
1000 26 3 37
2000 28 34 Lo
hooo 30 37 k3
8ooo 36 42 46

## Thermal-insulation double-glass windows typically have 1/4 in. to
1 in. sealed air space between 1/k in. to 3/8 in. glesa penels. Fer
larger air spaces, individual glass panels should be mounted separ-
ately Iin rubber or neoprene gaskets, For large temperature differ-
ences across the window, provide desiceant or small ventilation ports
in the inner space to eliminate condensation on the cold glass,
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TABLE 27

APPROXIMATE TRANSMISSION LOSS {IN DB)

OF WOOD* OR PLYWOOD

(4 LB/SQ FT/IN, SURFACE DENSITY)

OCTAVE THICKNESS OF WOOD OR PLYWOQD (IN,)
FREQUENCY 1/4 1/2 1 2 b
BAND APPROXIMATE SURFACE WEIGHT (LB/SQ FT)
(HzZ) 1 2 4 8 16
| 31 0 0 5 10 16
63 0 4 11 15 18
125 5 10 16 17 19
250 11 15 18 19 20
500 16 17 19 20 26
1000 18 19 20 26 32
2000 19 20 26 32 37
4000 20 26 32 37 41
8000 26 32 37 Uiy 45

1., Wood constructlion requires tongue-and-groove joints,
overlappling Jjolnts, or seallng of Joints agalnst alr
leakage. FPFor Intermediate thicknesses, interpolate
between thicknesses glven in table.

2, TFor 2 1n, solild wood doors that are well-gasketed
all around, these values of TL may be used,
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TABLE 28

APPROXIMATE TRANSMISSION LOSS (IN D3)

OF DENSE# PLASTER
(9 LB/5Q FT/IN, SURFACE DENSITY)

OCTAVE THICKNESS OF PLASTER (IN.)
gﬁ%%UENCY iéE’ROXIMA‘%E#SURFAC]I:: WEIGHJf %/ LB/SQ F‘%)
(HZ) 4-1/2 7 9 _18
31 9 12 15 18 21
63 15 18 21 24 26
125 21 al 26 27 a7
250 26 27 27 28 28
500 a7 28 28 29 29
1000 28 ag 29 30 33
2000 29 30 33 37 40
Looo 33 37 ho by 47
8000 ko Uiy bt 50 53

#If light-velght non-porous plaster 1s used, these TL
values may be used for equal values of surface welght.
These data must not be used for porous or so-called

"acoustlc plastet™.

If plaster 1s to be used on typical stud wall con-
struction, estimate the total thickness or welght of
the plaster and use the TL wvalues glven here for that
thlckness, but increase the TL values where appropriate
80 that they are not less than those glven in Table 23

for the applicable stud construction,

186
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TABLE 29
APPROXIMATE TRANSMISSION LOSS {IN DR) OF SHEET AIUMINUM
(14 LB/SQ FT/IN. SURFACE WEIGHT)

LIy S
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OCTAVE THICKNESS OF ALUMINUM (IN.)
FREQUENCY /16 1/8 1/h
BAND APPROXIMATE SURFACE WEIGHT (1B/SQ FI)
(Hz) 1 2 3-1/2
31 0 1 i
63 1 7 13
125 7 13 19
250 13 19 23
500 19 23 25
1000 23 a5 26
2000 25 26 27
Looo 26 27 28
8000 27 28 32
TABLE 30

APPROXIMATE TRANSMISSION L0OSS (IN DB) OF SHEET STEEL

(40 LB/SQ FI/IN. SUAFACE WEIGHT)

OCTAVE THICKNESS OF STREL (IN,)
FREQUENCY 1/16 1/8 /4
BAND APPROXIMATE SURFACE WEIGHT (LB/SQ FT)
{HZ) 2-1/2 5 10
31 3 9 15
63 9 15 g1
125 15 21 27
250 21 a7 33
500 a7 33 38
1000 33 38 39
2000 38 39 39
Looo 39 39 37
8000 39 37 Lo

187
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I TABLE 31

: APPROXIMATE TRANSMISSION LOSS (IN DB} OF SHEET LEAD
(60 LB/SQ FT/IN. SURFACE WEIGHT)

I
I
|
* OCTAVE THICKNESS OF LEAD (IN.)

| PREQUENCY 1/16 1/8 3/16 1/4

BAND APPROXIMATE SURFACE WEIGHT (LB/SQ FT)

1‘ {uz) ) T 11 15

| 3l T 13 16 19

¥ 63 13 19 a2 25

125 19 as 28 31

i 250 25 3 3h 37

500 31 37 ] L3

1000 37 43 46 49

2000 43 ko 51 53

hooo kg 53 54 55

8000 53 55 55 55

TABLE 32

APPROXIMATE WALL OR FLOOR CORRECTION TERM "C"
FOR USE IN THE EQUATICN NR = TL + "¢"

(Select nearest integral value of C)

RATTO "o RATIO figh RATIC el
5y/Rs (aB) 5,/8, (a) S/Rs {aB)
0.00 +6 1.7 -3 15 =12
c.o7 +5 2.2 -4 20 -13
0,15 +i 2.9 =5 25 -1h
0.25 +3 3.7 -6 31 =15
B 0.38 +2 bt -7 ko -16
: 0.5k +1 6.1 -8 50 =17
0.5 0 (i -9 63 =18
1.0 -1 9.7 =10 8o -19
1.3 -2 12 -11 100 -20
S\-I ig the area of the wall or floor (in sg ft) common to the

"ransmitting" and "receiving" rooms.

R, is the Room Constant of the "receiving" rocm; . include low
frequency values of RE'
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= TABLE 33
i
APPROXIMATE TRANSMISSION LOSS OF A
i WALL CONTATNING DOORS OR WINDOWS
L
i DOOR OR WINDOW IF TL OF DOOR . THEN, EFFECTIVE TL
. AREA AS PERCENT OR WINDOW IS OF COMPOSINE WALL
i OF TOTAL WALL LESS THAN TL IS LESS THAN TL OF
_ {[4 AREA OF WALL BY ORIGINAL WALL BY
i Lo% 3 as 1 a8
§ 6 h
10 T
- 15 11
20 16
20% 3 1
[ 2
10 b
15 9
20 13
10% 3 0
6 1
b 10 3
o 15 6
: - 20 10
) ' 5% 3 0
6 0
10 1
15 L
20 8
3 21 3 0
6 0
20 1
15 2
20 5
1% 3 0
6 0
10 0
15 1
20 3
! | 169
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TABLE 3}
APPROXIMATE TRANSMISSION 10SS (IN LB)
OF TYPE 1 FLOOR-CEILING COMBINATION
(SEE PAGE I8 OF TEXT FOR DESCRIPTION OF TYPE 1)

OCTAVE THL.CKNESS OF DEINSE CONCRETE SLAB (IN.)
FREQUENCY 6 8 10 12
o BAND APPROXIMATE SURFACE WEIGHT (IB/S5q FT)
(Hz) T2 =13 120 1hh
j D e
i
§ 3 32 33 3h 35
f 63 33 3h 35 36
: 125 35 36 37 38
L 250 6 38 L L
} 500 o b3 45 bt
i 1000 L6 50 52 54
g 2000 53 56 58 59
‘ 4000 58 61 63 6h
! 8000 63 66 68 69
i TABLE 35

APPROXIMATE TRANSMISSION LOSS (TN DB)
OF SOME TYPE 2 FLOOR-CEILING COMBINATIONS
{SEE PAGE L9 OF TEXT FOR DESCRIPTION OF TYPE 2)

THICKNESS OF DENSE CONCRETE SLAR (IN,)

OCTAVE 6 8 10 12
FREQUENCY AIR SPACE BEYWEEN SLAB AND SUSPENDED
BAND ACOUSTIC CETLING (IN.)
(HZ) 15 18 24 ak
1 33 35 37 38
63 35 37 390 ho
125 38 ho L2 43
250 Lo k3 L6 L1
500 by kg 52 5l
1000 52 57 60 62
2000 59 63 66 67
; oo 64 68 T1 72
8000 69 73 6 7

190
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TABLE 36
APPROXIMATE TRANSMISSION L0SS (IN DB)
OF SOME TYPE 3 FLOOR-CEILING COMBINATIONS
{SEE PAGE, L9 OF TEXT FOR DESCRIPTION OF TYFE 3)

THICKNESS OF DENSE CONCRETE SLAB (IN.)

OCTAVE 6 8 10 12
FREQUENCY ATR SPACE BETWEEN SLAB AND SUSPENDED
BAND “HIGH TL" ACOUSTIC CEILING (IN.)

{HZ) 15 18 2l 2k
3l 36 38 Lo 1
63 38 Lo k2 43

125 I h3 L5 4o

250 43 hé Lo 50

500 48 52 55 57

1000 55 60 63 65

2000 62 66 69 70

Looo 67 71 Th 75

8000 12 16 79 80

TABLE 37

APPROXTMATE TRANSMISSION LOSS (IN DB)
OF SOME TYPE 4 FLOOR-CEILING COMBINATIONS
{SEE PAGE 40 OF TEXT FOR DESCRIPTION OF TYPE k)

THICKNESS OF DENSE CONCRETE SIAB [(IN.)

8 10 12

AIR SPACE BETWEEN SIAB AND RESILIENTLY
OCTAVE SUSPENDED PIASTER CREILING (IN.)
FREQUENCY 18 2) 30 30

BAND THICKNESS OF DENSE PLASTER CEILING (IN.)
{HZ) 1 1 % 2
3 39 h1 bl L5
63 h1 h3 46 h8
125 hs 47 50 53
250 W7 50 5h 5T
500 52 56 60 6h
1000 50 64 68 T2
2000 66 70 Th 77
looo 71 75 78 82
Boo0 T6 Bo a4 87
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1.

2.

3

152

TABLE 38
APPROXIMATE TRANSMISSION LOSS (IN DB)
OF SOME TYPE 5 FLOOR-CEILING COMBINATIONS
(SEE PAGE 50 OF TEXT FOR DESCRIPTLON OF TYPE 5)

FOR FLOATING FLOOR SIAB OF 3 IN. THICKNESS SUPPORTED RESILIENTLY
2 IN. ABOVE STRUCTURE SLAB: ADD 3 DB TO TABLE 37 VALUES

FOR FLOATING FLOOR SIAB OF 4 IN, THICKNESS SUPPORTED RESILIENTLY
2 IN. ABOVE STRUCTURE SLAB: ADD 4 DB TO TABLE 37 VALUES

FOR FLOATING FLOOR SIAB OF 5 IN. THICKNESS SUPPORTED RESILIENTLY
2 IN. AROVE STRUCTURE SLAR:  ADRD 5 DB TC TADLE 37 VALUES

THE 3, I AND 5 DB INCREMENTS GIVIN HERE FOR 3, b AND 5 IN. WHICK
FLOATING SLABS MAY ALSO BY USED WHEN A FLOATING SIAB IS ADDED TO
ANY OTHER FLOOR-CEILING COMBINATION SHOWN IN TABLES 3L-36.

TABLE 39
"AREA FACTOR'" ("AF"} FOR USE IN DETERMINING THE PWL
OF AN AREA "A"™ THAT TRANSMITS SOUND LEVEL SPL

PWL (in aB re 10724} = 8PL + (10 log A - 10)

= BPL + "AF"

AHEA IIAIl "A,F" AREA "A" "AF" AREA nAn “AF“

{sq ¥1) (oB) (sq FT) (DB) (sq F7) (DB)
1.0 =10 6.3 -2 40 6
1.29 =9 8 -1 50 T
1.6 -8 10 o} 63 8
2.0 -1 12,5 1 80 9
2.5 -6 16 2 100 10
3.2 -5 20 3 125 11
h.o . 25 L 160 12
5.0 -3 32 5 200 13

N
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TABLE 40
THE NATURAL FREQUENCY OF AN ISOLATOR

AS A FUNCTION OF ITS STATIC DEFLECTION
UNDER LOAD

o T
TR L S L

A

LU S

SRR T AT pn e

)

Fiibt

B Tl s

o=

b g

FYPSRPE PR

_ 1
Fp=3137g7p, M2

STATIC NATURAL
DEFLECTION FREQUENCY
(IN.) (Hz ) (CcPM)
0.02 22 1320
0.0l 15.7 940
0.06 12.8 770
0.1 10 600
0.2 7 420
0.3 6.0 360
0.4 5.0 300
0.6 4.0 240
0.8 3.5 210
1.1 3.0 180
1.2 2.8 168
1.4 2.6 156
1.7 2.4 144
2.0 2.2 132
2.4 2.0 120

-f 1
188 5D, CEM

NATURAL
FREQUENCY

STATIC
DEFLECTION
(IN.)

(Hz)

(cem)

2.7
3.0
3.4
3.8
4.4
5

6

7

8
10
12
15
20
a7
39

1.9
1.8

1.7
.6

2

O © 0 o o H H H P B opoE
=

M O 9 W O R R oW

114
108

193

102
96
90
84
78
72
66
60
54
48
42
36
30
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TABLE L1
RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
RECIPROCATING~-COMPRESSOR REFRIGERATION EQUIPMENT ASSEMBLY

{INCLUDING MOTOR, GEAR OR STEAM TUHBINE DRIVE UNIT)

EQUIPMENT CONDITIONS MOUNTING RECOMMENDATIONS
EQUIPMENT| COOLING SPEED COLUMN
IOCATION | CAPACTTY RANGE  |[coLuMy | corumn 3

(TONS) (RPM) 1 a 3g' | uor | sq
600-900 11T an
001-1200 IIX "
o 10-50 1201-2400 III 1"
GRADE 600-900 II 2=3 2::
SLAR . 5011200 1T 2
51-175 1201-2400 III 1"
600-500 IT 2-3 2" 3" b
oN 10-50 901-1200 II 2.3 BECLIN -4 3!
UPPER 1200-2%00 II 2-3 | B | 2
FLOOR 600-900 II N N T
Agggm 51-175 901-1§oo 11 3-4 am | 3" i
- 01-240 T 2~ am | av
CRITICAL 1201-2400 ! 3 3
AREA
£00-300 I 34 3" B "
on 10-50 901-1200 II 34 2" 3" Iy
UPPER 1201-2400 I 2-3 2" 2" 3"
FLOOR 600-900 I b6 | 3" | "
ABOVE 51-175 901-1200 1T 3-5 a2m | 3" b
Cﬁg‘m 1201-2400 II 3k an | ot 3"

COL 1: MOUNTING TYPE (SEE TEXT)

COL 2¢ MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPFORTED LOAD

COL 3: MINIMUM STATIC DFFLECTION OF STABLE STEEL SPRINGS IN INCHES
FOR INDICATED FLOOR SPAN IN FEET
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TABLE L
RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
ROTARY-SCREW~-COMPRESSOR REPRTCERATION EQUIPMENT ASSIMBLY
(INCLUDING MOTOR DRIVE UNIT)

™ 5-805-4

EQUIPMENT CONDITIONS

MOUNTING RECOMMENDATIONS

EQUIPMENT
LOCATION

COCLING
CAPACTTY
(moNs)

SPEED
RANGE
(RPM}

COLUMN
1

COLUMN
a

COLUMN

3o | Lot [ sQr:

100~500

2500-4800

III

l"

ON
SLAB

ON
UPPER

100-500

24004800

III

1" 135"

2"

FLOCR
ABOVE
NON-

CRITICAL
AREA

ON
UPPER

100-500

2hoo-h 800

II

2-3

1” l;‘,_"

2"

FLOOR
AEBOVE
CRITICAL

AREA

COL 1: MOUNPING TYPE (SEE TEXT)
COL 2: MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPPORTED LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SFRINGS IN INCHES
FOR INDICATED FLOOR SPAN IN FEET
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TABIE L3
RECOMMENDED VIBRATIOR ISOLATION MOUNTING DETAILS FOR
CERTRIFUGAL-COMPRESSOR REFRIGERATION EQUIPMENT ASSEMBLY

{ INCLUDING CONDENSER AND CHILLER TANKS AND
MOTOR, GEAR OR STEAM TURBINE DRIVE UNIT)

.

{

EQUIPMENT CORDITIONS | MOUNTING RECOMMENDATIONS
UTEM COOLING SPEED COLUMN
?gcﬁﬁﬂ'r CAPACITY RANGE [lcoruMy | corumn 3
{Tons) (RFPM) 1 2 a0t | ot | st
100=500 | OVER 3000 ([ III 3/40
ox
BGIM“‘DBE 501-4000 | OVER 3000 fj ILI 1"
ON 100-500 | ovER 3000 || IIt | " | e
UPPER
ﬁg&g 501-4000 [ OVER 3000 || III Lght 2" 3"
NON- PACKAGED
CRITICAL
AREA 501-4000 | OVER 3000 II 2-3 | et K
BUILT-UP
oN 100-500 | ovER 3000 || II 2-3 2" | e 3"
UPPER
FPLOOR
ABOVE 5014000 | OVER 2000 IT 3-5 13" [ v e\l
CRITICAL
AREA
COL 1: MOUNTING TYPE (SEEC TEXT)
COL 2: MINIMUM RATIO OF WEIGHP OF INERTIA BLOCK M0 TOTAL
WEIGHT OF SUPPORTID LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS IN INCHES
FOR INDICATED FLOOR SPAN IN FEET
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TABLE bl
RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
ABSORPTION-TYPE REFRICERATION EQUIPMENT ASSEMBLY

™ 5-8053-4

EQUIEMENT CONDITIONS MOUNTING RECOMMENDATIONS
IPMENT| COOLING SPEED COLUMN
EEATION CAPACTTY RANOE {ICOLUMN | COLUMN 3
. {TONg ) (RFM) 1 2 20t | ot | e
ALL BIZES v gt
oN
GRADE
SLAB
o ALL SIZES IIT M 34" 1
UPPER
FLOOR
ABOVE
NON-
CRITICAL
AREA
o ALL SIZES TIT LU I TP -1
UPPER
FLOOR
ABOVE
CRITICAL
ARFA
COL 1: MOUNTING TYPE (SEER ‘TEXT)
COL 2: MINIMUM RATIO OF WEIGHI OF INERTIA BLOCK T0 TOTAL
WEIGHT OF SUPPORTID LOAD
COL 3: MINIMUM STATIC DEFLECTION OF ISOLATORS IN INCHES
FOR INDICATED FLOOR SPAN IN FEET
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TABIE 4%
RECOMMENDED VIBRATION ISOLATION MOUNTING DETATIS FOR
BOTLERS

EQUIEMENT CONDITIONS MOUNTING RECOMMENDATIONS
IQUIPMENT| HEATING SPEED COLUMN
LOCATION | CAPACITY RANGE |[conuMn | corumny

_(BHP) (e |2 2 3 | nor | sor
UNLER 200 — NOT REQUIRED
oN
CRADE
SLAB 200-1000 v 178"
OVER 1000 v /4"
oN UNDER 200 T /8" | H" N
UPPER
FLOOR
ABOVE 00~1000 111 no | g g
NON- 2 W% 1
CRITICAL
ARFA
OVER 1000 1T LA N an
ON UNDER 200 IIT 3" i 1"
UPPER
FLOOR
ABOVE 200-1000 11 e | e
CRITICAL
AREA
OVER 1000 IIT " " g

COL 2: MOUNTING TYPE (SEE TEXT)

COL 2: MINIMIM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL

WEIGHT OF SUPPORTED LOAD

CoL 3: MINIMUM STATIC DEFLECTION oF ISOLATORS IN INCHES
FOR INDICATED FLOOR SPAN IN FEET
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TABLE 46
RECOMMENDED VIBRATION ISOLATION MOUNTING DETATLS FOR
) PROPELLER-TYPE COOLING TOWERS

(WHERE SEVERAL TOWERS ARE PLACED AT THE SAME GENERAL LOCATION,

USE POWER RANGE FOR TOTAL POWER OF ALL TOWERS )

™ 5-805-4

EQUIPMENT CONDITIONS

MOUNTING RECOMMENDATIONS

POWER COLUMN
EQUIPMENT FAN
LOCATION R?gg.;g ‘SPEED COiﬂMN COEUMN
(REM) or | nor | so
VIBRATION ISOLATION USUALLY NOT REQUIRED
ON
GRADE
SIAB
150-300 5" | SPRINGS
ON UNDER 25 301~600 Vv INSTALL 3" MAY BE
UPPER OVER 600 CN 3" LOCATED
FLOCR 150-300 DUNNAGE é" UNDER
Agggm 25-150 301-600 vV ATTACHED " DRIVE
- 0 SSEMBLY
CRIPTOAL OVER 60 TO 3 A
AREA 150-300 BUILDING 6" | OR UNDER
OVER 150 301-600 v COLUMNS gY TOWER
OVER 600 ONLY B BASE.
SAME AS FOR LOCATION ABOVE NON-
ON CRITICAL AREA, EXCEPT INSTALL
UPPER RIBBED OR WAFFLE-PATTERN NEOPRENE
FLOOR BETWEEN TOWER AND BUILDING,
ABOVE
CRITICAL
AREA

COL 1: MOUNTING TYPE (SEE TEXT)

COL 2: MINIMUM RATIO OF WEIGHT OF INMRTIA BLOCK TO TOTAL

WEIGHT OF SUPPORTED LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STARLE STEEL SPRINGS IN INCHES
FOR INDICATED FLOOR SPAN IN FEET
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TABIE k7
RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
CENTRIFUSAL~TYPE COOLING TOWERS
(POWER IS TOTAL OF ALL FANS AT THE SAME GENERAL LOCATION)

EQUIPMENT CONDITIONS MOUNTIKG RECOMMENDATIONS
FOWER COLUMN
EQUIPMENT FAN
(RPM) jO'J Lot | &g
VIBRATION ISOIATION USUALLY NOT REQUIRED
oN
GRADE
BIAB
450900 " oue | a2
ON UNDER 25 9011800 I1I 34" A 13"
UPPER OVER 1800 /A A" | 1AM
FLOOR 1&50-900 135" an 3!:
Agg;“’ 25-150 901~1800 || 1II AN IS EVLI
- " n k!l
CRITICAL OVER 1800 3/h 1 14
AREA h50_900 " 1 hn
OVER 150 901-1800 III 1" 2" "
OVER 1800 1" " 2"
450-900 1" a" K\
oN WNDER 25 901-1800 III PR a"
UPPER OVER 1800 /w1t oy
FLOOR hso_goo 2" 3" hll
cﬁg‘:’gu 25.150 901-1800 || 1II StV UL B\
0 n 1 [}
AREA VER 1800 1 s 2
450900 M [ g
OVER 150 9011800 IIt 1" 2" 3"
OVER 1800 DAL I L L -
COL 1: MOUNTING TYPE (SEE TEXT)
CoL 2: MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPFORTED LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS IN INCHES
FOR INDICATIED FLOOR SPAN IN FEED
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TABLE U8
RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
MOTOR-PUMP ASSEMBLIES

™ 5-805-4

EQUIPMENT CONDITIONS

MOUNTING RECOMMENDATIONS

POMER SPEED COLUMN
U TPMEN
E,gcﬁmf Rfng RANGE ||COLUMN | COLUMN 3
! (RPM) 1 2 agr | ot | spr
450-900 II 1-2% 134"
UNDER 20 901-1800 IT OR TIT 2+ 1"
oN 1.802-3600 II OR III 2% b
CRADE 450~900 II 2~3 21"
SLAB 20-100 9011800 11 132k "
1801-13600 11 13-03 3/L"
450-900 II 2-3 2"
OVER 100 9011800 II 2-3 1
1801-13600 b 13-2%5 1"
450-900 I 2-3 " 2" "
ON UNDER 20 9011800 II 1323 b M an
UPPER 1801-3600 TI 1323 [3/W" i 1"
FLOOB hso_goo II 2_3 1;{! 2" 3"
Agg’r"E 20-100 901-1800 II 2-3 ey u | 2"
- - Tt
CRITICAL 1801-3600 I 13553 1 hE 2
ARFA 450900 I 3-h an 3" Iy
OVER 100 901-1.800 TI 2-3 3" a" 3"
2801-3600 TI 2.3 b BN e
450900 II 3-4 13" at 3"
ON UNDER 20 901-1800 I 2-3 1" 2
UPPER 1801-3600 Il 2-3 3/4" 1" 15"
FLOOR 450-900 11 <SR LI I L
ABWEAL £0-100 g901~1800 | IT 2-3 | 2" |
CREn 1801-3600 [ 1T [ 23 [1% | 2 |2t
1450-900 11 3-4 3" Ny s
OVER 100 901-~1800 I 2-3 ot 3" yn
1801-3600 TI 2a3 1" a" 3"

COL 1: MOUNTING IYPE (SEE TEXT)
COL 2: MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPPORTED LOAD

COL 3: MINIMUM STATIC DEFLECTION OF STARLE STEEL SPRINGS IN INCHES
FOR INDICATED FLOOR SPAN IN FEET
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TABLE L9

RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
STEAM-TURBINE-DRIVEN ROTARY EQUIPMENT,
SUCH AS GEAR, GENERATOR OR GAS COMPRESSOR

(USE TABLE 41 FOR RECIP. COMPR. DRIVEN BY STEAM TURBINEj;
USE TABLE 43 FOR CENTR., COMPR. DRIVEN BY STEAM TURBINE)

FQUIPMENT CONDITIONS MOUNTING RECOMMENDATIONS
POWER SPEED COLUMN
EQUIFMENT) o, vor FANGE  [[COLUMN | COLUMN 3
LOCATION () (REM) 1 p
30" Lot l 501
500-1500 OVER 3000 III Al
oN
GRADE "t
STAD 15015000 OVER 3000 III B
5001-15000) OVER 3000( III an
ON 500-1500 OVER 3000 II 2.3 a %" 2"
UBPER
FLOOR .
Agggm 1501-5000 { OVER 3000 1T 2-3 LU -1 3"
CRITICAL
AREA
5001-15000| OVER 3000 I 2-3 2" 3" §v
oN 500-1500 OVER 3000 11 3.5 1" 15" 2"
UPPIR
~ PLOOR
ABOVE -5000 | OVER 3000ff II -5 L - 3"
CRITICAL 1501=5 3 3 5
AREA
5001~15000| OVER 3000 I 35 2" 3" b
COL 1: MIUNTING TYPE (SEE TEXT)
COL 2: MINIMUM RATIO OF WEIGHP OF INFRTIA BLOCK TO TOTAL
WEIGHT OF SUPPORTED LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS IN INCHES

FOR INDICATED FLOOR SPAN IN FEET
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TABLE 50
RECOMMENDED VIBRATION ISOLATION MOUNTING DETAILS FOR
TRANSFORMERS

™ 5-805-4

EQUIPMENT CONDITIONS

MOUNTING RECOMMENDATIONS

D TMENT| POWER SPEED COTUMN
]x:ggiTION RANGE RANGE COLUMN | COLUMN 3
(xvA) ®eM) | 2 2 T
UNDER 10 v 1/8"
oN
GRADE
SIAB 10-100 v 1/8"
CVER 100 Iv 1/
on UNDER 10 Iv 1/8" " ol
UPPER
FLCOR
ABOVE 10-100 11T " ;é" 3"
NON-
CRITICAL
EA
AR CVER 100 IIL o 3 3
oN UNDER 10 TII ol | g
UPPER
PLOOR
ABOVE 10=100 ' TIX ;ﬁrr 3/1}“ l“
CRITICAL
AREA
OVER 100 III 1" 10 "

COL 1: MOUNTING TYPE {SEE TEXT)

CoL 2:

WEIGHT OF SUPFORTED LOAD
CoL 3: MINIMUM STATIC DEFLECTION OF ISOLATORS IN INCHES
FOR INDICATED FLOOR SPAN IN FEED

MINIMUM RATIO OF WEIGHT OF INERTIA BLOCK TO TOTAL
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TABLIE 51

RECOMMENDED VIBRATION ISOLATION MOUNTING DETALLS FOR
ONE~ OR TWO-CYLINDER RECIPROCATING-TYPE AIR COMPRESSORS
IN THE 10-100 HP SIZE RANGE

EQUIPMENT CONDITIONS MOUNTING RECOMMENDATIONS
POWER SPEED COLUMN
BQUIPMENT
o RANGE RANGE  [[COLUMN | coLumn 3
(RFM) 1 2 301 | ungr | sot
300600 I L-8 ey
UNDER 20 | 601-1200 || I 2-4 an
on 1201-2400 || I 1-2 1"
GRADE 300~600 I 6-10 5"
SLAB 20-100 go1-1200 || 1 3-6 "
1200~2h00 | I 2-3 23"
300600 NOT RECOMMENDED
oN UNDER 20 | 601-1200 || 1 3u6 ¥ | no#t | no#
UPPRR 1201-2400 f| T 2-3 | 2" y | no#
FLOOR 300-600 NOT RECOMMENDED
“ﬁ&"}m 20-~100 601-1§oo NOT RECOMMENDED p
- " Li]
L 1201~2400 || T 6 3 NO#
AREA
300600 NOT RECOMMENDED
on UNDER 20 | 601-1200 NOT RECOMMENDED
UPPHR 1201-2400 I | 3-6 | A" NO# | NO#
FLOOR
ABOVE 20-100 300-2400 NOT RECOMMENDED
CRITICAL
AREA

COL 1: MOUNTING TYPE (SEE TEXT)
COL 2: MINIMUM RATIO OF WELGH! OF INERTIA BLOCK TO TOTAL
WEIGHT OF SUPPORTED LOAD
COL 3: MINIMUM STATIC DEFLECTION OF STABLE STEEL SPRINGS IN INCHES
FOR INDICATED FLOOR SPAN IN FEET

# *No" INDICATES "NOT RECOMMENDED" FOR THIS COMBINATION OF CONDITIONS

20k
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IN dB RE 16

VIBRATION ACCELERATION LEVEL

TM 5-805-4

-10

- 20

-30 CLEARLY
PERCEPTIBLE

-80 IMPERCEFTIBLE 2.
AS FEELABLE S
VIBRATION =~
=70
-80, 2 4 8 16 N5 63 125 250

OCTAVE BAND CENTER FREQUENCIES (Hz)

FIG. 2 VIBRATION ACCELERATION LEVELS REAR THE ONSET
OF "FEELABILITY"
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VIBRATION ACCELERATION LEVEL IN dBRE 16

T™ 5-805-4
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FI1G, 3 ACCELERATION LEVELS OF A LARGE VIBRATING SURFACE THAT

WILL PRODUCE RADIATED SOUND LEVELS INTO A R
APPROXTIMATING THE SOUND LEVELS OF THE NC CURVES.
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FIG.4  HOISE LEVELS OF RECIPROCATING COMPRESSORS AT 3<FT QISTANCE
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FIG. 6 FPRINCIPAL TYPES OF COOLING TOWERS
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FIG.10 KOISE LEVELS 3 FT FROM AFR COMPRESSORS

(Sugpested design curves for elther reciprocating or

centrifugal type in power range of ]}
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