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PREFACE

This manual has been prepared for the American Gas Association and its
member companies by the acoustical consulting firm of Bolt Beranek and
Newman Inc. This semi-technical manual is directed toward architects,
mechanical engineers, structural engineers, building owners, potential natural
gas customers and gas company personnel.

Noise of reciprocating and turbine engines, fueled by natural gas and liquid

-+ fuel, can be controlled, and many successful installations throughout the

country attest to this. This manual provides data, guidelines and procedures
for the design of quiet installations.

Although the engine noise data summarized in this manual represent a rather
thorough study of over 120 turbine and reciprocating engines, there is no
intention to suggest that these data are so complete that they could form the
basis for setting up a “standard” on engine noise, This is not the objective of
this manual. In fact engine noise data are offered only to permit a quantita-
tive approach to noise control, Please do not consider this manual as any
type of industrial **standard’ on engine noise!

In providing this manual to the engingering puhlic, neither the American Gas
Association nor its member companies nor Bolt Beranek and Newman Inc,

assumes any legal or technical responsibility for any designs based on the use
of the manual.

The author wishes to thank A.G.A, and members of its Prime Mover and
Large Tonnage Air Conditioning Sales Promotion Committee and James J,
Kennedy, A.G.A. Manager of Prime Mover and Large Tonnage Promotion,
for their interest and assistance in the preparation of this manual.

LAYMON N. MILLER

BOLT BERANEK AND NEWMAN INC,
March 1969
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In Caterpitlar Technical Center, engines are tested in test

cell beside each control room, Both rooms have liberal use of
ecoustical absorption materfal to reduce noise Jevels,
Double-glass viewing window and sepoarate doars from each
room into common cortidor further reduce noise transmission
into control room. When Inside test cell, engineers and
operators wear ear protection, (Photograph is courtesy of
Carerpiliar Tractor Company.}
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(Above) Animated flow diagram end viewing orea are separated
from turbine engine room noise with glass walls in total energy
instatlation at Mountain Fuel and Supply Company’s office
building in $alt Lake City, {Photograph is courtesy of
AiResearch Manufacturing Divition, ) (Below} Vertical boxes

at rear of turbine engine cabinels are exhaust-hear water
heaters which ultimately heat and coc! building, Waste-heat
recovery units usually provide significant amount of reduction
of engine exhaust noise. {Photograph is courtesy of AiResearch
Manufacturing Division. )
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OUTLINE OF MANUAL

The introduction of the on-site total enerpy
plant represents an important step forward in
the continuing program to develop, improve
and simplify the uses of natural gas energy in
buildings. Other literature on the subject
treats the development and uses, economics
and growth, and engineering and operation of
tota! energy systems. This manual is devoted
to the acoustics—the noise and vibration—of
these instaltations.

In a few of the first installations, enough con-
cern was not given to their noise character-
istics, and those installations have been refer-
red to often since then by opponents of total
energy, In this manual, recommendations are
given for the control of the noise and vibra-
tion of these plants by proper architectural,
engineering and acoustical design,

The designs cover three typical equipment lo-
cations: (1) on a basement or on-grade slab
within a building, where there are no acoustic-
ally critical occupied areas beneath the en-
gine; (2) at an upper floor location in a build-
ing, where there may be acoustically critical
occupied areas above, below or beside the en-
gine installation; and (3) in any location
where concern may have to be piven to the
presence of neighbors near the building that
houses the equipment.

The driving mechanism for these installations

may be either-a reciprocating or turbine en-
gine, and it may be fueled by either naturat
gas or liquid fuel. The driven mechanisms for
these installations may be electric generators,
refrigeration compressors (either reciprocating
or centrifugal), liquid- or gas-transmitting
pumps or compressors, or gears that in turn
drive some of these devices. In most cases,
noise contro] recommendations given here for
the engine will take care of the noise and vi-
bration of the driven mechanism as well.

Because of the fairly general, semi-technical
coverage of this manual, many details and
qualifications are omitted, and the resulting
procedures may not completely solve some of
the more complex noise problems associated
with these power plants, However, the guide-
lines offered by the manual will aid in solving
most of the typical noise problems that may
arise in an ordinary instullation.

There are no simple standard solutions to all
engine noise problems; that is the reason for
this manual, Although ot first reading this
manual may seem unduly complicated, actual
use of the manual is abstracted into the fil-
ling-in of several blanks on several special data
sheets that lead step-hy-step to very specific
design decisions. In this way, small engines
and large enpines, one engine of many en-
gines, a small engine room or a large engine
room, 4 telatively quiet or a relatively noisy
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adjoining area, a nearby or a far-ofl neighbor,
a conservative or a compromise design, a big
problem or a little problem, can be solved
with almost equal simplicity and versatility.
Simple examples along the way help illustrate
the step-by-step pracedures.

Because the manual is intended to solve prob-
lems rather than generate problems, the basic
design procedure is aimed al providing a **con-
servative design® (i.e., one with reasonable as-
surance of achieving a satisfactory solution)
but comments are offered on making some
compromise decisions where they may be de-
sired.

In the step-by-step development of the man-
ual procedures, Section | outlines the basic
noise problem due to engines, describing sim-
ply such necessary terms as **sound pressure
level" and *sound power level™ and present-
ing 8 schedule of “noise criteria used to de-
scribe the acoustic environment in most typ-
ical living and working areas. Section 2 per-
tains to the vibration produced by engines
and distinguishes between “feelable vibra-
tion”™ and *‘audible vibration® or “‘structure-
borne neise,” Section 3 provides quantitative
data on the three principal noise sources of
reciprocating engines; the casing, the exhaust
and the air intake. By means of special data
sheets, an example of each source is illus-

Engine, gear and compressor are installed on massive
concreie lnertia block, which Is then supported by
stee] springs off the floor, This type of installation is
required where large reciprocating engines are located
on upper floors above scoustically critical areas.

trated, Section 4 provides data and examples
of the three principal noise sources of turhine
engines. Also, the casing, the exhaust and the
air intake.

Section 5 provides a brief introduction into
some basic acoustics for indoor situations, in-
cluding how to estimate sound pressure levels
in the engine room, then how to determine
how much sound gets into a room adjoining
the engine room, either on the same floor or
an the floor above or below. This involves the
terms “transmission loss™ and “‘noise reduc-
tion™ of a wall or a floor-ceiling combination,

Several tables of “transimission loss' data are
included because the walls and fioors become
basic design concerns of the archifect and
mechanical engineer, Certain sestrictions on
larpe engines in upper-floor installations are
given at the end of Scction 5 under the head-
ing “*Special Situations."

Section 6 pertains to sound transmission out-
of-doors and includes the noise reduction el-
fects of distance, barriers and dense woods.
Also considered are the directivity of a large
exhaust opening and the noise reduclion of
mufflers for both reciprocating- and turbine-
type engines. Section & also includes noise re-
duction involved in indoor noise escaping out-
doors and outdoor noise coming indoors,

Section 7 discusses tolerances in airborne
noise analysis procedure and offers a schedule
for identifying a design as ‘“‘preferred,”
“acceptable,” “marginal' or “unacceptable.”
Sections 8 and 9 offer vibration isolation rec-
ommendations for reciprocating and turbine
engines, respectively. Section 10 serves to
summarize noise sources and paths, and em-
phasizes the need to treat each one in order to
achieve a successful jnstallation,

At the end of the text, 39 tables of data prav-
ide quantitative material on many aspects of
noise control believed to be required for en-
gine nojse analysis and solution. Finally, nine
data sheets provide step-by-step procedutes
for carrying out most of the necessary calcula-
tions in noise analysis. Copies of these blank
data sheets may be used to work out design
details of each job.
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Section 1
THE NOISE PROBLEM

It is true that reciprocating and turbine en-
gines may be noisy if nothing is done to con-
trol their noise, A bare engine running in a
non-acoustically treated engine room could be
noisy enough to require that ear protectors be
wom by operators in the same room; the
noise could be disturbing to nearby occupants
in the same building, if the engine room does
not adequately confine the noise; and escap-
ing engine noise or enging exhaust noise could
even be a soutce of annoyance to nearby res-
idential neighbors during the quict of the
night.

The degree of disturbance or annoyance of an
intruding, unwanted noise depends essentially
on three things: (1) the amount and nature of
the intruding noise; (2) the amount of back-
ground noise already present before the in-
truding noise occurred; and (3) the nature of
the working or living activity of the people
occupying the area in which the noise is
heard, People trying to sleep in quist sub-
urban homes would not tolerate very much
intruding engine noise, while office workers in
a busy mid-city office could have greater
amounts of noise without even noticing it;
and, finally, factory workers in a cone
tinuously noise manufacturing space might
not even hear a noisy nearby enpine installa-
tion,

1.1 Noise Criteria

It is common practice in acoustical engineer-
ing to rate various environments by “noise
criteria” and to describe these criteria by fuir-
Iy specific noise level vatues. Detailed discus-
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Hundreds of standby generator sets ate located inside
telephone company buildings. An adequate generator set
enclosure, vibration isolation, and suitable muiflers permit
installation in virtwally any part of building. {Photograph is
courtesy of Solar Division, Jnternational Harvester Company.)
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sions of poise crileriz can be found in other
literature!, and only a useful summary of that
material is introduced here. In the interest of
brevity, many important details and qualifica-
tions are omitted. Thus, in a complex prob-
lem, additional reading or acoustical assist-
ance may be necessary.

In Table !, a number of typical indoor living
and working spaces are grouped together into
“categories,” A low category number indl-
cates areas in which relatively low noise levels
are desired; higher category numbers indicate
areas in which relatively higher noise levels are
permissible.

The various indoor areas listed in Table | are
intended to be illustrative; areas that are not
specifically named here can be assigned, from
an acoustic point-of-view, to the various cat-
egories on the basis of their similarity with
the spaces that are named, From time-to-time
in the manval, these areas may be referred to
as the "*noise-sensitive area,” the “acoustically
critical area™ or some other similat term.

Table 1 also includes a “Noise Criterion Desig-
nation” for each of these areas, For example,
Category 1 areas include **bedrooms, sleeping
quarters, hospitals, residences, apartments,
hotels, motels, ete. (for sleeping, resting, re-
laxing)."" This group of activity areas is then
given the noise criterion designation of NC-20
to NC-30.

1.2 Sound Pressure Level (“SPL"}

The ear is sensitive to tiny osciilations of pres-
sure in the air., Sound waves produce these
pressure oscillations, The intensity of sound
waves may be described quantitatively by the
term *“sound pressure level” (abbreviated
“SPL" in the manual and popularly called
sometimes *‘noise level”). Sound pressure

Y For a quantitative discussion of noise ceiteria and noise lovels,
refer to a textbook or reference book an acoustics, such as
“Noise Reduciion,” Leo L. Beranek, Edltar, McGraw-Hill
Book Campany (1960}, “'Handbook of Neise Contral,” CM.
Hamris, Editor, McGrw-Hill Book Company (1954), the
lalest issue of the ASHRAL “Guide and Data Book,” Amer-
ican Society of Heating, Refrigeration and Air-Conditioning
Engineers, Ine,, 345 East 4Tth Sirect, New York, N.Y. 10017
or selected topics of the Joumnal of the Acaustical Society of
America,

levels used throughout the manual are given in
decibels (“dB") relative to the standard refer-
ence pressure of 0.0002 microbar, although
the reference pressure is often omitted.

Human hearing covers a full frequency range
of from about 20 Hz (cps) to 20,000 Hz
(cps)?. In acoustical engineering applications
it Is normal practice to divide this frequency
range into cight “octaves" (as in “‘octaves” of
a piano scale)} and to work with the “octave
frequency bands"” of noise. The octave fre-
quency bands that are in common usage now
are identified by their “center frequencies™ as
follows: 63 Hz, 128, 250, 500, 1,000, 2,000,
4,000, and 8,000 Hz, Actually, each of these
frequencies is the *‘geometric mean fre-
quency,” and the actual bandwidth extends
from 0.7 of the center frequency to 1.4 times
the center frequency. An octave band cen-
tered at 31 ¢ps is sometimes used, but it is not
included here,

In Table 2, actual sound pressure levels (SPL})
are listed lor the eight octave frequency bands
for each of the noise criterion (NC) designa-
tions used in Table 1. In later applications
within the manual, it will be the goal of a
particular “noise contral design™ to meet or
not exceed the noise levels of the appropriate
NC designation for a given critical area. In
applying the indaor NC designations of Table
1, the jower limit of the range for a given
category (for example, NC-20 for Category 1)
should be used for a critical situation, while
the upper limit (or some intermediate value)
may be used for a situation known to be not
so critieal,

A special note of concern is given for the Cat-
egory | and 2 areas of Table 1. For a very
quiet community area or Jor a quiet building
with no internal ventilation system noise, the
NC-20 noise criterion should be applied for
indoor conditions. For a nojsy city environ-
ment outdoors or for a building with a ventil-
ation system known to full in the NC-30 noise
range, an NC-30 noise criterion can be applied

e recently accepted ULS, and nternational standasd unit of
frequency is the "Hertz," abbreviated “Hz." Thus, Hertz has
the same meaning and value as the traditional and familiar
term “cyeles per second™ of *'eps.” The new unlt Hz is used
in this manual,
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to roems other than bedrooms or audito-
riums. For bedrooms or auditoriums or for
situations that do not clearly fall at the NC-20
lower limit or NC-30 upper limit, NC-25 in-
door noise criterion levels should be applied,

1.3 Sound Power Level (“PWL")

The sound pressure level in 3 room is a func-
tion of (1) the “‘acoustics’ of the room and
(2) the strength of the sound source, The
strength of the source may be described quan-
titatively as the “sound power" radiated by
the source, and, when used in the proper
units, this becomes “'sound power level” (ab-
breviated “PWL" in this manual), expressed in
dB relative to the reference power of 10-12
watt?,

3Fot a mare technical descriplion of PWL and SPL refer to an
acoustics iextbook,

In Sections 3 and 4 of the manual, sound
power level data are given for reciprocating
and turbine engines, and engine components.
As a simple analogy, “sound power” of a
source might be likened to the power rating
for &n clectric lamp (e.g., “100-watt™ bulb),
while “sound pressure” might be likened to
the llumination in a room provided by that
electric Jamp, This analagy also helps explain
the role of acoustic absorption in a room.

In a room with white-painted walls and ceil-
ing, @ weak light source will give fairly pood
general illumination, but if the room had only
dark, unreflecting surfaces, the general illumi-
natiori would be very poor, Similarly, 2 sound
power source may produce high or low sound
pressure levels in a room depending on the
degree of abserption or reflection of the sur-
faces inside the room. The acoustics of the
room are discussed more quintitatively in
Section 5.
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Section 2
THE VIBRATION PROBLEM

The vibration praduced in a building by an
operating machine can manifest itself in two
wiays to a person in that building: (1) by
being *feeluble’”™ and (2) by being *‘audible.”
Building structures and the earth are good
transmitters of vibrational energy, and if the
transmitted vibration is intense enough, it will
be **feclable™ as vibration. If the vibration is
not intense encugh to be “feelable,” it may
still be “audible."

In a very quiet environment, a large vibrating
surface can radiate “‘sudible™ sound when its
vibration level is only {/100th to 1/1,000th
of that required to be feelable. In fact, a wall
that vibrates with an unfeelable amplitude of
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approximately one millionth of an inch can
still be fleard to radiate sound in a very quiet
room.

Thus, it is not enough just to prevent an en-
gine from producing feelable vibratien in a
building; it is usually necessary to reduce
buliding vibration to a level much lower than
this in order that building occupants will not
hear the nolse radiated by the vibrating walls,
floors, ceilings, columns, beams, doots, win-
dows, etc, It is this type of vibration that is
known as “structure-borne noise.”

When designing or specifying a vibration isola-
tion mounting assembly for an engine, the

Bt b et o £t A




acoustic objective of that design is to reduce
the “structure-borne noise™ so that it will be
considered acceptable in those various cate-
gories of spaces given in Table 1. This be-
comes a particularly difficult requirement
when a reciprocating engine is mounted on
the upper fioor of a building, because the
low-speed, unbalanced forces of the recipro-
cating engine may “‘drive™ the building ele-
ments (walls, beams, floors, ete,) at or near
their natural resonance frequencies and pro-
duce audible or feelable vibration at remote
parts of the building away from the engine.

In some special-purpose buildings there may
be some vibration-sensitive equipment, instru-

In this arrangement of generator sels, each assembly is
supported on pad mounts ot the floor and includes
flexible connections to overhead air intake duct, exhaust
mufflers and power outlet, [Phatograph is courtesy of

Caterpillar Tractor Company,}
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ments or processes that are more sensitive
than people to the bhackground vibration in
the building. Some medical, magnetic, electric
and electronic equipment may be subject to
this low-level vibration pickup. It is usually
necessary to provide special isolation mount-
ings on this type of equipment so that it will
not be sensitive to normal building vibration,
whether caused by mechanical equipment or
by occupants of the building (walking, closing
doors, typing, ete). In this manual, engine
mountings will aim at achieving acceptable vi-
bration and structoere-borne noise levels in the
building to meet the requirements of human
occupants. Special mountings to meet the
needs of vibration-sensitive equipment are
beyond the scope of the manual,
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Section 3

RECIPROCATING
ENGINE NOISE

o
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For the preparation of this manual, noise data
were obtained and studied for over 75 reci-
procating natural gas and diesel-fuel engines
covering a power range of 10 to 6,000 hp. For
the purposes of the manual, interest is limited
to reciprocating engines in the power range of
20 to 2,500 hp.

Measured noise data have been studied exten-
sively to determine approximately the in-
fluence of certain operational variables on the
amount of noise generated by these engines,
From this study it now appears possible to
predict fairly accurately the amount of noise
generated by any reciprocating engine fueled
by natursl gas or liquid fuel, In this manual,
technical details of the study and the results
are not given, but useful conclusions are sum-
marized and used'. For reciprocating engines,
there are three principal noise sources of con-
cern: (1} the engine casing; (2) the engine ex-
haust; and (3) the air intake to the engine.
These noise sources are now considered one at
a time,

ITwo concument but independent projects, caried out by
Bolt Beronek and Newman [nc, during 1966-1967, provided
the noise data used In this study, The Mirst of these projects
was sponsored by the Office of the Chief of Enginecrs of the
Department of Lhe Army. Qne part of that project was the
preparation of the enpincering manual “Power Plant Ataus-
tics: Noise Control for Diesel, Gas and Gas Turbine Engine
installations” by Laymon N, Miller, September 1967, That
manual summasizes noise data in technica) detall, The second
project has been sponsored by the American Gas Association
and has led to the preparation of this manual, This manual
minimizes the technical detail of the noise data but attempts
to use the data for practical engineeting and wchitectural

purposes,
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Data Sheet 1

Estimated Sound Power Level (PWL.) of
Reciprocating Engine Casing Noise

200

1. Continuous Rating of Engine: hp or kw

2. Engine Speed:____i’?ﬂ?__ rpm

3, Fuel: GasOnly ¥ Liguid Only O Gas ond Liquid 3

{Parapraph 3.2 Example)

Frequency Band in Hz

63 125 250 §00 1,000 2,000 4,000 8,000

4. Bast PWL from Table 3 for Item 1 Rating:

105 109 109 108 108 107 101 94
5, Speed Corraction from Toble 3 for 1tem 2 Speed:

-2 -2 -2 -2 ~2 -2 -2 -2
G. Fuel Correction from Table 3 for item 3 Fuel:

-3 -3 -3 =3 -3 -3 -3 -3
7. Estimoted PWL (in ¢8 re 012 watt) of Casing Noise: {Item 7 = tem 4 + Item 5 + Item &)

Cautjon; Cbserve algebralc signs in combining itemsl
100 | 10k | 10k 103 103 102 96 9
10

g

[
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3.1 Engine Casing Noise

In terms of a rather simplified approach, the
noise radiated by the engine casing is related
to the following influencing factors: (1) con-
tinuous rating of the engine in hp (horse-
power)?, (2) shaft speed of engine, and (3)
type of fuel used by the engine. Table 3, at
the end of the text, summarizes the procedure
for estimating the sound power level (MWL) of
an engine casing for a particular rating, speed
and fuel combination. This does not include
the noise of the exhaust from the engine nor
the noise of the exhaust from the engine or
of the larger engines that have turbochargers.
As seen in Table 3, the “Estimated PWL" is
made up of a *Base PWL" plus two correction
terms, The Base PWL values differ for the
eight octave frequency bands, but the correc-
tion terms apply equally to all bands.

3.2 Example, Data Sheet 1

As an example of the use of Table 3, suppose
that it is desired to know the approximate
PWL of a 200-hp, 1,200-rpm natural gas en-
gine used to drive an electric generator. Sam-
ple Data Sheet ! indicates the steps taken to
make the calculation. For this example, each
blank of Data Sheet 1 is filled in with the
appropriate material from Table 3. (A blank
copy of each data sheet used in the manual is
given at the end of the text. Reproduced
copies of these data sheets may be used for
specific design problems,)

3.3 Engine Exhaust Noise

The noise gencrated by the unmuffled engine
exhaust and radiated from the open end of
the exhaust pipe is related to the following
influencing factors: (1) continuous rating of
the engine in hp (horsepower) or kw (kilo-
watts); (2) the presence or absence of an air
intake turbocharger driven by the exhaust
gases; and (3) the length of the exhaust pipe
leading exhaust gases away from the engine,
Table 4 summarizes the data used for estimat-

To convert hp (horsepower) output to kw (kilawatts) prod-

uced, or vice versa, use the relationship:
kw =hp/1.5

11

ing the PWL of the exhaust noise. When a
turbocharger is driven by the released exhaust
gases, some energy is removed from the ex-
haust, and less noise is produced. A nominal
rr‘{criuction of 6 dBis shown in Table 4 for this
effect,

A long exhaust pipe also helps reduce the es-
caping exhaust noise, approximately as shown
by the correction term in Table 4. 1t is not
supgested here, however, that a long exhaust
pipe may take the place of a muffler as a
noise control device,

It is cautioned that Table 4 data may not ac-
curately predict the low frequency exhaust
noise of some of the large low-speed engines.
In the cases of some of these engines, the
muffler manufacturers design special mufflers
to control the exhaust noise.

3.4 Example, Data Sheet 2

Suppose that the 200-hp engine of Example
3.2 is fitted with a turbocharger and a

BT e gt Ty il 2 1 "
a B, » g ;- b
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Ready Power chiller assembly includes flexible
connections in piping and vibration {solation mounts
at floor, When enclosed springs are used, as here,
check carefully that mounting system is properly
aligned and that springs are not binding or shorted
out, {Photograph is courtesy of The Ready Power
Company.}
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{Paragraph 3.4 Example]

Data Sheet 2

1
¥
i
{
" Estimated Sound Power Level (PWL) of :
Unmuffied Reciprocating Engine Exlinust Noise f

|

i

200 hp or, kw

1, Continuous Rating of Engine;

2. Air Intake: Turbocharger (3, No Turbocharger O

3. Exhaust Pipe Length:_— 20 ft.

Freguency Band in Hz
63 125 250 500 1,000 2,000 4,000 8,000

4. Base PWL from Tablu 4 for [tem 1 Ratinp:

132 | 138 [ 134 126 182 116 106 98
5, Turbochargor Correction from Table 4 for Item 2 Ajr Intake:
-6 -6 -6 ~6 -6 -6 ~6 -6
6. Exhaust Pipe Length Correction from Table 4 for Item 3 Length:
-3 -5 -5 -5 -5 -5 -5 -5

7. Estimated PWL {in dB ra 10— 12 watt) of Unmuffled Exhaust Noise; {Item 7 = (tem 4 + Item 5 + Item &)
Coution: Observe pigehraic signs in comblining items!

121

127

123

115

111

105

95

87
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f Data Sheet 3 ) (Paragraph 3.6 Example)
|
! Estimated Sound Power Level (PWL)
- of Untreated Turbochurger Noise at
Air Inlet Opening of Reciprocating Engine
1. Contlnuous Rating of Engine: 2,000 hpor kw
2, Inlat Alr Duct Length:____ 30 #,
Erequency Band in Hz
63 125 250 500 1,000 2,000 4,000 8,000
3. Base PWL, from Tablo 5 for item 1 Rating:
100 98 58 99 102 103 102 ol
4, lnlet Alr Duct Length Correction from Table 5 for 1tem 2 Length:
i
i ~5 -5 -5 -5 -5 =5 -3 =5
5, Estimated PWL (in dB re 10~12 watt) of Untreated Turbochorger Noise: {Item 5= Item 3 + Item 4)
Coution: Observe algebraic signs in combining items!
d
95 93 93 9y a7 . 98 97 89
13
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20-foot-long exhaust pipe leading to the roof
of the engine room. Sample Data Sheet 2
summarizes the steps involved in calculating
the PWL of the unmuffled exhaust using data
from Table 4.,

3.5 Engine Alr-Intake Noise

Some of the smaller engines covered by this
manual do not have turbochargers; instead,
the intake air is drawn into the engine by
“natural aspiration" (designated by “NA" in
some engine catalogs). On the other hand,
many of the smaller- and medium-sized en-
gines are provided with turbochargers (a tur-
bine-type device, driven at high speed by the
released exhaust pases, that increases the flow
and pressure of air into the engine), These
smaller turbochargers are wusually installed
directly in the short air-intake duct to the en-
gine just beyond an air-intake cleaner or filter,

The high frequency whine of the turbocharger
is usually masked by the total noise of the
engine, although it can be heard up close to
the air cleaner opening. The noise of these
turbochargers may be assumed to be con-
tained within the total noise of the engine,
and no special noise control treatment will be
required—other than a caution against listen-
ing with the unprotected ear directly at the
air cleaner inlet,

For many of the larger and slower engines
(say, over 1,000 hp, although there is no clear
size distinction), the manufacturer may
specify a ducted connection to bring room air
or outside air into the engine intake and tur-
bocharger. In this event, the turbocharger
noise radiated into the room or out-of-doors

14

may be of concern. A rough estimate of the
sound power level of the escaping turbo-
charger noise is given in Table 5. It is cau-
tioned here alse that this may not hold true
for all engines and turbochargers, It is import-
ant, however, to recognize that turbocharger
noise should be considered and that Table 5
data will provide a reasonable approximation
of this noise,

3.6 Example, Data Sheet 3

As a sample caleulation using Table 5, sup-
pose that a turbocharged 2,000-hp engine hus
a 30-foot ducted air inlet from outside the
engine room. Sample Data Sheet 3 is used to
carry out the steps of this calculation. These
values are not claimed to be highly accurate
because different turbochargers make differ-
ent amounts of noise, depending on design
variables. And the inlet duct may reduce the
escaping noisc by different amounts than that
given in Table 5. Nevertheless, the estimate
may serve as a guideline for potential noise,

3.7 Vibration Data

Vibration data have been taken on severa) of
the reciprocating engines studied in this pro-
gram; however, because of the many variables
in engines, mounting urrangements and
mounting locations and because vibration
data are not readily understood or appre-
ciated by most non-acousticians, summaries
of the data are not given here, In Section 8 of
the manual, vibration isolation recommenda-
tions for various types of reciprocating engine
installations are given. The most critical instal-
lations, of course, are those located on upper
floors of buildings and directly over quiet oc-
cupied spaces,
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Section 4
TURBINE ENGINE NOISE

For the preparation of this manual, noise data
were obtained and studied for over 45 turbine
engines covering a power range of 200 to
20,000 kw. For the purposes of the manuatl,
interest is limited to the power range of 200
to 5,000 kw. S0

From the study of turbine engine noise data,
it is possible to estimate for engineering pur-
poses the noise from three principal sources:
(1) engine casing, (2) engine exhaust, and (3)
air intake to the engine. These three nolse
sources are now considered one at a time.

4.1 Engine Casing Noise

The approximate PWL values for the casing
noise of unenclosed, untreated gas turbine en-
gines are given in Table 6', These values apply
to a bhare engine having no thermal insulating
cover or form of enclosing cabinet,

AL

If there is some form of cover for the entire -

engine casing, the radinted noise will probably
be reduced, depending on the acoustic quality

“Turbine ergine ratings are usually quoted in kilowatt or
megawatl vatues, To convert kilowaits (kw) output and
horsepowet {hp) produced, use the relationship:

kwahp/1.5

15

of the cover. The footnote of Table 6 lists a
few typical covers that may be provided with
some engines and suggests an approximate
noise corfection that might be attributed to
e::’ch general type of cover.

y-

4.2 Engine Exhaust Noise

The approximate PWL values for the un-
muffled exhiaust noise from gas turbine en-

AiResearch turbine engine-generator set is packaged
inside cabinet for shipment and later installation at
computer center, Exhaust heat from engines is used
to operate absorption refrigeration machine which
alr conditions computer installation. [Photograph
s coutiesy of Garrett-AlResearch Manufacturing
Division.)
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gines are given in Table 7. These values apply
to the noise radiated directly from the end of
the engine, assuming no exhaust duct, Ac
tually, mast turbine engine installations will
have connecting ducts from the engine ex-
haust to some outdoor opening, and these
ducts may be counted on for some degree of
silencing, depending on the nature of the ac-
oustic or thermal lining of the duct,

The approximate attenuation provided by
stroight ducts and duct turns for a typical en-
gine exhaust duct may be estimated from data
in Tables 9 and 10 or from data in the
“ASHRAE Guide"?. Attention is directed to
the qualifying comments in Tables 9 and 10.
It is especially important to realize that, at
elevated exhaust temperatures, the wave-
length of sound in the exhaust gas is longer
than at ordinary temperature, and, as a result,
the duct appears shorter, in terms of wave-
lengths, to the sound wave. Thus, the attenua-
tion will be less. As a first approximation, it is
suggested that two-thirds of the normal atten-
uation be used when hot exhaust ducts are be-
ing considered, It is hardly necessary to be
mote exacting hete (ot estimates of duct losses.
It is more important later to take this temper-
ature effect into account when considering
mufilers for controliing the noise.

1f the turbine engine manufacturer supplics
with the engine an exhaust muffler of known
insestion loss, the PWL values of Table 7 may
be reduced by the muffler insertion loss
values for each of the frequency bands (cor-
rected for exhaust temperature), Provision for
this is made in the appropriate data sheet,

4.3 Englne Air Intake Noise

The approximate PWL values for the unsi-
lenced air-intzke noise of gas turbine engines
are given in Table 8, These values apply to the
noise radiated directly from the air intake end
of the engine. If an inlet duct brings air into
the engine, the approximate sound attenua-
tion provided by the duct can be estimated
from Tables 9 and 10 or from the “ASHRAE

%Refer 10 the latest pvallable “ASHRAE Guide and Data
Hook," published by the American Socicty of Heating, Re-
frigecation and Air-Conditioning Enginecrs, 345 East 47th
Styeet, New York, New York 10017,

16

Guide.” Please note the qualifications associa-
ted with data of Tables 9 and 10,

Il the engine manufacturer supplies an air-
jntake silencer of known insertion loss, the
PWL values of Table 8 may be reduced by the
silencer insertion loss values for cach of the
frequency bands.

4.4 Example, Data Sheet 4

Suppose a 2,500-kw turbine-driven generator
set is 10 be installed in a building. As supplied
by the manufacturer, the packaged set is
housed in a metal cabinet with inside acoustic
lining but with many open holes for ventila-
tion, The circular exhaust duct is 30 feet long
and extends to the roof of the bujlding, This
duct is wrapped on the outside with thermal
insulation. The exhaust duct aiso contains a
packaged exhaust muffler which has the fol-
lowing insertion loss, corregted for exhaust
temperature, according to the muffler man-
facturer:

Hz 63 125 250 500 1,000 2,000 4,000 8,000
PWL,dB 5 10 13 15 19 1§ 12 10

The air intake to the engine is provided by a
12-foot-long rectangular duct to the outside
wall of the building. A 2-inch-thick internal
acoustic lining is offercd by the manufacturer
for this intoke duct, It is desired to know the
PWL for the casing, exhaust and intake for
this unit.

Sample Data Sheet 4 summarizes the steps for
arriving at the desired data, making use of the
material from Tables 6-10. The desired PWL
values for the three principal noise sources are
given in Items 9, 13 and 17 of Data Sheet 4
alter the appropriate corrections are made for
the various noise reduction treatments sup-
plied for this particular installation.

4.5 Vibration Data

Becuuse of the rotary action of the turbine
engine, vibration is much lower than for reci-
procating engines. However, structure-borne
noise may stil] be of concern in some installa-
tions, and supgestions for vibration isoiation
are piven in Section 9 of the manual,
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) {Paragraph 4.4 Example)
‘ Data Sheet 4 Sheet 1 0f 2
:
i 1
i Estimated Sound Power Levet (PWL) of Casing,
Exhaust and Intoke Noise of Gas Turbine Engine
1. Continuous Rating of Engine: hp or. 2,500 kw
2. Engine Casing Cover: None [ or Type 4 from Table 8
: 3, Exhaust Duct:  Round (B, Rectanguler O, Length 30 f,
;
Ouct Lining: Type 2 from Table 9
Duct Turns; Na. o Typs from Table 10
] 4, Intake Duct: Round O, Rectangular I3, Length 12 f,
Duet Lining: Type 4 frorr‘{Table 9 !
Duct Turns; Na, ° Type from Table 10
5 §. Exhaust Muffler Supplied: Yes [ Ne
8. Intake Muffler Supplied:  Yes O3 No
: Freguency Band in Hz
63 125 250 500 1,000 2,000 4,000 8,000
7. PWL {in dB re 10-72 watt) of Casing Noise from Table 6 for Itern 1 Rating:
116 118 119 119 119 119 119 119
B, Noise Reduction Provided by Casing Cover {If Any} of Item 2 as Estimated in Table § Footnote:
=4 - ~5 -6 =T -8 -8 -8
8. PWL of Casing Noise with Cover {If Any) Item 9 = [tem 7 + Item B
Caution: Observe algebraic signs in combining iterns!
112 114 11k 113 112 11 111 111
{Continued)
17
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Data Sheet 4 (continued)
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{Paragraph 4.4 Exampiel

Sheet 2of 2
Frequency Band in He
63 125 250 £00 1,000 2,000 4,000 8,000
10, PWL {indB ra 10-%2 watt) of Exhaust Nolse from Table 7 for Item 1 Rating:
130 132 132 131 129 127 123 117

11. Attenuation Provided by Exhaust Duct and Turns of 1tem 3, from Tables 9 and 10 or *ASHRAE Guide™

{include hot temperature correction):

~3

-2

-1

~0

-0

-0

~0

-0

12. Insertion Loss of Exhaust Muffler or 1tem 5, tf Provided {use mutfler manufacturer's data for appropriate

bands, corrected for exhaust temperatura):

-3

=10

-13

-15

-19

=15

-l2

-~10

13. PWL of Exhaust Nolse Out of Duct and Muffler {os applicable): Item 13 = [tem 10 + item 11 + (tem 12
Caution: Observe algebraic signs in combining [tems!

122 120 118 116 110 112 i 107
14, PWL {in dB re 10~12 watt) of Air-Iintake Nolise from Table B for [tem 1 Rotinp:
117 118 118 121 aat 132 132 129

15. Attenuation Provid

ed by Intake Duct ond Tutns of Item 4, from Tables 9 and 10 or "ASHRAE Gulde'"s

-4

-3

=5

=131

=13

=13

~11

-7

16. tnsertion Loss of intoke Mutfier of Itern 6, I Provided {use muffler manufacturer’s data for appropriate
bands; see Table 38):

17. PWL of Intake Noise Out of Duct snd Muffler {as Applicable}
Item 17 = item 14 + Item 15 + item 16
Caution: Observe algebraic signs in combining tems!

113

115

113

110

11k

119

1231

122
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CONTROL OF AIRBORNE SOUND INDOORS

Section 5

Principal concern with the noise of engine-
generator sets is the airborne sound radiated
directly from the noise-making components.
As the term “airborne™ supgests, this sound Is
catried essentially by air paths from the
source to the receiver, In some cases the noise
may strike a massive wall and even be trans
mitted *through” the wall to the opposite
side where it continues to be radiated and
considered as airborne noise.

The control of airborne sound involves: (1)
some fundamentals about the distribution of
sound inside rooms and outdoors, (2) some
quantitative data on the ability of a wall to
reduce sound transmission, and (3) some
quantitative data on the effectiveness of
sound-attenuating mufflers placed in sound
passages. Indoor aspects of airborne sound are
discussed in this section, while outdoor as-
pects are considered in Scction 6.

5.1 Sound Pressure Level in 4 Room

In Paragraph 1.3 it was mentioned that the
sound pressure level (SPL or noise level) in a
room is a function of (1) the acoustics of the
room, and (2) the strength of the source. In
Sections 3 and 4, data have been given on the
“strength of the source,” namely, the sound
power level (PWL) of the major noise sources
of reciprocating and turbine engines. Now, in
this part of Section §, the acoustics of a roon
are considered.

In a brief and simplified procedure, the acous-

19
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tics of a room may be described by the vol-
ume of the room and the relative amount of
“acoustic absorption" or “acoustic treat.
ment" in the room, Then, the SPL (sound
pressure level) in the room can be estimated
for any PWL (sound power level) in the room
by applying a *“room correction term® that
takes into account the volume and acoustic
absorption of the room. Thus,

SPL = PWL + Room Correction Term

Table 11 gives average values of the “‘room
correction term® that will yield the *'reverber-
ant” noise level in a room, that is, the noise
level that may be found to exist fairly uni-
formly all around the room at a distance of
more than about 5 to 10 feet from the source
for smaller rooms and more than about 10 to
20 feet from the source for larger rooms. At
closer distances to the noise source, the noise
will be higher than this “reverberant™ noise
level by a few decibels, depending on a num-
ber of details which will not he discussed
here. As a rough approximation of the SPL
within a few feet of an engine, the reverberant
SPL can be increased by 3 dB. The room cor-
rection term actually varies with frequency
but that variation is ignored here and the val-
ues given in Table 11 may be applied equally
to all octave frequency bands. For a more
rigorous and detailed analysis of a room acous-
tics problem, the reader is referred to a text-
book on acoustics.

The footnotes of Table 11 describe four dif-




ferent degrees of room treatments that might
M be used, Varous areas and thicknesses of
; acoustic absorption material are supgested,
5 Where a 3/4 inch to I inch thick absorption
H material is used, it is intended that such a
i) material have a published “NRC" value
i (*noise Teduction cocfficient™) in the range of
g
ot
%

0.65 to 0,75. Where a 1-1/2 inch to 2 inch
thick absorption material is used it is intended
that such’a material have a published NRC
value in the range of 0.75 to 0.85. Bulletins
on acoustic absorption materials list all of the
marketed products that meet these values®.

5.2 Example, Data Sheel §

As an example of the use of Table 11, sup-
pose that the 200-hp, 1,200-rpm natural gas
engine of Example 3.2 is to drive an electric
a4 . generator. Suppose the engine room is 12 feet
] high, 15 feet wide and 20 feet long. On the

iE underside of the roof there is a 2-inch-thick
] layer of exposed glass fiber insulation that
cheg serves both as thermal insulation and as ac-
il - oustic absorption, It Is desired to know the
estimated “‘noise levels" (sound pressure

levels) in the room when the engine is run-
ning,

To aid in the estimating procedure, Data
Sheet 5 may be used, This sheet indicates
cach of the steps necessary 1o determine the
estimated reverberant SPL in the engine
room. For this example, each blank of Data
Sheet 5 is filled in with the appropriate mate-
rial. The Item 8 PWL values are taken from
sample Data Sheet | used with Example 3.2.
Item @ gives the reverberant SPL in the engine
room, and Item 10 gives the approximate SPL
near an engine

g = ek o g T AT T TR A MR i ey

5.3 Addition of Decibel Levels

When several engines or noise sourges are pre-
sent in a given space, the total sound power
level or tie total noise Jevel will usually be
greater than that for any single engine or

Mecfer to munufactarers® published data or see latest applic.
sbie annual bulletin of "Performance Data of Architectural
Acoustics Materials" or ils successor, published by the Acous-
tical Maicrials Association, 335 East 45th Street, New York,
New York 10017, or its successar,

20
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noise source in the space. It is necessary to
take this into account in any particular noise
control design, cspecially since there fre-
quently are several engines operating in the
same room. Since PWL and SPL values are
logarithmic-based numbers, they cannot be
added together by simple algebraic addition.
For example, 90 dB + 90 dB does not give
180 dB, instead, as in electrical power addi-
tion of decibels, 30 dB + 90 dB =93 dB, i.e,
two equal sources added together produce a
total level that is 3 dB greater than the level
of either source. Table 12 summarizes four
simple rules to be followed for adding SPL or
PWL contributions to obtain the total SPL or
PWL.

As illustrations of the use of Table 12, accord-
ing to the first rule,

" 95dR+97dB=99dB
90dB+97dB=98dB
85dB+95dB=954dB

According to the second rule,

80dB+80dB =83dB
95dB+95d8+95dB=100d8B.

To iliustrate the third rule, the following four
sample SPL values are added by using two
different orders of addition:

First order,

8848y _
90 dB =02dB

= 10048
93‘*”} = 9948

98d8

Second order,

88 48
98 d8
9048
9348

=98 48
= 10048
=95dB

5.4 Transmission Loss of Walls (“TL")

When a sound wave strikes the “front”™ sur-
face of a solid wall, there js enough energy in
the tiny pressure oscillations in the air to
cause the whole wall to vibrate. In vibrating,

Vo TNy Bt
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Data Sheet 5 (Paragraph 5.2 Example)

Estimated Sound Pressure Leve] (SPL) in an Engine Room

20 4 3,600 cu. ft.

1, Volume of Engine Room: 12 ft, X 13 fmx

2. Total Interior Surface Arga of Room {including flcor} =__1_£.l‘..1@_ sq. ft.

3. Areaof Acoustic Treatment._:?ﬂ.

sq. ft.
4, Per cent Area Covered by Acoustic Treatment {Item 3//tem 2} X 100 - N

5. Thicknass of Absorption Material 3/4 in—1in. J 1-1/2in.-2 in, B

8. Acoustic Treatment Condition of Roam from Hems 4 and §, os Defined in Footnotes of Table 1
Condition 1 O Condition 2 O Condition 3 Condition 4

7. Room Corraction Term from Takie 17 for ltems 1 and 6:_____'_5_.__(13

Frequengy Band in Hz

63 125 250 500 1,000 2,000 4,000 8,000

8. Total PWL of All Noise Sources in Engine Room {from ltem 7 of Data Sheet 1 for Reciprocating Enginas or
frem Jtem B of Data Sheet 4 for Turbine Engines):

100 104 10k 103 103 102 96 89

8. Revarberant SPL In Engine Room {ltem 9 = Item 8 + [tem 7; Item 7 Value Is Some for All Frequency Bands
and Is Zero or a Negative Quantity for All Roorn Conditions)
Cautlon; Observe algebraic signs in combining terms!

92 96 96 95 95 gk 88 81
10, Approximate SPL Nesr Engine (Item 10 = Item 9 + 3 dB)
95 95 99 98 98 a7 91 84
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this wall sets into oscillation the air particles
along its **back™ or opposite surface. These
vibrating ajr particles radiate as sound enerpy
into the space on the back side of the wall.
Thus, an incident sound wave excites the
front side of the wall, and the wall re-radiates
the sound wave from its back side. (If the wall
is at all porous, some sound-—oscillating air
particles—can actually pass through the pores
of the wall.)

Generally, a lightweight wall will be more
easily excited by an incident sound wave than
will a heavyweight wall and therefore will
“transmit™ more radiated energy to the other
side. This generalization gives rise to the ef-
fect known as “the mass law*' in acoustics, To
a first approximation, “the mass law"’ suggests
that for each doubling of the surface weight
of the wall there will be about™s or 6 dB less
transmitted sound. The mass law also sugpests
that for each doubling of the frequency of the
sound there will be about 5 or 6 dB less trans-
mitted sound. Of course, there are many qual-
ifications to these generalities, Details of these
qualifications are not presented here; but the
“transmission loss' data given in the tables
reflect these effects,

The approximate "transmission loss* or “TL"
values, expressed in dB, of a number of typi-
¢cal wall constructions are given in Tables
13-22 ot the end of the text:

Table No. Construction Maferial

13 Solid, dense concrete of masonry

14 Hallow-core concrete or masonry

16 Stud-type partitions

16 Metal panel partition and
Industrial acoustic doors

17 Glass walls or windows

18 Double-glass construction

19 Wood or plywood, including 2-inch
thick salid wood door

20 Ploster

2 Aluminum

22 Stoo)

1t is important to realize that the TL of 2 wall
is merely the ratio, expressed in decibels, of
the sound transmitted by a wall to the air-
bome sound incident upon the opposite side
of the wall. Thus, the TL of a wall is a per-

formance characteristic that is entirely a func-
tion of the wall weight and material, And its
pumerical value is not influenced by the
acoustic environment on either side of the
wall or the area of the wall,

5.5 Noise Reduction of Walls (*NR")

The objective of this discussion on walls is to
enable us to determine quantitatively the wall
that is required to separate a noisy room from
a quiet room. For example, if the noise level
in an engine room Is 90 dB at a particular
octave frequency band and the noise level de-
sired in an adjoining room is 40 dB in that
same frequency band, then the wall must pro-
vide 8 “noise reduction” of 50 dB. But, the
“noise reduction” provided by that wall in-

volves more than merely the TL of the wall. -

Itis probably obvious that a wall with a rela-
tively small area will transmit less tota! noise
energy than will a wall with a relatively large
area, even though cach square foot of the wall
has the same TL value, Also, it Js probably
obvious that the sound level in the “receiving
room" will be influenced by the amount of
acoustic absorption in the receiving room,
that is, the SPL will be telatively high in a
“live’" receiving room having little or no ac-
oustic absorption whereas it will be relatively
low In a *dead™ receiving room having large
amounts of acoustic absorption. Thus, when
noise travels through a wall from one room to
an adjoining room, three factors are involved:
¢1) the TL of the wall (as in Tables 13-22);
(2) the arca of the wall that is transmitting
the noise (that part of the wall area that is
common to both the noisy room and the ad-
joining room); and (3) the acoustic character-
istics of the adjoining room that receives the
transmitted noise. The term *“‘noise reduc-
tion" of a wall (abbreviated “NR") is the
term that includes all three of these faclors.
In practice, the area of the common transmit-
ting wall and the acoustic characteristics of
the receiving room can be incorporated into a
single **wall correction term™? which in turn
can be applied to the TL of that wall. Then,

Zewall comrection term™ ds colned especially for use In this
manwval. [t actually includes scveral faclors combined into
one term in the interest of simplifying the details.
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the *‘noise reduction® provided by the wall
separating the two rooms is the the SPL dif-
ference between the two rooms,

However, the NR for any wall is equal to the
TL of the wall plus the “wall correction
term* (designated here as “C"), or?

NR =TL+C

In these two equations TL and C have known
values for specific situations, and the SPL of
the source room can be determined from Data
Sheet §. Then, for a given set of conditions,
the SPL in the receiver room can be deter-
mined, or

SPL = SPL +TL+C
recefver source
roomn room

The approximate values of wall TL can be
found in Tables 13-22, and the approximate
values of “C" can be found in Table 23,
where it [s necessary to know the total receiv;
ing room surface ares, the common wall area
and the condition of acoustic treatment of
the receiving room. In this simplified ap-
proach, several approximations are made, and
the resulting value of “C" is used equally in
all eight frequency bands,

5.6 Example, Dnta Sheet 6

From all the material thus far presented in the
manual, it is now possible to make a very sig-
nificant calculation, Suppose it is desired to
know if an B-inch hollow-core dense concrete
block wall will be adequate to separate an en-
gine room on the top floor of a building from
the bedroom of a penthouse apartment imme-
diately beside the engine room.

Suppose the engine and engine room are the
same as those used in Example 5.2, where the
engine room reverberant and close-in SPLs
were found in Items 9 and 10 of the sample
Data Sheet 5. Suppose that the bedroom wall
common to the engine room is 8 feet high and
12 feet long and suppose that the bedroom
has a total inside surface area of 792 square
feet and a 12-foot-x-15-foot ceiling of 1-inch-

35olutlen to NR * TL + C using the proceduré in this manual
results in & minus quantity, Caution: Obsetve algebraic signs
in adding “'noise™ (+} to “reductions of noise™ (-~} in thia
manual; e.g., 10+ (=5) + (=2) = 3. '
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thick acoustic absorption material. Also, the
floor is carpeted,

Sample Data Sheet 6 indicates the steps re-
quired to estimate the SPL in the bedroom
("receiving room'’) due to the engine in the
engine room (“transmitting room"), In filling
in the blanks of Data Sheet 6, note that the
footnote of Item 4 permits the addition of
extra acoustic absorption o the receiving
room due to the presence of carpet, drapes or
upholstered furnjture.

In a more thorough analysis, the toom absorp-
tion could be calculated in considerable de-
tail; but here fairly simple estimates are con-
sidered adequate. Another judgement decision
might be involved in filling in the blanks of
Item 12 of Data Sheet 6, If the transmitting
wall is quite close to the engine noise source,
the noise levels at that wall will be higher than
if the wall is more remote from the engine.
Hence, for a close wall (say, under 5 feet from
the engine), the -close-in noise levels of the
engine room should be used, i.e., Item 10 of
Data Sheet §5; while for a preater distance
(say, 5 feet or more from the engine), the
reverberant noise levels of the engine room
should be used, i.e., Item 9 of Data Sheet 5.
In this particular example, assume that the
wall is more than 5 feet from the engine and
use the reverberant SPL.

Item 13 of sample Data Sheet 6 shows the
following SPL values in the bedroom (‘“receiv-
ing room') for the octave frequency bands:

60 62 60 358 53 45 33 21dB

The question asked by this example is
whether the 8-inch-thick hollow-core concrete
block wall will yield acceptable noise levels in
the bedroom. Recall from the discussion of
noise criteria (Paragraph 1.1) and from Table
I at the end of the text that the noise cri-
terion designation for sleeping (Category | in
Table 1) is NC-20 to NC-30. From Table 2,
the SPL values for NC-20 and NC-30 in the
octave frequency bands are as follows:

NC-20: 51 40 33 26 22 19 17 16
NC-30: 57 48 41 35 31 29 28 27

A comparison of the estimated bedroom noise




Data Sheet 6
Sound Transmission to Adjoining Room Through Common Wall

Sound Transmitting Room

IR

fParagraph 5.6 Examplel

Sound Receiving Room

Engine Roonm Bedroom
1. Area of Common Wall That Transmits Noise: 96 sq, ft,
2, Total Interior Surface Area of Receiving Room {including floor): 792 sq, ft
3, Total Interior Surface Area Divided by Area of Common Wali: 8.2

{ltem 3 = Item 2 = item 1)

R - .. 270

4, Area of Acoustic Trestment in Receiving Room3: . ft,
§. Per cent Arca of Receiving Room Covered by Acoustic Treatment 34 %

{ttem 5 = 100 X item 4 + Jtam 2)

8. Thickness of Absorption Material; 3/4ine=1tin. B t12in~21n. 0
7. Acoustic Treatment Condition of Receiving Room from Items 5 and &, &5 Defined in Footnotes of Table 23:
Condition 1 3, Condition 2 [, Condition 3 [, condition 4 O

8. Wall Correction Term C" from Table 23 for Item 3 and Item 7 Conditlons:__...".'.il.___da

Frequency Band in Hz

63 125 250 500 1,000 2,000 4,000 8,000

8, Expected Wall Construction Materlal: 8 in. hollow-core dense concrete block

10, Estimated "TL" of Wall from Tables 13-22 or Other Source

3 33 35 36 ki L8 54 59

11, Estimated “NR" of Wall in Equation MR = TL + €, Using Values from Items B and 10
{item 11 = Item 10 + ltem B}:
Caution: Observe algebraic signs In combining items!

32 3L 36 37 L2 g 55 60

12, Estimated SPL in Sound Transmitting Room from Data Sheet 5 (Use [tem 9 Reverberant SPL 1f Source [s 5
ft. or More from Common Wall or }tem 10 Close-Iin SPL If Source Is Less Than 5 t. from Comman Wall}:

92 96 96 95 95 gk a8 82
13, Estimated SPL In Recelving Room {Item 13 = Item 12 - ltem 11}
60 62 60 58 53 L5 33 21

* Add 50% of floor area to {torm 4 If receiving ropm floot is caspeted or if room has dropes or upholstered furniture. |1 this is the only

acoustic moteriat in the room, treat It as having 2/4 in, thickness In ltem & for determining Iten 7 conditian,
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levels with the NC-20 to NC-30 noise levels
shows that the bedroom noise levels would be
about 20 to 30 dB too high. If these noise
levels were only a few decibels too high, this
might be an almost acceptable condition (a
discussion of *‘tolerances™ appears later in
Section 7), but a 20 to 30 dB noise excess
would be completely unacceptable. Thus, the
use of an 8-inch hollow-core concrete block
wall would not be adequate to separate the
bedroom from the engine room.

Actually, if this ecxample were carried out
again using a 12-inch-thick, solid dense con-
crete block wall, it would still be found inade-
quate to separate a bedroom from an engine
roam. This, then, essentially dictates that a
sleeping area involving NC-20 to NC-30 noise
criteria not be located immediately adjoining
an engine room on the same floor. (Later
comments are devoted to some special design
requirements for (1) allowing a Category 3 or
4 area to adjoin immediately an engine room
and (2) allowing a Category | or 2 arca to be
reasonably near an engine room.) Recall that
the example used here was introduced primar-
ily to illustrate the use of Data Sheet 6 for
caleulating the SPL in a room adjoining the
engine room, but the example was also chosen
to illustrate a potentjally serious problem.

5.7 Doors and Windows

It is probably fairly obvious that if a 12-inch-
thick, solid concrete block wall (at 144 Ib/sq
ft surface weight) were required to separate a
noisy raom from a quiet room, an ungasketed
lightweight wood door or a single thickness of
1/4-in. glass window (each less than 4 Ib/sq ft
surface weight) would certainly represent a
noticeable noise leakage path through that
wall. If the noise reduction value of a wall is
to be preserved, the doors and windows must
be specially selected.

Where the area of a door or window is only a
small part of the arca of the wall in which it is
installed, it is possible to permit the door or
window to have a somewhat lower TL than
the wall without significantly harming the
total effectiveness of the wall. As examples, if
the door or window arca is 20% of the wall
aren, the TL of the door or window can be 3
dB lower than that of the wall; if 10%, 6 dB

25

lower; and if only 5%, the doar or window TL.
can be 10 dB lower than the wall TL. For
these conditions the tota! effectiveness of the
wall would be decreased only 1 dB, which can
be considered neglipible for most practical in-
stallations, These and other combinations of
window ar door area and relative TL and the
resulting loss of TL of the composite wall
containing them are given in Table 24 {inclu-
ding an example), {This table can also be used
to determine the effective TL of a wall made
up of two different portions, where the two
portions have different TLs, such as a 10-inch-
thick poured solid concrete wall having a
knockout panel of 6-inch-thick concrete
biock.)

The approximate TL of a 2-inch, selid wood
door, pasketed around all edges, is given in
Table 19 (see Footnote 2 of Table 19), and
the approximate TL of a 4-inch-thick and a
&inch-thick industrial-type “acoustic door" is
given in Table 16. The approximate TL of
single thicknesses of glass is given in Table |7
and that of a lew double-glass combinations is
given in Table 18,

In some situations, the structural require-
ments may exceed the acoustical require-
ments of a wall, in which case the door or
window can have 8 TL much lower than that
of the wall. A few generalizations that should
pid in the selection of a door or window that
will be somewhat acoustically compatible
with the wall, even though the door or win-
dow TL may not exactly meet the values sup-
gested as a function of their area relative to
the total wall area, are:

1. Where the acoustic design requires a mini-
mum, simple, single-wall construction,
such as conventional stud partitions, mov-
able metal partitions or 4-inch or 6-inch
hollow-core concrete block, use unpas-
keted hollow-core wood doors or ungas-
keted metal panel doors and minimum
1/4-inch-thick glass windows,

2. Where the acoustic design requires some-
what more than minimum wall construe-
tion (such as staggered stud construction,
4-inch or 6-inch solid core concrete of
masonry, or acoustically filled metal
panel partitions), use gasketed solid-core
wood doors or minimum 1-3/4-inch hol-
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low metal doors packed with dense min-
eral or glass fiber, or special 1-3/4-inch- to
2-inch-thick acoustic doors with gasket-
ing, and use windows of minimum area
made up of double panes of at Icast 1/4
inch-thick glass with at least 2-inch air
space, or windows of larger but limited
area made up of double pancs of at least
1/4-inch-thick glass with 4-inch to 6-inch
air space, For area details, check against
Table 24 data,

3. Where stringent acoustic recquirements
must be met, adhere to the door or win-

dow TL requirements given in Table 24 as
a funciion of per cent area of the total

wall, Use special acoustic doors or pro-
vide “sound locks" with gasketed double
doors, as in Item {2) above, such that
doors are spaced at least 5 to 6 feet apart
in an acoustically lined vestibule or cor-
ridor. Use double-glass windows with
maximum possible air space and glass
thickness and minimum practical area.
For slight improvement, the panes may
be tilted relative to one another, and the
intetior surfaces of the window framing
can be given an acoustic lining.

4, Where doors are obvious leakage paths for
unwanted noise, locate them in positions
that will provide minimum disturbance
or maximum distance from the import-
ant work area of the room, and provide
acoustic absorption in the *‘recejving
room."

5.8 Transmission Loss of
Floor-Ceiling Combinations

The transmission loss of a simple dense con-
crete floor slab alone is .approximately the
same as given in Table 13 for dense poured
concrete, However, in most building situa-
tions, a cclling of some type is supported
below the floor slab,

Five different floor-celling combinations are
considered here. Under ne condition should a
reciprocating or turbine engine be mounted
on framed wood flooring or on typical light-
weight metal deck with 2- to 3-inch-thick con-
crete surface. These floor constructions are
not stiff enough or massive enough to support
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heavy machinery or to give an adequate base
for an engine mounting system.

The five floorceiling combinations are discus-
sed in the following paragraphs. (Note: All
fioor slabs are assumed to be of dense con-
crete [140-150 1bjeu ft density].)

Type 1 floor-ceiling combination is the con-
crete floor slab that has acoustic tiles cement-
ed directly to the underside. It is important to
realize that the acoustic tiles add nothing to
the transmission loss of the floor slab, The
acoustic tiles only provide acoustic absorption
in the room in which they are located and
hence provide a degree of noise reduction in
the room, as shown by the calculations in
Data Sheets 5 and 6. The estimated TL of a
Type 1 floor-ceiling is given in Table 25 for a
few typi'cal floor slab thicknesses,

Type 2 NMoor-ceiling combination consists of a
concrete floor slab, below which is suspended
a typical low density acoustic tile ceiling ina
mechanical support system. To qualify for the
Type 2 combination the acoustic tile should
be not less than 3/4 inch thick, and should
have a noise reduction coefficient (“NRC") of
at least 0.65 (when mounted as specified by
the Acoustical Materials Association; see
Footnote ! in Paragraph 5.1). The air space
between the suspended ceiling and the con-
crete slab above should be at least 15 inches,
but the TL improves if the air space Is larger
than this. The estimated TL of a Type 2
floor-ceiling is given in Table 26 for a few
typical dimensions of concrete floor slab
thickness and air space.

Type 3 floor-ceiling combination is very sim-
ilar 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 represent-
ative to identify his “high TL" material.} One
possible version of the Type 3 combination
includes the suspended ceiling system that

, consists of a lightweight metal panel sandwich

construction consisting of a perforated panel
on the lower surface and a solid panel on the
upper surface, with acoustic absorption ma-
terial in-between, The minimum NRC for the
Type 3 acoustic material must be 0.65. The
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estimated TL of a Type 3 floor-ceiling is given
in Table 27 for a few typical dimensions of
concrete floor slab thickness and air space,

Type 4 Noor-ceiling combination consists of a
concrete floor slab, an air space, and a resili-
ently supported plaster ceiling. This combina-
tion is for use in critical situations where a
high TL is required, The plaster ceiling should
have at least | inch thickness of high density
plaster (minimum 12 1b/sq ft surface weight),
and the air space should be at least 18 inches
thick.

The ceiling should be supported on resilient
ceiling hangers that provide at least 1/10-inch
static deflection under load. Neoprene-in-
shear or compressed glass fiber hangers can be
used, or steel springs can be used if they in-
clude a pad or disc of neoprene or glass fiber
in the mount. A thick felt pad hanger arrange-
ment can be used if it meets the static deflec-
tion requirement, The hanger system must
not have metal-to-metal short-cirenit 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 1/4-inch open joint should be pro-
vided at this edge, which is filled with a non-
hardening caulking, or mastic or fibrous pack-
ing after the ceiling plaster is set,

The estimated TL of a Type 4 floorceiling
combination is given in Table 28 for a few
typica! dimensions of floor slab, air space and
ceiling thicknesses. It is cautioned that this
combination is for use in critical situations,
and special care must be exercised to produce
a pood, 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 combi-
nation; it will only add to the acoustic absorp-
tion of the room.

Type 5 NMoor-ceiling combination is the same
as the Type 4 combination, except that a
“floating concrete floor” is mounted on top
of the structurat floor slab. The floating con-
crete floor should not support the engine as-
sembly or any other large operating equip-
ment, It should extend over all the engine

7

room floor area within 20 feet of the engine
assembly, bul not under any vibration iso-
lated concrete inertia bases carrying specific
pieces of operating machinery, The floating
concrete foor should be supported off the
structure floor at a height of at least 2 inches
with the use of properly spaced blocks of
compressed glass fiber or multiple-layers of
ribbed or walfle-pattern neoprene pads or
stee! springs (in series with two layers of
ribbed ar waffle-pattern neoprene pads).

The density and loading of the compressed
glass fiber or neoprene pads should follow the
manufacturers' recommendations. If steel
springs are used, their static defllection should
not be less than 1/4 inch. The 2-inch space
between the [loating slab and the structure
slab should be covered with a l-inch thickness
of low-cost glass {iber or mineral wool blanket
of 3 to 4 Ib/cu ft density.

Around all the perimeter edges of the floating
floor (around the walls and around all con-
crete inertia bases within the floating floor
area) there should be l-inch gaps that are later
packed with mastic or fibrous filling and then
sealed with a waterproof non-hardening caulk-
ing or sealing material. 1t would be advisable
to provide a curb arrangement around the per-
imeter of the floated slab to help discourage
water leakage into the sealed perimeter joints,
because, if the floor becomes flooded, water
should not fill up the 2-inch space under the
floated slab.

As a prevention against this occurrence, sever-
al floor drains should be set in the structure
slab under the floating slab to provide run off
of any water leakage 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 a Type S floor-cejling combi-
nation is given in Table 29 [or a few typical
dimensions of floating floor slab in combina-
tion with the Type 4 structures of Table 28,
The Type 5 combination may be required for
an engine room floor in certain critical situa-
tions but it probably would not be required in
any other applications within the scope of
this manual. Itis 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
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isolation mounting base for large equipment,
although it will provide certain benefits to
some structure-borne noise of pipe supports,
duct supports, drainage lines, electrical con-
duit and the like. The floating slab is not de-
signed here to support pumps, fans, compres-
sors, engines, motors, refrigeration equip-
ment, and the like.

As a general rule, to be reinforced later in the
section under vibration isolation, the engine-
room structural-floor slab for an upper floor
in a multi-floor buiiding should not be Jess
than 6 inches thick for a pas turbine engine
used to drive a complelely rotary-action de-
vice, or less than 8 inches thick for a gas
turbine engine used to drive a reciprocating-
action device, For a reciprocating engine
drive, the structural floor slab should not be
less than 10 inches thick. These suggestions
are based on acoustic considerations only and
are not intended to represent structural re-
quirements of the building, Even thicker floor
slabs will be slightly more beneficial acoustic-
ally. Where possible, the engine assembly
should be located over principal or secondary
beams in the flooring layout,

In the upper frequency bands of Tables
25.29, extremely high TL values (say, any-
thing above 60 or 65 dB) are indicated as pos-
sible. In practice, these values cannot be
achieved without making a concentrated ei-
fort to stop all escape paths of airborne a2nd
structure-borne nojse.

5.9 Noise Reduction of
Floor-Ceiling Combinations

Paragraph 5.5 discussed the conversion of
transmission Joss of g wall into the noise re-
duction of a wall by use of the “wall correc-
tion term,” designated by the letter *“C” in
Paragraph 5.5 ond in Table 23, The same type
of correction must be applied to convert the
TL of a floor-ceiling combination to its NR
value, This applies, of course, to the situation
in which the engine room is immediately
above ot below ar adjoining area of concern,
For identification purposes, the term is called
“floor correction term® here, but it is repre-
sented by the same letter “C." It is also ob-
tained from Table 23, based on {1) room ab-
sorption; (2) total interior area! and (3) com-
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mon floor-ceiling atrea 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 above, below or beside
an engine room.

5.10 Example, Pata Sheet 7

Supposc an on-site total energy plant is con-
sidered for location on the top floor of an
office  building. Suppose three 450-hp,
1,800-rpm reciprocating natural gas engines
would be located in the engine room directly
over a suite of private offices. Suppose a typ-
ical office is 10 feet x 15 fect x 8 feet and has
a carpet and drapes but no acoustic tile ceil-
ing. Becausce of the very critical location, sup-
pose a Type 5 floor-ceiling is first calculated
to determine the feasibility of this location.

Sample Data Sheet 7 indicates the steps to be
taken in the calculation. Before Data Sheet 7
can be completed it is necessary to determine
the engine room SPL from Data Sheets 1 and
S. These sample caleulations are not given
hete, but for an assumed engine room of di-
mensions of 40 feet x 80 feet x 15 feet with a
fult 50% of all interior surfaces covered with
2inch acoustic absorption material, the fol-
lowing engine room SPLs can be calculated:

(a) The reverberant SPL due to onc en-

gine wonld be
87 91 81 90 90 89 83 76dB

{b) The close-in SPL due to one engine
waould be
90 94 94 93 93 92 86 79dB

(c) The reverberant SPL due to three en-

gines would be
92 98 96 95 95 94 88 81dB

Since the floor of concern is immediately un-
der the engines, the close-in SPL of each sin-
gle engine would normally apply. But in this
room, the reverberant SPL due to all three
engings is slightly higher than the close-in SPL
of each engine, so the reverberant SPL for all
three engines is used, i.e.,

92 9 96 B5 95 94 8& 8t1db

Suppose the Type 5 foor-ceiling consists of a
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Data Sheet 7 {Paragraph 5.10 Examplel

Sound Transmission to Adjoining Room
Through Common Floor-Ceiling

Sound Transmitting Room : Sound Receiving Room
Engine Room Private Office
. 15¢

1. Area of Comman Floor-Celling That Transmits Noise; 5q. ft.

2. Tota! Interior Surface Area of Receiving Room (including floor): 700 sq. ft

3. Total Interior Surface Area Divided by Area of Common Flaor-Ceiling:

{ttem 3= item 2 + ltam 1) 4.7
4, Area of Acoustic Treatment In Recelving Roam*:_ _T15_ s, ft.

B. Per cent Area of Receiving Room Covered by Acoustic Treatment
{ItemB=100X ltem4 = ltem2)_____—~__ . %

8, Thickness of Absorption Materinl:  3/4 in.—1in.£) 1-1/2in~-2in 0

?. Acoustic Treatment Condition of Receiving Roam from Items 5 and 8, as Defined [n Footnotes of Table 23;
Condition 10, Condition 23, Condition 3 1, Condition 4 O

8. Flaor Correction Term *C" from Table 23 for itom 3 and Item 7 Conditions:_.__.:lf.._.._...dﬁ

Frequency Band in H2
63 125 250 800 1,000 2,000 4,000 8,000

0. Approximate Floor-Celling Type (from Paragraph 5.8 of Taxt):
Typa 100 Type 20 Type 3 [ Typed O Type 5 X
10. Approximate “TL’" of Floor-Ceiling Type of Item 9 for Nearest Applicable Dimensions, from Tables 25.29

{Interpalate Batween TL Values Shown, |f Desired, But Do Not Exceed TL Values Shown in Right-Hand Calumn
of Tables 25-28):

50 54 58 6 T2 78 82 68

" 11, Estimated "NR" of'Floor»CelHnn in Equation MR = TL + €, Using Values of Items 8 and 10

{ltem 11 = Item 10 + Item 8):
Cautlon; Obsarve algebraic signs In combining items!

46 50 5l 60 68 Th 78 84

12, Estimated SPL. in Sound Transmitting Roorn from Data Sheet & (Use [tem 9 Reverberant SPL for Floor Ceiling
Above tha Engine or Item 10 Close-in SPL for Floor Under Engine):

92 96 96 25 95 ol 88 81

13. Estimated 5PL in Recelving Room {Item 13 = Item 12~ ltem 11)

L6 Le L2 35 27 20 10 -3

*Add 50% of floor area ta ltem 4, if receiving room floor is carpeted or if room has drapes or upholstared furnituro, I Lhis is the only
Beauttic material in the room, treat it as having 3/4 Tn. thickness in Item & for determining Jtem 7 condition.
29




4inch-thick {loating concrete slab supported
resilicntly 2 inches above a 1(-inch-thick
dense concrete structure floor slhb, with a
30-inch air space to a 1-1/2-<inch-thick dense
plaster ceiling supported resiliently below the
slab. Tables 28 and 29 provide the TL esti-
mate for this combination.

Item 13 of sample Data Sheet 7 yields the
following estimated SPL values in the typical
office immediately under an engine

46 45 42 35 27 20 10 -3dB

These levels may be compared with the appli-
cable NC-30 to NC-35 criterion levels for a
private oflice (Tables | and 2) as follows.

NC30: 57 48 41 35 31 29 28 27dB
NC-35: 60 52 45 40 36 34 33 32dB

It is scen that the NC-30 criterion would be
exceeded by 1 dB in only one frequency
band, and the NC-35 criterion would be met
in all frequency bands. This would probably
be an acceptable solution, especially since the
office ventilation system alr supply would
probably aiso produce some masking noise in
the NC-30 to NC-35 range,

5.11 Special S{tuations

In the example shown in Paragraph 5.10 it is

Refrigeration system assembly s installed ripidly on
massive concrete jnertia block, Even when there is no
nearby acoustically critical area, this type of mount-
ing will reduce vibration of system components and
piping, floor slab and building structure itself. (Photo-
graph is courtesy of Caterpillar Tractor Company.}

o oo
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seen that a rather special floor-ceiling combi-
nation is required to separate a fairly noisy
engine room from a fuirly quiet private office.
Even so, this particular Type 5 floor-ceiling
combination would represent only & marginal
solution if the same engine room were direci-
Iy over a bedroom in an apartment building
layout {(and probably should not even be at-
tempted without extra acoustical assistance).
This raises the question: Can an engine room
be located, say, on the top floor of an apart-
ment building? The answer to this question is
“yes" for a number of situations and “no"* for
a few situations. These are labeled “‘special
situations™ here and are discussed briefly.

A. Reciprocating Engines:

1. Primarily for vibration considera-
tions, feciprocating éengines above
about 1,000 hp each or below about
900 rpm should not be located on an
upper floor of a building that will
house occupants falling into Catepor-
ies 1, 2 and 3 of Table 1, without the
aid of an acoustical consultant to as-
sure that certazin special detalls are
met. Vibration isolation is discussed
later in the manual,

13

Reciprocating engines above about
50 to 100 hp probably should not be
located directly aborve a Category |
or 2 area of Table 1, without the aid
of an acoustical consultant to check
for the required details.

3. Reciprocating engines below about
1,000 hp each and above about 800
rpm can be located on an upper-level
engine room floor (with proper vibra-
tion isolation, as discussed in Section
8) provided the location is horizon-
tally removed from an NC-20 to
NC-25 Category 1 or 2 area by at
least 40 feet or two column lines of
the building (whichever is the greater
distance), or is horizontally removed
from an NC-25 to NC-30 Catcgory |
or 2 arca by at least 20 feet or one
column line (whichever is the preat-
er). These gencralizations apply to a
critical area on the floor below or be-
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side the engine room, and there must
be at least one good full-height wall
(having a TL of greater than 25 dB in
the 250, 500 and 1,000 Hz frequency
bands) between the critical area and
the engine room in addition to the
walls and floors that enclose the en-
gine room. This second wall must be
located at least 10 feet beyond the
enclosing wall of the engine room,
preferably as much as 20 to 30 feet,
if the building layout permits. These
same suggestions may also be applied
to a critical area located on the floor
zbove an engine room floor but the
horizontal separation distances can
be relaxed slightly (if necessary), il
all piping associated with the engine
assembly are well isolated in and near
the engine room.

4. Reciprocating engines of any size and
speed can be located in a basement or
on-grade position of any building as
long as proper vibration isolation and
suitable airborne noise control are
provided, If a critical Category | or 2
area is located on the fMoor above the
engine room floor, the harizontal
separations dicussed above are ad-
vised.

5. There need be no horizontal separa-
tion between the engine room and

any critical area that is two floors,

above or below the engine room
floor, so long as proper vibration iso-
lation and adequate airborne noise
control are provided for the engine.

B. Turbine Engines:

I. In terms of vibration considerations
alone, there appears to be no size lim-
it for a turbine engine located on an
upper floor of a multi-floor building
that houses occupants in Categories
I, 2 and 3 of Table 1, provided the
engine drives entirely rotary-action
devices (no reciprocating-action de-
vices) and provided the engine assem-
bly is properly vibration isolated. As
a practical matter, the scope of this
manual limits the size to about 5,000
kw,

i

2. In terms of noise considerations
alone, a tutbine engine rated above
about 500 kw probably will either re-
quire a Type 4 or Type 5 enclosure
(as described briefly in the footnotes
of Table 6) or horizontal separation,
such as discussed above in Item 3 for
reciprocating engines, if an NC-20 to
NC-30 critica)l area is located near the
engine room in an upper floor of a
building. In addition, of course, prop-
er vibration isolation and airborne
sound control for the areas immedi-
ately surrounding the engine room
should be provided, in accordance
with Data Sheets 6 and 7, as applice-
ble.

These special situations will become apparent
when calculation of Data Sheet 6 or 7 reveals
that a particular high-TL wall or floor-ceiling
cannot produce low enough noise levels in the
adjoining space to meet the noise criterion de-
sired for that space. In effect, the need for
horizontal separation, as discussed in the
“special situations™ above, is evidence of need
for “double-wall construction® in order to at-
tain a high TL value, The recommendation of
a second wall at least 10 feet horizontally
from the engine room wall would meet the
“double-wall™ requirement. There are more
sophisticated double-wall structures that do

Solar gas turbine generator sets produce power and
exhaust heat Tor chemical plant., Exhaust is ducted
out of room. Operators have plass-walled control
room to reduce noise, (Photograph is courtesy of
Solar Division, fnternationa! Farvester Company.)
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not require the 10 foo! separation but they
become rather complex structures and require
special detailing and special attention during
construction. If the building layout can ac-
commodate the 10-foot horizontal separation
of walls (on the same or immediately adjoin-
ing floors), no special wall details would be
required (other than that the second wall be of

such construction as to provide a TL of at’

least 25 dB in the three frequency bands
listed above—sce Tables 13-22 for possibili-
ties).

5.12 Engine Room Precautions

Although there may be no obligation to con-
sider the following factors in designing an en-
gine room, there is a growing concern for the
well-being of operating personnel and for
operational efficiency. Two points are men-
tioned here regarding engine room occupancy
by personnel.

First, conversation in the engine room is
usually quite difficult. For this reason, audio
communication should not be encouraged: do
not install g loud bell to call the operator {use
a flashing light instead) and do noi install a
telephone in the engine room (install the tele-
phone in the control room).

Second, engine room noise levels are suffi-
ciently high that an operator should not be
required or expected to remain in the engine
room during long periods without ear mnffe

.

or ear plugs. To overcome this possibility, 4
small control room or engineer’s office should
be provided beside the engine room, Qperat-
ing personnel should use the control room
except when required to be in the engine
room,

Detailed analyses of allowable time intervals
in engine rooms without the use of ear pro-
tectors have been worked out in the manual
identificd under Footnote 1 at the beginning
of Section 3. The details are too lengthy to
repeat here, but it would be a fair summary to
state that operators should wear ear pro-
tectors inside an cngine room with reciprocat-
ing engines every time they are likely to re-
main in the engine room for more than 10
minutes at a time, For intervals of less than
10 minutes, separated by at least 30-minute
periods in a much quierer environment, ear
protectors prabably need not be worn, Prob-
ably, ear protectors should be worn for alf
time intervals in an engine room containing
turbine engines. To arrive at more specific re-
commendations, the reader should know the
actual engine room SPLs and check them
agiinst the latest data of the “CHABA™ com-
mittec?,

*epazardous Exposure to Iplermitient and  Steady-Siate
Neise,” National Academy of Science and National Rescarch
Couneil, Commiftee on Hearing, Bioacoustics und Biomechs
anics (“CHIABA'™), January 1965. (Also published in Lhe
Journal of the Acoustical Socicty of America, Vol 39, Ne, 3,
pp 451-464, March |966.)

Control room beside gas turbine total energy installation, Double-glass  Ear protection is recommended for
viewing windows and interconnecting door through separate alcove re-  personned exposed to high levelsin engine
duce noise levels In control room. Installation provides heat, power and room, (Photograph is courtesy of
refrigeration for large modern office building. (Phiotograph is courtesy  Northern lilinois Gar Company.)

of Northern Hlinois Gos Company.)
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CONTROL OF AIRBORNE SOUND CUT-OF-DOORS

Section 6

Section 5 was concerned mostly with the dis-
tribution and control of engine casing noise
within the buijlding served by the engine. In
Section 6, primary concern is for the distribu-
tion and control of that portion of the engine
noise that is radiated out-of-doors and that
might be heard by the neighbors, The term
“neighbor” is used here to designate the near-
est person or property in a given direction to
be protected against excessive noise from the
engine. The neighbor may be a nearby resi-
dent or a nearby building or, in some cases,
part of one’s own building or its occupants.

6.1 Sound Pressure Level Qut-of-Doors

When a sound source is free to radiate out-ol-
doors, the sound usually travels out in all di-
rections and becomes less intense at increasing
distances from the source, For an “‘omni-
directional™ or ‘“non-directional™ sound
source (i.e., it radiates equally in all direc-
tions), the outdoor SPL at any distance, “D",
from a source. PWL, is given by the relation-
ship:

SPL=PWL = 10log (20D?)+ 10 — a D/1000

where a is the loss per 1,000 feet due to
“molecular absorption** of sound in the air.
For the manual, the latter terms of this equa-
tion have been combined into one term,
called an “outdoor distance term,” such that

SPL = PWL - Outdoor Distance Term

The “outdoor distance term" has been calcu-
lated and summarized in Table 30 for a range
of distances from 10 feet to 7,200 feet, This
assumes average dtmospheric conditions and
no sound barrier or obstruction between the
source and the receiver. Weather conditions
can influence sound transmission, particularly
at the large distances, but usually the weather
is sufficiently variable that it cannot be relied

upen to give a permanent benefit to a noise
problem. Hence, in this manual, averape
sound propagation conditions are assumed,

6.2 Example, Data Sheet 8

As an example of the use of Table 30, sup-
pose it is desired to determine the SPL at a
distance of 1,600 fect from the reciprocating
engine unmuffled exhaust noise of Example
3.4, as shown by Item 7 of sample Data Sheet
2 for that example, assuming that the noise
radiates uniformly in all directions from the
exhaust pipe opening.

Sample Data Sheet 8 indicates the steps to be
taken for obtaining the outdoor SPL at the
1,600-foot distance,

6.3 Noise Reduction
Pravided by a Building

An intruding noise coming from an outdoor
noise source may be heard by a neighbor whe
is either indoors in his own building or out-
doors on his property. If he is outdoors he
may judge the intruding noise against the
more-or-less steady background noise due to
other nolses in the area, If he is indoors, he
may tend to judge the noise by whether it is
audible or identifiable or intrusive into his
surroundings, If the noise, when heard in-
doors in the neighboring building, can be
made to be no preater than the criterion levels
of Table 2 for the Table 1 activity areas, it is
quite likely that there will be no complint
against the noise,

When outdoor noise passes into a building, it
suffers some noise reduction, even if the
building has open windows. The actual
amount of noise reduction {(NR) depends on
building construction, orientation, wall area,
window area, open window area, interior ac-
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Data Sheet 8 {Pacagraph 6.2 Exarnple)

Estimated Qutdoor Sound Pressure Level (SPL)
Due to an Outdoor Sound Source PWL

1,600

1. Distanca to Noise Source: ft.

Freguency Bond In Hz ] H
63 125 250 §00 1,000 2,000 4,000 8,000

2, Total PWL of Afl Outdoor Noise Sources at Source Position:

121 | 127 123 115 111 105 95 87

3. Outdoor Distance Term from Table 30 for ltem 1 Distance:

; 62 | 62 | ez 63 6k 67 75 85
. 4, Approximate Qutdoor SPL at Distance of Item 1: {Item 4 = {tem :}Qltem 3) i
N Cuutlon: Observe algebraic signs in combining Items!
3 59 | 65 61 52 b7 38 20 2
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oustic absotption, etc. For practical purposes,
however, the average NR values of Table 31
can be used in the manual.

To estimate the indoor SPL of a noise coming
inside the building from outdoors, it is merely
necessary to reduce the outdoor SPL by the
amount of NR found in Table 31 for the ap-
propriste wall and window condition. If' the
building has no windows at all, an approxi-
mate NR value can be estimated for the wall
from the TL values of Tables 13-22. When the
indoor SPL is estimated, it can be compared
with the noise criterion levels of Tables } and
2 considered appropriate for the situation. If
the Indoor SPL is equal to or less than the
criterion [evels, there will generally be no
noise problem. If the indoor SPL exceeds the
criterion levels by more than a few decibels in
one or more of the frequency bands, there
may be a problem if no further noise reduc-
tion is applied.

6.4 Noise Reduction
Provided Ly a Solid Barrier

A solld wall, a building, a large mound of
earth, a hill or some other type of solid struc-
ture, if large enough, can serve as a partial
barrier to sound and can provide some noise
reduction for a receiver Jocated within the
“shadow™ produced by the barrier.

Table 32 shows the important dimensions
that influence the amount of noise reduction
provided by a barrier, For a barrier. to be ef-
fective, it should extend as far as possible
beyond the line-of-sight between any part of
the noise source and any part of the receiver
in both the vertical and horizontal directions,
This distance beyond the line-ofsight is re-
presented by “H" in the simple sketch includ-
ed with Table 32,

Also there must be no nearby large reflecting
surfaces that can reflect sound around the
barrier into the shadow zone. The distance D
in the sketch of Table 32 must be large com-
pared to the distance R and height (or width)
H., The attenuation values given in Table 32
will apply equally for the two conditions; (1)
sound source gt Point A and receiver at Point
B, or (2) sound source at Point B and receiver
at Point A.

a5

The barrier loses effectiveness at very large
distances because sound that passes over the
top ol the barrier may be bent back down to
the ground by wind and temperature grad-
ients, If D is greater than ! mile, the attenua-
tion values used should be only about one-
half the values given in Table 32, This is
usually not a very important factar in a prob-
lem, however, because at a one-mile distance,
the noise has become so reduced by the dis-
tance effect that the loss of effectiveness of
the barrigr is hardly noticed.

If a barrier wall is to be built or used as a
noise control device, the TL of the wall (or
building) should exceed by at least 10 dB in
all frequency bands the excess attenuation to
be expected from the wall.

If the bartier is a large *thick"™ building, the
distance R should be faken from Point A to
the near wall of the building, and the height H
should be the height of the bujlding at that
near wall. There should be no large openings
entirely through the building that would de-
stroy the effectiveness of the building as a
barrier. A few small open windows in the near
and far walls would probably be acceptable,
provided the interior rooms are large,

It should be noted that a large reflecting sur-
face, such as the barrier wall, may reflect
more sound in the opposite direction than
there would have been with no wall at all
present. If there is no special focussing effect,
the wall may produce about 2 or 3 dB higher
levels in the direction of the reflected sound.

6.5 Noise Reduction
Provided by Dense Woods

Heavy dense growths of woods provide a
small amount of sound atlenuation. To be ef-
fective both winter and summer, there should
be a reasonable mixture of both deciduous
and evergreen trees. Also the ground cover
should be sufficiently dense that sound can-
not pass through the lower, less dense parts of
the tree growth. For dense woods of several
hundred feet depth, the sound may pass over
the tops of the trees, in which case the atten-
uation through the trees should never be con-
sidered greater than the excess attenuation
over the trees, as determined from the ap-
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plication of Table 32, treating the woods as
though it were a solid barrier,

Table 33 gives the approximate noise reduc-
tion through densc woods, where dense
woods are taken as having an average “visibil-
ity penetration” of about 70 to 100 feet, Oc-
casional trees and hedgpes give no significant
attenuation, *'Visibility penetration” is the
averape maximum distance in the woods at
which some small portions of a large (3-t
squarc) white cloth still can be seen. Foot-
notes in Table 33 pertain to reduced noise
reduction rates for less dense and for shorter
growths of trees,

6.6 Directivity Effect
of a Stack Opening

If noise is emitted to the cutdoors from the
open end of a large duct, there would be more
noise directly in front of the duct opening
than there would be at the side of the duct,
Table 34 pives some values to this “directivity
effect” of a Iarge ducted opening, assuming in
this case it applies to the hot, high speed gases
and noise emitted by the vertical exhaust
stack of a large turbine engine. At positions
directly in line with the stack opening (0° in

muffler for large reciprocating engine, (Photograph it
rourtesy of Lhiesel and Gas Turbine Progress.}

Table 34), noise levels are higher than if this
were a non-directional unducted source free
to radiate equally in all directions, At posi-
tions to the side (90° and 135°), the noise
levels are lower than if this were a non-
directional source. This effect is quite pro-
nounced for large openings and tapers off to a
negligible effect for small openings, where the
duct size is not very large compared to the
wavelength of the sound.

Field tests have shown that the same general
effect holds for a large air infake opening that
emits noise, with the exception that the effect
at 90° and 135° is slightly greater, as shown
by the footnote in Table 34.

If the inlet or exhaust duct is oriented hori-
zontally and does not form a vertical stack,
the gencral directivity effect of Table 34 can
still be assumed, always measuring the angle
from the axis of the opening, provided there
are no nearby structures than can reflect
higher sound levels into the shadow zone of
the 90° and 135° tegions,

Field data upon which Table 34 is based are
quite sketchy and not very definitive. Thus,
the actual directivity effects seem to be quite
variable depending upon the geometrical var-
iables of the several stacks tested. Some effect
js known to exist, however, and reasonable
averages are offered in Table 34.

Note that these data are based on vertical
stacks that project at least 10 to 20 feet or
mote ihove other portions of the building and
usually 20 to 40 feet ahove the ground, If
such a stack now is considered as lying hori-
zontally along the ground, the ground and
any projections or structures on the ground in
front of the stack opening can distort the di-
rectivity effect considerably,

If a large duct opening is located in the side
wall of a large building, the building itself
serves as a barrier that enhances the direc-
tivity effect. Less noise will be radiated in a
direction of 180° from the axis of the duct,
but all the geometric factors maeke it difficult
to give general rules on “how much less.' The
values will fall somewhere between those of
Tables 32 and 34, but this requires some
judgement in the use of Table 32 for sucha
situation.
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6.7 Noise Reduction
Provided by *Reactive Mufflers™

“Reactive mufflers” are used almost entirely
for pas and diesel reciprocating engine ex-
hausts, Reactive mufflers usually consist of
two or threc large-volume chambers contain-
ing an internal labyrinth-like arrangement of
baffles, compartments and perforated or
slotted tubes. Sonfctimes also called “snub-
bers,” these mufflers smooth out the flow of
impulsive-type exhaust discharge and, by the
arrangement of the internal components, at-
tempt to reflect some sound energy back to-
ward the source. These mufTlers usually have
no acoustic absorption material, although
some manufacturers produce some models
that contain an inside lining of high-
temperature material, Many manufacturers
produce a low-pressure-drop and a high-
pressure-drop line of mufflers, and each line
comes in three different classes of noise re-
duction. The low-pressure-drop line is adver-
tised Jargely for turbocharged engines, but the
high-pressure-drop line can alsc be used with
turbocharged engines, if the engine manufac-
turer approves the gencral exhaust layout.
The high-pressure-drop line provides greater
noise reduction. Typically, the three different
classes of noise reduction are indicated by
labels that somewhat relate to the degree of
criticalness of the potential noise problem,
such as *‘commercial,” “standard,” and “‘resi-
dential," and “industrial,” and “semi-critical,”
and “‘critical,”" or similur series of names and
models.

Table 35 gives approximate noise reduction
values for the threc classes of mufflers in the
tow- and high-pressure-drop lines, The three
classes are identified here by rclative size:
small, medium and large. The small size has
the lowest noise reduction; the large size has
the highest noise reduction,

" The engine manufacturer may recommend a

maximum length and minimum diameter ex-
haust pipe lor his engine, 45 these influence
the back pressure applied to the engine ex-
haust. Exhaust pipe layout and location of
the mufller also influence the noisc reduction
provided by the muffler.

Muffler manufacturers stress that the muffler

37

should be located as close as possible to the
engine in order to avoid exhaust pipe resonan-
ces that coincide with engine firing rates. This
is not always possible or practical; but it is
well o know that if such a resonance should
occur and the pipe vibrates strongly or the
muffler seems to be ineffective, it may be pos-
sible to eliminate or reduce the pipe reson-
ance by changing the pipe length 5 to 8 feet in
between the engine and the muffler, For given
engine configurations, some critical pipe
lenpths can be calculated but there is no assur-
ance that resonance will or will not occur for
those lengths, so the calculations are not in-
cluded here.

6.8 Noise Reduction
Provided by “Dissipative Mufflers®

“Dissipative mufflers” are made up of various
arrangements of acoustically absorbent ma-
terial that actually absorbs sound energy {rom
the moving air or exhaust stream,

Dissipative mufflers are used in the air intake
and gas exhaust of turbine engines. The most
popular configuration is an array of *‘parallel

: S e
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Twin set of gas turbine engines used lo generute
clectrical power, Air intake to engines enters large
muffled ducts at each side of engine housing (nearest
air inlet duct shown with open access door in fore-
ground.) Engine exhkaust gases and noise pass through
vertical muffless in this outdoor |nstallation, (Photo-
graph is courtesy of Diesel and Gas Turbine Progress.}
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balfles" placed in the air stream, The baffles
may range from 2 inches to 16 inches thick,
filled with glass fiber or mineral wool of such
type as to stand up under the operating tem-
perature (possibly 900° to 1,200°F in engine
exhausts), with adequate internal construc-
tion and surface protection to resist the des-
truction and crosion by high-speed, turbulent
flow, These baffles have been proved with
many years® use in jet engine test cells, An
experienced reputable manufacturer should
be selected for these mufflers in order to in-
sute proper quality of materjals, design and
workmanship and ultimately longlife and
durability of the installation.

Where large amounts of attenuation are re-
quired in relatively short dimensions, it is nec-
essary to install bafftes at relatively close
spacing, such that the total open ares for air
flow may be 30% to 70% of the total cross-
section area of the stack or opening: This, in
turn, produces pressure drop in the flow, so it
is necessary to reach a compromise of cost,
area, length and pressure drop in the final
choice of muffler arrangement,

In general, thin parallel baffles (2 inches to 4
inches thick) are more effective in the higher
frequencies, and thick paralle! baffles (8
inches to 16 inches thick) are more effective
in the lower frequencies, Unfortunately there
are no baffles that are highly effective at very
low frequencies, although it is known that
large amounts of low frequency attenuation
require small percentage open areas of muf-
flers (such as 30% to 40%).

The field of muffier design and construction
is so specialized that an architect or mechan-
ical engineer should not undertake the design
of these mufflers. Instead, it is suggested that
noise reduction requirements for muffler ap-
plication be worked out by use of the manual
and in conjunction with the turbine engine
manufacturer, and then be specified to the
engine installer, contractor or muffler manu-
facturer. Tables 36 and 37 give the approxi-
mate noise reduction provided by some typ-
ical parallel-baffle muffleys.

For air intakes into gas turbine cngines, the
noise reduction requirement may be set by
any one of the frequency bands; for furbine

3B

engine exhausts, the noise reduction require-
ment will probably be set by one of the low
frequency bands.

In some critical installations it has been found
that high flow speed through the meffler can
produce noticeable *“‘selfznoise™ that is itself a
cause of ¢concern, There is no exact schedule
of air speed vs self-noise, but it has been
found that s flow speed of about 175 to 200
feet per second is probably acceptable for en-
gines located in fairly noisy commercial or in-
dustrial areas and of about 125 to 150 feet
per second probably acceptable for engines
located in or near quiet residential areas,
Remember that, at engine exhaust tempera-
tures, hot exhaust gas is of much lower den-
sity and has a higher total volume flow than
the cool air intake info the engine.

6.9 Example, Data Sheet 9

The various noise reduction components dis-
cussed briefly under Paragraphs 6.3-6.8 can be
summarized by use of an example and Data
Sheet 9,

Suppose the example of Paragraph 6.2 is con-
tinued here. The unmuffled exhaust noise of a
200-hp turbocharged reciprocating engine was
found to produce an outdoor SPL at 1,600
feet distance of:

59 65 6] 52 47 38 20 2dB
These values become Item 1 of sample Data
Sheet 9. Suppose the neighboring building at
1,600 feet distance is a suburban residence
having normally open windows. There is no
major obstacle between the engine and the
residence that is large enough to serve as a
useful sound barrier, but there js a 200-foot-
wide densely wooded area separating the en-
gine from the residential ares. The exhaust
pipe opening is too small fo have any signifi-
cant directivity effect. Items 2-7 of Data
Sheet 9 summarize the effects of these noise
reduction contributions. The tentative indoor
SPL of Item 7 is as follows:

49 53 47 36 28 16 —4 -24dB
This can be compared with the desired NC-20
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Data Shee1 9

Estimated Indoor SPL at Neighboring Locatlon,
\ Including All Neise Reduction Contributions

{Paragraph 5.8 Example)

Nolse Source Considared in This Data Sheet:_EXhaust of 200-hp Recip, Engine

o
3
|
\ Frequency Band in He
o l g3 126 250 500 1,000 2,000 4,000 8,000
i i‘ 1. Qutdoor SPL. st Neighboring Location for No Noise Aeduetion Contributions {from item 4 of Dato Sheet B)
o 59 65 61 52 bt 38 20 2
- E 2. Noise Reduction from Qutdoors to Indeors Provided by Neighbor Building, from Tabte 31;
o
9 10 11 12 13 14 .15 16
3. Noise Reduction Provided by Sound Barrler, from Table 32:
0 0 0 0 o] 0 0 4]
n
& 4, Nobso Retuction Provided by Wootls, from Tabte 33:
n
.
g 1 2 3 4 & 8 9 in
i
4
L} 5. Tentotive tndoor SPL to This Point (item 5= 1tem 1 — ltem 2 ~ item 3 ~ Item 4):
Lg 53 b7 36 28 16 - -2h
6. Directivity Effect of Stock Opening, 1f Applicable, from Tabile 33:
il
. 3 0 s} 0 a 0 0 0 0
'ln
j 7. Tentativo Indoor SPL to This Paint (item 7 = ttem § + ttem 6}
5 Coution: Observe algebraic signs in combining itams}
i
L kg | 53 k7 36 28 16 ~h -2h
iy
%
9;: B. Approximate Noise Reduction of Mutfler Planned for Use with Nolse Source, 1f Applicable, from Tables 35-37 or
‘: from Mutfler Data Suppiled by Manufxciurer;
£ 10 15 13 11 10 9 8 8
H .
’ 8. Ectimated {ndaor SPL at Nuighboring Lacation, Due to This Noisa Sourcs {item 8 = {tom 7 = Item 8)
{
i 39 38 34 25 18 7 -12 ~32
39
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criterion for the residence, from Tables | and

.
H

NC20: 50 40 33 26 22 19 17 16d8B

This comparison shows that the tentative in-
door SPL exceceds the NC-20 criterion by the
following amounts:

- I3 14 16 6 - -~ -dB

These excesses could be met by the use of a
reactive muffler (Table 35) for the engine ex-
haust. A small-sized, low pressure-drop muf-
fler, having the following approximate noise
reduction

10 15 13 11 10 9 & &dB

would be considered adequate io meet the re-
guirement even though it is shy by I dBin
the 250 Hz band, provided this is the only
noise source to be considered, If there were
several noise sources present, their total effect
on the residence should be considered. And
it might be necessary to use a larger muffler
with greater noise reduction.

For a gas turbine engine, the amount by
which the tentative indoor SPL of Item 7 of
Data Sheet 9 exceeds the desired noise crite-
tion for that indoor area would give the noise
reduction requirement for a muffler for either
the air intake or gas exhaust of the engine,
This requirement would then be specified to
the engine installer or muffler supplier. A very
rough idea of the muffler size might be ob-
tained by checking the requirement with the
muffler examples given in Tables 36 and 37.

In using Data Sheet 9, it is cautioned that if
the noise reduction provided by a muffler was
included in estimating the PWL of the noise
source (as in Data Sheet 2, 3 or 4), then the
noise reduction of that same muffler cannot
be used again in Item 8 of Data Sheet 9.

If a very unusual amount of noise reductjon is
required or if it appears that conventional
muffling  devices cannot meet the re-
quirement, re-check all calculations very care-
fully and, if necessary, obtain the assistance
of the muffler company engineer or of an ac-
oustical consultant.
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6.10 Noise Control for an Outdoor Engine

If it is expected that an engine is to be iocated
out-of-doors with no engine room or acoustic
enclosure, the SPL of the engine casing noise
at the desired distance shouid be determined
with the usc of Data Sheet 8 and appropriate
tables of data, Then, with the use of Data
Sheet 9, the indoor SPL values at the nearest
neighbor of interest can be determined. These
SPL values should then be compared with the
appropriate indoor noise criterion levels for
that neighbor, For a nearby residential neigh-
bor in a quiet community situation, the en-
gine noise might be found to be 10-30 dB too
high for neighbor acceptance. Such a situation
would clearly require that the engine be
housed inside an engine room. As a rule-ol-
thumb, the TL of the walls of such an engine
room should be at least 15 dB greater in all
frequency bands than the neise excess found
for the outdoor engine, and the TL of the
roof of the engine room should be ar least 6
dB greater in all frequency bands than the
noise excess found for the outdoor engine.

These required TL values would apply if there
is no acoustic absorption material inside the
engine room. These wall and roof TLs can be
reduced 3, 6, or 9 dB for acoustic absorption
inside the engine room that meets condition
2, 3 or 4, respectively, in the footnotes of
Table 23. Doors and windows {if the latter gre
necessary) should be compatible with the
walls in terms of noise reduction (see Para-

graph 5.7).

If an engine is expected to be enclosed in
some type of lightweight weather enclosure,
the same type of calculation as outlined above
should first be carried out, If the lightweight
enclosure does not meet the TL requirement,
the construction should be improved so that
it will meet the TL requirement,

6.11 Noise Escape from an Opening

Although one may try to minimize the escape
of noise from & room, there are times when
the noise will escape, and, at those times, it
may be necessary to know the amount of es-
caping noise. An example of such a situation
is the ventilation ducts that serve an engine
room. In order to allow air movement
through the room, the ducts may be open to
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the outside, and noise would escape through be treated as a noise source that mdiatestoa

the open ducts unless suitable muffling js pro- neighbor, using Data Sheets 8 and 9 as appli-
vided, cable,

The power level of sound that passes through There is an important caution to be intro-
an opening into or out of & room is approxi- duced at this point. In a2 small room with littie
mately - or no acoustic absorption, the reverberant

SPLs are quite high. For a large area duct or

BWL fin dB re 10712 warts) opening to the outside, it is possible te caleu-

=SPL +10log A - 10 Iate a PWL of escaping noise that is actually
larger than the PWL of the noise source inside
where SPL is the sound pressure level in the the room in the first place. Of course, this is a
room at or near the opening and A is the faltacy of the calculations and cannot really
cross-section ares in square feet of the open- exist, Therefore, when calculating the PWL of
ing. A new term “Area Factor” ("AF") is de- escaping noise through an opening, check
fined as follows: back to the original PWL of the engine or
noise source in the room to be certzin that
AF=10lg A —~ 10, - the PWL, of the escaping noise is never greater
. than the PWL of the basic noise source inside

Then, the room.

PWL = SPL + AF Excess noise escaping through holes, ducts,

open windows or ventilation ports can best be
Tuble 38 gives a range of values of AF for a controlled with the use of a muffler in the

representative group of areas, opening, Table 39 gives the approximate noise
reduction of typical “packaged duct muf-

If an engine room has a iarge opening to the flers” supplied by several acoustic preducts
outside to provide ventilation air to the en- manufacturers, These muifiers may also be
gine, the PWL of the noise escape through used in air-intake openings for turbine en-
that opening should be determined, The SPL gines, if the air speed does not exceed the
is taken as the engine room SPL, and the AF upper limits suggested by the muffler manu-
term is found from Table 38 for the area of facturer. In fact, so that air flow noise jtself is
the opening. The resulting PWL should then not excessive, the air speed through the mul-
y .

¥ a

PN A T
Vertical exhaust silencer is used on Solar gas turbine engine
to reduce noise radiated from this natural gas pumping station
to the neighbors. (Phatograph is courtesy of Solar Division of
Internarionat Harvester Company,}
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fler passages probabiy should not exceed
about 4,000 ft/min.

Noise escape through ducted openings can
also be controiled by duct lining. This is not
discussed in detail here, since duct treatments
can be referrcd to in the “ASHRAE Guide
and Data Book" (see Footnote 2 under Para-
graph 4.2 of the manual),

6.12 Caution on Outdoor Engine Noise

In Paragraph 6.3, it was stated: “if the nolse,
when heard indoors in the neighbor building,
can be made to be no greater than the crite-
rion fevels of Tabie 2 for the Table | activily
areas, it is quite likely that there will be no
comptlaint against the noise," Thisis generally
true, but it is also important to realize that
*neighbors who vatue their outdoor surround-
inps may not lolerate very much outdoor
audible nojse even if it is essentially inandible
when heard indoors. For such situations it
would be well to compare the outdoor noise
made by the enpint with the ambient or back-
ground noise for the area. }f actual measured
noise levels cannot be made, an approximate
estimate of outdoor -nighttime background
noise for any area can be determined from a
table and set of curves given in the latest
“ASHRAE Guide and Data Book" in the
chapter on noise control, In general, critical
neighbors would not willingly accept outdoor

.
e
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Arrangement of mufflers control engine ex.

engine noise Jevels that are more than about §
io 10 dB above the nighttime ambient naise
Jevels, I the outdoor engine noise is above
this amount, additional nolse control should
be included until the engine noise levels equal
or are only stightly above outdoor amblents ai
the neighboring location.

6.13 Noise Codes and Ordinances

A major objective of this manual is to provide
the guidance nccessary 1o achieve a sufli-
ciently quiet engine installation so that neigh-
bors wil! not complain of the noise. I this
objective is met, there may be no reason to
invoke a noisc ordinance against such an in-
stallation. Nevertheless, where local codes or
ordinances exist, it is desirable to check the
expected noise levels of the engine instalia-
tion, including ail the noise control designs, to
determine if they conform to the code re-
quircments. If additional noise reduction is
shown to be necessary, determine the addi-
tiomal treatments that must be incorporaied
into the totai design. Data Sheet & may be
used to determine the outdoor noise levels at
any specified distance from the total noise
source, and, where applicable, the noise re-
duction steps of 1tems 3, 4, 6 and 8 of Data
Sheet 9 and other treatments can be used to
estimate the ultimate noise levels to be ex-
pected at the point specified by the ordis
nance.

bank of engine-driven comptessors at this gas transmission ling
compresser station. (Photograph ix caurtesy af Universal
Silencer Corporation.}
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Section 7

TOLERANCES ON
AIRBORNE SOUND
PRESSURE LEVEL ESTIMATES
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When numerical values are assigned to noise
criteria, PWLs, SPLs, TLs, NRs, etc., this
raises the question of accuracy of data and
possible tolerances on the solutions, Each es-
timate may involve an accuracy of 2or 3 dB,
and the cumulative effect of several estimates
could produce an over-design or an under-
design of a few decibels, The results, however,
have been based on many measurements and
many experiences with engine noise sources
and noise control problems. It Is believed that
the methods and procedures given in the
manual will produce reliable and waerkable ac-
oustic solutions to most engine installations,

In general, the noise estimation procedure
used in this manual will tend to overcstimate
the noise of an *‘average” engine by about 2
or 3 dB, in order to protect the designs
against many of the engines that are just
slightly noisier than “average." It is believed
that this degree of over-estimation will yield
noise contro]l designs that will encompass
about 85% to 95% of all diesel and gas reci-
procating engines and about 75% to 90% of
all gas turbine engines, The remaining recipro-
cating engines may fall as high as 2 or 3 dB
above this “design group” (possibly higher for
turbocharger air-intake noise, which is usually
not a major problem, however), and a few of
the remaining gas turbine engines may fall as
high as § to 10 dB above this design group.

Acoustic designs are rated here in four classes
as to their relative ability to meet calculated
needs, These four classes are described as fol-
lows:

1. A design may be rated preferred if it
equals or surpasses the noise requirements
of the analysis in all frequency bands.

r

A design may be considered accepiable if
it produces no more than the following
noise excesses above the design poal:

4 dB in the 63 and 125 Hz band,
3 dB in the 250 Hz band, or
2 dB in all higher frequency bands,

3. A design should be considered marginal if .

it produces the following noise excesses
above the design goal:

5-7 dBin the 63 and 125 Hz band,

At o b TaRMAAT £
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46 dB in the 250 Hz band, or
3-5dB in all higher frequency bands.

4. A desipn should be considered unaceept-
able if it produces any higher noise ex-
cesses than those listed immediately
above in the “marginal™ category.,

The above ratings and tolerances take into ac-
count the general accuracy of data fed into

the analysis as well as the *‘average™ reaction.

of people to noise.

A basic philosophy on two points is offered.
First, if a design invelves a permanent struc-
ture, such as a building wall or floor, that is
not easily modified after construction, use a
consefvative approach and avoid relaxing the
design decisions, On the other hand, if a de-
sign involves a portable or replaceable item,
such as a muffler or a movable partition, that
can be modified or corrected later if necessary
at relatively small extra cost, then, if desired,
design compromises might be made. Second,
if the client, customer or building owner is
willing to support a step-by-step noise reduc-
tion program in gn attempt to ““get-by” with
the least expensive design, it might be justifi-
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able to try some compromise decisions in pur-
suit of an acceptable solution. ([t is cautioned
that thi§ may not result in the least expensive
total solution, however.) On the other hand,
if the client does not wish to be bothered
with attempts at intermediate solutions, then
the conservative approach should be followed.

If a compromise solution is carried out, there
is the possibility that additional noise control
may be needed later; however, if no com-
plaint arises from the compromise decision,
possibly a less expensive solution will have
been reached.

It is pointed out here, in addition to being
mentioned in Paragraph 5.3, that when several
noise sources are present, their total noise
must be considered in gny complete evalua-
tion, If just three noise sources, say, the
casing, inlet and exhaust of a turbine engine,
were each controlled to yield alone an NC-25
at a critical neighboring location, the total
noise of those three sources might equal an
NC-30 condition. Thus, when multiple
sources or paths of noise are present, allow
adequate excess noifse control to assure that
the final total still meets the desired criterion
goal.

ERARCLITU T AN b s



VIBRATION ISOLATION OF RECIPROCATING ENGINES

Section 8

P D

In this section, vibration isolation of recipro-
catingengines isdiscussed for two general loca-
tions; {1) on an on-grade slab, such as in a
basement or ground floor Jocation, and (2) on
an wpper-floor of a multi-floor building. All
supgestions given here are based on acoustical
considerations only; these are not intended to
represent  structural  design  requirements,
These suggestions apply to both the engine
and all attached equipment driven by the en-
gine and apply equally to rotary- or recipro-
cating-action driven equipment. It is assumed
that the mechanical engineer, structural engi-
neer, or equipment manufactuter will specify
a stilf, Integral base assembly for the mount-
ing of the equipment and that all equipment
will be properly aligned. The base assembly
should be stiff enough to permit mounting of
the entire equipment load on individual point
supports, such as “soft"' steel springs.

8.1 On-Grade Location

There is no limit on the size of the recipro-

g A 2 Nt LT 2 YR 3 et DS T
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cating engine that can be installed at an on-
grade location.

It is conventional practice, in the installation
of large gas or diese] reciprocating engines, to
install the engine assembly directly and se-
curely onto a large concrete jnertia block hav-
ing a weight of about 2 to 5 times the total
weight of the supported load and having suffi-
cient stiffness to provide the desired degree of
alignment. The engine manufacturer will usu-
ally specify the minimum dimensions for the
concrete block and the maximum telerances
for alignment.

It is recommended here that an engine as-
sembly on-grade be installed rigidly on a large
and massive concrete inertia block having a
weight not less than twice the weight of the
total supported load; even greater weight s
desirable. This mass adds stability to the
machine and reduces the vibration of the en-
tire assembly, The fellowing schedule is offer-
ed as 2 puide for vibration isolation of the
total “assembly,” which is here taken to con-
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sist of the engine, the driven equipment, and
the concrete inertiz block (here called “engine
base”) to which these pieces are rigidly moun-
ted. The term *‘engine assembly" denotes the
engine and all the equipment that it drives.
Distances named in this schedule may be
either horizontal or vertical distances in the
earth, in a building structure or in a combina-
tion of both.

A. For engines at or under 600 rpm or over
1,200 hp:

1. No vibration isolation of the assem-
bly is required if there is no Category
1 (Table 1) area within 500 feet, or
no Category 2 or 3 area within 250
feet, or no Category 4 or § area with-
in 150 feet of the engine base. It is
good practice, nevertheless, to give
the engine base its own footings,
separated from the fooltings of the
engine room, with a structural break
between the floor slab or floor grille
of the engine room and the enpine
base.

2. For distances closer than those listed
immediately asbove, for the indicated
Categories of Table I, the engine base
should be supported on stee! spring
vibration isalation mounts that have
a static deflection® of at least 2 in-
ches for engine speeds ol 301 to 600
rpm ot at least 3 inches for engine
speeds of 200 to 300 rpm. For any
isolated base, there must be no rigid
structural connections between the
engine assembly and the building
proper,

3. In addition, the steel springs listed
above should rest on pads of com-
pressed glass fiber, ribbed or waffle-
pattern neoprene, if the engine as-
sembly is located within 200 feet of a
Category | area, within 100 feet of a
Catepory 2 or 3 area or within 50
feet of a Cotegory 4 or 5 area. (It is

Yugiatie geflection™ of an isolation mount is the distance that
the mount will compress or deflect when the full weight of
the load Is applicd, The mounts should be selecied and
located o that all mounts in & given system comprcss approx-
itnutely uniformly all around the base and each mount meets
the requited minimum static deflection, The isolation mount
manufacturer will usually recommend specific mounts with
his submittal on a job,

assumed throughout this schedule
that feelable vibration is acceptable
in’ Category 6 areas. If this is not an
acceptable assumption, Catcgory 6
should be considered along with Ca-
tegories 4 and 5.)

B. For engines above 600 rpm and under
1,200 hp:

1.

No vibration isclation of the assem-
bly is required if there is no Category
| area within 300 feet, no Category 2
or 3 area within 150 feet, or no Cate-
gory 4 or § area within 75 feet of the
engine base, It is good practice, nev-
ertheless, to give the engine base its
own footings, separated from the
footings of the engine toom, with a

structural break between the floor

slab ar floor grille of the engine room
and the engine base.

For distances closer than those listed
immediately above, for the indicated
Categories of Table 1, the engine base
should be supported on steel spring
vibration isolation mounts that have
a static deflection of at least 2 inches
for engine speeds of 60) to 1,200
rpm or at least 1 inch for engine
speeds above 1,200 rpm, For any
isolated base, there must be no rgid
structural connections between the
engine assembly and the building
proper,

In addition, the steel springs listed
above should rest on pads of com-
pressed glass fiber or ribbed or waf-
fle-pattern neoprene, if the engine as-
sembly is located within 200 feet of a
Category | area, within 100 feetof a
Category 2 or 3 area or within 50
feet of a Category 4 or § area. (It is
assumed throughout this schedule
that feelable vibration is acceptable
in Category 6 areas. 1f this is not an
acceptable assumption, Category 6
should be considered along with Ca-
tegories 4 and 5.)

C. For engines above [,200 rpm and under
400 hp:

1.

All vibration isolation conditions are

R
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the same as in Group B immediately
above, except that the concrete iner-
tia black can be climinated, if de-

lems. Even here, the concrete inertia
block is recommended as a means of
providing this stability and stilfness,

but it is not absolutely necessary.
Items 1, 2 and 3 of Group B above
still apply throughout,

sired. If the concrete block is elimi-
nated, & substantial housekeeping pad
should be provided under the engine
assernbly, and the engine assembly
: should be mounted on a rigid steel D. In this basic guide, wherever vibration iso-
1o frame that is stilf enough to be sup- lation of the assembly is required, the fok
ported off the floor on individual lowing suggestions also apply:

steel spring isolators without intro-

ducing stability or alignment prob- 1. Ribbed or waffle-type neoprenc pads
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Gaus reciprocating engine-generator set provides power, for
research facility. Engine assembly Is thoroughly vibration-
isolated from on-grade slab, and all piping and conduit have
flexible connections. Note centrol reom viewing window in
rear wall, {Photograph is courtesy of Northern filinois Gas Co.}
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a.

should be made up of three layers of
the conventional pad-type material,
giving a total thickness of approxi-
mately 1 inch of neoprene, with adja-
cent pads separated by sheet steel
plates of approximately 1/16 inch to
1/8 inch thickness. Compressed glass
fiber pads should have a thickness of
at jeast 1 inch. The area of the pads
should be such as to provide the sur-
face loading recommended by the
pad manufacturer. For critical loco-
tions, provision shoufd be made to
permit replacement of the pads after
about 25 years, as the pad material
may deteriorate by that time.

2. For zn isolated engine assembly there
shouid be no structural, rigid connec-
tions between the engine assembly

i and the building proper. This in-
cludes piping, conduit, and ducts to
and from the assembly.

A long bellows-type thermal ex-
pansion joint in the exhaust
piping meets this requirement, as
does & flexible connection in the
inlet-air ducting to the engine.

Piping to the engine assembly
may contain long flexible con-
nections {fength at least 6 times
the outside diameter of the pip-
ing) that are not short-circuited
by steel bars that bridge the
flanges of the fiexible connec-
tions; or piping may be used
without flexible connections, if
the piping is supported on vibra-
tion isolation hangers or mounts
for a distance along the pipe of
at Jeast 100 pipe diameters. The
vibration  isolation  hangers
should have a static deflection of
at Ieast one-half the static deflec-
tion of the mounts that support
the engine base. If steel springs
are used in the pipe hangers, nec-
prene or compressed glass fiber
pads should be in series with the
springs.

Electrical bus bars from rthe gen-
erator should cither contain a
&-foot length of braided, ftexible

a8

conductor across the vibration
isolation joint, or the rigid bars
should be supported from resil-
ient hangers for a distance of
about 15 feet {from the isolated
assembly.

3, Where steel springs are used, un-
housed stable steel springs are prefer-
red, If housed or enclosed springs
must be used, special attention must
be given to the alignment of the
mounts so that they do not tilt or

. bind in any direction inside their
housings. Further, there should be
some visual means to check the
spring mount in its final position to
be certain that binding or tilting does
not take place,

8.2 Upper-Floor Location

It is strongly suggested that no reciprocating
engine rated over about 1,000 hp or no reci-
pracaling engine operating at a speed lower
than about 900 rpm be installed in an upper-
floor location. There are no known installa-
tions beyond these limits that give rise to
these restrictions, but there is concern that
the low-speed reciprocating action of wvery
latge engines might cxcite some of the reso-
nances of various building structural elements
and produce unwanted noise or vibration,
even if the engine is vibration isolated. Then,
too, a large concrete inertia block for such a
large engine produces structural support prob-
lems for an upper-floor location. If engines
above 1,000 hp or below 900 rpm must be
located in an upper-floor location, it is advis-
able to engage the services ol an acoustical
consultant to assist with the design,

The following suggestions apply for any build-
ing containing Category -5 pccupancy areas
(see Table 1),

1. The entire engine assembly should be
mounted rigidly to a concrete inertia
block having n weight at [east 3 times the
total weight of the supported load. The
concrete inertia block may be eliminated,
if desired, for any cngine of less than 100
hp that is located two or more floors
away from a Category | or 2 area, or that
is not located directly over a Category 3
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arca on the floor beneath the engine
room floor. These exceplions assume,
nevertheless, that proper airborne noise
contro! is provided in accordance with
earlier parts of this manual, Il a2 Type 5
floor-ceiling is required (this involves a
“Moated floor™ over the structure floor—
see Puragraph 5.8), an inertia block is
required under the engine assembly be-
cause the inertia block also serves par-
tially as a sound barrier immediately
under the engine.

When the concrete inertia block is used, it
should be thick enough to assure stiffness
and good alignment to the entirc assem-
bly. Its area should be at least as large as
the overall area of the equipment that it
supports, If the engine drives a refrigera-
tion compressor which is connected di-
rectly to its evaporator and condenser
cylinders, all this equipment should be
mounicd together onto the same concrete
block. The bottom of the inertia block
should rest at least 4 inches above the top
of the structure slab, 1f a Type § Noat-
ing-floor slab is involved, this 4-inch air
space under the concrete inertia block
should be covered with 2-inch-thick low-

cost plass fiber or mineral wool as {irst
mentioned under the Type 5§ floor-ceiling
combination.

If a concrete inertia block is not used, a
substantial housekeeping pad should be
provided under the engine assembly and
the engine assembly should be mounted
on a rigid steel frame that is stiff enough
to be supported off the Noor on individ-
val steel spring isolators without intro-
ducing stability or alignment problems.

2, The concrete inertia block or the stiff
steel frame of ltem 1 above should be
supported off the structure floor slab
with steel spring vibration isolation
mounts. The static deflection of the steel
springs should be at least 3 inches for en-
gines in the speed range of 900-1,200 rpm
that are mounted on concrete inertia
blocks and at least 2 inches for engines
above 1,200 rpm mounted on concrete
inertia blocks, Any engine mounted on a
stee] frame (in accordance with ltem 1
above) should be supported off the floor
on 2-inch static deflection steel springs.

3. Each steel spring should rest on a pad of

Waukeshu gas engine drives refriperation system equipment

In this top-floor installation above office suites. Integral
concrete inertia block is isolated from floor with stecl

springs in series with compressed glass fiber pads. fPhotograph
is courtesy of Consolidated Kineties Corporation,
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! compressed glass fiber, or Hbbed or waffle-
] pattern neoprene.

4. To give a stiff support to a reciprocating
engine, either with or without a concrete
inertia block, the structural floor slap
should be at least 10 inches thick and
made up of dense concrete (140-150
Ibfeu ft). In addition, the engine assembly
should be located over primary or second-
ary beams supporting the floor slab, if at
all possibie.

5. All supgestions listed under Group D of
Paragraph 8.1 apply here also.

IT an engine assembly is mounted on the up-
per floor of a building containing only Cate-
gory 6 occupancy ateas, a concrete inertia
block is not required for acoustical purposes
but a stiff steel frame would be required for
alignment purposes. The engine assembly
should be vibration isolated on steel springs
having at least 2-inch static deflection for
900-1,200 rpm engines or I-inch static deflec-
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tion for engine speeds above 1,200 rpm, Com-
pressed plass fiber or neoprene pads are not
required under the springs. The recommenda-
tions given under Item 2, Group D of Pama-
graph 8,1 would also apply here except that
isolated pipe hangers cap be limited to the
conlines of the engine room.

8.3 Special Situations

In the preceding paragraphs regarding on-
grade locations and upper-fioor locations,
generalizations have been given that cover a
wide range of situations, These generalizations
will probably provide adequate protection for
most typical equipment installations, Obvi-
ously, general rules cannot cover all marginal
cases or complex situations, however. Thus, if
unusual installations are planned ot if some of
the gencral suggestions o limitations given
here cannot be met, it would be advisable to
seck the assistance of an acoustical consultant
who has worked on some of the specific in-
stallation problems. Vibration problems are
sometimes quite complex and unpredictable.
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VIBRATION iISOLATION OF TURBINE ENGINES

Section 9

Because of the high-speed rotary-action of the
turbine engine, the engine alone does not in-
duce very much vibration into its supporting
floor slab, However, the equipment driven by
the turbine engine may produce significant vi-
bration, If a turbine engine is used to drive a
piece of reciprocating equipment (such as a
reciprocating compressor driven through a
speed reduction gear), the entire assembly
should be vibration isolated in accordance
with the Section 8 sugpestions for a recipro-
cating engine, where the speed and power
considerations are based on the speed and
power of the driven reciprocating device. For
such a condition, the structure floor slab for
an upper-floor installation should not be less
than 8 inches of dense concrete (140-150
ib/cu ft).

For a turbine engine driving an entirely
rotary-action load (centrilugal compressor or
generator, with or without g gear), suggestions
for vibration jsolation are given in the para-
graphs that follow, and the engine room floor
slab should be not less than 6 inches thickness
of dense concrete.

9,1 On-Grade Location

1. No vibration isolation of the assembly is
required if there is no Catepory 1 area
(see Table 1) within 200 feet, no Cate-
gory 2 or 3 area within 100 feet, or no
Category 4 or 5 area within 50 feet of the
engine assembly. These distances should
be measured along cither horizontal or
vertical directions in the earth, in building
structures-or in any combination of carth
and/or structural paths.

2. Il the engine assembly is located closer to
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9.2

critical arcas than the distances just given,
the complete assembly should be sup-
ported off the floor slab on pads of
2-inch-thick compressed glass fiber or on
pads made up of at least three layers of
ribbed or waffle-pattern neoprene. Sheet
metal spacers may be used, but are not
required between adjacent layers of neo-
prene. Pipes, ducts and conduit to the as-
sembly either should contain flexible con-
nections or be supported from com-
pressed glass fiber or neoprene-in-shear
pipe hangers for a distance of at least 25
feet from the engine. The turbine engine
manufacturer must approve the isolation
mounting of the assembly because align-
ment is very critical for a turbine engine.

Uppes-Floor Location

An engine assembly located on an upper
floor Cany floor above grade) of a multi-
floor building having Category 1 or 2
occupancy areas should be vibration iso-
lated at least in accordance with Item 2
above, under Paragraph 9.1, including
pipe, conduit and duct isolation.

If a Category | or 2 area is within about
30 feet, by structural path distances, of
the engine room (either above, below or
beside the engine room), stable steel
springs  having l-inch static deflection
should be inserted in the isolation mount-
ing arrangement between the engine as
sembly and the glass fiber or neoprene
pads on the floor,

IT the building contains only Category 3-6
occupancy areas and a Category 3 or 4
area is within about 40 feet or a Category

_g..,...-ﬁ-.-h._n-_-._._-— At e A e A i SR ] TLTS Ay
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room immediately below en
of Northern Iilinois Gas Company.)

5 area is within about 20 feet of the en-
gine room, by combined horizontal and
vertical structural path distances, the en-
gine assembly should be vibration isolated
in accordance with Item 2 of Paragraph
9.1, including pipe, conduit, and duct
isolation.

If a Type 5 floor-ceiling combination (see
Paragraph 5.8) is required for air-borne
sound control to the floor beneath the
engine room, a concrete inertia block is
tequired under the engine assembly. The
cancrete should be at least 8 inches thick
and it should be supported off the struc-
ture floor with I-inch static deflection
steel springs in series with l+inch thick-
ness of ribbed or waffle-partern ncoprene
or compressed glass fiber pads. The en-

o T

a8

and ribbed neaprene vibration-isolation mounts to reduce
neise transmission to office area and executive conference
gine room, {Photegraph is courtesy

gine assembly should be mounied rigidly
onto this concrete inertia block and there
should be at least 3-inch air space be-
tween the bottom of the inertia block
and the top of the structure slab,

No vibration isolation of the turbine en-
gine assembly is required if the building
occupancy arcas and distances from pos-
sible critical areas to the engine room are
not covered by Items 1-4 immediately
above.

For any of these upper-floor installations,
proper airborne sound control should be pro-
vided in accordance with earlier parts of the
manual, and the turbine engine manufacturer
must approve the vibration isolation mouni-
ing of the installation.
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Section 10
SUMMARY

53

This summary is intended primarily to serve
ns a reminder to not only be aware of, but
seck out carelully each noise source and each
noise path and provide for each an appro-
priate noise or vibration control treatment
where necessary.

Each engine has three principal noise sources
{the casing, the air intake and the gas ex-
haust}, The casing noise, and sometimes the
air-intake noise, is rudiated directly into the
engine room, and the engine room may adjoin
a critical area of a building. The procedures of
the manual will show the design options avail-
able for containing the noise with the use of
suitable walls and floor-ceiling combinations,
depending on the noise criterion requirements
of the adjoining areas.

The engine exhaust noise, and sometimes the
alr intake noise and casing noise, is radiated
out-of-doots and may be heard by the neigh-
bors, depending on the distance away and the
nature of the noise criteria applicable to the
neiphbors. Certain noise reduction effects
may be determined, when they ure applicable
1o the situation, and the need ot the effective-
ness of intake and exhaust mufflers can be
caleulated from the procedures given in the
manual,

In some situations, different neighbors may
have different noise criteria at different dis-
tances. It may be necessary to work out ten-
tative solutions on paper for each critical
neighbor and then to select the design solu-
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tion that will encompass all neighbor situa-
tions. A thotough analysis must not ignore
any of the noise sources, paths, or receivers,

Finally, vibration isolation is an important re-
quirement for almost any engine assembly
located near a critical occupancy area. Al-
though vibration data are not generally sus.
ceptible to calculation and prediction, various
vibration isolation suggestions are keyed into
engine size, speed and location,
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Just as a bucket with many holes will leak
water until all the holes are stopped up, so a
noisy engine will leak noise until all its paths
are identified and treated. This manual has
attempted to help identify and quantify the
noises so that they can be located and treated
even before the building s built or the engine
installed, Although some of these engines are
admittedly noisy, their noise can be con-
trotled quite easily when the right steps are
taken.
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i Data Sheet 1
Estimated Sound Power Level (PWL) of
Reciprocating Engine Casing Noise
1. Continucus Rating of Engine: hp or. kw
2. EnpineSpeed;______ . __rpm
)
Liquid Onty [J Gas and Liquid O

3. Fuel: GasOnly O

Frequency Band in Hz2

83 128 260 500 1,000 2,000

4,000

8,000

4, Base PWL from Table 3 for Item 1 Rating:

S. Speed Correction from Table 3 for itom 2 Spred:

8. Fuel Correction frorm Table 3 for Item 3 Fuel:

7. Estimnted PWL {in dB re 10-12 watt) of Casing Noise: {Item 7 = Item 4 + item § + Item 6},

Caution: Observe algebralc signs in combining itemsl|
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: Data Sheet 2
8
Estimated Sound Power Level (PWL) of
Unmuffled Reciprocating Engine Exhaust Noise
1. Continuous RatIng of Engine: hp or. kw
2, Air fntake: Turbocharger [, No Turbocharger 0
3. Exhoust Pipe Langthe—___________ __#1,
Feequency Band in Hz
a3 125 250 500 1,000 2,000 4,000 8,000
4. Base PWL from Table 4 for item 1 Rating:
5. Twbocharger Corroction from Table 4 for Item 2 Air Intake:

8. Exhoust Pipe Length Correction from Toble 4 for Item 3 Length:

Caution: Observe olgebraic signs in combining items)

7. Estimated PWL (in dB ro 10~ 12 watt) of Unmuffled Exhaust Noise: {Item 7 = [tem 4 + {tem 5 + Item §)
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Data Sheet 3
Estimated Sound Power Level (PWL)
of Untrested Turbocharger Noise at
- Ait Inlet Opening of Reciprocating Engine
1. Continuous Rating of Enging: hp or. kv

2, Inlot AirDuctLength: 1t

Fraquency Band in Hz

63 125 250 §00 1,000

2,000

4,000

8,000 -

3, Bose PWL from Table 5 for [tem 1 Rating:

4, |nlot Air Duct Length Correction from Table 5 for Item 2 Longth:

5. Estimated PWL {indB ra 10~ watt) of Untroated Turbocharger Nolse: {Item & = Item 3 + Jtem 4)

Cautlon: Obsarve algebraic signs in combining itams!
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Datn Sheet 4

Shect 1 of 2
Estimated Sound Power Level (PWL) of Cosing.
Exhaust and Intake Noise of Gas Turbine Engine
1, Continuous Rating of Englne: hp or. kw
2. Engine Cosing Cover: None O or Type.— — . from Tabla &
3, Exhoust Duct:  Round [J, Rectanguiar [3, Length t,
Duct Lining: Type from Table &
Duct Turns: No. Type from Tabla 10
4, Intake Duct: Round [, Roctangular O], Length ft,
Duet Lining: Type from Table &
Ducet Turns: No. Type from Tabie 10
5. Exhaust Mutfler Supplisd; Yes O Ne O
8. intoke Muffler Suppliod:  Yes [T Ne [J
Frequancy Band in Hz
63 125 250 500 1,000 2,000 4,000 8,000
7. PWL (indB re 10712 watt) of Casing Noise from Tabla G for Jtern 1 Rating:
B. Nolse Reduction Provided by Casing Cover {if Any} of ltem 2 o5 Estimated In Table 6 Footnota:
9. PWL of Casing Noise with Gover {If Any}: Item O = {tem 7 + ltom B
Caution; Observe algebraic signs in combining items! .
{Continuad}
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Dala Sheet 4 (continued) Sheet 2 of 2

Froquency Band in Hz
83 125 250 500 1,000 2,000

4,000 8,000

10. PWL {indB re 10~ watt} of Exhoust Noise from Table 7 for [tom 1 Rating:

11, Attenustion Provided by Exhoust Ouct and Turns of ftem 3, from Tobles § and 10 or “ASHRAE Guida"
{includo hot temperature correction):

12, insertion Loss of Exhaust Muffler of Item 5, If Provided {use muffier mnnufaclurcr 's data far appropriate
bands, corrected for exhaust tomperature):

13. PWL of Exhaust Noite Out of Duct and Muftler (as Applicable): Item 13 = item 10 + Item 11 + Item 12

Caution; Qbserve algebraic signs in combining items!

14, PWL (in dB re 10—'2 watt) of Air-Intake Noisa from Table 8 for item 1 Rating:

15, Attenuntion Provided by Intake Duct and Turns of Item 4, from Tables 8 ond 10 or "ASHRAE Guide”;

16, tnsertion Loss of Intoke Muffler of itemn 6, If Provided juse mufflor manufacturer's data for sppropriote
bands; sev Table 38 for example):

17, PWL of Intake Nolse Qut of Duct and Muffler {as Applicable)
Item 17 = Jtam 14 + [tom 15 + [tem 18
Coution: Observe clgebraic signs in combining itoms!
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Data Sheet §

Estimated Sound Pressure Level (SPL) in an Engine Room

1. Valume of Engine Room: ft. X ft. X fi.= tu, ft.

2, Total Interior Surface Area of Room (including floor) =

3. Acea of Acoustic Treatment_________sq. f1.
4, Per cont Arca Covered by Acoustic Treatment {ltem 3/item 2} X 100=____ %
5. Thickness of Absorption Material: 3/4 in.—3 In, [0 1-1/2 In.-2n. O

8. Acoustic Treatmant Condition of Room from itoms 4 and &, as Defined ir; Footnotes of Table 11:
Conditlon 1 O Condition 2 O Condition 3 O Condition 4 [

7. Room Corroction Torm from Toble 11 for 1tams { and 6: di
Frequancy Bang in He
63 125 250 s00 1,000 2,000 4,000 8,000

8, Total PWL of Ali Noise Sources in Engine Room {from Item 7 of Dota Sheet 1 for Reciprocating Engines or
from Item B of Data Sheet 4 for Turbine Engines):

9. Reverberant SPL, in Engine Room (ltem 8 = Itom 8+ {tem 7; item 7 Value Is Same for All Froquency Bands
and Is Zero or a Negative Quantity for All Room Conditions)
Caution: Qbserve algebraic signs in combining torms

10, Approximate SPL Noar Engine {Item 10 = [tom 9 + 3dB)
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Data Sheet 6
Sound Transmission 1o Adjoining Room Through Common Wall

i Sound Transmitting Room Sound Receiving Room |
|

il
;‘! 1. Area of Common Walt That Transmits Noise: - sq. ft, i
b 2, Total Interior Surface Area of Receiving Room {including floor}: sq. ft '
i

4, Total Interior Surface Arza Divided by Area of Common Wall:
{Itern 3= Jtem 2= 1tem 1}

4, Area of Acoustic Treatment in Receiving Room®s___ . ft,

5, Per cunt Area of Receiving Room Covered by Acoustic Treatment . %
{item 5= 100 X item 4 + Jtem 2)

7. Acoustic Treatment Condition of Receiving Room from Items 5 and 6, as Defined in Footnotes of Table 23;
Condition + O, Condition 2 O, Condition 3 [, Condition 4 O

8, Wall Corraction Term **C" from Table 23 for [tem 3and Item 7 Conditions:____ dB

Frequency Band in Hz

63 125 250 600 1,000 2,600 4,000 8,000

1

i

!

i

6. Thickness of Absorption Material: 3/4in—1in 0 1-1/2in-2 in. O }
i

1

h

i

!

[

J

9, Expected Wall Construction Materiol:
10, Estimated “TL" of Wall from Tables 13.22 or Other Source

11. Estimated "NR*" of Wall in Equation Af = TL + C, Using Values from Items 8 and 10

{Itern 11 = ttern 10 + Item 8):
Caution: Qbserve algebraic signs In comblining items|
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12, Estimated SPL in Sound Transmitting Room from Data Sheot 5 {Usa |tem 9 Reverberant SPL |f Source Is &
t1. or More from Common Wall or Item 10 Close-in SPL 1§ Source |s Less Than § ft, from Common Wali).
13. Estimated SPL in Receiving Room (Item 13 = Item 12 itern 11)

5  Aud 50% of floor arus to 11em 4 if receiving room toar is carpeted or if room has dropes or upholstered furniture, If this ls tha only [
f scouttic materigt [n the room, troat it as having 3/4 in. thickness in [tern & far dotermining leem 7 condition, I
|
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Data Sheet 7

Sound Transmission to Adjoining Room
Through Common Floor-Ceiling

Sound Transmitting Room Soynd Receiving Room

1. Araa of Common Floor.Celling That Transmits Noise:. wq. ft.
2, Total intorior Surface Aroa of Receiving Room lincluding fioork . 1.
3, Total Interior Surface Area Divided by Area of Common Floor-Celling:
litern 3 = itom 2 + Jtom 1)
4, Arba of Acoustic Treatment In RocelvingRoom™ . sq.ft.

8, Per cont Araa of Recelving Room Coverod by Acoustic Trastment
{I1temy & = 100 X itom 4 + Jtom 2) %

8. Thickness of Absorption Material:  3/4 [n.-1in, 3 13/2in-2in. 0

7. Acoustic Troatment Condition of Receiving Room from Itoms 5 and B, & Dofined In Foatnotes of Table 23:
Condition 1 00, Condition 2 [J, Condition 3], Condition 4 O

8. Floor Correction Term “C* from Table 23 for (tern 3 and Item 7 Conditions: dB

g et

Frequency Band in H2

83 125 250 500 1,000 2,000 4,000 8,000

0, Approximate Ftaor-Ceiling Type {from Parcgraph 5.8 of Toxt);
Type 10 Type 20) Type3 O] Type 4 0 Typas 7

10. Approximote **TL" of Floar-Coiling Type of Item O for Nearast Appliceble Dimensions, from Tables 26-20

{Interpolate Betwoen L, Values Shown, If Desired, But Do Not Exceed TL Values Shown in Right-Hand Column

of Tables 26-28);

11, Estimated “NR" of Floor-Celling in Equation NR = TL + C, Using Voluos of Items 8 and 10
{ttom 11 = ltem 10 + item 6):

Coution: Obsorva algobraic slons in combining items)

12, Estimatod SPL in Sound Transmitting Room fram Data Sheat 5 {Uso Item 8 Reverberant SPL for Floor-Cailing
Above the Engine or Htem 10 Cigse-in SPL. for Floor Under Engino):

13, Estimatod SPL in Receiving Room {item 13 = item 12 — Item 11)

sAdd 50% of floor ares to item 4 if recoiving roorn fioor b earpeted or if toom has drapes or upholstered furniture, If this is the only
acoustic matsrial in the room, trust It o8 having 3/4 In, thickness in ltem B for datermining ltam 7 condition,
62
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Data Sheet 8

f ) Estimated Outdoor Sound Pressure Level (SPL)
N Due to an Outdoor Sound Source PWL
i

k 1. Distance to NolseSoureos—. ... ft.

Frequency Band in Hz
683 125 260 600 1,000 2,000 4,000 8,000

E

; 2, Total PWL of All Qutdoor Noise Sources at Source Pasition:

3. Outdoor Distance Torm from Tabie 30 for item 1 Distance;

4, Approximata Qutdoor SPL ot Distonce of Itemn 1; {Item 4 = Item 2 — Item 3)
Cautlon: Observe algebraic signs in combining [tems!
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Data Sheet 9

Estimated Indoor SPL 2t Neighboring Location,
Including All Noise Reduction Contributions

Noisa Source Considered in This Data Shost:

Frequancy Boand in Hz

83 126 250 §00 1,000 2,000 4,000 8,000

-t

Qutdoor SPL st Neighboring Location for No Noise Reduction Contributions {from !tem 4 of Dota Sheet 8):

2. Nokse Roduction from Qutdoors to indoors Provided by Naighbor Bullding, from Table 31:

3. Nolse Reductlon Provided by Sound Barrjar, from Table 32:

R ST

4, Noise fleduction Provided by Woods, from Table 33:

6, Tentativa indoor SPL to This Point (item 5= 1tem 1 = Jtem 2 — [tem 3 — Item 4);

Caution: Observe algebraic signs in combining [tems!

6. Directivity Etfoct of Stock Opening, If Applicable, from Table 34.

7. Tantative Indoor SPL to This Peint {item 7 = Item 5 + Item 8}
Cautlon: Cbsarve algebraic signs in combining itoms!

e A et e =

8. Approximate Nolso Reduction of Mufflar Planned for Use with Noise Source, Hf Applicabla, from Tables 35-37 or
from Mufller Data Supplied by Manufacturar,

9. Estimatad Indoor SPL ot Neighboring Lecation, Due to This Noite Source {Itam 9 = {tem 7 — Item 8}
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TABLE |

Category Classification for Power Plant Noise
as Heard in Yarious Indoor Functional Activity Areas

Catogory - Arca {and Acoustic Requirements) Noise Criterion Designation
1 Bedrooms, sleeping quaorters, hospitals, NC-20
resldences, apartments, hotels, motels, ote. (for to
sleeping, resting, retaxingh: NC-30
2 Audltoriums, theaters, large meeting rooms, NC-20
largu conference rooms, churches, chapels, ete. 1o
{for very good listening condlitions), NC-30
3 Privote offices, small conference rooms, NC~30
classrooms, libraries, ote. {for good listening 10
conditions}. NC-36
4 Large offices, recoption areas, retail shops and NC-35
stores, cafatarins, restourants, otc. (for fair to
listening conditions). NC~40
] Lobbies, faboratery work spaces, drafting and l NC-40
engineering rooms, maintenance shops such as to
for slectrical equipment, ate. (for modorately NC—-50
fuir listaning conditions),
8 Kitchens, laundries, shops, garages, machinery NC-46
spaces, power plant control rooms, ote, (for to
minimum acceptable speech communication, NC~85
no Hek of hearing damags),
TABLE 2
Qctave Band Sound Pressure Level (SPL) Values
Associated with the Noise Criterion
Designations of Table |
SPL {in dB ro 0.0002 microbar)
in Octave Frequency Band
Noise
Critorion 63 125 260 500 1,000 2,000 4,000 8,000
Dosignation Hr M He Hz Mz Hz Hz Hz
NC-20 51 40 33 26 22 19 17 18
NC.26 54 44 37 n 27 24 22 21
NC-30 57 48 41 36 k]| 20 28 27
NC-35 80 62 45 40 a8 b | a3 32
NC<40 o4 6a 50 45 M 39 38 7
NC45 . 87 60 64 L) 48 a4 43 42
NC-60 n 04 68 54 &1 49 43 47
NC-55 74 67 62 68 &8 64 7% 52
NC-80 77 n 67 63 a1 ] 58 87
NC-05 L] 75_ " 68 86 64 02 a2
65
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TABLE 3

Estimated Octave Band Sound Power Level (PWL) Values for
Casing Noise of Unenclosed Gas and Diesel Reciprocating Engines®

Estimated PWL = *Base PWL" tfrom table below)
+ Speed Correction
+ Fugl Corraction fin d8 re 10712 watt)

Continuous “Bosa PWL" in Octave Frequency Band
Rating of
Engins, 63 125 260 600 1,000 2,000 4,000 8,000
hp Mz Hz Hz Hz Hz Hz Hz Hz
15- 23 85 99 a9 98 o8 87 a1 84
24- 37 o7 101" 101 100 * 100 a9 93 86
38- 59 90 103 103 102 102 101 55 88
e 60— 94 101 105 105 104 104 103 a7 a0
4 95— 149 103 107 107 106 108 105 59 02
; 150—- 239 105 109 100 108 108 107 m 94
‘ g 240- 378 107 m m 110 110 109 103 06
d 390- 599 109 113 113 12 112 m 105 98
t 600 949 m 115 115 114 114 113 107 100
H 950-1,489 113 117 117 116 16 15 109 102
3 1500-2,399 115 119 119 118 118 17 m 104
; i 2,400-3,800 117 121 11 120 120 119 113 106
N 4 For Engine Spoed: Speed Correction (In ol bands)
. 3 Under 600 rpm -5 dB
R 600—1,500 rpm —2d8
s Above 1,600 rpm 0dB
B ; For £ngine Fual: Fuol Corraction {in all bands)
t Natural Gas Only** —3dB
H Liquid Fuel Only 0dB
} Gas and/or Liquid Fusl G da
H
|
!

*This tohte is genarally appilcabla for dotermining noise contro/ designs of the casing noise of a/f engines, even though the
actual PWL values would not hold for some jarge anginos with unducted turbochargers or unrhutfied Aoots bicwers opaning
ditectly into the room,

**With or without a smalt amount of *gilot oil,*"
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TABLE 4

Estimated Octave Band Sound Power Level (PWL) Values for
Unmuffled Exhaust Noise of Gas and Diesel Reciprocating Engines

Estimated PWL = “Base PWL" (from table below)
+ Turbocharger Correction
+ Exhaust Pipe Length Correction
{in d8 re 1072 wart)

"Boss PWL" In Octave Froquency Band

For Air Intake to Engine: Turbocharger Correction {in ail bands)

With Turbocharger -6 dB
Without Turbocharger 0dB

For Exhaust Pipe Longth Exhaust Plpu Longth Corroction

from Engino: {in 8ll bands}

0- 21t 0dB
-6t -1dB
7-10£ ~2dB

fi-14 ft ~3 dB

15—-18 ft -4 4B

19-22 ft - dB

Lt —=L/4d8
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Continuous

-Rating of

Engine, 63 125 . 260 500 1,000 2,000 4,000 8,000

hp Hz Hz Hz He Mz’ Hz Ha Hz
15- 23 122 128 124 116 112 106 86 B8
24— 37 124 130 126 118 114 108 08 a0
3g- 59 126 132 128 120 116 110 100 82
60— 04 128 134 130 122 118 112 102 24
95~ 149 130 136 132 124 120 114 104 g6
150- 239 132 138 134 126 122 116 106 o8
240- 379 134 140 136 128 129 118 108 100
380- 609 136 142 138 130 126 120 110 102
600—- 949 128 144 140 132 128 122 112 104
050-1,499 140 146 142 134 130 124 114 106

1,500-2,309 142 148 144 136 132 126 116 108

2,400-3,800 144 160 146 138 134 128 118 110
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TABLE 5

Estimated Octave Band Sound Power Level (PWL) Values for
Untreated Turbocharger Noise at Air Inlet Opening of
Gas or Diese] Reciprocating Engine

Estimated FYYL = “Base PWL" (from table below}
+ Infet Air Duct Length Correction
{in d8& re 10-12 want)

0 g9 09 100 103 104

-

Far Inlet Air Duct Infet Alr Duct Length Correction
Length to Engine: {in alt bands}

O 34 - 0dB
A- Oft -=1d8
10-16 1 =2dB
16-21 1t -3dB
22-27 1t —4d8
28-33# ~5 dB
Lt =L/6dB

68

Continuous “Bme PWL" in Octavn Froquency Band

Rating of .

Engina, 83 1256 250 500 1,000 2,000 4,000 8,000

hp Hz Hz Hz Mz Hz Mz Hz Hz
15~ 23 80 88 88 88 92 83 02 84
24- 1737 N 89 8g 20 L2 x] 94 03 85
38 59 92 20 a0 81 04 85 04 86
80- 04 83 291 91 92 g5 86 95 87
95— 149 o4 a2 g2 83 g8 a7 06 L]
150- 239 a5 23 a3 1] a7 8 97 B9
240~ 3719 a6 94 04 g5 28 99 o8 80
3B0- 595 a7 85 g5 of )¢ 100 69 2]

- 800— 949 68 86 98 97 100 101 100 92
060-1,409 o9 a7 87 a8 101 102 101 a3

1,500-2360 100 88 o8 08 102 103 102 84

2,400-3,800 103 05
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Continuous
Rating of
Engine,

kw

200- 2329
330~ 528
530- B49
850-1,209
1,300-1,990
2,000—3,200
3,300-5,000

TABLE 6

Estimated Octave Band Sound Power Level (PWL) Values for
Casing Noise of Unenclosed® Gas Turbine Engine

PWL {in dB ro 102 watt} in Octave Frequency Band

63 126 250 500 1,000 2,000 4,000 B,000
Hz Hz Hz Hi H2 He Hz Hz

111 113 114 114 14 114 114 114
112 114 116 115 115 116 115 115
113 116 118 18 116 118 116 118
114 116 117 117 117 117 17 117
115 1" - 118 118 18 118 118 118
116 118 119 119 119 119 119 119
117 119 120 120 120 120 120 120

*If the artire sngine coalng is provided with o thermal insulating cover ar sn enclasing cobinet, the PWL values given hers may
be reduced by tho following amounts {in did for the actave bands Indicatod):

Typo 1,

Typa 2.

Type 3,

Typt 4.

Type 6.

Giass fiber or mineral wool thermal insulation with lightweight foil cover aver the insulation:
2 2 3 3 3 4 5 [}

Gloss fiber or mineral wool therenol insutation with minimurn 20 gage aluminum or 24 goge
steel or 1/2 in, thick ploster cover ovor the insulation:

] 5 § 6 7 8 8 10

Enclosing metal cobinet for the entire packaged assembly, with open ventilation holes and with
no acoustic absorption lining inside the cabinet;
1 1 2 2 2 2 3 3

Enclosing maetal cabinet for the ontire packaged assembly, with open ventilation holes and with
acoustic absorption lining Inside tho cobinet:
4 4 8 8 ) 7 8 8 8

Encloting metal cobinet for the entire packaged asembly, with all ventilation holes into the
cabinot muffled and with acoustic absarption lining Inside the cabinot:

7 8 9 10 n" 12 13 14
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Estimated Octave Band Sound Power Level (PWL) Values for

TABLE7

Unmuffled Exhaust Noise of Gas Turbine Engine

CXW L HEL BOC LT gol

ey e e

Continuous PWL {in d8 ro 102 watt) in Octave Froquency Band
Rating of
Engine, c3 126 250 500 1,000 2,000 4,000 8,000
kw Hz Hz He Hz He Hz Hz Hx
200- 329 120 122 122 121 110 17 113 107
330~ 529 122 124 124 123 121 119 116 tog
530- 848 124 126 126 126 123 121 117 111
860-1,209 126 128 128 127 125 123 118 113
1,200~1,690 120 130 130 129 127 125 123 115
2,000-23,200 130 132 - 132 131 120 127 123 17
3,300-6,000 132 134 134 133 tal 129 125 119
TABLER ¢
Estimated Octave Band Sound Power Level (PFWL) Values for
Unmuffled Air Intake Noise of Gas Turbine Engine
Continuous PWL lin dB ro 10-'? watt} in Octavo Froquency Band
Rating of
Engine, g3 126 250 500 1,000 2,000 4,040 8,000
kw He Hz Hz He Hz Hz Hz Hz
200- 329 102 103 103 108 12 17 117 114
330~ 620 105 108 106 10D 16 120 120 112
§30- 849 108 109 109 112 118 123 123 120
860-1,200 mn 112 12 115 1221 128 126 123
1,300-1,9680 114 116 15 118 124 129 129 126
2,000-3,259 17 118 18 121 127 132 132 129
3,300-~5,000 120 121 121 124 130 135 135 132
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i TABLE 9

Approximate Attenuation of Various Straight Ducts With and Without Lining
(May Be Used in Absence of More Complete Analysis of
Duct Attenuation by Methods of “ASHRAE Guide*")

Vaolues given are in dB attenuation per foot of duct length, for the eight octave bands from 63 Hz to
0,000 Hz, These values assume duct cross dimensions in the region of 3 to b feet. These are very rough
estimates and should not be used to analyze the duct losses of a ventilotion duct fayout. 1f at all possible

ust the duct analysis methods of the “ASHRAE Guide.”

Far elevated tomperatures, os in gas turbine exhaust ducts, duct dimensions appear shorter in terms of
sound wavelengths and therefore usually less effective in attenuating sound, [n absence of thate thorough
annlysis at speocific oxhoust temperature, toke only two-thirds the length of the exhaust duct when

estimating the attenuation of a hot exhaust duct,

These values ara offered only for use fh approximating the duct losses of a typical gas turbine enging
inlet or oxhaust duet before mutflers are odded, Do not use these values to design noise control traatments

for ducts,

Typo 1. For ducting with no internal or external duct fining (dB per foot):

Round Duet: 040 007 003 002 002 002 D002 002
Roctanguiar: 020 o014 007 005 004 004 004 004

Typa 2.  For ducting with an externsl thermal duct lining {dB por foot):

Round Duct: 016 009 004 002 002 002 002 002
F_iocmnnulnr: 030 o020 008 005 004 004 004 0O.04

For ducting with 1-inch-thick internal acoustic absorption duct lining, materiol and

Typa 3.
construction to withstand temperature and flow speed {dB por foot):
Round Duct: DA 018 022 06 0.8 08 08 04
Roctangulor: 030 02 026 07 0.8 08 ' 08 0.4
Type 4,  For ducting with 2-inch-thick intarnal acoustic absorption duct lining, material and

construction to withstand temperature and flow speed (dB per foot):

Round Duct: 020 02 03 0.8 14 1.1 00 0.6
Rectangular: 030 028 04 (] 1.1 1.1 09 0.6

N




TABLE 10

Approximate Attenuation of Various Duct Turns With and Without Lining
{May be Used In Absence of More Complete Analysis of
Duct Attenuation by Methods of “ASHRAE Guide")

e Tr e e

Values given are in dB attenuation {or insertion loss) for the sight octave bands from 63 Hz to 8,000 Hz.
Thase values assume duct cross dimansion in the rogion of 3 to § feat. These are very rough estimates and

should not be usod to analyze the duct losses of a ventilation duct loyout, If at all possible use the duct
onalysis mothods of the “ASHRAE Guide.”

For alovated temperaturos, oz in gos turhine exhaust ducts, duct dimensions appear shortar in terms of
saund waovelengths and therefore usually less effective In attenuating sound, In absence of more thorough

analysis at specific exhaust tomperature, use only two-thirds the attenuation glven balow when applying
these data to a hot exhaust duct,

Thave values are offared only for use in approximating the duct losses of a typicat gas turbine engine

inlst or exhaust duct before mutfiers are added, Do not uso these values to design nofse control trestments
for ducts,

If there is more than ane tum in the duct configuration, the attonuation of successive turns can be added
togethor only if the turns ore located at least 20 feot apart.

L T

o L e S T

Type 1. For ducting with no Internal duet lining, 80 rounded turn of round duet or 80° raunded turn
of rectangulor duct, with or without turning vanes (dB per tum):
0 1 2 3 3 3 3 3
Type 2. For ducting with no internal duct fining, 20° squaro turn of rectangular duct, with turning vanes
of chord langth loss than 6 inches {dB per turn):

1 4 5 4 3 3 3 3
5 .
5 Type 3. For ducting with continucus 1-inch or 2-inch-thick intornal acoustic absarption duct lining, 80°
. rounded tumn of round duct or $0° rounded turm of rectangular duct, with or without turning
{1 vones {dB por tumn):
I
5 1 2 3 4 5 8 8 6
k)
; Type 4, For ducting with continuous 14ach or 2-Inch-thick intetnal acoustic absorptiort duct Iining, 20°
4 squoare turn of rectangular duct, with turning vanes of chord length less than 6 inchos (dB per
4 turn):
14nch lining: 1 5 6 6 7 8 0 10
: 2-inch linlngt: 1 8 ? 8 0 10 1" 12
{
L
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- TABLE 11

Cn e N e i

Room Correction Term for Converting PWL of a
Source into the Reverberant SPL in a Room

SPL = PWL + Room Correction Term

Room Cotrection Term
Acoustic Treatment of Room

b

5 Voluma of Room Condition Condition Condition Condition

. tou 1) 1 2 3 3
g Undar 1,000 0ds8 cde - 3dA - GdB

1,000— 2,100 v} -3 B ] -9

2,200~ 4,800 -2 -5 -8 =11

% 4,700- 49,900 - 4 -7 =10 -13

1 10,000— 21,000 -8 -9 -12 15

1 22,000— 46,000 -8 -1 . —14 -17

.é 47,000-100,000 ~10 -13 -16 -19

. Over 100,000 -12 =15 -18 -

Condition 1: No significant amount of sound obsarption material {iess than that of Condition 2).
Condltion 2: 10-26% of total room area covated with 3/4 in.—1 In, thick sound absorptioh rhaterisl,

26-50% of tatal room aroa covered with 3/4 in.—~1 in, thick sound absorption meterlal; or 10-30% of totsl

Condltion 3:
room area caverod with 1-1/2 in,~2 in, thick sound absorption matarial,

Over 50% of tatal room aren covored with 3/4 in,~1 in. thick sound absorption materisl; or aver 30% of

Condltion 4;
total room area coverod with 1-1/2 in,—2 In, thick sound absorption matarial,
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TABLE 12
Rules for Adding SPL or PWL Contributions by *dB Addition™

1.  For sdding two decibel levels together—
When two decibel Add the following amount
values diffor by: ta tho hipher value:
Oor1d8 3da
2o0r3dB 2d8
4t08dB 1dB
£ dB or moro 0dB
2, f there are severa) levals of the sama value, they may bo added as follows:
No, of equal lovals Add
2 adB
3 EdB
4 6dB
5 7d8
&7 BB
8 ' DdB
8-10 10dB
N 10log N dB
3, The individual components con be added In any order, The total, using this
simplified procedure, will give an answer which Is corroct to ot least 1 dB,
4, When combining the frequency conttbutions of different sources, add only
noise levels from the same octave frequency band,
v TABLE [3
Approximate Transmission Loss (in dB) of Dense*
Poured Concrete or Solid-Core Conctete
Block or Masonry
{140-150 Ib/cu ft density)
Octave Thicknoss of Concrote or Musonry (inches)
Froquency 4 1] 8 10 16
Band \ Approximate Surface Waoight {Ib/sq 1t}
(Hz} 48 2 ] 120 144 192
63 32 33 34 35 a6 37
126 34 k] 38 a7 36 30
260 35 kil a8 40 4 43
500 a7 a0 43 45 47 &0
1,000 42 40 50 62 54 56
2,000 4B B3 66 68 69 a1
4,000 §6 50 61 63 84 66
8,000 60 63 a6 68 89- 70

*For applications involving “transmiksion fos* os an acoustic roquirsmont, do not e “cinder biock™ or othar lightwaight

poroys block matatial,
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TABLE 14

Approximate Transmission Loss (in dB) of
Hollow-Core Dense* Concrete Block or Masonry

Thickness of Concreto Block (Inchos)

Octove
Frequency ) 4 6 8 10 12 16
Band Approximatd Surface Waight (1678 11)
{Hz} 28 36 44 -7 76
63 29 30 N 32 32 31
125 32 a3 33 34 3 35
250 33 34 a5 36 36 a7
500 34 35 36 a8 3 42
1,000 37 ap 41 43 45 48
2,000 42 46 a8 50 62 66
4,000 4 62 54 50 58 80
8,000 66 67 &9 61 83 85

" For applicatlons invotving “transmission loss” as an acoustic requiremant, do ot use “'cinder block'* or ather lightwaight
parovs block material, .

i

TABLE 15

Approximate Transmission Loss (in dB)
of Conventional Stud-Type Partitions!

Octave
Froquancy Standard Staggured improvomant
Band YWood Stud Wood Stud with
(Ha) Partition? Partition? Insulation®
a3 15 17 1
126 20 22 2
250 28 30 3
500 34 8 4
1,000 40 44 4
2,000 45 47 8
4,000 43 45 5
8,000 A5 47 5

1 partitions made with 2:4/2 In, to 3-1/2 In. wide steol studs will spproximate the valucs given hare

for wood-stud construttion,
2 3 x 4 wood studs on 16 In, cuntan, nailod 10 2 X 4 wood plotes: 576 in. thick gypium board
natled an bath sides of studs; titl and tape joints and edges.

3 2 x 4 wood studs stoguered an 2 x € wood platos, sltarnate fuds suppoarting separate walls
of 578 In, thick gypsum board; alb-nelled comtruction, studs for sach wall on 18 1n. conter;
{ild arid tepe Jolnts and edgas,

4 |nstetistion of vithar (a} 1/2 in, thick glass fiber board ar matal spring clips betwean studs and
gyRsum board, or {b) min, 1:1/2 In. thick limply supparted lightweight Insulstion 1n air space
batwesn partitions will produce improvemant indicated, For stoggered partition, use of bath
types af lnsulation will produce twice the Improvemant shown [ the table, Add the **impravemant
valug” to the TL ot ihe stud partition ta which tha insulation has bean sdded.
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Octave
Frequency
Band

{Hz)

63
1256
2560
600

1,000
2,000
4,000
8,000

Approximate Transmission Loss (in dB)

TABLE 16

of Filled Metal Panel Partition and
Typical Industrial Acoustic Doots

Fiitod

Motsl Typical Acoustic Doors?

Panel

Partition® 4 Inch Thick 6 inch Thick
2 29 35
26 33 37
n 36 39
36 42 46
43 47 50
48 63 B6
50 56 81
52 59 65

1 Constructed of two 16 pego steal panals flifed with 3 In. thickness of 6-8 Ib/cu tt glan fiber or
rock wool: joints and cdges soalod air-tight.

2 Industrisi-type acourtic doors typleslly constructod of shout staal axterior faeings, 1 in, plywood
under the shewt steal, donsaly packod filler of glass fibor of rock wool; heavy framing and hard-
wate; double gasket seels all sround door edges, **Studio-typa” acouttic doors usually Rot &
thick ant hesvy, with more elaborate finish detalin,

Octave
Fraqueney
Band

{Hz}

125

TABLE 17

of Glass* Wulls or Windows
{13 Ib/sq ftfin, Surface Density)

Approximate Transmission Loss (in dB)

Thickncss of Glan {inches)
1/8 1/4 1/2 3/4
Approximate Surfece Weight (1b/ig ft)

1-1/2 3 81/2 10
5 11 17 20
1 17 23 24
17 23 25 25
23 25 26 27
25 26 27 28
26 27 28 20
27 28 a0 a3
28 30 38 s}

* Spochal lominated safaty gisss [“Acousta-Pano,” Amarada Glan Comoration) contalning ons or
mora viscoalastic layers sandwichod batwean gloss panols will yloid 3-8 dB higher valuos than
liobta In spproximataly 1/4 1n, 1o 5/8 In, thicknossas,

givan here for sinpla thick

of glass;
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TABLE 18

Approximate Transmission Loss (in dB) of
- a Few Typical Double-Glass Windows®

A

Octavo
Froquency Glass-Alr SP'!(';:SI!:‘I]: Thicknosse
Band
{Hz} 1/4~1/4-1/4 14-11/2-%/4 114-6-1/4
] 63 18 10 20
§ 1256 23 23 24
! 250 24 25 28
500 24 27 a
1,800 26 aN kY
: 2,000 : 28 34 40
3 4,000 30 37 43
3 0,000 36 42 46
L,
k .
E
4 *Thermal insulation double-gtass windowa typically have 1/4 in, 1o ¥ In, sealed alr space betweon 1/4 in,
p to 3/8 in, glass panals, For largar alr spactss, individus! glass panais should by mounted separataly in
; rubber or neoptane gaskats. For large tormmperaturs difforences across the window, provide desiccant
] or srhall vontilation ports in the innet space to eliminste condensation an the cold glass,
X
H TABLE 19
4 Approximate Transmission Loss (in dB)
v of Wood' or Plywood
B (4 Ib/sq ft/in. Surface Density)
Cctavo Thickness of Wood or Plywoad (inches}
Froquoncy 1/4 12 1 22 4
Band Approximate Surface Waight (Ib/aq Tt}
{H2) 1 2 4 ] 10
63 0 4 1 156 18
125 5 10 18 17 10
# 260 11 16 18 18 20
600 16 17 18 20 26
: 1,060 18 19 20 26 32
] 2,000 19 20 26 az . a7
] 4,000 20 26 32 a7 41
1 0,000 26 32 a7 41 45
1 .
|
i TWood construction m':ulrel tongueg-ahd-groove Jalnts, owvarlapping joints, or seating of Joints against air leakaga, For intermodiate
;: thicknesses, Interpolate batwean thicknessos givon in tabie,
3 2Ear 2.in, wlid wood doors that tre well-goskated 8l] atound, thes values of Tl may be used,
2
4
E e
3
3
I Sy T e T S A B )1,

tal T
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TABLE 20

Approximate Transmission Loss (in dB})
of Dense* Plaster
(9 lb/sq ft/in, Surface Density)

Octave Thicknass of Plastor (inchoa)
Fragquancy 1/2 R 1 . 2
Band Approximata Surfaca Waight {Ib/sq ft
{Hz) 4-1/2 ? 9 13 18
63 16 18 21 . 24 28
126 2N il 26 27 27
250 26 27 27 28 28
: 500 27 28 28 20 20
! 1,000 28 29 29 an 33
2,000 29 ! a3, ar 40
4,000 33 ar 40 44 47
8,000 40 4 47 50 63
T . . * |1 lightwelght, non-porous plnster Is used, thine TL valuss may be used for squal values of surface weight, These date must not be

el weed for porous or sd-callod “acoustic plaster,”

If plaster is 10 be umxd an typical stud wall construction, estimate the 1otal thickness or waight of the planer and use the TL
voluws given Herd lor that thickness, but Increase the TL values where sppropriata so that they are not less than thes given in
Table 15 for the opplicabie stud copstruction,

TABLE 21

Approximate Transmission Loss (In dB)
of Sheet Aluminum
(14 Ib/sq ftfin. Surface Density)

Octave Thickness of Aluminum {in.}
Fraquoncy 1/16 1/8 174
Band Approximate Surfaco Waight {(b/sq ft)
. {Hz} 1 2 3/2
‘ a3 1 7 13
126 7 13 19
260 13 19 23
6500 18 23 26
1,000 23 25 28
2,000 25 26 27
4,000 26 _ 27 28
8,000 27 - 28 32
78
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TABLE 22

Approximatc Transmission Loss {in dB)
of Sheet Steel
(40 Ib/sq [t/in. Surface Density)

Octave Thickneas of Stecl {in.)
Froquoncy 1/10 118 14
Band Approximate Surface Waight {Ibfsq f2}
{Hz} 21/2 5 10
63 g9 186 2]
126 15 2 27
250 21 27 32
500 27 33 k]
1,600 33 38 30
2,000 38 30 3
4,000 ay .o Y]
8,000 39 37 40
TABLE 23

Approximate Wall or Floor Correction Term “C*
For Use in the Relatlonship NR = TL + “C”

Total Surface Aron Acoustic Troatment of Roceiving Room

Inslde Rucolving Room

Dividod by Arca of Condition Condition Conditicn Conditlon

Cammoan Wall or Fioor 1 2 3 4
14- 27 10dB -7dB -4 dB -2dB
28~ 65§ - 7 -4 -2 +1
5.8-10 -4 -2 +1 +2

11 =21 -2 +1 +3 +4

22 43 +1 +3 +4 15

44 -80 +3 +4 +5 +8

Co:;dillan 1: No signiflcant amount of sound sbeorption materlal {lesa than that of Condition 2},
Conditlen 2; 10=-25% of total rotm arss covered with 3/4 in,—1 in, thick sound shsarption material,

Condition 3: 26--50% of total room arca covered with 3/4 In,—1 in, thick sound absorption rmaterial; or 10~30% of totol
toorm areo covared with 1-/2 in,=2 in, thick sound sbsorption material,

Conditlon 4;: Over 50% af total room area coverod with 3/4 [n,~1 In, thick sound obsarption materlal; or over 30% of total
room arta covared with 1-1/2 in.~2 [n, thick sound sbsorption materinl,
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TABLE 24

Approximate Transmission Loss of a Wall Containing Doors or Windows

composite partition?

Solution: Tabla 24 indicates thut for & 40% window area {Column )} and o TL wvant ~TL
of Column 1),

40

TR, 1A OO A TN RT N n Sy

] ] (1]
Thon, Effoctive TL
Door or Window 1f TL of Door or of Compasite Wall
Aroa as Parcont of Window is Loxs Than s Loss Than TL of
Taotal Wall Arca TL of Wall by Original Wall by
40% 3dB 14dB
] 4
10 7
15 11
20 16
20% 3 1
L] 2
10 4
15 2]
20 13
0% 3 0
8 1
10 3
16 6
20 10
6% 3 0
8 0
10 1
15 4
20 a
2% 3 D
] 0
10 1
15 2
20 b
1% 3 0
. 8 0
10 1}
15 1
20 3

Examnple: The TL of a flliod metal partitilon at 126 Hz [s 26 dB {Tablp 16). An 1/8-Inch-thick windovy,
sccounting for A0% of the avar-all partition area, has a TL of +11 dB (Table 17). What [s the TL of tha

door of 16 dB,

[26 — 11 = 15]){fourth line of Column 11), ths TL of the composite wall = 28 — 11 = 15 d8 (fourth line
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TABLE 25

Approximate Transmission Loss (in dB)
of Type | Floor-Ceiling Combination

(See Puragraph 5.8 of text for description of Type 1)

Octava Thickness of Dense Concrate Slab {in.)
Froquency i 8 10 12
Band Approximate Surfase Weight {Ib/sg ft}
{Hz} 72 26 120 144
83 33 34 35 36
125 35 36 a7 38
250 35 38 40 41
&00 40 43 46 47
1,000 46 50 b2 54
2,000 . B3 .. &6 58 &9
4,000 58 &1 63 64
2,000 a3 66 68 69
TABLE 26
Approximate Transmission Loss {(in dB) of
Some Type 2 Floor-Ceiling Combinations
(See Paragraph 5.8 of text for description of Type 2)
Thickness of Doneo Concrate Slab lin,)
Octave [ 8 10 12
froquancy Air Spoen Betweon Slab and Suspended
Band Acoustic Cailing {in.)
{Hz) 16 18 24 24
63 35 a7 as 40
126 as 40 42 43
250 A0 43 48 2
500 45 49 62 64
1,000 62 57 80 82
2,000 1] 63 a6 67
4,000 B4 68 i 72
8,000 69 73 76 77
81
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TABLE 27

Approximate Transmissiont Loss {in dB) of )
Some Type 3 Floor-Ceiling Combinations

(See Paragraph 5.8 of text for description of Type 3)

Thickness of Danse Concrote Stab (in.)

Octitva [ 8 10 12
Frequoncy Alr Space Batwoen Slab and Suspendod
Band “High TL*" Acoustie Cailing (in.}
{Hz) 15 18 29 24
83 38 40 42 43
1286 4 43 45 48
250 43 48 49 &0
§00 48 52 £5 &7
1,000 . Bb a0 , a3 65
2,000 g2 86 a9 70
4,000 67 7 74 75
8,000 /] 6 78 #80
TABLE 28
Approximate Transmission Loss (in dB) of
Some Type 4 Floor-Ceiling Combinations
(See Paragraph 5.8 of text for description of Type 4)
Thicknoas of Dansa Concrote Slab {in.)
] 8 10 12
Alr Space Butwoen Slab and Aesiliantly
Ostave Suspendued Plaster Cailing (in.)
Frequansy 18 24 30 3o
Band Thicknicss of Denso Pinster Celling (in.)
{H1) 1 1 1:1/2 2
%] 4 43 48 a8
125 45 47 &0 63
260 47 50 84 67
500 52 66 60 64
1,000 50 a4 68 12
2,000 66 70 74 1?7
4,000 n 76 78 82
8,000 76 ao B4 az

82
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TABLE 29

Approximate Transmission Loss (in dB) of
Some Type § Floor-Ceiling Combinations
(See Paragraph 5.8 of test for description of Type 5)

For Floating Floor Stab of 3 inches Thickness Supported Resiliently 2 Inches
Above Structure Slab: Add 3 dB to Table 28 Values

For Floating Floor Slab of 4 Inches Thickness Supported Resiliently 2 Inches
Above Structure Stab: Add 4 dB to Table 28 Values

! For Floating Floor Slab of & Inches Thickness Supported Resiflently 2 Inches
Above Structure Slab: Add 5 dB to Table 2B Values

TABLE 30

.

Qutdoor Distance Term for Determining SPL at Any Distance
from a Non-Directional Unobstructed Outdoor Sound Source PWL

SPL = PWL ~ Qutdouor Distance Term

%

L T T e L 2 s 1 st e,

Qutdoor Distance Term
Distunce 63, 125,
i 250 Mz 500 Hz 1,000Hz  2000Hz  4,000HM: 0,000 He

; 10-11 18 18 18 18 8 18 |
: i 12-14 20 20 20 20 20 20 i

= . 15-18 2 22 22 22 2 22
i 19-23 24 24 2 24 24 24 |
LN 20-20 2 26 28 28 26 28 |
Bk 30-37 28 28 2 20 28 28 }

R 3847 30 30 < 30 0 <
i 48-50 32 32 a2 32 32 a2 |
f; : 60-75 34 34 KT 34 34 34 i
£k 78-04 38 36 38 38 38 36 i
o 95-111 38 a8 38 38 s ag !
¥ 112-140 40 40 40 40 4 42 i
E H 141177 42 42 42 42 4 44 1
Py 178-223 44 44 44 45 48 47 [
¢ 224281 4B 48 48 Y] 48 50 *
8 282-355 48 48 48 49 50 53 ‘
3 e a56-447 50 50 51 3] 53 58 |
{ 448563 52 52 53 54 . &6 59 i
i3 564711 64 54 56 68 §9 63 ;
Pl 712-899 56 67 57 58 82 67 :
P 800-1,110 &8 50 58 81 08 72 :
P 1,120-1,400 80 61 62 64 70 78 f
{ 1,410-1,770 82 83 54 87 75 86 !
Lt 1,780-2,230 84 85 67 70 79 03 ;
. 2,240-2,810 66 68 70 74 BS 102 x
2,820-3,580 - 68 70 72 n 82 114 : i
3,560~4,470 70 73 78 82 10 128
{ 4,480~5,630 72 76 L B? 11 145 |
P 5,640~7,200 74 7 83 23 123 168 :
83 I
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TABLE 31

Approximate Noise Reduction of Outside Noise
Provided by Typical Exterior Wall Construction
with Open and Closed Windows

Octave Wallswith  Wallswith  Walls with
Froguoncy Windows  Air Vents Closed
Band Opan! Opon? Windows?
(Hz) {dB} (dB) {dB)
83 ] 13 19
126 10 14 20
250 1" 15 22
500 12 16 24
1,000 13 17 28
2,000 14 18 28
4,000 15 19 30
8,000 16 20 a0

1 Any typical wall construction, with open window
covering tbout 6% of axterior wail area,

2 Any typical wafl construction, vwith small cpen pic vents
of about 1% of exterior wall ares.

3 Any typlcal wall construction, with cloted windows
covering about 10-20% ot exterior wall area,

TABLE 33

Approximate Noise Reduction (in dB})
Provided by Dense Woods

{Mixed docidupus and evergreen trees; 20~40 foor
helght, visibility ponetration af 70 to 100 feut)

Octavn Excan
Frequoncy Attenuation
Band {in dB8 per
{Hz) 100 foot of woodsy)
63 1/2
126 1
260 1172
&00 2
1,000 3
2,000 4
4,000 4-1/2
8,000 ]
Notes:

1 For avirage 10-20 foot height, um one-holf the rate
glven in the thbte,

2 For morse woods of 200-300 foot visibillty
penatrstion, use ono-half the rote ghvan fn the table,

TABLE 32

Approximate Noise Reduetion (in dBt)
Provided by a Sclid Barrier

{Do not go outside of the tabulated range for attenyation in any bands, See text for discussion, Use one-half

of attenuation for D greater than 1 mila.)

Sourco H Recalver
[ ] »
A R D B
Ratio Nolse Reduction in Frogquency Band
H2/R 63 126 250 500 1,000 2,600 4,000 8,000
{tt) Hz Hz Hz Hz Hz He - He Hz
0.3- 04 0 0 3 i 2] 12 15 18
0.6~ 0.8 0 2 [ 1] n 14 17 20
09~ 1.2 1 4 7 10 . 13 18 19 22
13- 18 3 8 9 12 15 18 21 24
2.0- 31 3 8 1 14 17 20 23 24
3.2- 4.9 7 10 13 186 18 22 24 24
5§ -0 ] 12 16 10 21 23 - 24 24
g -12 1 14 17 20 23 24 24 24
12 =20 13 18 16 22 24 29 24 24
QOver 20 16 18 21 24 24 29 24 24

84
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Approximate Dimensions
of Stack Opaning (ft)

snd
Octave Band (Mz)

Over 10010 ¢
63-250 Mz
500-1,000 Hz
2,000-8,000 Hz

3x3 ft 10 10x10 ft
63-250 Hz

500-1,000 Hz

2,000-8,000 Hz

Under 3x3 2
83-250 Hz
500-1,000 Hz
2,000-8,000 Hz

A AL e

TABLE 34

Approximate Directivity Effect (in dB) of
a Large Vertical Exhaust Stack Compared
to a Non-Directional Source of the Same Power

(See paragraph 6,6 of text for discussion)

Relutive SPL, for Indicatod Angle from Vortical Axls

0’ 45° ao” 0o 135"
{vort.) thorlz.}
8 5 2 -3 - 4
8 6 1 -9 -1
10 7 -1 -14 -1
4 2 0 -2 -3
& a ~1 -4 -7
8 - 4 -2 -8 -12
0 1] [+] D 0
0 1] 0 -1 -2
0 0 0 -2 - 4

*Far alt ntake oponlnm, volum [n the 80° and 135 columns can be Incroaed by 50%,
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TABLE 35

i

1
Approximate Noise Reduction (in dB) of
Typical Reactive Mufflers Used with Reciprocating Engines

Cetave Muffler Serios by Relative Sizo
Fraguency

Band Small Medium Large
(Hz) Sizo Sizo Sizo

*High Pressure-Drop Ling"

03 18 20 25
125 21 25 28
250 21 24 29
500 19 22 27
KT 1,000 . ¥ 20 5
T 2,000 . 15 19 24
L : 4,000 14 18 23
) : 8,000 14 17 23
“Low Pressure-Drop Ling™
a3 10 15 20
125 15 20 25
250 13 18 23
600 1 18 2]
1,000 10 15 20
2,000 9 14 19
4,000 a 13 18
8,000 8 13 18 .

Reter to manufacturars’ Iterature for more specific data,

TABLE 36

. N Approximate Noise Reduction (in dB) of
Do 8 f1 Long, 4 in, Thick Paralle] Baffles
RO Separated by Various Width Air Spaces

oo -
e ; Octove Width of Alr Space
i Frequancy 4 nch @ Inch 12 Inch 16 Inch 24 inch
5y Band Porcent Open Arca
: o (Hz} 60% 6% 5% 50% 86%
Ef' . 63 3 2 1 1 0
£ 126 6 5 3 2 2
' 250 16 13 8 6 4
600 32 25 16 13 10
1,000 &6 28 10 16 12
2,000 48 35 13 1" 8
4,000 40 28 10 B 1]
8,000 20 18 7 8 4

Rafer to manufacturers’ litsrature for mare spocific data,

13
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; TABLE 37 TABLE 38
: g! Approximate Noise Reduction (in dB) of “grea Factor” (“AF") for Use in Determining
. 1 8 ft Long Parallel Baffles of - the PWL of an Area **A™ That Transmits
Typical Thicknesses and Separations Sound of Leve! SPL
. (See paragraph 6,21 of text for discussion)
Ostavo Thickness of Baffla {in.} '
Frequency 8 8 12 18 PWL = SPL + (10log A - 10)
Band Width of Alr Spucs {in.} = SPL + "AF" (in dB re 10712 w)
M2 1] 12 12 10
L - ‘ L N N . 63 5 a 5 _11 Arw IIAII‘ llAF" Am IOAN IOAFI‘
I P 125 11 a8 12 -186 x. fr.) {dB) (sq. fr.) (0B}
LT 260 20 18 20 ~-23
500 a0 27 20 32 1.0 -10 10 0
1,000 27 23 24 —26 1.26 -0 125 1
2,000 22 10 v -22 1.6 -8 16 2
4,000 18 14 M -17 20 =7 20 3
8,000 15 10 10 -4 25 -6 2B 4
- 3.2 = 3z 5
: l 40 -4 40 8
Tt . 6.0 -3 &0 7
T R 83 ! ~2 63 8
FE B Rafer to manufacturers’ literature for more speclfic data, 80 -1 4o 8
ook TABLE 39
: 4 Approximate Noise Reduction (in dB) of
o Various Lengths of Commercial Duct Mufflers
. % Octave
. ; Frequency Muffior Length
3 Band
: g (Hz) 3ft 5ft A
§ i “Low Pressure-Drop Class®
' g 63 4 8 10
R 125 7 12 16
: Q 250 8 14 18
T §00 12 18 20
- h ' 1,000 15 19 23
b 2,000 18 20 24
; 4,000 14 18 22
: 8,000 9 14 18
. % “High Pressuro-Drop Class”’
3 i 63 B 1 13
! 126 10 14 18
Ti e ‘ 260 15 23 30
T 1,000 30 a8 44
2,000 35 42 48
4,000 28 36 42
8,000 23 3D a6

Rofer 1o monutocturens’ literaturo for more specitic dota,
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