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_ ConversionTable to SI Units

This publication uses customary English units for the convenience of engineers and
others who use them habitually. The table below is for the readerInterested in conver-
sion to SI units. For additional information see:

(1) NBS LC1978, Dec., 1976, "The Metric System of Measurement".
(2) Z210.1-1976, "ASTM/IEEE Standard Metric Practice".

Quantity To convert from To Multiply by

Length inch m (meter) 2.540 X 10-=
foot m 3.048 X 10"l
mile m 1.609 X 103

Area In;_ m2 6.452 X 10-_
ft= m= 9.290 X 10"=

Volume In3 m= 1.639 X 10"_
." ft3 mz 2.832 X 10"z

gallon m3 3.785 X 10-3

Temperature ° F ° C t_ = (to,,--32)/1.8
3".difference Ato_. K _Tic = Z_to_./1.8

Mass pound kg 4.536 X 10_=
ounce kg 2.835 X 10-=

Pressure psi Pa 5.895 X 10_
inH=O Pa 2.488 X 10z
JnHg Pa 3.386 X 10=
mmHg Pa 1.333 X 10=

Energy Btu J 1.055 X 10=
MBtu J 1.055 X 10_
kWh J 3.600 X 10r'
ft • Ibf J 1.356 X 10o
kilocalorie J 4.167 X 103

Power Btu/h W 2.931 X 10-=
hp W 7.457 X 10=

Flow gaJ/min m3/s 6.309 X 10"_
ft=/mln m:Vs 4.719 X 104

Density Ib/ft3 kg/m:_ 1.602 X 16=
Jb/gal kg/m3 1.198 X 16z

Heat Capacity Btu/(Ib • ° F) J/(kg • K) 4.167 X 10=
Btu/(fP. ° F) J/(m 3° K) 6.707 X 104

i =



vi ABSTRACT

This design guide presents a unified proce- way, railway, and aircraft operations. The
dura for the selection of noise criteria in sound isolatfon provided by Ihe building
and around buildings, for the prediction of shell is estimated by means of a now
exledor and interior noise Jevels arising as single-figure rating system, FInalry, design

_ a oonsequence of Iransportatlon systems manipulations which may make possible
operations, and for the evaluation of the the Improvement of the acoustic conditions
adequacy of building designs wllh regard In and around buildings are suggested.
to environmental noise. Noise criterion

.. levels ere suggested in terms of equivalent Key words: Acoustics; archlteclural acous°
sound levels (Leq). Simplified predictive tlcs;bulld_ngacoustlcs;envlronmentalnoise;
methods enable the estimation of noise noise; noise control; sound; transportation

• levels arising as a consequence of high- system noise.



1 Chapter 1
Howto Use This DesignGuide

Sound surrounds us everywhere--the song The guide has one saflent advantage over
of a meadowlark, the laugh(or of children, most other guides in that it is quantitative,
and the rustle of autumn leaves. Unfortun- offering you a method of calculating not
ately, Ihe march of technology and the jusl how transportation noise affects your
trend toward higher Jiving densities have building, but how much. Furthermore, the
meant that these desired sounds of birds, guide is arranged in a sequence of chapters
children, and nature are ellen masked by which parallel your design sequence. The
Ihe roar of automobiles, trucks, Iocomo. guide Is meant to accompany you as a
tires, and airplanes. The purpose of this drafllng board companion in a design voy.
design guide is to quantitatively estimate age as you depart from first concepts that
the magnitude of noise, or unwanted sound, are vague and tentative until you arrive at
at a building site in order to choose the a finished building scheme Ihat fs robust,
mosl appropriate building occupancy for rich In detail, and werJ-reasoned--especlalry
Ihat site, or to design feeturss Into new or insofar as the analysis of transportation

;_ existing buildings that will reduce or con- system noise is concerned.
r: Ire#noise.

i! The design guide aims to get right to the

ii In the design of new buildings, architects, point In attacking your urgent noise prob-
builders, designers, developers, and engI- ferns In building or site design. Hence, ft

_; nears make decisions which affect future sims negher to nag you about fundamentals
acoustlc conditions in and around the of acoustics nor overburden you with eao-

_ buildings. When the decisions are wrong, terJc details. _f you need fundamentals, you
_ acoustic comfort may be lost causing build- can get them from one of the many ex.
_! fng occupants annoyance and stress, Such cogent textbooks available (the references

discomfort cae often be averted by changes at the end of this chapter [1-22] Include
in the bulfding's location or orientation or references to the literature on general
In its construstlon materiels and workman- acoustics [1-5], noise and vibration control
ship. I6-10], basic acoustical measurements [11,

12], and acoustics and archlteclu_l design

In dealing wltl_ noise problems, the mate- [13-22]): if you want to penelrate the rele-
rlal in this guide can be used ,, . to solve vent detads on acoustics (end we hope you
simple problems duo to noise from high- will) specific references ere lisled at the
ways, railways, and aircraft, and . . . to end of each chapter.
cast up a warning flag when a serious noise
problem Is encountered, Seeing such a red What type of person should use IhJsdesign
flag, the designer should seek the prates- guide? We Ihlnk it can be anyone who has
sJonafconsultation of expert acousticians, a fechnlcaJ background and a fundamental

knowledge of building design and construc-

This noise design guide was written by floe. We refer to the guide's user as a
acousticians, architects, and psychologists designer, but we think of this designer as
at the National Bureau of Standards work- any architect, builder, building designer,
Jng to a strict timetable, ft was agreed at contractor, developer, engineer, landscape
the outset of the pro(oct that the guide's archlteel, or student who Is faced with a
methods of calculation and the data sup- noise problem fn building or site design.
porting them would have to be drawn from If Ihls shoe fits, wefcemol You're Ihe de.
state-of-the-art materials. This has had the signer we're seeking to help.
disadvantage of a loss of potential detail
and precision, but the advantage of slmpll- Of course, as a designer you have e re-
flcatlon, which the user of this guide will sponslblflty, too, that of creating a scheme.
no doubt appreciate, A buIJd[ng scheme fs essential since this



2 design guide ]s based on analysis; and It mostly as words--lhe ¢onversations of
cannot work without a scheme to analyze, awner and designer, and the narrative of

an architectural program. This may be just
In designing your building or site scheme, a few notes on a restaurant placemat or a
you will be juggling a mydad of design lengthy, formal exposltion of Ihe objectives,
variables: building codes, available flnanc- scope, criteria, desired spaces, fealures,
Ing, and costs; structural, enclosure, me- and functions of the proposed project. An
chanlcal, electrical, and communications Ideal architectural program would contain
systems; color, texture, massing, shape, the full sol of explicit constraints which
size. and arrangement; and not just acous- apply to the project. By constraint Is meant
tics, but also aesthetics, comfort, heagh, anything which limits the degrees of frae-
privacy, safety, and security. Many of these dam In the design. Constraints are not
other design variables relate to or _nterfaca necessarily bad, only facts of life for a
with acousllcs, but some will be In con- designer. In truth, constraints are desirable
fllct, As a designer you must use Judg- because they impose some limit, some re-
merit fc make tradeoffs in achlev[ng a happy strlctlon on the number of possible schemes.
blend of needed features in your scheme. _lnce this number is Infinite, the constraints
We, of course, assist you only in noise can be a blessing, setting s boundary on
prediction and central. We Ihlnk you will unfettered, hence Intolerable, design free-
welcome this assistance, dam.

Managing all these design var[ables Is like Very few architectural programs approach
herding frogs. Just as you approach one, it the ideal in containing all constraints--in-
leaps away In an unexpected direction. Still, stead most constralnls are implicitly held
this guide is meant to do what it says-- in the designer's mind rather than explicitly
give you guidance about acoustics as you printed In the program.
design. To do so, the guide makes a num-
bar of assumptions about design, which Some constraints are physical; for example,
will now be discussed In conjunction with the configuration of the site and Its ear-
the contents of the guide, rounding envlronmenl, the characledstlcs

of sound, the changes of weather. For pur-
As it progresses, design ]s expressed as a poses of this design guide, physical con-
set of pictures describing a scheme. The stralnts critical for acoustic calculations
scheme is the conversation piece', Ihat is, develop from Information which Is to be
the focal point and basis of all communlca- abtalned as directed in the first part of the
tions about the building project. Tile de- next chapter (Chapter 2).
signer, consulting engineer--all of these
get their heads together over the scheme Other constraints are man-made, or "adlfl-
to assess it, evaluate it, revise it, or discard afar', and are referred to here as rules.
It and start afresh. This design guide, too, Rules include the provisions ot building
requires a scheme against which you are codes, as well as standards, requirements,
to examine noise conditions, and design crIlerla. Llke elher types of

constraints, rules limit the number of possl-
The scheme Is customarily drawn to scale billges tn design; but rules also serve as
in plan, elevation, section, perspecllve--as objectives, as a way of measuring a scheme
many two-dimensional drawings as are and evaluating It. If the rules are truly pro-
needed to visually explain the scheme as it dictlve of satisfactory buildings, then a
will eventually be when built In three dlmen- scheme on paper which complies with the
sions, The acoustics design guide analyses rules should describe a future building that
may require small scale drawings In plan will turn out to be satisfactory,
(maps and site plans), and for some proj-
ects drawings in section to Illustrate, In a This design guide employs a noise criterion
vertical plane, the path of the sound as It as the type of rule which is to govern your
moves from Its source across the terrain acoustic design and evaluallon. The term
(including barriers) to a building or other "noise criterion" is used to denote a noise
"receiver," The design guide analysis will (sound pressure) level to be used as a de-
require large scale drawings to show the sign goal for your bugdlng project, Chapter
general layout and details of the proposed 3 tells you how to select noise criteria ap-
building sufficient for tts calculations and proprlate for your building end Its outdoor
evaluations, activity areas. The set of noise criteria you

select then serves as a target to achieve
Before the scheme Is started, design corn- for your building scheme, We hope that you
munlcagons de not exist as pictures, but will not only be able to achieve the design



3 goa_ .',pouilied by the criteria you selecL but scheme in e way Ihat it con be studied,
even lower sound levels. Through the vJsuaflzatlon of the scheme,

Ihe designer eduoales himself about the
Earlier we mentioned physical constraints, future building, and Js able, even if Imper-
Ihe constraints arising from Ihe physical tautly, to tmagtne whal the building will be
nature of Ihe site and from the physics of like and how it will operale when occupied.
acoustic and other nalural phenomena. As
a designer, you cannel deal, or interact, A good deal of the designer's attention is
with these physical constraints directly, Just drawn to the building shell, that skin of
as you do not Initially deal with a real walls and openings, roofs, and exposed
building, only the scheme for a fulure floors which will separate the building from
building. Hence, you must have a melhod IIs ouldoor environment. Design may pro-
for modeling, for representing the silo and ceed iron1 Ihe Inside out, considering first
acoustic phenomena In the same language the occupants. Ihelr needs and activities;
of words, numbers, and pictures as you then the rooms and spoors suitable for
use for your scheme, Chaplet 5 explains Ihese activities; Ihen the building shall-.to
this concept, showing how you can quantl- conlaln Ihe rooms and spaces; and, finally,
tatlve]y ostimale the magnitude of sound the relal[onship of this shell Io the site. Or
coming from such tranoporlaflon sources as allematIvely, design may proceed from the
highways, railways and aircraft, as Jt outside In, Ih[nkfng first about the outdoor
reaches your site or building, environment, the forces of climate, and

relagonshJpsto nelghbodng buildings; then
Physical constraints and rules have been concentrating upon the building shell; and
discussed, There Js still a third, and final, finally upon Ihe bulldJng's rooms, occupants,
type of constraint, namely the scheme con- and functions.
sire]hi, which is simply a constraint arising
from a decision that has been made about To be realistic, Ihe designer must surely
your scheme, If you decide that your build- follow both routes, from the Inside-out, and
fn_ is to be a echool, you have conslrainod from the outside-in. This two-way approach
It against becoming a home, a hospllal, is certainly needed for acoustical design,
or an office building. Ifyou decide it isto be and is a concept embodied In this design
built of brick, then you have constrained It guide. Inside-out design commences with
against being built of concrele or cinder Ihe selection of an Indoor noise criterion In
block, As more end more design decisions Chapter 3, and then aims at the selection
are made, the range of possibilities for your of represenlatlve rooms for acoustic analy-

_i scheme is constantly narrowed. The most sis in Chaplet 6. Outside-in design corn-

! general of these scheme conslralnts are mences with the gathering of physical site
usually made qul[e early In the design data In Chapter g, and the esllmatlon of

process, and are uppermosl In Ihe archl- silo noise from separate sources in Chap-
,, lectural program, or problem statement, tar 5. The sound from these various sources

Such general scheme constraints are the can be summed, and is that which is ax-
type of building oocupancy (commercial, pecled to Impinge upon the rooms for
Industrial Instltultonal, or resldenllal, e/c,), which noise Is to be predicted fn Chapter 6.
the overall capital budget and In turn Ihe
general size of the building. Ihe general Of course. Inside-out design decisions are
level of quality for the building, the lype of entangled with outside-in decisions. For ex*
fire construction, etc. Since these general ample, In Chapter 6, you will probably want
constraints are important to acoustical de- to flmlt your analyses, since they are time-
sign, Ihey must be stated (as set forth In consuming, to a small number of rooms,
Chapter 2) In advance of design, Including only Ihose critical rooms which

are fairly susceptlbJe to noise and which
As building design proceeds, decisions de. are exposed to the loudest sound condl-
scend from the general to the particular, lions, But here you will be caught up In
and constrain more and more the eventual conblcl--for If you design from the inside-
outcome, in fact, design may be thought out and idenllfy your critical rooms early
of as a process of scheme constraint set- on, you will no doubt begin Immediately
tlng--a process which moves from diagram, to revise your scheme to fortify these rooms
matlc drewlngs to detailed drawings; and rendering them no longer critical; likewise,
from abstractions like safely and security if you design from the outside-in, you will
Io concrete representations of wails, floors, tend to sum transportation sounds at some
and roofs. Ps Jtmoves along, design reties arbitrary point, or points, on your site where
ppon a variety of pian, seclion, elevalion, you antic[pale a critical room to appear in
and perspective drawings to represent the your schemA, h_t having Identified the



4 potentially noisy points on the site, you will In Chapler 2. Then, formulate noise crlleria
want to begin [mmedlalely to aaleliorate for the lypes of building occupancies or
Ibenoise level at those points. For example, room functions you have In mind as de-
you might choose Io let the proposed scribed In Chapter 3. Then using the strale-
building Ilself serve as a barrier, turning Its gles described In Chapter 4, you will select
back to the sources of sound, and locate e point or polnls on your site for estimating
rooms having special needs for quiet on the sound levels. Chapter 5 will then assist
protected side of the building. In this lash- you In estimating the sound coming Io your
ion, progress In both Inside-out and outside* site from highway, railway and aircraft
In design Is constantly Interrupted by re- sources. For the first two sources, Chapter
visions in yourscheme, and by the tendency 5 will also show you how to estimate the
to reverse your design direction, atlenuation of sound as It crosses various

types of barriers. If your site or building is
Designers manage such mulualJy entangled exposed to more than one source of sound,
decision chains through Iterations of a the contributions of these various sources
scheme simply by working first hem Ihe can be sunnn_d as described eady in Chap-
outside-in and then from Ihe inside-out, tar 6,

Moreover, designers can generate alterna- By this time, It is presumed, you wUl have
five schemes which appear promising, and completed a schematic design for your
then compare the various schemes. By pro- buildlng which can be analyzed for Itsnoise
riding a method of analysis applicable for transmission properties and interior noise
nearly any scheme, this design guide aids levels by means of the strategies and melh-
insuch comparisons, Time spent in scheme ads of Chapler 6. The analysis is made on
generation, analysis, and comparisons wig a room-by-room basis.

= be rewarded with Increasing insight into
: your bufrd[ng's noise conditions and their If Ihe room sound levels are greater than

solution, Chapter 7 contains some explicit the noise criteria you formufaled fn Chapter
and much implicit advice Io aid you In gen- 3, you will want to revise your scheme. If
orating design alternatives, the noise crtlerla are not met In Just a few

rooms, you may wish to make delalled
Designing ellher from the inside out or from scheme adjustments for only those rooms
the outside in, you arrive Inevitably at the affected. If your scheme's noise troubtes are
building shell, your main line of defense more general, however, you will look for
against transportallon noise. The room-by- more extensive changes in your scheme. In
room calculations of Chapter 6 are assert- either case, you will be helped by the sug-
tially calculations of file sound isolation geslions In Chaplor 7.
afforded such rooms by that portion of the
shell which constitutes Ihe exterior faces of In this guide, interior noise sources are not
the rooms. To make these calculations, you estimated. Because of Ihe great diversity of
will rely upon single-figure ratings for varl* sources, Including heating, cooling, and
ous types of exterior walls and wall open- ventilating systems; office equipment; con-
Jags, roofs, and exposed floors. A spec]aJ versatlon; elc., such estlmales would be
single.figure shell isolation rating (SIR) sys- cumbersome, instead, Interior sources are
tern was devised for this purpose, a_ld accounted for by assuming they contribute
Chapter 6 describes the procedures for Io the sound coming from exterior trans-
Implementing this system. Appendix A pre- portatton sources. If you want more precise
sents SIRs for a variely of building shell esflmales, you should refer to the public
materials and constructions, texts on noise and vlbregon control, and on

acoustics and architectural design listed at
in summary, this design guide Is Intended the end of this chapter, (also reference [22J);
to aid you in making acoustic decisions for or you should obtain the services of an
a building problem which confronts you. acousflcaJ consultant,
The guide's chapters are arranged In a
sequence compatible with the overall de- This design guide has Its main emphasis
sign process for buildings. If you are using upon probtems of transportation noise in
the guide for the first time or need to re- the design of new buildings, since this Is a
fresh your memory on Its use, you will common noise problem, It is also e cam-
want to study Ihe general discussion which plfcated problem because Ihere are many
Is contained in this chapter. Then you unknowns In building schemes during their
wflJ collect background Information about formative stages. The design problem can
your project site and make the early decl- be stated Ihus: given an architectural pro.
alons about your building scheme called for gram end a schema for e p,'oposad build-



5 Ing, predict acoustical conditions in the building of a selected lype el occupancy,
rooms of the building, or in the outdoor Environmental Impact Statements: given a
activity areas of the building, and bring all proposed building scheme, predict the
spaces to pre.established noise criterion impact of transportation noise upon the
levels, rooms of the building.

BuildingRe-design: given a completed build.
The guide can be helpful In uther types of lag, improve the acoustic conditions el
problems as well; problems like those listed Its rooms or outdoor activity areas to
below: satisfy noise criteria,
Site Selection: given a desired building

occupancy, such as a school or apartment In using the guide to address such addl-
building, select a site which will have tional problems as the ones listed above,
acoustic conditions within specified noise yell will select among the offerings of its
criteria, various chapters, This should be easy to

Analysls of a Building Site: given a site, do once you have famINarlzed yourself
analyze its acoustic conditions, or the with 1heguide In connection with problems
conditions to be expected in a proposed of building design.

References: General Acoustic= eral Radio Company, Concord, Masse-
Chapter 1 chusetts, 7th ed, 1972),

[1] Beranek, L. L., Acoustics (McGraw-Hill
Book Company, Inc., New York, New AcousSca and Architectural Design
York, 1954).

[2] Ford, R, D., Introduction to Acoustics [13] Berenek, L. L., Music, Acoustics and
{Elsevier Pubgshlng Company, Ltd., Architecture (John Wiley and Sons,
Barking, Essex, England, 1970). Inc., New York, New York, 1962).

[3] Kindler, L. E., and Fray, A. R., Funda- [141 Day, B. F., Ford, R, O., and Lard, P.
menials of Aeoustica [John Wiley and (ads.), Building Acoustics [Elsevier

,_ Sons, Inc., New York, New York, 2nd Publishing Company, Ltd., Barking,
ed., 1962). Essex, England, 1969).

[4] Morse, P. M. Vlbragon and Sound [15] Doaile. L. L. Acoustics In Architectural
(McGraw-Hill Book Company, Inc., New Design [Division of Building Research,
York, New York, 1948). National Research Council, Ottawa,

[5] Smith, B. J,, Acoustics (Lengmana Canada, 1965).
Group Ltd,, London. England, 1971). [16] Docile, L, L., Environmental Acoustics

(McGraw-Hill Book Company, New
Noise and Vibration Control York, New York, 1972).

117_Egon. M. C.. Concepts in Architectural
[6] Seranek, L. L., Noise and Vibration Acoustics (McGraw*Hill Book Corn.

Central (McGraw-Hill Book Company. pony, Inc., New Yerk, New York, 1972),
Inc., New York, New York, 1971). [181 Knudsen, V. O.. and Harris, C. M.,

[7] Harris, C. M. (ad.), Handbook of Noise Acoustical Designing In Architecture
Control (McGraw-Hill Book Company, (John Wiley and Sons, Inc., New York,
Inc., New York, New York, 1957). New York, 1950),

[8] Lyon, R. H., Lectures In Transportation [19] Lawrence, A., Architectural Acoustics
Noise (Grozier Publishing, Cambridge, (Elsevier Publishing Company, Ltd,,
Massachusetts, 1973). Barking, Essex, England, 1970),

[9] Taylor, R,, Noise (Penguin Books Ltd., [201 Parkin, P, H.. end Humphreys, H. R,,
Harmendsworth, Middlesex, England, Acoustics, Noise and Buildings (Faber
1970), and FaberLtd,, London, England, 1958).

[10] Yarges, L, F., Seund, Noise and Vibra- [21] Rattinger, M. Acoustic Design and
lion Control (Van Nostrar_d Reinhold Noise Control (Chemical Publishing
Company, New York, New York, 1969). Co.. Inc., New York, New Yerk, 1973).

[22] Berendt, R. D. Winzer, G. E., and Bur-
Basle Acoustical Msasurements roughs, C. S., A Guide to Airborne,

Impact, and Struclureborne Noise Con.
[11] Brock, J, T., Acoustic Noise Measure. trol Io Multifam]ly Dwellings, U,S. De.

ments (Bruel and KJear, Denmark, 2d partment of Housing and Urban Devel.
ed., 1971). opment Report No. HUD-TS-24 (Na-

il2] Paterson, A. P. G., and Gross, E. E., Jr., lionel Eumau of Standards, Washing.
Handbook of Noise Measurement (Gen- ton, D.C., September 1967),





7 Chapter 2
What You Need to KnewBefore
You Beginto Design

Chapter 1 described the general philosophy way passbys, and does not require or rely
and structure of this design guide and how upon direct measurements of noise levels.
it can be used to solve building design If a desloner has the required measurement
problems resulting from transportation sys- equipment and the expertise to operate the
tern noise. Here In Chapter 2, we will speclly equipment, he Is also likely to have access
the Information you will need to address to good ways of quantitatively estimating
these problems, Much of the InforrnaUon and predicting acoustic conditions, and per-
you gather for transportation system noise hops these ways ere more detaged than
analysis will also be essential for other de. those found in this guide,
sign purposes.

You should realize that the scope of this
In addition to data eoileclion, Chapler 2 design guide has been deliberately re-
has a second goal; namely, to Identify the strlcted to exclude some potentially serious
procedure to estimate the severity of the noise problems. Your attention is principally
noise problem at your site and proposed directed toward consideration of highway,
building. If you have a dire problem beyond railway (including rail rapid transit) and air-
the reach of this guide, you should get craft noise. However, it Is not possible to

! assistance from an expert acoustician. If it include detailed consideration of cornpli-
'_, appears Ihat you have no potential problem, coted highway Intersections (including such

_! desist.., your time will be better spent tn factors as stoplights or severe grades), rail-
other spheres. But, if your problern lies road yard operations, or airport operation
within these two extremes, carry on, this noise problems due to airports located

_;i design guide can be of help to you. closer to your site than the distances listed
In Table 2-1." These problems are too cam-

Direct measurements of noise and the plex to be solved by this design guide.
equipment for rnaking these measurements
are expensive, This guide calls for making • In order to make the results mere Immediately
estimates of the sound level of transparta- useful to American erchdectsand designers,cue.tomary engineering units ere usedrather Ihanthe
lion noise from statisl_cs such as counts of (metric) Infernallonal System of Units (SI) nor-
aircraft flyovers, highway IraflJo, end rail. marlyuseclln NBSpub/lcagont;,

Table 2-1, Mlnlrnurn Distances between Airports and Building Sites [1,2].*

Commercial or General Aviation
International Airport * ° Military Airport Airport

Distance Distance Distance Distance Distance Distance
to Side to End to Side Io End to Side to End
of Runway ofRunway OfRunway ofRunway ofRunway of Runway

3000 feet 4 miles 2000 feet 2½ miles 1000 feet 1 mile

• It your building or site Is within the distances of Table 2-1, you will have noise problems beyond the
scope of this des/an guide, and you should secure the services of aa expert acoustician.
"* Airports ere classified as International, Commercialor Military, end General Aviation according to the
effective number of let aHcraft operations (takeolfs and landtnas) daily [NJell], To account Ior theextra
annoyanceof nighttime operal/ons, their number Is multiplied by seveinoenwhen added to the number
of daytimeoperations, Hence.NJell = 17 NJnighl _pNJday,
For International Airports,NJefl /s greater than 1390.
For Commercialor Military Airports, NJet/is between591 and 1309.
For GotloralAviation Airport#, NJell Is less than6go.



8 Similarly, consideration of noise problems determine which areas on your silo have
due to fixed or temporary noise sources Ihe lowest noise levels resulting from these
such as noisy industrial plants, or highway transportation systems, Ideally, the noise
or building construction is beyond the scope source map mlghl contain sound contours
of this design guide because of the diverse of equal noise level covering the entire slle.
range of potential problems, This could aid In the identification and

selection of a preferred building Iocaflom
Two classes of information will be needed; But the development of such a contour
if) Information about the building site and map is difficult and is likely to be beyond
the surrounding area and [nformagon about your resources. Another lacier is that this
the operational characteristics of the varl- technique of selecting a preferred building
Due transporlation systems (information location requires Ihat your site be large
which we have referred to as physical con- enough to permit relocating the building.
straints); and (2) Information about the pro- This Is not always possible and, thus, spa-
posed building (informalton we have called sial design strategies, as outlined in this
scheme conslralnfs), guide, are needed.

Building s[te data consist of geographical In addison to the geographical and tope-
and topographical information about the slle graphical information discussed above,
end the lands adjacent Io the site. The in- there Is also a need for information about
formation should be suffictenl to prepare a the transportation system operational char-
noise source map of the area Io scale, and acteristlcs, The specific information that Is
to cut vertical sections through this reap In needed depends on the type of transporta-
order to show Iransporlatlon noise sources lion syslem being analyzed. The complete
In relationship to the surrounding terrain ilst of required data are given In Chapter 5,
(including any man-made structures) and which should be reviewed thoroughly before
your proposed building. Of special Inlerest you atlempt to acquire the necessary In-
are any barriers (natural or man-made), in- formation. The possible sourccs of this
tervening rows of buildings, or extensive information are discussed below.
growlha of vegetation which might d_vert,
reflect, or absorb a portion of the sound For information on highways, you should
before it reaches your site and building, conlact the city or county dlreclor of traffic;

oily, counly or state department of streels,
Usually, the noise source map can be drawn roads and hlgl_ways(or department of trans-
from city, county, highway and other maps portagon); or the city, county, or state engl-
which are inexpensive and easy to obtain, neer. Federal agencies such as the Depart-
The third (vertical) dimension Is lacking In ment of Transportation, Federal Highway
many of these maps but can be determined Administration, or Hlghwc,y Research Board
from topographical maps Issued by the may also be able to provide the needed
Coast and Geodetic Survey. If these reaps Information,
do not provide the information needed,
you may have to run surveys wffh a hand For Information on railways you should
level or a translh But before you perform conlact Ihe supervisor of cuslomer rela-
these surveys be sure to exhaust all ave- lions for the railway. The city, county, or
hUeS of existing information such as'. clly, stale department of transportation may also
county, and regional planning commissions; be of some help, as well as the city, county
public utility companies for electric power, or state engineer. The Association of Ameri-
natural gas, sewer and water, or telephone can Railroads may be able to put you in
services; city, county, end state departments touch wllh the relevant offices or agencies.
of slreets, roads and highways; Irrigation
and weed and pest control dtstdcts; port information on airports can be obtained
authorities; departments of building regufa- from the Federal Aviation Administration
tlon; city, county, or state engineers or sur- (FAA) area office for oommero]al airports.
vayors; and, the Bureau of Reclamation, or from the Military Agency fn charge for
National Park Service, or Army Corps of military airports. You might also contact
Engineers. These agencies may not have the FAA District Office, (or airport opera-
lhe information you need, or may not be tor), or the airport manager to get the re-
able Io release it; but if they do have It qu]red Information,
and can release it, your Jobwill be lessened.

Keep In mind that transportation systems
The main purposes of the noise source map can change dramatically with time. Also,
are to identify the locations of all potential land usapatterns are not fixed, but vary over
transportation system noise sources, and to the years. For example, the future abandon-



9 ment of a nearby airport or railway fine upon by loud noises. They are constantly
could erase a presently crucial noise prob- bombarded by noise from all kinds of
lem. Likewise, highway noise could be a[le- sources -- namely, automobiles, trucks,
v]ated by the development of quieter tires trains, airplanes, but also construction ms-
or more silent engines. On the olher hand, ehlnery and Industrial equipment, to name
noise condllto,ls could eventually worsen Just a few. Regretebly, Ihe only refuge they
because of Increased traffic on existing free- may have from these disruptive noises Is
ways or the construction of new highways. Inside their homes and offices. Thus, It Is
Naturally, you should try to anticipate future no wonder that people become upset and
changes, in making your predictions, you dissatisfied when Ihey are disturbed even
can consult the data; review the plans and there,
projections; and seek the assistance of de-

partments of streets and roads, highway Of course, the best answer would be to
departments, planning agencies, railway reduce noise at its source. But title option
companies, and the like. Is frequently not one over which the de-

signer has control, Therefore, the designer
We have thus delineated some of the re- must concentrate upon minimizing the effect
quired physical data on the site and neigh- of noise at the "receiver", namely Inside
boring land, and sources of Information on homes, offices, churches, schools, etc. To
transportation system operational character- effectively isolate people from these noises
Istics. Now let us review the second main the designer needs to know beforehand the
class of needed information; information characteristics of the noise source. For
about your proposed building which is many types of sources Ibis Information is
necessary for Interior noise level caloula- eilher not available or would be too volumi-
tl0ns. We have referred to thls type of in- nous, therefore difficult and expensive te
formation as scheme constrainte, and have gather,

Indicated that only the most general scheme Conslrucgon noise and Industrial noise are
constraints must be spelled out here. two such cases. Estimation and prediction

Scheme constraints needed are: the type of the noise from these sources is difficult
of building occupancy--be it commercial, because there are many different equip-

ment types and functions to be described,educational, Industrial, Institutional, or rest-
That these sources operate !nterm]ttentlydentlal, etc.; the building size tn terms of
on a variable time schedule only furtherfloor area, or In terms of beds for general

hospitals, classrooms for schools, etc.; the compgcates the problem, and requires
elaborate measurements of the sound pro-

overall building budget, which together with duced,
the proposed building size, will yield some

notion about building quality; the general This Is not the case for highway, railway
type of construction, whether heavily fire- and aircraft noise. Although there obviously
resistant or not, and the general type of are different lypes of autos, trucks, trains,
censtructionmaterlal,whetherheavyerlight, end airplanes, In general, many of these
weight. Knowing these scheme constraints vehicles operate In the same manner, per-
Is essential for anticipating the typical room forming the same function. This allows car-
size, amount af exterior shell exposure, and rain assumptions to be made about how
typical room furnishings, whether sound ab- the noise is generated, which In turn makes

:i sorpgve or not, for the room-by-room calcu- It possible for you to predict the noise levels
,: latlons of Chapter 6. Knowing the general produced by each type of vehicle. This Is

degree of bul[d]ng quality and workmanship the basis for the predictive methods de.
;_, Is also needed for estimates of room sound scribed In Chapter 5.

levels, Finally, the type cf occupancy for
the building as e whole and tbe functions We may be able to spare you the trouble
of special rooms within the building are of performing these complete calculations,
scheme constraints needed for selecting We mentioned earlier In this chapter that
noise criteria in Chapter 3. The decision twe situations would make these calcule-

,_ about these noise crgeria Is especially criti- tlans unnecessary or inappropriate. The
col to the people who will occupy the build- firstsituation Is a building site having severe
Ing, people whom you will want to satisfy noise problems, which would direct you
in terms of acoustic comfort, toward the services of an expert noise con-

trol engineer or acoustical consultant; the
As you come face to face with the problem second situation, the one to be discussed
of satisfying these future occupants, keep next, Is a building site which probably has
in mind that in recent times their peace and no severe noise problem whatever. Let's
comfort have been Increasingly Intruded examine this possibility now.



10 Table 2-2 provides a list el minimum dis- this design guide. This, of course, Is con-
lances which you can use as rules of thumb tfngent upon whether or not your situation
for efJmlnating transportation system sound Is truly "typical." For example, lhese refer-
sources as mailers of concern. The values enee dislances would not apply where there
In Table 2-2 are the dislances necessary are extremely high vehicular traffic volumes
for the noise generated by 'qypical" high- --more than 10,000 automobiles per hour,
way and railway operations Io decrease to or more than 300 trucks per hour.
an A-weighted day-night sound level of 55
dR (these units ore explained more fully On the other hand. if your building site is
in Chapter 3) at the exterior of the building closer than the distances specified In Table
under consideration. As is Indicated In 2-2 to one or more of the three transporta-
Chaplet g, this corresponds lo the noise lion systems noise sources, the noise levels
level In a typical suburban neighborhood, for your bugdlng should be determined by
and is nol generally regarded es excessive the predictive methods of Chapter 5.
noise. In Table 2-2, the decrease of sound
level with dlslance is assumed to be a rune- The use of Table 2-2 is an Informal proce-
flon only of geometrical spreading, or diver- dure, which may not be adequate for your
gence, and does not Include decreases due needs. Thus, a more formal procedure for
to barriers or olher forms of shielding which the preliminary elimination of non-Intrusive
WoUld furlher reduce the sound levels and noise sources from further consideration Is
render Table 2-2 values more conservative, outlined In the following slops. Complele

these steps using lhe Preliminary Source
The values in Table 2-2 for airports are the Evaluation Worksheet shown in Figure 2-1.
dtslances required for the noise generated
by "typical" aircraft operations to decrease InstrucUons tot Ihe Use of the Preliminary
to a sound level that is "clearly acceptable." Source Evaluation Worksheet
This Is based on the informagon given in
reference ill. which evaluates a building STEP I iNPUT DATA
site as "clearly acceptable" If the "noise You must first determine the distances
exposure Is such that both the Indoor and from all major highways, railway lines,
ouldoor environmenls are pleasant." and airporls to the building site or pro-

posed building location, For aid In select-
If your slle or building fs Iocaled at dis- Ing the most appropriate building location
lances greater Ihan those shown In Table on your site. refer to Chapter 4, Distances
2-2, the probability is low that noise would can be obtained from area maps. For
exceed an A-welghted day-night sound level highways and railways, the distance
of 55 dR. Thus, there would be no need should be measured along the shortest
to perform the predictive computations of perpendicular line from the centerllne of

Table 2-2. Distance Cdlerla for Elimination of Non-intrusive Transportation System Noise
Sources [1].

Noise There is a possibility of excessive noise due to lh[s
Source source if the building site is:

Highway within 1000 feet of any major roadway"

Railroad within 3000 feel of any railway line

Aircraft within the distances given below;

1. International 2, Commercial 3. General Aviation
Airport ** or Military Airport"

Airport"

Distance Distance Distance Distance Distance Distance
IoSIdeof to End of IoSIdeof toEndof toSideot to End of
Runway Runway Runway Runway ! Runway Runway

3V2miles 16 miles 2V= miles 9V=miles 1 mile 5 miles

• A major roadwayIs onewith lralllc of more than 50 autos per hour or mote than 5 trucks par hour,
'" See the loetnotes of Table 2-1 for definitions Ior the three typos of airports,



11 PRELIMINARY SOURCE EVALUATION WORKBHEET

1 2 3 4

Noise Building- Might there ff the answer If Ihe answsr
Source Source be excessive is no in all is yes for one

Distance noise? (yes cases, or more of Ihe
or no) [See for highways, sources,
Table 2-2] railways, or

airports '

Highway #1 feet Omit Gectton 2 Obtain the data
of Chapter 5 and perform the

#2 feet computationsoutlined In Sac.
2 of Chapter 5

#3 feet for each high-
way with a yes

#4 feet answer.

Railway #1 feet Omit Section 3 Obtain the data
of Chapter 5 and perform the

#2 feet computations
outlined in Sac,

#3 feet 3 of Chapter 5
for each railway

#4 feet with a yes answer.

Airport #1 miles Omit Seclfon 4 Obtain thedale
of Chapter 5 and perform the

_ #2 miles computations
outlined in Sac.

#3 miles 4 of Chapler 5
for each airport

#4 miles with a yes answer.

l_ " I/the answer/$ nofor all three types el transport#lien system noise source, this design gulcle evalua-

tion Is nol necessary,

Figure 2-1. Preliminary Source Evaluation Worksheet.

the highway or railway to the building or Using the distances of Table 2-2 as refer-
site; and, for airports from the nearest ences, determine if any of the sources
runway. Also to accurately estimate the may possibly generate excessive noise4'

noise generated by aircraft, you should at the building site. To determine the
determine If the building Is to be near appropriate dJslance to use as a refer-
the side of e runway or In line with the ence for the airport noise estimation,
end of e runway. Moreover, you should look in Table 2-2 under tile airport cats-
classify the airport in one of three cats- gory and then choose the distance corre-
goriss [2]: spending to the building location, to the

1, International Airport or airport serv- side of the runway or in line with the
]ng a greater metropolitan urea end of the runway. Record the results In

2. Airport serving commercial carriers
or military airport Column 2 as either yes or no answers,

3. General Aviation--propeller aircraft Then, depending upon the answer in
Record this information on Ihe worksheet Column 2, proceed to either Column 3

which provides spaces for as many as (a no answer) or Column 4 (a yes answer).
lout highways, four railways, and four air- If any highway (or other type of source)
parts for your building site. Distances has a yes answer, the noise prediction
should be fn feel except for airport dale, compulattons should be performed for
which should be in miles, each such source.

STEP 2 NOISE SOURCE EVALUATION A word of warning should be given here,
NowyoucanevaJuateeachofthesources All of the reference distances Itsted In
listed in Column 1 of the worksheet. Table 2-2 are npproxlmate. You must exor.
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cise some Judgment in deciding which industrial plant, etc. Here, your bulld-
potentlsl noise sources can be neglected Ing's construction will have to be
and which ones can't. Unfortunately, this unusual, Incorporating special noise
will be difficult until you gain some experl_ control provisions.
ence in making these decisions, in general, (b) If the procedures of this design guide
it Is always a good Idea to analyze any yield estimates of interior noise well
source about which you are uncertain. That in excess (15-20 dB) of the noise
way there will be little chance of omitting cdlerJa, your building design should
a source which could generate excessive be changed, g may be besl to do this
noise al the building site. with the asslalance of a consultant,

{c) If your building site falls into the
Clearly, there are many noise problems that "clearly unacceptable" category as
require Ihe expert advice of an acoustical defined by Bchu/tz and McMahon in
consultant or noise control engineer. "Noise Assessment Guidelines" [1],
Although this guide equips you to make you should obtain the services of a
quantltagve estimates of noise levels, and consultant to consider the advfslblllty
suggests design alternatives to ameliorate of construction on or rejection of the
difficult design probtems, you would be site, or of the special adaptations
wise Is obtain the services of a consultant which may be required. Schultz and
In the following circumstances: McMahon define "clearly unaccept-

(a) If your building occupancy is one that able" as... a noise exposure at the
requires unusually low noise criteria site so severe that the consfrucllon
(for example, a recording studio or costs to make Ihe Indoor environment
library), and the anticipated site noise acceptable would be prohibitive and
levels are expected to be high due to the outdoor environment wouJd still be
the Immediate proximity of an airport, Intolerable,

Roforoncos: [1] Schuftz, T. J., and McMahon, N. M..
Chapter 2 Noise Assessment Guidelines, U.S. De-
Informotion partment of Housing and Urban Devel-
Co||oction opment Report No. TE/NA 171 {Bolt

Beranek and Newman, Inc., Cambridge,
Massachusetts. August 1971).

[2] Jensen, P., and Bweltzer, G., How You
Can Soundproof Your Home, {Lexington
Publishing Co,, Lexington, Massachu-
setts, 1974).



13 Chapter3
How to Select Nolse Criteria

From reading Chapter 2, you have deter- set of other psychological, physiological,
mined whether or not your site or building social, and cultural factors. Obviously, it is
noise problem Is one which can be analyzed essential that you, the building designer,
by using this design guide. This chapter make a number of simplifying assumptions
tells how to select noise criteria," maximum about noise and the human perception of
acceptable sound levels appropriate for noise, in order to deal with acoustic phe-
your site and building occupancy, when the nemena quantitatively, Using this guide, you
origin of the sound is due to external Irons- will be able to predict the sound condl-
portation systems, tlons in and around your proposed build-

ing. and you will have soma Idea of the
Once you have selected noise criteria.., degree to which your buliding's occupants
your design goals,., you can proceed to will be satisfied with Its acoustic environ-
estimate the amount of sound coming to ment,
your site from highway, railway, and air-
craft sources; reduce this estimate of the
amount of sound to account for the elfects Experts generally ugree upon the deflniUon
of dense vegetation or other barriers (see of noise as unwanted sound; and sound,
Chapter 5), and then make an Initial noise for our purposes, is a propagating pressure
analysis for your bullding's interior and its disturbance in air. Many properties of this
outdoor activity areas. If the sound levels pressure disturbance can be described
you estimate (in Chapter g) are greater than quantitatively, but the most important prop-

!! the noise criteria you have selected, you ertles are the magnitude, or amplitude, of
_< will probably want to pursue Implements- the pressure changes about atmospheric
; lion of suggested design alternatives (in pressure; the time-variation of the pressure

Chapter 7) to bring estimated sound levels changes (frequency); and the distribution
to within selected noise criterion levels, of sound energy across bands of frequency.

People can hear sound within the range of
This chapter wgl offer two approaches 1o pressure amplitudes extendingfrom approxI-
selecting noise criteria , . . en approach mately 20/+P8 (Mlcropsscals) at the thres-
using the simplified Table 3-1, or an ap- hold of audibility to 20,000,000 .sPa at the
preach using the more comprehensive Table threshold of feeling. The lift-off noise of a
g-g. Before selecting the criteria, however. Saturn rocket is about 20,goo.o00.OOO/_Pa.
you should study and understand the tel- an even greater pressure amplitude, well
lowing princ]plas el sound, how it Is meas- above the threshold of feeling. Because this
ured, and how noise criteria can be based is an enormous range of magnitudes, and
upon sound measurements, because acousticians need to observe the

effects af small changes at both extremes,
The response of your future bullding+soccu- Ihey have eschewed a linear scale and
pants to noise depends upon the physical adopted a Iogarghmic scale (to the bass
characteristlcs of the noise, the acoustic ten), This scale compresses a range of one
properties of the building, the activity in to a billion to a range of O to 9,
which occupants are engaged, and their
sensitivity to noise along with a complex

The numbers O to 9 represent relative quon-
gges, and the quantity measured on such

• In this design guide, the word criterion denotes a scale Is referred to as a level, Scientists
a noise (sound pressure) level which you, the de- end engineers usually work with energy
_/gner, wig select as a design target, or goal for quantities that would be proportloaal to
your building prelect, The EtwIronnlenlelPraise. the square of the sound pressure ratherlion Agency uses criteria In a different sense;
namely as elanderds reflecting available know/, than to the sound pressure Itself. This pro-
edge as to the health and we/fare effect=ot such sanls no difficulty, since the logarithm of a
environmental pollulants as no/so, squares numaer Is two rimes the logarithm



14 of the original number; therefore, Instead Influenced by frequency. Likewise, one's
of a range of levels from 0 to 9, the range subjective response of pitch is highly de-
runs from O to 18 for sound pressure pendent upon frequency, but is also some-
squared, The unit on this scats is called a what affected by sound pressure. Moreover,
bel, The bel has been divided into 10 sounds subjectively characterized as "low
smaller units known as decibels, so that pitched" have energy content principally in
the range of sound pressures, from the the low frequency range, and vice versa.
approximate threshold of hearing to Saturn

rocket noise, runs from O to 180 decibels. People are most sensitive to sounds In ;
the mid-band or high frequencies, people r

Decibel scales thus provide a convenient ere less annoyed or distracted by sound
way to describe the large range of sound frequencies in the lower frequency ranges.
pressures to which your building occupanls To compensate for this, sound levels to be
will be exposed, The sound pressure level used for noise crileria are customarily
(SPL} is defined as: weighted, as shown in Figure 3-1. to de-

emphasize the importance of low frequency
P sound while emphasizing mid-band and high

SPL = 20 Iog_oP-_r' frequency sound,

where p is the magnitude of the amplitude
of the sound pressure (measured over some
appropriate averaging time), and P_.r is e
reference pressure, taken as 20 p=Pa.The
units of SPL are decibels, abbreviated riB.
The le;.'el near the threshold of audibility is
0 dB, and at the threshold of feeling Is

approximately 120 dB. _

The logarithmic decibel scale is extremely
useful; however, It can be puzzling, On a _ -2o
linear scale, the total sound pressure due o
to two identical noise sources would be _ _=s
twice that of one of the sources operating __
alone. However on a logarithmic scale, the
total sound pressure level resulting from ==

two identical noise 8ources _s3 dB higher
than the level produced by either source
alone. (If you double a number, its logarithm
will always increase by 0.3; hence, 0.3 bale,
or 3 decibels). Also, If two sound sources
whose levels differ by more than 10 dB =o 50 _oo _0 s0o_0oo2ooo_00_o,ooo
are added together, the resultant Jevel will FREQUENCY-tlz
be less 'than 0,5 dB higher than the level
produced by the greater source operating Figure 3-1. Frequency Response Curve
alone, forA-welghtlng[1,2,3],

The above paragraphs have concentrated
upon sound magnitude, or amplltude= but
as mentioned earlier, subjective responses There are various weightlngs or "scales."
to noise are also based upon frequency, but in this design guide, we will consider
The frequency range of bearing extends only Ihe one termed the"A-weighting" scale
from approximately 20 hertz to 20,000 hertz, (to distinguish it from others, e.g,, B, C. D,
The unit herlz, abbreviated Hz, has been etc.). It has Ihe advantage of standardization
adoptecl to avoid possible confusion be. both nationally [1] and [ntornalionally [2, 3]
tween the previously used term "cycles per and is the most commonly accepted weight-
second" and other "cycles" of machinery Ing scale, Special filters ere built Inlo sound
or natural phenomena, The 20 to 20,000 Hz level meters so that they measure and Indl-
range is referred to as the audio region as cats A-weighted sound levels,
distinguished from the Infrasonic range (20
Hz and below) and the ultrasonic range Figure 3-2 illustrates the A-weighted levels
(20,000 He end above), of sounds encountered in daily life [4], The

range of A-weighted SPLe found In building
The perceived loudness of a sound depends spaces varies from approximately 20 dB for
pdrearlly upon sound pressure, but is also studios for sound recording to gO dB for



15 boiler rooms. Clearly, these two types of During such e long time period, a great
building room occupancies are highly spo- many trains could pass, and the sound
ciallzed, and the range of SPLs for ordinary level meter indication would typically have
occupancies exlends from approximately 35 varied over an extremely wide range. This
to 60 dB. can be accounted for by obtaining meas-

urements in terms of (A-weighted) equiva-
lent sound pressure revels, Such equivalent
A-weighted sound pressure levels, then,

DECIBELS are constant sound levels which. In n given
Re..o_,_,_ situation and over a given time period,

140 convey the same sound energy as the
_0HP SUan (100') I actual, measured sound.

130
I The nature of the averaging of sounds in

J°lTakeoff(200't 120 equivalent sound levels Is such that two
I sounds, one of which contains twice as

RlvaUng Machine 110 CnSllng Sh_keaut Are_

cutelf s,w l much energy but lasts only half as long as
Pnet_mnt_¢PeonH_mrnor 100 E_ectrJcFu,_n¢_Area the second, Is characterized by the same

equivalent level; so is a third sound with
Texllle Weaving Plant Dollar Room four times as much energy but lasting only

SubwayTrain {20') 0 piirlling Pralm Plattt

Tallulalin0 ROOm one fourth as long. Thus, equivalent sound
Pn°um°ll¢ eflil (5°') g0 =ntLideSpDrl Car (50 MPH) levels tend to average out sounds of very

FfftlghITrain(100') l high level but short duration. For example,
VacuumCleaner (10') 79

;_ 5poocrt(1,) I N_tarFrueway(AulOTraffiG) an equivalent sound level of 60 dB over a
LargoSlate twenty-four hour day would permit sound

!I 60 Aacounllng Olfl¢o
;, I pressure levels of 110 dB, but these would
. Pt_vaIa BL llnels OffJco
!i LiirgmTran|folmer(ZOO') 50 LightTralt_¢tl00'} be limited to a total duration of less than
: / Aver=go ReSld°nCo one second in the course of the twenty-four40 M,n. I,uvIJItl_Rogidefltlat

l ._,ea==. cascadeA=Ni0ht hour period [4].
S01IWhisper IS'j 30 St_¢_io(Spas=h)

I The concept of equivalent sound level was

I:i 20 SludIo_efsoundPicture= used in United States Air Force studies of
I nolse from aircraft as early as 1957 [4, 5],

_1 I and was introduced In Germany in 1965 to
..i l"htosholdofHearing evaluate the impact of aircraft noise upon
_ You,,,iooo-,oooI_, { O the neighbors of airports [6]. It was soon
:_ recognized in Austria as appropriate for
_; Figure 3-2. Typical A-weighted Sound evaluating the Impact of street traffic noise
: Pressure LeveEs [4]. in dwellings and schoolrooms [7, 8]. It Is

now the rating used In bolh East Germany
and West Germany standard guidelines for
city planning 19,10], and It has been widely
accepted in Sweden for use in traffic noise

Sounds vary over time, As an oxampre of surveys [11, 12],
the varlatlon of noise level with time, con-
sider a train--Its sound will increase as
the train approaches and then subside Our use of the equivalent A-weighted sound
as the train moves away. The maximum level conforms to the policy of the Environ-
sound pressure level as the train rushes mental Protection Agency which selected
by would be much greater than the sound it as the one consistent measurement scale
pressure level measured as the train dis- "based upon existing scientific and prac-
appears in the dtslance. However, the varia- riced experience and methodology" which
tion in the train's sound level can be ac- satisfies the following guidelines:
counted for by averaging Ihe sound energy "1, The measure should be applicable to
over the time of the train's passage, and the evaluation of pervasive long-term noise
thereby determining an "equivalent" steady In various defined areas and under various
sound level, conditions over long periods of time.

2. The measure should correlate well with

Moreover, since transportation sounds vary known effects of the noise environment on
from hour to hour as traffic ebbs and flows, the individual and the public.
anolher type of long term time averaging 3. The measure should be simple, practical
is needed, it is based upon time periods and accurate. In principle, it should be
related to the Intended time of building useful for planning as well as for enforce-
occupancy, or use . . . 1, 8, or 24 hours, ment or monitoring purposes.



16 4. The required measurement equipment, vernely affected by noise.., it could cause
with standardized characteristics, should be a loss of hearing, activity Interference or
commercially available, annoyance, and possible consequent stress.
5. The measure should be closely related In this design guide, noise criteria are re-
to existing methods currently in usa. ]ated solely to annoyance or activity inter-
6. The single measure of noise at a given ference. Hearing impairment is not con-
location should be predictable, within an sldered herein since it only tends to occur
acceptable tolerance, Irom knowledge of in factories and similar locations where very
Ihe physical events producing the noise, loud noise is experienced over long periods
7, The measure should lend Itself {o small, of time. Stress per se is not considered
simple monitors which can be left un- herein since Its causes are often multi-
attended in public areas for long periods located and its elfocts difficult to diagnose.
of time." [4] In selecting noise criteria, then, you are

a_ming at noise levels that will not be so
Of course, the equivalent A-weighted sound high as to create annoyance, or to interfere
level is not without tts deficiencies. Still, with activities, parllcularly those requiting
these deficiencies do not preclude the use verbal communication,
of this measurement scalebased upon pres-
ent knowledge until more Is known about The tolal noise environment within a build-
the frequency-weighting and time-averaging ing originates from two principal sources
of acoustical data. ... indoor and outdoor. The procedures of

thin design guide provide quantitative esti-
Four types of equivalent A-weighted sound mates only for that portion of the total
levels are suggested In thisdenign guide as interior noise due Io transportation-system-
noise criteria for variousbuilding types: related external sources. The procedures

Leq(1)," the "one-hour" Leq for shod*term do net include delalled calculations for the
occupancies such as churches and ponsibly larger contribution of use-related
theatres, internal sources such as mechanical sys-

Leq(8), the "eight-hour" Leq for olfices terns and occupant activities, or to non-
and commercial buildings used during transportalion system relaled exterior
an B-hour working day, sounds, However, Ihe guide permits you to

Leq(24), the "twanty-lour hour" Leq for account for noise generated indoors by an
educational occupancies, ° and, adjustment to your selected noise criteria,

Ldn, Ihe day-night equivalent A-weighted The explanation which follows provides the
sound lave6 for residential occupan- underlying basis for such an adjuutment.
cles.'* Ldn, like the Laq(24), has a 24-
hour averaging period, but In addition
has a built-in penalty for night-time When all interior sources have been totally
noise, silenced, such as when the HVAC (heating,

ventilating, and air-conditioning) system
has been shut down, and when building

Examples of outdoor day-night equivalent occupants are quiet or asleep, total indoor
sound levels in various locations are shown noise environment may approach the levels
in Figure 3-3, Note in particular that a level due to the external sources, Under these
of Ldn = 55 dE] is characteristic of sub- circumstances, the interior and exterior
urban locations, and that levels in excess sound pressure levels will differ by a con-
of this are characteristic of urban, noisy stant amount; and if the exterior noise in-
urban, or city (major metropolis) noise creases due to some change such as In-
levels, creased traffic volume, then the interior

noine level will increase accordingly, The
There are several, general ways In which exact amount of difference between Interior
your build(ng's occupants could be ad- and exterior noise levels would be related

Io the building shell's noise Isolation prop-
erties, the types of interior furnishings, the

"Loq JS Pronounced ht _cc°rd_nce wllh Ill thlee I°11ef= nature of the energy.frequency distribution'*L"_.o',.-q**; ac;d Loqtl) i= ¢_lled tho "ono.hout'*.
"L"--o'v'q". (or "spectrum") of the exterior noise, and
" Th_ USe of Luq (24) lot oducallon=l o¢cupanc_ol, as =uo-
gD=tod b_"tolerance 136 Was =d0pled In this de_lgn gu_o the degree to which windows are open or
because _1 wa=l toll th=l thl8 was Iho m°st applaptiolo closed. Such factors as these are dealt
rnolrlo lot this lyge el building occupant;y, Since school= with in Chapter 6 of this design guide,ttre ofteh ggeff Ifl the o_fly evenl_ hol;t==, koq(8) wogld
_ot t_e appropriate because _1*ould exclude the noise
exposure d_rlng IhO=Ohours Or_Ihe OlhOr ttnrtd, Ldn wo=ld
no_ be appropriate hither, because Imposing a nlghU_me Activity within the building presents e com-

P(]n_LCYwould b_ unnoc°==mrlll' s_v°Io. Id°ally, Q hI°UIIUt_ plicatlon, however, since use-related nnd
based o_ Iou/Ieon Io ilxlOon houri would _O bl}st suiIed
tot _ducation occupancy, a_{ iInce such a rne_iuleIs hal mechanical equipment noise can vary
customary,Loq(24)waschosen, widely, Hence, there are no general rules
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Figure 3-3. Examples of Ouldoor Day-Night Equivalent Sound Levels
Measured at Various Locations [4].

for estimating indoor, use-related noises, Some of these levels are specifically aug-
Rather, if precise calculations are needed, gested with the understanding that "health
they ought to be performed bythe mechanl- and welfare" includes personal comfort and
cal systems engineer responsible for HVAC well-being as well as the absence of noise-
syslems or by acousticians knowledgeable related mental anguish and annoyance, or
about polentially noisy equipment such as activity Interference. In particular, speech
office machinery or dale processing equip* tnlerference was one important basis upon
mont. which some of these levels were fdengfled.

The levels Identified In Ihe "levels docu-
When indoor-generated sound levels are ment" for interior spaces correspond to
known, the rules for logarithmic addition ovePell equivalent sound levels in the bugd-
are applicable for combining interior use- itlg, regardless of whether Ihe noise is due
related noise and interior transporlat[on- to Interior or exterior sources. Some means
system related noise (of exterior origin), is therefore needed to adjusl the EPA
For example, these rules are such that when recommended levels to allow fer interior
two equal components are combined, the noise sources.
level corresponding to the lotal Is 3 dB
larger than either individual component. In addition to complications introduced by

the variable acoustical properties of the
A number of recent publications issued by building shell and furnishings and by the
the U.S. Environmental Protection Agency variability of internal use-related noise
eummarIze current knowJedge regarding sources, there is very little knowledge avail-
human response to noise. Several of these able concerning the most satislactory bat-
discuss equivalent sound levels In some once between noises of interior and exterior
detail, origin for specific building occupancies,

Under some circumstances, and particularly
In the document "Information on Levels of when there Is an adverse psychological re-
Environmental Noise Requisite to Protect action to noise of external origin, building
Public Health and Welfare With an Adequate occupants may prefer that any noise of
Margin of Safety" (the "levels document") external origin be dominated and heavily
levers are Idenllged to prelect public masked Dy Internal noises, even at the cost
health in a large number of situations [4]. of a significantly increased overall noise



18 level Under other circumstances, when the internal noise to a level just equal to
noises of exleraal orlg]n are approximately external noise, with the expectation that
comparable to the use-relaled Interior your bulldlng's occupants will perceive this
noises, there can be a subjective response as a satisfactory balance. However, such
Indicating a satistactory balance. An acous- design decisions as these are probably best
tlcal consultant may be able Io advise you left to acoustical experts whom you should
about systems which provide helpful mask- consult.
ing sounds.

Some recent laboratory studies have dea(t
There are no data lo Justify a generally ap- with Idenlification of the levels at which
pgcable statement of prelerenoe, various highway traffic noises start to Inter-

fere with the ability to relax and enjoy
Lacking quantitative knowledge concerning ltslenlng to the spoken word [13]. In one
people's preference for any specific Imbal- particular study the recommended indoor
once between two components of an overall noise level for intruding traffic noise for sub-
noise level, wa therefore poslulate that the Jects Ilslening to the spoken word was cam-
two components are equal, This postulate parable to the value of 40 dB suggested In
Implies that each of the two componenls in- this design guide. Whereas Ihe aforemen-
dlvldually be 3 dB less than the overall level, tioned study gives tentative support to this
In reference [4], a noise criterion of 45 dB recommendation, additional research will be
was suggested as the maximum total level needed for confirmation.
above which activity interference and result-
ant annoyance Would be at risk. if this noise Based upon the above explanntlons, it is
criterion is adjusted downward by 3 dB to then recommended that you select noise
account for Indoor-generated noise, il takes criteria from the simplified Table 3-1 when-
the value 42 dB, An additional margin of ever it Is applicable.
conservatism would result in a level of 40
dB.

Table 3-1. Noise Criteria for Simplified
This value, Leq = 40 riB, Is suggested as Setectlon.
the noise criterion tar interior noise of ex-
terior origin. The value of 40 dB is the value Ares Level
which appears In Table 3-1.

Indoor Rooms

Indoor*generated noises may be individually Residential areas,
as much as 3 dB higher than noises of out- Including hospitals Ldn "< 40 dB
door origin wilh the outdoor noise at the
upper limiting level for the exlernal con- Areas with activities
tributlon. For example, if your Indoor noise such as schools,
criterion Is 45 dB, it will he satisfied if the offices, conference
interior noise level due to external sources rooms, etc. Leq(g4) _ ,10 dB
is no greater than 40 dB, and the noises of
internal origin are no greater than 43 dB. Outdoor Activity Areas

The 3 dB difference reflects a barely per- Residential areas for
ceptlble difference in subjective loudness which quiet is a basis
to the two contributions, for use, etc. Ldn _ 55 dB

There are numerous ways of satisfying any Areas in which people
suggesled criterion level (such as 45 dB) spend Ilmlled amounts
with differing combinations of indoor and of time suchas school
outdoor generated noise. For example, if yards, playgrounds,
the indoor component is essentially at the etc, Loq(24)-_ 55 dB
limiting level, then the external origin com-
portent must be at least 10 dB less than
the limiting value.

If your building project is to house a highly
if you anticipate especially adverse exterior specialized occupancy, or if outdoor actEvlty
noise conditions, or building occupants areas are to be an important element in
who are especially sensitive to noise, you your design, however, you may select your
may wish to mask, or dominate, external noise criteria from Table 3-2 (which Is a
noise by internal noises even at the cost comprehensive listing of recommendations
of a substantially increased overall noise of other authors [14-31]) or from a consider-
level. In other cases, you may wish to bring arian of the maximum distances over which
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20 conversation Is sagsfactorlly intelligible. Leq(24) Is suggested; and, for all reel-
Many of the Table 3-2 recommended levels dentlal buildings, the Ldn is suggested.
are A-weighted, but taw are equivalent
sound pressure levels; however, the provi- (3) All of the suggested criteria for accept-
sions presented here allow you to account able Interior sound levels should be
approximately for this dtgerence. Moreover, decreased by approximately 5 dg to
Table 3-2 levels are not accompanied by account for sound generated inside the
any rocomrnendatlons as to the acceptable building,

component of Interior noise which may be (4) Perhaps most [mportantly, the designerdue to exterior sources,
must exercise judgment to account for
the special needs of the building client,if you do select from Table 3-2, be aware

of these four provisos: occupants, and occupancy with regardto the relevant noise sources and noise
criteria.

(1) For most occupancies, a range of levels,
rather than a single number, is sug-
gested in Table 3-2. This reflects the Obviously, Table 3-1 is simpler than Table
varlabilityin the needs of building clients 3-2, but circumstances may dictate that
and occupants, as well as the fact that Table 3-2 be used, In order te devetep the
these levels pertain to data convert- ability to judge which option is appropriate,
tionally measured with sound level you may wish to consider whether the two
meters averaging over, at most, several approaches actually lead to widely dispar-
seconds. Since the typical time period ate values, Note that a value of 45 dg for
over which the Leq measures are aver- Indoor rooms, as suggested by the EPA,
aged Is appreciably longer... 1 to 24 falls within the suggested range for many
hours , . , the levels obtained from a building occupancies; and, that Interior
sound level meter will naturally fall In A-weighted noise levels due to external
a range of values, sources in the range 40-42 dB will usually

be acceptable,

(2) The noise criteria you select should fall
within the recommended ranges of Table For example, a mid-range Iotal noise lever
3-2. For buildings like theatres and of 40 dS for assembly halls is consistent
churches which have short-term occu- with the suggestions of Table 3-2. There-
pansies, Leq(1) is suggested as the fore, 35 dB is the corresponding suggested
measure. For offices and commercial noise criterion level for Indoor noises of
buildings having an eight-hour workday external origin. Consistent with (2) above,
occupancy, the Leq(B) is suggested; for the appropriate metric for assembly halls
other nonresidential buildings, the is Leq(1), This suggested noise cfllerlon

(Leq(1) ___35 riB) should next be adjusted
co to the client's special requirements If they

appear to be unusual. Finally, most of the

_=._o Table 3-2 noise criteria for assembly hallsrecommend s range of approximately 10

dS. Thus, your Leq(1) noise criterion level
.a

_- 70 should be chosen from the range 30 dB to40 dB, depending upon your judgment and
'_ the client's special requirements.e

._ In selecting design criteria for outdoor
,a

,_ _o areas, the information in Figure 3-4 is auseful supplement to Table 3-1, This figure
indicates that the recommended value of

40 55 dS wilt permit a relaxed conversation,

with 99% sentence Intelligibility, at a dis-
_. tense of up to about four lest,

This figure can be used to develop other
_ criteria for ouldoor activity areas, For ex-
= 4 e e lO 2o 4o re ample, if you belteve that relaxed coaversa-

cornmunlcatlt_gDlltlnco,foat tions with 99% sentence IntelllglblHty must

Figure 3-4. Maximum Distances Outdoors be possible at distances up to 20 feet, then
Over Which Conversation Is Considered the appropriate criterion would be an equlv-
to be Satisfactorily Intelligible In Steady slant level of 30 dB, clearly an unusual and
Noise [4], stringent criterion for outdoor activity areas.
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23 Chapter4
How to Select a Point on Your Site
for Estimating Transportation
System Noise

In Chapter 3 you selected one or more nolse single transporiation syslem noise source,
criterion levels for your proposed building be il a highway, railway or airport. This
occupancy. In Chapter 5, you will calculate sound level is esflmalcd by performing the
the sound level at your site due to highway, calculations necessary Io fill out one or at
railway, and aircraft noise sources. It Is most two worksheets for each source.
these sound levels that will be used in
Chapter 6 to determine the total exterior
sound level in your outdoor activity areas, The result el completion of each werksheet
and the Interior sound level In your build- is the sound level at one particular point on
Ing's rooms. Also In Chapter 6, you will your site due to a single transportation sys*
compare the predlcled sound levels te the tern noise source.
noise crgerloa levels that you selected, Ic
determine whether or not your outdoor activl- if there is more Ihan one transportation
ity areas and bul[ding's morns wgl be too system noise source affecting your site, you
noisy, must proceed to the second stage, and fill

out the additional worksheel(s) as required.

Since sound is attenuated as It propagates If for example, your site is affected by three
away from Its source, the sound levels will highways (one of which has a sound bar-
vary from one geographical point to another tier), a railway, and an airport, you would
over your sile; and, indeed, each of the con]- end up with seven completed worksheets
putations In Chapter 5 is for the sound level when you finish the instructions of Chapter
at one particular point, Since each of these 5. Again, It is emphasized that the sound
computationstakes time, you wig want some levels predicted using these worksheets will
strategy for keeping the number of cal- be for one particular point on Ihe silo.
culatlons at a minimum. Such strategies are
elusive since the construction of your pro- In the third stage, lhe sound level at a
posed building and its site development single site focetion for any combination of
may change the acouslical conditions on the different types of Iransportatlon system
the silo, Moreover, there are a large number noise cited above will bedelermined. Hence-
of variables which wgl affect your selection forth, we will use the terms "site point" and
of a site Iocalion for estimating transporta- "receiver" to refer to Ihe location on your
tlon system generated sound levels. Thus, site lot which design guide calculations are
we can offer no one specific algorithm lor to be made, This site point could be an arbl-
keeping the number of Chapter 5 calcula- trary location you have selected, or it could
ttons at a minimum. However, we will In this be a proposed outdoor activity area as ex-
chapter give you some crude strategies plalned In the first part of Chapter 6, or the
which should be of assistance In keeping Inlerlor of some selected room [n your bugd-
the number of calculallons reasonable, lag as explained later on In Chapter 6.

To take advantage of these strategies for Note thet Chapter g also offers some strate-
limiting the number ot required calcula- gles; namely, strategies for selecting rapt'e-
lions, you should already be somewhat sentatfve rooms so as to minimize the hum-
familiar with the contents of Chapters 5 and ber of Chapter g room-by-room caicula-
6. For example, you should know that there tions. The gist of these strategies Is, when-
are thre_ major steQes In predicting the ever possible, to select trial rooms which
noise from transportation system sources have potentially troublesome, or critical,
for each activity area or room in your pro- sound conditions, These are strategies
posed bugdlng. In Chapter 5 you wig cam- which, ideally, should dovetail with strafe-
piers the first stage by delermining the gles for selecting a point or points on your
sound level at some selected point due to a site for Chapter 5 computations,



24 Given the complexities involved, you can subjected Io noise from a railway 500 ft
now see Ihal the selection el trial site Ioca- from Ihe lot's rear property line (see Figure
lions for Chapter 5 calculations will be 4-1), On such a site there is little choice
based upon bolh (a) an early familiarity in the dwelllng's location, especially If
wilb your site so as to anticipate where building selback distances are required for
critically high or low sound levels will likely the lot. However, even if setbacks are not
occur, and (b) an advanced understanding required and the dwelling could be aligned
of your proposed building so as to ant[ci- with the front let line to keep It as far away
pate which of Its rooms require qulel acous- from the railway as possible, litlle benefit
tic conditions, and which are less sensitive would be achieved; because the sound level
Io noise.,, you could then plan to locate at the front of the lot would be only one or
no]se-sensilive rooms at quiet site Ioca- two decibels fewer than at the rear, This Is
lions, and rooms Ihat are loss sensitive to in accordance wllh Ihe rule of thumb Ihat
noise at noisy silo Iocallons, the equivalent sound level decreases by

approximately 4 to 6 decibels for every
To explore the matler further, let's discuss doubling of distance from a source. What
two typical building design problems, First, does this mean? It means that as you get
let's consider the design of an eight-room farther and fartbor from the railway, small
dwelling on a relatively small site, say a changes in distance do not change Ihe
residential lot 75 ft wide and 120 ft deep, sound level appreciably. If the sound level

has been determined at the rear property
line 500 g from the railway, the sound
level at 1,000 ft from the railway Is approxi-
mately 4 to 6 decibels less. To realize an
additional attenuation of 4 to 6 decibels,
the distance must be increased to 2,000 g;
then 4,000 ft, 6,000 It, and 16,000 ft, etc,,
for each additional 4 to 6 decibels of
attenuagon,

For Ihls design problem, Ihe best strategy
is simply 1ocalculate the sound level at the
centro[d of the area bounded by setback
lines; or, if there are no setback require-
menls, at tile centro[d of the site itself. Then
you may assume that this sound level Is
approximately correct for any ouldoor activ-
ily areas on your site, or for any of Ihe
exterior rooms in your proposed building,

A good approximation of the noise levels
throughout a silo, based on the distance
from the noise source, can be estimated by
calculations for just a few locations. If the
distances from the source to the chosen
location are selected so thai they vary by
less Ihan :!:15 percent, then generally Iho
calculations already performed for one
distance will suffice, Within these limits,
the sound level will not vary by more
Ihan _ 1 decibel among locations. For ex-
ample, if your chosen location is 500 It
from the noise source and a sound level of
60 decibels has been determined at that
location for a given source, a location 435
fl from the source will have a sound level
of approximately 61 decibels and a location
575 ft from the source will have a sound
level of approximately 59 decibels, Barriers,
of course, will allot these sound levels in
the manner discussed In Chapter 5, so this
part of Ihe calculation musl still be made.

Figure 4-1, Dwe]llng Design Problem Site. Unless the noise source is very close to the
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Figure 4-2, Elementary School Site Plan,

site, or unless the site is very large com. What strategyshould be usedto choose one
pared to its distance from Iho source, quite or more points on the site for trial calcula-
possibly only a single sound level estlma- lions? The northern portion el the site,
lion will be necessary--one corresponding larthest from the highway, will probably
to the canter ef the site. be a quIel area el the sde, Still, part of

the southern portion of the site is shielded
Now, let's consider a more complex preb- by the controls wall, which could effectively
lem involving the design of an eight-room shield a one-story building Irom the auto-
elementary school for a largo, level site mobile and truck noise on this highway,
near a major roadway as in Figure 4-2. Thus, let's consider two points . . . point

(a) near the concrete wall and point (b)
The roadway is partially shielded from the near the nodhern boundary of the site,
site by a 10 ft-hlgh and 800 ft-long, concrete as shown in Figure 4-2.
wall thai Is Iocaled 160 It from the center-
line of the highway, This wall acts as a The sound level at point (a), close to the
sound barrier and reduces the noise from concrete wall, depends on the distance
Ihe highway to varying degrees at different between this point and the centerline of
locations on the site. The site is large the highway, and on the amount of noise
enough (2,000 ft long by 1,000 ft wide) to reduction provided by the concrete wall.
allow some freedom in the location el the If we neglect theeffect of the concrete wall,
school, the sound level at polnl (a), call It L, would

be affecled by the distance attenuation of
The school is to be a one-stray building the sound as It propagates from the high-
containing eight classrooms, each of which way Io this point 280 ft away, Bul the sound
is 30 ft wide by 30 fl long by 9 ft high. For level at point (a) Is less than L because of
simplification, we will assume that these the shielding effect provided by the wall,
are to be the only rooms, aside from corri- The amount of noise reduction Is a func-
dors, in the school. The building scheme, lion of the wall's effective height relative
shown In Figure 4-2, provides four rooms to Ihe highway and the school, and also a
on each side of a double-loaded corridor, function of the length el the wall relatlve to
Since this, or any other probable building the length of the roadway, hence relative
scheme, Is small in floor area relative to to the "Included angle," as shown In F[g-
Ihe site area, there are many alternatives ure 4-2, The effect of these factors, which
for locating the school on the site. are discussed in detail In Chapter 5, can



26 be most simply stated as . . . the higher presence of two, throe, or more transports-
the wall and the larger the Included angle lion system noise sources, In this case, the
(long wall), the more noise reduction pro- selection of a point for esgmatlng Ihe site
vlded. Thus, point (a} was chosen as near to noise level can be very difficult. The best
the wall as possible (to maximize the effec- slrategy, for such a case wllh several noise
gve wall height), and midway along the sources, Is to pick a point as far away
wall's langlh (to maximize the Included from Ihe noisiest source as possible; but
angle). For Ihe geometry shown In Figure if this is not possible or If you suspect air-
4-2, a noise reduction due to the shielding craft noise to be a problem, select the
affect of about 5 declbe/s could be ex- cantrold of the site for Initial calculations.
pealed. The sound level at point (a) Is thus
(L = 5) decibels, You may want to consider other arlematlve

building Iocallons using [nluglon In Ihe se-

The sound level at point (b), close to the faction of polnls for estimating sound levels.
northern boundary of the site, also depends Untg you dm'elop this Intuition, you can
on the distance between this point and the use the following simple silo.related guide-
centerllna of the highway, and on the fJnes,
amount of noise reduction provided by Iha
concrete wall, Point (b) is chosen midway Slle-Related Guidelines
along Ihe wall (to maximize the included
angle) and at a distance of 1000 ft from the NO siting options,,.
cenlerllna of the highway, Again neglecting Choose the centrold of the building If the
the effect of the concrete walt, the sound noise sources ate far away; but If the
level at point (b) Is equal to the sound level noise sources are close.by choose points
at point (a) (L for no concrete wall) minus where critical building rooms are to be
a correction Io account for the additional located.

distanceattenuation between points (a) and
(b). This additional distance agenuation, Siting options available:
which follows the rule of thumb that the
equivalent soundlevel decreases by approx- SJngle source (no barrier). ,.
Imately 4 to 6 decibles for every doubling of Choose s point as far away as possible
distance away from the source, amounts to from the source if It will result in a de.
about 8 decibels for this case, Thus, the grease In sound level; I.e,, the d/stance
sound level at point (b), neglecting the between the source and your proposed
effeci of the concrete wall, is approximately building is at /east doubled by moving
(L-- 8) decibels, farther away, II the source Is far away

from your site, or if aircraft /s Iha noise
source, the choice of a site point is non.

The shielding effect of the wall at point (b) critical.
is less pronounced than at point (a) because

both the egeciive wall height and the in- Single source (with barrier).
cluded angle are decreased. For the geom- ' 'If possible, choose a point which satisfies
etry shown in Figure 4-2, a nolso reduction the guidelines above for s single source
due to the shielding effect of only 1 decibel with no barrier and Is located as close as
could be expected, The sound level at point
(b) Jsthus (L --8 _ 1), or (L -- 9) decibels, possible to the barrier end midway along

Its length, This point benefits from both
which is approximately 4 decibels less than distance attenuation and barrier noise
the sound level at point (a). Hence, point reduction. /t the selection of such a point
(b) should be chosen as ths quietest point
to locate the school and to estimate the Is not feasible, choose an Intermediate
transportation system noise, Actually, since point /or which a trade-of/ between dis.
most of the reducllon In sound level at point lance attenuation and barrier noise reduc-
(b) Is due to dlslance attenuation (S deal- ties may be made,
beis), any point along the northern boundary
of the site (1000 ft from the centerllne of MtqtlpLe Sources.,.
the highway) has a sound level of approx]- Choose a point as far away as possible
merely (L -- g) decibels, Since the calcu- f/orn the noisiest source, if It will resultIn e decrease In sound level, I.e., the
Isled noise reduct(on of 1 decibel provided
by the concrete wall at point (b) is InslgnIfl- distance between the source and your
cant you may choose any point along the proposed building is at least doubled bymoving farther away. If you can't guess
northern boundary, which source Is noisiest or II all sources

era equally noisy, choose the con/reid
Either of these two bugding design prob- of your site as the point for estimating
Jams could be furlher complicated by the the transportation system noise.
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27 Now that we have discussed site-related Again, as with silo-related guidelines, you
guidelines, let us now turn to building- must use Intuition in selecting the number
related guidelines. These guidelines refer of points Ior estimating the sound level.
to posltlonlng the building at a point on Until you develop 1his intuition, you can use
your site that you have chosen. If we refer the following simple building-related guido-
to the previous example el the construction lines.
of a school, Ihe overall dimensions el the
building scheme are small relative Is the Building.Related Guidelines
size of the site, and In comparison with
the probable distance between the building Building is small and is located far from
and the highway, It Is doubgul that the the source . . .
sound levels will v_ry much from one end Choose a point corresponding to the
of the building to the other; and thus, there centrold of the building Qnd IOIIOWthe
ls no need Is calculate the sound levels for appropr/ate site.related guldelirms listed
various points along the building, previously. Using only one point for your

calculations Is valid I1 the two ends el the
building are within _15 percent oI tt_e

Now let's consider the case of a large build- distance Item the source to Ihe build-
Ing located close to a highway as in Figure Ing...
4-3. The distance from the highway to the
far end of the bullding is twice as long as Building is telge and Is located close Io the
the distance to the near end of the build- source...
Ing (200 ft as compared to 100 ft), Thus, Choose several points corresponding to
you can expect the sound level to vary by the location of outdoor activity areas end
4 to 0 decibels Item one and of the build- rooms el interest. You can limit the total
ing to the other, The best strategy for such number of points using the rule el thumb
a case is to calculale the sound level for that the sound level will only vary by :_.1
each point of interest, be g an outdoor decibel lot locations within :!:15 percent
activity area or one of the rooms of the of the distance from the source to the
building, bolnt el calculation . . .

Figure 4-3. Building Located Close to a Hlgl_way.
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29 Chapter 5
How to Estimate Building
Site Noise

Section 1 When dealing with sound and its effects on nphedcal sound waves and cylindrical sound
iile occuperds ul yuuļ ptopta_ed building, waves. Spherical sound waves are usually

_ound three oomponenls need to be censidero_t qonorated by asour('ewhoseoverall dlmen-
Propagation and Ihe source e/ the sound, the d_tb along _iens are small compared with the wave-
Barriers wn_cb the _ound Iravels, and Ihe receiver or ongto t io sound produced. This type el

Ind_vJdual who hears !he sound. Various sound source is called a point source, in
el/acts of sound on the receiver have been contrast, cyJlndrlcal sound waves are gee-
discussed in Chapter 3. In this section the orated by a source whose radial dimensions
sources of sound and how sound propagates are small compared to the wavelength of
from Ihe source to the receiver are do- the sound produced, but axial dimensions
scribed, are infinite or extremely large. This type of

sound source Is called a line source*.

Sound can be generated by the vibration of
a solid body in contact with the air; forces Wave divergence refers to the spreading
acting directly on Ihe air, such as a tan,, or out of the sound wave from a source Into
by Ihe violent motion of the air IIself as the surrounding atmosphere. The effect of
from a jet. Consider for example, what this spreading Is to decrease the sound
happens when the sheet melal panels of a level at the receiver as he moves farther

: truck hood are set into vibration by the away Item the source. Wave divergence Is
truck's engine. The vibrating panels move dllferent for point and line sources--for an
in and out. As they move outward, they push idealized point source, the sound level de-
against the air nearest them; as they move creases by 6 dB for each doubling of dis-
Inward they produce a partial vacuum, or tahoe away from the source; for an Ideal-
rarefaction, In the nearby air. The alternate fzed line source, the sound level decreases
compression and expansion of the air adja- by 3 dB for each doubling of distance
cent to the panels results In small local away from Ihe source. These values of
flucluations In lhe atmospheric pressure, wave dlvergenceare for Ideal sources which
These fluctuations in turn cause a portion radiate sound uniformly into a homogene-
of the air farther away from the panel also ous loss-free atmosphere, free of barriers.
to fluctuate In pressure. This local disturb-
ance Is thus propagated through the air as Excess attenuation Is the added decrease
sound waves that reach our ears. The same of sound level beyond that caused by simple
general principles apply to other mecha-
nismsof sound generation In that small local
fluctuations in the atmospheric pressure are * It should be palmed out that s/nee fh/_ design
created and propagated through the air as guide uses the Laq merfic, which Is based on• averaging the variations of the sound /eve/over
sound waves, some specified t/me period to obtain an equlv*

alent sound level, to make a distinction between
The sound waves that are generaled by point and line sources ts not quite accurate, If
these two mechanisms are known as elastic a point source suchas an auto or truck nlove=t

past a stationary receiver, the instantaneous
waves, which are characledzed by the fact sound level will first increase as the source ap.
that a disturbance Initiated at one point Is preacher reach a max/mum, and then decrease
propagated to other points in a predictable as the source moves away. In usng the Leq
manner determined by the physical proper- metric, this time varyingsound level Is averagedto give constant equivalentsound level o/ equal
ties of the medium of propagation. The energy. Thus, the net effect Is to approximate
sound heard by e receiver depends upon Ihe Ihe moving point source as e stationary, Infinite
type of sound wave, the medium (usually line source generatinga sound level equal to Leq
air), the type of wave divergence taking at the receiver. Thistact/s mentionedonly for thesake of technical accuracy. It has no of/oct on
place, and the excess agenuatlon, howyou will perlorm the calculations In later sec-

tions because /t hasbeen Implicitly incorporated
Two common types of sound waves are Into the transportation system noise modelu.



30 wove divergence, and includes attenualion Barriers
by obsorpUon in the air; attenuation by en.
vlronmantal condlgons (re]n, sleet, snow A sound barrier can be any obstruction
or fog); attenuation by gross, shrubbery and which shields, or partrally shields, the sound
trees; attenuat(on and fluctuation due to source from the receiver, The effect of this
wind and temperature gradients, alines- shielding Is to reduce the level of the sound
phedc turbulence and the characteristics heard by a receiver by on amountdependent
of the ground; and, attenuation due to bar- upon, among olher things, the location and
tiers or other types of shielding [1]. Thus, configuration of the obstruction, Based on
by Including excess ottenuogon you con this definition, wags, earth berms, the sides
correct the ideal, loss-free case to account of depressed highways or railways, the
for atmospheric and environmental ale- edges of elevated highways and rallwoys,
ments that reduce sound levels, and any other obstruction of sufficient size

can act as sound barriers. Examples of these
In this design guide, Ihe sound level gen. typos of shielding are shown in Figures
orated by each type of transportation syslem 5.1-1 through 5.1-4.
noise source will be predicted assuming
"typical" values of attenuation due to wove The attenuation provided by a barrier do-
divergence and environmental conditions, ponds upon how much of the total sound
Then account will be taken for additional energy Is blocked from the receiver. Obvl-
attenuation effects of any borders, rows of ously, If some of the sound energy can pass
Intervening buildings or heavy vegetation, by the barrier, its egectlveness is lessened.

There ore basically four paths which sound
The remainder of this section contains o can follow from the source, post (or through[
general discussion of sound barriers and the border, 1othe receiver [2]. These paths,
how to predict the ottenuagon Ihey provide, discussed in the next few paragraphs, ore
Also, the barrier effect o1 buildings and the shown In Figure 5.1-5.
ottenuadon due to vegetation are discussed.
These shielding effects are essential for pro- The direct polh refers to the sound that
dlcgng highway and rallwoy noise In Sac- passes over or around the barrier without
lions 5.2 and 5.3 of this chapter, being ogected I.e., there is no ditfrootlon,

Figure 5.1-1. Shleld(ng by s Wall. Figure 5.1-2. Shielding by an Earth Berm.

Figure 5,1-3. Shielding by a Depressed Figure 5,1-4. Shielding by an Elevoted
Highway or Railway. Highway or Railway.

Figure 5,1-5. Paths along which sound en- zone and the angle of dlflractlon asso-
ergy can travel from the source to the elated with the source.barrier-receiver
receiver [2]. Also shown Is the ._hodow geometry.



31 For Ihls path, the barrier does not brock the only Infinitely long walls with a thickness
line-of.sight between the source and re- much less then the wavelength of the dlf-
celver and therefore provides little or no fracted sound (rigid-screen barriers). Thee-
attenuation, The direct path can be affected retlcal and experlrnantaJ investigations [3]
only by increasing the hafghl of the barrier have shown that the attenuation by wedge.
so that the line-of-sight between the source shaped or wide barriers is somewhat differ-
and receiver is blocked, ent from that predicted by rigid-screen the-

ories. However, predicting the attenualion
Sound energy Ihat passes just over the top by these other barrier shapes is difficult and
edge of the barrier is bent down Jnlo Ihe only a small Improvement In the accuracy
apparent shadow zone, which is the area can be achieved, Hence, this design guide
visually shielded from the source as shown applies the theory developed for an Infinitely
In Figure 5.1-5, This path Is the diffracted long rigid-screen for all barrier shapes and
path, analogous to the optical diffraction of sizes.
light. The sound waves that are diffracted
are atlenuated, and the larger the angle of Anelher path Is one directly through Ihe
diffraction (defined fn Figure 5,1-5), the more barder. Sound traveling this path Is reduced
the sound wave Is attenualed in this shadow by an amount related to the so-called trans-

zone. The amount of sound energy reach- mission loss of the bartle_ a measure of the
fng the receiver via the diffraction path fs reduction in level of the sound that passes
dependent upon the barrier height and the through the barrier, The lransmfsslon Joss
location of the source and receiver relative depends most Importantly upon the weight
to the barrier, If either the source or receiver per unit area of the barrier--the heavier the

barrier the leas sound transmitted, As a gen-
ie placed close to the barrier, the angle of oral rule, if the surface weight density, which
diffraction and hence the attenuation Is In- is the weight density (fb/ft') multiplied by
creased, The amount of attenuation due to the barrier thickness (it), Is greater than 4
dlgracllon of the sound wave is dependent Ib/ft:, the transmission of sound Ihrough the
on the shape of the barrier, In general, most barrier will be negligible relative to the
lheodes of diffraction thai have been deveJ- sound energy diffracted over or around the
oped for predicting barrier attenuation treat barrier [4J,

f
A

/-

{'_1 I¢Jfleclion lion1 II1_1_

L

r

v

(l=I rotlactlon flare a nearby wail or building

Figure 5.1-6, Two cases wllere reflected waves effectively reduce barrier attenuation.



32 The last path shown in Figure 5,1-5 Is the the achJal reduction of sound due to the
reflected palh. Reflected sound Is usually barrier is loss than that predicted for the
of concern only to a receiver on the same diffraction of the sound wave. To be erred-
side of the barrier as the sound source, Two tire, barriers must not only break Ihe Hne-
special cases where reflected sound waves of-sight between the receiver and the nearest
may be important are shown in Figure 5.1-6, section of roadway, but also between the
In both cases, part of the sound energy receiver and secllons far up end down the
radiated by the source is reflected from a roadway, To decide when predicted barrier
nearby surface end then propagated to the attenuaSon must be adfusled to account for
receiver, Depending upon the location of sound coming around lie ends, refer to the
the reflecting surface and border relative barrier "included angle," denoted "a", and
to the source and receiver, the barrier at* defined In Figure 5,1-8, If the included
tenuation may effecgvelv be reduced Io zero angle, "a", is greater than 170°, the barrier
(i,e,, the sound level at 1he receiver i_ the can be considered infinitely long, This means
same with or wilhout the barrier), It _:hou_d that the attenuation depends only upon
t_e noted that in mn_t rllactical n,'_,_l3 IhN _'nt_nddgfrnntt_n ncrn_s Ih_ f_p nt fhn i_ar-
reflecled noise does not play an important tier, _ut if the included angle, "a", is 170"
role in the treatment of barriers 15]. If you or less, the barrier length is considered
encounter a serious situation el relleoted (In}to, and adjustmenls must be made to
noise, you may need the services of an account for sound coming around the enos
acoustical consullant, of the barrier, These adjustments are in-

cluded in the prediclive procedures of Boo.
If the barrier provides a substantlar amount fens 5,2 and 5.3.
of attenuation, Ihe sound diffracted Qver or

around the barrier into the shadow zone --.Line Source-- -- --
usually represents the most important path
between the source and recefver. Hence,

estimating the amount of attenuation due to _ Barrler /
diffraction is the primary calculation In- _ /_a_ /
volved in determining barrier attenuation in
Sections 5.2 and 5,3. However, there are two
other considerations In determining barrier
attenuation. These are the overall length of Receiver
the barrier ralal[ve to the source length, and Figure 5.1-6, Barrier Geometry Showing
the presence of holes or openings In the the Included Angle, a.
barrier. A short barrier permits sound to
propagate around Its ends, and a barrier Holes or openings subslantlally increase
with holes permits sound Io be transmllted the sound transmission of a barrier, thus
directly through the barrier, reducing [Is effectiveness. This is best Illus-

trated by the data shown in Table 5,1-1, If,
for example, a barrier has openings which
amount to ten percent of its total area, Its

..... Line Source- overall attenuation would not be greater
-,__.___,¢._,_,_,u,_,_,.,_,,,_._,, than an A-weighted sound level difference of

4 dB, conslderfng attenuation due to both

transmission and dl(fractlon. For a barrier
with openings grealer than ten percent of
IIs area, the attenuation will probably be

Receiver negligible.

Figure 5.1-7, Paths for Sound Energy to Maximum
Travel Around the Ends of a Barrier. Percent of Barrier Transmission

Area that is Open Loss Possible, dB

For sources, such as highways and railways, 50% O
which are conceptually represented as line 10% 4
sources, the length of the barrier is pardcu- 5% 7
lady important. For example In Figure 5.1-7, 1% 14
the noise diffracted over the top of the 0.5% 17
barrier is reduced; however, the sound 0.1% 24
propagating from the part of the roadway
extending beyond the ends of the barrier Table 5.1-1. Transmission LOSSfor Barriers
is not affected by the barrier, As a result, with Holes [2].



33 Before continuing this discussion, let's re- The method used In this design guide for
view a few general principles of barder calculating the attenuation provfded by a
attenuation; specifically, the relationship barrier Is based on the work of Kugler and
between sound attenuation expressed In PJersol [5], Their model, which assumes
decibels and In energy terms as shown in that highway traffic can be trealed as a line
Table 5.1-2, The meaning or these numbers source parallel to an JnfJntely long screen
can be explained by considering, as an barrier, relates the attenuation to the path
example, a barrier which attenuales the length digerence, L, Given the source-
noise from a highway by an A-weighted barfler.rscefver geometry shown In Frgure
sound level difference of 10 dB, Referring 5,1-9, the path length dllference Is defined
to Table 5,1~2. it can be seen that this siren- as,

uatlon of 10 dB is equivalent to eliminating L = A + B -- C,

90 percent of the energy initially propagated The distance (A -_- B) is the shortest path
Iowards the receiver. This drastic reduction ever the barrler's edge from the source to
In energy relative to the sound revel attenua- the receiver; C is the direct path dlslancefloe c_r_ be understood In view of the loga-
rithmic nalure of the measure, Table 5.1-3 from the source to the receiver through the
provides general rules for the feasibility of harder.

obtafnlng varlou_ levefo of attonu_gon from The relationship between the path length
barriers [51, difference and the attenuation provided by

Table 5.1-2. Attenuation in Terms of a barrier Is a function of the frequency
Decibels and Energy [2]. spectrum of the sound source. Kugler and

PJersol found that the reduction of high-
Attenuation Remove __% of way noise by a barrier could be estimated

__dB Redualion Energy with sufficient accuracy by assuming a
frequency of 500 Hz [6]. The dashed

3 50% curve of Figure 5.1-10 shows the relatlon-
'_ 6 75% ship between path length dHference and the

10 90% attenuation provided by an Infinitely long
20 99% barrier screening a line source radiating

'-, 30 99.9% sound at a frequency of 500 Hz. As a more
49 99,99% cor_sarvatlve estimate of the noise reduct[or_,

Kugler and Plersol proposed a simplified
linear curve shown dotted fn Figure 5.1-10.

TabIe 5,1-3. Feasibility of Obtaining However, this design guide employs the
;!

;_ Attenuation from Barriers {5]. sorld curve shown in this figure, which is
even more conservative because the atten-

_ Barrier Attenuation" FeaslbtJIty uegon for small values of L goes to zero In-
stead of asymptogcarJy approaching a value

_ 5 dB Simple of 5 dB as for the general line source model;
_i 10 dB Attainable and because the maximum attenuation ls
_ 15 dB Very Dilficult limited to an A-weighted sourld level differ*

20 dB Nearly Impossible once of 12 dB for large values of L due to
envJronmental elfects,

_! A.woIghted sound Iovol atlonuarion in ctectbels

L__A+B--C

I Source Barrier Receiver I

Figure 5,1-9, Barrier path Length Difference.
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a,gr o,1 1.o 1o,o 1QO.O

Path LenglhDifference,I., feat

Figure 5.1-10. The A-weighted attenuation models {6]. The assumed frequency of 1he
provided by an infinitely long barrier source is5O0 Hz.
versus path rength difference for various

When sound is attenuated by a barrier, it binatlon of sounds radiated from the on-
is not uniformly reduced In level across Its glne, fan, intake, exhaust, and tires), an
entire frequency range. Instead, its high effective source height based upon all the
frequencies are reduced more than its low subsources must be used. The effective
frequencies, The result is a change in the source height Is dependent upon the type
spectrum shape of the sound at the building of transportation system sound source--[t
site. This is of little or no consequence Jn is assumed to be located at the roadway
calculating the sound level In outdoor activ- surface for automobiles; at track level for
Ity areas, but it is important In estimating railway cars; at eight feet above the surface
the sound level fnslde a room since the for heavy trucks; and fifteen feet above the
spectrum shape of the sound can be critical surface for diesel-electric locomotives (more
in determining the sound isolationproperties will be said about effective source Ilelght
of the building shell. Low frequency sound in Sections 5.2 and 5.3).
energy passing over the barrier is easily
transmitted throughthe external shell of the The receiver location will be In some out-
building. Based on a detailed study of this door activity area on your site or some room
problem, discussed In Appendix B, It was In your building. The following examples
found that the building shell Isolation rating discuss the effect of recefver location on
must be degraded by about 3 dB for exterior the resulting attenuation.
noise dominated by sound propagating over
a barrier. Alternatively, the estimates el bar-
rier attenuation can be reduced by a corre-
sponding amount. This correction in Incor- 1. Rules for calculating L
porated in the solid curve of Figure 5.1-10.

If the building you are designing is to be
To predict the attenuation of a barrier you many stories high, the attenuation provided
must determine the path length difference-- by a barrter can vary substantially between
L, You can do this graphically by an accu- the ground and upper floors. This variation
rately scaled section cutting through the for- Is dependent upon the height and location el
rain belween the transportation system sound the barrier and sound source relative to
source and your proposed building. Such your building. The way to check thls Is to
a drawing will show the height of the source calculate the value of L for several repro-
and receiver relative to the top edge of the senatIve slory heighls, and then using these
barrier, Since anyreal transportation system values, determine the barrier attenuation
sound source Is composed of several sub- from Figure 5.1-10. Two examples are
sources (e,g,, heavy truck noise Is a corn- shown in Figures 5.1-11a and 5.1-11b,
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AHenuali°nl, dl] Building Ihow_ng "m¢olvorB" mt each troot

(a) Exampre of a buiJdinglocated close to a
barrier, showJng the change in attenua-
tion rot receiver rotations at each floor,

RelIIIVD
Atl0nUAtlon| , dD

Lz'J--A J_81 -CI; 14

LJ

Bari_er
(b) Example of a building located far from

a barrier, showing that the egect of re-
;= ¢elver height on the attenuation is rnrn-

Imal.

Figure 5,1-11. Examples of Determining
the Path Length Difference for Various
Receiver Locations.
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36 In Figure 5.1-11a, the building Is close to room that you analyze FnChapter 6.
the barrier, and the attenuation varies be-
tween two extremes. For the ground floor An alternative to graphically measuring the
the altenuatlon Is high, but It continuously dimensions of A, B and C from a drawing
decreases so that for the upper floors there is to calculate A, B and C from vertical di-
is no barrier attenuat(on at all because the mansions of the source, barrier, and m.
qne-of-slght with the source Is not blocked, ceiver. This method, shown In Figure 5,1-12,

has the advantage that the effective source
The second example, shown in Ffgura 5.1- height Is included in the equations for A,
11-b. does not have theseextremes of atten- S and C. This method, discussed In Sections
uat[on. Since the buUdlng Is farther away 5.2 and 5.3, is preferred lot determining the

from the barrier than [n Figure 5.1-11a, the path length difference. Horizontal and ver-
value of L does not vary much between the tics1 dimensions should be measured as
top and bottom floors, precisely as possible so that an accurate

: estimate of the atlenuation can be col-
Selections of representative building rooms culated.
for noise prediction are discussed in Chap-
ter 6. Essentially, the selection is left to For most barriers, determining the attenua-
you, the user of this design guide. When in tlon Is relatively simple. To deal with special
doubt, you should estimate the barrier atten- cases, however, you should be familiar with
uagon at each outdoor activity area and the general rules discussed below.

Effectlvo source Localloh
Bsrrier

O HaaW Trucks (B') ---fNO

__ AUlQ| _r

Rucolver

!
t lib

4 DG )

A= v"HB_+ (0c-- De)' ' ^ = _/'(Ha -- el=.f-(oc- Da)_
D= VtlHB +_DID+DBz ' B= _(Hg'_"hS)_H-0SI'

G= I_ hB__"Dm' C= t_lt_B*FB)="{-OCI '

AMtomobllel HnlvyTiucke
B'EllucllvOSourco

Height

Figure 5.1-12. ExampleShowlng Horizontal
and Vertical Dimensions of Source, Bar-
rier, and Receiver Geometry and Equa-
tions for A, B end C.



37 2. Barriers in series

There may be sites having more than one
barrier between the source and receiver, as
shown In Figure 5.1-13. Whereas, both bar-
riers attenuate noise, and might be consid-
ered "in series", such an additional compli-
cation Is not worth the slight improvement in
accuracy; Instead, only the "domin&nt" bar-
rier--the one which provides the most atten-
uation-should be considered. To detemnlno

• :; which barrier is "dominant", calculate the
' path length difference Ior both. and choose

_ the barrier with the larger value of L. This,
of course, presumes that bolh barriers are
long enough to block all of the source; it
aot, you must also consider the ]englh of
each barrier.

_ Bnrr_or f4j=nlor
Uout¢u NO, I NO 2

r QI ROCOIVllr

_, L== A=+ al -- ¢ =2.0

Figure 5.1-13. Example of Two Barriers In
Series, Shewing How to Determine Which
Barrier is Dominant.

T.J

iil g. Receiver located beyond the end o1 the
_' barrier

_: When a receiver is located just at the end
_,_ of the barrier, the receiver is not shielded

from one end of the line source. For this case,
the maximum attenuation is an A-weighted
sound level dilference of 3 dB, For receivers
beyond the end of the barrier, as in Figure
5.1-14, the attenuation Is negligible.

Line Source

I Receiver I No Attenuatlon

Figure 5,1-14. Receiver Located Beyond
the End of a Barrier,



_8 4, Elevaled and depressed highways and
railways

Some general comments can be made con-
cerning the attenuation of depressed and
elevated highways and railways as a rune-
lion of receiver location, As shown in Fig-
ure 5,1-15, as the receiver position Is pro-
gresslvely moved farlher away from a sound
source located on an elevated configure-
Iron, the palh length difference (hence the
ahenuaflon) decreases, Conversely, Iora
sound source located in a depressed con-
figuration (Figure 5.1-16), the path lenglh
difference (hence the altenuatlon) Increases
for more remote receiver locations. Thus, to
obleln optimal attenuation for a given ele-
vation or depression the receiver should be
Iocaled close to the elevated hfghway or
ragway, but as far away as possible from a
depressed highway or railway.

Relative
A_lanualions, dB

8outce

Figure 5.1-15. Example Showing How At-
tenuation Oeareases as the Receiver LO-

Relative
A¢lenuallons, da cation is Moved Farther from an Elevated

LI _" LInO'ol'=lg ht Highway or Railway.
nm blocked; No Ail_fl_l_P_t

L_ = A .]. ez -- Cz; 9 B_ _L

Figure 5.1-16, Example Showing How AI-
tenuation Increases as the Receiver Loca-
tion ts Moved Farther from a Depressed
Highway or Railway.



39
5. Combination of elevated or depressed

configurations plus a barrier

For a barrier combined with an elevated or

depressed configuration, the path length
dllrerence Is determined as shownIn Figures
5.1-17a and 5,1-17b, respectively. For these
and ether similar combinations, the Impor-
tant thing Is the barrier height relative to
the source and receiver, which Is measured

" In tarm_ of palh length difference.

Settler

(a) Elevated highway or railway and battler.

Roce_vot

Sarldaf B

o.....
• (b) Depressed highway or railway and barrier,

Figure 5.1-17. Mothod of Determining the
Path Length Difference for Combinations
of Different Types of Shielding.



40 6, Path lenglh distance for elevated and
depressed configurations and eaMh
berms

Determining the distances necessary to cal-
culate the palh length difference for ele-
valed and depressed configurations and
earth harms can be dgflcult since they are
likely to be irregular In height or width.
Figures 5.1-18a and 5.1-18b show how to
estimate roughly the height and length for
one example of an earth berm. The same
general method should be used for elevated
and depressed configurations. Since, such
methods provide only approximate dis-
tancos, they should be applied conserva-
tively. Moreover, if any of these configura-
tions ere questionable because they are
either short in length or not very high, their
attenuation should be disregarded.

' I. :"_ I ¸

], L _'1
(a) Section through earth berm showing

assumed height, H, and length.L.

IT---} rTr] [2I]

(b) Top view af berm showing the assumed
included angle, e.

Figure 5.1-18, Technique for Estimeting Dimensions of an Earth Berm,



41 7. Barrier turned al the end or top i

If a barrier is not straight but angled, either
al the end or at the top, the path length !
difference is sllll determined by how much
of the source is blocked from the sight of
the receiver as shown in Figures 5.1-19a
and 5,1-19b. Note that this angling of a bar-
rier Is one way to Increase its performance
without making it excessively long or high.

II I I Ul • BafxhJr

• _i _ ,i _ _

(e) Plan view of barrier turned at the end

i 5°ut¢° eo_ver

_: (b) Plan view el barrier turned at the lop

Figure 5.1-19, IncludedAngle and Path Length Difference for Barriers With Turns,

,j

vr_

6, Summary

in summery, the following can be said about
noise barriers,
1. If a barrier does not block Ihe fine-of-

sight between the source and receiver,
the barrier will provide little or no atten.
uation.

2, If a barrier Is constructed of a material
with a surface weight density greater
than 4 [b/It' and Ihere are no openings
through the barrier, transmllted sound
will usually be negligible.

3. if there are openings over 10 percent
or more of the barrier area, barrier
attenuation will be negligible.

4, Diffracted sound is usually the most



42 important aspect in estimating barrier the buildings acting as a barrier occupy
attenuation, only 10 to 20 percent of the area paralleling

5, Reflected sound can be important Ior the source, each building might produce a
receivers on the source side of a barrier, small localized amount cf shielding, but the
but It normally Is not a factor for re- combined effect Of such sparsely spaced
celvsrs on the side opposite from the buildings would be negligible, On the other
source. Hence reflected sound is usually hand, a long, continuous, solid building
not imporlent to your building and site, occupying most of Ihe area along a source

6. Transmission of sound around the ends can be treated as e barrier, and its attanua-
of the barrier can be crit{cal if the bar- tion estimated by methods previously dis-
tier included angle is less than 170", cussed using path length difference and

7. Barrier attenuations greeter than an included angle. In general, however, Judg-
A-weighted sound level difference of 10 meals concerning the barrier effects of
dB are dtflicult to obtain, buildings should be made conservatively.

8. For two or more barriers "in series",
consider only the "dominant" barrier. 10. Vegetalfon ass Barrier

9. Assume no attenuation for e receiver
located beyond the and of e barrier, Let us now describe s [asl form of excess

attenuation due to vegetation. To provide
9. Buildings as Barriers significantattenuation, the vegetation should

consist of large belts of trees or shrubs
Let us now discuss the shielding provided more than 50 feet In depth, more than 10
by rows of buildings located between a feet [n height and dense enough to visually
sound source and your bu[Idlng site. The block the source from the receiver. The ex-
excess attenuation of such buildings acting tess attenuation due to 6uch belts can be
as barriers can be as high as 10 dB. but as high as 5 to 10 dB, but its accurate esti-
special procedures are needed to predict motion is difficult. Research has shown that
the attenuation based on the size, shape and diffusion or scattering of the sound waves
spacing of the Intervening buildings, off the leaves, stems and trunks, rather then

absorption, ts the principal mechanism for
One way of handling such shielding would attenuating the sound [7, 8, 9]. The
be to deal with each building acting as a amount of diffusion, hence attenualion, Is
battler. A simpler but more approximate dependent upon the height, width and over-
method Is that given in reference [6]. This all denslly of the belt. The density depends
technique, the one used in this design guide, upon the species of vegetation, planting
assigns a value of 4.5 dB attenuation for the patterns, and the foliage distribution from
ffrst row of buildings and an additional 1,5 the ground to the top of the tree or shr.b.
dB for every subsequent row, up to a max[- (Obviously, deciduous trees provide little
mum of 10 dB. (For example, four rows of attenuation when dormant,) Prediction of
buildings between the source and building excess attenuation based on these factors
site would provide a total attenuation el 9 Is not practical for this design guide;
riB.) To obtain these values of attenuation instead, you should simply allow an
the following conditions must exist: A-weighted attenuation of 5 dB per 100

1. The open area between the buildings foot depth of woods up to a 10 dB maxi-
must be less than 40 percent of the total mum [10]. For Ihese values of atlsnuatlon,
open area, so that the buildings form the following conditions must exist:
an elfective visual barrier between the 1. The woods must be of sulflclent density
source and your building or site, to block all visual paths between the

2, The average height of the first row of source and receiver,
buildings should equal or exceed the 2. The underbrush or ground cover should
average height of your proposed build- also be of sulgclant density and height
Ing. (For example, a row of one-story to block all visual palhs between the
buildings on a level terrain, may pro- source and receiver,
vide litge or no attenuation for the 3. The woods should extend at least 15
second floor of a building located be- lest above any line-of-sight between
hind the row of one-story buildings.) thesource and all portions of your build-

3, The row of buildings acting as a bar- [ng or site.
tier should visually block most of the 4. The woods should be long enough to
length of the source from your building vlsuaLlyblock most of the length of the
or site. source from the receiver.

5, To be effective year-around there should
For buildingsacting as barriers that are less be a reasonable mixture of both decldu-
densely packed than g0 percent a lower cue and evergreen trees, or all should
noise attenuation could be estimated, If be evergreen.



43 For low dens]ty growth a token amount of reduce the noise, they do have aesthetic
attenuation such as 2 or 3 dB per 100 feet, and psychological value by visually screen-
up to a 10 dB maximum, might be per- ]ng the source from the receiver. Thus,
mlsslble [10]. IL is also pointed out that the during construction of your building an
reason for the 10 dB maximum Is that the effort should be made to preserve any
effectiveness of the vegetation belt can be existing trees, hedges or other shrubbery,
compromised when sound propagagng over Or, new landscaping could be planned, to
the tops of the trees is bent down to help shield the source from the building.
earth beyond the growth by various mix- Cook and Van Haverbeke [7], give the fol-
tures of wind and temperature gradients, lowing recommendations concerning plant-
Thus, the 10 dB limitation is Imposed so Ing and types of vegetation:
that the excess attenuation Is not over-
estimated. 1. "To reduce no]so from high-speed car

and truck traffic in rural areas, plant
Another aspect of vegetation shielding is 65- to 100-foot wide belts of trees and
that although a single tree or even a few shrubs, with Ihe edge of the belt within
widely scattered trees do not appreciably 50 to 80 feet of the center of the nearest

Table 5.1-4. Evergreen Tr_es and Sh(ubs Thul Sl_ouid Su Su_Lublufol Year-Round Noise
Screening and That Have a Relatively Wtds Range of Adaptability (7].

Common slime Region| of bast adoptability

Tall

Fit
whllO Nallo_lwld0
VOlICb'Ssitvet. Nikko Ea=t

_: ballista Midwest. Norlh. Nonhe=|l
corkbBt_ Midwaet, Southwaat, 50ulhO|sl
FtHer Ea=t, SoulbOazlt
Callf 0t41a ted Walt
5panll h Wetil Coalt

aria=
_ deodet, CecJJrof Lobnnon WeSl Coast, South, G_tt COast
- W_l=t (;oa81, SOulh, SOOlPefIII

port,Ottard cedar _OUthWODt, South, 8outh_a|l
ASzonl CywaiS

NDIWay, While Serbian, Nell OrlwldOIboIt _n¢1oflh)
Otlordgl, blue NllloNwldo (boll In norriS)

Plno
wnl(@m WhllO Wasl

WaSl, Midwl_$1
POndOrO|Q Nll_oflwldu {1_ell1 In _lOrth)

'- Scllch EISI ' NOt1hted
Auatrlan, olllOxn while Mtdwo I1, East

Cnllfomicl COO=t
MonlItay Nnliot_wld{e(oxcBpt BDUIh)

DQu_Jal )_t
Giant SOl,Oil. RedWOOd WaII Cell1
WOSleI_Irodcedar _all
Hemlock

oast_l d Esst , _outhol_sl
CirollnB Esll Coall, Sou{heaM, BOulb
WiPltOm Wsll _oJst

Medium

J_nlpar (uprll_hn
e_stern ¢adced_r end vstlotlo| Eeet oi Rocky MO_nla_rt|
Rocky MOunl_ _d "_sllstle8 Wast el Rocky Mo_l_atns, MIdwe01
Chlt_o8__nd v,_rlel_OI Nalionw_do
Grocla n Nalionw4do
I¢l|h Notion wlde (heel hl i_oilh}
Swodll h Nelloawldo (boat innorth)

Yew
Jspsnele and vat(el(o| Nallonwldo
English N_tionwide (bell In loll)

A_bo_tao
Ametlcon nnd vBtlelinl Net or_wido(b_st _1north_nOdheaal)
Otlonl_l lind Varieties Soulh

Short

Junlpet
Chinese {PIHZCt) arid Olhet_ NallOnwlde

Mugo plne N stlorlwlde
Arboxvl_no

American nnd vIdelloI Nat_onw)do
Orlenlal an(/ vMlellOS N_llOnwldo

Yaw
Japanese _ncl vsriolles N_tionwlde

Some Dread,leaved Evergreens
p_racAtltha NallOnwid_ {b_It Ir_snulh h_llJ
Euonymul Nollonwldo
Ptlvol South
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44 traffic lone. Center Iree rows should be effect). Where the use of toll trees is
at least 45 feet tall (Sea Table 5,1-4 for restricted, use combinations of shorter
species recommendations). Where right- shrubs and tall grass, or similar soft
or-way width is fargo, as on certain sec- ground cover, as opposed to paving,
lions of Interstate highways, several crushed rock or gravel surfaces.
rows of trees and shrubs may be planted, 5. "Trees and shrubsshould be planted as
to reduce noise levels at adjacent close together as practical, to form a
property, continuous, dense barrier. The spacing

2, "To reduce noise from moderate-speed should conform to established local
car traffic in urban areas, when tire-road- practices for each species,
way interaction is the principal cause of 6, "Where year-round noise screening Is
noise, plant 20- to 50-foot-wide belts of desired, evergreens, or deciduous varle-
trees and shrubs, with the edge of the ties which retain their leaves throughout
belt trorn 20 to 50 feet from the center most of the year, are recommended.
of the nearest traffic lane. Use shrubs 7. "The belt should be approximately twice
6 to 8 feet tall next to the traffic lane, as long as the distance from the noise
with backup rows of trees 15 to g0 feet source to the receiver and when used
tall (see Table 5.1-4 for species recom- as a noise screen parallel to a roadway,
mendelians), should extend equal distances along the

3, "Trees and shrubs should be planted roadway on both sides of the protected
close to the noise source, as opposed to area."
close to the protected area, for optimum
results. This concludes the discussion of sound

4. "Where possible, use taller varieties of propagation and barriers. The remaining
trees which have dense foliage and sections of this chapter deal with the three
relatively uniform vertical foliage dis- major noise sources: highways, railways and
ttibutlon (or combinations of shorter aircraft. Proceed to Ihese sections as dl°
shrubs and teller trees to give this rected in Chapter 2.
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Chapter 5 Highway traffic, p obablv the most common Researchers have developed predictive
Section 2 and widespread source of noise, Is ex- models of complex highway traffic systems,
How to Esllmate Iremely variaPte--dlfferent vehicles lravel- but tim models are el{her long and detailed,
Highway Norse Ing at dlgerent speeds through continuously or rely upon computers for numerical re-

changing highway conflguraions and sur- suits [1, 2, 3], For our purposes we would
roundlng terrains. Obviously, to estimate like a method of estimating highway noise
highway noise, many simplifying assump- that is as simple as possible to use, One
tigris must be made concerning hew tile of the simplest tools far estlmeltng highway
noise is generated and how II propagates noise is a nomogram developed by Bolt
from the highway to the building site. Even Beranek and Newman, Inc." [3], which is
after these assumptions have been applied, easy to use and gives results that are con-
the problem of predicting highway noise is servatlve (I,e,, the predicted levels are higher
still complex, than would actually occur) In all but a few

• This work, which war undertaken bv Holt Beranekand Newman, Inc,, was sponsoredby the American
Association of Grate Highway and Transportation OHicials, in cooperation with the Fedora/Highway Ad.
ministrat;on, and was conducted by the National Cooperative Highway Research Program whlcil IS admln.
tsterod by the Transportation Research Beard of the National Ac_denty of Scionces.Natlonol Rose#rod
Council.
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Figure 5.2-1, Highway Noise Prediction Nomogram [3J.



46 very special cases. A nomogram is simply between the sound generated by eutomo.
a graph containing three or more scales b/lea and medium trucks, end the sound
graduated for different variables so that generated by heavy trucks are the magni-
when a straight line connects the values on rude and spatial location of the sound
any two scales, the related value may be source,
read directly from the third scale at the
point intersected by the line (Sea Figure Geographically, the model assumes that
5.2-1). The graphical procedures for using the real highway configuration can be
this nemogram are given later in this chap- approximated by e single "equivalent" lane
tar in STEPS H3 to H5. that is straight and Infinitely long. It also

assumes that this equivalent lane lies at
The analytical model upon which the high- grade on a level trerraln, which means that
way nomogram is based is highly idealized, there is no shielding. The vehicles in each
For example, the model assumes that the group (automobiles, medium trucks and
different vehicle types can be categorized heavy trucks) are considered to be tmvegng
in three groups based upon the vehicles' at a constant speed charactedst[c of the
noise generating characteristics. The groups vehicle group. The model furlher assumes
--automobiles, medium trucks and heavy that the noise ganeraled by each of the va-
trucks [el--have basic differences both hlcle groups can he characterized by tbe
physical and acoustical, traffic volume flow (vehicles/hour) and tbe

average speed (miles/hour) for that group.
Automobiles are vehicles with two axles Analysis of this idealized model shows that
and tour wheels. This group includes, In the noise of automobiles and medium trucks
addition to passenger cars, light pick-up increases with tralflc volume and average
and panel trucks. Under normal operating speed; and that the noise of heavy trucks
conditions, automobile noise is composed under the same conditions (far both the tire
primarily of engine.exhaust noise and tire- and exbaust sources) increases with traffic
roadway interaction noise, which are both volume, but decreases slightly with an in-
concentrated near the pavement surface, crease in average speed.
Hence, the effective source height Is token
at this surface. As far as propagation of the noise is con-

cerned, the model assumes that the equlva-
Medium trucks refer generally to gasogne- lent lane is an Inllnltely long line source
powered two-axle, six-wheel vehicles such radiating uniformly into a half-plane (ac-
es local delivery or short.haul trucks. One tually as many as three ingnltely long, line
distinction between this group and heavy sources, corresponding to automobiles, me-
trucks, other than just physical size, is that dlum trucks and heavy trucks). The equiv.
medium trucks do not have a vertical ex- slant level of the noise propagated from
haust stack. Like automobiles, medium truck the highway decreases by an A-weighted
noise Is primarily engine-exhaust and tire sound level of 4.5 dB for every doubling af
norse, which again are concentrated near distance from the roadway [3]. This value
the pavement surface; and allhough the of attenuation has been dsterm]nad era-
exhaust outlet may he slightly higher for pirlcally, and includes losses due to air
medium Irucks than for automobiles, the absorption and excess ground attenuation,
egectlve source location is still assumed to in addition to the usual cylindrical diver-
be at Ihe pavement surface f3]. In general, gence associated wgh a line source.
the sound levels generated by medium
trucks are similar, but are higher than aulo- As was previously mentioned, the predicted
mobiles for the same operating conditions, sound levels are conservately high In all

but a few special cases, such as when the
Approximately 80 percent of heavy trucks ground plane Is very reflective and no
are diesel-powered vehicles with three or shielding is present, or when the highway
more axles. Long-haul tractor-trailer re- is highly curved as shown In Figure 5.2-g,
hlcles constitute the majority of this group In this latter case, the highway differs con-
which also includes dump trucks, cement slderably from the model's assumption of an
mixers, etc. Heavy truck noise is a cam- infinitely long straight highway, and could be
blnation of engfne, fan. Intake, exhaust, and treated as two separate highways. Assuming
tire noises, However, extensive measure-

ments of actual traffic conditions have * Exhaust _facks for heavy duty trucks ore fypl.
shown that heavy truck noise can be ado- oat/y aboul dgrteen feet above the roadway. It Is
quately uimuiated u_lng only the exhaust presumed fh,_tthe _ilfhor_nr rt, fnr_nc_[g), lt_as-
noise source and neglecting other sources sUm/heon eight.foot height for Iho noise _ource

ot heavy trucks, were attempting to account for
[3]. Based on this, the eflecllve source lace- both I/to no/so(source near the roadway surface)
gon Is assumed to be g feet above the pave- and oxhau_l noise (source approximately thirteen
meat surface." Thus, the major differences feet abovethe roadway).
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I
I

Assumed Location I

of Two [nflnllely_

Long Highways []
Receiver

_;.±__=_

[]
Receiver

Figure 5,2-2. Example of a Highly Curved Highway.

the traffic volumes and average speeds are H9, H10 and H11 of the highway noise pre-
the same for both portions of this highway, diction method which follows.
the sound level at a receiver located Inside

the curve would be at most 3 dB higher than Before proceeding, you should briefly study
_: that predicted by Ihe model. Hence. you can the flow diagram of Figure 5,2-3 which out-
, conservatively estimate the sound level at fines the steps necessary to estimate high-

the building site byadding 3 dB to the no- way noise, Starting st the top of the chart
'i_: mogram value for s single highway. For a re- and moving downward_ you first obtain the
'_ celver located outsidethe curved position of required traffic, highway and roadway
:; the highway, the modal would overestimate shielding input data (STEPS H1 and H2).

the sound level byan amounl dependent on

the degree of curvature and the location of Then using these data, calculate the sound
the receiver, levels of automobiles, medium trucks, and

heavy trucks (STEPS H3 to HS); end the
For cases other than the special case just corrections for any barriers (STEPS Hg to
discussed, the nomogram will over-predict H13). Following this, determine the total
the actual sound level by a few decibels de- noise fever due Io this one highway by com.
pending upon the complexity of the real bJnlng the contributions from the three ve-
highway and the surrounding terrain role- hicle groups (STEP H14). If there is more
five to the model's assumptions. Over-pro. than one Illghway near your site, repeat the
diction may be excessive when there Is a previous steps for each of these highways
vortical translation of the roadway to an (STEPS H1 to H14). Finally, combine the
elevated or depressed position with respect sound level contributions from all of the
to the surrounding terrain. The effect of
this translation, as discussed in Section 1 highways to get the total highway noise level
nf this chapter. Is to shield the highway from at your chosen building location (STEP
the building site in the same manner as a H15). All steps should be recorded on High-
barrier, Such effects are accounted for way Worksheets 1 and 2 shown In Figures
by subtracting the attenuation duo to the 5.2-4 and 5.2-5. A dsteged example showing
shielding from the predicted level. These these step-by-step calculations is given In
shielding adjustments are made in STEPS Section 5.5.
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Figure 5.2-3. Highway Noise Prediction Flow Diagram.
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51 Hlghway NoieePredicffon Method 1. Nearest perpendicular distance be-
tween the center of the roadway and

STEP H1 PHYSICAL SITE DATA the selected location on the bu]ldlng

The information that Is required on the site, DC, In feel
highway geometry and the building site Sea Figure 5,2-8 for an example of
location can be obtained from local maps how DC Js determined. Record this
as Indicated in Chapter 2, The data should value on Highway Workeheet 1.
be determined for each highway that you
have listed on the Preflmlnary Source 2. Locat[onandgeometryofanyobstruc-
Evaluation Worksheet with a yes answer tlon that visually shields the highway
In Column 2. The required data are: from the building, in feet.

Median

DC fe the shortest perpandlcular d/stance / "_'_
between the roadway can err/he and ha as. __/,_,nn _;_.. _..._
lactad location on the site for the building. Building I_ _'

Site L..J

Figure 5.2-6. Determination of Roadway--
Building Site Distance, DC.

! ---T

;;_,............

(a) Barrier linear dimensions.

Be sure to nma the sign convention for

hD; positive bolowmo plane oflhe road-

way and neogtlve above.

H_ghway

_ II|rrllf

(b) Barrier included angle,

Figure 5.2-7. Highway Barrier Dimensions.



(a] Elevated highway linear dimensions.

HJghway

End of .....

E eva =d ' Endof

H hwa . .. , Elavltodg Y . , Highway

(b) Elevated highway included angle

Figure 5.2-8. Elevated Highway Dimensions,

(a) Depressed highway linear dimensions. Be sure Io note the sign convent/on /or hD;
negative below the top of the depression end positive above (dff/erent from barrier
netation),

Highway

End of _"'*_.=, ._Ead of

DaPt°_aad _--__.i_ D°Pr_aaed

HIghway_Highway
(b) Depressed highway included angle.'

Figure 5.2-9. Depressed Highway Dimensions,



53 Determine if any barriers, elevated upon the noise criterion, or metric,
roadways and depressed roadways are being used for your proposed bulrd[ng
presenl and then obtain the appropd- be it Leg(t), Leq(8), Leq(24), or Ldn.
ate distances as shown In Figures Use the appropriate averaging method
5.2-7, 5.2-8 and 5.2-9, and listed listed below and obtain any eddllional
below. Distances should be deter- data necessary to make the calcula-
mined as accurately as possible. If lions for Jhe metric you are using.
there Is no shielding, omit this part of
STEP H3 and all of STEPS He, H10, _ Leq(1), f-hour energy equivalent
and Hll. oound level

Barrier; DO, DB, HB, hB, e Determine the tolal mlmher at
Etevated Roadway: DO, DE, HE, a "ehJclo_ in each group lhal passes
Dopress_;d RGadway: DO, DD, HD, by during _he one selected hour of
hD, a critics! uuildlng use; VA(1), VM(1),

Nole that th(_ di._tances fIB and hB _,H(t}. Sincn 1hess values are el-
can be positive or aeqabve] be sure _ady on ,';.nPOUlly basis, no aver-
to record the abpropriale sign en ;l_ing is needed, Merely use Iheso
Highway Worksheet 2. traffic volumes directly in the

nomogram erediction,
3, Presence of any rows of buildings or

belts el vegetation Ihat shield Ihf VA=-VA(1); VM_=VM(1);

building site from Ihe roadway. VH=VH(1)

Refer to the discussion ot Section 1 , Leq(5), g-hour energy equivalent
of Ihls chapter to determine If there sound level
Is any significant shielding due to
buildings or bolls of vegelafion. If Determine the Iota] number of
there is, gather the appropriate data vehicles in each group that passes
listed below, by durieg the eight hours of build-

a) Buildings as Barriers: nr--number lag use; VA(8), VM(g), VH(8), The
of rows of buildings average tralflc volumes to be used

for the nomogrem predictions are
b) Vegetation; dw--deprh of woods calculated by dividing the number

Record the value on Highway Work- of passbys In eight hours by 8 to
sheet 2. get the average number of vehicles

per hour.

STEP H2 HIGHWAY TRAFFIC DATA VA(8)

vA=T; vM°VM glThe information that Is required on high-

way vehicle Irafrio can be obtained from vH=VH(8)
the agencies listed in Chapter 2. These B
data should be delermtned for each high-
way that you listed on the Preliminary • Leq(24), g4-hour energy equivalent
Source Evaluation Worksheet wllh a yes sound level
answer In Column 2, The values should Determine the total number of
be the total for all lanes of the highway vehicles In eacll group that passes
and should be based on typical operating by on a typical day; VA[24), VM(24)
conditions. Calculations era based upon VH(24). The average tralfl¢ vol-
existing traffic voJumss; but if you antic[- ureas to be used for the nomegram
pate changes, use fulure traffic volumes, predictions are calculated bydlvld-
If you are unable to oblaln Information on lag the total number of daily pass-
medium trucks, neglect them and consider bye by 24 to get the average num-
only autos and heavy lrucks,The required bet of vehicles par hour.
data to be recorded on Highway Work-
sheet 1 are: vA=VA 2.4!. vM=VM(24)

24 ' 24 '
1. Average vehicle speed In miles per

hour; SA-auto; EM-medium truck; vH=VH(24)
SH*heavy truck. 24

2. Average vehicle tragic volume in • Ldn, Day-nlght sound level
vehicles per hour; VA-auto; VM-
medium truck; VH-heavy truck. Determine the total number at

vehicles tn each group that passes
The method of calculating the aver- by during Ihe "daytime" (7 A,M.
age vehicle traffic volume depends to 10 P.M,) and the "nighttime"



54 (10 P.M. to 7 A.M.); DVA, DVM. STEP H6 DAY-NIGHT SOUND LEVEL

DVH and NVA, NVM, NVH, respec- Compute the factor CDN, which is a ¢or-
tlvely. The average traffic volumes faction for the relative number of "day-
to be used for Ihe nomogram time" (7 A.M. to 10 P.M,) and "night-
prediction are calculated by divid- time" (10 P.M. to 7 A.M,) vehicle pass-
ing the number of"daytlme" pass- bys. It is determined from the ratio of
bye by 15 to get the average aura- the "daytime" vehicle tragic volume to
bar of vehicles par hour, the "nighttime" vehicle traffic volume.

DI_ RDN. (Data on vehicle Iragic volumes areVA= "DVA. VM-- : from Highway Worksheet 1.)15 '

VH=_DVH
15

8

O3
Now you have the necessary input data for -o

the prediction of highway noise. The corn- _ 6
plate graphical procedure for using the o
Highway Noise Nomogram (shown in Figure
5,2-1) is outlined in the following steps. The .---
procedure must be performed three tlmes, _ 4
once for each vehicle group. Starling wllh
automobiles, the necessary Input pare° o
meters (for Highway Worksheet 1) are the _ 2
vehicle speed (SA). vehicle volume (VA) and -_
the roadway-building site distance (DC), Re- >

ferrlng to Figure 5.2-1. the steps are: _ O

STEP H3 NOMOGRAM PROCEDURE

Draw e straight line from the left pivot --2
point through the point corresponding to 0 0.2 0.4 0.6 0.8 1.0

the vehicle speed (the bottom scale for Vehicle Volume Ratio. RDN
autos and medium trucks and the upper
scale for heavy trucks). Extend this line
until it Intersects with line A. Figure 5.2-10. Vehicle Volume Correction

Factor. CDN.
STEP H4 NOMOGRAM PROCEDURE

Draw another straight line from this polnt

of Intersection on line A to the point on CDN ls determined by locating on the
the far right scale corresponding to the horizontal axis of Figure 5,2-10 the value
vehicle traffic volume. This fine Inlet- of RDN. Read up unlll Intersecllng the
sects line S. curve, The value of CDN can be road elf

the vertical axis directly lelt of the inter-
STEP H5 NOMOGRAM PROCEDURE section. Using this value el CDN and the

Draw a third straight line from the inter- value of HNL from STEP H5, calculate
section on line B to the point on the DC Ldn from the following equation:
scale corresponding to the distance Irom Lde = HNL -I- CON
the selected location on the building site

Record this value on Highway Work*to the center of the roadway. This line
Intersects the scale marked HNL The sheet 1.

value of HNL at this point of intersection .....

is the predicted noise level if the metric As mentioned previously, medium trucksbeing used to evaluate the building is
Leq(1), Leq(8) or Leq(g4). are noisier than automobiles. If this differ-ence In noise level fs taken into account.
Leq(1) = HNL; Leq(8) = HNL; the same scales that were used on the

Leq(24) = HNL Highway Noise Nomogram for the auto-

Record this value on Highway Worksheet mobile noise prediction can also be used
1 and continue the prediction procedures to predict medium truck noise. A method
omitting STEP Ha. But if the day-night of correcting for this difference In noise
sound level Is being used. record HNL In level Is given In STEP H7. After completing
the appropriate space on Highway Work- STEP H7. proceed to STEP H8 and per-
sheet 1 and complete STEP H6, form the heavy truck noise prediction.



55 STEP H7 MEDIUM TRUCKS due to rows of buildings which act as bar-

To account for the difference In noise tiers, and to vegetation Is added to any at-
level bafween automobiles and medium tenuaflon due to barriers and elevated or
trucks, a corrected medium truck volume depressed highways. For example, if the
Is used. This corrected vehicle fraffi¢ A-weighted sound levelatlenuations ofabar-
volume, VMC, Is equal to the actual tier, two rows of buildings, and 100 feet of
volume, VM, multiplied by fen. densewoods are 5, 6, and 5 dB, respectively,

VMC--1OVM the total A-weighted sound level attenua-
Record this value on Highway Workshoat tlon Is 16 de.
1, Now repeat STEPS H3, H4 and H5
(also STEP H6 if Ldn Is fhe metric being After these shielding corrections are ap-
used) using the values SM, VMC, and plied, the Individual component sound lev-
DC. In repeating the nomogram proce- els are calculated. Then, these are ¢om-
dure remember to use the lower scale of blned to get the total highway noise In

vehicle speeds for medium Irucks. STEP H14.

STEP H8 HEAVY TRUCKS If there Is no shielding present, the noise
levels calculated in the previous stops are

Heavy truck noise Is defermlned by re- the values to be used to predlcf noise levels
peering STEPS H3, H4 and H5 {also STEP in your building and on the site. Omit STEPS
H6 If Ldn Is the metric being used) using H9 to H13 and proceed to STEP H14 to get
the values SH, VH and DC from Highway the total noise due to the highway.
Worksheet 1. In repeating the nomogram
procedure remember to use the upper
scale of vehicle speeds for heavy trucks. STEP H9 PATH LENGTH DIFFERENCE

. . . . . Compute the path length difference for

STEPS H1 fhreugh Hi] assumed thai there autos and medium trucks, La/m, and
was no obslructlon, or shielding, between for heavy trucks, Lh, for the type of
fhe highway and the building site. g there Is shielding present. Be sure the obsfrue-lion blocks the line-of-sight between the
any shielding due foa barrier, elevaled road-
way, depressed roadway, rows of buildings source and receiver. In parflcutar for
or a belt of vegetation, It should be taken heavy trucks which have the source
Into account, Thls is done In STEPS H9 to located eight feet above the road surface.

If the line-of-sight Is not blocked, theH13. correction Is zero,

The corrections for shielding due to bar- 1.Barrier:
tiers and elevated or depressed highways Aa/m = _/Ht3' + (DC - DB)'
are related to the effective sound source Ah = _(HB - 8)' -F (DC - DB)'
heights for the three vehicle groups. The Balm = Bh = _./(HB + hB)' + DB=
eBocllve sources are assumed to be near Ca/m = _/hB' ÷ DC'

the roadway surface for autos and medium Ch = \/(be + 8)' + DC'trucks, and eight feet above the roadway
surface for heavy trucks. Thus, there are 2, Elevated Highway:
two corrections; one for autos and medium Aa/m = [DC -- DE]
trucks, CSA/M, and one for heavy trucks, Ah = -_/64 + (DC -- DE)_
CSH. These corrections are determined by Balm = Bh = _/HE' + DE'

calculating the path length differences from Calm = _/HE" + DC=
the equations listed In STEP H9 for the type Ch = _/(HE + 8)' + DC'
of shielding that Is present, Using these
values of L, CSA/M and CBH are determined 3, Depressed Highway:
In STEP Hi0 for an "ingnife" shielding ale- Aa/m = -_HD' -h (DC - DD) =
ment or In STEP Hl1 for a finite shielding Ah = _/(HD -- 8)' + (DC - DD)'
element. Balm = Bh --"

-- Ca/m = _/(HD + hD)' + DC"
The shielding corrections for rows of bugd- Ch= _/(HD -t- bD -- 8)' -h DC'
Ings which act as barriers and for vegeta-
tion are related to the physical layout of From these values the path length dtlfor-
the highway, fhe site, and building, The ences are calculated from the following
correction for fhe shielding due to rows of equations.
buildings which act as barriers, CSB, is corn- La/m = Aa/m + Balm -- Calm
puted In STEP H12. The correction for the Lb = Ah + Bh - Ch
shielding due to vegetation, CSV, is com- Record these values on Highway Work-
puted tn STEP H13. Note that fhe attenuation sheet 2 and proceed to the next step,



56 STEP H1O SHIELDING CORRECTION--
"INFINITELY" LONG
BARRIER

Compute Ihe shielding carreclions CSA/M
an(] CSH. These values are dolermined
from the path lenglh differences cal-
eulaled in the prevlnus slep I41. If tile
path length dllterenco Is less than 0.1 N
or is negative, d_ore is no s_gniflcnn[
shielditlg and the correction is zero. But
If the padl length difference is i)c:;aIIve
_:nd greater fhaa 0.1 ft, th_ ._Idoldlng cor-
I'_ction is delermhlcd by Ioc_tin0 oll Pl{_
I_orlzontal axis of Figure 5.2-11 the value
Of the p3lh _ength ddferenco, l_oad lip
utllil inlersoc_hlg Ihe curvu, ih(} vallJo (3l
the shielding correction carl be read off
the vertical axis directly fell of die inter-
section, This procedure is Iollewed using
La/m to determine CSA/M and Lh to de-
lorraine CSH. Record lhese values on
Highway Worksheet 2, If the _ncluded
angle, a, is Jess lhan 170° the shielding
element is of "finite" length, and you must
proceed to STEP H11. But If the included
angle, a, Is greater than 170", no adjust-
ment to the shfeldlng correctfons Is
needed. Omit STEP Hll and continue the
design guido analysis,

I I I II II I I I l I I III I I I I I I ;II I I I I I I I

B
G
.=

'B Doelgn Guido

1

r _

I t I i tf , , ' '-1"9,1 _-' .... I II
(],01 0,1 1,0 10,0 100.0

polh Longlh Dif(et¢_c@, L, Feel

Figure 5.2-11, A-weighted Shielding Correction for Barriers.



57 STEP Rl1 SHIELDING CORRECTION--
"FINITE" BARRIER

Compute the adjusted values of CSA/M
and CSH to account for shielding ele-
ments of "finite" length. These adjusted
shielding corrections are determined from
the factor RA, which is calculated from
the included angle, a (in degrees), uslng
the following equation:

' ' RA =
180"

Now go to Table 5.2-1 and enter the first
column at the value of CSA/M and read
across that row to the column corre-
sponding to the value of RA. This Is the
adjusted value of CSA/M. Repeat this
procedure using the value at CSH to get
the fJnite shielding correction for heavy
trucks, Record these adjusted shielding
corrections on Highway Worksheet 2 and
continue the design guide analysis.

Table 5,2-1. Shielding Corrections for a Finite Barrier,

*'lnflnllo*'alrdcr RA = a/180'
ShieldingC°tr#ctl°l g .1 ,2 .3 ,4 ,5 .6 .7 ,8 .9 1.0CSAIM or CSN

1 0 0 0 0 O 0 1 1 1 1 1

2 0 O O 1 1 1 1 1 2 2 2

3 O O O 1 1 1 2 2 2 3 3

4 0 O 1 1 1 2 2 g 3 3 4

5 O O 1 1 1 g 2 3 3 4 5

6 0 O 1 1 2 2 3 3 4 5 8

7 0 O 1 1 2 2 3 4 4 6 7

8 0 O 1 1 2 2 3 4 5 6 8

9 O O 1 1 2 3 3 4 5 7 g

10 0 0 1 1 2 3 3 4 6 7 10

11 0 O 1 1 2 3 3 4 6 g 11

12 0 O 1 1 2 3 4 5 6 B 12

/



58 STEP H12 SHIELDING CORRECTION-- Table 5.2-3. Level Adjustment for
BUILDINGS ACTING AS Gumming Noise Levels.
BARRIERS

Calculate the correction, CSB, for rows
of buildings which shield the highway Difference Level Adjustment
from your building site. This correction Between (To Be Added To
depends on the number of rows of inter- Two Noise The Larger of The
vening buildings, nr, and is determined Levels, dB Two Values)
from Table 5.2-2. Record this correction
an Highway Worksheet 2 and continue the 10 or more O
design guide analysis, 4-9 1

2-3 2
0-1 3

Table 5,2-2. Shielding Corrections for
Buildings Acting as Barriers [4],

Number of Shielding to the larger of the two original noise
Rows Correction, CSB levels, Now repeat thls procedure wilh

this adjusted level and the noise level
for heavy trucks. The result of this corn-

1 4.5 blnation is the total noise at Ihe building
2 6.0 site due te this (one) highway. For ex*
3 7.5 ample, if the A-weighted sound levels for
4 9.0 autos, medium trucks and heavy trucks
5 or more 10.0 are 55, 55, and 60 dB respectively, the

total noise due to this highway Is,

STEP H13 SHIELDING CORRECTION--

VEGETATION 55/ /

Calculate the correction, CSV, for a belt diff.---=-0

of vegetation of depth dw, which shields ad'-_'_*55
the highway from your building. This
correction is simply an A-weighted sound 55 diff. = 2
level attenuation of 5 dB Ior the first 100 • 62ciB.
feet of woods and 10 dB for woods over add 2
200 feet in depth. Interpolation between
these values is left to your discretion. 60 /
Record the correction on Highway Work-
sheet 2 and continua the design guide
analysis.

Record the total noise level on Highway
STEP H14 TOTAL HIGHWAY NOISE Worksheet 1,

Compute the total noise at Ihe building
slte due to the highway. First, sum
the shielding corrections on highway
Worksheet 2 for each vehicle group and
record these values on Highway Work-
sheet 1. Subtract these total shielding " *
corrections from the unsh]eldad noise
levels to get the Individual components
at the building site. Since these levels are
logarithmic In nature, they cannot be slm- This completes the prediction of highway
ply added together or averaged to get the noise. These procedures should be repeated
total noise level. Instead. they are corn- for each highway that is listed on the Pro-
bleed, Iwo values at a lime, with the use llrnlnary Source Evaluation Worksheet with
of Table 5,2-3. Starling with the auto and a yes answer in Column 2. The total noise at
medium truck noise levels, subtract one the building site due to all highways Is the
from the other to get the difference. With logarithmic summation of the noise contrl-
this value go to Table 5.2-3 and determine bulions from each highway. This compute-
the level adjustment which is to be added tlon Is performed In STEP H15.



59 STEP H15 TOTAL NOISE LEVEL DUE Record this value on Highway Worksheet 1,
TO SEVERAL HIGHWAYS

The total no]so level at the building site ....
you have selected is determined by sum-
ming the components from all highways Now proceed to Sections 5.3 and 5.4 to pro-
affecting your site. Summing Is done two dlct the noise levels due to railways and
values at a time, by the same method as aircraft. If these two transportation system
used in STEP HI4. (Refer to this step for noise sources do not affect your building
the procedure of summing no]so levels.) site, proceed directly to Chapter 6.

' References [1] Gordon, C. G. Galloway, W. J,, Kugler, [3] Kuglor, B.A., Commies, D. E.. andGallo-
Chapter 6 B, A., and Nelson, D. L., H]ghway noise-- way, W. d,, Establishment of standards
Section g a design guide for highway engineers, for highwaynoise levels: Volume 1--De:
Highway Noise NCHRP Report 117 (Bolt Beranek and sign guide for highway noise prediction

Newman Inc., Los Angeles, California and control. BBN Report No. 2739 (Bolt
1971). Available from the Highway Re- Beraneksnd Newman Inc. Los Angeles,
search Board, 2101 Constllutlon Ave., California, February 1974).
Washlnglen. D.C. 20418. {4] Kuglar, B, A.. and Plersol, A. G., High-

[2] Wesler, J. W., Manual for highway noise way nolsm a field evaluation of traffic
prediction, U.G. Department of Transpor- noise reduction measures, NCHRP Ro-
tation Report No. DOT-TSC-FHWA-72-1 port 144 (Bolt Beranek and Newman Inc.,
(Department of Transportation, Trans- Canoga Park, California, 1973), Avail-
portatlon Systems Center, Cambridge, able from Ihe Highway Research Board,
Mass., March 1972). Ave]labia from the 2101 Constitution Ave,, Washington, D.C,
National Teahnlcal Information Service, 20418.
Springfield, Virginia, Accession Nee. PS
226-086, PB 226-087 and PB 226-088.

Chapter E Railroad operations can be classified as which have been the subject of a great deal
Section 3 either line operations or yard operations, more research than railways, no simple

"_ How to Estimate Line operations are movemenls of trains nomogram method for predicting passby
_' Railway of various typee over main line and local noise has beandeveloped.
;_ Passby Nolso track; yard operations are the various

': ecllvltles concentrated in a railway tar- The analytical model " which is used in this
:, mlnal. Railroad yard operations generate design guide for predicting railway noise
',_ noise through the disassembling and considers four general types of vehicles as

recoupllng of cars to form new Irains, noise sources: locomotives, freight cars,
and the maintenance and repair of cars passenger coaches, and rapid transit ve-
and locomotives. Although a limited amount hlc]os. These vehicles, either in combine-
of research has been devoted to the model- lion with one of the other types or by them-
lag of noise phenomena in railroad yards, selves, form Ihree general train categories.
the models are complex since there are so These are Irelght trains, conventional pea-
many dgferent types of sound sources oper- senger trains, and rapid transit trains. A
sting for various lengths of time on an inter- freight train consists of one or more lecomo-
mlttent basis [1, 2], thus making it very tlves, usually diesel-electdc, pulling e corn-
difficult to predict the noise that is gee- blnatlon of various types of freight cars.
crated. For this reason railroad yard noise A conventional passenger train Is similar to
will not be Ireated In this design guide, e freight train in that It consists of one or

more locomotives pulling several coaches,
Railway line operations are a much more but one importantdifference is that the Ioco-
common source of railroad noise than yard
operations. The noise generated by train
passbys Is a function of Ihe type of vehicle

* The railway noise modal ts based on w_)rk or.
in use, bow it is operated, and the configure- Iormod by Wy/o LQboratortos.El S_gundo, _ll-
lion of the trackbed relative to the sur- tornla, under the sponsorship of the Association
rounding terrain. Although there has been at Amedcan Railroads,Washington,D.C. _tJ. The
a fnlr amount of research devoted to the design guide's technique lot predicting lhe gee.
modeling of railway line passbys [1-5}, there crated noise levelsIs modified slightly to includemore recently published data and to _/tnpUfy the
is still much to be learned, Unlike highways, necessary calculations,



60 motive may either be diesel-electrf¢ or all generally quieter than freight cars or pas-
electric." The third type, rapid transit trains, senger coaches,
dlf(ers from the other two types fn that there
Is not a centralized source of propulsion Geographically, the predictive model as-
pulling a series of cars, but rather electric sumes thai the real railway configuration
motors on the axles of each car. There Is can be approximated by a single "equiva-
a wide variety of different types of vehicles lent" track that is stralghl and infinitely [ollg.
which can be classified as rapid transit It also assumes thai this "equivalent" track
trains. As a result, soma of the newer ve- lies at grade on a level terrain, which means
hlcles may be quieter than pred[cted by the that there Is no shielding. The model fur-
methods of thrsdesign guide. Also. the pro- thor assumes that the trains that use tills
dicllon procedures are not applicable to track can be grouped Inlo one of the three
underground subwayopemSons or"classl¢" general categories (freight, conventional
street cars. passenger, or rapid transit) and that each

of these categories can be characterized
A dlesef-e[ecldc locomotive utilizes a diesel by an average speed, an average train
engine driving an electrical adernalor or length, and an average number of passbys
generalor which in turn drives electric trac- rot normal operating conditions.
tlen motors on the wheels, An alloe[ectdc

locomotive, on the other hand, obtains Its Freight train noise is analyzed by consider-
electrical power from an external source, log two distinct sources: the diesel-electric
normally an overhead line or third rail, to locomotive and the freight cars; but conven-
drive its traction motors. The vast majority Itonal passenger trains and raprd transit
of tralns In the Unlled States are hauled by Iralns are considered to generate noise prJ-
diesel.electric locomotives--as of 1971, matl[y through wheel-raIJ Inleractlon, This
99% of the 27,000 locomotives In service means that for convenlional passenger trains
were diesel-electric, with most of the re- the locomotive Is assumed to be all-electric,
malnder being all-electric (6]. Hence. if the convenllonal passenger train

locomotives are diesel-electric a locomotive
For noise propagation, the model assumes noise component must be added.
locomotive Is a combination of sounds
radiated from the exhaust outlet, the engine For noise propagation, the model assumes
casing, the cooling fans, the transmission, that dlesol-eleclrFc locomotive equ]va]enl
the electricalequipment, and the Interact_on sound level decreases by an A-weighted
of Ihe wheels and rails--the predominant value of 5.3 dS for every doubling of
source of noise is the exhaust outlet. Hence, distance from the railway. The equivalent
all-electric locomotives, which have no sound revel from freight cars, passenger
diesel engine and thus no exhaust, am gun- coaches, and rapid transll vehicles Is as-
eraliy quieter than diesel-electric lucerne, sumed to decrease by an A-weighted sound
fives, level difference of 6.2 dE] for every doubling

el distance from the railway, These two
Having no propulsion system. Irelght cars values of attenuation are applicable only for
end passenger coaches generate noise distances grealer than 150 feet from the rail-
mainly by the rolling of the wheels on the w_y, but it is nol anticipated that your
rails, The magnitude of the noise depends building or site would be 150 feet or closer
heavily on Ihe condition of the wheels and to a railway. The vaJues were determined
track, and on Ihe type of vehicle suspen- empirically and include corrections for
sion, Modern passenger coaches with attenuation due to spreading of the sound
auxiliary hydraulic suspension systems in waves (divergence), increased duration of
addition to normal springs can be about the noise at points farther away from the
10 d8 quieter than older passenger coaches railway, air absorption, and excess ground
or freight cars which have only springs, atlenuation [11.

The noise of rapid transit trains, even As mentioned previously, the model as-
though there are electric motors on each sumes that the railway lies at grade on a
axle that are sources of noise, is also pro- level [errata, If Ihe railway Is either elevated
dominantly generated by the interaction of or depressed relative to the surrounding
the wheels upon the rails. In fact, because terrain, the effect may be to shield the rail.
rapid transit vehicles are usually newer and way Item the buiJding site in the same
have better suspension systems, Ihey are manner as a barrier. Such effecls are taken

lot0 account by substracflng the altenua-

• Them are also gas turb/ne Io¢omm/ves,but tion due to the shielding Item the predicted
these are low tn number _tld will not be con. level. These shielding adjuslments are made
Mdomd heroin, in STEPS Rll, R12 and R13.
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Figure 5,3-1. Ra]lwayNoise Prediction Flow Diagram.
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62 RailwayWorksheet1

ffuHding Pto(DCto Radlway N_mbor

$4tn pol_ Dr bt_lil_l_O prott_fo
LecGtio_ luvol_ aru borr_g estimated

Owner Dotlgner Dale . Reviled

I f_allwn_--Bulldlng 511DD_slSr_¢n:O (Foal)

y/////_yj////jj/., ooo,e_,,o°,,FrDI0ht Tiainl Pa|songor ?zaitla Rapid Ttana_t Tra_nl

Does th_s type O_ttaln ulo
the track being nnal_'ZDd'/

,,° t "'
AVOI_O_ Tioin Spood, S, mph

Avezago ftumbe_oi carl, n°

Average 1rain length,LT, fuel

,v..,o,ooo..o,,...o,.p-///.-.///////__-///////×_.-///////.
a) Loq(1) ; Nt

b] Loq{g) : N8

¢1 Leq124} ; N_4

dl LOr=

o,,,o,.E,,o,,roLo,o_o,,,__'///Z /////////_ "////////_ _////////
, .,,......_,v°,,_ ////////_
I Dillon°, Al¢o.uatlon.DAL f*_///////j

.,,..,c,,, _'///// ;////////_ "////////_ ////////.
Reference LeveI, Ct.

Duration Factor, CO

TriCk Chatsclellstlcl, CT
OIItonce AII6nu|lion, OAC

J DlOSol*EIe¢ltl° f Railway ] OlOleI,ElOCltlC Fllllwny
PreOl¢led Noise Levlla i Locomolive I Ca_: ] Locomotive CIrs RIIIway Carl

_, //// "///. _///////.
CI

a) Lo(_(1) Leq(t( NO _hlelding
Telal $;lleldlng Cot;scUds
(R_llwa_ Wozk_uet 2)

Leq(I) Cotl41¢leO for Shielding

C8

b(Leq(O) Leq(8) NO Shielding
I Total 6hleldlng Correction I

(Railway Wofklheot _}

Leq(61 CorrectoO lot Shielding

o.,, "///, "///.////////
C24

¢) keq(24} Leq(24) NO Shleld_nll
Total $_elding Cofracllg_
(Rallwsy Wnrklheet _(

LeR{24)CotreClOd for _h)@Iding

CN

CDN

Ldn NO Shielding
UJLdfl

Tolal S_ul0ino CorleClion
(Railway Wofklheot _)

I Ldn Cerzocted Iof _ioldln O I

,<.°,l,.°,_.,.oi,o I ///////////////////////////.
Figure5,3-2. RailwayWorksheet1
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Railway Worksheet 2

Railway Number

Bqltcf_ng P_OJaCl. 5iTs po_nt or bulldln 0 room IQt which 6ound pral=ur_
Iouehl are bo]ng ell_m_tod .

Location
Oell0ner

Owner Date RovlsaIJ

RIt$lway--Bulldirl g Silo DIBt_r_¢¢:13{Feat)
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RalIWBy

Carl

PZilh
LQnGth
Olflefar_co

Di_ael-
Electric
Locomotivn

Correclion For
"lrllin_lt,*' ShiercJmg CSC C_L
El,_ment

Include6Anglo Ratio, RA I

CQrr_cl,on rof RRIIW_y C_ra OioaQl*Eleclrlc LOC.
"Fbn_to" 5hlol_lng
El_rnenl

C_G CSL

Building Borrlur nx GSB

VogoleUon dw CSV

Railway Cars DiBa@I.ELoCII_CLoC,

TOt_I

_hioIdinD C5C _. CSD _ CSV CSL _. CSO _p Car
CoffOcliofl

Track ChllraclerltU©s

a b c d

Prelrnce ol Rad_wact Drld0owt4rk
Woldod Sw_lchlng Fro_ T_gTMCur_,o

Tf_ck ar Grac_u (_ 900 Fe01) C0ncrole SIO(_tGledor $Iool Glldot

wllh Concr_lo with Sl_ol

$1Jucluroin Foet
or aport TiC=Dock Plale Deck

Figure 5.3-3. Railway Worksheet 2.
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64 Before proceeding, youshould briefly study 2. The physical characteristics of the
the flow diagram of Figure5.3-1 which out- track:
lines the steps necessaryto estimate railway a. Type of track: welded or jointed
noise. Starting at the top of the chart and b. Presence of sw[tches or grade
moving downward, you will first obtain the crossing
required train, track and railway shielding c. Radius of tight (less than 900 feet)
Input data (STEPS R1 and R2), Then using curve In feet
these data, you will calculate the sound d, Presence of a bridge
levels corresponding to the diesel-electric • concrete structure
locomotive and railway car components of • steal girder with either concrete
the three types of trainsaffecting your site or open tie deck
(STEPS R3 to R10). Then you will make • steel girder with steel plata deck

shielding corrections (Rll to R15) for any A switch, grade Dressing, tight radius
barriers. Following this you will determine curve, or bridge should only be con-
the total noise level due to thls railway by sldered when it Is located within a
combining the contributionsfrom its various distance or 2D on either side of the
components (STEP R16).All steps should be point of inlersscllon of the railway
recorded on Railway Worksheets 1 and 2 with the nearest perpendicular dis-
shown In Figures 5.3-2 and 5.3-3. A detailed tance. See Figure 5.3-4 for an Illus-
example showing the slop.by-step calcula- tration of this distance requirement.
tlonslsglvenlnSecgonS.5. Record this Information on Railway

Railway Noise Prediction Method Worksheet 2.

STEP RI PHYSICAL SITE AND TRACK 3. Location and geometry of any obstruc-
DATA tion that visually shields the railway

from the building, In feet
Information on railwaygeometry and track
characteristics can usually be obtained Determine if any barriers, elevated
from area maps and the appropriate de. railways, or depressed railways are
partment of the railway company as dis- present, and then obtain the sppro-
oussad In Chapter 2. The data should be prlate distances as shown on Figures
obtained for each railway that Is listed 5.3-5,5.3-5 and 5.3-7 and listed below.Distances should be determined as ac-
on the Preliminary Source Evaluation curately as possible, If there Is no
Worksheet with a yes answer In Column shielding, omit this part of STEP R1
2. The required data sre: and all of STEPS Rll, R12 and R13,

1. Nearest perpendicular distance be- Barrier: D, DB, HB, hB, a
tween the conterltne of the railway Elevated Railway: D, DE, HE, a
and the point you have chosen for Depressed Railway: D, DD, HD, hD, a
analysis on the buildingsite, D, In feet. Note that the distances hB and hD
Sea Figure 5.3-4 for an example of can be positive or negative; be sure
how D Is determined, and record this to record the appropriate sign on
value on Railway Worksheets 1 and g. Railway Worksheat 2.

i I ' i ' 'lli ] ' J J , i i 2_

-_' ' ''i ' I 1 IiI: I 'd_

Railway

p _ -- -- "-]

/ /
/- __/

Figure 5.3-4. RailwayoButldlngSite
Distance, D,



65 4. Presence of any rows of buildings or belts of vegetation. If there Is, gather
belts of vegetation that shield your the data listed below.

building site from the railway a) Buildings as Barriers: nr--nurnber
of rows of buildings

Use the criteria discussed in Section b) Vegetation: dw---depth of woods
5.1 to determine if there is any slg- Record these values on Railway Work-
nlfleant shielding due to buildings or sheet 2.

(a) Barrlarlinear dimensions, Be sure to note the sign convention for hB; positive
below the plane of the railway and aegatlve above.

Rillway

Bzlrflnf

(b) Barrier Included angle.

Figure 5.3-5. Dimensions for Shielding by a Railway Barrier.
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Centor of

I Railway
i

ii

(a) Elevatedrailwaylinear dimensions,

. • • ,.- ,,.. r_ i _ •

Way

r_l _ t"l f"'l I"--1 _ _ _ i--'l r_l _ r--"l _ _ _ r"l r"I

--'I-H-t--H-, t I I "H"H-'H-'H"H-H" I I 1.4-'I-H4-'I4-'I-I"H,-I-H-'--
L,=I (..J _--J I,.--] I..-J l.--I I....l _ I-.J I ' L,..I _ I--..I I ' L--I _ I.-,J _

Elevated Elevaled

RailWay Railw_y

Intruded Angle, a

Building

(b) Elevated railway Included angle.

Figure 5.3-6. Dimensions for Shielding By an Elevated Railway.
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[Sign

hO Conven(fcnt

-,phO

i +
' Ce_lor or --he

J Railway

• ,

I

I
(a) Depressedrailway Iineardlmenslons. Be sure to note the sign convention for hO;

negativebelow the top of the depression andpositive above--di/lerent /rum barrier
notation.

__ _ _ ....... . . ..... Railway

p,,.I r,--I r,--i _ t,,--I _ _ r-'-1 _ f'.'-i _ f.-..i p,--i f.,,,,.i _ i'--1 _ t,--I

--,,.H,.I-+,H-.H-.H..,H-,H-,I.+,H...,H..14..H,.H....t-t+.H..td,H.+,H-._-_
End of _ _ _" End of

DePressed DopressOd

R,QIIwa¥ RaJlwoy

a_llllng '1

(b) Depressed railway includeQ angle.

Figure 5,3-7. Dimensions for Shielding By a Depressed Railway.



68 STEP R2 TRAIN DATA • Leq(g)
The Information that is required on trains Determine the average number of
conbe obtained from the agencies listed passbys during the etght hours of
In Chapter 2. These data should be building use, NB.
gathered for each railway listed on the

Preliminary Source Evaluation Worksheet • Leq(24)
with a yes answer in Column 2. The
values should be Ihe average for all Determine the average number of
traoks and should be based on typical passbys during o typical twenty-
operating conditions. The required data four hour day, N24.
to be recorded on Railway Worksheet 1
are: • Ldn

1, Types of trains which normally use the Determine the number of pasabys
track, during the "daytime" (7 A.M. to

10 P,M. and the "night time" (10If there are no freight trains, or no
P.M. to 7 A.M.), ND and NN, re-conventional passenger trains, or no

rapid transit trains wdle "NONE" in spectively.
the appropriate space on Railway

Workeheet 1 for Ihat train type. . , . ,
2. Type of locomotive which normally

is used to pull the train: diesel-electric
or a]f-efecldc. This information on Now you have the necessary input data for
Iocomottons Is only needed for freight the prediction of railway noise, Th_s pre-
Iraineorconventlonaipassengertrains, diction, outlined in the following steps,
ff this information is not readily avail- consists of determining various factors
able, assume the locomotive to be whioh are combined to give Ihe estimated
dlesel-elecirlc since this is the pre- noise level The factors are based on the

dominant type, and the worst case railway model discussed previously and are
acoustically, Also determine the aver- normalized to a reference distance of one-
age number of diesel-electric Iocomo- hundred feet. Noise levels for the idealized
t[vos, NL, used to pug the train, model ore then corrected to account for

3. Average train speed, S, In miles per actual condlllons. Computations are slmpl]-
hourfor each type el train, fled as much as possible by graphs, charts,

4, Average train length, LT, In feet for and tables.

each type of train. The remainder of this section Is divided
If the average length Is not available, Into four separate subsections. Subsecgon
delermine theaverage number of cars, A contains the directions for estimating the
no, In the train, The length is then unshielded noise level of freight trains, con-
obtained by multiplying no by 55 feet ventlona] passenger trains and rapid transit
for freight cars and by 75 feet for trains, Subsection B oontalns the predictive
passenger coaches and rapid transit steps for calculating diesel-electric Iooomo-
vehicles [7]. five noise and railway car noise. Shielding

5, Average number of passbys for each adjustments are made in subsection C; and
type of train, fn subsection D, separate noise contrlbu-

The time period for which the typical tions are combined to get the total railway
number of operations is determined noise,
depends upon the metric being used
for the noise criterion for your pro- Your approach should be to use Subsection
posed building: Leq(1), Leq(8), Leq A to delermlne which steps of the noise
(24), or Ldn, Obtain only the data production computations you must perform.
required to calculate the metric you Estimate the unshlelded noise level for die-
ore using, sel-electric locomotives and cars in B. Then

in C, estimate the shielding corrections, If
= Laq(1) any, and finally, in D combine the noise

Determine the average number of levels generated by each type of train to get
passbys during the one selected the total railway noise at your building site.
hour of critical building (or outdoor Record the calculated values on Railway
activity area) use, Nf. Worksheets 1 and2 as directed.



69 A, Steps for Predicting Railway and STEPS R6 through RfO to get the ear
Noise component. Use the epprepriete Input date

Freight Trains tram Railway Worksheet 1.

Freight train noise has two distinct eompo- Rapid Transit Trains
nents: diesel-electric locomotive noise end
freight car noise, These two components Rapid transit train noise is predominantly
must be treated separately, Follow STEPS wheel-rail noise, with no locomotive corn-
R3, R4 and R5 to get the locomotive cam- ponent. Perlorm STEPS R6 through R10
ponent, and STEPS Rg through R10 to get using appropriate Input data from Railway
the car component. Use the appropriate Warksheet 1.
Input data from Railway Worksheet 1 for
freight trains.

B. NoisePredictionCalculations
Conventional Passenger Trains

STEP R3 DIESEL.ELECTRIC LOCeMO-

Conventional passenger train noise depends TIVES--REFERENCE LEVEL
upon the type of locomotive. If It Is all- Compute the factor LS for the diesel-
electric, treat the locomotive as another electric locomotives at the reference dis-
passenger coach and perform STEP R7 tance of 100 feet from the centerllne of
through R40. the railway. LS Is determined by Ioeagng

on the horizontal axis of Figure 5.3-8, the

If diesel-electric locomotives are Ihe pre- speed, S, for this type of train, Read up
dominant type, a [ocomollve component unfit intersecting the curve. The value of
must be included. Perform STEPS R3, R4 LS can be read off the verticur axis dl-
and R5 to get the Ioeorootlve component, rectly left of the Intersection.

Figure 5,3-8. DleseI-Elee[dc Locomollve Reference Level, LS, at 100 feet {1].



70 STEP R4 DIESEL-ELECTRIC LOCOMO- DAL Is determined by locating on Ihe
TIVES--DISTANCEATTEN. horizontal axis of Figure 5,3-9 the dis-
UATION tance, D. Read up until inlnrsecling the

curve for the Iocomollve correction. The
Compute the distance attenuation factor, value of DAL can be read off the vortical
DAL for diesel-electric locomotive noise, ax_sdirectly left of the Intersection,

100 200 300 400 500 600 800 IO0B 2000 3000 4000 5000

Rnllwny_Ou_ldlng Silo Dl_lg_co, O(leel}

Figure 5,3-9. Railway Noise Attenuation W[th Distance [1].

STEP R5 DIESEL-ELECTRIC LOCOMO. 5on. Using this value and the values of
TIVES--UNSHIELDED LS and DAL, calculate Leq(1) from the
NOISE LEVEL following equation:

Perform the calculations appropriate for Leq(1) = LS-t_C1 _ DAL- 36,

the noise criterion, or metric, for your pro- Leq(8)

posed building. Record all values on Rail- Compute Cg. which is a correction for the
way Worksheet 1. number of passbys during the eight hours

Leq(l) of building use. It Is determined from the
Compute C1, which Is a correction for the total number of passbys, CNS, defined as,

number of passbys during the selected CN8 = N8 X NL.

hour of critical building use. C1 is deter- where N8 is the average number of pass-
mined from the total number of passbys, bys by this type of train during the eight
CN1, defined as, hours, and NL Is the average number of

CN1 = N1 X NL, dlesel-electrlc locomotives puglng the

where N1 Is the average number of pass- train. Locate on the horizontal axis of
bys for this type of train during the so- Figure 5.3-10, the value of CN8 for this
leeted hour, and NL is the average hum- type of train. Read up until intersecting
ber of diesel-electric locomotives pulling the curve. Read the value of C8 from the
the train. On the horizontal axis of Figure vertical axis directly left of the Intersec-
5,3-10 locate the value of CN1 lot this tlen. Using thisvalue and the values of LS
type of train. Read up until Intersecting and DAL, calculate Leq(8) from the fol-
the curve. Read the value of C1 from the towing equation:
vertical axis directly left of Ihe ]ntersec- Leq(8) = LS -_-C5 - DAL - 45.



Figure 5.3-10. Correction for the Number of Passbys.

Leq(24)

Compute C24, which Is a correction for axis of Rgum 5.3-10 the value of CN.
the number of passbys during a twenty- Read up until Intersecting the curve. Read
four hour day. It is determined from the the value of CDN from Ihe vertical axis
total number of passbys, CN24, defined as, directly left of the Intersection. Using this

CN24 --- N24X NL, value and the values of L$ and DAL, cal-
culate Ldn from the following equation:where N24 Is the average number of pass-

bye by this type of train during the twenty. Ldn = LS -t- CDN -- DAL -- 49.
four hours, and NL is Ihe average number
of diesel-electric locomotives pulling the STEP R6 RAILWAY CARS--
train, Locate on the horizontal axis of REFERENCE LEVEL

Figure 5.3-10 the value of CN24 for Ibis Compute the factor CL at the reference
type of train. Read up until intersecting distance of 100 feet from the centergne of
the curve. Read the value of C24 from the railway, CL Is determined by locating
the vertical axis direclly left of the inter* on the horizontal axis of Figure 5,3-11 the
section. Using this value and the values speed, S, for this type of train. Read up
of LS and DAL, calculate Leq(24) from the until intersecting the appropriate curve
folJowlng equation: for this type of railway car. The value of

Leq(24) = LS-t- C24 -- DAL -- 49. CL can be read off the vertical axis dl-
Ldn rectly left Of the Intersection.

Compute CDN, which is a correction for STEP R7 RAILWAY CARS--PASSBY
the number of "daytime" and "n]ghdlme" DURATION
passbys. It ls determined from the cor-
rected number of passbys, CN, defined as Compute the passby duration factor CD.

CC Is determined by locating on the horl-
CN = (ND-I--6NN)NL zontal axis of Figure 5.3-12 the Iraln

where ND ]s the number of "daytime", and tenglh, LT, for this type of train, Read up
NN is the number of "nighttime" passbys until intersecting the curve corresponding
for this type of train, and NL is the aver- to lhe speed, S, for this train category,
age number of diesel-electric locomotives The value of CD can be read elf the vsrti-
pulling the train. Locate on the horizontal cal axis directly left of the Intersection,
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73 STEP R8 RAILWA'f CARS--TRACK STEP RIO RAILWAY CARS--
CHARACTERISTICS UNSHIELCED NOISE LEVEL

Compute the track adjustment factor. CT. Depending upon the type of noise cd-
This factor accounts for track character- teflon, or matrFc, for your proposed build-
ratios other than the standard, straight, Ing, perform the calculatfons listed below.

mainline, welded track [1, 4, 8], This ad- Leq(l)
Justment should be made only If the track
variation occurs within a distance of 2g Compute the factor C1, which Is a correo-
on either side of the point of Intersection tion for the number of passbys during the
of the railway with the nearest perpendrc- one selected hour of critical burldlng use,

C1 Is determined by locating on Ihe hod-ular distance. See Figure 5,3-4 for an
Illustration of this distance requirement, zontal axis of Figure 5.3-10 the value of
From Table 5.3-1 select the appropriate N1 for this type ot train. Read up until
value of CT corresponding to the physical Intersecting the curve. The value of C1
characteristics of the track segment under can be read off the vortical axis dfrectly
Investigation. In case of simultaneous oc- left of the Intersection. Using this value
currence of these variations the s/ng/e and the values of CL, CD, CT, and DAC
largest correct/on should be used. calculate Leq(1) from the following equa-tfan:

STEP Rg RAILWAY CARS--DISTANCE Leq(1) =
ATTENUATION CL -I- CD -_ CT -._ C1 -- DAC -- 36.

Compute the distance attenuallon factor, Leq(8)
DAC, for railway car noise, DAC Is dater- Compute Ihe factor C8, which is a corree-
mined by locating on the horizontal axis tfon for the number of passbys during Ihe
of Figure 5.3-9 the distance D. Read up eight hours of building use, C8 [s deler-
until Intersecting the appropriate curve mined of Figure 5.3-10 by locating on the
for railway cars. The value of DAC can be horizontal axis the value of N8 for this
read off the vertical axis directly left of type of train. Read up until Intersecting
the intersection, the curve. The value of C8 can be read i

off the vortical axis directly left of the

Table 5.3-1. Adjustment Factors for Track Intersection, Using this value and the
Characteristics [1, 4, 8], values of CL, CD, CT and DAC, calculate

Loq(5) from the followfng equatfon:

Leq(8) =
TRACK CHARACTERISTICS CT CL _ CO -_ CT _ CB - DAC - 43,

Leq(g4)

1 Straight, MalnlFne, Welded 0 Compute the lacier cg4, which is a car-
Track ractfoc for the number of passbys during

a typlcaT twenty-four hour day. C24 Is
g Straight, Jointed Track 4 determined by locating on Iho horizontal

;! axis of Figure 5.3-10 the value of N24 for
_:! 3 Presence of Switches or 4 this type af train. Read up until inter-

Grade Crossing sectfng the curve. The value of C24 can
be read off the vertical axis dJrectly left

4 Tight Radfus Curve of the Intersection. Using this factor and
the values of CL, CD, CT, and DAC, caT-

Radius < 600 Ft, 4 culate Leq(24) from the following edua-
tiara

Radius 600 Ft. to 900 Ft. I Leq(24) =
CL-FCD +CT+Cg4-DAC-40.

Radius > 900 Ft. 0 Ldn
Compute the lacier CDN, which Is a car-

5 Presence of a Bridge roctlon for tile number of "daytime" and
"nighttime" passbys. It Is determined

Concrete 0 from the corrected number of passbys,
CN, defined as

Steel Girder with Either Con- 5 CN = ND -_ 6NN,

crete or Open Tfe Deck where ND Is the number of "daytime",
and NN is the number of "nighttime"

Steel Girder with Steel Plate 14 pasebye for this type of train. CDN Is
Deck determined by locating an the horizontal

axfs of Figure 5.3-10 the value of CN.



74 Read up until Inlersectlng the curve, The the sttenuagon due to barriers and elevated
value of CDN can be read off the vertical or depressed railways. For example, If the
axis directly left of the Intersection, Using A-weighted sound level attenuations of a
thls value and the values of CL, CD, CT, barrier, two rows of b,lldings and a 100
and DAC, cafcuJaeeLdn from the following leer of dense woods are 5, 6, and 5 dB,
equation: respectively, the tolal A-weighted sound

Ldn = level attenuation is 16 dB.
CL -_-CD -t-' CT -p CDN - DAC -- 49.

Afler these shielding corrections are deter.
mined, the IndJvlduernoisecontrlbul[ons are
calculated and combined to get the total

C. Shielding AdJustmenls railway noJsaIn STEP R16,

The previous steps assumed thai there was if there are no barriers, thonoise levels col-
no shielding between the railway and the culated in the previous slopsare Ihe values
building sits. If there is any shielding due to be used 1o predicl noise levels in your
to a barrier, elevated railway, depressed building and on its site. Omit STEPS Rll
railway, rows of buildings or s belt of vega- through R15 and proceed toSTEP R16 to get
tation, It must be taken into account. This is the total noise due to railways.
done In STEPS Rl"t through R15.

The corrections for shielding due to bar. STEP R11 PATH LENGTH DIFFERENCE

dare, elevated railways and depressed ralr- Compute the path length difference for
ways are a function of the railway vehicle ragway oars, LC, and f0r diesel-electric
type, because ol the different locations of locomotives, LI, for lho type of barrier
the major noise sources. For freight cars, present. Re sure the obstruction blocks
conventional passenger coaches, and rapid the Jlno-of-slght between the source and
transit veh[oJes, the predominant noise receiver, being carelul about diesel-oleo-
source fs the wheel-rail Interaction located trio locomotives which have the noise
close to the ground; white for dlesehelectdc source located fifteen feet above the roll-
locomotives, the major source of noise Is way. If the line-of-sight is not blocked,
the exhaust outrel located approximately there will be no attenuation.
fifteen feet above the rails, Thus, lhere are

two sh[eldlng corrections; one for railway 1. Barrier:

cars, CSC, and one for diesel-electric lace- Ac = _/NB = -p {D - DE)'motives, CSL. These corrections are deter.
mined by calculating the path length differ- AI = k/(HB -- 15)' + (D - DB)'
ences for railway cars and for diesel-electric Rc _ B/_- _/(HB + hB)' + DS'
Iocomogves using STEP Rll for Ihe type of Cc = _hB' + D'
shielding present. For these calculations, CI.._ ,,/(hi] -t- 15)' -:-D'
this design guide assumes that the fre-
quency spectrum for railway car (wheel-rail) 2. Elevaled Railway:
noise Is similar to highway trafflc noise, end Ac _- [D -- DE]

employs EgOHz as the frequency. However, A/= k/225 -t- (D -- DE)'

e frequency of 125 Hz is used to,' diesel- Bc = B/= k/HE'+ DE'electric Jocomegve noise. To account for
Ihese frequencies being dlfferenl, e factor Co = _JHE' + D'
of V,= (125 ÷ 500) is used in calculallng C/= \/(HE _ io)'-t-D;
path length dllference, LI, Using these

3. Depressed Railway:values of L, CSC and CSL are determined
for an "infinitely" long barrier fn STEP R12. Ac = _/HD' ÷ (D - DD)'
If the barrier Is "finite" in length, Ihe neces- AI = \/(HD - 15)' + (D - DD)_
saP/ adjustments are made In STEP R13. Bc = BI = k/hD' + DD'

The shielding corrections for rows of build- Cc = k/(HD -P hD)' + D'
lags which act as borders and for vegeta- C/= ",,/(HD + hD - 15)' -p O'
floe are related to the physical layout of the
railway and the Jocsgon of your proposed From these values the path length differ.
building. The correclJoe for shielding due ences are calculated from the following
to rows of buildings which act as barriers, equations:

CSR, is computed in STEP R13. The sorrec- Lc = A¢ + Bc -- Cc
tlon for shielding due to vegetation, CSV, Is Lf = .25 [A/÷ BI -- C/I,
computed In STEP R14, Note that the atten-
uation due to rows of buildings whlsh act Record these values on Railway Work.
as barriers, and to vegetation Is added to sheet 2 and prsueed to the next step,



75 STEP R12 SHIELDING CORRECTION_ length difference. Read up until intersect-
"INFINITE" BARRIER Ing the curve, The value of the shielding

correction can be read off the vertical
Compute the shielding corrscllons CSC axis directly left of the Inlersectien. This
and CSL, These values are determined procedure Is followed using Lo to doter-
from the path length differences calcu, mine CSG, end L/ to determine CSL.
lated tn the previous step [9]. If the path Record these values on Railway Work-
length difference Is negative or less then sheet 2, If the Included angle, a, is less
0,01 It, there Is no appreciable shielding than 170, the border is of "finite" length,
and the correction Is zero; if the path and you must proceed to STEP R13. But if
length difference Is positive and greater the included angle, a, Is greeter then 170,
than 0.01 g, the shielding correction Is no adjustment to the shielding corrections
deterrnfned by locating on the horizontal Is needed. Omit STEP R13 end continue
axis of Figure 5.3-13 the value of the path the design guide analysis.

25
= Itlll I a I IJla_] I I I_l I I I IIlll

• • . .

o
(3

N

g

O.GI 0 IO 100

Palh Lenglg OJff_l_t¢[t. L. fnol

Figure 5.3-13. A-weighledShleJdlngCorrectlonVorsusPathLengthOifreronceforBarriors.

Table 5,3-2, Shielding Corrections for a Finite Barrier,

_nflnl=_Bardol RA = a/180 °
GhloldlnO CottoCllotl
csc orCSL O ,1 ,2 .3 .4 .5 .8 ,7 ,8 ,9 1,0

1 0 0 0 O 0 g 1 1 I 1 1
2 0 0 O 1 1 1 1 1 2 2 2
3 O 0 0 1 1 1 2 2 2 3 3
4 O 0 1 1 1 2 2 g 3 3 4
5 0 0 1 1 1 2 2 3 3 4 5
6 O 0 1 1 2 2 3 3 4 5 6
7 g 0 1 1 2 2 3 4 4 6 7
g O 0 1 1 2 2 3 4 5 6 8
9 g O 1 1 2 3 3 4 5 7 g

10 g 0 1 1 2 3 3 4 6 7 10
11 g 0 1 1 2 3 3 4 6 8 11
12 O O 1 1 2 3 4 5 6 8 12



76 STEP R13 SHIELDING CORRECTION-- the railway from your building, This cor-
"FINITE" BARRIER rectlon is simply an A-weighted sound

Compute the adjusted values of CSC and level attenuation of 5 dB for the first 100
CSL to account for shielding elements of feet of woods and 10 dB for woods over
finite length. These adjusted corrections 200 feet In depth. Interpolation between
are determined from the factor RA, which these values Is left to the discretion of
is calculated from the included angle, a the user of this design guide. Record
(In degrees), by using the following equa- this correcgon on Railway Worksheet 2
tlon: and continue the design guide analysis.

a •
RA =--, STEP R16 TOTAL RAILWAY NOISE180

Now go to Table 5,3-2 and enter the first Compute the total noise at the building
column at the value of CSC and read site due to the railway. First sum the
across that row to the column correspond- shielding corrections on Railway Work-
ing to the value of RA. This is the ad- sheet 2. Subtract these total shielding cor-rections from the unshlelded noise levels
Justed value of CSC. Repeat this proce-
dure using the value of CSL to get the to get the individual components of the

total railroad noise at the building site.
finite shielding correction for diesel- Since these fevers are logarithmic, theyelectric locomotives. Record these ad-
Justed shielding corrections on Railway cannot be simply added together or aver-aged to get the total noise level. Instead,
Workshset 2, and continue the design they must be combined, two values at a
guide analysis, time, with the usa of Table 5,3--4. Start

with Ihe two smallest levels, and subtract
one from the other to get the difference.STEP R14 SHIELDING CORRECTION--

BUILDINGS ACTING AS
BARRIERS Table 5,3--4, Level Adjustment for

Summing Noise Levels,Calculate the correction, CSB, for rows

of buildings which shield the railway Level Adjustment
from your building. This carrectlon de-
pends on the number of rows of Inter- Difference of (To be Added to
venlng buildings, nr, and Is determined Two Noise the Larger of
from Table 5,3-3. Record this correction Levels, dB the Two Values
on Railway Worksheat 2, and continue the 10or more O
design guide analysis, 4-9 1

2-3 2
0-1 3

Table 5.3-3. Shielding Cnrrections for
Buildings Acting as Barriers [8]. With this value go to Table 5.3-4 and

determine the level adjustment which Is
Number of Shielding to be added to the larger of the two or]g-

Rows Correction, CSB Inal noise levels, Now repeat this proce-
dure with this adjusted level and another

1 4,5 of the railway noise components. Con-
2 6.0 tlnue this computation until all serape-
3 7.5 nents have been combined Into one value,
4 9.0 For example, if the A.welghled levels of

5 or more 10.0 the diesel-electric locomotives and rail-
way cars for freight trains are 50 and
52 dB respectively, and the A-weighted

STEP R15 SHIELDING CORRECTION-- sound levels of the diesel-electric Ioco-
VEGETATION motives and passenger coaches for con-

Calculate the correction, CSV, for a belt venganal passenger trains are 51 and 50
of vegetation of depth, dw, which shields dB respectively, the total noise is,
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I dill. = O I

53
add 3

50-- diff, = 2
add 2

• diff.=3 57dB.
51 add2

52

Record this total noise level on Railway matIon of the noise contributions from each
Worksheet 1. railway. This summation is accomplished by

• • the same method as used in STEP R16.

Thls completes the prediction of railway Refer to this step for the procedure of sum-
noise. These procedures should be re- m]ng noise levels, Record the total noise
peated for each railway that Is lislod on the level on Ra]lway Worksheet 1.
Preflmlnaw Source Evaluation Worksheet
w]thayesenswerlnColumn2, and foreaoh Now proceed to Section 94 and predict
point on the site or building room that you the noise level due to aircraft. If aircraft do
analyze. The total noise at any point on the not affect your building site proceed directly
building site due to ell railways is the sum- to Chapter 6.

Reference# [1] Swing, J. W,. and Pies, D. B., Assess- [6] Anon., Transportation noise and noise
Chapter 0 ment of noise environments around rail. from equipment powered by Internal
Section g road operations, Wyle Laboratories Re- combustion engines, U.S. Environmental
Railway port WCR73-5 (Wyle Laboratories, El Protection Agency Raped No. NTID
Peesby Noise Segundo, California, July 1973). 300.03 (Wyle Laboratories, El Segundo,

[2] Bonder, E. K., Ely, R. A., Remington, California, December 1971). Available
P. J,, and Rudd, M. J, Railroad environ- from the U.S. Environmental Protection
mental noise: A state of the art assess. Agency, Washington, B.C. 20460.
meat, BBN Report No, 270g (Bolt Bar- [7] Anon., Background document for rail•
anek end Newman Inc,, Cambridge, road noise emission standards, EPA Re-
Massachusetts, January 1974). port No. EPA-550/9.76-005 (U.S. Envl-

[3] Anon., A study of the magnitude of trans- ronmental Protecgon Agency, Washing-
portatlon noise generation end potential ton, D.C,, December 1975).
abatement: Volume V--train system [8] Swing, J. W., Simplified procedure for
noise, U.S. Department of Transports. developing railroad noise exposure con-
don Report OST-ONA-71-1 (Serendipity, tours, S/V Sound and Vibration, S (2),
Inc., Arlington, Virginia, November 22.23 (February 1975).
1970), Available from the NeUonal [9] Kugler, B, A., and Pleraol, A, G., High-
Technical Informstlon Service, Spring. way noise: e field evaluation of traffls
field, Virginia, Accession No. PB-203- noise reduction measures, NCHRP Re-
186. port 144 [Bolt Berenek and Newman

Inc., Canoga Park, Caflfornla, 1973).
[4] Manning, J. E,, Cann, R, G,, end Fred. Available from the Highway Researchberg, J. J, Prediction and control el

rail transit noise and vibratlon--a stale. Board, 2101 Constitution Ave., Wasl_.

of-the-art assessment, CC Report No. fngton, D.C. 20418.
74.1 [Cambridge Collaboragve, inc., [10] Fath, J. M,, Blomqulst, D, S., Helnen,
Cambridge, Massachusetts, March J, M,, and Tadca, M., Measurements of

railroad noise--qlne operations, yard
1974). boundaries and retarders, EPA Report

[5] Peters, S., Predictions of rail-wheel No. 550/9-74-007 {National Bureau of
noise from high speed trains, Acust]oa, Standards, Washington, D.C., Decem-
28 (6), 318-321 (June 1973), bar 1974),



Chapter 5 The noise at the building or site due to air- The NEF, or Noise Exposure Forecast, sys-
Section 4 craft flyovers depends upon such variables tern of rating aircraft noise Is rapidly super-

as: the distance between the building site ceding the CNR method, The NEF single
Haw to Estimate and the aircraft; type and size of the air- number rating Is similar to the CNR except
AltOrMt Noise craft and Its operating characteristics (prl- that the perceived noise level is replaced

madly its thrust level); and, atmospheric by the effective perceived noise level, which
conditions. Unlike automobiles, trucks, and Is equal to the perceived noise level plus
trains, aircraft are not confined to a specific corrections for the duration of the noise
route--even at airports there will be a num- event and for the presence of pure tone
bet of runways, hence a number of possible components which are not Included in
paths for takeolfs and landings, Also, de- Ihe CNR. This loller correction has been
pending on the type of aircraft, loading included because It has been found that
weights, the volume of air traffic, and discrete frequency components, such as jet
weather conditions, approach and takeoff engine whine, are Ihe principal cause of
profiles can vary widely, To handle these annoyance to persons living near airports
variables, the models of aircraft noise, like [2]. The NEF numerical values differ con-
those for highways, usually depend upon stderably from the corresponding CNR
computers for numerical results. Whereas values; e.g., an NEF of 30 corresponds ap-
compulers can manage these complexities, proximately to a CNR of 100. This difference
they are obviously beyond the scope of this was introduced Intentionally so Ihat the two
design guide, ratings would not be confused. Like CNR,

NEF is an Integrated descriptor of total noise
Instead, lhe design guide analysis' relies exposure, and is calculated from other
either upon--(e) oxlsgng measures of the quantlges rather than being directly meas-
noise near the airport such as NEF or CNR ured. Sites with a NEF value of 30 or less
ratings, which are the most common meas- will normally be acceptable for your pro-
ures of aircraft noise in the Unlled States, posed building [3).
or--(b) a few simple estin)ates of the noise
level based on the airport type and level The total noise exposure due to aircraft
of activity, operations has been determined for many

communities on the basis of the CNR
The CNR, or Composite Noise Rating, was
one of the first methods developed to as- or NEF indices, end the results mapped
sess the effect of aircraft operations on air- as contours of equal CNR or NEF val-
port communities. The CNR is obtained by ues. For an example of such a contour
making corrections to the noise levels of the map, see Figure 5.4-1 [4]. If these contour
various aircraft expressed in terms of the maps exist for the airport near the site for
"perceived noise level" (PNL), which Is a your proposed building, the maps can be
measure of the relative acceptability of air- used to estimate noise due to aircraft fly-
craft sounds. The PNL Is a quantity, calcu- overs. These procedures are given in
lated from measured noise levels (it cannot STEPS A2 and A4. NEF contours for many
be read directly from a meter), that corre- airports are available In repeals cited in
lares well with subjective responses to varl- Ibisdesign guide [5-10).
ous kinds of aircraft noise [1]. The correc-
tions to the PNL account for the number of If these contour maps do not exist, the air-
aircraft flights, the time of day, and seasons craft noise at your building site can be
of the year, These corrections are needed estimated by an alternative technique. First,
since human tolerance of aircraft noise de- Ihe airport is classified into one of four gen-
ponds not only upon the noise level for each oral categories based on the "effective"
noise event, but also the number of events, number of jet operatons, NJeff, which Is
Thus, an aircraft noise problem may result defined as NJday--tho number of "daytime"
from a small number of very loud aircraft or (7 A.M. to 10 P.M.) Jet operations, plus
from a much larger number of quieter air- seventeen times NJnlght--the number of
craft I2]. Since CNR accounts for numerous "nighttime" (10 P.M. to 7 A.M.) jet opera-
noise events ever an extended time period, it liens [3].
Is essentially an Integrated descriptor of The airport categories are then defined as:
total nolse exposure. Unlike Leq or Lmax, Category 1:0 to 50 "effective" jet operations;
which can be measured, CNR is e(ways col- Category 2:51 to 500 "elfectlve" jet opera-
culated from other acoustic descriptors, tigris; Category 3:501 to 1300 "effective" jet
Sites with e CNR value of 100 or less will operations; and Category 4: over 1300 "el-
normally be acceptable for your proposed fectlve" Jet operatfons. If there are no Jet

operations, the airport is placed In Category
buildings [3]. 1, (Placing all alrporls without jet operations
• Ttte d°sIgn guide analymls °l a_tcrnlt noise is based on In Category 1 may be too severe, particularly
work padotm*Jd by Bolt Doranek _nd Newman, Inc, for thJl
U,$. Depat[m=t_t el Housing an_ Urbnn euvelopmont (i0], for very small alports which have only a lira-
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80 Table 5,4-1. Effective Number of Jet Aircrsft Operations for Various U,S. Airports [3].

Airport Numbct OI Jet AItctafl Operation=

Calegory C}tyendSl_te NJday NJntght NJeff.

Wilton=in Rap(ds. WIs. 1 0 I
Jt_¢a. N.Y. 5 0 8

1 C_nCotd, Cafif. 6 0 6
Columbia. Me. 3 _ 11

V=, Nuyl. Calif. 22 0 22

Hu,lsvlne, Atn. 08 0 08
Erie. Pa. 40 4 1D8
Color_doSprlngJ, Colo. 80 S 16S

g LIZlleRock, Ark. 108 1 227
Melbourll_, Fie. 07 20 427
R_t_Fg_lPurham. N.C. 120 lg 453
Toll=. O_la. 1_9 10 471

Nashville, Tenn. IS4 2? _23
HarllOrd. Conn. 115 32 e58

3 El Pale. Tax. 130 38 742
_llwauke¢, WIJ. 2t0 _ 858
San Diego, Calif. 267 46 104_

! Portland. Ore. _60 84 1448
i WJ=_in01on. a.O. tNelional) 014 64 1702
F We=hlnglon.O._3. ID_IIn=t 3_2 82 I1_

K_nl=! Cite. Me. 002 86 ir_

i 4 So=Ilia/Tacoma. Walh. 280 _ 1T/8
Tampe_F_. 36_ I_0 2408
OetrolI, Ml_h. 544 114 2482

I D_llal/FI. Worlh. T_=. 70_ 131 2_31

l BO_lo_' Mall. 600 13_ 2_2New York. N.Y. (Kennedy) 1020 171 _g27
L_lAngelel. Catlf. 108g 185 42_4
Chica_a,[ll. 16_ 315 89_1

Table 5.4-2. Approximate Distances Io NEF 40 and NEF 30 Contours [3].

- Etfectle n D_ll_ncos In NEF 40 COntour Dist,lncel to NEF 30 Contour
AIr_orl Numbnr of From Side of From End nt f_rom 51¢foaJ From End a#

Category Jet Operallon|. Su_lway R_nwey Runwt*y Runway
NJeff, JOS-40 DE40 D,%_0 DE-30

1 C-SO 0 0 1000 Fuel 1 MI(e

2 51-500 1000 Feet 1 Mile 0.5 Mitl 3 Mllel

3 501-1300 2000 Feel 2+$Mile= 1,5 MiIu_; 6 Mile|

4 MarO Than 8000 Feel 4 MIle| 2 Mllel 10 Mile|
I_00

lied number of operations. You can visit tl_e for typical U.S. airports [3]. With this
site and Judge for yourself the magnitude of approximate contour map you can estimale
the aircraft noise, then decide if the airport the noise level at your site due to aircraft
should be considered.) Examples of U.S. Ilyovers. These procedures ate given fn
airports which fall into these four categorJes STEPS A3 and A4,
are given in Table 5,4-1 [3],

Before proceeding, study briefly the flow
After the airport hss been ofass]fled Fnto diagram of Figure 5.4-3 which outlines the
one of the four categories, approximate steps necessary to estimate aircraft noise,
NEF 40 and NEF 30 contours can be con- First obtain the required airport input data
struoted on a local map showJngyour build- (STEP Af), which are then used to oalcu]ate
lag site (Figure 5.4-2) using the distances the CNR or NEF value at your proposed
of Table 5.4-2, which are average values building [ocagon [either STEP A2 or STEP
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Figure 5.4-2. Layout of Approximate HEF Conlours. Dimensions
xt and x2 should be mensutedon a line perpendicular to therunway for buildingsilos located at Ihe side
el the runway; and on o line parallel to the runway for building sites locatedbeyond the end el the/unway.

A3). Flnagy, calculate the noise level due Lay out your bugdlng site on the con-
to aircraft operations from this airport (STEP tour map and examine Its position
A4), An example of the step-by-step calcu- relative to Ihe CNR or NEF contours.
lalFonsIs given In Section 5.5. If located on or very near one of the

contours, the only [nlormatlon to be
Before you can esttrnale the noise levels, entered in Aircraft Worksheot 1 is the
you will need to obtain certain Information CNR or NEF value for that contour. If
about the airport near your building site, the buildingsite falls between two con-
The Information, described In STEP A1, tours, enter the CNR or NEFvalues for
should be recorded in Aircraft Worksheet 1, both, and thedistances from each con-
shown in Figure 5.4-4, tour to the building as shown in Figure

5.4-5.

Aircraft Noise Prediction Method If your site is located Inside the NEF
STEP A1 AIRPORT DATA 40 (CNR 100) contour, you will prob-

ably have a serious noise problem. You
The information that is required on air- should obtain the services of e con-
ports may be obtained from the Federal sultant to consider in detail the con-
Aviation Administration (FAA) Area Office Itnued advisability of construction on
for commercial alrporls; or, when the In- or rejection of the site, or the special
formation can be released, from the mill- adaptations which may be required. :
laP/agency in charge for military airports. If your site is located outside the fastThe data should be gathered for each air-

contour that Is mappsd, your use of
port (if more than nne) that Is listed on
the Preliminary Source Evaluation Work- the predictive schemes of this design
sheet with a yes answer in Column 2. guide will be limited. It Is a rule ofthumb that If the building s(te rs far-
1. First you should determine if either ther outside the NEF 30 (CNR 100)

CNR or NEF contours have been contour Ihan the distance between the
mapped for the airport, If contour NEF 30 and 40 (CNR 100 and 110)
maps are available complete substeps contours, Ihere probably will be no
2 and 4; but, if not, complete substeps problem with aircraft noise [3], Aside
3 and 4. from this your only alternative is to

2. CNR or NEF Contour Maps Available. employ an acoustical consultant.
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Air_r_11 _QIio P_odicllo_ I

II

Figure 5.4-3, Aircraft No_sePrediction Flow Diagram.
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Aircraft Worksheet 1

Building Prelect SIle point or building room for which soun0 prallura
level= are being eatlmtltact __

Location DOLIo_or __

Owner Date Revised __

Conlour Napl _uollablo =

1 if no1* obtain the (_IB of Ll¢_eo2 _nd 3
-- --_ -- T

CNR ©t NEF #1 CNR or NEF _2
Corllour Vg_ulla -- - --

X1 X2 R
BUilding Locat_o_
Belweee Contours ,,_._1and #2

CNR or NEF Value At Tile Building _da AleO Recoxd on
Line II

_OlilOUl Map&Hal Available

NJdey NJnlght NJOff
NumI_orel Jot Oporallons

Airport Cetegor/ I 2 T 3 4

(CheCk One) __I
H building to on of very near the NEF 30 or NEF 40 Contour, record that vlluu Qn Line tl.

_i I_ nQt. o_lain 1he i_BIIIon Line 8,

Building LoOallen Ball,an
i: NEF _0 _nd NEF 40 Contoul|

;',_ ^l.o nacord on
1!! N_F Value At "lhe Built,leg Site Line II

_' NJdlY NJnlght HIB] Nil)

i NumI_or of Opelallonl

,_ CNR of I;EF Value
: At The Building S_IO

Convert CN/'_ to
_EF Vztl_o

Aircraft Noi&o t.evel At Tha Buildin{I Silo

Rt OI LoCal1)
Loq(I)

BS CO Leq(6)
Leq{6)

R24 C_4 Leq(34)
Laq(24}

Ldn _ L_n

Figure 5,4-4, AIrcraft Warksheetl.
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Figure 5.4-5. Geometry for Estimating CNR or NEF rating at lhe Building Site,

Dimensions xl and x2 should be measured on a t/ne perpendicular fo fhe runway Icy building silos
located to theside el the runway and ona line pare/tel to tire runway for building sites located beyond

the end at therunway.

3. CNR or NEF Contour Maps Not Avail- e Leq(24)--NJday, NJnlght
able. o Ldn--no further data needed
You should deterndno the average num-
ber el "bayllme" (7 A,M. to 10 P.M.I
Jet operations, NJday; and the average The procedures for predlcgng noise levels
number of "nighttime" (10 P.M. to 7 at the buflding site due to aircraft are
A.M.) jet operations, NJnlght. It there given in th_ fo_t_wlns steps. If CNR or NEF
ere no Jet operations note this on contour maps are available, use STEP A2;
Aircraft Workeheet 1. You must also if not, use STEP A3. The results for either
determine Ihe IocaUcn and dlrecgon of step is an approximate CNR or NEF value
major runwaysof the airport, and show at the building site, which can then be
these on a map of the JocaJarea which used to estimate noise levels for the metric
Includes your building site. you have chosen: Leq(1), Leq(8), Leq(24)

or Lda. The relationships between these
4. Numberer Operations, various metrics and the CNR or NEF values

Depending upon the metric being used are given in STEP A4 [11, 12].
to estlmale noise for your building and

alia, Informatfon on the number of STEP A2 CNR OR NEF VALUE AT THE
flight operations may also be required. BUILDING SiTE--CONTOUR
Obtain only those dale necessary to MAPS AVAILABLE
make calculations for the metric you
have selected. The dela should be for If the building is located on or very near a
average airport oparatfons, contour, you can use Its value end pro-

ceed directly 1oSTEP A4. But tf the bugd-
• Leqll)--NJday, NJnlght, end N(1), Ins falls between Iwo contours, you must

which Is the totaJ number of opera- calculale an approximate CNR or NEF
tfons fn Ihe one selected hour of value for trial location. First, determine
critical bugdlng use. the distance ratJo,R, as defined fn Figure

= Leq(8)--NJday, NJsJght and N(8), 5.4-5. With this value go either to Table
which (s the total number of opera- 5.4-3 and cLatetmh_ethe facter C5 (if con-
lions In the eight-hour period of tours are mapped in Jncrements of 5), or
building use, to Table 5.4-4 and determine the factor



85 CfO (if contours are mapped In [ncre- noise in terms of the metric you have se-
menls of 16), The rating at the building lected, First, convert any CNR value to a
site Is then estimated by one of the follow- corresponding NEF value. Th_sconversion
Ing equations. For contours in Increments is made by the equatfon [11]
of 5, NEF = CNR -- 70.

CNR (or NEF) = CNR (or NEF) value of
contour #1 -- C5.

For contours In Increments of 10, Table 5,4-3, Factor, C5, for Interpolating
CNR (or NEF) = CNR (or NEF) value of Between CNR or NEF Contours in Insre-

conlour #1 -- C10, taunts of 5.

Record this value on Alroreft Workeheet 1.

Distance Ratio Factor C5 to be
STEP A3 NEF RATING AT BUILO/NG x2 subtracted from largerSITE--CONTOUR MAPS NOT R =-

AVAILABLE xl CNR or NEF value.

Using the data obtained in STEP A1.0,
classify the airport near your slle fn one >12.3 0
of the four categories defined in Table
5.4-2. The airport alasslficaRon Is based 3.21--12.3 1
on the "effective" number of Jet opera-
tions, which Is defined as the number of 1.41--0.2 2
"daytime" [at operations plus seventeen
times the number of "nlghltlma" jet oper- 0.61 _ 1,4 3
aliens.

NJeff = NJday -{- 17 NJnlght 0.21 -- 0.g 4

With this value delermine the airport cats- <0.2 5
gory from Table 5.4-2. II there are no Jet
operatJons, the airport Is placed in Dale.

: gory I.

_ Now wilh the airport classified In one of Table 5.4-4. Factor C10 for Interpolating
_ tile four categories, you can construct Between CNR or NEF Contours In Incro-

approximate NEF contours. On a map of menls of 10.
the area which shows the principal run-

_ ways. mark the Ioca6on of the building
and site, and determine which runway Is Distance Ratio Factor C1O to be

most IJkely Io alfect the site. Then ushlg x2 subtracted from larger
_._ the dlslances of Table 5.4-2 construct R =-- CNR or NEF value

approximate NEF 40 and NEF 30 con- xl
tours as shown In Figure 5.4-2. Note that

i! for airports In Category 1, NEF 40 corre- >35.0 O
"! spends to the runway Itself. If the huJld-
i_ Ing site is Iocalod on or very near one 1g.41--35.0 1
_i of these contours, use that value and
_: proceed directly to STEP A4. If your build- 5.61-10.4 S

Ing or site Is located Inside the NEF 40
contour or oulslde the NEF 30 contour, 3.31--5.5 3
follow the Instructions of STEP A2.2
(above). 2,21 --3.3 4

But Jf the building or site falls between
two conlours, you must calculate an 1.51--2.2 5
approximate NEF value for that location.
First, calculate the distance ratio, R. as 0.91--1.5 6
de0ned In Figure 5.4-2. Then determine
the factor C10 from Table 5.4-4. The 0.61--0.9 7
rating at the building site Is given by

NEF = 40 --Cf0. 0.31--0,6 8

STEP A4 AIRCRAFT NOISE LEVEL O.f1--0,3 0
With the CNR or NEF value at the build-
Ing site determined tn either STEP A2 or <0.1 10
STEP AS, you can now calculate aircraft
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_0

100 1001)

N_rnber of opatOl4Onl rn¢io, R24, RB of RI

Figure 5,4-6, Correction For Number of Operations.

Now perlorm the appropriale calculation calculale Leq(8) from the following equa-
given in the listbelow for the metric you lion:

selected. Leq(8) = NEF-_ 41 -- C8,

• Leq(1) [12] • Leq(24) [12]

Compule the factor C24, which is a cor-
Compute thefaclor C1, which Is acorrec- rectlon for the number of operations
tlon for the number of operations based based on a twenty-four hour average.
on the one selected hour of critical build- It is determined from Ihe number o1
ing use. It is de_srmined from the number operations ratio, R24, defined as,
o[ operallons ratio, R1, degned as,

24 {NJday -t- 17 NJnigbt)
NJday-_-17 NJnight R24

R1 = (NJday t- NJnight)
NIl)

To delermlne C24, locate along the horl-
To determine C1, locate along the hod- zonlal axis of Figure 5.4-6 the point cot-
zonlal axis of Figure 5.4-6 the point responding to the value of R24, Read up
corresponding Is the value of RI. Read until intersecting the curve. The value of
up until intersecting the curve. The value C24 can be read o11the vertical axis dl-
of 01 can be read off the vertical axis rectly lefl of the Intersection. Using this
directly left of theIntersection. Using this value and the NEF value at your site,
value and the NEF value at your site, calculate Leq(24) from the following equa-
calculate Leq(1)from the following equa- lion:
tion;

Leq(24] - NEF _ 41 -- C24.
Leq(l) = NEF-_-41 - CI.

• Lda [11]
• Leq(6} [12]

Using the NEF value al your site, calcu-
late Ldn from the Iollowlng equation:Compute the factor C8, which is a correc-

tion for the number of oneratlons based Ldn = NEF-1-25.
on the eight hours of building use. It is .....
determined from the number 01 opera-
lions ratio, RS,defined as, This completes the prediction of aircraft

8(NJday -_- 17 NJnlght) noise, These procedures should be repeated
R5 = for each airport (if more than one) that Is

N(8) listed on the Preliminary Source Evaluation
To determine,C8 locate along the hod- Worksheet with a yes answer in Column 2.
zontal axis of Figure 5.4-5 the point cor-
responding Io the value of R8. Read up This also completes the prediction of trsns-
until intersecting the curve. The value of porlation system noise. Now proceed to
08 can be read off the vertical axis Chapter 6 and compute the total sound level
directly left o11hs intersection. Using this In the outdoor activity area or room of your
value and the NEF value at your site, proposed building.
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Chapter S Consider the hypothetical example shown railway and an airport. The prediction of the
Section S in Figure 5,5-1. The building being consld- noise generated by each of these sources is
Illustrative ered Is 70 featwide by 150 feet tong, and Is outlined below.
Example of How 10 stories or approximately 100 feel high.

As an apartment, it is classified as eresl- Highway Noise Predictionto Eslimale
Building Site dential occupancy. Thus, based on the dis-
Noleo cusslon of Chapter 3, the appropriate metric As seen from the map of the area, Figure

for evaluatingthe buJJdlngIs Ldn. The total 5.5-2, there are two highways which affect
ouldoor noise at this building silo is a cam- the building site. Highway #1 consists of
blnatlon of sounds from two tllghways, a two lanes in each direction, separated by a
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Highway #2

Highway #I

Site

Railway

T
North

Runway #1

Runway #2

Airport

Figure 5.5-1. Local Map Showing the Location ol the Building Site and Transportation Noise Sources,
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Highway

Earth Barm

©

:: Figure 5,5-2. Local Map Showing Details of Highways.
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Highway Worksheot I
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Figure5.5-3. HighwayWorksheet1ForHighway#1 ofExample.
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Highway Workshool I
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Figure 5.5-4. Highway Worksheot 1 for Highway #2 of Example
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.Ig,hw_y. - " .e .-_5

source ).,',:'i '

height :': ' ' ":

It = '
above 4 ' DO_ 700" , |
grade, i J

Figure 5,5-5, Cross-section Showing Highway #:1 and Earth Berm,

median. This highway Is shielded from the for a ground floor room, This changes the
building byan earth berm, Highway #:2 !s a ,path lenglh difference and hence the at-
two-lane roadway that ties at grade with re- lenuatlon. This Illustrales that the attenua-
spect to th0building site, lion should be recalculated for rooms on

different floors.
STEP HI,1 HIGHWAY TO BUILDING

OR SITE DISTANCE

First, the highway fo building site dis- STEP H2 TRAFFIC DATA
tances are determined from a map of the FOR HIGHWAY #I
local area (Figure 5.5-2), These values, For Highway #1 the average speed Is 50
700 feet for Highway #1 and 400 feet for mph for all vehicle classifications. The
Highway #2, are recorded on separate '*daytime" and "nighttime" traffic volumes
copies of Highway Worksheet 1, Figures are.
5.5-3 and5.5-4, respectively. DVA = 46,500vehictes,

DVM = 2550 vehicles,
STEP HI,g BARRIER DATA DVH = 4350 vehicles

NVA = 23,710vehicles,
Only Highway #1 is shielded from the NVM = 1300vehlcles.
building site. The necessary dislances for NVH :-_2220 vehicles.
evaluating an earth berm are determined From these values the average daytime
lrom a cross-sectional diagram of the hourly vehicle volumes are calculated to
highway (Figure 5,5-5), These distances, be,
which are determined for the lop floor 46,500
(worst case as f-lr as shielding Is con- VA = = 3100 veh/hr;
corned), are: 15

2550
DC_TOOft. HB=19 ft. a=180" VM=-- =170veh/hr;
DB=62Oft. hB=-95 h. 15

4350
These values are recorded on Highway VH = - = 290veh/hr.
Worksheet2 (Figure 5.5-6), 15

These values are recorded on Highway
Workshaet 1 for Highway #:1 (Figure

STEP H1.3 VEGETATION AND 5.5-3).
BUILDINGS AS BARRIERS

There are no intervening rows of build- STEP H2 TRAFFIC DATA
Jngsend no vegetation which would effec- FOR HIGHWAY #2
lively shield the roadway from a room on
fhe top floor. Thus, for this case, these For Highway #2, data ere available only
types of shielding are neglected. In terms of automobiles and trucks. The

average speed for autos is 45 mph and
for heavy trucks is 40 mph. The "daytime"

However, if a room on the ground floor and "nighttime" traffic volumes are,
were analyzed, shielding due to vegela-
lion or Intervening rows of buildings would DVA = 10,650 vehicles,

NVA = 2660 vehicles,
have to be taken into account, Also, the DVH = 465 vehlcras,
shielding due to the earth berm Jsdllfer- NVH = 120 vehicles.

ent for fha ground floor. The distance hB From these values Ihe hourly average day-
changes from --95 feet to about --5 feet time vehicle volumes are calculated to be,
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Highway Worksllool 2
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_b ' =mA_ilr.<_ _ s,,o.o,,,o,b.°o0.... ,o,..,°, .oo.o_.......[lu=l_Img Proiucl ...........0°..,,_,.=eoTop J/oor NW'
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Figure 5.5-6 Highway Worksheei 2 for Highway #1 of Example,



94 10,650 5.5-7}. The value of HNI. Is determined to
VA

= =15 710veh/hr; be an A-weighted sound level of 55 de,
465 Since the metric being used is Ldn, STEP

VH=--=31 veh/hr H6 Is performed. First, the ratio RDN is
15 calculated for automobiles,

These values are recorded on Highway
Worksheet 1 for Highway #2 (Figure NVA 23,710vehlcles= -- 0,51.
5.5-4). RDN _ DVA 46,500 vehicles

STEPS H3-H6 AUTOMOBILE NOISE
LEVEL FOR HIGHWAY #1 With this value, CDN is determined from

Predict the noise generated by each of Figure 5.2-10 to be 4 dB, when roundedto the nearest integer, The unsh[e]ded,
the three vehicle classifications. Using the A-weighted day-night sound level for auto-
values SA = 50 mph, VA = 3100 veh/hr mobiles on Highway No. 1 Is then calcu-
and DC = 700 It, STEPS H3, H4 and H5 lated to be:
are performed to predict the noise level of
automobiles (see the nomogram of F.igure Ldn = HNL -I- CDN = 55-}-4 = 50 dB.

DC V

: HNL FT VEH/HR
dB 15000

100 40 10000
Heavy 7000

Truoke 50
5000

20 50 40 50 70 40005000
"t- 60 ",_ - 5o

Pivot _" _. 2000
1500

SPEED: MPH
1000

Point 60 70 700

-t- + ÷ + ÷ 0oo
20 30 40 ,, 400300

Automobiles and 200
Medium Trucks

150

-100

Predlcled 700 70
Noise
Level 50

4O
30

KEY_ 1500 20
-- Autt_maJ°ilDI, HNL = 55dS Vehicle

Medium Trucks' H_&L:: 520B 2000 Volume
Heavy TtuCWe' HNL _ 61dB Distance

To
Observer

Figure 5.5-7. Highway Noise Nomogram for Highway #1 of Example.
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95 STEP H7 MEDIUM TRUCK NOISE tracled from unshlelded levels. Then, the
LEVEL FOR HIGHWAY #I levels (automobiles--S3 dB; medium

This general procedure ]s repeated for trucks--50 riB; and heavy trucks--55 dB)
medium trucks using a correcled vehicle are summed to give.
volume, VMC, calculated as=

VMC=10VM=10×17O=1750veh/hr, 50 } diff.=3 }and using the values SM = 50 mph and 53 add_ 55 , dill. = 10 65dB.65 add 0
DC = 700 It. The predicted value of Ldn
ls an A-weighted sound level of 56 dB,

These calculations Indicate that heavy

STEP H5 HEAVY TRUCK NOISE truck traffic Is the predominant source of
LEVEL FOR HIGHWAY #1 noise from Highway #1, even though

For heavy trucks the procedure Is again heavy trucks comprise only 7 percent of
repeated (using the top scale of vehicle the total dally trafgc volume. The total
speeds) with the values SH = 50 mph, noise due to Highway #1 could be Iow-
VH = 290 veh/hr and DC = 760 ft. The ered If the height of the earth berm were
predicted value of Ldn Is an A-weighted Increased Chance, the attenuation), or If
sound level el 65 dB. the truck traffic volume were reduced.

STEP Hg PATH LENGTH DIFFERENCE STEPS H3~H6, H14 TOTAL NOISE LEVEL
FOR HIGHWAY #2

Next, the shielding adjustments are deter- Similar results are obtained for Highwaymined for the earth berrn of Highway #1.
The path tength difference for autos and #2 by performing these some calcula.
medium trucks Is, tlons, except there Is no medium truck

component end no shielding corrections.
Aa/m = k/HB' + (DC - DB)' = The A-weighted day-night sound levels

_/19' + (700 -- 616)' = 52.23 It, are 52 and 56 dB for autos and heavy

Ba/m = k/(HB -P hB)' -I- DB=---- trucks, respectively. The total noise due
to Highway #2 at the bu0dlng site is an

_/(15 + (-- g5))' 4- 52g' = 624,64 It, A-weighled day-night sound level of 59
Ca/m = k/hB" + DC' = dB.

_/(-- 95)' + 700' = 706,42 It,
Ls/m = Aa/m + Balm -- Ca/m = 0.45 It. Heavy truck noise ]s also the predominant

source of noise from Highway #2. The
STEP HIO SHIELDING CORRECTION-- total noise due Highway #2 could be IOW-

"INFINITE" BARRIER ered if the heavy truck traffic volume were
The A-weighted shielding correction, reduced or If a barrier of sulfic]ent height
CSA/M, is determined from Figure 5.2-11 were constructed.
to be approximately 6 dB, [Note that this
value of attenuation is for the top floor,
which for this example is the worst case, STEP H15 TOTAL NOISE LEVEL FROM

';i If some other floor is of interest, the value HIGHWAYS #1 AND #2
, of CSA/M should be recalculated.] This The leversfrom the two highways are cam-

value Is recorded on Highway Worksheet b]ned to obtain the total level at the build-
2 (Figure 5.5-6), Since the Included angle lag site due to all highways. This combl-
Is approximately 150°, the earth berm can nation gives a total A-weighted day-night
be considered infinite and no further ad- sound level of 66 dB, From these values,
justment Is needed. It is seen that the total noise at the

: building site from the two highways Is pro-

As shown in Figure 5.5-5, the line-of-sight dom[nanUy due to the heavy truck corn-
between the top floor and the effective ponontof Highway #1.
source height for heavy trucks Is not
broken, Thus, there is no shielding for the Railway Noise Prediction
upper floors for the noise from heavy
trucks and the value of CSH for the top As seen from the map of the area, Figure
floor Is zero, 5.5-8, there is also a railway which allecls

this hypothetical building _lte. This railway
STEP H14 TOTAL NOISE LEVEL consists of two tracks and ]s shielded from

FOR HIGHWAY ##1 the bugdJngby an earth berm.
The total noise from Highway #1 Is com-
puted by logarithmic combination of the STEP R1,1 RAILWAY TO BUILDING
levels of the Ihree types of vehicles after SITE DISTANCE
shielding corrections have been sub- First, the railway-building site distance la
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Figure 5,5-8. Local Map ShowingDetailsof Railway.
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Figure 5,5-11. Cross-Section Showing Railway Earlh Berm,

determined from a map of the local area conventional passenger trains use the
(Figure 5.5-8). This distance is approx- track and that they are normally pulled by
Imaloly 870 feet. This value Is recorded diesel-electric locomotives--on average,
on bolh Railway Worksheets 1 and 2, Iwo locomotives for freight trains and one
Figures 5.5--9 and 5.5-10, respectively, for passenger trains. Average train speeds

are 50 mph for freight trains and 50 mph
STEP RI,2 TRACK CHARACTERISTICS for conventional passenger trains. The

The track iswelded and there Is a steel average train length Is not available, but
girder bridge wllh a concrele dock within" the average number of cars le estimated
gO (1740 feet) of the Intersection of the to be 1g0 for freight trains and 10 for con-
railway with the nearest perpendicular ventlonol passenger trains. The train
distance (see Figure 5.5-8), lengths are then estimated to be

LT = 55 X no = 55 X Ig0 = 5500 feet
STEP RI,3 BARRIER DATA (freighttralns),

The necesdary distances for evaluating LT = 75 X nc = 75 X 10 = 750 feet

the shielding provided by the earth berm (conventional passenger trains),
i: ere determined from a cross-sectional Theaveragenumberofpassbyals

drawing of the railway (Figure 5,5-11),
These distances, which are determined ND = 15, NN ==5(freight trains),

" for Iho top hoar (worst case as far as ND = 30, NN= 10 (conventional
passenger trains),,r ehleldfng Is concerned), are:

These values are recorded on Railway
; D = 870 ft HB = 32 ft a = 110' Worksheot 1 (Figure 5.5-9).

DB = 810ft hB =-65ft
STEPS R3-R5 DIESEL-ELECTRIC

These values are recorded on Railway LOCOMOTIVE NOISE
Worksheet 2 (Figure 5,5-10), LEVEL FOR FREIGHT

TRAINS

STEP R1,4 VEGETATION AND Using the average speed, S = 50 mph, the
BUILDINGS AS BARRIERS reference level is determined from Fig-

There Is no vegetation or Intervening rows ure 5.3-8, LS = 99 dB (STEP R3). From
ef buildings that would effectively shield Figure 5.3-9 (STEP R4)the distance atten-
Ihe roadway from a room on the top floor, uatlon Is determined to be,

DAL = 15 dB. The factor CN (STEP R5.4)
As mentioned previously In the highway Is calculated as:

noise predictions, if a room on the ground CN = (ND -_- 6NN) NL =
floor were analyzed, shielding due to
vegetation or Intervening rows of buildings (15 + 6 X 5)2 = 90
might have to be taken into account, Also, With this value, CDN Isdetermined from
the shielding due to the earth berm would Figure 5.3-10 to be approximately 20 dB.
be different for the ground floor. The unshielded A-weighted day-night

sound level fs then calculated.

STEP R2 TRAIN DATA Ldn = LS -I- CDN -- DAL -- 49 =
It Is determined that only freight trains and 99 -Jr 20 - 15 -- 49 = 55 de.



100 STEPS RS-RIO RAILWAY CAR NOISE STEP R12 SHIELDING CORRECTION--
LEVEL FOR FREIGHT "INFINITE" BARRIER
TRAINS The A-weighted shielding corrections are

Using the average speed of 50 mph. the determined from Figure 5.3~13to be,

reference level is determined from Figure CSC _ 12 dB (railwaycars),
5.3-11, CL = 84 dR (STEP R6). The CSL = 5 dB (diesel-electric Iocamo-
passby duration factor (STEP R7) Is deter- fives).

mined from Figure 5.3-12 to be, CD = 19 (Note that these values of attenuation are
dR. For welded track and a steel girder for a room on the buildlng's top floor,bridge with a concrete deck within go

which for this example is the worst case.
(1740 it). the track adlustment factor Ira room onsomeolherllcorlsofintarest,
(STEP Re) is 5 d9 (Table 5.3-1). The dis- the values of CSC and CSL should be re-
tones attenuation for railway ears (STEP calculated,] These values of CSC and
Rg) Is determined from Figure 5.3-9, CSL are recorded on Railway Worksheet
DAC ---- 17 dE]. The factor CN (STEP 2 (Figure 5.5-10).
R10.4) is calculated as,

CN = NO-t-6NN = 15-t-6_5 = 45

With this value for CN, CON Is determined STEP R13 SHIELDING CORRECTION--
from Figure 5.3-10 to be approximately "FINITE" BARRIER

17 dS, The unshlelded A-weighted day- For this case the Included angle (a =
night sound level Is then calculaled, 110)" is less than 170", and the shielding

Ldn = CL-_-CD 4-CT corrections must be adjusted to account
Jc-CDN -- DAC- 49, for this. The factor RA Is calculated to be,

Ldn = 84-}- 19-}- 5 a 110'
+ 17-- 17- 4g = 59dB. RA_ = 20,61.

180' 180"

With this value the adjusted shielding cot.

STEPS R3-RIO CONVENTIONAL rectlons are determined from Table 5.3-2,
PASSENGER TRAIN CSC = 4 dB; CSL = 2 dB,

NOISE LEVEL These values are rccorded on Railway
These procedures are repeated for con- Worksheet 2 (Figure 5.5-10). Note the
ventlonaf passenger trains using the ap- large reduction In barrierattenuation, par-
proprlate speed, train length, and number tlcufarly for railway cars (12 dB to 4 dB),
of passbys listed on Railway Worksheet 1 because of the border's finite length
(Figure 5.5-9). The calculated results, (a< 170"). ThlsJIlustratestheimportanca
excluding shielding, are, Ldn = 53 dB for o1maximizing a harriet's length, hence its
the diesel-electric locomotives and Ldn IncJudad angle so thalsound cannot prop-
= 57 dB, for the passenger coaches, agate around the ends,

Now skip tc Step R16, since Steps R14
and R15 are not needed for this example,

STEP R1f PATH LENGTH DIFEERENCE
Next, the shielding adjustments ate de-
termined for the earth berm. The path STEp R16 TOTAL RAILWAY NOISE
length difference for railway cars Is, LEVEL

The total railway noise level is computed
Ac = _/HB' + (D - DB)' = by combining the Individual components

_/32' + (870-- 810)'---- 68.0 it, calculated in the previous steps. First,
Rc = _/(HB + he)' -t- DR+= the shleJdlng corrections from Railway

•k/(32 + (- 65))+ + 810+ = 510,67 It, Wcrksheet 2 (Figure 5,5-10) are sub.

Co = "_hB+ + D7 = tracted from the unshleJded lavais, Then
the levels are combined using Table

_/(- 65)' + 870' = 072.67 it, 5.3-4 tc give the total A-weighted day-night
Lc = AC + Bc - Cc = 6,25 ft. sound level for railways to be used in
SlmlJady the path length difference for Chapter 6.
dleseFelectrlc locomotives Is,

A/= _/(HB -- 15)++ (O -- DR)' -_

511 cliff' = 2 I•_(32-15)++(070--810)'=62,38ft, "add2 add2 I'd]if'=2
RI = Ba=810.67ft_ 63 55 diff.=257
C/ = _/(hB _c 15)+-p O' = 53

"k/i(-- 65) + 15)' + 870' = 071.44 11, " ._JL/= 0+25(A/_- [3/-- C/) = 0,40 It, 55. a"-_-_ 59 riB.



Figure 5.5-12. Alrcralt Worksheet1 for Airport of Example,
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FIgura 5.5-13. Mapp]ng of Approximate NEF Contours for Runway #1.



103 Since the four component noise levels are From the data of Table 5.4-2, this terra-
about the same value, there Is no dam[- spends to airport category 2, Approximate
nant component as there ]s for highway NEF contours are mapped as shown on
noise (heavy trucks), Comparing Ihe total Figure 5,5-13 for Runway #1, because
highway noise level to the total railway this Is the runway nearest to the building
noise level (about 66 dS versus 59 dB), site and hence the one most likely to sl-
it Is obvious that highway traffic Is the fact the proposed building, Since the
predominant source el noise for the build- building _s located between the NEF 30
Ing site (without conslderlng aircraft and NEF 40 contours, an Interpolated
noise). Hence, avon though the railway value must be caloulated. First, the dis-
noise level could be lowered by increas- tance ratio, R, fscalculated as follows:
Ing the height or the length of the barrier, xg 5000
the total site noise would not signlgcantly R ..... 1.1.Xl 4500
change. With thts value, the facto," C10 is deter-

mined from Table 5.4--4 to ba Ct0 = S,

Aircraft Noise Predict)on The rating at the building site Is then ap-
proxlmated as,

As seen from Ihe map of the area, Figure NEF = 40-- C10 = 40-- 6 = 34.
5.5-'f, there Is an airport which affects this STEP A4 AIRCRAFT NOISE LEVEL
hypothetical building silo. This commercial The A-weighted day-night sound level la
airport consistsof two major runways which then calculated to be,

handle a varlely of air trafflo Including jet Ldn = NEF-_ 35 = 34 _- 35'_ 69 dB.aircraft. The end of Runway #1 Is about
one rnlle from the building site, Thus, the A-weighted day-night sound

level for aircraft to be used in Chapter 6
Is 69 dB,

STEP A1 AIRPORT DATA

First, it Is determined that noise rating Total Building Site Noise Lave#
contour maps have not been constructed.
Since there are no contour maps, STEP The A-weighted day-night sound level can-
Al.3 must be performed. The number of tributions from the two highways, railway
"daytime" jet operations is, NJday = 25; and airport are,
and the number of "nighttime" jet oper- Highway Traffic .............. 66 de,
atlons is NJnlght = 10. Since the melric Railway ..................... 59dB,
being used Is Ldn, no further Information Aircraft ..................... 69 dB.
is needed on the number of operations The tolal exterior noise level at the building
(STEP A1.4). These values are recorded site, which ]s the summation of these four
on Aircraft Worksheat 1, (Figure 5.5-12). contributions, is an A-weighted day-night

sound level of 71 dB, The two predominant
Now skip to Slap A3, since Stop A2 is not sources of noise at the site are aircraft and
needed for this example, heavy truck traffic or= Highway #1, The

ii highway traffic noise could be reduced by
STEP A3 NEF RATING AT BUILDING increasing the height of the earth berm

SITE--CONTOUR MAPS along Highway #1, but this would have no
; NOT AVAILABLE effect on aircraft noise, The aircraft noise

level could be lowered by reducing the
The "level of activity" of the airport is number of operations, In particular the hum-
based on the elfecgve number of jet opar* ber of "nighltlme" operations, but to elfec-
aliens given by, lively tower the total exterior noise level at

NJeff = NJday _ 17 NJnlght -- the site, the contributions from both sourcea_
25 -_ 1S X 17 = 195. would have to be red uced.





1o5 Chapter 6
How to Make an Analysis of
Outdoor Activity Area and
Indoor Sound

.I

You have now identified potentially trouble- be simply added together or averaged
some sources of highway, railway, and/or to get the total noise level. Instead, they
aircraft noise near your building site; In are combined, two values at a time, with
Chapter 4 you selected a point, or points, the use of Table 6-1 {same procedure as

, on your site for oslimating the summed STEPS H14 and R16 for combining Indl-

J effecls el sound from more than one trans- vldual components to get the total high-podatlon system source; end in Chapter way and railway noise level respectively),
5, you estimated these separate source Starting with the two smallest levels, sub-
levels. Here in Chapter 6 you will make an tract one from the other to get the differ-
estimate of the sound levels. Here in Chap- ence. With this value go to Table 6-1 and
ler 6 you will make an estimate of the sound determine the level adjustment which Is to
levelsIn outdoor activity areas and an Inltlal be added to the larger of the two original
analysis of the rooms in your building noise levels. Now repeat this procedure
scheme to see If the indoor sound levels will with this adjusted level and another of the
exceed the noise criterion levels you se- transportation system noise levels. Continue
lected In Chapter 3. If the sound levels in this computation unlll all components have
your outdoor activity areas or building's been combined into one value. For example,
]ntedor rooms do nol exceed the selected consider the hypothetical case given In
noise criterion levels, you have n building Section 5.5, where there are two highways,
schemewbich should be sntisfactorgy quiet a railway, and an airport which generate
for Its occupants. If, however, the sound noise heard at the building site. The A-
levels exceed the selected noise criterion weighted day-night sound levels are:

:_ levels, you will probably want to reduce highway .................... 66 dB
the sound levels in the rooms by employing railway ..................... 59 dB
some of the design alternatives discussed In aircraft ..................... 69 dB.

_i Chapter 7, The total outdoor day-night sound level In,

! Outdoor Activity Areas
,L

On your proposed site ynu may have certain 59)dill = 7
i areasdesignated for outdoor activities. The --57

add 1 dill, -- 2particular use of these outdoor areas de- 66 71dB.
pends on the type el building you are de- add 2E_

• signing, and could be the yard around a 69.
_ family dweging, a park or walking marl
_' adjacent to an office building, a courtyard
'.: for an apartment building, a schoolyard,
il a playground, etc. Since these areas are Table 6-1. Transmission and Level Adjust.ments for Shelf Isolation Ratings

designed mainly for recreational use over and Noise Levels.
extended periods of time, you must be con-

cerned with their outdoor noise levels, and Absolute Difference Transmission end
you will recall fmrn Chapter 3, that the aug- Between SIRs or Level Adjustment
gested noise criterion for outdoor noise Noise Levels
(esp0cially for residential occupancies) is

i an Leq or Ldn of 55dB. >10 O
The total ouldoor noise Jevel Is obtained 4-9 1
by combining the noise levels generated

!: by each of the tran_port_tlnn _y_tnms, as 2-3 2
calculated in Chapter 5. Since these lev- 0-1 3
sis are logarithmic In nature, they cannot



106 After you have determined the total sound racily to the exterior through which sound
levels for the outdoor activity areas on your energy can enler the building. For this roe-
site, compare their values with the noise son, the design guide's procedures assume
criterion levels for such areas as discussed that aH ventilation is forced, that the ventfla-
In Chapter 3. If the eslimaled sound levels tlon openings to the exterior are well tour-
are less Ihan the noise crJlerlon levels there hod, end that ell windows and doors are
wilt probably be no noise problems; but closed, Brief Indications are given Ioward
if Ihe noise criterion levels are exceeded, the end of this chapter of e procedure
these areas may net be fit for outdoor use. which may be used to estimate the amount
If noise problems are due to elrcrafl fly- of protection provided by the building shell
overs, there is no simple solution aside from when the windows or doors are open, el-
choosing a new site. if noise problems are though you will ordinarily not be concerned
due to ground transportation (highways wllh the (reduced) protection provided In
and/or railways) you may be able to con- this circumstance.
struct sound barriers which can reduce

the outdoor noise levels below the noise Design Straleglea
criterion levels. Also, you may be able Io
orient the building in such a way that the Arthough this design guide simplifies the
building itself will act as a barrier end calculations, these computations take time,
shield the outdoor areas. This, of course, and you will probably not want to make a
wig depend on the size and location of the calculation for ouch room.., at leasl, not
outdoor areas relative to your proposed at the outset. Instead, you wiP want to select
building. These and other design affema- representative rooms, determine whether
lives are discussed In Chapter 7. or not their sound levels will exceed the

noise criterion levels, and then extrapolate
Inlerlor Sound Level these findings to other rooms.

Moreover, you will probably want to adopt
The prediction of [nledor sound levels in advance some stralegy for dealing with
due to exlerlor transportation system noise the results of your room-by-room calcula-
sources will be determined by combining tions to keep the number of computations
InformaPon obtained in preceding chapters to a minimum. If you could be sure that
on exterior noise revels wllh estimates of the sound level for each room In your
the noise Isolation that will be afforded by building scheme would Just meel IIs
the building shell, consisting of wails, roots, selected noise criterion lever, such e sire-
and floors exposed to exterior noise. This tegy would not be needed; but, such an
guide's method is to perform an analysis, ideal situation is unJIkely. Here are somewhich presumes that you now have corn.

suggested strategies to reduce the number
plated a building scheme in sulficient de- of room calculations. Figure 6-1 illustrates
tail to perform such an analysis, it ts fur-
ther presumed that your bulldtng scheme three strategies,
Is somewhat Pxed, but still sufficiently flexl- Strategy 1. No room shaft have a sound
ble to permit room-by-room design revisions /eve/ which exceeds Its selected noise or.
to reduce sound levels in Ihese rooms below teflon/eve/. To pursue this strategy, choose
the noise criterion levels, the room in your building which has Ihe

lowest noise criterion level, and the great.
The aoousgc analysis of your building is to esl exposure to exterior transporlatlon sys-
be made on a room-by-room basis. This tom noise. This room presenle a potentially
approach raspeots the physics of sound difficult design challenge and Is called a
propagation . . . the sound travels from "worst case" room. Run a oafculation on
its source to the proposed building shell, this trial room. If the sound level wbh[n
and then is partially transmitted Io the in- this room is at or below the selecled noise
terlor through the shell Itself, or penetrates criterion level, you have satisfied the sire.
the shell through any openings. Once in- tegy's objective for this room, and perhsps
side a room, the sound Is absorbed by the for ell rooms in the building. If, however,
surfaces of the room and its lurnishings, there Is excessive noise In this room , , .
The guide's method presumes that Inlertor interior sound level greater than the noise
room walls prevent the spread of sound criterion level . . . you should Improve tile
to adjaoent rooms, room's acoustical properties and run 1he
It is presumed that you will want to estimate calculations again. This should be repeated
the maximum protection against external until the noise criterion is satisfied for this
noise Ibat your building can provide, Obvl- first trial room. Then, select the next "worse
ously, protection Js reduced by such ele- case" room, end proceed In the same men-
ments as open windows and doors, or by nor unlll its noise criterion is satisfied.
ventilation ducts or apertures leading dl- Then select the third "worst case" room,



107 _ and by requiring that the average difference
r- .... _ "NoImy"Soom_Above be zero, the average noise level of the
J f---=--<l Criterion LOVO_Imp/ovid

j , rooms of the buird]ng will not be greater
f'-_ than the noise criterion level. The risk here

;
Stral0gy1 _ W_l' r''_ No_. CrOatia.Level is that a solution satisfying an average

• sound level could be achieved by virtue of
,earn=.I of Selow a large number of rooms which have sound• Cr_wrion Level Are

NotChangod levels far above their noise criterion levels,
• balanced by rooms with sound levels well

below their noise criterion levels. The ocou-

;,._b=i-'l,-.----"_l Crilmlon"N°ilY"I]aom.AbOVeLevelImprovud pants of noisy rooms would suller from= I these noise conditions, and would hardly
I I r -'= be comforted by the knowledge that other
T 'I_T Z-1 NoiseCriterionLevuI occupants had highly favorable sound con-Slrntogy _

"[/ "P'"P!I I'-e R..... ,Cr,t=,,onLove, dh,ons, To overcome this, you could set
= I NotC,..ged an upper limit, say 5 decibels above the

_"'-_l* Room=Bel°wCriterionLev°l nblsa criterion level, which would be the
_| C_"_ Are Oogradod _°r Cast SsVlrlg¢ maximum sound level for any room. You

T_JL._ will want to adopt some special version of

- r------.4 "No_=y"Room=At;ovo this strategy to account for variations in
_--_"41 Crit_rl°n Lev°l ¢mpr°v°d room-by-room noise criterion levels and

----n-...... noise exposures.

SlraloGY3 _| • N°l=B Criterion L•val The above are three strategies which you

_'/ =

may wish to adopt to reduce the number
• of room calculations, and to deal with the

Exceptionally "QU_t" Room=t-- _--.._ MayBoDogradedtoMako results of your calculaffons. Perhaps you
CostSavingl CaR adopt other strategies which are

equally useful. In any event, you should
Figure6-1. SuggestedStraleglesforDealingwlthNoiseCrlter]e. probably begin by running two trial rooms

and so on, until you come to the room . . . your "worst case", the room with the
which Justsatisfies ]Is noise criterion. Then lowest noise criterion level and the greatest
stop, At 1his point you can presume that exposure to transportation system noise,
all other rooms sagsty their noise criteria, and . . . your "best case", namely, the
Hence, you have setlslled the objective of room with the highest noise criterion level
this strategy, and the least exposure, but still some oxpc-

sure, to exterior transportallon system noise.
Strategy 2. The sound level for every room The results of these two room calculations
shall just meet Its indoor noise criterion will give you the expected range of indoor
level. The disadvantage of Strategy 1, is sound levels which you con then compare
that it may be overly expensive, since Ihere with noise criterion levels,
will be rooms, perhaps many rooms, which
might have sound levels lower than their How to Choose "Worst Case" and "Best
noise criterion levels. Strategy 2 requires Case" Rooms for Trial Calculations
first that Strategy 1 be foflowed for all
rooms with noise problems, Improving them Choosing "worst case" and "best case"
one by one until each room just satisfies rooms depends upon ,.. (1) tile location of
its noise criterion. Strategy 2 then adds a the sources of transportation noise as dis-
second stage, that of degrading the acoustl- cussed In Chapter 4, (2) the type of building
cal properties of all rooms which have or room occupancy and Its occupants, and
sound levels less than the noise criterion (3) the physical characteristics of the build-
levels. Of course, judgment must be exer- ing shell and the room whose sound level is
clsed to ensure that cost savings would to be calculated, These building shell and
result from the design degradation of these room characterlstls are as follows:
"over-designed" rooms. If there would be • Shell construction . . . "monolithic" or
no savings, It is obvious that the rooms composite
should net be degraded. = Shell porosity, or air/eakage, particularly

that associated with "cracks" around
Strategy 3, The average sound level for doors and operable windows, and the
the bufldlng's rooms shall not exceed their Joints of curtain walls, etc.
respective noise criterion levels.The essence • The area of shell members enclosing a
of this strategy is that by averaging the room ,,. a she//member Is defined as e
difference between the selected noise crl- portion of the exterior walls, roofs, or
terlon levels and the interior sound levels, exposed exterior floors of a building
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108 which separate a room from the out-of- Examples of Choice of Representative
doors+ A component is e portion of a Rooms
shell member having a construction or
materials different from the parent shell Now let us discuss how to choose repre-
member; for example, a window Is s corn- sentative rooms for a detached, single.
ponent of a wall, family dwelling, a school, and a ten-story

• Room geometry... Includes the area of apartment building,
Ihe shell member(s) transmitting sound
from the exterior, and the total surface For the single-family dwelling, especially
area af the room, a small or medium-sized one, the building

• Room absorption •.. based upon the total itself would not provide much shielding as
area of all wails, floors, and ceilings of a noise barrier; and thus In many cases the
the room together with the combined exterior sound level can be assumed to be
surfaces of equipment and furnishings in equalen_llfoursidesofthedwelllng. Hence.
the room, and the sound absorptivity of the room selections could disregard the role-
these various surfaces, rive locations of the transpodatlon system

sound sources, and be based solely upon
The above characteristics permit the cal- ,room configurations and room noise crl-
culatlon of the sound isolation of each shell teda, If one noise criterion level were
member transmitting exterior sound to a selected for all rooms, then the room
room. The sound Isolation for each shell having the greatest external surface area
member is Ihen combined with that far all . . , probably the living room . , . should
other room shell members to yield the total constitute the "worst case", and per-
sound Isolation for the room. haps the kitchen should constitute the

We noted prevfously that you won't want to "best case". If dlflerent noise criterion
make any more room calculations than levels were selected for different rooms, the
necessary. If, however, you have a build- lowest noise criterion levels would probably
lag scheme with rooms that vary widely be for Ihe bedrooms.., thus, the bedroom
In floor area, room geometry, room sound having the greatest external surface area
absorption, and room occupancy (hence should be taken as the "worst case"; con-
noise crltedon levels) ... and If the rooms versely, a large room with the smallest
also have varying exposures and dilterlng external exposure and Ihe highest noise
shell member constructions . , . then no criterion level should become the "best
one room Is representative, and you will case".
need to make separate calculations for each
roam. On the other hand, many proposed Now consider the selecllon of represents-
buildings will have rooms that are similar tlve rooms for a school like the one shown
In floor area, geometry, sound absorption, in Figure 6-2, Since the building Is only
occupancy, exterior noise exposure, shell three stories high, and the transportalion
construction, and so forth, For these build- system sound source is a few feet above
Ings you can choose representative rooms grade, 1hedistance from source to receiver,
for interior sound level calculations, and hence the resultant sound pressure level
spare yourself a good deal of time and would vary little from one story to the next.
effort,

single room which you think has "average" _ I
design features and "average" exposure
to transportation system noise. Hopefully,
such a single set of room calculations would
yield the "average" Indoor sound level for _.k_ -_
your building scheme. More likely, however,
you will remain in doubt as to whether or
not the selected room was truly represents- _
tire of average conditions.

A better option Is to run calculations on the

"worst case" and "best case" rooms. This _'_Hlghway or railwayadds only one set of calculations and tends
to estabtlsh not only the range of high

and low Indoor sound levels, but also per- _ . _mits you to make a better estimate of
"average" conditions midway within this
range. Figure 6-2. "Worsl Case" Room for School,



109 A top story room would receive almost the
same sound level as a lower story room,
but would have roof exposure In addition to

Flnnkln[I
wall exposure, Hence, a top story room near w.w.. A ' r .' #

the transportation source should be selected ';, _ t_o_,!':;,_\;_.:;_ ;_;_,:
as a "worst case" representative room, - .... ,, _._

However, since the building Is very lung and _ .
wide, the horizontal distances from the _ _'_r" _,*"Fac=da

sound source could be an important con- / _" _ .-" w,a

s,derat,on and may cause sound levels to /"/'_--'_--bOOdrop appreciably from a near corner of the

"11 oschool to a distant corner. Naturady, Ibis
variance is Increased when the sound =
source is quite near the building, More-
over, the type of room occupancy will vary (6-3a) Highway or Railway Noise Impinging
greatly in a school, and this variance may Upon a Flanking Wall.
be reflected in different noise criteria, say,
for an auto mechanics shop or a library.
The shop could have a noise crftedon lever
of 60 de, whereas the level for the library
could be as low as 30 de. In addition if lhe
principal source of nolsa Is located on one
side of the building, the building itself may
provide beneficial shielding for rooms facing ,P%
away from the sound source, An allowance
of 3 dB may be made for this shielding
effect. You will need to consider all these
factors in choosing the "worst case" and

"best case" rooms, }. -t4
As a third example, consider the fen-story
apartment building shown In Figure 6-3, (6-3b) Highway or Railway Noise Impinging
Assume that this simple tower has two Upon a Facade Wall.
windowed facades and two flanking walls.
In such a building it has been customary to Figure 6-3, "Worst Case" Room for a
charge a higher rent for higher floors than Ten-Story Apartment Building.

for lower floors, Accordingly, the designer noise criteria. Moreover, since apartment
may wish to provide a relatively quieter buildings will usually have a single noiseenvironment on theupper floors and serect
for them e lower noise criterion level. Aside cdtedon for ell outside rooms, the tdal
from this sort of consideration, however, room can be selected so_ely on the basis
you can Ireat all stories equal, and let the ot exterior shall area. t_ence, a large, top-
Iocatiun of the fransportallon system sound slory, corner room should be chosen asthe "worst case" for trial calculations. A
source and the building characteristics con- lower floor, small, non-corner, outside roomtrol your selection of ropresenlatlve rooms
for trla_ calculations, should be taken for the "bast case." Note

that this recommended "best case" room
The apartment tower we are considering is is stIJI an outside room, and consequently
a good example for our purposes since it wlg have some exposure to aircraft noise.
Is representative of many buildings having As such, this "best case" room could oh.
heavy end*walls and windowed facade walls, vlousJy not be as quiet as an interior room

We will discuss the building with respect , ., one having no exterior shell exposure
to the three types of transportation system to aircraft noise, Following the above ap.
noise as it might come from several source preach, the sound levels in the "worst
locations, case" and "best case" rooms wlIJ thus be

representative of the range of sound levels
Usually, it a building is exposed solely In the rooms exposed to aircraft noise,
to aircraft noise, the bulldlng's orienta-
tion will make little difference, partlc_Jlady NoW consider highway and railway noise
ff air traffic patterns vary. When averaged sources. For these, the selection of trial
over many gyovers, sound pressures will rooms will depend heavily upon the Iota-
not be consistently lower at any one side lion of Ihe source, keeping in mind that
of the building shell, Thus, the selection highways and railways constitute lice
of a trial room can be based upon Ihe sources, If the sound propagates toward a
room's exterior shell area, and upon critical ftan_Jng wall, as In drawing "a" of Figure



110 6-3, then the distribution of sound levels sources, all the other outside rooms of
over the two facade walls will be similar each facade of the building should have
wllh higher sound levels at the end of the sound conditions falling between your "best
facade wall near the source, diminishing case" and "worst case" rooms, However,
to lower levels away from the source, Thus, don't hesitate to make additional trial eel-
representative trial rooms can he selected culaflons If needed to positively Identify
from either of the two facade walls because your "best case" and "worst case",
it is probable that the flanking walls of
heavy construction and with no windows If the sound source Is nearby and low,
would not transmit as much sound energy choose a first-story, outside, corner room
as either of Ihe facade walls.. The "worst from the facade facing the noise source as
case" should be selected from rooms near your "worst case"; and from the same
the source which have low noise criteria facade a top story, outside, central room
and large exterior shell areas; the "best as your "best case". It is common practice
case" should be chosen from rooms far from In such buildings to design the ground level
the source which have high noise criteria story for non-residential uses and Io can-
and small exterior shell areas, struct this first story differently from upper

stories. If you have followed this practice,
If the highway or raflway sound propagates choose your "worst case" apartment room
toward e facade wall, as in drawing "b" of from the second story. Note that in all these
Figure 6-3. not one but two pairs of repre- selections, the "best case" Is not one
sentative rooms will be needed, The reason which would receive the least exposure
for this is that the bulldlng itself acts as a to exterior, transportation system sound, be-
barrier which shields rooms on the facade cause both basement rooms and inside
wall away from the source. Hence "worst rooms would receive less exposure to sound
case" and "best case" rooms should be than the "best cases*' selected above,
chosen from bolh the near and the distant Instead, it is the "best case" selected from
facade wails, rooms having a reasonable amount of ex-

posure to the sound soarce_
The distribution of sound levels across the
facade wall near the source is often falrly How to Predict the Sound Level In a
uniform. The prediction of interior sound Trial Room
levels for rooms with exterior walls on this
facade can be handled readily by the pro- Once you select the trial rooms, you can
cedures In this design guide. However, thls proceed to predict their sound levels using
does not hold for the facade wall facing the special procedure developed for this
away from the source. Here, the sound level design guide, Your calculations will be
dlslrlbution Is not regular.., sound will be aided by the use of two worksheets for each
diffracted around the comers of the building trial room. One worksheet provides a pro-
possibly making the end, outside rooms cedure for computing the cumulative Shell
noisier than central, outside rooms. The Isolation Rating (SIR) for the room In ques-
same phenomenon may cause sound levels lion, and is called the SIR Worksheet (See
to be higher fcr top-story rooms than Figure 6-4),The second worksheet uses this
ground-floor rooms, room SIR together with the sound levels at

the building estimated In Chapler 5, to pro-
To estimate room sound levels on the far dlct the sound level inside the trial room.
facade. The sound levels at the far facade The second workshset is called the Room
shfoldlng effect of the building Itself be dis- Noise Worksheet (See Figure 6-5).
regarded, which Is a conservative approach,
or Ihat a maximum reducllon of 3 dR be The purposes of the following explanation
made at the central portion of the shielded are twofold.., one, to famllladze you with
facade. The sound levels at the far facade some of the principles of sound transmls-
wall will, of course, be somewhat lower due slon through a bulldlng's shell; and.,, two,
to the greater distance of this facade tram to guide you through the calculations using
the source (without conslderatlon of the Iho workshests. A detailed example of
shielding effect). These levels can be osti- the calculations is presented in the con-
mated by a set of Chapter 5 calculations sap- cludlng portion of this chapter, and you
state from those Ior the facade wall near the may find It helpful to refer both to the ex-
sound source; or, these latter calculations ample and to the following Instructions as
can simply be reduced by the very crude you make your own worksheet calculations.

rule of thumb that sound levels decrease The amount by which the exterior sound
by about 4 to 6 dB for every doubling of levels are reduced by the building shell Is
the distance from the source. 'determined by several factors .. ,

With respect to exterior transportation (1) the area of the room's exterior shell
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Figure 6.5, Room Noise Worksheet.

exposed to sound . . , the greater the estimation of thB Isolation provided by the
exposed area Ihe more the acoustical exterior building shell, a slngle-flgure rating
energy (sound) transmlltedl system, Ihe Shell Isolation Rating (SIR), has

(2) the mess, or weight, par square loot of been especially devised Ior this guide. The i
area of such room shell members as SIR number Is a measure of the A.welghted
exterior wells, roofs, and (possibly) sound level reduction thai can be expected
floors which may be cantilevered, sup. when certain building shell materials are
ported on plies, or otherwise exposed used. This rating number Is determined
to exterior noise.., heavy shell mere- from available laboratory measuremenls of
bars, such as concrete or masonry wells, acoustic transmission loss data versus fro.
transmit less sound than lightweight quenoy. Selecled shell assemblies and cam-
shell members, such as curtain walls; ponenls are tabulaled with their SiR values

(3) air leakage,., sound energy can readily in Appendix A. The technical basis for the
enter a building even through very small SIR melhod and a lechnlque for detarmln-
openings. Thus quality of construction lag this rating for shell assemblies notlisted In Appendix A Is explained in Appea-
ls Important to seal small pores and dlx B.
cracks. Componentlzed constructlen can

transmit noise because of such leakage To account specifically for the above effects
through joints belween the components; of the building shell In reducing exterior

(4) the room geometry (the ratio of exterior sound levels, you will be using 0he SIR
shell members to room floor area) , . . Worksheet for each room In your proposed
Important In determining the relationship building for whlch Interior sound level esti-
between the amount of energy entering mates are needed. Let's scan the SIR Work_
the room and Its sound lavell sheet in Figure 6.-4 end the flow chart of

(5) the average acoustical absorptivity of Figure 6-6 to become familiar with the
the room's Interior surfaces.,, carpeted necessary calculations. The SIR Worksheef
floors absorb more sound than hard can account for one room having as many
floors; acoustic ceilings absorb more as five shell members, enumerated In
Ihan smooth plaster or gypsum board Column (a) of the worksheet. Thus. Iha SIR
ceilings; and over-stuffed or heavily up- Workaheet can handle a free-standing room
holslered furniture, drapes, and other such that four wails and the roof are ex-
sound absorptive elements reduce room posed to sound energy, or a room coati-
sound levels, levered from the face of a building such

that three wails and the floor and roof of

A precise estimate of the sound Isolation of the room are exposed. If you have a room
the shell would Involve an analysis by dis- wlth more Ihan five shell members, you can
crete frequency bands using transmission disregard one or two shell members which
coefficient data, However, to simplify the acting by themselves would transmit the



113 least amount of sound; or. you can combine four components, you will have to extend
pairs of adjacent, similar shell members, the step-wise procedure for combining SIR
treating each pair as if it were a single values to yield the appropriate composite
shell member having the size and corn- SIR value. The step*wise procedure Is
ponentizatlon of the two shell members put straightforward enough that you will have
together. For most rooms, however, the SIR little difficulty in extending the procedure;
Worksheet's accommodation for five shell ahhough you may want to make your own
members should suffice, specialized SIR Worksheet for this unusual

CflSS*

Since many shell members (such as walls)
are made up of more than one component In summary, then, the SIR Workeheet can
(such as windows, doors, subpanels, elc.), readily provide the shell Isolation rating
the SIR Worksheet is arranged to account for e single room In your building, when
for as many as four components wilh[n each the room has a maximum of five shell mere-
shell member; the four being labeled A, B, bars, and when the shell members have a
C, and D down Column (d] of the werksheet, maximum of four components, if these
If you have shell members with more than maxima are exceeded, the special proce-

WORKSHEETCOLUMNS dure9 described above can fit your room
STEPS POSSff3LYREQUIRED ]RiO the SIR Worksheet. Now. let's glance

[Stc_Of,o:Fnl...... da,a.n_dat, i _ [ further at the provisions of theworksheet.

up oStlhcllmumbers eachV, lhup _,b.kc.d.e.l.g, ,

104components .i..i m... Columns (a, b, c, d, and e, g, h, i, J, k, I,
and m) are used to enter descriptive and

I I dimensional data from your bufld[ng

Stop Two: Co'_pulo ¢ompos=te SIRS I n, o. D, q r, S.I, u [ scheme, as Is Column (aa) which providesI°r allshellmembur$ i _.w ,. y an estimate of the air leakage based on thelevel of workmanship for each shell meta-

l bar. Column (f) receives one SIR for each
StepThioe:M_ko_,rloakagO_dl_St.Ihb monolithic shell member or one SIR for

mentlet Sh°llmembute i each component of componentlzed shell• members.

] ] The twelve columns after Column {m) are
cott_honSlePFour:isrM_k°_hollrnomborse°cmgeometry ! CO'd_l I used in groups of four to calculate corn-

# posits SIRs for consecutive pairs of shell
members components, Thus, Columns (n,

I slop F'¥1_:M_keroomabsOrpllon[ [ o, p, and q) are used for the composite SIR

corr°Cli°nand¢°mput°a(llU=lCd I e°' ff I of Ihe two components having the hfghest
F

stroll regretter SIR I component SIR values (Components A and

B); Columns (r, s, t, and u) are used for the
I t_. , _ , ,am composite SIR for Composite A-B and Cam-
: Step SIA:C°mbin° stl°ll meml_°l SIR I nn, so. PP, qq r_, portent C; and, Columns (v, w, x, and y)V_IUQSI00bIH,t_ fOt_m S_R

I _s are used for the composite SIR for Cam-
poellaA-B-C and Component D, Monolithic

I shell members having a single type of con-

slop Seven: Tabulalo oxleI,or no,su [ 13 strucllon require none of the Column (n)_ov,,_. through (y) calculations.,, the shell mem-
[ ber SIR is simply used for calculations

beyond Column (y), Componentlzed shell
J members having two types of construction

sto_E,_h_com_,n_o._or_o_sound[ c, D E,F G.H require the calculations of Columns (n, o, p,

_: [ and q); shell members with three compo-
nents require the calculations of the tatter

StopNineDctelmlnomt_r=or_cund j COlUmnsplus those of Columns (r, s, t, and
_,c_ I LJ u); and shell members with four components

I require the calculations of all twelve col-
umns, .. (n) through (y),

Sl_p Ten Comp,_rn Jftl_rlor 60_t3d i_*,_h o,s_c,,l_.o_.,vo_ I K After the composite SIR (if a composite
I SIR _s needed) has been calculated for

Shell Member Number 1, Ihe other corn-
Figure6-6, FlowChartforStepsofthe posge SIRs are calculated in lurn for all
SIR and Room Noise Worksheets. other shell members, as required.



114 Then all composite (or shell member) SIRs all shell member will have a SIR value
are corrected for air leakage, room geom_ higher than any other components of the
stry, and room surface absorptivity In shell member. Naturally. this would be true
Columns (as) through (gg), for e masonry shell member [Component

Finally, these corrected SIRs for the shell A) pierced by e window [Component B)., .
members are accumulated palrwise to uItl- the masonry has a higher SIR value than
merely yield the room SIR. These ¢alcula- the window. However, consider a Ilghtwelghtcurtain wall containing several granite
tlons are made In Columns (hh, il, and jj; panels, The stone panels, having the higher
kk, II, and ram; nn, co, and pp; and qq, rr, SIR value, would In this case constitute
and ss) using three so(umns for each pair Component A, and the oudaln wall wouldof shell members, The cumulative SIR for
the last pair of shell members Is the Room constitute Component 9,
SIR, which Is to be used as the entry In the The computational procedure requires the
Room Nslss Worksheet to compute ths area of each component In a component-
room sound level; and In turn, to compare Ized uholl member, with the exception of
these sound levels with your pro-selected the area of the component with the largest
noise criteria. SIR number. In the case of a masonry shell

pierced by a window, the area of the over-
Having described the SIR Worksheet in all shell member is entered in Column (c),
general terms, let us now follow its proce, but Is not required in line A of Column (m);
dures step by step: wMla the area of the window is required

and would be entered in line B of Column
Shell Isolation Rating Prediction Method (m). For the case of the curtain wail with

several granite panels, the area of the over.
STEP ONE: ENTER ROOM AND SHELL ell shell member Is oncs again to be
MEMBER DATA entered In Column (c). The total area of
Enter shell member data In Columns (b, c, the several granite panels Is not required;
and as); and enter room data In Columns while the ares of the remaining portion of
(g, h, i, and J). Note that rooms having sus- the curtain wall Is required and would be
pended lightweight ceilings san receive ex- entered in line B of Column (m).
terior soundthrough portions of shell morn- When a shell member Ilas more than one
bets extending up through the dead space component, the shell member's composRo
of the suspended ceiling, Hence, the room BJR may take a value only slightly higher
"height" for noise cslculat(ons Is not from than that of Ihe component having the low-
the floor to the suspended ceiling, but from est SiR value.
the floor fo the underside of the floor or roof
slab abovethe ceiling space, STEP TWO: COMPUTE COMPOSITE SIR

In using the worksheets all values should VALUES
be rounded off to the nearest whole number
In feet or decibels (or dealbel equivalents). For a shell member having two components
The only exceptions are the Interpolation (the shell msmber itself plus one other
factors, andthe fractional area ratios which component), ssmplete the procedures end
should be computed to two places to the entries of Columns in. o, p, and q). The
right of the decimal point, component fractional ares of Column in)
It the shell member Is monolithic. ,. all of is the ratio of the area of the component
brisk veneer,or all wood frame construction, with the lower SiR value to the area of the
or all cinder block . ,. then it Is a single shell msmber Itself. The component free-
component shell member; Columns (k tlonal area Is expressed as a dec(real frac-
through x) can be Islt blank; and the shell tlon and carried to two placss to the fight
member SIR from Column if) can be copied of the decimal point.
into Column (y) for the monolithic 'shell Ths difference between SIR A (for Corn.
member SIR value, ponent A) and SIR B (for Component B) is

On the other hand, If the shell member has entered as a whole number in Column (o).
more then one component, then Columns Co(umn (n and o) values are then used to
(k, I, and m) must have entered data, Note determine a composite correction factor
that the components must be arranged In from Table 6-2, which Is entered (n column
the order st decreasing SIR values. This (P)'
will often mean that Component A for a This composite correctlsn factor is then
shell member will overlay the shell mere- added ts SIR B to yield the composite SIR
bar, and will have the SIR value, area, and A-B to be entered In Column (q), This value
overall face dimensions of the shell mere- Is also entered In Column (y) to serve as
bar Ilself, However, some csre must be the composite SIR for the two-component
taksn In this, for It presumes that the over- shell member.



Table 6--2. Composite SIR correct[on faotors.



116 For a shell member having three cornpo- cracks at doors and windows, permanently
nests (the shell member Itself plus two open ventilators, and even open fireplace
other components), complete the above pro- flues can reduce sound fsolatlaa.
cedures and entries for Columns (n. o. p,
and q) and then go on to repeat similar STEP THREE: MAKE AIR LEAKAGE
procedures and entries for Columns (r. s, ADJUSTMENT
t, and u), In this process, the composite if the workmanship for any shell member Is
SIR A-B Is combined with the SIR G (for to be "excellent," you need no adjustmenl
Component C). The resultant SIR A-B-C for air leakage (as): simply enter fhe SIR
In Column (u) Jssloe entered in Column (y) from Column (y) In Column{bb). If, however,
as the composlle SIR for the three-pampa- the workmanship Is to be "good" or "aver°
neat shell member, age," refer to Table 6-3 to obtain an adjusted
For a shell member having four components SfR value accounting for aft leakage based
still another series of similar procedures upon an estimate of the opening In square
and entries are sornpleted, those far Col- Inches per 100 square feet for the shell
urnns (v, w. x, and y), Here, the composite rnembor In quosgon entered In Column (an),

SIR for the four-component shell member You may be able to make a good estimate of
Is the SIR A-B-G-D which appears In alropenl_=gslnsquarelnchesperlOOaquare
Column (y). feet from project drawings and specifics-

* • • * • tJons. If not you can use as a guide the

The SfR value for each shell member must estlmalea of air leakage given below for
next be adjusted to account for air leakage, good and average workmanship and various
The SIR values of Appendix A assume types of shell member construction. To estl-

superior worKrnanshfpwhfch virtually el[rni- mate air leakage aarrespondl_lg to good
nates afr leakage, Merely "good" or "aver- workmanship, use one of the following esti.

mates:
age" workmanship will result in hares or
cracks which reduce the sound Isolation a) monofRhlo
of the building shell. In addition to holes, walls ......... 0.75 to 1.5 [n'/100 ft',

Table 6-3, Adjusted SIR of Composile Shell Member Dependent Upon
Air Leakage Through Member

aIR of
Compo=lle Air Opnningl Int/1O0 ftl
PlrtillOn

0.1 0,25 0,50 0,75 1,5 ,0 45 G+0 7.5 0.0 12.0

02 52 48 45 43 40 37 35 34 _:1 32 31
_1 51 48 45 43 4D 3? 3S 34 33 32 31
_0 51 48 45 43 _(_ 37 35 34 33 32 31
6D 51 48 45 43 40 37 35 _4 33 32 31
U_ 51 48 45 43 40 37 35 34 33 32 31
57 51 47 4S 43 40 37 35 34 33 32 31
58 51 47 45 43 40 3? 35 34 33 32 31
55 50 4? 4S 43 ,40 37 35 34 33 =2 31
54 50 47 44 43 40 3? 35 34 33 32 31
53 4B 47 44 43 40 37 35 34 33 32 31
52 40 47 44 42 40 37 _S 34 33 32 31
51 48 46 44 42 40 37 _S 34 03 32 31
50 48 45 44 42 40 37 3_ 34 23 32 01
49 47 45 44 4_ 39 37 _5 34 33 32 31
48 47 45 43 42 30 31 :15 34 33 32 31
47 46 44 43 42 39 37 35 04 33 32 31
44 45 44 42 41 39 30 35 34 33 32 31
45 44 43 42 41 30 38 35 34 33 32 31
44 43 43 41 40 39 _6 34 33 3:] 3_ 31
43 42 42 41 40 38 3§ 34 33 33 32 31
42 42 41 ,40 39 30 36 34 33 32 32 31
41 4t 4[) 40 39 37 3_ 34 33 32 :]1 31
40 dO 39 09 _8 37 35 34 33 32 _1 30
39 3_ 38 38 2a 38 35 34 33 32 3T 39
38 38 20 37 37 36 34 0_ 33 32 _1 30
37 37 37 35 35 35 34 33 32 32 _1 30
36 36 38 3S 35 35 33 32 32 31 3T 30
35 35 35 35 34 34 33 32 31 31 30 20
34 34 34 34 33 33 02 3; 31 00 30 29
33 33 33 33 33 32 32 31 30 OD 29 29
32 32 32 32 32 31 31 _0 30 29 29 28
31 35 31 31 31 30 30 30 29 2g 28 28
30 30 20 30 30 SO 29 29 29 28 2J_ 27
29 20 2g 29 29 2g 28 28 28 28 27 2;r
28 26 28 2e 2s 28 27 2r 27 27 27 20
27 27 27 27 27 27 27 26 26 28 2_ 28
_6 2G 20 26 26 26 2(; 25 25 _5 2S 25
25 25 25 25 25 25 25 25 24 24 24 24



117 b) walls with fixed STEP FOUR: MAKE ROOM GEOMETRY
windows or other CORRECT/ON
panels ......... 1.5 to 3.0 In'/1o0 ft',

c) walls with wealher For each shell member, enter In Column
stripped operable (cc) of the SIR Worksheet the ratio of the
windows ....... 3.0 to 4.5 In'/lg0 It', shell member area (from Column (c)) to the

d) walls wilh non- room floor area (from Column (J)). Refer to
weather stripped Table 6-4 for the value of the room geom-
operable etry correction factor, end enter It In Col-
windows ....... 4.5 to 6.0 In'/lg0 ft'. umn (dd), Note that for all roofs, whether

flat 'or pllchod, the value of the correction
To estimate air leakage corresponding to factor Is -2,
average workmanship, use one of the fol-
lowing estimates:

Table 6-4. Room Geometry Correction
a) monolithic Factors,

walls .......... 1,5 t_ 3.0 In'/100 ft',
b) wells with fixed ExteriorShellMemberAree Correction

windows or other Room FloorArea Footer *

panels ......... 3.0 to 4+5In=/100 ft=, 0,94 to 1 --2
o) Walls with weather 0,67 to 0.93 --1

strfpped operable 0,50 to 0.66 O
windows ....... 4.5 to 6,6 ]n'/10O ft', 0.37 to 0.49 -_-1

d) walls with non- 0,28to0.36 _2
weather stripped 0,22 to 0,27 _-3
operable 0.17 to 0.21 -_4
windows ....... 6.0 to 7.5 Inryl0g ft'. 0,13 to 0,16 -_-5

': Enter the appropriate value of "Adjusted o.10toO.12 -_6
_+ SIR based on Air Leakage" in Column (bb)_ " For all roofs regardless of pitch+use a coffee.

of the SIR Worksheet, lion totterer-2,

• • • • • t • •

A portion of the sound energy transmitted The data of Table 6-4 are for carpeted
through the shell members Is absorbed In- rooms wllhout an acoustical ceiling and
aide the room. Thfs absorption is proper- without heavy drapes. Such a room is pro-
lionel to the total surface area of the tnte- sumed to have "medium" reverberation
riot of the room and the absorptivity of properties. Rooms having additional acous-

_ these surfaces, The Information of Column tlcal absorption such es an acoustical call-
;, (co) is based upon an approximation of the Ing or drapes covering 50% or more of the

I_ total Interior surface area. The Column wall area will have lower sound levels.
;, (dd) value then enables you to estimate the Conversely, rooms without carpet wilt have
, correction required for the total surface higher sound levels, These dlgarences In
" area, end hence, absorption, This factor, room absorption require adlustments In the

taken from Table 6--4, Is based upon con- shell member SIRs as calculated In Step
stderatfon of the room depth as related to Five.
Its height and length In terms of the retie
of shell member area to floor area.

STEP FIVE: MAKE ROOM ADSORPTION
The computations by which the SIR method CORRECTION AND COMPUTE ADJUSTED
was derived were initially based upon the SHELL MEMBER SIR
assumption that the ratio of exterior parti-
tion area to floor area would be between For each shell member of your trial room
0,2g to 0.36. (For a rectilinear room having determine whether an adjustment should be
an eight.foot ceiling, this corresponds to a made for acoustical absorption other than
room depth from the shell member to the "medium",

Inferior opposite the shell member of 22 to If the room has an acoustic tile calling, or
28 feet.) If the ratio is larger, as is the 50% or more of the wall area Is covered
case when the room depth Is smaller, with draperies, enter a -.t-2 in Column (ee).
the room surface area end absorption will
be smaller, and the sound level larger. To if there is no carpet on the floor, no acoustfo
account for these geometrical considers- tile on the ceiling, and no heavy draperies,
tions, the SIR value must be adjusted ec- enter --4 as the absorption correction In
cording to Step Four. Table 6-4 presents Column (h),
values of the "Room Geometry Correction These corrections, taken jointly, Imply that
Factor"to account for the roomsurfacearea, a room with wall-to-wall carpeting end



118 acoustical tile ceiling will be approxlmalely Repeat this pafrwlse combination process
6 dB quieter than an otherwise comparable until you have considered all shell members
room with hard telling and floors, and have arrfved at a Room SIR value, Io be

Now computethe value of the adjusted SIR entered in Column (ss) of the SIR Work-
which Is the algebraic sum of Ihe adjusted sheet, Then proceed to lhe next worksheef,
SIR from Column (bb) plus or minus cor- Ihe Room Noise Worksheet,
factions for room geometry and absorption. . . . .

Enter this value in Column (gg) of the SIR The basic procedure is Indlcaled in the flow
Worksheeb Column (gg) values are the ad- chart of Figure 6-6, and requires the tabu.
lusted SIRs for each shell member, lalion of the exterior sound level(s) Ior the

• * ' * three types of noise sources listed in Col-

The next step consists of determining a umn A of the Room Noise Worksheet: hlgh-
tolaf room SiR by combining the SIR values way noise, railway line operation noise, and
for each of the room's shell members. If aircraft noise, The sound levels calculated
thnrn hnhpens to be only one shell mnmher, In Chapter 5 are to be entered In Cnlumn B
the room SIR value Is merely the SIR value for any or Ihe transportation noise sources
for Ihls shell member. If, however, there is affecting your building site. These sound
more than one shell member, you will have levels are combined to yield the total ax-
le combine their SIR values in e manner terior sound level at the seleclod trfa] room.
similar to the method you used in Chapter 5 The Room SIR value is then used to obtain
to combine noise levels, the interior sound fevers which would exist

due to the externaJ sources. These values
STEP SIX: COMBINE SHELL MEMBER are Ihen compared with the desired noise
SIRsTO OBTAIN ROOM SIR criterion level. This procedure is detailed
If lhere Is only one shell member, copy Its tn the following steps Seven through Ten.
adjusted SIR vaJue from Column (gg) in
Column (ss).. , It fs your Room SIR. Room Noise Prediction Method

If there is more than one shell member, you STEP SEVEN: TABULATE EXTERIOR
must complete a palrw[se process of Ioga- NOISE LEVELS
rJthmlc addition, as you have done pre-
viously when combining noise levels. The Refer to the computations of Chapter 5 to
SIR values Jn Column (gg) indicate the obtain the values of sound level at the
reduotion In sound which would occur for tdal room for the three possible types o1
otherwise similar rooms, each of which noise sources. In the evenl that there Is
has only one shell member trensmittJng more than one source el highway, railway
sound energy, When there are several shell or aircraft noise, you will have Io sum Ihem
members transmitting sound, the room SIR for each type of source as shown in Chap-
must be less than the SIR for any one shell for 5.
member because of the additional energy These values should be entered In Col-
transmitted Ihrough the other shell members, umn B.

Thus, enter In Column (hh) the absolute
difference between SIR 1 (for Shell Member STEP EIGHT: COMBINE EXTERIOR NOISE
Number 1) and SfR g (for Shell Member LEVELS
Number 2). Refer to Table 6-1 to obtain If there are both highway and railway noise
the vulue of the transmission adjustment componenls, determine the absolute differ-
to be entered in Column (il). once between the two, and enter this In

Nole that when there Is Iltlle difference Column C.
(g to 1) between lhe SIR values, the correc- Refer to Table 6-1 to obtain the appropriate
lion factor is largest, amounting Io 3 dB. level adjustments corresponding to the rill-
Correspondingly, If the dllference is large terence in sound levels. Enter Ihls In Col-
(> 10), the transmission adjustment is zero. umn D.

Now compute the value of SiR 1,2 for the Add this level adjustment to the larger of
two shell members by subtracting the trans- the two sound levels to obtain the total
mission adjuslment from lho srnaller of the exterior highway and railway sound level at
two SIR values, SIR 1 or SIR 2. The new Ihe trial room, Enter this In Column E.

quantity, termed SIR 1,2, Is Ihe 6fR which Next, determine the difference between the
should be enlered In Column (Jl). total highway-railway sound level and the
If there is a third shell member, now corn. aricraft sound level, if any, and enter this
blne lie SiR value, SIR 3, with the value of In Column F. Once again, combine the
SIR 1,2 to obtain the value for the effective sound levels by obtaining from Table 6-1
three sheJf member combination, termed the appropriate level adjustment to be en-
SIR 1,2,3, and enlerod fn Column (ram). tared in Column G.



119 Add thfs level adjustment to the larger of rectly from the exterior to the room. If
the two sound levels, to obtain the total acoustic transmission loss data are avail-
exterior sound level. Enter this in Column able from ventflator manufacturers, you may
H, be able to calculate ventilator SIRs using

You have now comp]elad the prediction of the procedures of Appendix B. If not, it's
the exterior sound level duo to external best to be conservative and assign vsntila-
transportation system noise sources at the torsa SIR of zero,
trial room,

Illustrative Example
STEP NINE: DETERMINE THE INTERIOR
SOUND LEVEL Let us now demonstrate Ihese noise cal-

Enter In Column I the Room SIR value from culatlons for e typical room. Consider a
Column (ss) of the SIR Worksheat. tan-story apartment building sfmllar to the

one described earlier in this chapter, It Is
_ubtract the Room SIR value from the Total to be Iocaled at the building site considered
Exterior Sound Level to obtain the Interior In the illustrative example of Chapter 5.
Sound Level, and Defer It In Column J. The building consists of a simple tower
You have now completed the prediction of with two wfndowed facades and two flank-
the trial room sound level due to external fng walls (Sea Figure 6-3). The site Is ex-
transportation system noisesources, posed to all three types of transporlatlon

noise, but aircraft noise was found to ba

STEP TEN: COMPARE THE fNTERIOR the major source with a sound level of 69
SOUND LEVEL WITH THE NOISE CRITERIA dB. We will choose an outside corner room
LEVEL on the top floor as a "worst case" for

inlttal consideration. Although the possibility
In Column K of the Room Noise Worksheet, of a premium rent for a prime site location
enter the Interior noise criterion level you might warrant a lower noise criterion level,
selected in Chapter 3. we will select an indoor noise criterion level

Compare the value of the Interior sound of 40 dB and an outdoor level of 55 dB,
;_ devel which you have predicted with the Moreover, since the metric should be ap-
; noise criterion level, if you have se[oclod prepriale for residential buildings, we will

_! Strategy 1 described earlier In this chapter, adopt the Ldn metric. Our room design
and If the interior sound level Is less than will therefore be adequate If Its Interior
or equal Io the. noise criterion level, you sound level is less than Ldn = 40 dB. If

!i have an acceptable design, and the sources the predicted Interior sound level is higher,
of exterior noise will probably not be it will be too noisy and we must consider
troublesome In your trial room. However, design alternatives.
If the inferrer sound level Is larger than the

noise criterion level, it Is probable Ihat ox- The Chapter 5 example yfelded the fol[ow-
tarnal noise will be troublesome, and you leg estimates of the Individual exterior Ldn
will want to modify your design by 1topis- sound levels.

manllng some of the design alternatives Highway ....................... ggdB
suggested In the next chapter. Railway ....................... 59 dB

Aircraft ........................ g9 dB

HOWto Account for Open Windows, Since each of these nolse levels is Indlvid-
Ooorspend Through.the.Wall Ventilators ually In excess of 55 dR, it Is clear that

any outdoor activity spaces will not be

Open doors and wfndows offer almost no acceptable for recreational purposes for
sound Isolation, When doors and windows which speech intelligibility Is critical.
can be expected to be open, they should Furthermore, there is a difficult design
be listed along with any other shell mere- challenge for Indoor spaces as well, leas-
bar components end assigneda SIR of zero. much as the site is within one mile of a
Obviously, this will result [na severe de- moderate (category 2) airport, and Is close
gradation of the shell member SIR If the to two highways,
door or window has even a moderately large
area, Operable louvres ofler little sound With these factors In mind, let us consider
isolation whether open or closed, and should the sound levels within our typical "worst
be assigned a SiR of zero. Through-the-wall case" room. We will assume that the dlmen-
ventilators and unit ventilators with through- sloes of the trial room are 12 feet wide by
the-wall ducts pose a difficult problem since 16 feet deep by 8 fast high, and that the
th=_ym_y ha_a _uu,,d b_IIf,)_ u_ i=,=u_[illg rUCJMiS to be carpeted, but not draped and
duet linings and may or may not lead di- not supplied with an acoustical ceiling,



120 Remember that rooms having suspended * The room dimensions are listed In Col-
lightweight ceilings can receive exterior umns (g, h, and t) and the room floor ares
sound through portions of shell members is entered In Column (j).
(walls) exlendlng up through the dead space • The two dimensions of the shell member
of tile suspended ceilings, Hence, for such components are listed in Columns (k and
rooms the height to be used for noise cal- I).
culations Is not from the floor to the sus-
pended ceiling, but from the floor Io the Using these data, the component aress are
underside of the floor or roof slab above computed and are listed In Column (m),

Ihe ceiling space. For our example, there Note thst these Columns (k, I, and m) are
Is no suspended celgng space; Ihus, the not needed for shell members with only one
room and shell member heights ere both component, nor are they needed for Com-
tsken as 8 feet, ponent A of compsnentized shell members.

Now, since the flanking wall and the facade
The shell construction of the building con- wall have several components, we must cal-
slsts of 8-inch hollow core concrete block culste their composite SIRs.
masonry flanking walls plastered inside.
The flanking wall has a 5-foot high by 12-
foot long fixed window glazed with heavy Step Two
plate glass opening to the "worst case"
room. The facade walls are of metal frame. Compute the Component B fractional area;
insulated, brick veneer construction with that is, 1he ratio of component area to the
a 4.foot high by 10-foot long fixed window tolal wall (shell member) area. For the flank-ingwall, Ihis value Is 60 -+- 128 = 0.47 which
glazed with heavy plate glass, and a 2-foot is entered in Column in), Now determinehigh by 8-fool long decorative spandrel
panel. This panel fs of 2g-gauge steel, in- the difference between the two highest SIR
sulated with glass fiber 2½-inches thick, numbers; I.e., the difference between the
The roof consists of a 3*Inch steel deck SIR for block masonry and the window...

50--28 = 22. Enter this value in Column
with rigid fiberglass Insulation and bulg-up
roofing, (o). Now refer to Table 6-2 to determine the

composite SIR correction factor correspond-
Step One Ing to the fractional area of 0.47 and a SIR

difference of 22. This value Is 4 and Is
Refer now to Ihe SIR Worksheet (Figure entered [n Column (p), Now add this value
6-7) and enter the room's flanking wall, (4) to the lower SIR number (28) and enter
facade wall, and roof as the Ihree shell the result (32) in Column (q). This Is the
members of the room. For the flanking wall composite SIR for the gsnklng wall.
there are two components, and for the
facade wall, there are three components For the facade wall, the Component B frec-
which must be _[sted In sequence of their flonsl ares Is 40 _ 96 =-.gag, which Is en-
SIR vaJues, with the highest one first. Refer toted In Column in). Now determine the dlf-
to Appendix A to obtain the SIR values, For ference between the two highest SIR num-
the flanking wall, the hollow core block has hers; I.e., the difference between the SIR for
the higher SIR number (50) and the glass brick veneer and the window.., 51 -- 28 =
w_ndows the lower (28). For the facade wall, 23. Enter this value In Column (o). Now
the brick veneer construction has the high- refer to Table 6-2 to determine the com-
est SIR number (51), tile glass window sec- pos]te SIR correction factor corresponding
end (28), and the steel panel has Ihe lowest to the fracgonal area of 0.42 and a SIR rill-
(g6). Enter the SIR values on Ihe worksheet ference of 23, This value is 4 and Is entered
[nColumn if). In Column (p). Now add this value (4) to

the lower SIR number (28) and enter the
• The shell member number Is Indicated in result (32) In Column (q). This SIR number

Column (a),.. only 2 of the 5 shell mere* describes the properties of sn 8 ftx 12 ft
ber spaces will be needed for the flanking brick wall with a 10 ft by 4 ft glass window.wall and only 3 of the 5 shell member
spaces for the facade wall. Now consider the effect of the steel panel

• The shell member name appears in Col- with a fractional ares of 0.17 to be entered
umn (b), and its ares appears In Column In Column (r). The difference between the
(c). SIR value for the brick and window walt

• For Column (d), the flanking wall has two (32) and the steel panel (gg) Is 6. Enter this
components--A and B: the facade wall value fn Column is), Now from Table 6-.2
has three components--A, B, and C; and, find the composite SiR correction factor
the roof has only one component--A, corresponding to the values 0.17 and 6. This

• The shell member's component descrip- value (4) is entered in Column it) and is
lions are rlsted tn Column (e). added to the lower SJR value, 26. The sum,

• The SIRs are listed In Column if), 30, Is entered In Column (u),



121

qb _b/
t dO0_

Figure 6-7. SIR Worksheet for Example,
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Figure 6-8. Room Noise Workaheat for Example.

To slmplily their visualization In the SIR Slap /:our
Worksheet, the SIRs tot the flanking wall
(32) for the facade wall (30} and for the In Colurnn (cc), enter the ratios of the shell
roof (43) are carried forward to Column member areas to the ricer area of the room,
(y) before making further computations. These values are 128 ÷ 192 = 0.67 for the

Ilanking wall and 96 ÷ 192 = 0.5 for the
Now you must perform air _eakage adjust- facade wall.
ments,

Now refer to Table 6--4 to obtain the room
Step Three geometry correction factors and enter them

In Column (dd), These values are -- 1 for
Since the roof is essentially monolllhlo the flanking wall, O for the facade wall, and
without penetrations, and assuming average -- 2 for the root,
workmanship the area of openings can be
taken as equivalent to 3.6 In_/1OO It'. For
the eomponentlzed flanking and lacade
walls, there will be somewhat more air leak- Slep Five
age, and 4.5 In'/10O ft' Is appropriate as-
suming average workmanship, These values Since the room Is to be carpeted but not
should be entered in Column (_a), heavily draped, you do not enter additional

values for tile absorption corrections In

For a 4,5 In'/100 It' leakage and a SIR of Columns fee) and (fl).
32, Table 6-3 Indicates an adjusted SIR
of 60. Enter this as the adjusted SIR for the Now add the adjusted SLR value from Col-
flanking wall In Column (bb). The values for urnn (bb) to the room geometry correction
the facade wall and rool are determined In for each shall member and enter In Column
a similar manner. These values are 29 and (gg). These SIRs (29, 29, and 64) describe
36, respectively. Enter these values in Col- the sound isolation properties of the flank.
urea (bb). Ing wall, facade wall, and roof, respectively.

Now you must make the room geometry Thasa shell rnember SIRs must now ba com.
correction, blnad to get the room SIR,



123 Step SIx corresponding level adjustment is 1 dB, en-
tered In Column D. The total of all highway

Consider the combination of SIR values for and railway noise would be obtained by
the flanking and facade walls. The differ- addfng the level adjustment (1 dB) to the
once between these two numbers Is O higher of the two component levels (66 dB);
(2g-29 = O). Enter this value in Column here 67 dB is entered In Column E, The
(hh). Referring to Table 6-1, enter Ihe trans- difference between this total and the sir-
mission adjustment of 3 in Column (li). Now craft noise (6g dB) Is 2 dS, entered In Col-
sublract this from lhe smaller of the two umn F; yielding a lever adJuslment of 2 dB,
exterior wall SrR values (29-- 3 _ 26), and entered in Column G. The total of all out-
enter the value of 26 in Column (Jj). This door noise Is thus 71 dB, obtained by adding
describes the sound isolation properties of Ihe level adjustment (2 dB) to the larger of
the two walls, the two component levels {here that duo to

aircraft, 69 dB) and entered in Column H.
Now combFne the two walls wlth the roof,
The difference between the two SiRs Is 8 Now enter the Room SIR as determined In
(34 -- 26 = 8) enlered In Column (kk), and the previous SIR Worksheet In Column I,
the corresponding transmission adjustment and subtract the Room SIR (25 dB) from
Is 1, entered in Column (JI), Subtract this the total outdoor noise (71 dB) to estimate
transmission adjustment from the smaller of the indoor Sound Level (46 dB), entered In
the two SJRs yielding a Room SIR of 25 Column J, Thls is 6dB higher then the noise
entered in Column (ram). For future refer- criterion Jevol established at the outset of

_ enos also enter this value in Column (ss). this example. There Is therefore a noise

problem in the "worst case" trial room.

Now we need to complete the Room Noise Needed design changes to remedy this
Worksheet, Figure E-8. problem are indicated in the next chapter.

Realize, however, that this "worst case"

_; Step Seven trial room has exterior exposure on three
_ surfaces (facade and flanking walls and

Transfer the exterior noise levels due to the roof). Rooms on the first through ninth
three lypes of exterior noise source cfted floors, not on the ends, will have only the

_f al the beginning of this example to Column facade wall exposed to the exterior sound
'-'i B of the Room Noise Wnrksheet. energy. For these rooms, the adjusted fn-
t cede wall SIR will be equivalent to the room
. Now begin the step-wise process of cam- SfR, in Ihis case 29, 4 dB larger than the
' puflng Ihe fetal outdoor noise by determfn, room SIR for the "worst case" room, So the

Ing that the difference between the highway level In such rooms will be 42 dB (72 -- 29
,, noise (66 dB) and railway noise (59 dB) is = 42), which Is relatively close to the de-
_ 7 dB, end entering this in Column C, The sired criterion.





Chapter 7
Design Alternatives

If your Chapter 6 calculations predict noise barriers, (3) building shell, and (4) furnish-
levels for indoor rooms or outdoor activity ings.
areas greater than noise criterion levels, you
will be seeking design alternatives to over-
come your noise problems. Possible design Siting Alternative
alternatives will be discussed in this

For siting there are three options . . . site
chapter, select]on.., building location and orienta-

tion, and.,, building configuration. These
In addition to design alternatives, it may be options could be pursued Independently in
feasible to control noise at Its source by design and will be discussed separately,
making operallonal changes to reduce noise recognizing however, that In a design
generated by transportation systems. Re- process which truly Involves synthesis, the
routing truck traffic, the imposition of cur- three options would be carried on eimul-
laws, etc. can substantially reduce noise taneously,
levels. If such operational changes can be

worked out through local elected offic]als Site Soaction: The bast way to control noise
or planning authorities, the predictive mad- is to avoid it. This can most effectively be
sis of Chapter 5 will be useful ]n assessing done if the first design task Is that of select-
possible noise level reductions. ing the building site, because careful selec-

tion can steer the proposed building away
; There are four types of design approaches from noise problems. Likewise, for some

to reduce noise. Two of these types of ap- projects It may be cheaper to abandon a
!, preaches can prevent noise from becoming site already selected and relocate to a
i an annoyance for outdoor activities. These quieter area, than to make extensive revi-

are (f) to locate, orient, or configure the slons to an acoustically unacceptable
building to reduce noise at the chosen build- scheme, For many projects, however, other

_ Ing site, and (2) to provide additional exterior considerations than sound may preclude
' barriers such as walls or berms. These two the selection of a quiet site or relocation

approaches are also useful in protecting to a quiet site.
the bu]lding's interior from unwanted sound,

and for this purpose am joined by two other Keep in mind that acoustic conditions are
approaches which are (3) to fortifythe build- rarely stagnant and you should consult
Ing shell, and finally, (4) to vary the Interior zoning and planning authorities to deter-
sound absorption, mine future plans for the surrounding area.

A seemingly suitable site can later be sur-
One Ih]ng is certain.., anything you do to rounded by industrial areas or traffic after-
rearrange the building site or to build upon ies, or subjected Io aircraft overflights
it will change Its acoustic climate, Probably greatly increasing on-site levels. Therefore,
the building Itself will cause the most dras- It would be wise to attempt to predict future
tie changes. Hence, you should deploy the noise levels at your site to determine the
building creatively to secure the best re- Impact of plans for the surrounding area.
suits, The building can be used to shield

selected outdoor activity areas from noise, In selecting a quiet s]te, refer to Table
nnd barriers put up to protect outdoor ec- 2-2 in Chapter 2 which gives desirable
tivity areas from noise or wind can also minima for the distances from transports-
shield portions of the building, t[on system sound sources to s building

or site. Also, look for existing natural and
Let us discuss in turn the four methods of man-made sound barriers, examples of
providing design alternatives: (1) siting, (2) which are shown in the figures of Section 1
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Figure 7-1, Use of Various Noise Barriers.
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Figure 7-2, Use of Nalural Noise . Figure 7-3. Selection of Building Sites
Barriers. Relative to Wind Direction.

Figure7--4, BulldingSItesnear Figure 7-5. Building Bites near
Hilly Traffic Areas. Traffic Junctions.
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"
Figure 7-6. Orientation of

Buildings on Sites.



127 of Chapter 5 and in Figures 7-1 and 7-2. can be employed, One is to orient the
Sites on rolling terrain separated from rail- building's major axis perpendicular to the

j ways and highways by heavy, wide stands direction of the highway or railway, and then
of trees are generally quieter than sites Is- to locate the noise-sensitive exterior rooms
cated in hollows or on flat, open ground, at the end of the building farthest from the

roadway or track. A second design concept
Give preference to sites which are pro- Is to orient the bulldlng's axis parallel to
domlnantIy upwind of noise sources, At the highway or railway and to provide mate-
large distances the upwind side ]s generally rials having aa exlremely high SIR on the
quieter than the downwind side of a noise facade facing the noise source, while
source. The wind lends to bend the sound placing nolse-senslgve rooms on the fa-
path upwards, as shown in Figure 7-3, cads shielded by the bugdlng itself.
thereby reducing the sound energy that Im-
pinges on an upwindsite, It fs especially important that buildings not

be parallel when located on both sides of
Sites near hlgs or traffic intersections are an expressway in order to avofd multiple
generally unfavorable due to the accelera- reflections of sound waves which Increase
lion, deceleration and braking of vehicles, sound fevers. A random or staggered build-
especially If the traffic includes heavy truck ing layout or a cluster of buildings wilh no
traffic like that In Figure 7-4. Most of all, paraJlel bulldJng faces will avoid this prob.
congested areas of heavy traffic should be lem of multiple reflections of sound waves
avoided as shown tn Figure 7-5. between opposite buildings. Slightly curved

buildings can be beneficial when the cur-

Building Location and Orientation: The vature Jsconvex relative to the dfmctlon of
thoughtful location and orienlatlon of build- the greatest noise source. U-shaped build-
ings on a site can aid in controlling noise.' Ings or semi-enclosed courlyards provide

areas for multiple reflections and should not
In order to determine whether or not there be used as outdoor activity areas, because
is apt to be a preferred "quiet" location Ihey tend to be quite reverberant and noisy.
on a site, it is generally necessary to con- These layouts are shown In Figure 7-6.sider several locations, and to perform sev-

eral detailed calculations as outlined In Building Configuration: Buildings can be
Chapters 5 and 6. A recommended pro- arranged with noisy and quiet sides as
cedure is to choose a trial building location previously mentioned, If the principal noise
on the site and to perform the delailed cal- source is relatively near. Try to have rooms
culatlons , . . then compare the estimated with low noise level criteria located on the
sound levels propagated Item any nearby quiet side, and rooms with high criteria
transportation noise sources to determine If located on the noisy side, For example, the
any one of these sources is predominant at mechanical rooms and shops of secondary
the trial location, If one is, Ihen consider schools can be gathered together and at-
whether or not the distance to that source ranged on the noisy side (particularly since
can be substantially increased by moving these rooms also are noise sources) while
the building to another location on your libraries, auditoda, and classrooms are de-
site. For each doublingof the distance away ployed on tile quiet side.
from a highway you can expect a reducllon

of about 4 dB; for each doubling of the The facade treatmenl of the building pro-
distance away from a railway you can senls more difficult choices. The total
expect a reduction el about g dB (there Is amount of sound penetrating a building is
no simple rule of thumb for aircraft noise), proportional to the area of exterior shell
Buildings can be located in the quiet areas of Ihe building. Hence, a highly compact
of a site with windowed facades facing the building is desired, ideally the building
quiet areas, and with heavy, windowless would approach a spherical shape so as
walls facing the sources of sound. In gan- to enclose the greatest volume within the
eral, the noise level near the facade of a smallest shell area. Spheres are Imprac-
building facing away from the predominant ttcal shapes for buildings, however, and
source of sound will be 3 dB lessthan near a more practical compact shape Is the
a facade facing the source. Acoustical cube, On the other hand, a ground-hugging,
shielding can be provided by the existing rambling building having a relatively high
terrain, natural landscaping, or wooded shell area to enclosed volume might benefit
areas, from noise attenuation barriers which are

too low to benefit a tall building,
If the building site Is relatively close to a

major highway or railway, and if the build- There is one such effect that can actually
ing is to be fairly long, two design concepts Increase [nledor sound levels . . . it SOs



128 curs when projections or depressions such possible by extending the ends of a barrier
as wing walls and balconies create a num- as shown In Figure5.1-19.
bar of reverberant enclosures or cavities.

These are especially troublesome when To prevent sound transmission directly
located at a curtain wall or windowed wall, through the sound barrier, it should be con-
since the reverberant cavities will tend to structed of a material whose surface _eight
raise sound levels at the wall line, and give density is greater Ihan 4 Ib/fL' Table 7-1
rise Io increased interior sound levels as a gives approximate surface weight densities
consequence. Caution should be exercised for a variety el materfals which may be suit-
Io ensure that no such reverberant cavities able for barrier construction. When chess-
are established. Also, it is wise to prevent leg a material you must also consider the
roadway sound from being reflected from cost, ease of construction, and durability
the under side of a balcony toward a wall with respect to weather conditions. (Refer-
having windows or doors, The underside of once [1] lists some types of existing and
such balconies can sometimes be treated proposed barriers In the United States and
wllh absorptive materials to partially con- describes the details of construction and
trol such sound reflections, the materials used. This reference may be

helpful to you in designing a barrier.)
Barriers

Also Important in preventing sound traps-
The designer usually has no control of mission directly through a barrier is the
transportation noise at its source, but the elimination of any holes or openings In the
designer can provide some form of shield- barrier, The area of any openings in the
ing between the source and the receiver, or barrier must be kept well below 10 percenl
building. This shielding can be in the form of the total barrier area, or bettor yet, corn-
of walls, natural barriers such as earth pletely eliminated to give a solid con-
berms, rows of intervening buildings, vege- tlnuous barrier with no direct paths to your
tation, etc., as discussed previously in building.
Section 5,1 and reviewed here.

The location of a barrier is important In de-
There are economic limits to providing retraining ilsagenuafion. The barrier should
sound barriers since it Is costly to construct be Iocaled either close to the source or
barriers which block all paths along which close to your building so that Ihe angle of
sound can travel from a transportation dilfraction, henc_ the attenuation, Is maxim-
system noise source to a building and site; ized. if your proposed building Is to be
but, If any worthwhile barrier attenuation several stories high, you will probably want
is to be achieved, the barrier must block to locate the barrier as close to the source
sit or most of these paths, In order to as possible, since a barrier close to the
block Ihe direct path of sound over tile top bulrdlng wourd not shield its upper floors.
of a wall or earth berm, it must be high On the other hand, If your proposed building
enough to block the line-of-sight between is to be only one-story high, the barrier
the transportagon system noise source, could be located close to the building, thus
which ts estimated to be 8 ft high for heavy reducing the needed length of barrier,
trucks and 15 ft high lot diesel-electric Ioco- There are slluaflons when it Is better
motives, Also, noise propagating In a direct to locate the barrier at some intermediate
path around the ends of the barrier can se- point. For example, a considerable savings
vere;y limit its attenuation. The barrier in- might be achieved by locating the barrier
cluded angle should be made as large as on a hill or embankment lying between the

Table 7-1. Approximate Surface Weight Densities for Various Materials.

Surface Weight Density,
Material Ib/ft _

Timber, Fir (1½ inch thick) 5.0
Timber, Fir (2 Inch thick) 6.7
Plywood (11,_ inch thick) 4.2
Cinder Block Hollow Core (6 inch thick) 25.0
Concrete Block Hollow Core (4 inch thick) 23.3
Concrele Block Hollow Core (6 inch thick) 35.0
Brick (4 inch thick) 43.3
Concrete, Dense (4 Inch thick) 50,0
Plaster on Metal Lath (Yz inch thfck) 4.5



129 source and your site. Keep In mind that the ratings. Thls was demonstrated by the ex-
angle of dlffracllon (or in other words the ample of Chnpter 6 where the brick veneer
path length difference), and the barrier in- facade member having a SIR of 51 was re-
cluded angle are crucial in controlling bar- duced flrsl bythe fixed single glazed window
tier attenuation, You can choose several (SIR of 28) 1os composite SIR of 32, and
alternative barrier locations and then deter- then by a decorative 20-gauge steel panel
mine the required barrier size needed to (SIR of 26) to a composite facade SIR of 30.
provide the desired altenuatien for your Whereas Ihe final composite SIR was not
building and site. quite as low as the SIR of the steel panel, it
Rely upon your own ingenuity in the use of was substanllally reduced from 51 to 30.
barriers. An existing earth berm should be Obviously, Ihe steel paneh constituting only

: left undisturbed or augmented, Through 17 percent of the facade wall's area, was!!

careful planning, you can utilize non-critical accountable for much of the sound Irons-
buildings such as warehouses, garages, and mitred through Ihe facade wall.
slorage sheds as barriers for occupancies
having more critical noise criteria. Or, you In the same fashion, the cumulative SIR

,: can provide heavy sound isolation on the for the trial room In the example el Chapter
facade of a building facing a noise source, 6 was reducedfrom a SIR number of 34 for
and then use this building as a barrier for the roof to the room SIR value 25, when ad-
other buildings. When extensive right-of- justed for the weaker flankfng and facade
ways are available, vegetation shielding wail members.
may be an available solution. Vegetation,
however, takes a considerable amount of The sound transmission contrlbuled by any
time to grow, and its noise reduction paten- component to lie shell member is, of course,

, tlal is limited. Moreover, shielding from not only affected by Its materials, but also
deciduous trees is greatly reduced when the by the area or the component relative to

: trees lose their loaves, bolh the area of the shell member, and to
::_ the materials and areas of other compo-
; Obviously cost and aesthetics are Ira- nents. Thus, a small window will not be as

,_ portent, Costs vary considerably depending weak a link as a large window.
; _ In general upon the barrier height required
!: and the construction materials. The cheap- Likewise, the sound transmission contrlb-
' uted by any shellmember to a bulldfng room. est barrier is usually the earth herin, which

_' on some projects can be built from excess depends upon Ihe area and materials of the
,-_ shell member In relationship to areas and:,, fill at very low cost. The appearance of
L_ earth berms is usually good, since land- materials of the ether shell members of the

scaptng can vldually hide them from sight, room.

;;_ or disguise them as natural hills. To Improve the sound Isolation of a shell
member, then, II is more important to Ira-

, in summary, barriers can be useful in re- prove the weaker components than the
:' duclng the noise levels al your site, but stronger ones; for example, double glazing

Ihere are limits to their effectiveness. It Is a window may prove to be more cost effec-
possible to obtain e barrier attenuation of rive Iban building up the wall that receives
10 decibels without too much difficulty, but the window. Of course, Ihe higher the SIR,
it may be wise to have Ihe barrier designed tbe Jesssound transmlted through the shell.

: by an acoustical consultant or noise control From this type of Information you will gain
engineer to ensure that Ihe barrier will an underslandlng of the weak link principle;
achieve this attenuation and solve your open windows and doors can destroy the

'' noise problem, sound isolation of a wall no mailer how
massive,

; Building Shall
The overall soundisolation of a shell mere-

The building shell is the last line of de- ber is related to its mass, stiffness, con-
lense against noise, and a line of defense tinulty of conslruction, sound absorbency of
decidedly under the control of the designer, interior wall coverings, and freedom from
As you have seen, the noise isolation pro- cracks or holes {usually achieved by high
vlded by the building shell can be sedously quality construction). All of these shell
degraded by a single weak link . , . a member characteristics resist the parterre-
fundamental you must fully grasp If you tlon of sound Ihrough the member and
are to effectively control sound transmis- resist member vibration In response to In-
slon. The weak ]ink principle states simply cident sound, The greater Ibe mass, the less
that the sound isolation of any shell member a shell member will be excited into vibration
is reduced substantially by shell member by Incident scuds, aRm=ruing IhA ,qhnll mere-
components having low sound isolation ber'ssflffnesslsheld constant,



130 Holes end cracks are the worst offenders in tectlon Agency (EPA) has published this
admhling sound. A bole occupying only type of information for dwellings subjected
0.01 percent of a total shell member's area, to alrcrag noise J3]. The EPA categorized
limlls IIs sound Isolation to 40 dB. Thus, a houses as "warm climate" and "cold clP
highly sound-resistent shell member, such mate," and reported gndlngs for open-
as one of a hundred square leer _vith a window and closed-window conditions for
SIR of 60, would be reduced to a SJR ,_f bog] categories of house. The "open-
40 by a hole 1V2 square inches. A shell window condition" corresponded to an
member of the stone slze but having a opening of 2 square feet, and a room ab-
SIR of 40 woutd be dropped by the same sorption typical of bedrooms and living
size hole to a SIR of 37. For the former rooms. Rased upon this "open window con-
shell member, at least 90 percent of the dition," and aiming at conservative values
sound energy entering the building would of the sound levels inside dwellings, the
pass fhrough the hole; for the latter shell EPA published the values of Table 7-2.
member, 50 percent of Ihe energy would
be transmllted via Ihe hole, Clearly, it is an The sound level reductions provided by the
acoustic error to specily heavy construc- exterior shells of buildings in a given corn-
tlon if the heavy construclion has penetra- munity have a wide range due to differ-
tionswhich are not wag-sealed, ences in the use of materials, building

Similarly, open windows can destroy the techniques, and individual building plans.Nevertheless, for general planning put-
sound isolation of e building. The recent poses, the Table 7-2 reductions In sound
Inle[est In energy conservation has caused level from outside to inside a house can
a reexamination of the trend toward year- be used. However, their use In connection
round air conditioning with sealed windows with Ihls guido is gmited since they reflect(especially for office buildings). Some ex-
perts believe that a return to buildings with average sound level reductions, and are,therefore, net completely compatible with
operable sash and natural ventilation can this design guide's room-by-room shell leo-
save energy used for cooling In spring and !atton rating method of calculation.
fail In most parts el the country. Other
experts argue that any such energy savings
are lost through air infiltration around spar- To forlgy the shell against sound, one
able sash In winter and summer, which are should--(1) use heavy, monolithic mate-
peak periods for heat loss and heat gain. rials (concrete, brick, and block are more
In any event, sealed, fixed windows provide sound resistant than wood or steel frame
better noise attenuation than comparable construcgon or curtain walls),--(2) reduce
operable windows. Even a reasonably tight- the area of cracks and holes penetrating
fitting operable window is apt to have a the shell by careful architectural detailing
crack widlh of 0.03 inches (2]. If the win- and through quality construction,--(3) de-
dew Is only 2-feet wide by 3-feet high, it sign for sealed windows with year-round
will have lea feet of crack equivalent in area air conditioning where noise condglons
to a hole of 3.6 square inches. Some figy ere serious,--(4) reduce tile size of wln-
percenl of the sound impinging upon the clews and provide them wilh double glaz-
window may enter the building through the Ing keeping the size of operable sash,
crack. Weather-stripping can improve the hence crack length, to a minimum,--(5)
window's acoustical end thermal perform- avoid weak links by ensuring thai SiRs for
ance, and double glazing is superior to shell member components are comparable
single glazing. In general, those principles and as large as possible. Naturally, the
which provide desirable thermal insulation designer must use judgment In applying
will also provide sound isolation, these sound control guldegnes to particular

buildtng projects, which will surely have
How much sound isolation does a "typical" many olher concerns competing against
building provide? The Environmental Pro- acoustic considerations.

Table 7-2. Sound Level Reduction Due to Houses" InWarm and
Cold Climates, with Windows Open and Closed.

Windows Windows
Open Closed

Warm climate 12 dB 24 dB
Cold climate 17 dB 27 dR
Approx. national average 15 dB 25 dB

* Attenuationel outdoornoiseby oxlodorshellst Ibehouse.



131 Furnlshlnge Building configuration wlrl not be an impor-
tant factor either, since nearly air of the

Do not ovedook Ihe possibilities of acoustl- noise sources are at a considerable dis-
cally absorptive materials for floor, wall, lance and arranged around the site so that
and ceiling coverings and for Interior fur- the bulrding will have no quiet side.
nishlngs, The calculallons of Chapter 6
rndlcate a maximum sound level difference

Barriers will not be leasibre as design
or approximately 6 dB between a bare room alternatives because the dominant source
with a herd ceiling and no carpet, and a of noise Is aircraft.
room that has an acoustic ceiling and Is
fully carpeted. Moderately absorptive deco-
rationsand furnlshrngsin an office or class- Thus, the bulrdlng shell offers the principal
room would reduce noise levers by, say, opportunities for design alternatives, rn le-
2 dR below that for a bare, reflective room. view of the SIR worksheel (Figure 6-7), you
A difference eta few declbers, whlle modest, can quickly realize that there are three
may have a favorable psychological Impact "weak links" in the building design for the
upon building occupants, especially when "worst case" room--the window in Ihe flank-
made aware by the presence of these ap- lag wall, end the window end decorative
polntmenls, that attempts have been made steel panel In the facade wall. To Increase
to reduce noise levels, the tolal room SIR, these "weak links" must

be strengthened by reducing the areas of
It may be possible to further reduce noise the "weak link" components or replacing
levels, through the use of acoustically ab- them with components having higher SIRs.
sorpgva Interior partitions. Also, interior Or. the quality of workmanship could be
furnishings suchas chairs, sofas, etc., which improved to reduce air leakage.
are relatively heavily padded and covered

wtlh soft fabrics can achieve another noise If (a) the steel panel is replaced with an
level reduction amounting to 1 or 2 dB. Identically dimensioned slucco panel (SIR

6f 41), Cb) the single glass fixed windowsIIlusIratlve Example
are replaced with double glazed frxed win-
dows (two panes of 1/.=[nch glass plus a 2T/4

To Illustrate some of these design alterna- Inch air space--SIR of 37) In both the flank-
tires, let us once again consider the ax- ing and facade walls, and (c) average work-
ample cited In Chapters 5 and 6. Recall that manshlp is assumed, the total room SrR can
for this example, the site Is located near be Increasedlogg, anlncreeseof4.1flnad-
two major highways, a railway, and an air- dillon to these modrficatlons the workman-
port; and the '"worst case" room selected ship JsImproved from average to good, the
for calculations was a corner, top*floor room total room SrR can be Increased to 30.
In the ton-stow apartment building. Moreover by adding an acoustic tile ceiling,

the room SIR would be Increased by 2 to
Because the noise from the airport and a value of 32. The predicted total sound
highway is dominant, it Is impossible to level in the "worst case" room would then
make effective use of any of the suggested be 71 - 32 -----39 dB, which is below the
siting alternatives short of a completely new noise crller[cn leveJ of 40 dR. As another
site selection, If one could disregard the alternative, eliminating the window in the
air traffic as a no[so source, It would be f_ankrng wall would increase the total room
beneficial to re-poslllon the building e Ilttre SIR to 32 without using acoustic tire ceiling,
closer to the railway line, since its noise Noise predictions for this last alternatlv_
component Is smaller than that of the no flanking wall window, stucco panel and
highway, Rut since the building is sub- double glazed window In the facade wall,
Jected principally to aircraft noise, It would and good workmanship--are illustrated In
not be very helpful to make use of building the SIR Worksheet of FJgure 7-7 and the
location and orientation options. Room Noise Worksheet of Figure 7-8.
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Figure7-8. Room NoiseWo ks ee for,Revlsedgxampla

Recall, further, that the room chosen was below the selected noise criterion for this
a "worsl case" corner room with two walls apartment building, An additional increment
and a roof exposed to sound pressures, of 2 dB would be ach)eved If an acoustic
Other rooms having only one facade wall tffe ceiling were employed, In this case the
exposed would have noise levels reduced sound revel would be 34 dB. Table 7-3
by 3 dB relative to the noise levels for com-
parable rooms with roof and flanking wall summarizes these allernaflve designs and
exposure. The sound level within such a the resulting Interior sound levels In the
"typical" non-corner, exterior room using "worst case" corner room and In other non-
a stucco panel would be38 dB, which is well corner rooms.



134 Table 7-3. Summary of room SIR and interior sound level calculations for "worst cases"
top-floor corner room and comparable Interior rooms for the original and two alternative
bufid]ng designs.

Flanking Wa_I,,-a" X o_ X fB" Hollow Core Centrals Block
12' X 5' HeavyGlee= Fixed Window

Delian Faclde Wall--Metal Frnnlo Frame Inlutated Brick veneer

10_ • 4' HDn,/y Glass Fixed Window
Description O' x 2' Stool Panel

noof--i_sulate d 3- Steel Deck
"Worst Callq" t+op,eoor Wofkmanshlp_Avorag e
Cofnlr inlofl0t Furnllhlnga_Cnrpet. NO Acoustic TIle Ceilings or Hoav'/
Room Dr_pal

Non-corner
Room

Flanking Wall,,_" X 8- X 16_ Hallow Cote ConCrOle Block
12" X 5' Heavy Double Ohlzod Fixed Window

Facade W_lI--Metnt Frame Inlulated 8rick Veneer
10" X 4' Heaw Doubts Glazed Fixed Window

OirKInal e* X 2' Stucao Panel
Configurltiom Roof-lnsulnlud 3, StoeI Deck

, Wolkmannttip--Good
Alternltlvo Interior Furnlshlnga_cerPel and Acouallc Tile Collie0, NO HII_
NO. 1 Deapos

A]tornaUve Ranking Wall,.4 _ X 0" X 16_ ftollow Cote Concre=o Block
NO. 2 NO wlnaow

Facade Wahl--Metal Flame Ir_aUlelodBrick Veneer
tO' X 4' HeaVy Doubt# e_a=od Fixed Window
8' X 2' Stucco Parle]

: Raof_tnlulata _ 3" 51001 Deck
Walkmanlhlp--Good
Inietlut Futnlahlnoa--Cltpat . NO Acou=llc Tile Ceiling of Heavy

Drape|

References if] Anderson, G. S., Miller, L, N,, and Shad- Infiltration and Natural Ventilation,
Chnpler 7 fay,J. R., "Fundamentals and abatement Chapter 19 (American Society of Heat-
Cosign Alternatives of highway traffic noise: Volume Two--- Jog, Refrigerating, and Air Conditioning

noise barriers design and example Engineers, New York, 1972),
abatement measures" (Federal Highway [3] Anon. Information on levels of environ-
Administration, Washington, D,C., 1973). mental noise requisite to protect public
Available from National Technical Infer- health and welfare with an adequate
matlon Service, Springfield, Virginia, margin of safety. EPA Report No. 550_9-
Accession No. PS 222-703. 74-004 (U.S, Environmental Protecllon

[2] ASHRAE Handbook el Fundamentals, Agency, Washington. D.C. March 1974).



135 AppendixA

SIR Values for BuildingShell
Membersand Components

Introduction you can estimate a SIR value by comparing
the shell member or component you have In
mind with ones of similar conslructlon listed

The SIR values for walls, roots, windows, herein.
end doors presented In this appendix have

been obtained, together with descriptions of For some constructions, more details canthe construction details, from published
literature [1-13] on the sound isolation, or he obtained from references [1-13], el-
transmission Joss properties of building though pertinent details have been Included
shall members and their components, herein insofar as possibre.

In some cases, manutacturer's names or
Effort has been expended to Include In this designations are Indicated In the "Remarks"

"; list only those building construcllons which_ portion of the listing. This Intormagon Is
have adequate descriptions of construction based upon available published literature,
details, and those which appear to be lech- and may not represent currently available
nlcally consistent and accurate. Unfor- products or product partormance. The
tunately, the literature on this topic Is not reader is encouraged to seek out speclfl.
wed organized;end the data shouJdbe more cations pertaining to currently available
thoroughly and occurstely complied In the products, to determine the relevant SIR
tuturs. The data of references [1], I3] and values, and to up*date and supplement these

,= [4J are perhaps lhe most comprehensive,
_f listings as appropriate. The inclusion of

these manufacturers names and proprietary
Should you require the SIR value for some designations,or the emission of others, does
building shell member or component not not constilute any endorsement or cddclsm

'_ listed in Appendix A, and If you have the of product performance on the part of Ihe
_ necessary transmission loss data, you can National Bureau at Standards, Rather, the

derive the SIR value using the procedure data ere given to provide a limited sam-
ouUlned in Appendix B ["Determination of pie of available building components tar
the Shell Isolation Rating"). Alternatively, Iha users of this design guide,



136 Walls

Description Weight Remark8 Rol. SIR
Ibe/ft =

Concrete Walle

4 In, thick dense poured concrete, or solid block 50 (estimsta) [5] 41

4 In. dense poured concrete 50 [2] 47

6 In. thick dense poured concrete, or solid block 73 (estimate) [5] 43

8 In. thick dense poured concrete, or solid block 95 (estimate) [5] 46

8 in. dense poured concrete 100 [2] 52

12 in. thick dense poured concrete, or solid block 145 (estimate) [5] 49

16 In. thick dense poured concrete, or solid bEock 190 (estimate) [5] 51

Brisk, Block, and Tile Wage

4 In. lightweight concrete block 24 unpainted [2] 27
4 in, lightweight concrete block 24 sealed with 2 coats of 12] 43

paint
6 In. thick hollow concrete block, 6 in. x 8 In. x 16 in. 21 [13] 41

6 In. thick hallow concrete block, 6 In. x 8 In. x 16 In. 34 1 wal] painted [4] 45

6 in. thick hallow concrete block, 6 in. x 8 in, x 16 In.. 27 exterior well painted [13] 48
Vz In. gypsum wallboard fastened on furring stripe
inslda

8 in, thick hollow concrete block, 8 in, x 8 In. x 16 In. 30 [13] 43

8 In, thick hogow concrete block, 8 in. x 8 In. x 16 In. 30 painted both sides [13] 43

8 in, thick hollow concrete block, 8 In. x 8 In. x 16 In., 43 exterior wall painted [13] 46
gypsum wallboard fastened on furring etrJps inside

12 In. thick solid concrete block, 12 In, x S in, x 1S 124 [13] 54
in., _h in, gypsumwallboard fastened on furring stripe
Inside

12 in. thick combination wall, 8 In, x 8 ;n. x 12 In., 79 [4] 49
and 8 _n,x 4 In, x 16 In., hollow concrete blocks

slotted Ilghlwalght concrete block, 8 In. x S]n, x 16 _ g coats of bondex co- [3] 44
In. ment base paint on one

side, Soundblox Type
"A" The Proudfoot Co.,

• Inc.

8 in, dense concrete block 50 sealed with 2 coats of [2] 52
paint

8 in. dense concrete block 50 unpainted [2] 52

12in,thickbrickwall 121 [4] 54

perforated glazed tile, 3¥4 in, x 7¥4 in, x 15¥4 In., -- Arketex Ceramic Corp. [3] 44
fiberglass core

acoustic ceramic glazed structural facing tile, 3_/4 -- SCR Acoustile [3] 48
In. x 5H6 In,x 113/4 in, Stark Ceramfcs, Inc.

3½ In. thick (approx.), 18 go. steel panels filled -- Jointsand edges sealed [5] 38
with 6-3 Ib/cu ft insulation (estimate)

Brick Vonoored Frame Walls

face brick veneer, Y2 in. air space with metal ties, _ [1] 48
_/4 In. insulation board shealhing. 2 in. x 4 in. wood
studs, 1B in, o,c., resil]ent channel, ½ In. gypsum
wetJbeard screwed to channel

face brick veneer, I/z in. air space with metal ties. _ [1] 51
=,/4In. insulation board sheathing, 2 in. x 4 in. wood
studs, 16 In.o.e.. fiberglass building Insulation, I/= In.
gypsum wallboard screwed to studs



137 face brick veneer, ½ In, air space with melal ties, 3/4 -- [t] 53 J
In. Insulation board sheathing, 2 in. x 4 in, wood

studs, 16 in. o,e,, fiberglass building Insulation, resll- i
lent channel, ½ In. gypsum wallboard screwed to
channel
Stuceoed Frame Walls

7/a In. stucco, no, 15 felt building paper and 1 In. -- [2] 34
wire mesh, 2 in. x 4 in. wood studs. 16 in. s.c., % In,
gypsum wallboard fastened to studs

In, stucco, no, 15 felt bulrdfng paper and 1 In, -- [2] 41
wire mesh, 2 In. x 4 in. staggered wood studs, 16 in,
o.o. _ in, gypsum wallboard fastened to studs

7/a In. stucco, no. 15 felt building paper and 1 In. -- I1] 43
wire mesh, 2 in, x 4 in, wood studs, 16 in. o.c.,
frberglass bulrdlng lnsuletlen, ½ In. gypsum waif-
board screwed to stud

In. stuseo, no, 15 felt building paper and 1 in, -- [1] 43
wire mesh, 2 in, x 4 in. wood studs, 16 in. o, e.
resilient channel, ½ In, gypsum wallboard screwed
to channel

': _a In. stucco, no. 15 felt building paper end 1 in. _ [1] 52
wire mesh, 2 in, x 4 in. wood studs, 16 in. o, c., fiber-
glass building Insulation, resilient channel, Yz In,
gypsum wallboard screwed te channel

Frame Wefts With Wood Siding

In. x 10 in, redwood siding, ½ In, insulation board _ {1] g3
sheathing, 2 In. x 4 in, wood studs, 16 in, o. c.. fiber-
glass building insulation, Vz in, gypsum wallboard
screwed to studs

in, x 10 In. redwood siding, ½ In. insulation board _ [1] 34
sheathing, 2 in. x 4 in. wood studs, 16 In. o. e., ½ in,
gypsum waflboard screwed te studs

In. x 1O in, redwood siding, ½ in. Insulation board _ [1] 37
sheathing, 2 in, x 4 in, wood studs, 16 In. o, c.,
resllrent channel, ½ In. gypsum walrboard screwed
to channel

4k In. x 10 In, redwood siding, V2in. Insulation board _ [I] 40
sheathing, g in, x 4 In. wood studs, 16 In. o. o., fiber-
glass building insulation, reslrJent channel, 1/= in.
gypsum wallboard screwed to channel
Metal Waits, Curlelawelte

fluted 18 ga, sheet metal 4.4 prefabricated building {2] 25
component

2_ in. thick panel, 20 ga. galvanized steel channel 4.5 ErwJnG. Smith DiVe [3] 28
wall, perforated 18 ge. galvanized steel B-Jlner, fiber-
glass seated In polyethylene bags

2½ in. thick panel, 20 ga. galvanized steel channel -- Elwin G. Smith Dlv, [3] 29
weir, perforated 18 ga. gaJvanlzed steel C-liner, tiber-
grass sealed in polyethylene bags

common cudalnwarl spandrel panel, 16 ga, sheet 7,8 [2] _g
metal exterior, Insulation and % in, gypsum wall-
board Interior

21/4in. thick paner, welded steel ribs, verllcal 1 ga. 5,13 Corporate MS-454 [3] 34
steer stiffeners, roekwool insulation between 20 ga. Virginia Metal Products
stealsheets DIv.

2V4 In, thick panel stiffeners, reckwool insulation be- 4,45 Monollne wall partltlon {3] 37
tween 20 ga. steel sheets Virglnfa Metal Products

CJv.



138 2½ in. thick panel, 20 go. galvanized steel channel -- Shadowal]
wall, perforated 18 go, galvanized sloe] C-liner, fiber- Elwin G, Smith Div. [3] 39
glass sealed in polyethylene bags

20 go. galvanized steel channel wall, perforated 18 -- Shadowail
go. galvanized steel C-liner, fiberglass, _'QIn. gypsum Elwln G. Smith DIv. [3] 41
wallboard *

• Some of the metal parlltlons /isled hero are net principally Intended for use as exterior parflt/one. However,the
description and Inclusion el S/R valuesare included to provide a basis let estimation el the she//Isolation properl/es el
comparablemetal exterior wall symoms.

Roofs

Description Weight Remarks Rof. SIR
Iba/ft =

Wood Roofe

built-up, Insulated roof over 2 in, tongue and groove 13 exposed planking and [2] 37
wood planking beams

shJngle roof with attic, V2 In, gypsum wallboard cell- 10 attic ventilation [2] 40
Ing, framed JndependentJyof roof

built-up, Insulaled roof over 2 in. tongue and groove 15 [2] 42
wood planking, ½ Jn. gypsum walJboard with cavity
insulation

Steel Roofs

built-up Insulated roof over 18 go, metal decking 10 [2] 36

11/= in. thick roof, 22 go. steel roof decking .... Type S Acoustideck [3] 42
Inland Ryerson Co.

1½ In. thick roof, 20 go. steel roof decking -- Type S and B [3] 43
Acousfldeck
Inland Ryerson Co,

3 in, thick roof, 20 ga. steel roof docking -- Type 3 in. H & N [3] 43
Acoustldeck
Inland Ryerson Co.

1V= in, thick roof, 18 go. steel roof decking -- Type S and B [3] 44
Acoustideck
Inland Ryerson Co,

4½ [rl. thick roof, 20 go, sleel roof decking -- Type 4½ In. H [3] 44
AcoustJdeck
Inland Ryerson Co.

1% Jn,thick roof, 18-18 go. steel roof decking -- Type 1_ in. NF [3] 46
Inland Ryersen Co.

4V= in. thick roof, 20-18 go, steel roof decking -- Type 4½ In, H [3] 46
Acoustldeck
inland Ryerson Co.

1_ in. thick roof, 18-18 go. steel roof decking -- Type 1_ in. NF [3] 47
Inland Ryerson Co.

4V_ In, thick roof, 20 go. steel roof decking -- Type 4½ in. HF [3] 47
Acoustideck Inland
Ryerson Co.

6 In, thick roof, 18 go, steel roof decking -- Type 6 in. H Acoustideck [3] 47
Inland Ryers0n Co.

41/= In, thick roof, 16 go, steel roof decking -- Type H Acoustldeck [3] 48
Inland Ryerson Co.

7½ in. thick roof, 18 go. steel roof decking -- Type 7½ In, N [3] 48
Acoustldeck

Inland Ryerson Co.



139 1% In, thfck roof, 16-16 ga. steal roof decking -- Type 1% in, NF [3] 49
inland Ryereon Co,

3 In, thick roof, 16-16 ge, steel roof docking -- Type 3 in, NF [3] 49
Acouatldack
Inland Ryerson Co.

6 fn, thick roof, 16 ga. steer roof decking -- Type 6 In, H Acoustldeok [3] 49
Inland Ryerson Co,

4V= in, thick roof, 18-18 ga. steel roof decking -- Type 4V= In. HF [3] 49
Acousgdeck
Inland Ryerson Co.,

4"_ In, Ihlck roof, 16-18 ga. steel roof decking -- Type 4½ in. HF [3] 50
Acoustldeck
Inland Ryerson Co.

6 in. thick roof. 1g-16 ga. steel roof dsckrng -- Type 6 in. HF 16-16 ge. [2] 51
Aoousgdeck
Inland Ryerson Co,

built-up, Insulated roof over 4 In. concrete slab 50 [2] 49

Windows

Description Weight Rornarka Ref. SIR
Iba/ft =

Fixed Windows, Single Glazed

single strength glass (_= tn.) -- four Irghte [12] 22

elngre strength glass (_= In.) 1.3 fixed window, divided [1] 25
lights, 16 panes, _6 In.
gJass, % fn. airspace

double strength glass 1.63 single light [1] 26

2 mm glass -- wood frame [12J 26

3 mm glass -- single IJght [12] 26

4 mm glass -- plastic frame, 3 flghls [12] 26

V4 In. glass -- wood frame, 3 lights [12] 26

4 mm glass -- wood frame [12] 28

1/4 in, glass 3.2 sealed [2] 26

_6 fn, glass -- wood and steel frame [12] 28

9,5 mm glass -- metal frame, glass set [12] 28
In ferromastls putty

5.5 mm glass -- two lights [12] 29

In. glass _ wood and steel frame [12] 29

1._ In, gJsss -- [12] 30

10 mm glass -- [12] 31

laminated glass [_6 In, glass, 0.045 In. interlayer, -- [12] 31
_6 in. glass]

laminated grass _ 3 plies, 10 mm thick [12] 31
glass with 2 damping
layers

9.5 mm glass -- glees mounted In nee- [12] 32
pren_ gasket

15,9 mm glass _ [12] 32

laminated glass _ double VaIn, sheets [1] 32
laminated to Inner
dear damping layer,
sealed In heavy wood
frame
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140 1/= In. acoustic glass 3,2 sealed [2] 33

in, glass -- wood frame [12] 33

laminated glass [1/4 in. glass, 0.045 In, Interlayer, -- [12] 33
I/4 in. glass]

15 mm glass -- [12] 34

:¥4 in. glass -- [12] 34

7._ In, glass -- [12] 34

1 In. glass -- wood frame [12] 34

laminated glass [Va In, glass, 0.045 In, interlayer, -- [12] 35
In. glass]

½ In. acoustlc glass 6.4 sealed [2] 36

laminated glass -- 4 plies, I/n in. thick [12] 36
glass with 3 interlayers
of 0.045 In.

laminated glass [:_ In, glass, 0.045 in, Interlayer, -- [12] 37
% In, grass]
½ in, acoustic safety glass -- Soundtropane 40 [10] 37

Dearborn Grass Co,

½ in. laminated glass -- Series 324 [3] 38
Starllne, Inc,

laminated grass -- 3 plies, V4 In, thick [12] 38
glass w]lh 2 Inter-
layers of 0.045 In.

laminated glass -- 6 plies, V= in. thick [12] 39
glass with 5 inter-
layers of 0.045 In,

Fixed Window= Double Glazed

3 mm glass, 4.8 mm airspace, 3 mm glass -- metal frame, weather- [12] 2
stripped, 6 lights

2.9 mm glass, 4,9 mm airspace, 2.9 mm glass -- sealod+21Jghts [12] 22

5 mm glass, 12 mm airspace, 3 mm glass -- [12] 25

6 ram glass, 12 mm airspace, 6 mm glass -- [12] 27

6.2 mm glass, 11 mm airspace, 6.2 mm glass -- sealed unit [12] 27

V4 in. glass, ½ In, airspace, I/4 in. glass -- wood frame, 3 lights [12] 28

3 rnm glass, 51 mm airspace, 3 mm glass -- separate wood frames, [12] 30
20 lights

3 mm glass, 32 mm airspace, 3 mm glass -- wood frame [12] 30

4.9 mm glass, 18 mm airspace, 7.6 mm glass -- sealed unit [12] 30

g mm glass, 12 mm airspace, 8 mm glass -- [12] 30

12 mm glass, 12 mm airspace, 12 mm glass -- 112] 30

Va In. plate glass, 21/4 In. airspace, Ve in, plate glass -- [3] 32

6.1 mm glass, 21.5 mm airspace.9.4 mm glass -- sealed unit [12] 32

gmm glass, 13.3 mm airspace, 8 mm glass -- sealed unit [12] 32

7.7 mm glass, 13,5 mm airspace, 9.5 mm glass -- sealed unIt [12] 32

8 mm glass, 12 mm afrspace, 10 mm grass -- [12] 31

6,1 mm glass, 27 mm airspace, 9.1 mm glass -- sealed unit [12] 53

1/4 fn. glass, 1 in. a]rspace, V4in. glass -- figured glass, 3 lights [12] 33

+/4 in, glass, 1 in. airspace, _ In. glass -- figured glass, 3 lights [12] 33

3 mm glass, 75 mm airspace, 3 mm glass -- [12] 34

3 mm glass, 10 cm airspace, 3 mm glass -- [9] 34

4 mm Inner glass, 56 mm airspace,10 mm outer glass -- wood plastic cam- [8] 34
poslte window, 1 lip
sealed

% In. glass, 1 In, airspace, '_ In, glass -- figured glass, 3 fights [12] 34



141 8 mm glass, 13.3 mm airspace, 10 mm glass -- sealed unit [12] 34

4 mm glass, 8,5 cm airspace, 4 mm glass -- [9] 35

V4 In. glass, 2 In. airspace, V4 in. glass -- separate wood frames, [12] 35
20 lights

6 mm glass, 10 cm airspace, 6 mm glass -- [9] gg

•_6 In. glass, 2 In. airspace, V4 In. glass -- [12] 36

"_ in. gJass, 2 in. airspace, _f= in, glass -- figured glass, 3 IJghts [12] 38

3 mm glass, 10 cm airspace, 6 mm grass -- [9] 37

4 mm glass, 10 cm airspace, 4 mm glass -- [9] 37

1/4 In. glass, 2 In. airspace, ½ In. glass -- [12] 37

I/4 In. plate glass, 2V4 in, airspace, V4 In. plate glass -- aluminum frame, [3] 37
DaVsc, Inc,

3 mm glass, 10 cm airspace, 3 mm glass -- 10 cmx 10 cm deep [9] 38
absorbing meterral in
frame channel

3 mm glass, 10 cm airspace, 8 mm glass -- [9] 38

4 mm glass, 10 cm airspace, 4 mm glass -- 10 cm x 2.5 cm deep [9] 38
absorbing material in
frame channel

4 mm glass, 10 cm almpass, 4 mm glass -- 10 cm x 5 cm deep [9] 38
;t absorbing material in

frame channel

-_6 In, glass, 2½ in. airspace, "/4 In. glass 5,7 neoprene gasketed [2] 38
_ aluminum frame

"V4In, plate glass, 2½ in. airspace. Y=6In. plate glass -- [3] 38

Y,i In. glass, 2 In, airspace, % in. glass -- [12] 38

._ 4 mm gJass, 10 cm airspace, 4 mm glass -- 10 cm x 10 cm deep [9] 39absorbing material In
_ frame channel

_: 6 mm glass, 10 cm airspace, 6 mm glass -- 10 em x 2.5 cm deep [g] 39
!_ absorbing material in
_! frame channel
_, 6 mrn glass, 10 cm airspace, 6 mm glass -- 10 cmx 5 cm deep [9] 39
" absorbing material in
_i frame channel
_', 6.25 mm glass, 70 mm airspace, 19 mm glass -- [12] 39

_6 In. glass, 2 in, airspace, t't In, glass -- [12] 40

_ _z In, glass, 2½ In. airspace, 1/4 in. glass -- [2] 40

?: "VT"ln,plate glass, 2V4 in. airspace, V4 In, plate glass -- [g] 40

6 mm grass, 10 cm airspace, 6 mm glass -- 10 cm x 10 cm deep [9] 41
absorbing material In
frame channel

3 mm glass, 10 cm airspace, 6 mm glass -- 10 cmx 10 am deep [9] 42
absorbing material In
frame channel

3 mm glass, 10 cm airspace, 8 mm glass -- 10 cm x 10 cm deep [g] 42
absorbing material In
frame channel

_6 In. glass, 4 In. airspace, V4In. glass -- aluminum frame, [11] 45
Sltelfnes, Ins,

_ in. plate glass, 4¥4 In. airspace, I/4 in,plate glass -- [3] 45

_= in, glass, 3¥4 in. airspace, V,=In. glass 6,1 neoprene gasketed [2] 45
aluminum frame

7AzIn. glass, 3¥4 In, airspace, V,= In. grass -- [12] 45



142 _= in, plats glass,3¥4 In. alrspaoe, v4 In. plate glass -- Miller Bldg. Supply [3] 45
Co.

V4 In. plats glass, 4 In. airspace, _6 tn. plale glass -- [3] 48

Single Hung Windows, Single and Double Glazed

double glazed (_6 Ir1.) -- aluminum frame, [1] 28
locked

V4 In, plata glass -- [3] 28

Doubts Hung Windows, Single Glazed

single strength glass (_z In.) -- wood frame [2] 20

single strength glass (%= In,) 1.3 single fight [1] 22

single strenglh glass (_2 in.) 1.3 single fight, [1] 24
locked

Double Hung Windows, Double Glazed

i _= in. single strength glass, _6 in. airspace, -- wood frame [7] go
' "_2 in. single strength glass, 3._ In. airspace 2.6 single light, locked [1] 25

F _z in. single strength glass, _6 In. airspace, wood frame [7] 28
_'z in. single strength glass with storm sash

in, glass with z_ In. single strength glass storm -- single fights, locked [1] 29
sash

Casement Windows, Single Glazed

single strength glass (¾2 In.) -- steel frame [7] 19

double stmnglh glass (_ In.) 1.63 aluminum frame, locked it] 20

double strength glass (Ve in.) 1.63 operable looked [1] 2B

double strength glass (Ve In,) t.63 single light [1] 29

Herizontal Sgding Windows

single strength glass {_2 in.) -- aluminum frame [2] 16

single strength glass (_2 In.) -- aluminum frame, locked [1] 24

1/4 In. glass -- aluminum frame [7] 24

Pivoled Windows, Single and Double Glazed

1/4 In, plato glass _ vertical pivoted [31 29
window

double glazed, _ In, plate glass, 2 In, airspace, -- pivoted window wtth [3] 38
Y4 In. plate glass thermal and sun

control
Kawnssr Co., [no,

Miscellanssus Windows, Various Glazing

3 mm glass -- operable window, [12] 21
aluminum frame,
20 lights

I/4 in, glass -- operable window, [12] 22
aluminum frame,
20 lights

2.9 mm glass -- operable window, [12] 23
wood frame, glass
set in mastic, 2 lights

double glazed, 1/4 in. plate glass, V= in, airspace, -- venetian blind window [3] 31
I/4 in, plate glass Amelco Window Corp.



143 double glazed, Y4 In. plate glass, 17/ain. airspace, Y4 -- venetian blind window [3] 42
In, plate glass Alpara Aluminum Prod.

Inc.

1/4in. glass -- Jalousie window, 4Yz [1] 18
in. wide louvers with
V= In. overlap, cranked
tight

stngle strength glass (_= in.) with single strength -- locked [1] 27
glass (_ In,) storm sash with 21/4 In. separation
between upper pane and 3% In. separation between

' lower pane and storm sash

single strength glass (_= in.) with double strength -- fixed window, divided [1] 33
glass (_= in.) storm sash with 3¥4 in. separation fights, 16 panes, storm
between storm sash and glass sash with single light

glass block window, 3% In. thick -- fixed window [2] 89

Doors

Weather- Weight Thlck-
Construction stripping Ibs/ft' nasa Remarks Rof. SIR

Olaas Doors

safety glass, sliding door -- 2.6 _6 In. 6 x 7 ft, [1] 24

wood, French door, single- brass 2,85 13/4 In. 12 fights [1] 24
strength glass

Woad Hollow Care Daora

-- -- 2,5 13/4 In. H_ In, crack at [2] 14
threshold

-- yes 1,4 1:_ In. H6 in. crack at [7] 15
threshold

-- yea 2,5 1¥4 In. [2] 17

-- bronze 1.4 1_/4 In. [7] 17
-- brass 1,25 1¥4 In, [1] 19

-- -- 5,1 1% In. Parma Strait Mid- [3] 26
west Woodworking
Co.

Wood Solid Core Doors

-- -- '4.5 1¥4 In. _ in, crack at 17] 18
threshold

-- extruded 3,9 1% In. [1] 24
plastic

-- brass 3.9 1¥4 In. [1] 25

+++ -- extruded -- 1% in. Includes 1 tn aluminum [1] 30
_! plastic frame storm door with

single-st rangth glass
.++ Miscellaneous Wood Doors

,.: panered -- 5.0 1¥4 In, _e in. crack at [2] 18
threshold

solid panel bronze 2.9 -- [7] 21

hardwood, acoustical door -- 4 2Va in, MHnchhausen Sound- [3] g0
proofing Co, Inc,

acouatloal door -- 4 1'_/0 In. Munchhausen Sound- [3] 28
proofing Co, Ina+

flush -- g.t 1¥4 In. STC 38 sound door [3] O0
Republic Steel Corp.



144 Weather- Weight Thick-
Construction stripping Ibs/ft' nasa Remarks Ref. SIR

hardwood surfaces, high den- -- -- 2V4 In, Tlmeblend core [3] 39
slty core, sound rotardant door Weyerhauser Co,

Plywood Doors

acoustical door -- 63 1_/4 in. STC 36 door sys, [3] 34
Republic Steel Corp.

-- -- 6,7 1_4 in, STC 40 door [3] 39
U,S. Plywood

-- -- 9,2 1¥4 In, STC 49 door [3] 47
U.S. Plywood

Steel Doors

2g ga,steel facing, fiberglass -- 3,9 I% In, [3] 21
core

steel facing, polyurethane -- -- 1_4 In. Teorma-Tru entry [3] 27
foam core System, Lakeshore

Industries, Inc.

16 ga, steel facing -- 5,4 1:V4 in, Fenestra F6 C4072- [3] 29
M, Fenostra Door
Products

hollow core magnetic 1,25 1¥4 In, [1] 29

-- -- 6,7 1¥4 In, 3500 series [3] 34
Amweld Build. Prod.

19 or 16 ga. CR_ surface, kraft -- 21 1_'4 In, Sound Sentry Door [3] 38
E11-gg-1AS honeycomb Emerson Engln. Co.
paper core

16 ga, steel facing, flush hop -- 11.3 1% In. Overly Menu. Co. [3] 38
low metal, slngle..glazod, In-
ternally reinforced acoustical
door

16 go.steel facing, acoustical -- 7,9 1¥4 In, Overly Menu. Co, [3] 39
door

hollow metal -- 8.1 1¾ In, sound door [3] 39
Sob Lench Co.

18 ga, steel facing, single- -- 6,5 1¥4 In, Overly Manu. Co. [3] 39
glozed acoustical door

18 ga. steel facing, flush hol- -- 7.4 1_4 In, Overly Menu. Co, [3] 40
tow metal, louver, acoustical
door

hollow metal -- 9,3 1% In. Hol-O-Met Corp. [3] 40

lg go, steel facing, acoustical -- 11,3 1_/4 in, Overly Menu. Co. [3] 41
door, double glazed

16 ga, steel facing, acoustical -- 9,5 1¥4 In, Overly Menu, Co, [3] 44
fire door

masonrycore with steel facing -- 7.5 2V= In. cam-seal door [3] 45
Industrial Acous,
Co., Ino.

masonry ogre with metal -- 7,1 1% In. Industrial door [3] 46
facing Industrial Acous,

Co., Inc,

metal facing, concrete core -- 14.5 4 in, industrial door [3] 47
industrial Acous.
Co,, Inc.

12 ga, steel facing, acoustical -- 21.9 21"_ In. Overly Menu. Co, [3] 47
door



145 16 ga. steel facing, acoustical -- 9,6 13,_ in. Overly Manu, Co, [3] 47
door

18 ga. steel facing -- 14.9 3 In, Industrial door [3] 49
Industrial Aeous,
CO,, Inc,

16 ga, steal facing, Inlornally _ 23 4 In. Overly Manu. Co. iS] 50
reinforced acoustical door

-- 3.4 1% In, Amweld 1509 Series [3] 30
Amwald Build. Prod.

Composite Doors

flush, wood, plastic laminate -- 4,1 lS/4 in. Parma Strait Midwest [3] 17
Woodworking Co,

concrete block sore, aeous- _ -- 2% in, #873 acous, door [3] 37
tlcal door Hupp Corp,

fiberglass reinforced plastic extruded 2.35 1_'4 in. rigid polyurethane [1] 28
panel plastic core

Roforoncos_ [1] Sabine, H, J., Lecher, M. B, FJynn, 1/4 In, glazing, Technical Record, 44/
Appendix A D, R., and Oulndry, T. L., Acoustical 1531394, Department of Works Corn-

:' SIR ValMoe and thermal performance of exterior monwaalth, Experimental Building Sta-
" residential walls, doors, and windows, tion, Australia (1970),

NBSBBS 77 (OwensCcrnlng Fiberglas, [TJ Bishop, D. E., and Hidla, P, W., Notes
_" Granville, Ohio and National Bureau on the sound transmission loss of rosl-

of Standards, Washington, D,C. 1975). dentlal-type windows and doors, J,. [2] Veneklaesen, P, S., Noise exposure Acoust. Sac. Am. 43, 950-892 (1998),
_ and control In the city of Inglowood, [8] Holtz, F., and Verhoven, M,, Develop-
1_;_ California (Paul S. Venek[assen and meat of composite windows with high

!_ Associates, Santa Men[ca, California, sound Insulation (Proceedings of Inter-
, ; 1968). Noise 73, Technical Univeralty, Copen-
_ [3] Purcell, W, E., and Lempart, B., Cam- hagen, Denmark, 1973).

i pondlum of materials for noise control, [9] [ngemeneson, S., Sound insulagng win-
." HEW Publication No. (NIOSH) 75-165 dew constructions, Report NO. 3:1968,

(Illinois Institute of Technology Re- Statens instltut for byggnadsforskn]ng,
search fnstltute, Chicago, Ill., 1979). Stockholm, Sweden (1958).

[4] Borendt, R, D, WInzer, G, E., and Bur-
roughs, C. B,, A guide to airborne, fm- [10] Manufacturer's literature, Glee.wish

architectural laminated glass, Publlca-
pact,and structure bornenoise-contro] tlon 8.26/DE, Dearborn Glass Cam-
in multifamlly dwellings, U,_. Depart- pany, 9edford Park, Ifgnols,mont of Housing and Urban Develop-
ment Report No. HUD-TS-24 (National [11] Manufacturer's literature, Aeousta
Bureau of Btandards, Waehlngton, D,C., glaze, Publication 8, Sltel]nes, Inc,
1967), Van Nuys, California (1999),

[5] Miller, L. N., Lecture notes on noise [12] Anon.,The airborne sound Insulation of
end vibration control for mechanical glass, Environmental Advisory Service
and electrical equipment in buildings Report NO. 4, P]lklngton Brothers Llm-
andnoise In manufacturing plants (Bolt Ited, Lancashire, England (1970).

Beranek and Newman Inc,, Cambridge, [13] Anon., A guide to selecting concrete
Mess.). masonry walls for noise reduction, Ne-

[8] Tay(or, M. A.,Tho airborne sound trans, tlonal Concrete Masonry Association,
mission loss of e sliding window with Arlington, Virginia (1970),
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147 Appendix B

Technical Basis of the SIR Method

L

, Objective room as well as the workmanship In the in-

The objective of the study that led to the stellation of the partition.
evolution of the SIR method was to derive In particular, the total amount of absorptive

i e simple system to predict the attenuation material In the second room is an Important
of A-weighted sound provided by bultding factor which must be taken into account.
shells from information about the construe- Thfs absorption Is measured In terms of the
ties of the exterior partitions. It appeared equivalent area of an opening throughwhich
that such a system would ideally be based the sound may be totally absorbed or leave

: upon somesingle-figure rating of the acous- the room, as through an open doorway. The
tlcal transmission properties of the patti, absorption of the receiving room Is thus

;!
ties, would simply account for the exterior given by a term A2 (In square meters, or

I surface area and interior furnishings, and "metric sabines'),

,: would be relatively insenslgva to the details The ores of the partition separating the two
_- of the external noise. This appendix briefly rooms is also an Important factor, Since

describes the evolution of the syslem which all of the sound energy Is assumed to
_ appears to satisfy these objectives, and pass through the partition, more sound
!; which Is used in this report, energy will pass through a large partition

than through a small one, and (all other
_; Physics! Parameters factors beln9 equal) a (receiving) room with
._'_ In a typical measurement of the noise Iso]a- e large partition wltl be noisier than would
_, ties between two adjacent rooms, measure- be the case for a small partition. The area

meets of the space and time averaged mean of the partition separating two adjacent
sound pressure levels are obtained In the rooms Is termed Sw,

two rooms, and the difference in levels Is In order to eliminate these complicating
obtained. Mathematically, if the sound level factors when considering the relative noise
In the first room (chosen as the one with Isolating properties of alternative partitions,
the higher noise level, because it Is assumed e physical parameter related to the (meae-
to contain the major source of noise) Is ured) noise reduction is used, This is the
denoted bySPL1, and the sound level In the "transmission loss", termed TL, Moths-
second room Is denoted by SPL2, then the rustically [1, 2],
term (SPL1- SPL2] is termed the "noise
reduction" [1], denoted NR, TL = NR -I- 10 Iogqo(Sw) -- 10 Iog,o(A2),

NR = SPL1 -- SPL2. The transmission loss Is the ratio, expressed
in decibels, of the fnc]dent sound power per

Throughout thTe design guide, all sound unit area (Incident Intensity) to that trees-
levels are actually A-weighted sound pres- mitred through and rad[ated by a unit area
sure levels, end SPLt and SPL2 would each of the partition, Independent of the prop-
be measured with the use of the A-weighting ertles of the receiving room. Laboratory
network, data for the transmission lose properties el
The noise reduction Is a physical quan- partitions are frequently measured and can
tlty of great Interest, because if tells us be found in the literature. These data ere
about the magnitude of the Isolation between generally measured end reported upon In
the rooms, This Isolation Is provided by octave-band or one*third-octave bands,
the noise Insulation properties of the eepa- when the acoustic fields In the two adlacent
rating partition, But although the noise re- rooms are diffuse as In a reverberant room.
ductlon accounts for some of the noise in- The reverberant room environment makes It
euration properties of the partition1 II is also possible to accurately measure the space-
dependent upon details of the furnishings averaged sound levels mentioned earlier,
and dimensions of the second ("receiving") and a_so makes It possible to assume that
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148 the acoustic field Incident upon the parti- Thus 1oestimate the noise reduction due to
lion in the firsl (source) room Is such that a given exterior partition, we need to know
sound energy is incident with equal prob- the TI. data (from the Ilteralure), the area
ability from all directions, of the partition Sw, and Ihe total acoustical

The extedor facade of e beiidlng should absorption of the room, A2, Rearranging the
provide adequate attenuation of sound ar- previous expression for transmission loss,
riving from a number of directions. For de- NR _ TL -- f0 ]og,o ($w) -F-10 log,o (A2).
sign purposes, it Is often appropriate Io
make use of sound transmission loss data For many architectural acoustics problems,
which correspond to an average over many Ihe malodty of the acoustical absorption Is
angles of incidence, For some situations, provided by materials used as either floor
ouch as the upper floors of a high rise butld, or ceiling coverings (e,g,, carpets and acous-
Ing very near a highway, the traffic noise goal ceilings) or as furniture. A smaller
will arrive at near grazing Incidence and amount is provided by wall coverings such
data for the transmission loss at this angle as drapes. The total absorption (A2) Is
wourd ideally be selected if available. How- Iherefore often crudeJy proportional to the
ever, the majority of circumstances are such floor area. As we shag see, this observe-
that sound can be expected to arrive from lion is used fn developing the SIR melhod,
essentially all angles with equal probability, and corresoonds to oractlcel rules of thumb
For this design guide, the "random Incl- frequengy used by archilectural acous-
dence" transmission loss data were used In flcians,
developing the SiR method. These data are The lerm (A2), like the lerm TL, Js a func-
appropriale when there is equal probab[gty lion of frequency. Typically, an absorptive
of sound arriving from any direction. For materlal such as acoustical tile may have
design purposes, these data are conserva- e much higher absorptivity for hJgh fro-
live for sound arriving at the parUIJon from quenciee than for low. Thus, an evaluation
0" (normal) to beyond 45". Unless It Is of "the" noise reduction provided by a par-
known that sound will usually Jmplnge at titian or enclosure must be conducted on
near grazing Incidence, the use of data oh- a narrow band basis, and separate estimates
lained under random Incidence conditions of the noise reduction for each octave or
should be suitable for exterior waits, one-third octave band are generaled,

Published transmission loss data ere fro- To thoroughly evaluate the difference in
quently obtained making use of laboratory A-we/ghted levels on two sides of a par-
measurement procedure; however, proce- llllon from published data, several steps are
dures for determining the airborne sound required. First one obtains narrow band
insulation in building elements are also spectral InformaIion describing the nature
available [3], The recommended practice of 1hesound produced by the noise source
cited in (3] _s specglcagy directed toward Iocaled on the exterior s{de, applies the
(he problems involved in measurement of A-wolghgng characlerlstic, and Ihen dolor-
the performance of a partition element when mines the overaJIA-weighted exterior sound
installed as a part of a building, whatever pressure level, Secondly, one evafutoa the
_heconfiguration, as opposed to a controged partg/en used in conjunction wJth the re-
laboratory environment, calving room, using the expression for NR

Nag[soling the fact that exterJor facades are to generals a tabJo or chart showing the
noise reduction provided by the enclosurenot usuagy used fe separate two ecous-

t[caJly reverberant systems, for this design for each narrow frequency band. These
guide we are Interested in differences (n values are lhen subtracled from ;he spec-
sound levels on the two sides of the facade Irum teveJ data cheractedelng the noise
(interior and exterior) of buildings, A slight source, to yield Ihe spectrum levels which
compgcatfon is introduced if we actually at- characler)ze the noise wllhle the interior
tempt to measure the sound levels in the room. The A-weJghtfng charactertsgc fs then
Immediate vicinity of the partition on the applied, and the everett A-welghled interior

sound pressure level is then determined.exterior side; Ihe sound level there mo_ be
as much as 6 dB higher than a tittle further The difference in the two overall A-weighted
away. This stems from a pressure doubting levels can then be obtained, and wgl be a
effect due to reflections or the presence of measure of Ihe protection from external
the rigid partlPon, bat it is restrtcled to the noise provlded by the bubding she)l,

region cJose to the walJ and is not a source Obviously Ih[s can be a rather complicated
of complication when we wish to consider process, To s_mbtlfy the computalionaf prom
the difference in diffuse field or random ass, reliance is sometimes prated upon
incidence and reverberant field space aver- single figure ratings.
aged sound levels, These differences are
given by the noise reducllon, NR. Single-figure rating systems are frequently



149 used In the evaluation of the elements of shall net be greater than two times
complex systems. Architectural acoustics the total number of frequency bands
is a field in which several such systems are for which data are available, and
found. The American Society for Testing and (b) the maximum deficiency at a single
Materials has published the details of a test point shall not exceed 8 dB.
slngla-ggure rating system appropriate for When the contour is adjusted to the highest
rating the sound transmission properties el value (in integer decibels) that meets Ihese
inferior partitions by the appropriate sound requirements, the sound transmission class
transmission class (STC) number [4], Other for the specJmen is the TL value correspond-
single-figure rating systems found In this Ing to the Intersection of the reference con-
field include the impact Isolallon class (IIC) tour at 500 Hz and the ordJnate of the TL
system for rating the impact noise proper- data plot [4]. Note thai the reference con-
ties of floor-ceiling assemblies [5], and the tour is an essential element in this rating
shell Isolation rating (SIR) syslem devised system.

for this report. Basis for Evaluation of Alternative SIno/e
The technical basis for tde SIR system used Figure Rating Curves
In this report Is similar in many respects to
that for the STC system. Both of these sys- At the oulset of the study which led to the
terns rely upon test data which characterize SIR method it was realized that any rating
the acoustic transmission less properties contour chosen for evaluation of the ex-
of test assemblies, radar partitions ought to properly account

for the different frequency spectra cf theOne significant difference between the two
external noise sources, Thus, It was agreed

systems (STC and SIR) ties In the fact that that the study should Include use of several
the STC single figure rating is a rating de- spectra for each of several types of external
scdbfng the noise Insulation properties of noise sources; e.g., highway, railway and

i a pargBon itself, whereas the SIR is a single aircraft.
figure rating which [s used both to describe
the noise Insulation properties of a partition Because several alternative rattng curves
element ("member SIR") and to describe were included in the study, it was decided
the noise Isolation properties of an on- to usesimple (although extensive) statistical
closure ("room SIR") which has partitions studies for choice of the most suitable rating

; as Jtsmembers. It might have been prefer- curve.
able to consistently distingufsh between the
SIR numbers appropriate to the shell mere- The basis of the process of evaluation con-
bars or components in contrast with that sisted of repealed comparison of Ihe single
for the total enclosure or room but no real figure rating number (obtained for a given

" confusion should exist as one becomes fa- exterior partition member or component,

miller with the important concept that ulti- usfng a specific rating curve and curve
mately the room SIR number is used to fitting rule applied to the corresponding
estimate the difference In A-weighted (equiv- partition transmission loss data) with the
alent) sound levels between interior and average shell Isolation computed by explicit
exterior of the room, corresponding to the detailed evaluation of the differences in
attenuation (noise isolation) provided by
the buffdfng shell or the noise reduction,
STC Rating System 70 ! I I I ' I f

For the STC rating system [4] partition trans- e0 !
mission loss data are compared with a _ !

reference contour In a series of 16 one- _ eo ; ..f.
thfrd-octave bands ranging from 125 Hz to .._
4000 Hz. The sound transmission class (for .__ 4u
the partlBon) may be determined by cam- . -- r s'rc.-= : :
parison of the transmission losses for the _0 ¢ONTOUX ,

test specimen plotted on a graph with a _ i' .J
transparent overlay on whfch the STC refer- =0
once contour is drawn, Rgure E]-I illua- i ' ' ,
trates an STC reference contour. The STC _o--

contour Is shifted vertically relative to the i Itest curve until some of the measured TL I : I I I :
values for the test specimen fall below those _5 =_0 5_0 _00o.-o00 _000
of the STC contour, and the following condl- SandCenterFr0quency,H=

tlons are fulfilled: Figure S-1, An example of the application
(a) the sum of the deficiencies (l.e,, the of the STC contour Io transmission loss

deviations below the STC contour) data.
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150 A-weighted levels which would exist for Fudhermore we sought to select a curve
several given noise source spectra, patti- for which the standard deviation el the dlf-
t[on elements, and trial room configurations, ferences between the systematic mean dtf-
Because all sound levels to be used In Ihls ferenco and the achieved notes reductions
design guide wore to be A-weighted. the was small. Smallness of the slandard doyle-
single figure method was to correlale with tion was considered to indicate that, for
the difference In A-weighted levels, rather the statistical set In consideration, the de-
than with other differences of weighted rived single figure and the differences In
levels. A-weighted sound levels were reasonably

More expl{cltly, realize Ihat the use ol _he well correlated, end that, further, the single
figure numbers characteBzlng the proper-

rating curve ar*d curve fitting procedure ties of the partition could be used as theyields a single figure indirectly correspond-
ing to the noise reducllon propert{es, since basis of simple estimates st the noise ra-
the noise reduction is a consequence of duogon properties of the enclosure, by ac-
Ihe transmission lose provided by the par- counting for the mean difference appro-
fitlon. For comparison purposes, explicit prialely.
evaluagon of the difference in A-weighted Thus, the choice of an appropriate rating
noise levels (by the detailed method of curve became an exercise in statistical con-
calculation) also yields estimates of the sideration el the available data.
shell Isolation or noise reduction properties, For this study, spectral data were obtained
We sought to choose a rating curve yielding from the literature, for eteven examples of
a predfctabte sys{ematfc mean dlgeronce highway noise, eleven examples of railway
between: (1) the single numbers derived noise, and five examples of aircraft noise
from consfderalfon of the partition itself, [6_18J. Figures B-2 through B-4 illustrate
and ['2) the achieved do[aged estimates of tile general characteristics of these spectra,
the enctosure's (room's) noise reduclIon, when normalized to equal A-weighted levels.

--30

100 1000 100(]0

Frequen=y,Hz

Figure B-g, Ereven highway spectra
normalized to equivalent A-weighted
sound pressure levels,
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1 52 Prior work of L)unggren (19] had sug0nsted A trl_J room was selected, with dimensions
that e stngJo number rating should be of 12 ft wide bY Bft high by 25 ft deep.
chosen upon some measure of the degree Because of the possible sensitivity of single
1o which padltJon transmission loss data numher curve fitting procedures to the de-
"fit" thu A-weighted typical exterior noise ta{(a o( interior absorption, three different
bang [eve/s. For the noise spe_lra chosen interior configurations were sludlad for the
In his study, these considerations ted to trial room, These correspond to _cousticaliy
choice of e rating contour consisting of a '*hard", "medium", and "soil" rooms. The
strafghl gee sloped at -_-3 de/octave, and absorption coefficients were competed trom
this contour was selected for evafuallon, published data• The "hard" room was as-

sumed to have a floor of vinyl asbestos tile
Much pub)]shed data ere available, how- on concrele, waits of gypsum board on 2 In,
even tot the STC single tlgere ratings char- by 4 inl wooden studs spaced 16 in. onaetedstlc of parltflono, and ft was Ihought
prudent to consider whether the use of this center, and a concrete ceiling, _o allowance

was made tor absorption due to furniturerating contour (and Ihus, Ihese published
data_ wouJd be desirabJe for the purposes of occupaots tot any o! the ¢ontlguratlons,
of this design guide, so that it [s probable that the "hard" con-

figuration represents an extreme not ohen
Stiff a third trial contour was considered: found in practice• In the "medium" room,
a straight line with zero slopE, |a "fief" (he absorption coefficients for a carpet and
contour). This was thought to be desirable pad were substJluted for those of the vinyl
on the basis of certain simple curve.filling asbestos t{fe. For the "soft" configuration,
properties, a fissured tile ceiling was also included,

These three trial contours were to be ap- gala for the average sound absorption co-
p_ted to th,_ transmission Ios_, data for _ efficient, corresponding to the form (A2)
/argo number of exterior parlftJons and par- divided by the total Interior surface area
litlon componanls such as doors, windows, eta given in Figure B-5 for the three con-
decorative paneJs,etc. The available Igera- figurations.
ture was exlensively reviewed Io obtain
these data. It should be noted that there Statistics/ Studies
are some contradictory data to be found In InlllaJly, for each of the 27 examples el ex-
(he literature, Le,,dlscreperd date published tarter noise spectra, computations of the
for nominally IdenttcaJ constructions, and difference in A-weighted levels were made
tha_, aa well the descriptions of construe- for e_oh e( 507 extedor partitions or par-
lion details are often Imprecise. Ideally, the tlflon elements, for the "medium" conflgura-
date should be cdgcatly reviewed and arep- lions of the trial roam• For compQdson, the
resenteffve selection of exterior parlitlon 507 partitions were assigned single number
elements and componenls chosen. For this ratings using a simple curve tltthlg prooe-
study, transmission loss data for more Ihen dure and Ihe "fJat" reference con¢our, The
500 exterior partlllon elements were eel- mean difference between th_ single hum-
leered from the literature (19-31]. bars Ihus oblaiaed and the digerences in

.S | ] | I J
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F gure B-5. Average sound absorp-
tion coefllcients versus frequency or
three room configurations.



153 A-weighted levels computed using the de- spectra); three rating curves; and three ab*
tailed'transmission loss data was then oh- sorptton configurations, These data are
talned by averaging over the 507 partition shown In Table B-l.
elements for each of the 27 spectre. The
standard deviation about the mean differ- It is apparent that the dllferences between
enca was also computed, the data for each of the subsetscorrespond-
The magnitude of the standard devlet[on for lag to differing classes of sources were
each el the 27 sets of data was such that modest relative to the sizes of the standard
the differences between the magn/lt_de of deviations so that the separate considers-
the mean dllferences were small In come tigris of diIferent classes of sourco Is prob-
par(son. Thus, an fnsensfIIvrty of the cam- ably not warranted. Consideration of thesedata was thus subsequently restricted to
parlson to the details of the speclral char- the statistical data for the complete setacIeristfcs was Indicated. This Indicated
that, at the least, data for subsets of dif- which include consideration of all 27 source
ferent class of noise source would be ado- spectre,

quote as opposed to computations for each The most desirable single figure rating
spoclflc source, and that a methodfnvetvfng system would be that characterized by a
averaging over el/exterior noises might be small value of standard deviation. For the
successful. "Success". or "adequacy" of "medium" room configuration, Ihe data
those studies was understood to be pri- obtained using the 3 dB/octave curve are
marlly that the standard deviations were not characterized by the smallest standard devl-
appreciably enlarged when comparing the asian (2.10 riB), followed by the "Slat"
standard deviations for subsets with Ihe 27 (2.19 dB) and STC (2,69 dB) data. For the
individual standard deviations, "soft" room conllgurat]on, the relative rank
Studies were next conducted by computing orderlngs, in terms of increasing size of
the corresponding statistics again for the the slandard deviation, are the "flat", 3
twenty-seven spectra, but including the usa dB/octave, and STC data. Finally, for the
of "flat", -t-3 dB/octave, and STC rating "hard" conhgurallon, the rank orderInge are
contours, again for the more than 500 par- STC, 3 riB/octave, and "flat". Though no
t[tions, end including the three trial room one rating curve is superior for all room
configurations. However, because of the configurations, the differences between the
noted insensitivity to details of the spectral "3 riB/octave" and "flat" data for the two
characteristics, the statistics were this time most representative room configurations are
computed for each of the three subsetscar- small and the data using these two curves
responding to different classes of external are superior 1o those for the STC contour.
noise source (highway, railway and aircraft) In view of the fact that the 3 dB/octeve data
as well as when averaged over the complete are superior to the "flat" contour (and only
sat of twenty-seven noise source spectra, slightly inferior to the STC contour data)
Thirty-six values of the mean dllferences for the "hard" room eonf[guratlon, a slight
and standard deviations were thus cam- overall preference is shown for the 3 dB/
puted; corresponding to four sets ol source octave contour as Ljunggren suggested,
spectra (3 sub sets of class of source plus
the complele set Including the 27 source In order to test the sensitivityof this choice

Table B-1
et_lisllCalanalys]l_o moandllorotlcesendstandarddaVlmlionlbelWaerlthesinglel] ore derive4by Cut4Dliltingto
pe on ennmlnsionlossdel_endtnaleveldifference,ThroeteemablOrplion¢onflgurat_onl.swan1,levonnolDospecltm
507p_lftltlonaendthleoCOnlourlwore¢ontli_etod,All dataareunia ofriB*

0dBIoctavo SlrC "_lat"
Conlauf Contagr ConiesJr

MeanDill, Std,gaY. MeanDin, Std,0ev. MeanD_II, Std,DOV,

Hard Room Configuration
11 HighwaySpectra --2.22 1,57 --5.47 1,53 --0.71 2,63
11 RailwaySpaclra --1.85 1,76 --5,00 1,63 --0,24 2.91
5 Aircraft Spectra --1,46 1,92 --4,61 1.66 +0.15 3.21

CompleteSet of 27 Spectra --1.97 1,76 --6.12 1.61 --0.36 2.68
MediumRoom Configuration

11 Highway Spectra +2,01 1,94 --1.13 2,66 +3,63 1.78
11 RailwaySpoclra +2.75 2.09 --0,39 2.67 +4.27 2.23
5 Aircraft Spectra +3,39 2.12 +Q.25 2.50 +5,01 2.58

Complete Set of 27 Spectra +2.57 2.10 --Q.58 2,69 +4.12 2.19
Sort Room Configuration

11 HighwaySpectra +3,77 2.31 +0.63 3,19 +5.29 1.65
11 Railway Spectra +4,65 2.51 +1.50 3.24 +6.27 2.23

g .,...._+ o_._*,. -F.5.42 2,33 +2.27 2.22 J_-7,03 2.39
CompleteSet of 27 Spectra +4.44 2.46 -t-l.2u ;_.Zz -i-6,05 2.1.;



1 54 of preferred rating curve to the composition Isolation properties (the "member SIR") In
of the set of trial partillons, a subset of 50 order to predict the difference In A-weighted
exlernai partition elements was chosen, with levels, it is necessary to account for ob-
attention to selection of a more represent- vJous syslemafic faclors relating to the room
alive aesodmenf of walls,, windows and and partition which enter into the relation-
doors. (It had been holed that the set In- ship. Two of the immediate factors enter-
volving 507 partition elements rncluded Jag Into the analysis are the dlfferances due
more windows and doors than external par- to room absorpflvlly and partition area.

tifions, Thus it was decided lo select a By comparing the data for the hard,medium,
subset which contained e smaller rerativo and soft room configurations when averaged
number ot windows and doors, and to see over the smaller set of partitions and 27
if the sfafisllcal studies differed apprecl, spectra, when usingthe chosen 3 dB/octave
ably,) Once again, stalistlcal analysis of rating curve, the mean differences are --1,8,
the data was conducted, averaging over the _-2,3. and -p4,3 dB. That is, on the average.
one set of 27 external noise spectra, for the single number assigned to Ihe partition
three configurations of absorption, and three differs from the actual computed difference
rating curves. Nine values of the mean In A-weighted sound levels by these
differences and standard deviations were amounts. To the nearest integer, these are
thus obtained. For the medium room ab. --2, -_-2, and -(-4 dB. Thus, for example,
sorption this time the rank ordertngs are the change from "medium" to "soft" room
"flat". 3 dB/octeve and STC. For the "soft" conffgurafion increases the mean difference
conf]gurafion, the order]ngs are "fiat", "3 by 2 dB. This difference is probably pHn-
dB/octave", and "STC", while for the "hard" cJpally due to the addrfionaJ absorption at
confPguratlon, the orderlngs are "STC',
"3 dB/octave", apd "flat", Here the dlf- high frequencies provided by the "soft"room configuration. Therefore, a srmple
ferenaes ere slightry fn favor of the "flat" method of accounting for differences in
contour as opposed to the 3 dB/octave con. room absorption is suggested; namely, add.
tour for the two most representative room Jag oppropHale correction factors to Iho
configurations, with a preference shown to partlfion'e single figure (member SiR) hum-
the STC and 3 dB/oclave conlour for the bet to alrow for the absorptlvJly of the In-
"hard" configuration, tedor volume. These considerations led to
Comparison of the results of Ihese two the room absorption corrections on the SIR
studies shows that there is not rearly any worksheet for the hard and soft configure-
marked superiority to either use of the 3 dE]/ irons, and the additlonar mean difference for
octave or "flat" contour, but that the $TC the medium room configuration of -1=2dB
contour isgenerally not favored in fhJsstudy, fs "built Into" the room geometry correction.
A more delailed and exhaustive study than
that conducted here would be essential to The next parameter to be systematically
clearly show the superiority of any method, studied was the effect of vadalion of the
However, such e study should Include ads- area of the test panel relative Io the total
quote definition of "lyplcal" long term time absorptive area of the room. The total
averagedexterlor noise source spectra, con- amount of acoustical absorpfion in this
sfderetlon of the transmission ross charac- model is approximately proportional to the
terlsgcs of a representafive selection of floor area (padlcularly for the "soft" con-
"typical" exterior partition elements, careful figuration). It is apparent that otherwise
definition of "typlcar' absorption dale for Identical rooms will be such that roomswith
"hard", "medium". and "soft" room con- larger fetal floor areas will have Ihe larger
ftguretfons, and varlefion of room geomet- absorption, and hence, lower interior noise.
ricer parameters. In the absence of these Considerations of variation of the exterior
data. a decision to make use of the 3 dB/ wall area lcorrespondlng to the term Sw),
octave contour as suggested by Ljunggrea relative to the floor area red to the evorufion
was made, This decision was motivated by of Table 6-4, which allows us to adapt the
the absence of e_ear demonstration of the SIR predictive method to account for rooms

euperlorfly of the alternative contours ("flat" wgh various ratios of exterior wail to floor
and STC contours), because of the apparent area.
adequacy of such a contour (as demon- In order, then, to oblaln the difference in
stralad by these stafiefical studies), and by A-weighted leve!s In the room and at the
e desire to avoid advocacy of any additional exterior of the building, fhe following steps
reference contours, are indicated;

Eve/utica of The SIR Method from the Sta. 1) Obtain the SIR single-figure rating ap-
t/slice/ Data proprlate for the exlerior padgloa wall
In order to make use of the single figure through the usa of the selected curve.
ratings eharacteflzlng the partftlon's noise fitting procedure end the -t_3 dB/



155 octave contour, This Is a "member rooms of the analytic model each have a
SIR", sound pressure level wh/ch arises as a con-

2) Account for the average absorptivity sequence of the acoustJc power flowing
of the room's surface absorption char- through the IndlvlduaJ exterior walls, and
acledstics by allowing absorption car. because logarithmic combination of sound
reel/one of -_2 dB for the soft room pressure levels is the proper way to ac-
configuration, and --4 dB for the hard count for the addition of quantifies proper.
room configuration, tlonat to power.

3) Account for the specific room geom- To account for the deflvaflon of the SrR
airy (floor area/partition area) by con- number apprepriala for composite partl-
sulllng Table 6-4 to derive a carrot- tlons, it is necessary to account for two
lion factor which accounts for the fac- factors; the areas of the Individual compo-
tars [10 feg,o (Sw)] and [--10 Iog,o nenls and the differences in their sound
Ag], and which also incorporates a transmission properties. The data of Tabre
factor of _-2 dB to account for asys- 6-2 were generated from conslderagon of
tematlc mean dJfference naiad fn the an expression derived for the transmission
stallstJcal analysis for the medium loss of composite partitions, accounting for
room configuration, these two variable factors. An Incremental

To this point, the SIR procedure provides change fn transmission Josswill correspond-
an estimate of the difference In levels (lhe Ingfy affect the StR number,

"roam SIR") based upon three factors: The labulated data to account for the pres-
..., a single figure rating derived from, and once of leaks Is obtained from considers-

" proportional to, the external partition tlons similar to those used to ecaount for
/ transmissionJossdata. the cxJslence of composite partJgoas.Here,

' .., lhe room acoustic absorption, terra- the analytic model assumed that the leaks
spending to the frequency character- constJtute finite openings with a zero trans-
Isflcs of the three differing ream _b- mission loss, Although this is an over-
sorpllon configurations, simplified model, and does not account for

..,the room geometry correction factor the possible resonance effects known to
aacounts for the relative sizes of the occur for narrow slot-like openings, it is
exterior partition and the total amount nonetheless retat/veJy simple, and may be
of acoustic absorption, (proportional adequate for typical leaks which occur due
to the floor area), to poor and moderale workmanship.

To IJluslratethese facts, consider the case
of the trial room used for the study. As- Determineron of the She// leoallen Rating
sums that Ihe exterior partJtlon wall fs 8 ft The SIR rating of partitions or partition ale-
by 12 it, wllh a SIR number of 30, The floor ments not listed In Appendix A may be de-
area Is (12 ft X 25 ft = 300 it'). The room retrained by using laboratory lest data of
geometry correction factor is -_-2 dB be- transmission loss versus one-third octave
cause the ratio of exterior partition wall or octave band frequency, if these data are
area to floor area is 0.32 (see Table 6-4). available. For the SIR single-figure rating
For the "medium'* room case Icarpeted system, the transmission loss data are
floor, bare waJJsand hard ceiling) no addl- compared with the SIR reference curve
lionel correction factor Is required. Thus, the {a _ 3 dB/o_tave straight line with an
level difference is (30 _ 2) = g2 dB. That Intercept of the 0 dB axis at 500 Hz) In each
Is, the A-weighted sound level of the acous- of the oae-thJrd octave or octave bands of
lie field Incident upon the exterior side of data. The curve fitting technique used to
the wall will be 32 dB larger than the determine the SIR number for a particular
A-weighted sound level In the Interior of the partition or element is related to Ihst used
room. to determine the STC rating [4J. That is,
Next, It is necessary to consider the effect the transmlssJon loss data for the testspeci-
al the presence of several partitions, The men is plotted on a graph wgh a transparent
analytic model chosen for this case assumes overlay on which the SIR reference contour
in effect that the room can always be re- fs drawn. The SrR contour Is shifted ver-
gardad as a superposltJon of several nora- flcafly relative to the lest curve until some
fnalfy ]dentlcar rooms, each of which has of the measured TL values for the test
only one wall exposed to the exterior noise, specimen fall below those of the SiR con-
In such a case, simple IogarJthmFccombI, tour such that the sum of the deficiencies
nation of the revers within each of the Indl- (i,e., the deviations below the SIR contour)
vldual rooms of the analytic model will In one-third octave or octave bands la less
yield the Jevel corresponding to the case than two times the total number of frequency
Vrh_C.hII==* =uvur_i uxierior partitions with bands for which data are given. An example
one room, This Is because the Individual of this curve fitting process is shown In



156 Figure B-6. For Ihls example, data are fuse acoustic field as is assumed In both
given for 16 bands, The sum of Ihe deflclen- lhe STC and SIR models, but Is more prob-
ctes must be less than 32 dB In this case, ably a wave Incident at some specific angle

When the contour is adjusted to the highest (or narrow range of angles) of Incidence.
value (In Integer decibels) that meets this Under these conditions, the transmission
requirement, the SIR number for the speoi- loss data, already known to be frequency
men is the TL value corresponding to the dependent, are also dependent on Ihe angle
position of the 500 Hz coordinate of the of Incidence. These complications were
SIR curve, Note that the primary difference judged to be beyond the scope of this
between the SIR and STC curve fitting tech- report.
nlques, aside from lhe difference In refer- The choice of the _1-3 dB/octave contour
once contours, is that the requirement that Ior the evaluation of the SIR method was
Ihe maximum deficiency at a single test predicated upon comparative consideration
point not exceed 8 dB is not used In the of more than 500 exterior padltlons or par-
SIR system. Also, it should be pointed out flflon elements with three trial contours,
that the use of one-third-octave band data Is twenty-seven source spectra, and three
preferable to the use of octave band data be- room absorption configurations. While this
cause there are more data points and thus is not as exhaustive a sludy as might be
finer resolution of the actual,transmission conceived, Ibis choice of reference con-
loss characteristics of the test specimen, lout does have the virtue of relative sim-

plicity, and the averaged standard deviations
Discuss/on of the difference between the computed
There are several readily identifiable de- A-weighted level difference and the results
ficlencles of this method of accounting for of the SIR method _nthe statistical analysis
building shell sound transmission, and It is are typically of the order of 2 dB, and the
Important to state some of Ihe limitations mean differences have been accommodated
so that there Is no mlsundersland[ng about In the adaptations of the "member SIR"
the range of valldJly of this analysis, into the "room SIR".

As previously mentioned, in a typical urban The optimum choice of a reference curve
noise slluatlon, the acoustic field incident Is undoubtedly dependent upon the details
upon the building exterior will not be a dll- of the exterior noise spectra under consider-

ation [33]. In the absence of long-term
time-averaged exterior noise spectral data,

7o I I I I I I as would be most appropriate for a design
method keyed to equivalent sound level

eo metrics, the present selection of a reference
curve should be adequale for Interior usage.

It Is also Important to acknowledge that
m so Ihe choice el representative room absorp-
.D _ _. lion characteristics will Influence the de-

q.._,, r._ tails of the method. In reality, few roomsg 40 .._.,_,.._., , are as "hard" as the "hard" roomapproxl-

0= _ sl_ con_=r marion and Jl is certain that other "repre-

'_ _o sentatlve" room absorpllon data and cor-
'_ rectton faclors can be conceived. Further-
= more, the correction factor for "leaks" couldE

:.. 2o be more sophlsgcated Ihan that suggested
here. But once again, ft was thought de-

; slrabfe to provide a simplified model and
_o computational method.

Finally, it must be admitted that the evolu-
I I l I I lion (and evaluation) of single-figure com-

_25 =50 500 _oo0 ;0oo _00o putallonal mothnds for the estimation of

Band Center Frequency,Hz acoustical properties is an Important re-
search topic. The present method is only
one example of such a procedure, and this

Figure B-6. ExampIe of carve-fltthlg tech- method may be subject to modlficagon as
nlque for determination of $JR value of data on its utility and comparJsons with
a test specimen based upon one-third experimental data become available. Cur-
octave band transmission loss data. SIR rent research at lhe National Research
conlour is t-3 db/octave slraight line with Council In Canada [34, 35] has led to the
ordinate intercept at 500 Hz equal to the evolution of an alternative simplified method
test specimen SIR value, directed toward control of aircraft noise In



157 buildings, and the work of Ljunggren in fled compulatlonal methods and to consider
Sweden [19] can be cited as yet another the use o1more detailed melhods as their
example directed toward traffic noise de- undr,rslandtng of the acoustics Involved in
sign consldera6ons, The authors of this designing for noise control increases. Such
design guide encourage the Interested an increased understanding can only load
reader to make use of alternative slmpli- to a bettor environment.
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AppendixC
Sample Worksheets

PRELIMINARY SOURCE EVALUATION WORKSHEET

1 2 3 4

Noise Building- Might there If the answer if the answer
Source Source be excessive is no inall is yes for one

Distance noise? (yes cases, or more of the
or no) [See for highways, sources,
Table 2_2] railways, or

• alrporls *

Highway #1 feet Omit Section 2 Obtain the data
of Chapter 5 and perform the

#2 feet computatiensoutlined in Sac.
2 of Chapler 5

#3 feet for each high-
way with a yes

: #4 feat answer.

Railway #1 feet Omit Section 3 Obtain the dat_
el Chapter 5 and perform the

#2 feet computatiens

; outlined in Sac.
#3 feet 3 of Chapler 5

for each railway
tt4 feet with a yes answer.

Airport #1 miles Omit Section 4 Obtain the data
of Chapter 5 and perform the

#2 miles computations
outlined in See,

#3 miles 4 of Chapter 5
for each airport

#4 miles with a yea answer.

• It the answer is no lot all three types el transportation system noisesource, this design guide evalua.
t/on isnot necessary,

,?



160

DC v
FT VEH/HR

HNL 30 - 15000

_-B_lO0 40 m l0000
L

Heavy 50 7000

Trucks 90 5000

J-- 30008O

100-- 2000
Pivol

SPEED:MPH m70
1500

POmt 150" "1000
i

60 7,O _ 60 700

Iii oo.,oo
20 30 40 50 400

Automobiles _nd 300 -- 300
Medium Trucks

400-- 000

500-- 150

PtedlCled -- --10O
Noise Level 700--

7O

,_ -- 50

lO00_ 40

3O

1500-

.. _ 00
Vehicle

2000"_" Volume
Dislanco

TO
O_servef

Highway Noise Prediction Nomogram



161

Hlghway Worksheet 1

Dullding Pto_e_t Highway Ngmbet

Site point or building room Iof which sound preJ|uro
LocAtlo_ level8 _re bol_ 0 ¢=limated __

Owlet Oollonor Dale RevJ|ed

Roedwa_--Dulldlng Slle DlSlanCe: DC (Feet(

A_t°s 5H I:o[o,uo,H.,,.o,AvorageVehlcle Speed, mph

Tolal Nu,ber of Vehl¢lu r_//////._ _#'//////_ ////////Z

a( La;(t) VA(I) VM(I) VH(t}

_) L_q(B] VA(at VM{8} VH{S)

_ ¢) Leq(24j VA(24) VM(24) VH(24)

d) Ldn _VA I NVA DVM NVM DVH I NVH
I II

PIodlcte_ Nolle Levoll

N

T_ Leq(l) NoghluldlngTotalShleldln0 Correction
l) Laq(I ( (HJghWay Worklheet 2)

I Leq(l) Cofflgled foF ghloldln 0 I

LlqlO) NoShioldlng

TotalShloldlng Cortecll0n
b] L@q{8) J (Highway Wofk|h_at _( I

Leq(S) Coltected Ior Sh[eldlng

Leq(241NoShleldlno

el Leq1241 (Hllhwl_Wolklhet I 21

Leq(241 C0rmCled for ghle*dln 0

HNL

RDN

DDN
d) Ldn

Ldn NoShleldJng

Tol_lShleldlng Colroctlon
IHIghway Wotka_eat 2(

I Ldn CotrlCtDd f0t Shielding I

Oulldinl SIlO NOI|O Due To SuvorM Highway|
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Highway Worksheet 2

Highway Number

Sit8 polnl or building room lot which iound pfes|ute
BulldlnD Pro(_¢l level= =ireIJelng elllmeted

LocAtion [']eelOrt0r

Owner Date Reviled

Reedway--Buildlng Site Dletlnce: OC (Feet)

Re4dwey

Shleld_nQ

Geometry

,1_te| A_ _elm Be/m Cl_m Ll/m

Medium

Truck=
Palh

Length

Olfference An Bh Ch LhHell W

T_Ckl

AglO Medlgm TI_Gk HOI_ TP,JCk

(_t/lOl[Oll For

*.lr_llfllt4***8hiE{linG C_IM C_IA/M CSN

Element

COfll_l[O_l For AU)O Mid)urn "rPJck Hu_ Tfllck

"Finite" Shielding

Blement
C3MM CSMM CgPI



163 RailwayWorksheet1

Build,no Please1 Railway Number

Site point or building roo_l for which SOUnd pro|lurll
I Localloa being e|llmllod

Owner Designer Oatg Reviled

Railway--Building Site Dlilanca: O (Fast)

_,yj/////////////_ O--o,,°n.,Fmight Tralnl Passenger Trains Rapid Tr=nell Train!

DOOI Ihll type of tcaln ula
the track being analyzed?

Locomo,lv.DIe.el,Electric or AII-EIaeU,C t NL _.._ _///'/////_
A_oraga Train Spaed, N*mph

,4*va[a_ll numbel oO carl, ilO

Average tlaln length, LT, feel

-,---, o,--,. Y///zY//////__Y///////Y//////_
l) Leq(1) t N1

b) Leq(e) ; Na

e) Laq(24) ; N24

.D I NN ND [ NH ND I NN
d) Ldr_

D;OS,IoElaclrlo LoGomOtlVB _'_//// ////////_ _'///////_ Z///////I

_ar...... Lo_°l,Ls IIIIIIIII
o,.,.°.̂ .....t_°.,oh: YlI/I/I_

i

,.,,..,ca,, f-//,//__.-//////// ;///////// >-/.//////.
Rafolence Level, CI.

Dulstlon Facl©t, CD

Trlck Chacaetali|tl¢|, CT

Olllance AItonuSllon, DAC

DIelill.Elect dc RaHW= _)lelal.EIeclrl= R_llwal

PredictedNOlleLavall i Locom0l_Ya I Cars Lo¢omollva Clrl Railway Carl

-, //,/¢ ;//A_//////A
GI

*) Luqll) Leq(l] NO l;hlaldlng
TolalShlald_tlgCorrection

(RlllwflyWork|heal2)

Le_{I) CofraGled Io; 6hlal¢flng

c., _/// Y/// 7//////i
C8

bl Laq{a) Leq{8) No ShJeldlng
Total Shielding
(R&IlWey Worklhast 2)

Laq(8) Corrected lot Shielding

.2, _///. //// ////////
C24

el Laq(24} J Leq(24) NO Shielding
Total Shielding Colracllen
(Railway Worklhaqt 2)

LEO(24) Co.ected lot _;hJeldIng

cN

CDN

Lda NO Shll)ldlng
d) Ldn

TOIel Shloldln B Corracllon
IRailwly W0rkshoe_2)

Ldn Cormcled Ior Shielding

,or.,.°,,.,.,,. l "//////////////////.////////z



OuIldln g I]ertier n(

Voliatition dw

RailWayCats Diesel.EleCtric Loc,

TOlal

_*hlaldlng CSC + ¢$9 -p (:SV CS[. -p CSB -p CSV
C0;IIeUiall

Tta¢k Chlrm¢lerlaU©|.

• b © cJ

-- RadTU*©f Brld_ewark
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