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This publication uses customary English units for the convenience of engineers and
others who use them habitually, The table below is for the reader Interested in conver-

Conversion Table to S| Unlis

sion o S| unlts. For additional information see:
(1) NBS LC1078, Dec., 1976, “The Metric System of Measurament",

(2) 2210.1-1976, "ASTM/IEEE Standard Metric Practice”.
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ABSTRACT

ety S g

This design guide pregents a unified proce-
dure for the selection of noise criteria in
and around buildings, for the prediction of
exlerior and interlor nolse levels arising as
a consequence of lransportation systems
oparations, and for the evalustion af the
adequacy of bullding designs with regard
to envircnmental nolse. Noise criterion
levels are suggested in terms of equivalent
sound levels (Leg). Simplifled pradictive
methods enable the astimation of nolse
levels arising as a consequence of high-

way, railway, and aircraft operations, The
sound isolation provided by the bullding
shell |s estimated by means of a now
single-figure rating system. Finally, design
manipulalions which may make possible
the Improvement of the acoustic conditions
In and around bulldings are suggested.

Key words: Acoustles; architectural acous-
tlcs; bullding acoustics; environmental nolse;
nolse; nolse control; sound; transportation
system nolse.




Chapter 1
How to Use This Design Guide

Sound surrounds us evarywhere—ihe song
of @ meadawlark, the laughler of children,
and the rustle of autumn leaves. Unfortun-
ataly, the march of technology and the
trend toward higher llving densities have
meant that these desired sounds of birds,
children, and nature are oflen masked by
the roar of automoblles, trucks, locomo-
tives, and alrpianes. The purpose of thls
design guida is fo quaniitallvely estimate
the magnitude of nolse, or unwanted sound,
al a building site in order to choose the
most appropriate building occupancy for
that site, or to design features Inte new or
existing buildings that will reduce or con-
{rol noise.

In tha design of new buiidings, archliects,
buliders, deslgners, developars, and engl-
neaers make decisions which affect fuure
acoustic condltions in and around the
bulldings. When the decisicns are wrong,
acoustic comfort may be tost causlng build-
ing occcupanis annoyance and stress, Such
discomfort can often be averted by changes
In the bullding's location or crientation or
in Its construction materigls and workman-
ship,

In dealing with nolse problems, the mate-
rial in this guide can be used ... {o golve
simple problems dus to nolse from high-
ways, railways, and alrcraft, and . . . to
cast up a warning flag when a serfous nofse
problem is encountered, Seeing such a red
flag, the designer should seek the profes-
slonal consultation of expert acousticlans,

This noise design gulde was written by
acousticians, architscis, and psychologists
at the National Bureau of Standards work-
ing to a strict timetable. It was agreed at
the outset af the profect that the gulde’s
methods of calculation and the data sup-
porting them would have to be drawn fram
stata-of-the-art materials, This has had the
disadvantage of a Joss of potential detall
and precislon, but the advantage of simpll-
fleatlon, which the user of this guide will
no doubt appraciate,

The guide has one sallent advantage over
maost other guides in that it is quantitative,
offering you a method of calculating not
Just how transportatlon nolse aflagts your
building, but how much. Furthermore, the
guide is arranged In a sequence of chapters
which parallel your design sequence. The
gulde Is meant fo accompany you as &
drafting board companion in a dssign voy-
age as you depart from first concepts that
are vague and tentative until yeu arrive at
a finished bullding schema that is robust,
rich In detall, and well-reasonad-—especlally
insofar as the analysls of transportation
system noise Is concernsad,

The design guide aims to get right to the
point in aftacking your urgent noise prob-
lems in bullding or slte deslgn. Hence, It
alms neither to nag you about fundamentals
of acoustics nor overburden you with eso-
teric details, If you need {undamentals, you
can get tham Irom one of the many ex-
cellent texlbooks avaflable (the reierences
at the end of this chapter [1-22] Include
references to the llteraturs on general
acoustics [1-5], noise and vibration control
[6-10], baslc acoustical measuramenta [11,
12], and acoustics and architectual design
[13-22]); If you want to psnotrate the reie-
vant detalls on acoustics {and we hope you
will} specific references are listed at the
end of each chapter.

What type of person should use thls design
gulde? We lhink it can be anyona who has
& technleal background and a fundamental
knowledge of building design and construc-
tion. We reler to the gulde's user as a
designer, but we think of this daosigner as
any architect, bullder, building designer,
contractor, developer, engineer, landscape
architect, or student who Is faced with a
nolse problem in bullding or sile dasign,
If this shoe fits, welcome! You'ro the de-
slgner we're seeking to help.

Of course, as a designer you have a ro-
sponslbllity, too, that of creating a scheme.
A bullding scheme Is assentlal since this




deslgn guide Is based on analysis; and It
canno! work without a scheme to analyze,

In deslaning your bultding or site schema,
you will ba juggling a myrad of designh
variables: bullding codes, avallable finane-
Ing, and costs; structural, onclosure, me-
chanleal, electrical, and communications
systems; color, texture, massing, shape,
slze, and arrangement; and not Just acous-
tics, but alsc aesihetics, comfort, heallh,
privacy, salely, and securlty. Many of these
other design varlables relate 1o or interface
with acouslles, but some will be In con-
fliet, As a designer you must use |udg-
ment lo make tradeoffs in achieving a happy
blend of needed features in your scheme,
We, of course, assist you eonly in nolse
prediction and contral. We think you will
welcome this assistance.

Managing all these deslgn variables Is like
herding frogs. Just as you approach one, it
leaps away In an unexpected direction. Still,
this gulde is meant to do what it says—
give you guldance about acoustics as you
design. To do so, the gulde makes a num-
ber of assumptlons about design, which
will now be discussed In conjunction with
the contents of the guide,

As it progresses, doslgn s expressad as a
set of pictures describing a scheme. The
scheme s the conversation piece; thail Is,
the focal point and basls of all communica-
tlons about the bullding project. The de-
signer, consultlng angineer—all of thaesa
get thelr heads together over the scheme
o assess if, evaluate it, revise it, or discard
It and start afrash. This design guide, oo,
requires a scheme against which you are
to examine nolse conditions.

The scheme Is customarily drawn to scals
in plan, elevation, sectlon, perspeclive—as
many two-dimenslonal drawings as are
naeeded to visually explaln the scheme as it
will eventually be when built In thrae dimen-
sions, The acoustics deslgn guide analyses
may requira small scale drawings In plan
{maps and slte plans), and for some proj-
ects drawings In section to lustrate, In a
vartical plane, the path of the sound as I
maves from lis source across the terrain
{including barrlers) to a building or other
“racelver.," The design gulde analysls will
require large scale drawings to show the
general layout and details of the proposed
buliding sufficlent for its calculations and
avaluations,

Before the scheme is started, deslgn com-
munlcations do not exlst as pictures, but

mostly as words—lhe coaversations oi
awner ond designer, and the narrative of
an archltectural program. This may be just
a few noles on a restaurant placemat or a
lenglhy, formal exposlition of the objectives,
scope, criteria, deslred spaces, features,
and funclions of the proposed project. An
Ideal architectural program would contain
the full se! of expliclt constraints which
apply to tho project. By constraint is meant
anything which limits the degress of free-
dom In the design. Constralnts are not
necessarily bad, only facts of life for a
deslgner. In truth, constralnts are desirable
hecause they impose some llmit, some re-
striction on \he number of possiblu schemes.
Since this number Is Infinlte, the constraints
can be a blessing, seiting a boundary on
unfaettered, hence Intolerable, design frea-
dom,

Very few architectural programs approach
the ideal in containing all constraints—in-
stead most constrainis arg implicitly held
in the designer's mind rather than explicitly
printed In the program.

Some constraints are physlcal; for exampla,
the configuration of the slite and its sur-
rounding environment, the characlarisics
of sound, the changas of weathor. For pur-
poses of this design guide, physical con-
stralnts critical for acoustic calculations
develop from Information which 1s 1o be
abtalned as directed in the flrst part of the
nexi chapter (Chapter 2).

Other constraints ars man-made, or “artifi-
cial”, and are referred to here as rules.
Rules include the provislons ot bullding
codes, as well as slandards, requirements,
and design criterla. LIke olher types of
constraints, rules limlt the number of possi-
billttes in design; but rules also serve as
objectives, as a way ol measuring a scheme
and evaluating It. 1f tha rules are truly pre-
dictive of satisfactory buildings, then a
scheme on paper which complles with the
rules should describe a fulure building that
will turn out te be sallsfactory,

This design quide employs a nolse critarion
as the type of rule which is to govern your
acoustic design and evalualion. The term
“noise criterion’ Is used to denole a nolse
{sound pressure)} level to be used as a da-
sign goal for your buitding project. Chapter
3 tells you how to selsct noise criteria ap-
proprlate for your building and lis outdoar
activity areas, The set of nolse criteria you
select then serves as a target {o achieve
for your building schame, We hope that you
will not only be able o achieve the deslgh
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goat specifled by the critarla you selecl, bui
egven lower seund lavels,

Earlier wa mentioned physical constraints,
lhe constrainis arising from the physical
nature of the site an¢! from the physics of
acoustic and other nalural phenomena. As
a daslgner, you cannol deal, or interact,
with these physical constraints directly, Just
as you do not Initially deal with a real
butlcing, onty the scheme for a {fulure
building, Hence, you must have a method
for modeling, for representing the slle and
acoustic phenomeana In the same language
of words, numbers, and plctures as you
use for your scheme, Chapler 5 explains
this zoncept, showing how you can quanti-
tatively estimate the magnliude of sound
coming from such transporiation sources as
hlghways, rallways and aircraft, as |t
reachas your slte or building.

Physlcal constraints and rules have baen
discussed, There Is still a third, and final,
type of constraint, namely the schame con-
stralnt, which is simply a constralnt arlsing
from a decision that has been made about
your scheme. If you decide that your build-
fng is to ba a school, you have constrained
It against becoming a home, 8 hospllal,
or an office bullding. If you declde it is to be
bullt of brick, then you have constrainaed It
against being built of cencrele or cinder
block. As mare and more design decisions
ars made, the range of possibliitias for your
scheme is constantly narrowed. The most
genearal of thess scheme constraints are
ustially made quite early in the design
process, and are upparmoest in the archl-
tectural program, or problam statement.
Such genaral scheme constraints are the
type of building occupancy {commerclal,
Industrial, Institutional, or residential, etc.),
the averall capital burdget and In turn the
general size of the building, the general
level of quality for the buiiding, the type of
fire construction, etc. Since thess general
canstrainis are important 1o acoustical de-
sign, they must be stated (as set forth in
Chapter 2) in advance of deslgn,

As bullding deslgn proceeds, decisions de-
scand from the general to the particular,
and constraln mere and mare the eveniual
outcome. In fact, design may be thought
of as a process of scheme constraint set-
ting—a process which moves from diagram-
matic drawlngs to detalled drawlngs; and
from abstractions like safely and security
lo concrete represeniations of walls, floors,
and roofs. As It moves alang, design reiies
upon a varlety of plan, sectien, elevalion,
and perspective drawings te reprasent the

schame in & way that it can be studisd.
Through the visualization of the scheme,
the deslgner educates hlmself about the
future buildlng, and Is able, even If imper-
factly, to imagine what the bullding will be
like and how it will operata when occupled.

A good deal of the doslgner's attention is
drawn jo the building shell, that skin of
walls and openings, roofs, and exposed
floors which will separate the buiiding from
ils ouldoor anvirenment. Design may pro-
cead from |he inslde out, considering first
the occupanis, their needs and activitles;
then the rooms and spaces sultable for
these activittes; then the building shello
contaln the rooms and spaces; and, finaliy,
the relationship of this shell 1o the site. Or
alternalivaly, design may proceed from the
outside In, thinking first about the outdoor
environment, the f{orces of climate, and
relationships to nelghboring bulidings; then
concenirating upon the buliding sheli; and
finally upon the bullding's rooms, occupants,
and functlons,

To be realistic, the designar must surely
foltow both routes, fram the Inslde.-out, and
from the outside-in. This two-way approach
is cerfalnly needed for acoustical deslgn,
and is a concept embodled in this design
quide. Inside-out desian commences with
the selection of an Indoor noise criterion In
Chapter 3, and then aims at the selection
of rapresenlalive rooms for acoustic analy-
sis in Chapter 6. QOutside-In design com-
meances with the gathering of physical slte
data In Chapter 2, and the eslimation of
sile noise from separata sources in Chap-
tar 5. The sound from thase various sources
can ba summed, and is that which Is ax-
pecled 1o impinge upen the rooms for
which noise Is to be predicted in Chapter 6.

Of course, inside-out deslgn declslons are
enfangled with ouiside-in declsions. For ex-
ample, In Chapter &, you will probably want
te limlt your analyses, since they are time-
consuming, fo 8 small number of rooms,
including only lhose critical rooms which
are fairly suscaptible to noise and which
arg exposed to the Joudest sound condl-
tions, But hers you will be caught up in
conflict—for If you design from the |nslde-
out and identify your critlcal rooms early
on, you will no doubt bagin Immedlatsly
to revise your schemao to fortify these rooms
rendering them no longer crlfical; likewise,
if you dasign from the outside-in, you will
tend to sum transportation sounds at some
arbitrary point, or poinis, on your glte whera
you anticipate a critical room to appear in
vour schama, bhut having |dentificd ths




potentially nolsy poinis on the sife, you wili
want 1o bagin Immedialely to amelioratle
the nolse level at those points, For exampls,
you mlight choose to let the proposed
bullding ftsell serve as a barrier, lurning lis
back to the sources of sound, and locate
rooms having special needs for quiet on the
protected side of the building. In this fash-
lon, progress In both inslde-out and outside-
In design Is constantly interrupted by ra-
visions in your schems, and by the tendency
to reverse your dasign direction.

Designers manage such mutually enfangled
decision chalns through Herations of a
scheme simply by working first from lhe
outslde-in and then from lhe inside-oul.

Morecver, deslgners can generate allerna-
five schemes which appear promising, and
then compare the various schemes. By pro-
viding a method of analysis applicable for
nearly any schems, this design gulde aids
in such comparisons, Time spent in scheme
generation, anaiysis, aml comparlsans wll!
be rewarded wlith Increasing insight into
your building's noise conditions and thelr
solution, Chapler 7 contains some oxpliclt
and much implicit advice to aid you In gen-
araling deslgn alternatives.

Designing elthar from the inside out or from
the outside In, you arrlva [nevilably at the
buitding shell, your maln llne of defense
agalnst transportation nolse. The room-by-
reom calculations of Chapter 6 are essen-
tially calculations of {he sound isolation
aflorded such rooms by that portion of the
shall which constitutes the exterior faces of
the rcoms. To make these calculations, you
will rely upon singte-figure ratings for varl-
ous types of exterior walls and wall opan-
Ings, roofs, and exposed floars. A special
single-flaure shell isolation rating (SIR) sys-
tem was devised for this purpose, and
Chapter & describes the procedures for
Implementing this system. Appendix A pra-
sents SIRs for a variely of building shell
materials and constructions,

In summary, this design guide Is Intanded
to ald you In making acoustlc decisions for
a bullding problem which confronts you.
The guide's chaplers are arranged in a
sequence compatible with the overalt de-
slon process for bulldings. If you are using
the guide for the first time or need to re-
fresh your memaory on lts use, you wlill
want to study the general discusslon which
s contalned In this chapter. Then you
will coliect background information about
your project site and make the early decl-
slons about your building scheme called for

in Chapter 2. Then, formulale noise crlleria
for the types of bullding occupancies or
rcom functlons yeu have in mind as de-
scribed In Chapier 3, Then using the strate-
oles described in Chapter 4, you will selact
a point or polnis on your site for estimating
sound levels, Chapter 5 will then assist
you In estimating the sound eoming lo your
site from highway, railway and alrcraft
sources. For tha [lrst two sources, Chapter
5 will also show you how {o estimate the
attenuation of socund as [t crosses various
types of barriers, If your sile or bullding is
exposed to mora than one source of sound,
the contributions of these various sources
can be sumined us described early in Chap-
ter 6,

By this time, It is presumed, you will have
completed a schematle design for your
building which ¢an be analyzed for Its nolse
transmisslon propertles and intarlor noise
lovels by means of the strategies and meth-
ods of Chapier 6. The analysis |s made on
a room-by-room basis.

If the room sound levels are grealer than
the nofse criteria you formutated in Chapter
3, you wlill want to revise your scheme. If
the noise crileria are nat met In Just a few
rooms, you may wish to make detalled
scheme adjustments for only those rooms
affected. If your scheme's nolse troubles are
more genaral, howaver, you will fook for
more extansive changes in your scheme. In
either case, you wlll be helped by the sug-
gestions In Chapter 7.

In this gulde, intarlor noise sources are not
astimated, Becausa of tha great diversity of
sources, Including heating, cooling, and
vanlllaling systems; office equipment; con-
versation; ele., such estimales would he
cumbersome, |nstead, Interlor sourcas are
accounted for by assuming they contribute
lo the sound coming from exterior trans-
portation sources. If you wanl more pracise
estimales, you should refer to the public
texts on neise and vibration control, and on
acousiles and archliectural design llstad at
the end of this chapter, {zlso referance [22]);
or you should obtain the services of an
acoustical consultant,

This design guids has its main emphasis
upon problems of transportation noise In
tha deslgn of new bulldings, since this Is &
common nolse problem, !t |s also a com-
plicated problem because there ara many
unknowns in building schemes during thelr
formative stages. The design problem can
be stated thus: given an architectural pro-
gram and a scheme for a proposed build-




ing, predict ecoustical conditions In the
rooms of the building, or in the outdoor
activity areas of the building, and bring all
spaces to pre-gstablished noise criterion
fevals,

The guide can be helpful In ather types of
problems as well; prablems like those listed
below:

Site Selactlon: given a desired bullding
occupancy, such as a school or apartment
building, select a site which will have
acoustic conditions within specifled noise
criteria.

Analysis of a Building Site: given a site,
analyze its acoustic conditions, or the
condlitions to be expected In a proposod

bullding of a selected type of ocoupancy.

Envirenmantal Impact Statements: given a
proposed buliding scheme, predict the
Impact ol transportation nocise upon the
rooms of the bullding.

Bullding Re-deslgn: given a complatad build-
ing. improve the acouslic conditions of
fts rooms or outdoor aclivity areas to
salisty noise crileria.

In using the guide to addrass such addl-
tional problems as the ones |isted above,
you will selact among the offerings of Its
varicus chapters. This should be easy to
do once you have famlllarized yoursalf
with the guide In connactlon with preblems
of building daslign,
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Chapter 2
What You Need to Know Before
You Begin to Design

Chapter 1 described the general phllosophy
and structure of this deslgn guide and how
Il can be used to sclve building design
problems rasulting from transportation sys-
tem nolse. Hera In Chapter 2, we will specily
the Informatlon you willl need to address
these prablems, Much of the Informalion
you gather for transportation systam noise
analysls will also be essential for other de-
slgn purposes,

In addition to data colleclion, Chapter 2
has a second goal; namaly, to [dentily the
procedure to estimate the severity of the
noise problem at your site and proposed
bullding. If you have a dira problem beyond
the reach of this gulde, you should get
ass[stance from an expart acousticlan, If it
appears lhat you have no potentlal problem,
deslst . .. your time will be better apent in
other apheres, But, if your problem lles
within these two extremes, carry on, this
design gulde can be of help to you.

Direct measurements of noise and the
equlpment for making these measurements
are expenslve, This guide calls for making
estimales of the sound level of fransporta-
tlon noise from statistics such as counts of
mirgraft flyovers, highway Iraflic, ang rall-

way passbys, and does not requlre or rely
upon direct measurements of nolse levels.
If & designer has tha required measuremant
equipment and the expettise to aparate the
aquipment, he is also likely to have access
to good ways of guantitatively estimating
and predicting acousllc conditions, and per-
haps these ways are more detalled lhan
those found in this guide,

You should reafize that the scope of this
design gulde has been delibarately re-
stricted to exclude soma potentlally serious
nolse prablems. Your attantion s principally
directed toward consideraticn of highway,
rallway (Including rall rapld transit) and air-
craft noise, Howevar, it Is not possible to
include detalled considaration of compll-
catad highway Intersactions {including such
factors as stoplights or savere grades), rail-
road yard operations, or alrport oparation
nolse problems dues to airports [ocated
closer to your site than the distances listed
In Table 2-1,* These problems aro too com-
plex to be solved by this design guide.

*In order to make the results more immodiately
usalul to Amerizan architects and deslgners, cus-
tomary angineering unfts are used rathor than the
{metric) internnlional System of Units (SY) nor-
mally used in NBS publicatians,

Table 2-1. Minlmum Distancas between Airports and Bullding Sites [1,2].*

Commerclal or Genaral Avlation
International Alrport ** Military Alrport Alrport
Distance Distance Distance Distance Distance Distance
to Slde to End to Side lo End to Slde to End
of Runway of Runway of Runway of Aunway of Runway of Runway
3000 feol 4 mlles 2000 faet 2%z mlles 1000 {eet 1 mlla

* It your hiliding or site is within the distances of Table 2-1, you will have nolse problems bayond the
scopa of thls design gulde, and you should secure the services of an expert acoustician,

** Alrporis are ciassified as intornational, Commarcial or Miiitary, and General Aviation according (o the
effective number of ot alrcralt operetions (takeolls and tandings) delly [NJefl]. To account for the extra
annoyance of nightlime oporalions, thelr number I3 multiped by ssventeen when added o the number
of daytime cperations, Hance, NJelf = 17 NJnight 4 NJday,

For international Alrports, NJef! Is greater than 1300.

For Commercial or Military Alrports, NJelt Is betwaen 501 and 1300,

For Gonoral Aviation Airports, Ndelt 1s less than §00.




Simlfarly, consideration of nolse problems
due to fixed or temporary nolse sources
such as nolsy Industrial plants, or hlghway
or bullding eonstruction is beyond the scope
of thls design guide because of tha diverse
range of poteniial proklems.

Two classes of information will be needed:
(1) Informatlon abou! the building site and
the surraunding area and intormation about
the operatlohal characteristics of the varl-
ous transportation systems (information
which we have referred to as physical con-
straints); and (2) information about the pro-
posed building {informalion wa have called
scheme conslrainis),

Building sle data conslst of geographlical
and topographical Informatlon about the sita
and the lands adjacent lo the slte, The in-
formation should be sufficient to prepare a
noise source map of the area lo scale, and
o cut vertical secticns through this map In
order to show lransportation noise sources
In relationshlp to the surrounding terrain
{including any man-made structurgs) and
your proposed bullding. Of speclal interest
are any barriers (natural or man-made), in-
tervening rows of buildings, or extenslve
growths of vegetation which might divert,
reflact, or absorb a portion of the sound
before it reaches your slte and buliding.

Usually, the nolse source map can be drawn
from clty, county, highway and other maps
which are Inexpensive and easy to obtain.
The third {vertical) dimension is lacking in
many of these maps but can bo determined
from topographical maps Issued by the
Coast and Geodetic Survey. If these maps
do not provide the Information needed,
you may have o run surveys with a hand
lavel or & translt. But before you perform
these surveys be sure to exhaust all ave-
nues of existing Information such as: cily,
county, and reglonal planning commissions;
pubiic utllity companies far electric power,
natural gas, sewer and watar, or tslephone
gervices; city, county, and siate dopartments
of slreets, roads and highways; Irrigation
and weed and pest control districts; port
authorities; departments of buliding regula-
tion; clty, county, or stale enginears or sur-
veyors; and, tha Buresu of Reclamation,
Natfonal Park Service, or Army Corps of
Englnears. These agencies may not have
the information you need, or may not be
able lo retease it; but If they do have it
and can release it, your Job will be lessened.

The maln purposes of the neise source map
are ta identily the locatlons of all patantial
transportation system nolse sources, and to

dolormine which areas on your sile hava
the lowest nolse levels resulting from these
transportation systams, Ideally, the noise
source map might contaln sound contours
of aqual noise level covering the entira slte.
This could aid In the identification and
soleclion of a preferred bullding [ocation,
But the development of such a contour
map Is difficult and is likely to ba bayond
your resources. Anaother factor is that this
technique of selecting a preferred building
location requirss |hat your slte be large
enough to permit relocating the building.
This is not always possible and, thus, spe-
clal deslgn strategies, as outllnad in this
guide, are neaded,

In addition to the geographical and topo-
graphical information discussed above,
there Is alsg & need for information aboui
the transporfation system operational char-
acteristics. The specific inlormation that Is
neaded depends on the type of transporia-
tion sysiem balng analyzed, The complete
ilst of required data are given In Chapter 5,
which shoutd be reviewed thoroughly before
you attempt to acquire the necessary In-
formation. The possible sources of this
information are discussed below.

For information on highways, you should
conlact the clly or county directar of {raffic;
city, county or state department of streals,
roads and highways {or department of trans-
portation); or the city, county, or state engl-
neer, Federal agencies such as the Depart-
ment of Transportation, Federal Highway
Adminlstration, or Higlway Research Board
may also be able to provide the needed
Information,

For |nformation on rajlways you should
contact the supervisor of customer rela-
tlons for the railway, The city, counly, or
stale department of transpartation may also
be of some help, as well as the cily, county
or state engineer. Tha Assoclation of Amerl-
can Rallroads may be able to put you In
touch with the relevant offices or agencies.

information on alrports can be obtalned
from the Federal Aviation Adminisiration
(FAA) arsa office for commerclal airports,
or from the Military Agency in charge for
military airports. You might also contact
the FAA Dlstrict Office, (or airport opera-
tor), or the alrport manager to get the re-
quired Information,

Keap In mind that transporiation systems
can change dramatically with time. Also,
land use pattarns ara not lixad, but vary over
the years. For exarmple, the future abandon-




mant of a nearby alrport or rallway ling
could erase a presently cruclal nelse prob-
iem. Llikewlsa, highway noise could be alle-
viated by the development of quleter tires
or mare silent engines. On the olher hand,
nolse condlions could eventually worsen
because of increased traflic on exlsting free-
ways or the construction of new highways.
Naturally, you should try to anticlpate future
changes. In making your predictions, you
can consult the data; revlew the plans and
projactions; and seok the assistance of de-
partments of streets and roads, highway
departments, planning agencies, rallway
companies, and the |ke.

Wa have thus delineated some of the re-
Qulred physlcal data on the site and neigh-
bering land, and sources of Infarmation on
transportation system operational character-
Isties. Now let us review the second main
class of needed information; information
about your proposed bullding which is
necassary for Interior nolse leva! calcula-
tlons. We hava referred 1o this type of in-
formation as seheme ceonstraints, and have
indlcated that only the most general scheme
constralnts must be spelled gut hera,

Scheme conslraints needed are: the type
of building occupancy—be it commercial,
educational, Industrial, Institutional, or resi-
dantlal, etc.; the bullding size in terms of
floor area, ot In terms of beds for general
hospitals, classrooms for schools, etc.; the
overall building budget, which together with
the proposed bullding size, will yla!d some
notlon about bullding quality; the general
type of construction, whather haavily fire-
resistant or not, and tha general type of
construction material, whether haavy ar light-
weight. Knowing these scheme constralnis
Is essentlal for anticipating the typlcal room
slze, amount of exterior shall exposure, and
typleal roam lurnishings, whether sound ab-
sorptive or not, for the room-by-room calcu-
latlons of Chapter 6. Knowing the ganeral
degrea of bullding quallty and warkmanship
Is also needed for eslimates of room sound
levals, Finally, the type of occupancy for
the bullding as a whole and the funclions’
of speclal rooms within the building are
acheme constralnts needed for selacting
nolse criteriz in Chapter 3. The decislon
about these nolse criteria is espocially criti-
cal to the people who will occupy the build-
Ing, people whom you wlll want o satisfy
In terms of acoustic camfort.

As you come face to face with the problem
ol satisfylng these future occupanis, keep
in mind that in recent times thalr peace and
comfort have been Increasingly Intruded

upon by loud nolses. Thay are constanily
bhombarded by nolse from all kinds of
sources — namely, automoblies, trucks,
tralns, airplanas, but also construction ma-
chinery and Industrial equlpment, to name
Just a few. Regretably, the only refuge they
may have from these disruptive noises Is
Inside their homes and offices, Thus, It Is
no wonder that poopla bacome upset and
dissalisfied when thay are dislurbed even
thera.

Of course, the best answer wauld be lo
reduce noise at its sourca. But this option
is frequently not aone cver which the de-
signer has cantrol, Therefors, the deslgner
must concentrate upon minimizing the effact
of nolse at the “raceiver’, namely Inside
homes, offices, churchas, scheols, ete. To
affectively isclate people from these ncises
the designer needs to know beforeghand the
characteristles of the noise source. For
many types of sources lhls Information Is
ellher not available or wauld be too volumi-
nous, therefore difficult and expensiva to
gather,

Conslruction noise and industrial nolse are
two such cases. Estimation and prediction
of the nolse from these sources is difficult
hecause there are many diflarent equip-
ment types and functlons to he described,
That these sources operate intermittently
on a variable time schedula only further
complicates the probiem, and requires
alaborate measuraments of the sound pro-
duced,

This Is not the case for hlgahway, rallway
and alreraft nolse. Although there cbviously
are different lypes of autos, trucks, trains,
ond airplanes, In general, many of these
vehicles operate In the same manner, per-
forming the same functlon, This allows car-
taln assumptlons tc he made sbout how
the nolse is generated, which in turn makes
It possible for you to predict the noisa lavels
produced by each type of vehicle. This ls
tha basls for the predictlve methods de-
scribed In Chapter 5.

We may be able to spare you the trouble
of performing these complete calculations,
We mentionad earller in this chapter that
two sltuations would make these calcula-
tlons unnecessary or inappropriate. The
fIrst slivation |s & bullding site having severs
nalse problems, which would direct you
toward the services of an expert nolse con-
tral engineer or acoustical consultant; the
second situation, the one to be discussed
next, Is a building site which probably has
no severe noise problem whatever. Let's
axamine thls possibillty now.
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Table 2-2 pravides a [ist of minimum dls-
tances which you can use as rules of thumb
for ellminating transpartation system sound
sources as mattars of concern. Tha values
In Table 2-2 ara the dislances nocessary
for the noise generated by "lypical" high-
way and railway operations lo decrease 1o
an A-weighted day-night sound level of 55
dB (thesa units are explalned more fully
in Chapter 3) at the exterlor of the building
under conslderation, As is Indicated In
Chapler 3, this corresponds to the noise
level in a typical suburban neighborhooed,
and is not goenerally regarded as excessive
noisa. in Tabls 2-2, the decrease of sound
leval with dislance s assumed to be a func-
tlon only of geometrical spreading, or diver-
gence, and does not include decreases due
to barriars or other forms of shielding which
would further reduce the sound levels and
render Table 2-2 values more conservilive,

The vatues In Table 2-2 for airports ate the
distances required for the noise generatad
by “typical” alrcraft operations to decrease
to a sound level that is ““clearly acceptable.”
This Is based on the infarmalion given In
rafarence [1], which evaluates a bullding
slte as “clearly acceptable” I the ‘noise
exposure |5 such that both the indoor and
auldoor environments are pleasant."

If your slte or bullding fs located at dis-
tances greater than those shown In Table
2-2, the probabllity is low that noise would
exceed an A-welghted day-night sound leval
of 55 dB. Thus, there would be no need
to perform the pradictive computations of

this deslgn guide, This, of course, Is con-
tingent upoan whether or not your situation
Is truly "typlcal.’” For example, these refer-
ence distances would not apply where thera
are extremaly hlgh vehicular traffic volumes
—more than 10,000 auomoblles per hour,
or more than 300 trucks per hour,

On the other hand, if your bullding site is
closer than the distances specified In Table
2-2 to one or more of the three transporta-
tian systems nelse sources, the nelse levels
for your bullding should be determined by
the predictive melthods of Chapter 5.

The use of Table 2-2 is an Informal proce-
dure, which may not be adeguate for your
needs, Thus, a more formal procedura for
the preliminary elimlnation of non-Intrusive
nalse sources from further consideration Is
oullined In the following sleps. Complete
these steps using the Preliminary Source
Evaluation Workshesat shown in Figure 2-1.

Instructions for the Use of the Praliminary
Source Evaluation Worksheet

STEP 1 INPUT DATA
You must first determine the distances
from all major highways, rallway lines,
and airports to the building site or pro-
posed building location, For aid in select-
Ing the most appropriate bullding location
onh your slte, refer to Chaptar 4, Distances
can be obtained from area maps. For
highways and railways, the distance
should bg measured along the shortest
perpendicular line from the centerline of

Table 2-2, Distance Criterla for Elimlnation of Non-intrusive Transportation System Nolse

Sourges [1].

Nolse There is a possibility of excessive noise due to this

Source source {f the buliding site is:

Highway within 1000 feet of any major roadway *

Rallroad within 3000 fest of any railway line

Alrcraft within the dlstances given below:

1. International 2. Commearclal 3. Genaral Aviallon
Alrport ** or Mliitary Airpart**®
Airport™*

Distance | Distance | Distance | Distance | Distance | Distance
loSideof [ to Endol | loSideof | to Endof | to Side of | to End of
Runway Runway Runway Runway Runway Runway
3% miles | 16 mlles 2Va miles | 9% miles | T mile 5 miles

* A major roadway Is one with traffic of more than 50 autes per hour or more than § frucks par hour,
** Soe the fooinoles of Table 2-1 for definitions lor the threa typos of alrporls,
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PRELIMINARY SQURCE EVALUATION WORKSHEET

1 2 3 4
Nolsa Building- Might there If the answer If ihe answer
Source Source be excessive  isnoinall Is yes for ona
Distance noise? (yes cASES, or more of the
or no) [See for highways, sources,
Table 2-2] railways, or
ajrporis *
Omit Section 2 Obtain the data
Highway #1 feet of Chapter 5§ and perform the
compuiations
#2 faat outiined In Sec,
2 of Chaptar 5
#3 fast for each high-
way with a yes
#4 feet answor.
Railway # feat Omit Seclion 3 Obtain the data
of Chapler § and perform the
#2 feet computations
outlined in Sec,
#3 feet 3 of Chapter 5
for each railway
#4 faat with a yes answer.
Alrport 9 milas Omit Section 4 Obtain the dala
® # of Chapter 5 and poerform the
#2 miles computallons
autlined in Sec.
#3 milgs 4 of Chagler §
for each airport
#4 miles with o yes answer.

* if the answer is no for ail threo types of transportaticn system noise scurce, this design gufde ovalua-

flon is nol necessary,

Figure 2-1. Prellminary Source Evaluation Worksheat,

the highway or railway to the building or
slte; and, for airporis from the nearast
runway. Also to accurately estimate the
noise generated by alrcraft, you should
determina If the bullding is to be near
the side of & runway or In line with the
and of a runway, Moreover, you should
classify the airport in one of three cate-
gories [2]:

1. Imarnational Airport or airport serv-

Ing a greater metropolitan urea
2, Airport serving commaercial carriers
or milltary alrpart

3. General Aviation—propeller alreraft
Record this information on the worksheet
which provides spaces far as many as
lour highways, four railways, and four alr-
ports for your bullding site. Distances
should be in feet except for alrport data,
whieh should be in mlias.

STEP 2 NOISE SOURCE EVALUATION

Now you can evaluate each of the sources
listed In Column 1 of the workshest,

Using the distancas of Table 2-2 as refer-
ences, determina if any of the sources
may possibly generate excesslve noise
at the building site. Te determine the
approptiate distance to use as a refer-
ence flor the alrpart noise esiimation,
look in Table 2-2 undar the airpor! cate-
gory and then choosa the distance corre~
sponding to the building location, to the
slde of the ruaway or In line with the
end of the runway. Recerd the rasulls in
Column 2 as elther yes or no answers,
Then, depending upon the answer in
Column 2, proceed to either Column 3
(e o answer) or Column 4 {a yos answer),
If &ny highway (or other type of source)
has a yes answor, the nolse prediction
computations should be performed Jor
each such source.

A word of warning should be given here,
All of the reference distances listed in
Table 2-2 are approximate. You must exor-
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cisa some Jjudgment in declding which
polential nolse sources can be neglected
and which ones can'l. Unfortunately, this
will be difficult until you gain some experi-
ancea in making these decisions. In general,
it Is always a good Idea to analyze any
source about which you are uncertain, That
way thare will be Jittle chance of omitting
a source which couid generale excessive
noise at the bullding slte,

Clearly, there are many nolse preblems that
requlra the expert advice of an acoustical
consultant or noise control engineer,
Although this guide equips you to make
quantitative estimates of noise levels, and
suggests design aiternatives to ameliorate
difficult design problems, you would be
wise to obtain the sarvices of a consultant
In the following circumstances:
{a) If your building cccupancy Is one that
raquires unusually low nolse criterla
{for example, a recerding studlo or
library), and the anticlpated site nolse
levals are expected to be high due to
the Immed|ate proximlty of an alrport,

industrial plant, ete. Hare, your bulld-
ing's construction will have to be
unusual, Incorporating speclal noise
control provislons,

(b If the proceduras of this design guide

yleld sstimates of intarlor nolse well
in excess (15-20 dB) o! the noise
¢rlterla, your building design should
be changed. It may be besl to do this
with the assistance of a consultant,

fc} If your building site falls into the

“clearly unacceplable” category as
delined by Schultz and McMahon in
“Noise Assessment Guidellnes" [1],
you should oblain the services of a
consultant to consider the advislbliity
of construction on or rejaction of the
slte, or of the special adaptations
which may be required. Schultz and
McMahon define “clearly unaccept-
able” as . .. a nolse exposure at the
slte so seavere that the conslruction
costs to maka the Indoor environment
acceptable would be prehibitive and
the outdoor environmant would slill be
intolerable,

Rofarencos:
Chapter 2
Informalien
Colloction

[1] Schuttz, T, J., and McMahon, N. M.,
Noise Assessment Guidelinas, U.S, De-
partment of Housing and Urban Devel-
opment Report No, TE/NA 171 (Bolt
Beranok and Newman, Inc,, Cambridge,
Massachusetts, August 1971),

[2] Jensen, P.,, and Sweitzer, G.,, How You
Can Soundprootl Your Home, {Lexington
Publishing Co., Lexingion, Massachu-
satis, 1974).
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Chapter 3
How to Select Noise Criteria

From reading Chapter 2, you have deter-
mined whather or not your site or building
nolse prablem [s one which can be analyzed
by using this design gulde. This chapter
tells how to select noise criteria,” maximum
acceptable sound levels appropriate for
your site and building eccupancy, when the
origin of the sound is due to external trans-
portation systems.

Once you have salected noise criteria . . .
your deslgn goals . . . you can proceed to
estimate the amount of sound coming to
your site from highway, raliway, and alr-
craft sources; reduce this estimate of the
amount of sound to account for the eifects
of dense vegetation or other barrlers (see
Chapter 5), and then make an Initlal nolse
analysls for your bullding's interior and its
outdoor activity areas. If the sound levels
you astlmate (in Chapter 6) are grealer than
the nolse criterla you have selecled, you
will probably want to pursue Implemeanta-
tlon of suggested design alternatives (in
Chapter 7} to bring estimated sound levels
to within selected nolse critarlon levels.

Thia chapter wlll offer two approaches to
selgcting nolse criteria . . . an approach
using the simplifled Table 3-1, or an ap-
proach using the more comprehensive Table
3-2, Belare seleciing the criterla, however,
you should study and understand the fol-
lowing princlples of sound, how it is maas-
ured, and how nolse criteria can be based
upon sound maasurements,

The response of your future bullding's occu-
pants to nolse depends upon the physical
characteristics of the nolse, the acoustic
properties of the building, the activity In
which occupants are engaged, and thelr
sansitivity to nolse along with a complex

*in this design gulde, the word crlterion danotaa
a noise (sound pressuro) level which you, the de-
signar, will select as a design targat, or goaf for
your buliding project. The Environmental Pratec-
tion Agency uses oriteria in a different sense;
namely as standards roflecting avallable knowlk
edge as o the health and wallare effecls of such
environmental pollutants as nolss.

set of other psycholegical, physiologleal,
social, and cultural factors. Obvlously, it is
sssantial that you, the building designer,
make & number of simplifying assumptions
about nolsa and the human perception of
nalse, in order lo deal with acoustic phe-
nomena quantitatively, Using this gulde, you
will be able to predict the sound condi-
tlons in and arcund your proposed bulld-
ing, and you will have some Idea of the
degree lo which your building's occupanta
will be satistled with Its acoustic environ-
ment,

Experts generally agree upon the definillon
of nolse as unwanted sound; and sound,
for our purposes, is a propagating pressure
disturbance in air. Many properties of this
pressure disturbance can be described
guantitatively, but the most important prop-
erties are the magnitude, or amplitude, of
the pressure changes about atmospheric
prassure; the tima-varlation of the pressure
changes (frequency); and the distributlon
of sound anergy across bands of fraquency.
People ean hear sound within the range of
pressure amplitudes extending from approxi-
mately 20 pPa (Micropascals) at the thres-
hold of audibility to 20,000,000 uPa &t the
threshold of feeling. The li-off noise of a
Saturn rocket is about 20,000,000,000 aPa,
an even grealer prassure amplitude, well
above the thrashold of feeling, Because this
Is an enormous range of magnitudas, and
because acousticians need to observa the
affects aof small changes at both extremes,
they have eschewed a llnear scale and
adopted a logarlthmic scale {lo the bage
ten). This scale compresses a range of one
to a billlon to a range of 0 to 9,

Tha numbers 0 to 9 represent relative quan-
titles, and the guantity measured on such
a scale is refarred to as a level. Scientlsta
and engineers usually work with energy
quantitles that would be proportional to
the square of tha sound pressure rather
than to the sound pressure liself, This pra-
sants no difficulty, since tha logarithm of a
squared number i3 two times the logarithm




14

of the original number; theratore, Instead
of a range of ievsls from 0 to 9, the range
runs from 0 to 18 for sound prassure
squared. The unit an thls scale is called a
bel, The hel has been divided into 10
smaller units known as decibels, so that
the rangz of sound pressures, from the
approximate thrashold of hearing to Satumn
racket noise, runs from 0 to 180 declbels.

Declbel scales thus provide a convenlent
way to describe the large range of sound
pressures to which your building occupanls
will be exposed, The sound pressure level
{SPL) is delined as:

SPL = 20 log, —-,
Tl
where p Is the magnitude of the amplitude
of the sound pressure (measured over some
appropriate averaging time}, and p,.. 18 a
reference pressure, taken as 20 ,Pa. The
units of SPL are declbels, abbreviated dB.
The lavel near the thrashold of audibility Is
0 dB, and at the threshold of feellng Is
approximately 120 dB.

The logarithmic decibel scale is extremaly
useful; hewever, It can be puzzling, On a
linear scale, the tolal sound pressure due
to two identical noise sources would be
twice that of one of the sources operating
alone. However on & |ogar/thmic scals, the
total sound pressure level resulting from
two identical noise sources is 3 dB higher
than the level produced by either source
alone. (If you double a numbaer, itg logarithm
wlll always increasa by 0.3; hence, 0.3 hels,
or 3 decibels). Also, If two sound sources
whose levels dlffer by more than 10 dB
are added together, the rasullant level will
be less than 0.5 dB higher than the level
produced by the greater source operating
glone.

The above paragraphs have toncentrated
upon sound magnitude, or ampllitude; but
as mentlened earlier, subjective responses
fo nolse are also based upon frequency,
The frequency range of hearlng extends
from approximately 20 hertz to 20,000 hertz,
The unit hertz, abbreviated Hz, has been
adopted to avoid possible confusion be-
twean the praviously used term “‘cycles per
second” and other “cycles" of machinery
or natural phanomena. The 20 te 20,000 Hz
range Is refarred to as the audio region as
distinguished from tha Infrasonic range (20
He and below} and the ultrasonic range
{20,000 Hz and above),

The perceived loudness of a sound depends
primarily upon sound pressure, but is also

Influencad by lrequency, Likewlse, one's
subjective respense of pitch is highly da-
pendent upen frequency, but is also some-
what allacted by sound prassure. Moreover,
sounds subjectively characterized as "low
pitehed' have energy conient principally in
the low {requency range, and vice versa.

Pecple are most sensitive to sounds in
the mid-band or high frequencies. People
ara less annoyed or distracted by sound
frequencies in the lower frequancy ranges.
To compansate for this, sound lavels to be
used for noise crileria are customarlly
weighted, as shown in Figure 3-1, to de-
emphasize the importance of low fraquency
sound while emphasizing mid-band and high
frequency sound,

RELATIVE RESPONSE—DECISELS

20 50 100 200 500 1000 2000 6000 1,000
FREQUENLCY=Hz

Figure 3-1. Fraquency Response Curve
for A-welghting [1, 2, 3],

Thera are various weightings or “scales,”
but In this design gulde, we wlll consider
only tha one termed the “A-welghting'’ scala
{to dlstinguish [t from others, a.9., B, C, D,
etc.), It has tha advaniage of standardization
both nationally [1] and Intarnalionally [2, 3]
and is the most commonly accepted welght-
Ing scale. Special filters are bullt Inlo sound
level maters so thal they measure and indl-
cate A-walghted sound lavels,

Figure 3-2 Illustrates the A-weighted levels
of sounds encountered In dally life [4], The
range of A-welghted SPLs found In building
spaces varles from approximately 20 dB for
studios for sound recording to 90 dB for
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boller rooms. Clearly, these two types of
bullding room occupancies are hlghly spo-
cialized, and the range of SPLs for ordinary
occupancies exlends from approximately 35
to 60 dB.

DECIBELS
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Figure 3-2. Typical A-weighted Sound
Prassure Levels [4].

Sounds vary over time., As an example of
the variatlon of nolse level with time, con-
sider a train—Its sound wlill increase as
the traln approaches and then subside
as the train moves away. The maximum
sound pressure level as the (rain rushes
by would be much greater than the sound
pressura level measured as the train dis-
appears in the distance. However, the varia-
tion In the train's sound level can be ac-
counted for by averaging lhe sound energy
avar the time of the train's passage, and
thereby determining an “egulvalent” steady
sound level.

Moreovsr, since transportation sounds vary
from hour 1o hour as traffic ebbs and flows,
another type of long term time averaging
is needed. It Is based upon time perlods
refated to the intended time of building
occupancy, or use , . . 1, 8, or 24 hours.

During such a long time perlad, a greal
many trains could pass, and the sound
lovel meter indication would typically have
varied over an extremely wide range. This
can be accaounted for by abtaining meas-
urements in terms of (A-weighted) equlva-
lent sound pressure levels. Such equivalent
A-weighted sound pressura lavels, then,
are constant sound lavels which, [n a given
situation and aver a given time period,
convey the same sound energy as the
aclual, measured sound,

The nature of tha averaging of sounds in
equivalent sound lavels Js such that two
sounds, one of which contalns twice as
much energy but lasts only half as leng as
the second, Is characterizad by tha same
equivalent level; so is a third sound with
four times as much energy but lasting only
ane fourth as long. Thus, equivalent sound
ievels tend to average out sounds of vary
high lavel but ghort duration, For example,
an equivalent sound leval of GO dB over a
twenty-four hour day would permit sound
pressure levels of 110 dB, but these would
be limited to a total duration of less than
one second In the course of the twenty-Tour
hour perlod (4],

The concept of equlvalent sound lavel was
used in United States Alr Force studias of
nolse from aircraft as early as 1957 [4, 5],
and was introduced In QGarmany In 1985 to
evaluate the impact of aircraft noise upon
the neighbors of alrports [6], It was soon
racognized in Ausiria as apprapriate for
evaluating the impact of street traffic noise
in dwellings and schooclrooms [7, 8]. It is
now the rating used In bolh East Germany
and West Germany standard guideilnes for
cily planning {8, 10], and It has been widaly
accepted in Sweden for use in traffic noise
surveys (11, 12],

Qur use of the equivalent A-weighted sound
lavel conforms to the pollcy of the Environ-
mental Protection Agency which selected
It as the one conslstent measurement scale
“based upon existing scientific and prac-
ticed experience and methodology' which
salisfies the following guidelines:

“1, The measure sheould be applicable to
the avaluation of pervasive long-term noise
in vartous defined areas and under various
conditions over long pericds of time,

2. The measura should correlate well wilh
known effects of the noise environment on
tha Individual and the public.

3. The measure shoutd be simple, practical
and accurate. In principle, it should be
use(u] far planning as well as lor enforce-
ment or monitoring purposes.
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4. The required measurement equipment,
with standardized characteristics, should be
commercially avallable,

& The measure should ba closely ralated
to existing methods currenlly in usa,

6. The single measure of noise at a given
location shquld be predictabls, within an
acceptable tolerance, from knowledge of
lhe physical events producing the noise.

7. The measure should lend itsell to small,
simple moenilors which can be laft un-
attended in public areas for long periods
of time.” [4]

Of course, the equivalent A-weaighted sound
level is not without its deficlencies, Stifl,
thase deficlencies do not preciude the use
of this measurement scale based upon pres-
ent knowledge until more Is known about
the frequency-welighting and time-averaging
of acoustical data,

Four types of equivalent A-weighted sound
levels are suggested in this design guide as
neise criteria for various building lypes:

Leq{1),* the "one-hour" Leq for shorl-term
accupancies such as churches and
theatres,

Leq(8), the “elght-hour” Leq for oifices
and commercial bulldings used during
an 8-hour working day,

Leq(24), the "twenty-four hour' Leq for
educational occupancles,® and,

Ldn, tha day-night equivalent A-weighted
sound fevel, for residential occupan-
cles.”* Ldn, llke the Leg(24), has a 24-
hour averaging peried, bul In addilion
has a built-in penalty for night-time
nolse,

Examples of outdoor day-night equivalent
sound levels in various locations are shown
in Flgure 3-3, Note in particuiar that a level
of Ldn = 55 dB is characteristic of sub-
urban locatiens, and thatl levels in excess
of this are characteristic of urban, noisy
urban, or city {major metropolis) noise
{evols,

Thare are several, general ways in which
your bullding's occupants could be ad-

*Log Is pronounted En Accordance with 13 thren lotlers
Mgt and  Leq(l) (e ealled  the  “one-hour'-
g

** The use of Luq {24] tor oducalional occupancias, as sug-
agestod by reforence |3f, was adepled In this design guido
becayse || was lolt thal (his was the mast approprioio
meiric lor ihia \ype of bullding occupancy. Sinte schools
are aften wsed in the edrly evening hours, Legia) would
not be appropriate bocAuse [ wauld axcluda the nolse
oxposure during these hours, On the ciher hand, Ldn would
nol be pppropriate oither, bocows Imposing a nighitime
peniity would big unnocossprily severn. Jdaally, 4 mausure
besod on fourtoen to slxiven hoys would ba bost suited
for educalion occupancy. But singa such a moaswe 18 not
cusiomary, Loq{24) was choagn.

varsely affected by noise . . , it could cause
a loss of hearing, actlvity Interference or
annayance, and possible consequent stress,
In this design guide, nolsa criteria are re-
lated solely to annoyance or activity Inter-
ference. Hearing impairment Is not con-
sldered hersin since it only tends to occur
in factories and similar locations where very
loud noise Is experlenced over long perlods
of time. Stress per se Is not considerad
herein since Hs causes are often multi-
faceted and ils ellects difficult to diagnose.
In selecting neise criteria, then, you are
atming at noise tevels that will not be so
high as to create annoyance, or 1o interfare
with aclivities, particularly those requiring
verbal communication,

The tolal nolse environment within a build-
ing orlginates froam two principal sources
. . . indoor and outdeor. The procedures of
this design guide provide quantitative estl-
mates only for that portlon of the total
interior noise due lo transpartation-system-
related oxternal sources. The procedures
do notinclude delailed calculations for the
possibly larger contribution of use-related
Internal sources such as meachanlcel sys-
tems and occupant activities, or fo non-
transportation  system rolated  exterlor
sounds. However, the guide permits you to
occaunt for noise generated indoors by an
adjustment to your selected noise criteria.
Tha explanation which follows provides the
underlylng basis for such an adjusiment.

When all interior saurces have been totally
silenced, such as when the HVAC (heating,
ventilating, and air-conditioning} system
has been shut down, and when building
occupants are quiet or asleep, total indoor
noise environment may approach tha levels
due to the externa) sources. Under these
circumstances, the interior and extarior
sound pressure levels will differ by a con-
stant amount; and i the exterior noisa in-
croases due to some change such as In-
creased traffic volume, then the interior
noise lavel will increase accordingly. The
exact amount of difference betwesn Interior
and extarior nolse levels would be related
lo the building shell's nolse isolation prop-
erties, the types of inferlor furnishings, the
nature of the energy-frequency distribution
{or “'spectrum’’) of the exterlor noise, and
tha degree to which windows are open or
closed, Such factors as these are deall
with in Chapter 6 of this design guide,

Activity within the building presents a com-
plication, however, since usa-related and
mechanical equipment noise can vary
widely, Hence, there are no general rules
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Figure 3-3, Examples of Outdoor Day-Night Equlvalent Sound Levals
Measured at Various Locations [4].

for estimating fndoor, use-related noises.
Rather, if precise calculations are needed,
they ought to ba performed by the mechani-
cal systems englnesr responsible for HVAC
syslems or by acousticians knowledgeable
about potentially noisy equipment such as
office machinary or data processing equip-
ment,

When indoor-generated sound levels are
known, the rules for logarithmic addition
are applicable for combining interiar use-
related nolse and interior {ranspgtiation-
system related noise {of exterior origin).
For example, these rutes are such that when
two equal components are gombined, the
leval corresponding to the tofal Is 3 dB
larger than sither individual component.

A number of recent publications issuad by
the U.S. Environmental Protection Agency
summarize current knowledge tegarding
human responsa fo nolse, Several of these
discuss equivalent sound levels In some
detall,

In the document “Information on Levels of
Environmentai Noise Requisite to Protect
Public Health and Welfara With an Adequate
Maragin of Safety” (the "levels document")
levels ars idenlisd to prolect public
health in a large number of sltuations [4),

Some of these levels are specifically sug-
gestad with the understanding that *'health
and welfare" includes personai comlort and
well-belng as well as the absence ol nolse-
related mental anguish and aanoyanca, of
activity Interference. In partlcular, speech
interference was one imporiant basis upon
which some of these levels were Identifled.
The levels identlfied In the “levels docu-
ment" for Interlor spaces corraspond to
overall equivalent sound levels In the bultd-
ing, regardless of whether the npise Is dus
to interior or extarior sources. Seme means
is therefore needed to adjust the EPA
recaommended levels to allow for interior
noise sources,

In additien to complications Introduced by
the variable acoustical properties of ths
building sheli and furnishings and by the
variability of internal use-related noise
sources, there Is very [itile knowladge avall-
able concerning the most satisfactory bal-
ance between nolses of inlerior and exterior
origin for specific building occupancies.
Under seme clrcumstances, and particularly
when thera is an adverse psychologlcal ra-
action to noise of extarnal origin, building
occupants may prefer thal any noise of
external origin be dominated and heavily
masked by internal nolses, even al the cost
ot a significantly Increased overall noise




18

ievel, Under other clrcumstances, when the
nolses of exlernal origin are approximately
comparable to the use-relaled Interior
nolsas, thers can be a subjective response
[ndicating a satisfactory balance. An acous-
tical consultant may be able lo advise you
about systems which provide helpiul mask-
ing sounds.

There are no dala {o Jusiify a generally ap-
plicable statement of prelerence.

Lacking quantitative knowledge concarning
people's preferance for any specific imbal-
ance batween two componants of an averall
noise level, wo therefore postulate that the
twe components are equal, This postulale
Implies that each of the two companenis in-
dividually be 3 dB less than the overall level.
In referance [4), a noise criterion of 45 dB
was suggesied as tha maximum total level
above which activity interfarence and result-
ant annoyance would be at risk. lf this nolse
eriterion [s adjusted downward by 3 dB to
account for Indoor-generated noise, it takes
the value 42 dB, An additional margin of
conservatism would result in a level of 40
dB.

This vaiue, Leq = 40 dB, is suggesled as
the noise criterion tor intarlor nolse of ex-
terior origin. The value of 40 dB Is the value
which appears In Table 3-1.

Indoor-generated noises may be individually
as much as 3 dB higher than noises of out-
door origin with the outdoor noise at the
upper limiting level far the external con-
tribution. For example, if your Indoor noise
criterion Is 45 dB, it will be satisfied If the
Interior nolse level dus to external sources
is no greator than 40 dB, and the noises of
internal origin are no greater than 43 dB.
The 3 dB dillerence reflects a barely per-
ceptibte difference In subfective Joudness
to the two contributions,

There are numerous ways of satisfying any
suggested criterion level {such as 45 dB)
with differing combinations of indoor and
outdoor generated noise. For example, I
the indoor component is essentially at the
limiting level, then the external origin com-
ponent must be at least 10 dB less than
the limlting valus.

If you antlcipate especlally adversa axterior
noise conditions, or building occuepants
who are especlally sensitive to neiss, you
may wish to mask, or dominata, external
noise by internal nolses even at tha cost
of a subsfantlally increased overall noise
level. In other cases, you may wish to bring

internal nolfse lo a lovel just equal to
external noise, with the expectation that
your bullding’s occupants will perceive this
as a satisfactory balance, However, such
design decisions as these are prabably bast
feft to acoustical experts whom you should
consult,

Some rocant laboratory studies have dealt
with identification of the levels at which
various highway traffic noisas start to Inter-
fero with the abilily to relax and enjoy
listening to the spoken word [13]. In one
particular study the recommended indoor
nolse level for Intruding traffic noise for sub-
Jects listening to the spoken word was com-
parabie to the value of 40 dB suggested In
this deslgn guide. Whereas the aforemen-
lioned study givas tentative support to this
recommendallon, additicnal research will be
neaded for confirmation.

Based upon the above explanatlens, It is
then recommended that you sslect noise
criteria from the simplified Table 3-1 when-
aver it Is applicable.

Table 3-1. Noise Criteria for Simplified
Selaction.

Area Level

Indoor Rooms

Residential areas,

Including hospitals Ldn == 40 dB

Areas wlth activities
such as schoals,
offices, conferance

roons, ete, Leq{24) = 40 dB

Outdoor Aclivity Areas

Residantial areas for
which quiet is a basis

for use, etg, Ldn == 55 dB

Areas in which people

spend |Imiled amounts

of time such as school

yards, playgrounds,

otes, Leq(24) == 55 dB

If your bullding project is to house a highly
specialized accupangy, or if outdoor activity
areas are to be an imporiant slement in
your design, however, you may salect your
nolsa critarla from Table 3-2 {which is a
comprehensive listing of racommendations
of other authors [14-31]) or [rom a conslder-
ation of the maximum distances over which
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corversation s satisfactorlly intelligible,
Many of the Table 3-2 recommended levels
are A-welghted, but lew are egqulvalent
sound pressure lavels, howaver, the provi-
sions presented here allow you to Aaccount
approximately for this difference. Maraover,
Table 3-2 tevels are not accompanied by
any recommendations as to the acceptable
companent of Inlarior nalse which may be
due to extarior sources,

It you do select from Table 3-2, be aware
of these four provisos:

(1) For most occupancies, a range of levels,
rather than a single number, is sug-
gested in Table 3-2. This rellects the
variability in the needs of bullding ¢lients
and occupants, as well as the fact that
these levels pertain to data cenven-
tionally measured with sound level
metars averaging over, at moslt, several
seconds. Since the typical time period
over which the Leq measures are aver-
aged s appreciably longer . . . 1 1o 24
hours . . . the levels obtalned from a
sound level meter will naturally fall In
a range aof values,

(2) The noise criteria you selact should fall
within the recommended ranges of Table
3-2. For buildings like theatres and
churches which have shert-term occu-
pancies, Leq(1) s suggested as the
measura. For offices and commercial
buildings having an eight-hour workday
occupancey, the Leqg{B) is suggestad; for
other nonresidentiai  bulldings, the

e
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Steady A-wieighled Stund Pressure Level, 48 Dy Pa
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1 2 4 6 810 ] 40 1o

Communicatiag Distanco, foat

Figura 3~4. Maximum Distances Outdoors
Over Which Conversation Is Consldered
to be Satistactorily Intelligible In Steady
Noisa [4).

Loq(24) |s suggested; and, for all resl-
dential buildings, the Ldn is suggesied.

(3) All of tha suggested criteria for accept-
able interior sound levels should be
decreased by approximalely 5 dB to
account for sound generated insida the
building,

(4) Perhaps most importanily, the designer
must exercise judgment to account for
the special needs of the building client,
occupants, and o¢cupaney with regard
to the relevant noise scurces and nolse
criteria,

Obviously, Table 3-1 is simpler than Table
3-2, but clrcumstances may dictate that
Table 3-2 be used. In arder to davelap the
abllity to judge which option is appropriate,
you may wish to consider whether the two
approachaes actually lead to widely dispar-
ate values. Note that a value of 45 dB for
Indoor rooms, as suggested by the EPA,
falls within the suggested range for many
bullding occtpancles; and, that Interior
A-weightad noise levels due to exlernal
soaurcas in the range 40-42 dB will usually
be acceptable,

For example, a mid-range lotal noise level
of 40 dB for assembly halls Is consistent
with the suggsestions of Table 3-2. Thare-
fora, 35 @B is the corresponding suggestad
noise criterion |avel for Indoor nolses of
extornal origin. Consistent with (2) above,
the appropriate metric {or agsembly halls
is Laq(1), This suggested noise crilerion
{Leg{1)} == 35 dB)} should next be adjusted
to the client's speclal requirements if thay
appear to be unusual, Finally, most of the
Table 3-2 noise criteria for assembly halls
recommend a range of approximately 10
dB, Thus, your Leq(1) noise critarlon level
should be chosen from the range 30 dB to
40 dB, depending upen your judgment and
the client's special requirements,

In selecting design criteria for ouldoor
areas, the information in Figure 3-4 is &
useful supplement to Table 3-1. This figure
indicates that the recommended valus of
55 dB will permit a ralaxed conversation,
with 99% sentence intelligibility, at a dis-
tance of up to about four feal.

This figure can be used to develop ather
criteria for outdoor activity areas. For ex-
ample, If you belleve that relaxed conversa-
tions with 99% sentence intelllgibllity must
be possible at distances up to 20 feet, then
the appropriate crlterion would be an equiv-
alent leval of 30 dB, clearly an unusual and
stringent criterlon for outdoor activity areas.
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Chapter 4

How to Select a Polnt on Your Site
for Estimating Transportation
System Noise

In Chapter 3 you selecled one or more nalse
criterlon levels for your proposed bullding
occupancy, In Chaplar 5, you will calculate
tha sound lavel at your slte due to highway,
railway, and aircraft noise sources, It is
these sound levels that will be used In
Chapter 6 to determlne the total exterior
sound leval in your outdoor activity areas,
and the intarlor sound level in your build-
ing's rooms. Also in Chapter G, you will
compare tho predicled sound levels o the
noise crilerion levels that you selected, 1o
determine whether ar not your outdoor activi-
ity areas and building's rooms will be too
naisy,

Since sound is attenualed as it propagates
away from |ts source, the sound levels will
vary {rom one geographlical point to another
over your site; and, Indeed, sach of tha com-
putations In Chapter 5 is for the sound level
at one particular point, Since each of these
computations takes time, you will want some
strategy for keeplng the number of cal-
culatlons at a minimum. Such sirategles are
elusive since the construction of your pro-
posed bullding and its slte development
may change ihe acouslical conditions on
the site. Maraover, there are a large numbar
of varfables which will aifect your selection
of a site localion for estimating transparta-
tion system generated sound lavels. Thus,
we can offer no one specific algotithm for
keeping the number of Chapter 5 calcula-
fiens at a minimum. Hawever, we will In this
chapter glve you some crude strategles
which should be of assistance In keeplng
the number of calculatlons reasonable,

To take advantage of these strategles for
limiting the number of required calcula-
tlons, you should already be somaewhat
famlliar with the contenis of Chapters 5 and
6. For axample, you should know that thare
are thraa major stages In predicting the
nolse from transportation system sources
for each activity area or room in your pro-
posed bullding. In Chapter 5 you will cam-
pleta the first stage by determining the
sound level at some selected point due to a

single transportotion syslem noise source,
be il & highway, railway or airport, This
sound level is estimated by performing the
calculations necessary to fill out ona or at
most two worksheets for each source,

The result of coampletion of each warksheet
is the sound level at one particular point on
your slte due io a single transportation sys-
tem noise source,

If there is mora than one transporiation
systemn noise source affecting your site, you
must preceed fo the second sfage, and fill
out the addltional worksheel(s) as required.
If tor example, your sit is affected by three
highways (ene of which has a sound bar-
rlar}, & railway, and an airport, you would
end up with seven completed worksheets
when you flnish the instructlons of Chapter
5. Agaln, it is emphasized that the sound
lavels predicted using these worksheets will
be for ana partieutar paint on thea site.

In tho third stage, the sound level al a
single site location for any combination of
the differant types of transportatlon system
nolse cited above will be determined, Hence-
tarth, we will use tha terms “site polnt™ and
"recelver' to refer to the location on your
site for which design gulde calculatlons are
to be made, This site point could be an arbl-
trary location you have selacted, or It could
be a proposed outdoor activity area as ex-
plalned In the first part of Chapter 6, or the
Interlor of same selected room In your bulld-
Ing as explained later on In Chapter 6.

Note that Chapter 6 also offers soma strate-
gles; namely, strategies for selecting repra-
sentalive rooms so as to minimize the num-
ber of Chapter 6 room-by-room calcula-
tions, The glst of these sirategies s, whan-
gver possible, to select trial rooms which
have potentlally traublesome, or critical,
sound condltions, Thess are strategies
which, ideally, should dovetall with strate-
ples for selecling a point or points on your
site for Chapter 5 computations,
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Given the complexities invalved, you can
now sao thal the selection of trlal siie loca-
tions for Chapter § calculations will be
based upon bolh (a} an early familiarity
wilth your slte so as to anilcipate where
critlcally high or law sound lavels wlll likely
occur, and {b) an advanced understanding
of your proposed building so as lo anfici-
pata which of [ts rooms require quiel acous-
tle conditions, and which are less sonsitive
{o noise . , . you could then plan to locate
nolse-sensitive rooms at quiet site loca-
tions, and rooms that are less sensitive to
noise at noisy sile localions,

To explore the matler further, let's discuss
two typlcal building design problems, First,
let's consider the design of an elght-roam
dwelling on a retatively small site, say a
resldential lot 75 1t wide and 120 it deep,

' PdésmLs"BuiLmNa '

SETBACKLINES -

Figura 4-1, Dwelling Design Problem Site.

subjecied to noise from a rallway 500 ft
from lhe lof's rear preperty line (see Figure
4-1), On such a slite there is litle choice
in the dwelling's location, especially If
bullding setback distances are required for
the lot. However, even If selbacks are not
required and the dwelling could be aligned
with the front ot line 1o keep It as lar away
from the railway as possiblo, lillle benefit
would be achieved; because the sound lovel
at the frent of the iot would be cnly cne or
two decibels towar than at the rear, This Is
in accordance wllh the rule aof thumb {hat
the equivalent sound level decreases by
approximately 4 to 6 decibeis for evory
doubling of distance from a source. What
does thls mean? It means that as you get
farthor and farther from the railway, small
changes in distance do not change the
sound leve! approeciably, If the sound level
has been determined at the rear property
line 500 ft from the railway, the sound
level at 1,000 1t from the rallway Is approxl-
mately 4 to 6 decibels |ess. To realize an
additional attenuation of 4 to 6 decibals,
the distance must be increased to 2,000 t;
then 4,000 ft, 8,000 [t, and 16,000 ft, elc.,
for eagh additional 4 to 6 decibels of
attenuation.

For thls design problem, the best stratagy
Is simply to calculate the sound lavel at the
cantroid of the area bounded by setback
lines; or, if there are no seiback require-
ments, at the centrold of the site itself. Then
you may assume that this sound level Is
approximately correct for any outdoor activ-
ity ar@as on your site, or for any of lhe
exterlor rooms in your proposed bullding.

A good approximation of the nolse levels
throughout a sile, based on the distance
from the noise source, can be estimated by
calculations for just a few locatlons, I the
distances fram Ihe source 1o the chosen
locatlon are selecled so that they vary by
less than -15 percent, then generally lhe
calculations already perfermed for one
distance will sullice. Within these limits,
the sound level will not vary by more
than =1 decibe! among locations. For ex-
ample, if your chosen |ocation is 500 ft
from the noise source and a sound leval of
60 declbels has been determined at that
location for a given source, a location 435
ft frem the sourca will have & sound Jevel
of approximately 61 decibels and a location
S75 ft from the source witl have a sound
level of approximalely 59 declbels, Barriers,
of course, will aller these sound levels in
the manner discussed In Chapter 5, so this
part of the calculation must still be made.
Unless the noise source is very ctose to the
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Figure 4-2. Elementary School Site Pjan,

site, or unless the sie is very large com-
pared to its distance from the source, quite
possibly only a singte sound level estima-
tion will be necessary—one corresponding
to the center of the site.

Now, let's consider a mora complex praob-
lem involving the design of an eight-room
elementary school for a large, level site
near a major roadway as in Figure 4-2.

The roadway Is partially shielded from the
site by a 10 ft-high and 800 ft-long, concrete
wall that Is located 160 it from the center-
line of the highway. This wall acts as a
sound barrler and reduces the noise from
the highway to varying dagrees at diflerent
locations on the site. The sita Is large
enough (2,000 1t long by 1,000 fi wide) lo
allow some freedom In the Jacation of the
school,

The school is lo be a ane-story building
containing alght classroams, each of which
is 30 ft wide by 30 ft long by 9 {t high. For
simplification, we will assume that thesa
are to he the only rooms, aside from corri-
dors, in the school. The building scheme,
shown in Figure 4-2, provides four rooms
on each side of & double-loaded corridor.
Since this, ar any other probable building
scheme, Is small in floor area relative to
lhe sile araa, there are many alternatives
for locating the schaol on the site.

What strategy should be used to choose one
ar more peints on the site for trial calcula-
tions? The northern portion ol the site,
farthest from the highway, will probably
be a quiet area af the sile. Still, part of
the southern portion of ihe site is shlelded
by the concrele wall, which could effectively
shield a one-story building from the auto-
moblle and truck noise on this highway.
Thus, let's consider two points . . . point
{(a) near the concrete wall and point (b)
near the northern beoundary of the sile,
as shown in Flgura 4-2,

The sound level at point {a), closa to the
conerete wall, depends on the distance
betweon this point and the centerline of
the highway, and on tha amount of nolse
reduction provided by lhe concrete wall.
If wa neglect tho efiect of the concrete wall,
the sound level at point (a), call it L, would
ke affecled by the distance altenuation of
the sound as |t propagales from ihe high-
way to this point 280 ft away. But the sound
level at point {a) Is less than L becausa of
the shielding effect provided by the wall.
The amount of noise reductlon is a func-
tion of the wall's effective height relative
to the highway and the schocl, and also a
function of tha length ol the wall ralative to
the length of the roadway, hence relalive
o the "Included angle," as shown in Fig-
ura 4-2. The effect of these factors, which
are discussed In detail in Chapter 5, can
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be mast simply stated as . . . the higher
the wall and the larger the included angle
{tong wall}, the more noise reduclion pro-
vided. Thus, point {a} was chosen as near to
the wall as possible (to maximizo the eflec-
tive wall halght), and midway along tho
wall's lengih {to maximize the Included
angle). For the geametry shown in Flgure
4-2, a noise reduction due to tha shielding
alfect of about § decihels could be ex-
pected. The sound level at point (a) Is thus
(L — 5} declbals,

Tha sound level at polni (b}, close fo the
northern boundary of the site, also depends
on the distance betwean this point and the
centertine of the highway, and on the
amount of nolse reduction pravided by the
concrete wall, Point (b) is chosen midway
along the wall {to maximlze the included
angle) and at a distance of 1000 ft from the
cantarline of the highway, Agaln neglecting
the effect of lhe concrele wall, the sound
level at point (b) Is equal to the sound level
al polnt {8} (L for na concrete wall) minug
a correction lo account for the addillonal
distance attenuation between points (a) and
{b). This addijonal distance atlenuation,
which follows the rule of thumb that the
equivalant sound level decreases by approx-
Imataly 4 to 6 decibles for evary doubling of
distance away from the source, amounts to
about 8 declbels for this case. Thus, the
sound level at polnt (b), neglecting the
elfect af the concrete wall, is approximately
(L — B) decibels,

The shielding offect of the wall at polnt (b)
Is less pronaunced than at polnt {a) because
both the effeclive wali height and the in-
cluded apgle are decreased. For the geom-
eiry shown In Flgure 4-2, a nolse reduction
due to the shlelding effect of only 1 decibel
could be axpected. The sound level at point
{b) Is thus (L — 8 — 1), or {L — 9) declbals,
which ig approximately 4 decibels less than
the sound level at point {a). Hence, polnt
(b) should be chosen as the qulelest point
to locate the school and to estimate the
trapsportation system nolse, Actually, since
mest of the reduelion In sound lavel at polnt
(b} Is due to distance attenuation (8 deci-
bels), any point along the northern boundary
of the site {1000 {t frem ihe centerline of
the highway) has a sound lgvel of approxl-
mately (L — 8) declbels. Since tha calcu-
lated nolse reduction of 1 declbel provided
by the concrete wail at point (b) is Insignifi-
cant you may choose any polnt along the
northern boundary,

Either of these twe bullding deslgn prob-
lems could be further complicated by the

presance of two, three, or more transporta-
tlon system nolse sources, In this case, the
solection of a peint for estimating the site
noise lavel can be vary difficult. The best
slrateqgy, for such a case wilh saveral noise
sources, Is fo plek a point as far away
from the nolslest source As possible; but
if this is not possible or if you suspect alr-
craft noise io ba a problem, select the
centrold of the site for Initial calculations.

You may want ta consider other alternative
bullding lecatlons using Intuition In the se-
lectlon of palnts for estimatlng sound levels,
Until you develop this Intultion, you can
usa the following simple site-related guide-
lines.

Site-Related Guidelines

No siting oplions , . .
Choose the centrold of the building It the
nolse sources are far away; but If the
nolse sources are close-by choose points
where critical building rooms are to be
focated.

Siting options available:

Single source (no barrier} . . .

Choose a point as far away as possible
from the source If it will result in a da-
crease [n sound level; i.e, the distance
botween the source and your proposed
buliding Is at least doublod by moving
farther away. f the source is far away
from your site, or If alrcrall Is |he noise
source, the cholce of a site point Is non-
critical,

Single source {with barrier) . . .

If possibte, choose a point which salisfles
the guidelines above for a singlo source
with no barrfer and is localed as close as
possible o the barrler and midway along
{ts length. This point benelits from both
distance aftenuation and barrler noise
reduction. It the seleclion ol such a point
fs nol feasible, choose an Intermediate
point for which a trade-off betwesn dis-
tance atlenuation and barrier noise reduc-
tion may he matis,

Multiple Sources . , .

Choose a polnt as far away as possible
from the noisiest source, il It wiil resull
in & decrease jn sound level, le., the
distance belween the source and your
proposed bullding Is at least doubled by
maving farther away. Il you can't guess
which source is nolsiest or If alf sources
are equally nolsy, choose the cenirold
of your sile as the point for eslimaiing
the transportation system noise.
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Now that we have discussed site-related
guldelines, lat us now turn to buliding-
related guldalines. These guidelings refer
to posltioning the building at a polnt on
your site that you have chosen. If we refor
to the previous example of the construction
of a school, the overall dimensions of tha
bullding scheme are small relative 10 the
slze of the site, and In comparison with
tha probable distance between the bullding
and the highway. !t Is doubiful that the
sound levels will vary much from one end
of the huilding to tha other; and thus, there
s no need to calculate the sound levels for
various points along the building.

Now let's conslder the case of a large build-
Ing logated close to a highway as in Figure
4-3, The distance from the highway to the
far end of the bullding Is twice as long as
the distanco to the near end of the bulid-
Ing (200 it as compared to 100 ft}, Thus,
yau can expect the sound leve! to vary by
4 to 6 decibels {rom ons end of the build-
ing to the other, The bast sirategy for such
o case is to calculals the sound laval for
sach point of interest, be [t an outdoor
activity area or one of the rooms of tho
building.

Again, as with sile-related guidelines, you
must use Intuition in selecling tho number
of points lor estimating the sound level.
Until you develop this intuition, you can use
the following simple bullding-related guide-
lInes,

Building-Related Guidelinas

Bullding is small and is located far from

the source . , .
Choose a polnt coarresponding to the
centroid ol the building and folfow the
appropriale site-related guidelines listed
previously, Using only one point for your
calculations Is valid if the iwo ends of the
buliding are wilhin 15 percent of the
distanca from the source to the bulld-
ing ...

Building is targe and Is located close to tho

sOUFEE . . .
Choose sevaral polnts corresponding fo
the location ol outdoor aclivity arcas and
rooms of Interest, You can limil the lotal
number of polnts using the rule of thumb
that the sound level! will only vary by -1
decibel for locations within 4:15 percent
of the distance from the source to the
point ol calculation . . .

Flgure 4-3. Building Localed Ciose to a Highway.
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Chapter 5
How to Estimate Building
Site Noise

Section 1

Sound
Propagation and
darriers

tWhan deailng with soung and its offects on
ihe cccupunts of your propased building,
three componenis need 1o be considerea:
lhe source of the sound, tha path along
wnich tha sound Iravels, and the raceiver or
Indivicual who hears tha sound. Various
¢ffects of sound on the recelver have been
discussed in Chaptor 3. In this section the
sources of sound and how sound propagates
from the source to the recelver are de-
scribed.

Sound can be generated by the vibration of
a solid body in contact with the air; forces
acting directly on the air, such as a fan: or
by the violent motien of the air [iself as
from a jel, Consider for example, what
happens when the sheat metal panels of a
fruck hood are set into vibration by the
truck’s englne. The vibrating panels move
in and aut. As they mova cutward, they push
agalnst the alr nearest them, as they move
Inward they produce a partlal vacuum, or
rarefaction, In the nearby alr, The allernate
compression and expansion of the air adja-
cent to the panels results In small local
fluctuations In the atmospherlc praessure.
These fluctuations in lurn cause a portion
of the air farther away from the pans! also
to fluctuate In pressure. This local disturb-
ance s thus propagated through the air as
sound waves that reach our ears, The sams
general principles apply to other mecha-
nisms of sound generatlon In that small local
fluctuatlons in the almospherle pressure are
created and propagated through the air as
sound waves. '

The sound waves that are generaled by
these two mechanisms are known as elastlc
waves, which are characlerized by the fact
that a disturbance Inltlated at one point Is
propagated to other points in a pradictable
manner determined by the physical proper-
fles of the medium of propagation. The
sound heard by a recelver depends upon the
type of sound wave, the medium (usually
alr), the type of wave dlvergence taking
place, and the excess atlenuation,

Two common typas of sound wavas are

spherical sound waves and cyllndrical sound
wavos, Sphercal sound waves are usually
ronerated by a sourcs whose overall diman-
sions ara small compared with tha wave-
longth of the sound produced. This typa of
sound sourco is called a point scurce. In
contrast, cylindrical sound waves are gen-
erated by & source whose raalal dimensions
aro small compared ta the wavelangth of
the sound produced, but axlai dimensions
aro infinite or extramely large. This type of
sound source [s called a line source’.

Wave divergence relers lo tha spreading
out of the sound wave from a source Into
the surrounding atmosphere. The effect of
thls spreading Is to decrease the sound
lave! at the recelver as he moves farther
away from the source. Wave dlvergence Is
dliferent for point and line sources—ifor an
idealized point source, the sound level de-
creases by 6 dB for each doubling of dis-
tance away from the source; for an Idaal-
jzed lina source, tha sound level decreases
by 3 dB for each doubling of distance
away from lhe source. These values of
wave divergence are for [deal sources which
radiale sound uniformly into a homaogene-
ous loss-free atmosphare, free of barriers.

Excess aftenuation s the added decrease
of sound level beyond that caused by simple

* [t should be polnted aut that since this deslgn
guide uses the Leq marilc, which s based on
averaging the variations of the sound leval over
somao specified tima perlod to obtain an equive
alent sound favol, to make a distinctien batwaen
point and fine sources /s not quite accurate, It
a polnt source such as an auto or truck moves
past a statlopary recelvar, the Instantansous
sound lavel wilt frst Increase as the souwrce ap-
proacher, reach a moximum, and then decrease
as the source moves away, In using the Leg
metric, this tme varying sound level Is averagod
fo give conslant equivalent sound leve! of equat
onergy. Thus, the net effect Is to approximale
the moving point source as a stationaty, Infinile
iine sourca genaraling & sound lovel aqual to Leg
at the receiver. This tact is mentioned only for the
sake of technical accuracy. Il has no effect on
haw you will perform the calcuwiations In later sec-
tons bacause It hnz besn Implicltly Incorporated
into the transportation systom nolse models.
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wave divergance, and Includes attenualion
by absorplien In the air; attenuation by en-
vironmental conditions (rain, sleet, snow
or fog}; attenuation by grass, shrubbery and
troes; altenuation and fluctuation due to
wind and temperatura gradlents, atmos-
pheric turbulence and the charactaristics
of the ground; and, attenuation dus to bar-
rlars or other types of shielding [1]. Thus,
by including excess attenuation you can
corract the ideal, loss-free case to account
for atmospheric and environmental ale-
ments that reduca sound levals,

In this deslgn guide, tha sound level gen-
erated by sach type of transportatlon system
noise source will be predictad assuming
“typical" values of altenuation due to wave
divergence and environmental conditions,
Then account will be taken for additlonal
attenuation effects of any barrlers, rows of
intervening bulldings ar heavy vegetatlon.

The remainder of this section contains a
general discussion of sound barrlers and
how to predict the atienuation (hey provide,
Alse, the barrier effect of bulldings and the
attenuation due 1o vegetation are discussed,
These shialding effacts are essential for pro-
dicling highway and railway noise In Sec-
lons 5.2 and 5.3 of this chaptaer,

Barrlers

A sound barrler can be any obstruction
which shlelds, or partially shiglds, tha sound
source from the receiver, The sffect of this
shialding Is {o reduce the level of the sound
haard by a receiver by an amount dependent
upen, among other things, tha locatien and
conflguration of the obstructlon, Based on
this definltion, walls, earth berms, the sldes
of depressed highways or railways, the
edges of elevated highways and rallways,
and any other obstructlon of sufficlent slze
can act as sound barriers, Examples of these
fypes of shielding are shown In Flgures
51=1 through 5,14,

The attenuation provided by a barrier de-
pends upoh how much of the tatal sound
energy Is blocked from the recelver, Ohvi-
ously, If some of the sound energy can pass
by the barrier, its efiectlveness is lassened.
Thare are basleally four paths which sound
can follaw from the source, past {ar through)
the barrler, to the recslver [2]. These paths,
discussed In the next few paragraphs, are
shown In Flgura 5,1-5.

The dlrect path rafers to the sound that
passes over or around the barrier without
being affected i.e., there is no diffraction,

Figure 5,1-1. Shielding by a Wall,

Flgure 51=2, Shielding by an Earth Berm.

Figure 51-3, Shialding by a Depressed
Highway or Railway.

Flgure 5.1~4, Shielding by an Elevated

Highway or Rallway.

SHADOYY 2OME

mnzcowo
ELES P

Figure 5,1-5. Paths along which scund en-
argy can travel from the Ssource to the
recalver [2], Also shown is the shadow

Tme-mpomz

zone and the angle of diflraction asso-
clated with the source-barrier-racelver
geamaetry,
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For Ihlg path, the barrler does not block the
line-of-sight betwesn the source and re-
celver and therefore provides Ilitle or no
attanuation, The direct path can be affected
only by Increasing the hoight of the barrier
sa that the line-ol-sight between the source
and rocelver is blockad,

Sound energy hat passes just over the lop
adge of the barrlar Is bent down Inlo the
apparent shadow zons, which is the area
visually shlelded Irom the source as shown
In Figure 5.1-5. This path Is the dilfractad
path, analogous to the optical diffraction of
light. The sound waves that are diffracted
are allenuated, and the larger the angle of
diffractlon {defined in Figure 5,1-5), the more
the sound wave Is attenuated in this shadow
zone. The amount of sound energy reach-
tng the raceiver via the diffraction path Is
dependent upan the barriar halght and the
location of the source and racelver relative
to the barrier, if elther the source or recelver
Is placed close to the barriar, tha angla of
diffraction and hence the aitenuation Is ip-
creased, The amount of attenuation due to
diffractlon of the sound wave Is dependent
on the shape of the barrjer, In gensral, most
thearies of dilfraction that have been devel-
oped for predleting barrfer attenuation treat

only infinltely long walls with a thicknass
much less then the wavelength of the dif-
fracted sound (rigld-screen barriors). Thea-
retical and exparimental investigations [3]
have shown that the attenuation by wedge-
sheped or wide barrlors is somewhat differ-
ent from that predicted by rigld-screen the-
ories. However, predicting the altenualion
by these other barrler shapes is difficult and
only a small improvement in the accuracy
can be achieved. Hence, this deslgn gulide
applies the theory developed for an Infinitely
long rigid-screen for all barrier shapes and
slzes,

Another path Is one directly through lhe
barrler. Sound traveling this path is reduced
by an amount relatad to the so-called trans-
misslon loss of tha barrler, a measure of the
raduction In level af the sound that passes
through the barder. The transmisslon [oss
depends most Importantly upon the walght
per unlt aroa al the barier—the heavier the
barrier the less sound transmitted, As a gen-
eral rule, 1t the surtace welght density, which
is the weight density (Ib/ft') multiplled by
the barrler thickness (it}, Is greater than 4
Ib/1t*, the transmission of sound through the
barrler will be negliglhle retative to the
sound energy diffracted over or around the
barrier [4].

“S«-toed

LI PSP
&n-cop
W —mman

{a) toflgciion from tha ocpposing batrior

O ~com
e m D
~e<—ecex

(b) reflectlon lram a noarby wall or building

Flgure 5.1-6. Two cases whera reflectad waves effectively reduce barrier attenuation.
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The last path shown [n Figure 5.1-§ |5 the
reflected path, Rellected sound 1s usually
of concern only to a recetver on tho sama
side of the barrler as the sound source. Two
special cases whare reflected sound waves
may be Important are shewn In Flgure 5,1-6.
In both cases, pan of the sound enecrgy
radiated by the source is reflected from a
nearby surfaco and then propagated to the
raceivar, Depending upon the location of
the reflecting surface and barrier relative
to the source and receiver, the barder at-
tonuation may efllectively he reduced 1o zero
{i.e., the sound level at the raceiver is the
sama wilh or without the barrier), It chould
be noted that in most nractical eases the
reflacted nolse deas not play an imporiant
rale in tho troalment of barriers [5). If you
encounter a sarious situatlon of reffected
noise, you may need the services of un
acoustical consultant.

if the barrier provides a substaatial amount
of attenuation, the sound diflracted over or
around the barrier into the shadow zcne
usually represents the most important path
betwsen the source and receiver. Hence,
estimating the amount of attenuation due to
diffractlon is the primary calculation In-
volved In determining barrler atlenuation in
Sectlons 5.2 and 5.3, However, there are iwo
other censiderations In determining barrler
attanuation. These are the overall length of
tha barrler relalive to the source length, and
the presence of holas or openings In the
barrier. A short barrler permits sound to
propagate around s ends, and a barrier
with holes permits sound to be transmitted
directly through the barriar,

— —— Line Source

Receiver

Flgure 5.1~7, Paths for Sound Energy to
Travel Around the Ends of a Barriar,

Far sources, such as highways and railways,
which are conceptually represented as llne
sources, the length of the barrier is particu-
larly important. For example in Figure 5.1-7,
the nolse diffracled over the top of the
barrier s reduced; however, the sound
propagating from the part of the roadway
extending beyond the ends of tha barrler
Is not affected by the barrler. As & result,

the actual reductlon of sound due to the
barrier is less than that predicted for the
diffraction of the sound wave. To be eflec-
tive, barriars must not only break the ilne-
cf-sight betwe:en the recelver and tha nearest
sectlen of roadway, but also belween the
recelver and seclions far up and down the
roadway., To decide when predicted barrier
dttenuation must be adfusted to account for
soupd coming arcund jts ends, refer to ihe
barrier "included angle,” denoted *a”, ana
defined In Figuro 5.1-8, If the Included
angle, "'a", is grealer than 170°, the barrier
can be congidered infinitaly long, This maans
that the attepuation depends only upon
eound diffraction across the 1ap of the bar-
fler. Sut it the tncluded angle, “a'', 1s 170
or less, the barrier lenglh is ccnsidered
finite, and adjustments must be mado o
account for sound coming arcund the ends
of the barrior. These adjustments are in-
cluded in the prediclive procedurss of Sec-
fions 5,2 and 5.3,

me=s = —Llne Sourcg — — —

Barrler
a

Recaiver

Figure 51-8. Barrier Geometry Showing
the Included Angle, a.

Holes or openings substantially increase
the sound transmission of a barrler, thus
reducing its effectivensss. This is best Ius-
{rated by the data shown In Table 5.1-1. If,
for example, a barrier has openings which
amount to ten percent of its lotal area, lis
overall altenuation would not be greater
than an A-weighted sound level diflarence of
4 dB, considering attenuation due to both
transmisslon and dlffraction. For a barrier
with openings grealer than ien percent of
lls area, the atlenuatlon wlilt probably be
negligible,

Maximum
Percent of Barrier Transmissian
Area that is Open | Loss Possible, dB

50% 0
10% 4
5% 7
1% 14
0.5% 17
0.1% 24

Table 5.1-1. Transmission Loss for Barriers
with Hales [2].
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Before confinuing this discussion, let's re-
viow a few general principles of barrler
attenuatlon; specifically, the ralationship
betwaen sound attenuation expressed in
decibels and In energy terms as shown in
Table 5,1=2, The meaning of thesa numbers
can be explained by considering, as an
example, a barrler which aftenuaies the
nolse from a highway by an A-weighted
sound level diflerenca of 10 dB, Referring
to Table 5.1~2, |t can be seen that this alten-
uation of 10 dB is equivalent to sliminating
90 percent of the energy initially propagaled
lowards the recelver. This drastic reductlon
In energy relative to the sound tevel attenua-
tion can bs understood In view of the foga-
rithmlc nature of the moasure, Table 5.1-3
provides ganeral rules for the feasibility of
obtaining various tevels of attenuation from
barrlers [5].

Table 51-2. Attenuation in Terms of
Declbals and Energy [2].

Attanuation Remove __% of
_dB Reduction Energy
3 50%
[ 5%
10 0%
20 9%
30 99.9%
40 99,99%

Table £1-3. Feasibillty of Obtaining
Attenuation from Barriars [5].

Barrler Attenuation* Feasibillty
5dB Simple
10 dB Attainable
15 dB Very Dillicult
20 dB Nearly Impossible

A-woighted sound lavel attenuation in doclbels

The methed used In thls deslgn gulde for
caleulating tha attenuatlon provided by a
harrler 15 based on the work of Kugler and
Plersol [6]. Thelr model, which assumes
that highway traffic can be treated as a Ilne
source parallel to an Infintely long screan
barrler, ralates the attenuation to the path
length diftarence, L. Glven the source-
barrler-receiver geomatry shown In Figure
5.1-9, the path length dliference is defined
as,
L=A4B~2C

The distance {A - B) is the shorlast path
avar tha barrler's edge from the source to
the recelvar; C is the direct path dlslance
from the source to the receiver through the
barrier,

The relatlonship between the path langth
difference and the attenuation providad by
a barrler Is a function of the frequency
spectrum of the sound source. Kugler and
Plersol found that the reductlon of high-
way nolse by a barrier could be estimated
with suffliclant accuracy by assuming a
frequency of 500 Hz [6]. The dashaed
curve of Figure 5.1-10 shows the relatlon-
ship between path length difference and tha
attenuation provided by an Infinitely long
barrier screening a line source radiating
sound at a frequency of 500 Hz, As a more
conservative estimate of the noise reduction,
Kugler and Plersol proposed a simplifled
linear curva shown dotted in Figure 5.1~10,
However, this design gulde employs the
solld curve shown In thls figure, which Is
aven more consorvative bacause the atten-
uation for small values of L goes to zero In-
siead of asymplotically approaching a value
of 5 dB as for the general line source madel;
and because the maximum atienuation [s
limlted to an A-weighted sound lavel diffar-
ence of 12 dB for large values of L due to
envirenmental elfects,

L=A4-B~-C
A ] B
c 28
= al
Source Barriar Receiver 1

Flgure 5.1=8, Barrier Path Langth Diffarence.
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A-Weighted Attenuation, dB

I
w

a
=

oy
ch

—a
o

01 1.0
Path Lenglh Difference, L, feet

Figure 51-10. The A-weighted attenuation
provided by an infinitely long barrier
versus path length difference for varlous

When sound is attenuated by a barrier, it
Is not unlformly reduced In level across |ts
entlre {requency range. Instead, its high
frequencles are reduced more than ils low
fraquenclas, The result (s a change In the
spectrum shape of the sound at the building
site. This |s of littte or no consequence In
calculating the sound lavel In outdocr activ-
Ity areas, but it is important In eslimating
the sound level Inslde a rcom since the
spocirum shape of the sound can ba crltical
in determining the sound isolation properties
of the building shell. Low frequency sound
energy passing over the barrier Is easily
transmitied through the extarnal shell of the
building. Based on a detalled study of this
prablem, discussed In Appendix B, It was
found that the bullding shell Isalatlon rating
must ba degraded by about 3 dB for exterior
noise dominated by sound propagating over
a barrier. Alternatively, the estimales of bar-
rler attenuation can be reduced by a corre-
sponding amount. This correction in incor-
porated In the solld curve of Figure 5.1-10,

To predict the attenuation of a barrler you
must determine the path length difference—
L. You can do this graphically by an accu-
rately scaled section cutling through the ter-
raln batween the transportation system sound
source and your proposed building. Such
a drawing will show the height of the source
and recelvar relatlve to the top edge of the
barrier, Since any real transpartation system
sound saurce |s composed of several sub-
sources {8.g., heavy truck nolse |s a com-

100 100.0

moedels {6]. The assumed frequency of the
source Is 500 Ha.

binatlon of sounds radlated from tha en-
gine, fan, Intake, exhawusi, and tires), an
effoctive source height based upon all the
subsources must be used. The effoclive
sourca height [s dependent upon the type
of transportation system sound source—it
is assumed to be localed at the roadway
surface for automobiles; al track level for
rallway cars; at eight feet above the surface
for heavy trucks; and fifteen foel above the
surface for diesel-electric locomativas {(more
will bo sald about eifectlve source helght
in Seclions 5.2 and 5.3).

The recelver location will ba In some out-
door activity area on your slte or some room
In your building. The followlng examples
discuss the eflect of recaiver location on
tha rasulting attenuation.

1. Rules for calculating L

I the building you are deslgning is to be
many stories high, the attenuation provided
by a barrler can vary substantially belwean
the ground and upper floors. This variation
Is dependent upon the helght and location of
the barrier and sound source relative to
your building, The way to check this is to
calculate the value of L for several repre-
senative story heighls, and then using these
values, delerminea the barrler attenuation
from Figure 5.1-10. Two examples are
shown In Flgures 5.1-11a and 51-11b,
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(a) Example of a building located close to a
barrier, showlng tha change in attenua-
tion for recelver locations at each floor,
Relative
Atienuastlons, 40
Li=A+B8-C; 14
Le =A< By =~ C4 14
[} o
Source @
Barrler

(b) Example of a bullding located far from
a barrler, showing that the effect of re-
caiver helght on the attenvation Is min-
imal,

Flgure 5.1~11, Examples of Determining
the Path Length Difference for Various
Recelver Locations,
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In Flgure 5.1-11a, tha bullding Is close te
the barrlar, and the atlenuatlion varles be-
twean two exiremes. For the ground floor
the attenuation Is high, but It continuously
decreases so that for the upper floors there
is no barrler attenuation at all tecause the
line-of-sight with the source is not blocked.

The second example, shown in Figure §.1—
11-b, doss not have these extramas of atten-
uatlan. Since the bullding Is farther away
from the barrier than In Flgure 5.1-114, the
value of L does not vary much betweon the
tap and bottem floars,

Selectlons of represantative building rooms
lor nolse prediction ars dlscussed in Chap-
ter 6. Essentially, the selection Is left to
you, the user of thls deslgn guida, When in
doubt, you should estimate the barrier atten-
uation at each outdoor aclivity area and

Eltective Sousce Locsllon
& Haayy Trucha (B')
1

Barrier

room that you analyze in Chapter 6.

An alternative to graphically measuring the
dimensions of A, B and C from a drawing
is to caleulate A, B and G from vertical di-
mensions of the source, barrier, and re-
celver. This methed, shown In Flgure §.1-12,
has the advantage that the elfective source
helght Is included in tha equalions for A,
B and C. This mathod, discussed |n Sectlons
5.2 and 5.3, is preferrad for determining the
path fength difference, Horizontal and ver-
fical dimensions should be measured as
pracisely as possible so that an accurale
sstimate of the atllenuation can be cal-
culated.

For most barrlers, datermining the attenua-
tion Is relatively simple. To deal with special
casas, howevar, you should be familiar with
the general rules discussed below,

% [+[+3
A= L/ HB? 4 [0C — DB A= /T <) -+ (0C — BA
B = |/ (HB + hO)t 4 DB? B= |/ (HB -+ hB)? + DB?
£ = |/ ha?4DGa C = |/ (hD - B)? -+ DC2
Autcmoblies Henvy Tricks
&' Ellective Source
Halght

Flgure 5.1~12. Example Shawing Horizontal
and Vertical Dimenslons of Source, Bar-
rier, and Receiver Geometry and Equa-
fions for A, B and C.
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2. Barriers in series

There may be sites having mora than one
barrier between the source and recsiver, as
shown In Flgure 5.1-13. Whereas, hoth bar-
riers attenuate noise, and mlght be consid-
ered "in sories", such an additional compli-
cation [s not worth the slight Improvemsent in
accuracy; Instead, only tha “domipant™ bar-
risr—the one which providas tha mast atten-
uation—should be consldored. To determine
which barrier Is “dominant”, calculate the
path length difference [or both, and ¢hoose
the barrier with the larger value of L. This,
of course, presumas thal both barriers are
long encugh to block all of the source; it
not, you must also consider the lenglh of
aach barrier.

Barrior
Gourca Na. 1

Banier
Ne. #

LN

LimakBi-Cm20

“La = Ay Baee €= 7.5 o Brfler No. 2 Ty Dominas -

Flgure 5.1-13. Example of Two Barrlers in
Serias, Showlng How to Detarmine Which
Barriar Is Dominant.

3. Receiver locatad beyond the end of tho
barrler

When a recelver 1s iocated just at the end
of the barrier, the racelver is not shialded
from one end of the line source. For this case,
the maximum aitenuation is an A-welghted
sound level difference of 3 dB. For recelvers
beyond the end of the barrier, as in Figure
6.1-14, the attenuation Is nagligible.

Line Source

Barrier

Recelvar

No Attenuation

Flgure 5.1-14. Recalver Located Beyond
the Encd of a Barrier,




38 4, Elevated and depressed highways and
tailways

Some general commenis can be made con-
cerning the attepuation of depressed and
elevated highways and railways as a func-
tion of receiver lgcation. As shown In Fig-
uro 5,1-15, as the recelver position I8 pro-
grasslvely moved farther away from a sound
source located on an elevated coniflgura-
tion, the path length diffarence {hence the
attanuation) decreases. Conversely, for a
sound source located In a depressed con-
figuration (Figure 5.1-16), the path Jenglh
difference {hence the attenuation) Increases
for more remota recelver locations. Thus, to
oblain optimal attenuation for a glven ele-
vation or depression the recelver should ba
located clese to the elevated highway or
rallway, but as far away as possibla from a
depressed highway or railway.

Rolative
Atlonuationz, df

Source

Ly= A+ 8, - Cii1s

Lyz=A4 B — G d

14 == Linorol-sight

not blacked; No Attenyation

Figure 5,1-15, Exampls Showing How At-
tenuation Decreases as the Recaiver Lo-

e ons, d cation is Moved Farther from an Elevaled
Ly = Lino: ot -aight Highway or Railway.

not hlocked; No Allenuation

Lr=A4B2—-Cx 9

Ly=A-By=0Ci12

Figure 5.1-16. Example Showing How Al-
tenuation Increases as the Receiver Loca-
tian is Moved Farther from a Depressad

' Highway or Rallway.
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5. Combination of efevated or depressed
configurations plus o barrier

For a barrler combined with an elevated or
depreased conflguration, the path length
difference |s detarmined as shown In Figures
5.1-17a and £,1-17b, raspectively, For thess
and other similar combinations, the Impor-
tant thing Is the barrler height relative to
the source and recelvar, which is measurad
In terms of path ltength difference,

Barrier

Sourca [

Racalver

(a) Elevated highway or railway and barrler,

Racoiver

Barriar B

=A4+B~C

Sowico

{b) Depressed highway or rallway and barrier,

Figure 5.1-17, Method of Determining the
Path Length Differance for Combinations
of Different Types of Shialding.




40 €. Paih tenglh distance for elevaied and
deprassed configurations and earth
berms

Determining the distances nacessary to cal-

culate the path length dlfference for ele-
: valad and depressed configurations and

earth berms can be ditficult since thay are
likely 1o bo irregular in height or width,
Figures 5.1~18a and 5.1-18b show how to
estimate roughly the haight and length for
ona example of an earth berm. The sama
general method should be usad for elavated
and depressed configurations. Since, such
methods provide only approximate dis-
tances, they should be applied conserva-
tivoly. Moreover, it any of thesa configura-
tiens are questionable because they are
sither short in length or not very high, their
attenuation should pe disregardad.

e ) -
i

(s) Sectlon through earih berm showing
assumed height,H, and length.L.

Racaivar

Eﬂ] E:J Highway

{b) Top view of berm showing the assumed
included angle, &.

Figure §.1~18. Technique for Estimating Dimaensions of an Earth Berm.
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7. Barrier turned at the end or top

W a barrier is not straight but angled, either
at the end or at the top, the path length
difference is sl delermined by how much
of the source Is btocked from the sight of
the receiver as shown in Flgures 5.1-19a
and 5,1-18h, Note that this angling of a bar-
riar Is one way 1o increase ils paerformance
without making it excessively long or high.

Sourco

Barsler

Recalver

(b} Plan view of barrier turned at the top

Flgure 5.1-19, Included Angle and Path Length Difference for Barriers With Turns,

8. Summary

in summary, the following can be sald about
nolse barriers.

1.

hx

If a barrler does nol block ihe ling-of«
slght between the source and recelver,
the barrier will provide little or no atten-
uation,

It a barrier Is constructed of a material
with a surface welght dansity greater
than 4 [b/1t* and there are no openings
through the barrier, transmitied sound
wlll usualiy bae nagligible,

. If there are openings over 10 percent

or more of the barrier area, barriar
attenuation witt be negligible.

4, Diffracted sound (s usually the most
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imporiant aspact In estimating barrier
attenuatlion.

8 Reflected sound can be Impartant lor
raceivers an the source side of a barrlar,
bul it normally Is not a tactor for re-
celvars on the side opposite from ihe
source, Hence reflected sound is usually
not imporlant to your building and site,

6. Transmlssfon of sound around the ends
of the barrier can be critical it the bar-
rler included angle is less than 170°,

7. Barrier attenuations greater than an
A-walghted sound leval difference ot 10
dB are difficult to obtain,

8, For twp or moro barriers "in serles",
consider only the 'dominant" harrler.

8. Assume no attanuation for a recelver
located beyond the end of a barrier,

Buildings as Barriers

et us now discuss the shielding provided
by rows of buildings located betwsen a
sound source and your bullding site, The
excess attenuation of such buildings acting
as barrlers can be as high as 10 dB, but
special procedures are needed to predict
the attenualion based on the slze, shape and
spacing of the intervening buildings.

One way of handling such shlelding would
be to deal with each building acting as a
barrier. A simpler but more approximate
method |s that given in reference [6), This
technique, the one used in this design gulde,
assigns a value of 4,5 dB attenuation for the
first row of buildings and an addiional 1.5
dB far evary subsequent row, up 10 8 maxl-
mum of 10 dB. (For example, four rows of
buildings between the source and buiiding
site would provide a total attenuation of 9
dB.) To obiain these valuss of attenuation
the follewing eonditions must exist;

1. The open area betwsen the buildings
mus! be less than 40 parcent of the total
open area, so that the bulldings form
an elfective visual barrier between tha
source and your bullding or sita,
The average height of the first row of
buildings should equal or oxceed the
average height of your proposed build-
ing. {For example, a row of one-story
buildings on a level terrain, may pro-
vide littte or no attenuation for the
second floer of a building located be-
hind the row of ane-stary buitdings.)

3. The row of bulldings acting as a bar-
rier should visually block most of the
langth of the source from your bulldiag
or site,

2

For buildings acting as barriars that are less
densely packed than 60 percent a lower
neise attenuation could be astimated, If

the buildings acting as a harrier occupy
only 10 1o 20 percent of the area paralleling
the source, each building might produce a
small localized amoaunt af shielding, but the
combinad effect of such sparsely spaced
buildings would be negligible. Qn the othar
hand, a long, continuous, solid building
occupying most of the area along a source
can be trealed as a barrier, and its attenua-
tion estimated by methads previously dis-
cussed using path length ditferance and
Included angle. In general, however, Judg-
menls concerning the barrier elfects of
buildings should ba made conservatively.

10, Vegetalion as a Barrier

Let us now describe a last form of excess
attenuation due to vegetation. To provide
signiflcant attenuation, the vegetation should
conslst of large belts of trees or shrubs
more than 50 feet In deplh, more than 10
feet In height and dense enough to visually
block the source from the receiver. The ex-
cess aftenuation due to such belis can be
as high as & to 10 dB, but l's accurate esti-
mation is ditficult. Research has shawn that
diffusion or scattering of the sound waves
ofi the leaves, stems and trunks, rather than
absorption, Is the principal mechanism for
attenualing the sound (7, 8, 9]. The
amount of diffuslon, hence attenualion, Is
dependent upon the helght, width and over-
all densily of the belt. The density depands
upon the specles of vegetlation, planting
pattarns, and the foliage distribution from
the ground to the top of the tree or shrub.
(Obviously, deciducus trees provide little
attenuatlon when dormant) Pradiction of
oxcess attenuation based on these factors
s not practical for this design guide;
ingtead, you should simply allow an
A-welghted attenuation of 5 dB per 100
foot deplh of woods up to a 10 dB8 maxi-
mum [10]. For these values of atlenuation,
the followlng conditions must exlst:

1. The woods must be of sulficient density
o block all visual paths betwean the
saurce and receiver,

2. Tha underbrush or ground cover should
alse be of sulficlent denslty and helght
to bleck all visual paths between the
source and recelver,

3. Tha woods should extend at |east 15
leet above any llne-of-sight between
ihe source and all partlons of your bulld-
ing ar site.

4, The woods should be long enough to
visually block maost of the lenglh of the
source from the recelver.

§, To be efiectlve year-around thera should
ba a reasonable mixture of both decldu-
ous and evergreen trees, or all should
ba evargrean,
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For low denslty growth a token amount of
attenuation such as 2 or 3 dB par 100 fest,
up to a 10 dB maximum, might be per-
missllle [10], il is aigo pointed out that the
reascn for the 10 dB maximum [s that the
effectivaness of the vegetation belt can be
compramised when sound propagating over
the tops of the trees is bent down to
earth beyond the growth by various mix-
tures of wind and temperature gradients,
Thus, the 10 dB limitation is Imposed so
lhat the excess attenuation I3 not over-
estimated.

Another aspect of vegetation shleiding Is
that although a slngle tree or even a few
widely scattered trees do not appreclably

raduce the noiss, they do hava aesthetic
and psychological value by visually screen-
Ing the source from the recelver. Thus,
during construction of your building an
offort should bs made to praserve any
oxisting trees, hedgss or other shrubbery.
Or, new |landscaping could be plannad, to
help shield the source from the building,
Cook and Van Haverbeke [7], glve the fol-
lowing recommendations concerning plant-
Ing and types of vagetation:

1. “To reduce nolse from high-speed car
and truck teafiic in rural areas, plant
65~ to 100-foot wide belts of trees and
shrubs, with |he edge of the belt within
50 to 80 fest of the center of the nearest

Tablg 5.1-4. Evergreen Treas and Shrubs Thal Should 8e Suilalle for Year-Round Nolse
Screening and That Have a Relatively Wide Range of Adaptability {7].

Cefmmon name

Tall

Fir
whita
Valich's altver, Nikke
balaam
corkberk
Fraser
Caliternla read
Spanish
Cudnr
atlas
deadar, Ceqar of Lebnaon
Part-Orjard codar
Atllona cyprass
Spruce
Horway, whiie Serblan,
Qrisninl, blue
Plne
wasiam while
ronderosn
Scolch
rag
Auarrian, voslasn while
Montgrey
Dauglas i
Giant sequaia, Redwaod
Western radcedar
Hemlock
vastdin
Carolina
waslem

Madium

Juniper {upright)
ensiern redcedar And vatletles
Aocky Mountain and vatioties
Chineas and varialies
Greclan
Irish
Swadlah

Yow
Japanase ond varielias
English

Arborvitae
Amazlcon and varleling
Qrlental and varletiss

Short

Junlipar
Chinose (Pliize:) and olhers
Mugo plna
Arborvitoo
American and vatioties
Orianial and varlaties
Yow
Japaneso and variellen
Soma Broad.lenved Evergroens
Pyracaniha
Euonymua
Privat

Roglons of bast adaplabliity

Hationwlde

Enat

Mictwest, Norih, Northeaat
Midwast, Southwaat, Sovihenst!
Enat, Sculhoaat

Waat

Went Cooal

Wast Coast

West Consi, Sputh, Gult Coast
Wast Coasi, Sculh, Soulnenst
Sguthwast, South, Southaaal

Natlanwide {Best in nanh)
Nationwide (bast In narth)

Wesl

Wosl, Midwost
Natlonwide [best in norih}
Easi, Rorth

Midwosl, East

Calitarnia Coast
Nallonwide taxcspt Seuih)
Wost Consi

Wem

Eaat, Scuihaast
Easl CoAst, Sculheast, Souih
Weat Coual

Engl ol Rocky Mounlaing
West of Rocky Mountains, Midwant

Malionwide
Nallanwlde

Nationw|de {beal In north}
Nalionwida (heat in nosth]

Nallonwide
MNationwide {besi In aast)

Nationwido (hest in north, northaaal)

South

Nallonwide
Nationwlda

Natlonwide
Nalionwide

Nationwide
Nalionwide (baat In snuth hall)

Nalionwida
South
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traffic lans, Cenler tree rows should be
at least 45 feet tall (Seo Table 5.1-4 for
specles recommendations). Where right-
of-way width is large, as on certaln sec-
tions of Interstate highways, several
rows of traes and shrubs may be planted,
to reduce noise lovels at adjacent
property.

2, "To reduce ncise {rom moderate-speed

car {raffic In urban areas, when tire-road-
way Interaction is the principal cause of
noise, plant 20- to 50-foot-wide belts of
trees and shrubs, with tha edge of the
belt from 20 to 50 feet irom the center
of the nearest traffic lapne. Use shrubs

6 to 8 feel lall next to the traffic lane,

with backup rows of trees 15 to 30 fast

fall (see Table 5.1-4 i{or species recom-
mendations}.

“Trees and shrubs should be planted

close to the nolse source, as opposed to

clase to the protoected araa, for optimum
results,

. “Wherae possible, usa taller varieties of
trees which have dense foliage and
ralatively unllerm vertical foliage dis-
tributlon {or combinations of shorter
shrubs and taller trees o give this

offect), Where the use of tall trees is
rastricted, use combinations of shorter
shrubs and tall grass, ar similar soft
ground cover, as oppgsed lo paving,
crushed rock or gravel surfaces,
“Trees and shrubs should be planted as
close together as practical, to form a
continuous, dense barrier. The spacing
should conform to established local
practices for each species.

“Where year-round necise screening Is
desired, evergresns, or deciduous varle-
ties which retaln their leaves throughout
most of the year, are recommeandad.
“The belt should be approximately twlce
as long as the distance from the nolse
source {o the receiver and when used
as a noise screen parallel to a roadway,
should extend squal distances along the
roadway on both sides of the protected
area,”

Thls concludes the discussion of sound

pro

pagation and barrlers, The remaining

sections of this chapter deal with the three
major nolse sources: highways, rallways and
afrcraft. Procoed to lhese sections as dl-

rec

tad In Chapter 2,
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Chapter 5
Saction 2

How 1o Eslimate
Highway Nolse

Pivat

Paint

Highway traffic, probably the most commaon
and widesproad source of nolse, Is ex-
iremely variable—dlfterent vohlcles travel-
Ing at different speeds through continrously
ckanging hlghway conliguraions and sur-
rounding terrains. QObviously, te estimate
highway noise, many simplilying assump-
tions must be made concarning how the
noisa Is generated and how il propagates
from the highway to the building slte. Evan
after these assumptions have been applied,
the problem of predicting highway noise is
stlll complex,

Researchers have developad predictive
medels of complex highway traffic systems,
but the models aro sither long and detslled,
or rely upon computers for numerical re-
sults [1, 2, 3]. For our purposes we would
like a method of estimating highway naise
that s as simple as possible to use, One
of the simplast tools for estimating highway
noise Is a nomogram developed by Bolt
Beranok and Newmar, Inc.* [3], which is
sasy 1o use and gives rasults that are con-
servative {i.e.. tho predicted ievels are higher
than would actually accur) In alf but a few

* This work, which was undertaken by Boll Beranek and Nowman, inc., was sponsorod by lhe American
Associatlon of State Highway and Transpartation Officials, in couperation with the Fadoral Highway Ad-
ministration, and was conductod by the Natfonal Cooperalive Highway Resoarch Program which Is admin-
istarod by the Transportation Resoarch Hoard of the National Academy of Sciences-Naliong! Research

Courcil,
A
Haavy
Truehks
50
an 40 3 . +
-+ + + .,}l; 70
SPEED: MPH
I _7*‘_’
+ + +
a0 40 50
Aulomabiles and
Madiuim Trucks

Figura 5.2-1,

Do v
B FT  VEH/HR
- |— 15000
40 - — 10000
50 - — 7000
- ~- 5000
w0 ’— 4000
:] — apco
100 l— 2000
I I~ 1500
50—  f—1000
3 F 7o
200 — =
b= 500
-~ 400
Jo0 — - 200
400 ~— — 200
500 — |- 150
Prodictod - —1o0
Noise Level - [
700 [~ 7p
— -
—] k- 50
1000~ - ap
- 30
1500 — L 20
- Vehiclu
2000 — Volume
BDistance
Ta
Chsorvar

Highway Noise Prediction Nomogram [3}.
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very special cases. A nomogram ls simply
o graph containing three or more scales
graduated for different variables so that
when a straight line connects the values on
any two scales, the related value may be
read directly from the third scale at the
point intersected by the line (See Flyure
§.2-1}. The graphicat procedures for using
this nomogram are given later in this chap-
ler in STEPS H3 to H5,

The analytical mode! upan which the high-
way nomogram Is based is highly idealized.
For example, the model assumas that the
different vehicle types can be categorized
In three groups based upon the vehicles'
nelse generating characteristics. Tha groups
—automobiles, medium trucks and heavy
trucks [3]—-have basic differences both
physical and acoustical.

Automoblles are wvehicles with two oxles
and four wheels. This group includes, In
addition 1o passenger cars, light pick-up
and pansl trucks. Under normal operating
conditions, automobile naige is composed
primarily of englne-exhaust noise and tire-
roadway interaction noise, which are both
concentrated near the pavement surface.
Hence, the effective source helght s taken
at this surface.

Medium trucks refer generally to gasoline-
powered two-axle, six-wheel vehicles such
as local delivery or shertshaul trucks. Ona
distinction between this group and heavy
trucks, other than just physical size, is that
medium {rucks do not have a vartical ex-
haust stack. LIke automobiles, medium truck
noise [s primarlly engine-exhaust and tire
noise, which again are concentrated near
the pavement surface; and although the
exhaust outlet may be slightly higher for
medium frucks than for automobiles, the
eflective source locatlon is stlll assumed fo
be at the pavement surface [3]. [n general,
the sound levels generated by medium
lrucks are similar, but are higher than auto-
mobiles for the same operating condllions.

Approximately 80 percent of heavy trucks
are diesel-powered vehlcles with three or
more axles, Long-haul tractor-trailer ve-
hicles constitute the majority of this group
which also includes dump trucks, cement
mixers, etc, Heavy truck noise is a com-
tination of engine, fan, intake, exhaust, and
tire noises. However, extensive measure-
ments of actual traffic conditions have
shown that heavy truck nolse can be ade-
guately simuiated using only the cxhaust
nolse source and neglecting ather sources
[3]. Based on thls, the effective socurce laca-
tion Is assumed to he 8 fest above the pave-
ment surface.® Thus, the major differences

between the sound generated by automo-
biles and medium trucks, and the sound
generated by heavy trucks are the magni-
tude and spatial location of the sound
source,

Geographically, the model assumes that
the real highway configuration can be
approximated by a single “'equivalent” lane
that is straight and Infinitely long. It also
assumes that this equlvalent lane lies at
grade on a level trarrain, which means that
thara is no shislding. The vehicles in each
group (automobliles, medium trucks and
heavy trucks) are considered to be fraveling
at a constant speed characleristic of the
vehicle group. The model further assumes
that the nolse generaled by each of the va-
hicle groups can be characterlzed by the
traffic velume flow (vehicles/hour) and the
average speed (miles/hour) for that group,
Analysis of thls |dealized model shows that
the nolse of automebiles and meadium {rucks
increases with tralfic vaolume and gverage
speed; and that the nolse of heavy trucks
under the same conditions (far both the tire
and aexhaust sources) increases with traifle
volume, but decreases slightly with an in-
croase in average speed.

As far as propagatlion of ths nolse is con-
cerned, the model assumes that the equlva-
lent lane is an [niinltaly long line source
radiating uniformly into a half-plane (ac-
tually as many as threa infinltely long, ling
sources, corresponding to automebllas, me-
dium trucks and heavy trucks}, The eqgulv-
atent level of the nolse propagated from
the highway docreases by an A-welghted
sound level of 4.5 dB for every doubling aof
distance from the roadway [3]. This value
of attenuation has been determined em-
pirlcally, and includes losses dug to alr
absorption and excess ground attenuation,
in addition to the usual eylindrical diver-
gence assoclated with a line source,

As was previously mentioned, the predictod
sound levels are conservately high In all
but a few spoecinl cases, such as when ihe
ground plane Is very reflactive and no
shielding is present, or when the highway
is highly curved as shown In Figure 5.2-2,
in this latter case, the highway diffars con-
siderably from the model's assumptlon of an
infinitely long straight highway, and could be
lreated as two separata highways. Assuming

* Exhaust stacks for heavy duty trucks are typl-
cally about thirteen foet above the roadway. It is
presumed that the puthors of roinrance [3), in As-
suming an efght-foot helgkt for the noise source
of hoavy lrucks, wera attempling to actount for
both lire nolse (source near the roadway surface)
and exhausi nolse {source approximaitely thirteen
foat abovo the roadway).
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Assumed Location

ol Two Inlinlialy
Long Highways

Recelver

O

Recolver

—— e e e =

_i—.——-.-——-—.

Figure 5.2-2. Example of a Highly Curved Highway.

the trafile volumes and average speeds are
the same for both portions of this highway,
the sound level at a receiver located Inslde
the curve would be at most 3 dB higher than
that predicted by the model, Hence, you can
conservatively estimate the sound levet at
the building site by adding 3 dB to the no-
mogram value for a single highway. For a re-
ceiver located outslde the curved position of
the highway, the modal would overestimate
the sound level by an amount dependent on
the degree of curvature and the location of
the receiver.

For cases other than the speclal case Just
discussed, the nomogram wlll over-predict
the actual sound level by a few declbels de-
pending upon the complexity of the real
highway and the surrounding terraln rela-
tive to the model's assumptions. Over-pre-
dictlon may be excesslve when there Is a
vertical translation of the rcadway to an
glavated or depressed position with respect
to the surrounding terrain. The effect of
this translation, as discussed in Section 1
of this chapter, Is to shield the highway from
the buliding slte in the same manner as a
barrier. Such sffects are accounted for
by subtracting the attenuatlon due to the
shielding from the predicted level. These
shielding adjustments are made in STEPS

H9, H10 and H11 of the highway noise pre-
diction method which follows.

Before proceeding, you should briefly study
the flew dlagram of Figure 5.2-3 which out-
Illnes the steps nacessary to estimate high-
way nolse. Stariing at the top of tha chart
and moving downward, you first obtaln tha
required traffie, highway and roadway
shielding input data (STEPS Hi1 and H2).

Then using these data, calculate the sound
levels of automablies, medium trucks, and
heavy trucks (STEPS H3 to H8); and the
corractions for any barriers (STEPS HB {o
H13). Following thls, determine the total
noise level due lo this ona highway by com-
blning the contributions fram tha three ve-
hicle groups (STEP H14). If there Is more
than one highway near your slte, repeat the
previous steps for each of these highways
{STEPS H1 1o H14), Finally, combine the
sound leval contributions from all of the
highways to get the tatal highway nolse level
at your chosen bullding location (STEP
H15), All steps should be recorded on High-
way Worksheetis 1 and 2 shown In Figures
§.2-4 and 5.2-5. A detailed example showing
these slep-by-step calculatlons is given In
Section 5.5.
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Highway Nolse Predicilen

I

Tratlic Data

« Ayprage Spaed: SA.

NV, KVH
STEPS H2.1 and H2.D

s Wahitlo Voluma: VA,
a} Logl1): VA(L), VMI1), VH{T)
b) Leq(a); VA(B), VM(E), YH(B)
al Log(24): VA[24),
d} Ldn: BVA, DVM, DVH, NVA,

&M, SH
YM, Vh

VM(24), VH({24)

Highway Data

« flordwny=Fullding
Sito Distance: DG

STEP HI.3

-1

i
w

Highway Nowa Nomegtom

Log{f), Legtd;, Leq{ad), Ldn
s Autos
= Madlum Truths
= Hoavy Trucks

GTEPS H] to HY

Highway Shlaiding Dala

Borrjar: DB, HY, hB, a
Eloynnd

Highway: DE, HE, 2
Dopreyypd

Highway, 0D, HB, 1D, s
Quilging Barricra: n?
vegatanan: dw

STEPS H1.2 and H1.3

I
¥

Shielding Carrections

s Aulus and Medium Truchs 1 CSAIM
» Hoavy Trucks ; CSH

STEPS HD 1o H1D

Highway Neoise Laval
« Logl1) « Lagl2d)
e Leqi8} s Lan
STEP H14

Total Buliding Site
Naiss Due 10 Sevoral
Highways

STEP HI6

v

Rallway Nclso
Sectlon 5.3

Tolai Buliding
Slle Noita Level
Chapler 6

Alrcinlt Neissy
Socllon 5.4

Figure 5.2-3. Highway Noise Pradiction Flow Diagram.
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Highway Worksheet 1

Building Projuci

Highway Number

Lacalion

Site peinl or bullding roem lor which sound prossure

0w e Dusigner

lovols are being oslimaled

Date Rovisog

Roadway—~Duilding Silo Distance: DC {Feel}

Average Vohlcla Epesd, mph

Tolol Number of Yehiclas

Sh [ SM l SH
G 7

Lo

al Leq(1) VA(l} VM(1) VH{1)
bl Leg{d) VA({8} VM{a) VH{B)
cl Leq(24) A4} VM{Z4) VH({24)
DvA NVA nvM NVM DVH NVH
d) Ldn
VM VMG
Avarnge Vohicle Valume (veh/hi)

Predictod Noise Lovels

teq{t) No Shlolding

Total Shielding Correctlon
o kealt | (Highway Workshest 2)

Log(1) Correctad fos Shielding

Leg(él Na Shielding

Toial niglding Corection
0 Lei{d) | (highway Workshemt 3

Len(d) Corrscted lor Shialding

Leq(24) No Shislding

Total Shiolding Coreclion

b ton{28) | (yiohway werkahest 2)
Leq{24) Corrected for Shiolging
HNL
RDN
CON
d) Ldn

Ltdn Mo Shipiding

Talal Shielding Correction
[Highway Warkaheat 2)

Ldn Corrocted for Shialding

Tolal Highway Noisg

v

Duilding Sily Neisu Due Ta Suvoral Highways

Figure 5.2-4. Highway Workshest 1.
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Highway warkshoes 2

Building Projost —

Highway Numbar

Sue pemn or buildihg rnom ter which sound pressure
luvetls ute being eslimatod

Lacan - — Doesigner -
Ownar - Date Ruvigod
Roadway—Duliding Sito Dislanca: GG (Feot}
E1gvated Doprossad
Batnier Roadway Rawawny
Sniolding o8 | W3 | ns pe | ve | n | o0 | o | w0 | a
Geamatry
Aulos And Anim Barm Carm Latm
Madium
Trucks
Falh
Langih
Dillerance
Heavy " B Cr b
Tracks
A
Aulo Medlum Truck Hemvy Truck
Corractton For
“Inlinlta* Shisiding COA/M CSA/M CaH
Elemant
tncludad Angla Ratle, RA 7/////'////
o
Carrectlon For Aulo Hedlym Tauck Hesvy Truck
**Finita" Shialding
Etsment C8AM CaAM ca
Bullding Barrlar nrs cs8 ////////
— o sy ////////
Auto Modlum Truck Heavy Truck
Tetal
Shielding CSA/M 4 CSD + oSV CSA/M + CSB 4 Csv CSH + CEB 4 C5V
Correctlon

Figure 5.2-5. Highway Workshest 2,
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Highway Noise Prediciion Method 1, Nearest perpandicular distance be-
tween the center of the roadway and

STEP H1 PHYSICAL SITE DATA the selected location on the bulliding

The Informatlon that Is required on the slte, DG, [n feet, )
highway geomelry and the bullding site See Flgure 52-6 for an example of
location can be abtained from local maps how DC ls determined. Record this
as Indicated in Chapter 2, The data should value on Highway Worksheat 1,
be determined for each highway that you
have listed on the Prellminary Source 2. Locatlon and geomstry of any obstruc-
Evaluation Worksheet with a yes answer tion that visually shields the highway
In Column 2. The required data are: from the building, In feet.

Medlan

Highway

OC ia the shortest perpendicular distance
between the roadway canloriine and the 8s-
lectod Jocation on the site for the bullding. Bullding

Sita

Figure 5.2-8. Determination of Roadway—
Building Slte Distance, DC,

Parriar l [5ign Conwentlon]
Caniar of Ha —-hhR
Highway * f

{a) Barrier Iincar dimensions,
Be sure to nole tha sign convention for
hB; positive below Lho plane af the road-
way and neagtive abova,

Highway

Barriar
Included
Angle

Ilnllﬂlﬂl "“]

B .

{b} Barrler includod angte,

Flgure 5.2-7. Highway Barrier Dimenslons.
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¢ @entar ol
Highway

LT

End of
Elovated
Highway

" End of
Elayatod
Highway

tnglixted Avgle,

.,

(b) Elevated hlghway included angle

Figure 5.2-8. Eievaled Highway DImenslons.

i

! Canler of
Highway

(a) Depressed highway linear dimensions, Be sure fo note the sign convention for hD;
negative below the top of the depression and positive above (different from barrier
notation).

Highway
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Highway

Dapreasad
Righway

(b) Depressed highway Included angle.

Flgure 5.2-9. Depressed Highway Dimenslons,
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Cetarmine if any barrigrs, elevated
roadways and deprassed rcadways are
present and then obtain the appropri-
ate distances as shown In Figures
5.2-7, 5.2-8 and 5.2-9, and listed
balow. Distances should be deter-
mined as accurately as possible. If
there Is no shielding, omit thls part of
ETEP H3 ancd ail of STEPS HY, H10,
and H11.

Barrier; DT, DB, HE, hB, «
Clevated Roadway: DC, DE, HE, a
Depressed Readway: DC, CD, HD,
hD, a

Mote that the distances hH and HD
can be positive or negativa; be sure
tc record the apprepriale sina on
Highway Workshest 2,

Presance ot any rows of buildings or
belts c©t vegetation that shield the
building site trom the roadway.

Refer to the discussion of Section 1
of this chaptar to determine i thera
is any significant shielding due to
buildings or bells cf vegetation. If
there is, gather the appropriate data
listed belaw.

. a} Bulldings as Barrlers: nr—number
of rows of buildings

b} Vegetation: dw—depth of woods

Record the valug on Highway Work-
sheat 2,

W

STEP H2  HIGHWAY TRAFFIC DATA

The Infarmation that Is required an high-
way vehicla traffic can be obtained from
the agencles [Isted In Chapter 2. These
dala should bhe delermined for each high-
way that you listad on the Prellminary
Source Evaluation Worksheet with a yas
answer In Column 2. The valuas should
ta tha total for all lanes of the highway
and should be based on lypical operating
cond|tions. Calcuiations are based upon
axlsting traffic volumes; but it you anticl-
pata changss, use future traffic volumes,
If you are unabla to ablaln Information on
madium trucks, neglect them and consider
only autos and heavy trucks, The required
data to be racorded on Highway Work-
sheet 1 are:

1. Average vehlcle spead in miles per
hour: SA-auto; SM-madium truck;
SH-heawvy truck,

2. Average vehlcle 1ralfic wvolume In
vehicles per hour; VA-auto; VM-
madium truck; VH-heavy truck.

The methed of caleulating the aver-
age vehlcle trafflc volume depends

upen the nolse criterion, or metrie,
being used for your proppsed bullding
ba it Leg(1), Leq(B), Leqg(24), or Ldn.
Use the appropriate averaging method
listed balow and obiain any addilienal
data necessary to make the calcula-
tions for the metric you are using,

+ Leq(1), 1-hour energy equivalent
sound level

Detarmine {he total number of
vehieles in ench group that passes
by during !he one sclected hour of
antical building use; VA{1}, VM(1),
VYH({1}. Sinco these values are al-
rcady en an hourly bagis, no aver-
aaing 1s noeded. Merely use thaso
traffic volumes directly in the
ncmogram prediction,

VA=VA[); VM=YM(1};
VH=VH(1)

» Leg(B), 8-hcur energy equivalent
sound lavel

Datarmine the total number of
vahicles in each group that passes
by during the eight hours of build-
ing use; VA(B), VM{8), VH(8), The
averags traltic volumes to be used
for the nomogram predictions arg
caleulated by dividing the number
of passbys in elght hours by 8 {0
aet the averaga number of vehicles
per hour,

VA(8) ViM(8)
Al== T' M ﬁ..._a__'
VH(8)
VH=—=—

Leq(24), 24-hour energy equlvafent
sound level

Determing the tofal number ot
vehlcles in each group that passes
by on a typleal day; VA(24), VM(24)
VH{24). The average tralfic vol-
umes to be used for the nomagram
pred|ctlons are calculated by divid-
ing the total number of dally pass-
bys by 24 to get the average num-
ber of vahicles par hour.

VA(24) VM{24)
VA= FTa VM“-T.
VH(24)
He= 24

Ldn, Day-night sound leval

Datermine the total number of
vahicies in each group that passes
by during the “daytime"” (7 AM.
to 10 PM) and tha “nighttime”
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{10 P.M. to 7 AM.); DVA, DVM,
DVH and NVA, NVM, NVH, respec-
tively. The average traflic volumes
to be used for tha nomogram
prediction are calculated by divid-
ing the numbar of "daytime' pass-
bys by 15 to get the average num-
ber of vehicles per hour,

DVA DVM
=— VM= ——=t
VA TR M 15
DVH
Ve

Now you have the necessary input data for
the pradiction of highway nolise. The com-
pleta graphical procedure for using the
Highway Notse Nomogram (shown In Figure
5.2-1) is cutlined in the following staps. The
procadure must be performed threa times,
once for each vehicle group. Starling with
automabiles, the necessary Input para-
meters {for Highway Worksheet 1) are the
vehicle speed (SA), vehicle volume (VA) and
the roadway-building site distance (DC), Re-
farring to Figure 5.2-1, the steps are:

STEP H3  NOMOGRAM PROCEDURE

Draw a stralght line from the left pivot
point through the polnt corresponding to
the vehlcle spaed {the bottom scale for
autos and medium trucks and tha upper
scale for heavy trucks), Extend this line
untll it Intersecis with line A.

STEP H4 NOMOGRAM PROCEDURE

Draw another stralght line from this point
of Intersection an line A to the point on
the far right scale corresponding to the
vehicle traffic volume. This lIne Inter-
secta line B,

STEP HS NOMOGRAM PROCEDURE

Draw a third straight line from the Inter-
section on line B to tha point on the DC
scala correspanding to the distance from
the selected location on the building site
to the center of the roadway. This line
intersects tha scala marked HNL, The
value of HNL at this point of intersection
is the predicted noise lavel if the metric
belng used to evaluate the building is
Leq{1), Leqg(8) or Leg{24),

Leq(1) = HNL; Leq(8) = HNL;

Leq({24) = HNL

Record this value on Highway Workshaeet
1 and continue the prediction procedures
omitting STEP H6, But if the day-night
sound level Is balng used, record HNL In
the appropriate space on Highway Work-
sheet 1 and complete STEP H6.

STEP HB DAY-NIGHT SOUND LEVEL

Compute the factor CDN, which is a cor-
rection for tho relative number of "day-
tima" (7 AM. to 10 PM) and "night-
time" (10 P.M. to 7 AM,) vehicle pass-
bys. It s determinad from the ratio of
the ‘'daytime" wehicle tralfic volume to
the “plghttime" vehlcle {raffle velume,
RDN, {Data on vehlcle traflic volumes are
from Highway Worksheet 1.}

(=2}

-8

A<

Vehigle Volume Correction, CDN, dB
(=]

0 02 04 pg 08 10
Vehicle Volume Ratlo, RDN

]
£

Figure 5,2-10. Vehicle Yolume Correctlon
Factor, GDN.

CON Is determined by locating on tha
horizontal axls of Figure 5.2-10 the value
of RDN. Read up unlil Interseciing the
curve, The value ot CDN can be read off
the vertical axis diractly left of the inter-
section, Using this valus of CDN and the
value of HNL from STEP HS5, calculate
Ldn from the followlng equation:

Ldn = HNL - CDN

Record this value on Highway Work-
sheat 1,

As mentioned previously, medlum trucks
are noisler than aulomotlles, If this differ-
ence in noise fevel [s taken into account,
the same scales that were used on the
Highway Noise Nomogram for the autc-
moblle nolse prediction can also be used
to predict medlum truck nolse. A mathod
of corracting for this diflsrence In nolse
level Is glven In STEP H7. After completing
STEP H7, proceed to STEP HB8 and per-
form the heavy truck noise predlstfon,




STEP H7  MEDIUM TRUCKS

To account for the dlfferonce in noise
level boetween automoblles and meadlum
trucks, a corrected medlum iruck volume
Is used. This corrected vehicle trallic
voluma, VMC, Is equal to the actual
volume, VM, multipiied by len,
VMG == 10VM

fRecord this value on Highway Workshest
1, Now repeat STEPS H3, H4 and HS
{also STEP H6 if Ldn I5 the metric belng
used} using the values SM, VMC, and
DC. In repeating the nomogram proce-
dure remember to use the lower scale of
vehicle speads for medium trucks.

STEP Hi HEAVY TRUCKS

Heavy truck noise Is determined by re-
peating STEPS H3, H4 and HS {also STEP
HE If Ldn is the metric belng used) using
tha values SH, VH and DC from Highway
Worksheet 1. In repeating the nomogram
procedure remember 10 use the upper
scale of vehlcle speeds for heavy trucks,

* % 4 0w

STEPS H1 through HB assumed thai there
was no obslruction, or shielding, between
the highway and the building slte. !{ thare Is
any shlelding due to a barrler, elevaled road-
way, depressed roadway, rows of buildings
or a belt of vagetation, |t should ha taken
Inta account. This is done In STEPS HS to
H13.

The corractions for shielding due to bar-
tlars and slevated or depressed highways
are relatad to the sffective sound source
helghts for tha three vehicle groups. The
effaclive sources are assumed to be near
the roadway surface for autos and medium
trucks, and elghl feet above the roadway
surface for heavy trucks. Thus, there are
twa correctlons; one for autos and medium
trucks, CSA/M, and one for heavy trucks,
CSH. These cotrections are determinod by
calculating the path length diiferences from
the aquatlons listed in STEP H9 for the type
of shielding that is present, Using these
values of L, CSA/M and CSH are determined
In STEP H10 for an "infinite” shielding ele-
ment or In STEP H11 for a finite shlelding
element.

The shlelding corrections for rows of build-
ings which act as barriers and for vageia-
lien are related to the physlcal layout of
the highway, the site, and building. The
correctlan for the shielding due to rows of
bulldings which act as barrfers, CSB, is com-
puted In STEP H12. The correctlon for the
shielding dus to vegetatlon, CSV, Is com-
puted in STEP H13, Note that the atienuatlon

due to rows of bulldings which act as bar-
riars, and to vegetatlon is added to any at-
tenuation dus to barriers and elevated or
depressed highways, For example, if the
A-weighted sound level atienuations of a bar-
rler, two rows of buildings, and 100 feat of
dense woods are 5, 8, and 5 dB, respectivaly,
tha total A-weighted sound level attenua-
tion Is 16 dB.

Alter these shlelding corrections ara ap-
plled, tha individual component sound lev-
els are calculated. Then, these are com-
bined to get the total highway nolse In
STEP H14.

If there |s no shielding present, the noise
levels calculated in the previous stops are
the values to be used to predict noise levels
in your building and on the site. Omit STEPS
M9 to H13 and proceed to STEP H14 to gat
the total noise due to the highway.

STEP H3 PATH LENQTH DIFFERENCE
Compute the path length diiference for
autos and medium trucks, La/m, and
for heavy trucks, Lh, for the type of
shielding present, Be sure the obstruc-
tien blocks the line-of-sight between the
source and recslver, [n particular for
heavy trucks which have the source
lacated eight feet above the road surface.
If the ling-ol-sight is not blocked, the
correction I8 zero.

1. Barrler:
Aa/m = /HB* 4 (DC — DB)*
Ah = \/{HB — 8y + (DC — DB}’
Ba/m = Bh = +/{HB + hB}* + DB’
Ca/m = \/hB 4 DC'
Ch = +/(hB + 8) + DC”
2, Elevated Highway:
Aa/m = [DC ~ DE]
Ah = /64 + (DC — DEF
Ra/m = Bh = \/HE" -+ DE’
Ca/m = /HE® + DG’
Ch =~/HE + 8} 4 BC*
3, Dapressed Highway;
Aa/m =+/HD* + (BC — DDF
Ah = +/[HD — 8)* + (DC — DDy’
Ba/m = Bh = +/hD® -+ DD?
Ca/m = /[HD + hDY + DG
Ch = +/{HD ¥ AD = BF + DC*
From these values the path length diller-
ences are calculated from the following
equatlons.
La/m = Aa/m + Ba/m — Ca/m
Lh = Ah + Bh — Ch

Record these values on Highway Work-
shest 2 and proceed to the next step,




56 STEP HI0  SHIELDING CORRECTION—

A-waighied Shielding Correction, CSASM or CSH, o8B

“INFINITELY" LONG
BARRIER

Compule the shielding corractions CSA/M
and CSH. These values are dolerminod
from the path lenqgth dilferences cal-
culaled in the previous step [4]. If the
path longth dliference Is less than 0,1 it
or 8 nagative, there is no significant
shiglding and the carrection is zero, But
if the path length difference is pesibive
ond greater than 0.1 I, the shielding ror-
raction s determiner] by locaing on the
Borlzontal axis of Flgure 5.2-11 tha vilue
ot the path length differenco. Head up
untit intersecling the curve, The value of
the shiniding correction e¢an be read off
tha vertical axis directly lelt of the infer-
zection, This procedure is iollowed using
La/m to determine CSA/M and Lh to da-
iermine CSH. Record these values an
Highway Worksheet 2. If the Included
angle, a, is less than 170" the shielding
sglement Is of “finite" length, and you must
procend to STERP H11. But If the includect
angle, a, Is greatar than 170, no adjust-
ment to the shielding corrections Is
needed. Omit STEP H11 and continue the
design guide analysls,

I lll]lll’l 1 llTl]ll‘ L) |1_II1TI| ¥ LR LLEE
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3 "
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- ' :1
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Path Longth Ditiarence, L, Feat

Figure 5.2-11, A-weighted Shielding Gorrection for Barrlers.
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SHIELDING CORRECTION—
“FINITE" BARRIER

STEP H11t

Compuie the adjusted values of CSA/M
and €SH to eccount for shieiding ale-
ments of "finlte” length, These adjusted
shielding correctlons are determined from
the factar RA, which is calculated from
the included angle, a {in degrees), using
tha following equation:

a

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 thls
procedurs using the value ol CSH to get
the finite shielding correction for heavy
trucks. Record these adjusted shlelding
corrections on Highway Workshest 2 and
continue the design gulde analysis.

RA =

Table 5.2-1. Shielding Corrections for a Finlte Barrier.

“infiniie" Barelor

RA = a/180"°

fonga Copetenl 4 2 @ 5 7 B 8 10
1 o 0 0 O 0 1T 1 1 1
2 6 o0 0 1 1 1 2 2 2
3 o o o 1 1 2 2 3 3
4 ¢ o 1 1 2 2 3 3 4
B o 0 1 1 2 3 3 4 5
6 o 0 1 1 2 a 4 5 8
7 0 0 1 1 2 4 4 6 7
8 o 0 1 1 2 4 5 6 8
: o 0 1 1 3 4 5 7 9

10 0 0 1 1 3 4 B 7 10
1 6 o 1 1 3 4 8 8 1
12 o o 1 1 a § 6 B 12




STEP H12  SHIELDING CORRECTION—

BUILDINGS ACTING AS

BARRIERS
Calculala the correction, CSB, for rows
of buildings which shisld the highway
from your building site, This corraection
depends an the number of rows of inter-
vening buildings, nr, and is determined
from Table 5.2-2. Recard this correction
on Highway Worksheet 2 and continue the
dasign gulde analysls,

Tahle 5.2-2. Shielding Corrections for
Buildings Acting as Barriers [4].

Number of Shialding
Rows Corraction, CSB

1 4.5
2 6.0
3 7.5
4 9.0
5 or more 10.0

STEP H13 SHIELDING CORRECTION—

VEGETATION

GCaleulale the correction, CSV, for a belt
of vegetation of depth dw, which shields
the highway from your building., This
correcilon is simply an A-welghted sound
leve] atlenuation of 5 dB for the first 100
{ect of woods and 10 dB for woods over
200 feet in depth. Inlerpolatlon between
these values is left to your diseration.
Recard the correction on Highway Work-
sheat 2 and contlnue the design guide
analysis.

STEP H14 TOTAL HIGHWAY NOISE

Compule the total noise at the building
site due to the highway. First, sum
the shielding corrections on highway
Workshaet 2 for each vehicle group and
tecord these values an Highway Waork-
sheet 1, Sublragt these total shielding
corrections from the unshielded noise
lovels to get the [ndlvidual components
at the building site. Since thesa levels are
logarithmic in nature, they cannot be sim-
ply added togather ar averaged to get the
total nolse level. Instead, they are com-
bined, Iwo values at a lime, with the use
of Table 5.2-3. Starling with the aute and
medium truck noise levels, subtract one
from lhe other to get the difference, With
this value go to Table 5.2-3 and determine
the level adjustmant which is to be added

Table 5.2-3. Level Ad|ustment for
Summing Noise Levels,

Difference Level Adjustment
Betwean (To Ba Added To
Two Nolse The Larger of The
Levels, dB Twa Values)
10 or more 0
4-9 1
2-3 2
01 3

to the larger of the two original noise
levels. Now repeat this procedure wilh
this adjusted level and tha noise level
for heavy trucks. The result of thls com-
bination is the total noise at he building
site due to this (one) highway. For ex-
ample, if the A-weighted sound levels for
autos, medium trucks and heavy trucks
arg 55, 55, and 60 dB respectively, the
total naise dus to this highway Is,

55
diff. =0
add 3
55 diff, =2
62dB.
add 2
60

Record the total nolse level on Highway
Worksheat 1,

This completes the prediction of highway
noise. These procaedures should be repeated
far each highway that |s listed on the Pre-
liminary Source Evaluation Worksheat with
a yes answer in Column 2, Tha total noise at
the building site due te all highways |s the
logarithmic summation of the noise contrl-
butions from each highway. This computa-
tion is performed in STEP H15.
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TOTAL NOISE LEVEL DUE
TO SEVERAL HIGHWAYS

The total nolse level at the building site
you have selecled is delermined by sum-
ming the components from all highways
alfecting your site, Summing [s done two
values at a time, by tha same meathod as
used In STEP H14, (Refer to this step for
the procedure of summing nolse levels.)

8TEP H15

Record this value on Highway Warksheset 1,

Now proceed lo Sectlons 5.3 and 54 to pra-
dlct the nolse levels due to railways and
mircrafl. If these two transportation system
nolsa sources do not alfect your building
sile, procaed directly ta Chapter 6.
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Chaptor 5
Seclion 3

How to Esilmate
Railway

Paossby Noleo

Railroad operations can be classified as
oither lIne operafions or yard opsrations.
Line operations are movemenis of irains
of varlous types aver main ling and local
track; yard operations are the various
aclivities concantraled in a rajlway ter-
minal. Rallroad yard operatlons generate
noise through the disassembling and
recoupling of cars to lorm new trains,
and tha maintenance and repair of cars
and locomotives. Although a limited amount
of research has been deveted to the model-
Ing of noise phenomena In railroad yards,
the models are complex since there are so
many differant types of sound sources oper-
aling for various lengths of time on an Inter-
mittent basls [1, 2], thus making it very
diflicult to prediet the noise that is gen-
erated. For this reason raiiroad yard noise
will not be treated In this design guida.

Rallway llne operatlons are a much maore
common source of railroad noise than yard
oparations. The noise generated by traln
passbys Is a function of the typs of vehicle
in use, how it Is operated, and the configura-
tion of the trackbed relativa to the sur-
rounding terraln, Although there has been
a falr amount of research devoted to the
modeling af railway ling passbys [1-5], thare
1s sill] much to be learned, Unlike highways,

which have been the subject of a great deal
more research than rallways, no simple
nomegram mathed for prodicting passby
noise has been developed.

The analytical moedel * which is usad in this
design gulde for pradicling railway noise
conslders four general types of vehicles as
noise sources: locomotives, {relght cars,
passenger coaches, and rapld transit ve-
hicles. These vehlcles, eithar in combina-
tion with ong of the other types or by them-
selves, form three general train calegories.
These are [reight tralns, conventional pas-
senger trains, and rapid transit tralns, A
freight train conslists of one or more locomo-
tives, usually diesel-electrle, pulling a com-
binatlon of various types of freight cars.
A conventional passenger traln is similar to
a fralght train in that It conslists of one or
more locomotives pulling several coaches,
but one important difference ]s that the loco-

* The raltwey nolse modal js based on work por-
lormod by Wylo Laboratories, E! Segundo, Coll-
fornia, under tho sponsorship of the Assoclation
of American Railroads, Washington, D.C, [1}, The
dosign guide's fechniqua lor predicting the gen-
grated nolse lovels Is modiflad alightly to includa
mora recently published data and to simpiity the
nocessary cafculations,
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motlve may either be dlesel-alectric or all
olectric.” The third fype, rapid transit trains,
difiers from the othar two types In that there
ls not a centralized source of propulsion
pulling a serles of cars, but rather electric
motors on the axles of each car. Thare is
a wide variety of different types of vahicles
which can be classllied as rapld transit
tralns. As a result, some of the newer ve-
hlcles may be quleter than pradicted by the
methods cf this design gulde. Also, the pre-
dictlon procedures are not applicable to
undarground subway oparations or *'classlc"
street cars,

A dlesel-slecliric locomotive utilizes a diesel
engine driving an electrical alternator or
panerator which in turn drives electrlc trac-
tion motors on the wheals. An all-electric
locomative, on the other hand, obtains Iis
elactrical power from an extarnal source,
narmally an overhead llne or third raii, to
drive Its traction moters. The vast majority
of tralns In the Unlted States are hauled by
dlesel-glectric locomotives—as of 1971,
98% of the 27,000 |ocomotives In sarvice
wera diesel-electric, with most of the re-
mainder being all-elactric (6].

For nolse propagation, the mode! assumes
locomotive [s a combination of sounds
radiated from the exhaust outlet, the engine
casing, the cooling fans, the transmission,
the electrical equipment, and the Interaction
of the wheels and rails—the predominant
source of noise is the exhaust outlet. Hence,
afl-glectric focomotives, which have no
dlasel engine and thus no exhaust, are gen-
erally quieter than diesel-eloctric Jocomo-
tlvas,

Having no propulsion syslem, Ireight cars
and passenger coaches generata noise
mainly by the rolling of the wheels on the
rails, The magnitude of the noise depends
heavily on the condlition of the wheels and
track, and on the type of vehicle suspen-
slan, Modern passenger coaches with
auxiliary hydraulic suspension systems in
addilien to normal springs can be about
10 dB quieter than older passenger coaches
or [relght cars which have only springs.

The noise of rapld transit trains, even
though there are elactric motors on each
axle that are sources of noise, Is also pre-
dominantly generated by the interaction of
the wheels upon the ralls. In fact, because
rapid transit vehicles are usually newer and
have better suspension systems, they are

* Thore are also gas turbine locomolives, but
thase are few in number and will not ba con-
siderod herein.

genarally quleter than freight cars or pas-
sanger coaches,

Geographically, the predictive model as-
sumes that the real railway configuration
can be approximated by a single "equiva-
lent™ track that is stralght and infinitely long.
It also assumas thal this “eaquivalent' track
lies at grade on a level terrgin, which means
that there is no shielding. The model fur-
ther assumes that the trains thet use this
frack can be grouped into one of the three
general categorles (freight, conventional
passenger, or rapld transit) and that each
of these categorles can be characterized
by an average spoed, an averago traln
length, and an average numbar of passhys
for normal operating condltions.

Frelght train noise is analyzed by consider-
Ing two distingt sources: the dlesel-electrle
locomotiva and the freight cars; but conven-
lfonal passenger tralns and rapld translit
lrains are consldered to generate noise prl-
marily through wheel-rail inleraction, Thls
means that for conventional passenger trafns
the locomotive Is assumed to be all-electrfc.
Hance, ii the convanlional passenger traln
locomollves are diesel-alectric a locomotive
neisa eomponenl must be added,

For noise prapagation, the modsl assumes
that diesel-elaclric locomotive equlvalent
sound level decreases by an A-weighted
value of 53 dB for every doubling of
distance from the railway. The equlvalent
sound leval from frelght cars, passenger
coaches, and rapld transit vehicles 1z as-
sumed to decrease by an A-welghted sound
lavel difference of 6.2 dB for every doubling
ol distance from the rallway. These two
vilues of attenuation are applicablo anly for
distances greater than 150 faet from the rail-
way, but it is nol anticipated that your
building or site would be 150 feei or closer
fo a railway. The values were determinad
empirically and include correclions for
atlenuation due to spreading of the seund
waves (divergence), increased duration of
the noise at points farther away from the
railway, air absorption, and excess ground
atienuation [1).

As mentioned previously, the model as-
sumes that the railway lies at grade on a
level tarrain, If the railway Is either elevated
or depressed relative to the surrounding
terraln, the effect may be to shield the rall-
way from the building site in the same
manner as a barrier. Such eflects are taken
into account by substracting the attenua-
tion due to the shielding irom the predicted
leval. These shielding adjustments are made
in STEPS R11, At2 and R13.
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Railway Worksheet 1
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Figure 5.

3-2, Railway Worksheat 1
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Railway Worksheet 2

Bujieing Project
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Figure 5.3-3, Railway Worksheet 2,
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Befora proceeding, you should brielly study
the flow diagram of Flgure 5.3-1 which out-
lines the steps necessary to estimate rallway
nolse. Starting at the top of the chart and
moving downward, you wlll first obtaln the
raqulred train, track and railway shielding
input data {(STEPS R1 and R2). Then using
these data, you will calculate the sound
levals corresponding to the dlesel-electric
locamotive and railway car components of
the threa types of tralns affecting your slte
(STEPS R3 to R10). Then you will make
shielding correctlons (R11 to R15) for any
barrlers, FollowIng this you will determine
the total nolse |evel due to this rallway by
comblning the contributions from its various
components (STEP R16). All steps should be
recorded on Rallway Worksheets 1 and 2
shown In Figures 5.3-2 and 5.3-3, A detailed
exampla showing the slep-by-step catcula-
tions s glven in Section §.5.

Railway Noise Prediclion Mathod

STEP A1 PHYSICAL SITE AND TRACK
DATA
Information on railway geometry and track
characleristics can usually be obtalned
from area maps and the appropriate de-
partment of the rallway company as dls-
cussed In Chapter 2. The data should be
obtajned for each rallway that Is listed
on the Praliminary Source Evaluation

Woarksheet with a yss answar in Column

2. The required data ara:

1. Nearest perpendicular distance be-
tween the canterline of the railway
and the point you have chosen for
analysls on the building sile, B, In feet,
See Flgure 5.3-4 for an example of
how D Is determined, and record this
value on Rallway Worksheeis 1 and 2,

Rallway

2. The physical characteristics of the
track;
a. Type of track: welded or jointed
b. Presence of swilches or grade
crassing
c. Radius of tight {less than 900 feet)
curve [n feet
d. Presence of a bridge
4 concraete structura
+ steel girder with elther concrate
or open tie deck
* steel girder with steel plate dack

A swlich, grade crossing, tight radius
curve, or bridge should only be con-
sidered when it Is located within a
distance of 2D on either slde of the
polnt of inlersaction of the railway
with the nearest perpendicular dis-
tance. See Flgure 5.3-4 for an lllus-
tration of this distance requirement.
Record this Information on Railway
Warkshseet 2,

3. Location and geomelry of any obstruc-
tion that visually shields the railway
from the bullding, In feet

Determine it any barrlers, elevated
rallways, or depraessed rallways are
present, and then obtain the appro-
priate distances as shown on Figures
5.3-5, 5.3-6 and 5.3-7 and listed below.
Distances should be determined as ac-
curately as possible. If there Is no
shielding, omit this part of STEP R1
and all of STEPS R11, R12 and R13,

Barrier: O, DB, HB, hB, a

Elevated Rallway: D, DE, HE, a

Depressed Rallway: D, DD, HD, hD, a
Note that the distances hB and hD
can be positive or negative; be sure
to record the appropriate slgn on
Rallway Worksheet 2,

Figure 5.3~4, Railway-Building Site
Distance, D.
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65 4. Presence of any rows of bulldings or

%
[Cantar of
Railway

belts of vegetation that shield your
building slte from the railway

Use the criteria discussed in Sactlon
51 to determlne if there is any sig-
nificant shlelding due to bulldings or

Barrisr

helis of vegetation. If there s, gather

the data listed below,

a) Bulldings as Barlers: nr-—number
of rows of buildings

b) Vegetatlon: dw—-dapth of woods

Record these values on Rallway Work-

shest 2.

[Sign
Convenllon)

{a} Barrlerlinear dimenslons. Be sure {o nole the sign convention for hB; positive
below the plane of the rallway and negalive above.

Rallway

— — e T e I s WO e T s Y s Y s B s
e o o o o o O e ] ) e i e e L]

= = = | g g e g gy v gy e =

(b} Barrler Included angle.

hunding

Barrimr

Flgure 5,3-5. Dlmenslons for Shielding by a Railway Barrler.
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!Camar of
I Railway
1

Rallway

4 .‘WL‘". .

) o I e O e N o |

TR —

End of
Elovated
Rallway

(b} Elevated railway Included angle.

ISZS35355E353

Included Angle, a

Bullding

End of
Elevated
Railway

Figure 5.3-8, Dimensions for Shiefding By an Elevatad Railway.
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Cepler of
Rallway

{a) Depressed rallway lingar dimensions, Be sure to note the sign convention for hD;

nagative below the top of the depression and positive above—diflerent trom barrier
notatfon,

End of Depressed
:ﬁr::ed Aaitway

Included Angle, &

Bullding

{b) Depressed rallway includea angle.

Figura 53-7, Dimensions for Shialding By a Dopressed Rallway.
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STEP R2 TRAIN DATA

The Information that s required on trains
can be obtained from tha agencies listed
in Chapter 2, These data should be
gathered for each railway listed on the
Pralimlnary Source Evaluation Worksheat
with a yes answer In Column 2. The
valuss should be the average for all
fracks and should be based on typleal
operating conditlons., The required data
to be racorded on Raliway Worksheet 1
ara;

1. Types of tralns which normally use the

track,

It there are no frelght tralns, or no
conventional passenger tralns, or no
rapld translt tralns wrile “NONE" in
the approprlate space on Rallway
Warksheet 1 for that train type.

2. Type of locomotive which normally
Is used to pull the train: diesel-elecirie
or all-eleclric. This information on
locomotions [s only needed for freight
Irains or conventional passenger trains,
If this informatlan Is not readily avail-
able, assume the locomotive to be
dlesel-eleclric since this is the pre-
dominant type, and the worst case
acoustically, Also detarmine the aver-
age number of diesel-electric locomo-
tives, NL, used to pull the traln.

3. Average traln speed, 8, In miles per
hour for each type of traln.
4, Average traln length, LT, in feet for
each type of train,
It the averags length Is not available,
detarmine tha average number of cars,
n¢, In the train, The length Is then
obtalned by multiplylng nc by 85 feet
for freight cars and by 75 feat for
passenger coaches and rapld transit
vehiclas [7],
5, Avorage number of passbys for each
type of traln.
The time period for which the typical
number of operations is determined
depends upon the mefrlc befng used
for the noise critarlon for your pro-
posed bullding: Leqgf1), Leg(8), Leg
{24), or Ldn. Obialn only the data
requirad to calculate the metric you
ara using.
* Log(1)
Datermine the average number of
passbys during the one selected
hour of critical building (or outdoor
activity area) use, N1.

¢ Leq(d)
Datermine the average number of
passhys during the eight hours of
bullding use, N8.

* Lag(2d)
Deglarmine the average number of
passbys during a typlcal twenty-
four hour day, N24.

¢ Ldn

Detarmine the numkber of passbys
during the “daytime's (7 AM. to
10 P.M. and the "night time" (10
PM. to 7 AM}, ND and NN, re-
spectively,

Now yeu have the necessary input data for
the predictlon of rallway nolse, This pre-
dictlon, outlined in the following steps,
conslsts of determining varlous factors
which are cambined to glve lhe estimated
noise lavel, The factors are based on the
rallway medal discussed praviously and are
normallzed to a roference distance of one-
hundred feet. Noise levels for the idealized
model are then corrected to account for
actual cendllions, Computations are simpll-
fied as much as possible by graphs, charts,
and tables,

The remainder of this seciion s divided
into four separale subsectlons. Subsection
A contains the directions for estimating the
unshielded naolso level of freight trains, con-
ventlonal passenger trains and rapld transit
trains, Subsectlon B contains the predictlve
steps for calculating diesel-atectric locoma-
tive neise and rallway car noise. Shielding
adjustments are made In subsection C} and
in subsection D, separate nolse conlrlbu-
tions are comblned to get the total rallway
noise.

Your approach should be to use Subsection
A to delermine which steps of the nolse
preduction computations you must perform,
Estimate the unshielded noisae lavel for dle-
sel-electric locomotives and cars in B. Than
In C, estimate the shlelding corrections, If
any, and finally, in D combine the noise
lavels genarated by each typs o1 traln 1o gat
the total rallway noise at your building slte.
Record the calculatad values cn Raliway
Worksheets 1 and 2 as directed.
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Diesel-Eleciric Locometive
Referenca Level, LS. dB

A. Steps for Predicting Railway
Noise

Fraight Tralns

Freight train nolse has lwe distinct compo-
nents: dlesel-electric locomotive nolse and
fralght car noise, These two components
must be treated separately. Follow STEPS
R3, R4 and R5 to get the lacomotive com-
penent, and STEPS R8 through R10 to get
the car component. Use the appropriate
input data from Rallway Worksheat 1 for
frelght trains.

Conventional Passanger Trains

Conventional passenger train nolsa depsnds
upon the type of locomative. If It |s all-
eleciric, treat the Jocomotive as another
passenger coach and perform STEP R7
through R10.

If digsel-elactric locomotives are the pre-
dominant type, a locomolive companant
must be Included. Perform STEPS A3, R4
and R5 to get the locomoilve component,

and STEPS A6 through R10 to get the car
component, Use the appropriata Input data
from Railway Workshest 1.

Ropid Transit Tralns

Rapid fransit traln nolse (s pradominantly
wheei-rall nolse, with no locomotive com-
ponent, Perform STEPS R6 through R10
using apprepriate Input data from Rallway
Worksheet 1,

B. Noise Prediction Calculations

DIESEL-ELECTRIC LOCOMO-
TIVES—REFERENCE LEVEL
Compute the factor LS for the dlesel-
slectrle locomotives at the reference dis-
tance of 100 feet from the centerline of
the rallway. LS Is determined by locating
on the horlzontal axis of Figure 5.3-8, the
speed, S, for this type of train, Read up
untlt Intersecting the curve. The value of
L8 can he read oif the vertical axis di-
ractly left of the Intersaction,

STEP R3

Average Traln Gpesd, S, mph

Flgure 5.3-8. Dlesel-Eiectiic Locomaolive Reference Lavel, LS, at 100 feet {1].
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Ristance Attenuation Factor,

DAL or DAG, dB

STEP R4

DIESEL-ELECTRIC LOCOMO-
TIVES—DISTANCE ATTEN-
UATION

Compute the distanca attenuatlon facior,
DAL for dlesel-slectric locomotive nolse.

DAL Is determined by locating on the
horlzontal axls of Figure 5.3-9 tho dis-
tence, D. Read up untll inlarsecling the
curva for the locomellva correctlon, The
valug of DAL can be read off the vartical
axis direclly left of the Intersection,

Compute C1, which Is a correction for the
number of passbys during the selected
hour of critical building use. C1 s deler-
mined from the total number of passbys,
CHN1, deflned as,

CN1 = N1 % NL,

where N1 [s the avarage number of pass-
bys for this type of train during the se-
lectad hour, and NL [s the average num-
ber of diesel-slectric locomatives pulling
the traln. On the horizontal axis of Figure
5.3~10 locata the value of CN1 for this
type of train, Read up unlil Intersecting
the curva. Read the value of C1 from the
vertical axis directly left of lhe Infersec-

Innl-ﬁocﬂic -
Locomallve - - -
, Lt it (| |1
100 w00 300 400 &00 GDD 800 10RD 2000 000 4000 5000
Rallway =~ Building Siie Dislanco, Dflesl)
Figure 53-9. Railway Noise Aflenuation With Distance [1}.
STEP RS DIESEL-ELECTRIC LOCOMO- tion. Using this value and the values of
TIVES—UNSHIELDED LS and DAL, calculate Leq(1) from the
NOISE LEVEL following equation:
Perform the calculatlons appropriate for Leq(1) = LS -|- C1 — DAL - 38,
the nolse erlterion, or matric, for your pro- Leq(8)
Egseml:ﬂg#;%} f;lecord all values an Rall- Computa CB, which Is a correction for the
Y ) number of passbys during the eight hours
Laq(t) of bullding use. It Is detarmined fram the

folal number of passbys, CN8, delined as,
CN8 = NB » NL.

whera N8 (s the average number of pass-
bys by this type of traln during the elght
hours, and NL Is the average number of
diesel-electric locomotives pulling the
train, Locate on the horizontal axls of
Figure 5.3-10, the value of CNB far this
type of traln. Read up untll Intersecting
the curve. Read the value of CB from the
vartical axls directly laft of the intersec-
tion, Using this value and the valtes of LS
and DAL, calculate Leq(8) from the fol-
lowing equation:

Leq(8) = LS - CB — DAL — 45,
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Humber ot Passhys Coriection Factos

2
2
a
o
H
3
8
e}
a ] [T A A | 1 TR TUY N A T B
1 10 100
Numbes of Passbys Hi1), N{B), N{24} or CN
Figure 5.3-10. Correction tor the Numbaer of Passbys.
Leq(24}

Compute C24, which Is a caorrection for
the number of passbys during a twenty-
four heur day. It is determined from the
total number of passbys, CN24, delfined as,

CN24 = N24 X NL,

whera N24 is the average numbaer of pass-
bys by this type of train during tha twenty-
four hours, and NL is the avarage number
of dlesel-electric locomatives pulling the
trafn, Locate on the horlzontal axis of
Figure 5.3-10 the value of CN24 for Ihis
type of train. Read up untl] intersecting
the curve. Read tha valuz of C24 from
the vertical axis directly teft of the inter-
saction. Using thls value and the values
of |.S and DAL, calculate Leq{24) from the
following equation:
Leq(24) = LS -}~ C24 — DAL — 49,
Ldn

Computa CDN, which Is a correction for
the number of “daytime" and “nighttime"
passbys. It Is determined from the cor-
rected number aof passbys, CN, deflned as
CN = (ND -} BNN) NL
whare ND Is the number of Ydaytime", and
NN Is the number of *nighttima" passbys
for this type of train, and NL is the avar-
age number of dlssel-slectric locomotives
pulling the train, Locate on the horlzontal

axls of Figure 5.3-10 the value of CN,
Read up untll Intersecting the curve, Read
the value of CDN from the vertical axls
directly Tefl of the intarsectlon. Using this
value and the values of LS and DAL, cal-
culate Ldn from the following equation:

Ldn = LS -- CON — DAL — 48,

RAILWAY CARS—
REFERENCE LEVEL

Compute the factor CL at the reference
distance of 100 feet fram the centerline of
the rallway, CL Is determined by locating
on the horizontal axls of Flgure 5.3-11 the
spaed, S, for this type of train. Read up
unill Intersecting the appropriate curve
for this type of railway car. The value of
CL can be read off the vertical axis dI-
racily laft of the Intarsection,

STEP RE

RAILWAY CARS~—PASSBY
DURATION

Compute the passby duratlon factor CD.
CD Is dstarmined by localing on the hori-
zonlal axls of Figure 53-12 the iraln
length, LT, for this type of {raln, Read up
until intersecting the curve corresponding
to the speed, S, for this traln category.
The value of CD can be read olf the vorti-
cal axis dlracily left of the Intarsection,

STEP R7
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Raitway Car Reference Level, CL, dB

Passby Duration Factos, CD, a8

too

Avorago Train Speed, 8 (MPH)

Figure 5.3-11. Railway Car Reterence Level at 100 feet [2].

1000
Avurnge Train Longlh, LT, feet

Figure 8.3-12. Duration Gorrection for Trair Passbys,




STEP R&  RAILWAY CARS—TAACK
CHARACTERISTICS

Compute the track adjustment factor, CT.
This factor accounts for {rack character-
Istics other than the standard, straight,
mainline, walded track (1, 4, 8], This ad-
justmeant should be made only If the track
variation occurs within a distance of 2D
on olther side of the peint of Intorsection
of the railway with the nearest perpendic-
ular distance. See Flgura 53-4 for an
Ilustration of this distance requiremant.
From Table 5.3-1 select the appropriats
value of CT corresponding to the physical
characterlstics of the {rack sagment under
Investigatlon. In case of simultaneous oc-
currance of thesa variations the single
largest correction should he used.

STEP RS RAILWAY CARS—DISTANCE
ATTENUATION

Compute the distance attenuatlon factar,
DAC, tor rallway car nolse, DAC s deter-
mined by locating on the horlzontal axis
of Figure 53-9 the distance D, Read up
until Intersecting the appropriate curve
for rallway cars. The value of DAC can ba
read off the vartical axls directly laft of
the intarsectlon,

Table 5.3-1. Ad|ustment Factors for Track
Characteristics [1, 4, 8],

TRACK CHARACTERISTICS cT

1 Straight, Mainline, Weldad

Track
2 Straight, Jointed Track 4
3 Presence of Swilchas or 4

Grade Crossing

4 Tight Radlus Curve

Radlus < 600 Ft, 4
Radius 600 Ft. 1o 800 Ft. 1
Radius > 900 Ft. 0

5 Presence of a Bridga
Congcrata 1]

Steel Girder with Either Con- &
crate or Open Tie Deck

Steel Girder with Steel Plate 14
Deck

STEP R10 RAILWAY CARS—
UNSHIELDED NOISE LEVEL

Depending upon the type of nolsa crl-
tetlon, or melric, far your proposed huild-
ing, perform the calculations [Isted below.
Leq(1)
Compule the factor C1, which Is a corroc-
fian tor the number of passbys during tha
one selected hour of critical building use,
C1is determined by locatlng on the herl-
zonial axis of Flgura 5.3-10 the value of
Nt for this type of traln. Read up unfit
Intersecting the curve. The valua of C1
can be raad off the vertical axis directly
left of the Intersectlon. Using this value
and the valves of CL, CD, CT, and DAC
calculate Leqf1) from the following agua-
tlon:
Lag{1) =
CL-+CD--CT 4 Ct — DAC — 38,
Laq(8)
Compute the factor CB, which Is a carrec-
tion for the number of passbys during the
eight hours of building use, CB [s deler-
mined of Figure 5.3~10 by locating on {ha
hotlzontal axis the value of N8 for this
typa of train. Read up until Intersecting
the curve, The value of CB can be read
off the vertfcal axis directly left of the
Intersaction, Using thls value and the
values of CL, CD, CT and DAC, calculate
Leq(B} from the following equation:
Leq(8) =
CL-+CD 4 CT - €8 — DAC — 45,
Ledg(24)
Compute the factor C24, which s a cor-
rection for the number of passbys durlng
a typlcal twenty-four hour day, C24 is
determined by locating on the horlzontal
axls of Figure 5.3-10 the value of N24 for
this type of traln, Read up untii Inter-
seciing the curve, The value of C24 can
be read off the vertical axls directly latt
of the Intersectlen. Using thls faclor and
the values of CL, CD, CT, and DAC, cal-
culate Leq(24} from the following equa-
tlon:
Leg{24) =
CL 4 CD + CT + C24 — DAC — 49,
Ldn
Compute the faclor CDN, which Is a cor-
raction for the number of “daytime" and
“nighttime" passbys, It s detarmined
from tha corracted number of passbys,
CN, deflned as
CN = ND -}- 6NN,
whara ND Is tha number of "daytime”,
and NN fs the number of '"nighttime"
pagsbys for this type of traln, CDN s
determined by locating on the horizontal
axis of Figure 5.3-10 the value of CN,
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Read up until Intersecting the curve, The
value of CON can be read oif the vertical
axls directly left of the Intersection, Using
this value and the values of CL, CD, CT,
and DAC, calculate Ldn from the fallowing
equation:
Ldn =
CL--CD -} CT 4+ CDN — DAC — 49,

a9 . v

C. Shielding Adjustmenis

The previous steps assumad thal there was
no shielding between the rallway and the
bullding slte. If there Is any shielding due
lo a barrier, etavated rallway, dopressed
rallway, rows of buildings or a belt of vege-
tation, It must be taken inio account. This Is
done In STEPS R11 through R15.

The correctlons for shielding due to bar-
Hers, elevated rallways and depressed rail-
ways are & function of the railway vehlcle
typs, because of the different locations of
the major nolse sources. For irelght cars,
conventional passenger coaches, and rapid
transit vehlcles, the predeminant noelse
source ls tha whesl-rail Interaction localed
close to the ground; while for dlesel-slecttic
locomotives, the major scurce of nolse Is
the exhaust cutlel located approximately
fiftean feet above the ralls, Thus, there are
two shlelding caorrectlons; ane for rallway
cars, CSC, and one for dlesel-alectric loco-
motives, CSL. These corrections are deter-
minad by calculaillng the path length differ-
ences for rallway cars and for diesel-slectrlc
lacomotives using STEP R11 for the type of
shlelding present. For these calculations,
this design gulde assumes that the fre-
quency spactrum for railway car (wheal-rail)
nolsa Is simliar 1o highway tralfic nolsa, and
employs 500 Hz as the frequency. However,
a frequency of 125 Hz |3 used jor dlesel-
electric |locomotlve nolse. To account for
thase frequencles being different, a factor
of ¥ (125 + 500) is used In cafculating
path length diiference, L/ Uslng these
valuyes of L, CS5C and CSL ara detarmined
for an infinltely" lang barrler in STEP R12.
if the barrler Is "finlte" in length, the neces-
sary adjustmenis are made In STEP R13,

The shielding corrections for rows of bulld-
ingas which act as barriers and for vegeta-
tion are refatad to the physical layoul of the
rallway and the location of your propossd
building. The corraction for shielding due
to rows of bulldings which act as barriers,
€S8, |s computed In STEP R13, The correc-
ticn for shlelding due 1o vegetatlon, CSV, s
computed in STEP R14, Noie that the atten-
uation dus 1o rows of bulidings which act
as barriers, and to vegstation is added to

the attenuation dus o barriers and slevated
or depressed rallways, For example, If the
A-weighted sound level attenuations of a
barrier, two rows of buildings and a 100
feat of dense woods are 5, 6, and 5 B,
respectively, the fotal A-weighted sound
level attenuation is 16 dB.

Afler these shislding corrections ara deter-
mined, the indlvidual noiss contributions are
calculated and comblned to get the tota|
railway nolsa In STEP R16,

if there are no barriers, iho nolse levels cal-
culated in the pravious steps are lhe valuas
lo be used to predict nolse tevels In your
building and en its site. Omit STEPS R11
through R15 and proceed lo STEP R16 to get
the total noise due to rallways.

STEP R11 PATH LENGTH DIFFERENCE
Compute the path lengh difiersnce for
railway cars, LC, and [or diesal-slectric
locomotives, L/, for the type of barrler
present. Be sure the obstruction blogks
the line-of-sight between the soures and
raceiver, belng careful about diesel-elec-
tric locomolivas which have the noise
source [ocated fifteen fest above the rail-
way. If the line-of-sight is not blocked,
thara wlll be no attenuatlon.

1. Barrier:
Ac = v/HB® 4 (D - DBY
Al = +/(HB — 15)* -+ (D — DB)’
Be = B/ = /{HB & hB)Y + DB’
Cc = \hE" ¥ ¥
Cl= /B F 15 + D*

2. Elevated Railway:
Ac = [D ~ DE]
Al = /235 (D ~ DEF
Be = Bl = \/T‘i_E-‘Tﬁ-E—’
Ce = VHE + O
Gl = VRE X 07 7T

3. Depressed Rallway:
Ac = \/HD' + (D — DD)?
Al =+/(HD — 15 + (D — DD)
Bc = B/ = \/hD’ F DD*
Co=/AD F RO +O°
Cl =~\/{HD + hD — 15 -+ D*

From these values the path length difler-
ences are calculated from tha following
equatlons:

Le == Agc 4+ Bc — Cc
Ll = .25 [Al 4 Bf = Ci],

Record these valuss en Rallway Work-
sheat 2 and proceed 1o the next step,




SHIELDING CORRECTION—
“INFINITE" BARRIER

STEP R12

Compute the shielding correcllons CSC
and CSL. These values are delermined
from the path length differences calcu-
lated in the previous step [9). If the path
length differance Is negative or loss than
0.01 1t, there s no appreciable shlelding
and the correction is zero; if the path
length differance is positive and greater
than 0.01 ft, the shialding correction s
determined by locating on the horizontal
axis of Figure 5.3-13 the value of the path

length difference. Read up until Intersect-
Ing the curve, The value of the shielding
correction can be read ofi the vertical
axis dlractly left of the inlgrsection. This
procadura is followed using Lo to deter-
mine CSC, and L/ to determine CSL.
Record these values on Rallway Work-
shest 2. It the Included angle, a, is less
than 170, the barrler Js of "“finite" length,
and you must proceed to STEP R13, Bul i
the included angle, a, Is grealer than 170,
no adjustment {o the shieldlng corrections
is needed. Omit STEP R13 and continue
the design guide analysis.

= =T T TTITT]

T

l.l_l_[_l'll"l'l—,ll'llllltll I‘

TTIT

A-weighled Shielding Correction. CSC or CEL, dB

Palh Length Dittarenco, L, (oot

Figure 5.3-13. A-weighted Shielding Cerrection Versus Path Length Difference for Barriers.

Table §.3-2, Shielding Correctlons tor a Finite Barrler.

Infinite Barrier RA = a/180°
Bhielding Corretlion
¢8c or CSL 0 B 2 3 4 5 B 7 8 9 10
1 0 o 0 0 0 0 1 1 1 1 1
2 0 0 0 1 1 1 1 1 2 2 2
3 0 0 0 1 1 1 2 2 2 3 3
4 0 o 1 1 1 2 2 a 3 3 4
5 0 0 1 1 1 2 2 3 3 4 5
6 0 0 1 1 2 2 3 3 4 5 ¢}
7 0 0 1 1 2 2 3 4 4 8 7
B [ o 1 1 2 2 3 4 5 3] 8
9 0 0 1 1 2 3 3 4 § 7 9
10 0 0 1 1 2 3 3 4 8 7 10
11 0 0 1 1 2 3 3 4 8 8 11
12 0 0 1 1 2 3 4 5 8 8 i2




SHIELDING CORRECTION—
“FINITE" BARRIER

Compute the adjusted values of CSC and
CSL 1o account for shielding elements of
finite length, These adjusted correctlons
arg determined from the facior RA, which
Is calculated from the included angle, a
{In degress), by using the following equa-
tlon:

STEP R13

RA 180

Now go to Table 5.3-2 and enter the first
column at the valve of CSC and read
across that row to tha column correspond-
fng to the value of RA. This Is the ad-
justed value of CSC. Repeat this proce-
dure using the vafue of CSL to gat the
finite shielding corraction for diasal-
elactric locomotlves. Record these ad-
justed shlelding carrections on Rallway
Worksheet 2, and continue the design
guide analysls.

SHIELDING CORRECTION—
BUILDINGS ACTING AS
BARRIERS

Calculete the correction, CSB, for rows
of bulldings which shleld the rallway
from your building, This correction de-
pends on the number of rows of Inter-
vaning bulldings, nr, and s determined
fram Table 53-3, Record this correction
on Raliway Worksheet 2, and continua the
design gulde analysls.

STEP 14

Table 5.3-3. Shielding Corrections for
Buildings Acting as Barrlers [8].

Numbar of Shlalding
Rows Corraction, C58
1 4.5
2 6.0
3 7.5
4 8.0
5 ar more 100
STEP A15 SHIELDING CORRECTION—

VEGETATION

Calculate the correcllon, CSV, for a belt
of vegetation of depth, dw, which shields

the rallway from your building, This cor-
rectlon is simply an A-welghted sound
level attenuation of 5 dB for the first 100
ileet of woods and 10 dB for woods over
200 feet In depth, Intorpolation between
these values Is left to the discretion of
the user of thls design gqulde. Record
this correction on Railway Worksheet 2
and continue the design gulde analysis.

STEP R16 TOTAL RAILWAY NOISE

Compute the total noise at the hullding
site due fo tha railway. First sum the
shielding corrections en Rallway Work-
sheet 2, Subtract these total shlelding cor-
ractions from the unshielded noise levels
to get the indlvidual components of the
total railroad noise at the building site.
Sinca these fevels are logarithmic, thay
cannot be simply added together or aver-
aged to get the total noise level, Instead,
they must ba combined, two values at a
time, with the use of Table 53-4, Start
with the two smallest levels, and subtract
one from the othar to get the difference.

Table 5.3-4, Level Adjustment for
Summing Nolse Levels,

Level Adjustment

Diflarence of (To be Added to

Two Noise the Larger of
Levels, dB the Two Values}
100r more 0

4-9 1

2-3 2

0-1 3

With this value go to Table 53-4 and
determine the level adjustmant which 18
to be added to the larger of the two orlg-
inal nolse lavels, Now repeat this proce-
dure with thls adjusted level and another
of the railway noise components. Con-
tinue this computation untll all compo-
nents have been combined [nto onse value.
For example, if the A-welghted levals of
the dlesel-electrlc locomotives and rall-
way cars for frelght trains are 50 and
52 dB respactively, and the A-welghted
seund levels of the dlesel-electric loco-
motives and passenger coaches for con-
ventiona! passenger tralns are 51 and 50
dB respectively, tha total nolse is,
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60—
dit. =0

add 3
50—

Nl

dift, =2
add 2

diff. =3

e 57 dB ,
add 2

52

Record this total noise leval on Rallway
Workshest 1,

« * s % w

This completes the prediction of railway
noise. These procedures should be re-
peated {or each railway that [s lisled on the
Prelimlnary Source Evaluatlon Worksheet
wlth a yes answer In Column 2, and for each
peint an the site or building room that you
analyze. The total noise at any point on the
building st dua to all railways is the sum-

mation of the noise contributlons from each
rallway. Thig summatlon is accomplished by
the same method as used In STEP R16.
Refer to this step for the procedura of sum-
ming holse lavels, Recard the total nolse
level en Rallway Workshest 1.

Now proceed to Section §.4 and predict
tha nolse level due to alrcraft. If alrcrail do
not affect your bullding site proceed directly
to Chapter 6.
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Chapter 5
Section 4

How to Estimate
Alrcraft Noise

Thae nelse at the bullding or site due to alr-
craft flyovers depends upon such variables
as: the distance between tha building slte
and the aircrail; type and slze of the alr-
craft and Its operating characteristics {(pri-
marily its thrust level); and, atmospherlc
conditions. Unllke aulomebiles, trucks, and
tralng, aircraft are not confined to a spacific
route—even at alrports there will be a num-
bar af runways, hence & number of possible
paihs for takeolfs and landings. Also, de-
panding on the type of alrcrafl, loading
welghts, the volume of alr traffic, and
weather conditlons, approach and takeoff
profiles can vary widely, To handle these
varlables, the models of aircralt nolse, like
those for highways, usually depend upon
computers for numerical rasults, Whereas
compulers can manage these complexities,
they are obviougly beyond the scope of this
design gulde.

Instead, the design guide analysls® relies
either upon—{a) exIsling measures of the
nolse near the alrport such as NEF or CNR
ratings, which are the most comman meas-
uras of alrcraft noise in the Unlled States,
or—(b) a faw simple eslimates of the nolse
leve! based on the alrpart type and |evel
af actlvity,

The CNR, or Composite Noise Rating, was
one of the flrst methods developed to as-
sess the effect of alrcraft operations on air-
port communlitles, The CNR is obtained by
making correctlons to the noise levels of the
various aircrafl expressed in terms of the
*'percelved nolse level {PNL}, which Is a
measure of the relatlve acceptabllity of air-
craft sounds, The PNL Is a quantily, calcu-
lated from measured nolse lavols (it cannot
be read directly from a meter), that corre-
lates well with subjactlve responses to vari-
ous kinds of aircrafl noise [1]. The correc-
tions to the PNL account for the number of
alreraft flights, the time of day, and seasons
of the year, These corrections are needed
since human iolerance of alrcrait nolse de-
pends not only upon the noise lovel for each
nolse evant, but also the number of evenis,
Thus, an alreralt noise problem may resull
from a small number of very loud aircraft or
from a much larger number of quieter air-
craft [2]. Since CNR accounts for numerous
noise events over an extended time perlod, it
is essentlally an [ntegraied descriptor of
total nolse exposure. Unlike Leq or Lmax,
which can be measured, CNR is always cal-
culated from other acoustic descriptors.
Sites with a CNR value of 100 or less will
normally be agceptable for your propesed
buildings [3].

'-muidu analysls of nircradt noise s based on

wark parlerniwd by Boll Beranck and Newman, Inc. for tha
5. Depattment of Housing ond Urban Pevelepmont [10].

The NEF, or Noise Exposure Forecasl, sys-
tem af rating aireraft noise Is rapidly super-
ceding the CNR method, The NEF single
number rating |s similar to the CNR except
that the perceived nolse level is replaced
by the efiective perceived noise lavel, which
Is equal to the percelved noise level plus
corrections for the duration of the nolse
event and for the presence ol pura tone
components which are not Includad In
the CNR. This laller corractien has been
included because li has bean found that
discrets fraquancy components, such as jat
engine whing, are the principal cause of
annoyance to persons living near airporis
[2]. The NEF numerical values differ con-
siderably from 1ihe corresponding CNAR
values; .9., an NEF of 30 corresponds ap-
proximately to a CNR of 100, This difference
was introduced intentlonally so that the two
ratings would not be confused. Like CNR,
NEF is an Integrated descriptor of tolal nolse
exposure, and is calculated from other
quantlties rather than being directly meas-
ured, Sites with a NEF value of 30 or less
will normally be acceptable for your pro-
posed building [3),

The total nolse sxposure dua to alrcraft
operations has been determined for many
communities on the basls of the CNR
or NEF indices, and the results mapped
25 contours ol equal CNR or NEF val-
ues. For an exampls of such a contour
map, see Figure 5.4-1 [4]. If these contour
maps exist for the airport near the slie for
your proposed bullding, the maps can be
used to estimate noise due to alrcraft fly-
overs. These procedures ara glven In
STEPS A2 and A4, NEF contours for many
airports are availlable In repors cited in
ihls deslgn gulde [5-10].

It these contour maps do not exist, the alr-
cralt noise at your building site can be
estimated by an alternative technique. First,
the alrport is classlilied into one of four gen-
eral categories based on the ‘‘effective"
number of jet operatons, NJeff, which Is
defined as NJday—the number of "“daytime"
{7 A.M. to 10 P.M.) Jet oparations, plus
soventeen times Ndnight—the number of
"nighttime" (10 P.M. to 7 A.M.)) jet opera-
tions [3].

The airport categorles are then defined as:
Category 1: 0 to 50 “effective” jet operations;
Category 2: 51 to 500 “elfective™ jet opera-
tions; Category 3: 501 to 1300 "effactive” et
operations; and Category 4: over 1300 “ef-
foctive” Jet operations, If there are no Jet
oparatlons, the alrport Is placed In Category
1. (Placing ali alrporis without jet operations
in Category 1 may be too severe, particularly
for very small alporis which have anly a lim-
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Table 5.4-1, Effective Number of Jet Alrcraft Operations for Various U.S. Afrports [3],

Number O) Jet Alreratl Operatians

Alrport
Culegary  Cly and State NJday NJnight Nlalt,

Wiiconsin Rapids, Wis, 1 L] 1
Ithaca, N.Y. 5 1} s

1 Concerd, Catif. 8 0 ]
Calumbia, Ma. K] W 11
Atlanla, Ga. {Fulion) 13 o 13
Van Nuys. Calif, 22 ] 22
Hunlsvitle, Ata. 8 0 ']
Erle, Pa. 40 4 108
Calomdo Springs, Colo. 1] ] 188

2 Lluie Rock, Ark, 108 ? ar
Malbourne, Fia. or 20 277
Ralgigh/Dutham, N,C. 130 1w 453
Tulsa, Owla. 199 18 47
Naghyilla, Tenn. 164 2r 623
Harilord, Conn. 116 kH L1

3 Eil Paso, Tox. 130 an a2
Miiwaukeg, Wia. 210 a8 858

San Diogo, Calid, 87 48 1049
Portiand, Ora. 60 (1] 14dp
Wazskington, D.C. {Nalicnal) 8 64 1702
Washington, B.C. (Bullea) a3 B2 1728
Kansza City, Ma. 3J02 88 1704

4  Seatlle/Tacama, Wash. 280 L} 1718
Tampu, Fls. i1 120 2406
Qotrall, Mich, 544 114 2402
Dallas/Ft. Worih, Tax, 704 131 2031
Baoston, Mast. &80 136 2962

New York, N.Y. (Kennbddy) 1020 17 w2y

Las Angulea, Calll. 1068 185 4234
1636 ans g

Chicaga, i,

Table 54-2. Approximate Distances to NEF 40 and NEF 30 Contours [3].

Dislancos [n NEF 40 Coniour

Digtancas 1a NEF 30 Contour

Effactive
Aliport Number af From Sidv of From End of From Sido of From End af
Cajegory Jei Cperations, Aunway Runway Runway RAunway
Nlaft. Dg-4p DE-40 D5-20 DE-30
1 0-50 ] 0 1000 Fust 1 Mifa
H 51500 1000 Feat 1 Mile 0.5 Mits 3 Miles
3 501-1300 2000 Foet 2.5 Mllea 1.5 Mites 6 Milus
4 More Than 8000 Fanl 4 Mies 2 Milea 10 Milas
1300

itad number of operations, You can vislt the
site and Judge for yourself the magnliude of
the aircraft noise, then declds if the airport
should be considered.) Examples of U.S,
airports which fall into these four categorles
are given In Table 5.4-1 [3).

After the alrport has been classliied into
one of ihe four catagorles, approximate
NEF 40 and NEF 30 contours can ba con-
structed on a local map showling your build-
ing site {Figure 54-2) using the distances
of Table 5.4-2, which are average values

for typical US. alrports [3]. With this
approximata contour map you ¢an estimate
the noise level at your site due to aircraft
flyavers, Thase procedures are glven in
STEPS A3 and A4,

Before proceeding, study briefly the flow
diagram of Figure 5.4-3 which outlines the
steps necessary to estimate ajrcrait nolse.
First obtaln the required alrport input data
(STEP A1}, which are then used 1o calculats
the CNR or NEF value at your proposed
building tocation {either STEP A2 or STEP
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Figure 5.4-2. Layout of Approximate MEF Contours, Dimensions
X1 and x2 shoufd be measured on a line perpendicular to tha runway for buiiting sites iocated at the side
of the runway; and on a lino paraliel to the runway far buliding sites localed bayond the end of the runway.

A3). Finally, calculate the noise level dus
1o alrcraft operations trom this airport (STEP
Ad), An example of the step-by-step calcu-
lations is given In Section 5.5.

Before you can estimate the nolse levels,
you will nesd to obtaln certain Information
about the alrport near your bullding site.
The Information, described In STEP A1,
should be recorded in Alrcraft Worksheet 1,
shown in Figure 5.4-4,

Aircraft Noise Prediction Method
STEP At AIRPORT DATA

The information that is required on alr-
ports may be oblained from the Federal
Aviation Administration (FAA) Area Office
for commerclal airporls; or, when the In-
farmation can be releasad, from the mill-
tary agency in charga for military airports.
The data should be gathered for each alr-
port {If more than one} that is listed on
the Preliminary Sourca Evaluation Work-
sheet with a yes answer in Cojumn 2,

1. First you should determine if eithar
CNR or NEF contours have bsen
mapped for the airpart. |t contour
maps are availahle complete substaps
2 and 4; but, if not, complete substeps
3 and 4.

2. CNR or NEF Contour Maps Available.

Lay out your hullding site on the con-
tour map and examlne its position
relative to the CNR or NEF contours.
It |ocated on or very near one of the
contours, the only Inlormation to be
antered In Aircralt Worksheet 1 is the
CNR or NEF value for that contour. If
the building site falls batween two con-
tours, enter the CNR or NEF valuas for
both, and the distances from each con-
tour to the building as shown in Figura
5.4-5.

If your site is located |nside the NEF
40 (CNR 100) confour, you wlll prob-
ably hava a serlous noise preblem. You
should obfain the services of a con-
sultant to consider In detall the con-
linued acvisability of construction on
or rejection of the slte, or the special
adaplations which may be required.

If your slie is located outside the last
contour that Is mapped, your use of
the predictive schemes of this design
gulde will be limited. It Is a rule of
thumb that if the bullding site Is far-
ther outslde the NEF 30 {CNR 100)
contour Lthan the distance between the
NEF 30 and 40 (CNR 100 and 110)
contaurs, there probably wlill be no
problem with alrcraft noise [3], Aslde
fram thls vour only alternative is to
employ an acoustical consultant.
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Aircralt Nolee Prediction

CNR ot NEF Contoura
Avallahle
* CNA or NEF Valuss
+ Buliding Lotniion
Ralntlve to Conours

CNR or NEF Contoura
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+ Numbyer ul Jet

» Aunway Locatlena

Cparations: NJday, Ninlght

Numbor of Opoiaiione

Qno Hour: N{1}

Eight Hour: N8}

“Daytims™ (7 AM to 10 PM):
NJday

“Nightima' {10 PM 10 7 AM):
Ndnight

..

X1, x2 5TEP A1.3
STEP A1.2 STEP A4
REF walue at Guilding
CNA or NEF Vaiuo at Sita
Building Sia » Classily Altport
« Bullding On or Near Conaticl Applax;mate
A Contour: Use That Vaius * NEF Contours
+ Bullding Belweon + Building On of Kaar
Contaurs: Interpolale A Conlour; Uta That Valup
' + Duitding Bulween
GTEP A2 Cantours: Inletactat
STEP A3
AMircrafl Noise Levol
. o Leatl) o+ Lea2q)
+ Leqid) - Ldn
STEP Ad
Highway Tatal Bullding Rallwey
Noiso Site Nolso Lavel Noise
Soction §.2 Chaplar 8 Section 5.3

Figure 5.4-3, Aircralt Nolse Predictlon Flow Diagram.
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Figure 5.4-4, Aircrait Warksheet 1.
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' GNR of NEF -, -
. v Conlour g1 .
LTt olR of NEF

s ¢°f1lal_lf #e

o Building
el e

Figure 5.4-5, Geometry for Estimating CNR or NEF rafing at the Bullding Site.

Dimensians x! and x2 should be messured on a line parpendicular to the runway lor building sites
focaled to the side of the runway and o a fine parallel to the runway for bullding sites Jocated beyond
tha end of the runway,

3. CNR or NEF Contour Maps Not Avall-
able.
You should delermina the averaga num-
her of “daytime™ {7 AM. to 10 P.M.)
Jet operations, NJday; and the average
number of “pighttime” {10 P.M. to 7
A.M.) jet operations, NJnight. If there
are no |et operations note this an
Alrerait Worksheet 1, You must also
determine tha localion and direction of
major runways of the airport, and show
these on a map of the local area which
includes your building slte.

4, Number of Operatlons,

Dapending upan the metric belng used

to estimate nelse for your bullding and

site, information on the numbar of
fiiaht operations may also be required.

Obtain only those data necessary 1o

make calculations for the metric you

have selectad. The data should be for
average airport operations,

* Leq(1)—NJday, NJnight, and N(1),
which Is the lotal number of opera-
tions in the one selected hour of
critical bullding use.
Leq(8)—NdJday, Ndnight and N(8),
which s the total number of opsra-
tlons In the eight-hour period of
building use,

* Leq{24)—NJday, NJnight
¢ Ldn—no further data needed

The procedures lor predicting noise lavels
at the building slte due to alreraft are
given In the following steps. If CNR or NEF
contour maps are avallable, use STEP A2;
If nol, use STEP A3. The results for eithar
step fs an approximate CNR or NEF value
at the bullding sile, which can then be
used to eslimate nalse levals for the metile
you have chosen: Leq(1), Leq(8), Leg(24)
of Ldn, The relatlonshlps botween these
varlous meirics and the CNR or NEF values
are glven in STEP A4 [11, 12).

STEP A2 CNR OR NEF VALUE AT THE
BUILDING SITE—CONTOUR

MAPS AVAILABLE
I the bullding Is located on or very neara
contour, you can use Its value and pro-
ceed direclly to STEP A4, But if the bulld-
ing fails between Iwo contours, you must
caiculate an approximate CNR or NEF
value for that locatlon, First, determine
the distance ratle, R, as defined In Figura
5.4-5, With this value go either to Tabla
5.4-3 and datermine the tactor C5 (if con-
lours are mapped in Incremants of 5), or
to Table 54-4 and determine the factor
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C10 (it contours are mapped In [ncre-

ments of 10). The rating at the bullding

site Is then estimated by one of the follow-

Ing equations. For conteurs in Ingrements

of 5,

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

Far contours in Incremants of 10,

CNR (or NEF) = CNR {or NEF) valug of
conteur #1 — C10.

Record this value on Alrcrafl Worksheet 1,

STEP A3 NEF RATING AT BUILDING
SITE—CONTOUR MAPS NOT
AVAILABLE

Using the data obtainad In STEP Al.3,
classlly the alrport near your slte In one
of the four categories defined in Tabie
5.4-2, The airport ciasslfication Is based
on the “effective” number of et opara-
tlons, which Is defined as the number of
"daytime” jet cperations plus seventeen
timas the number of “nighitime" jet oper-
ations.

NJeff = NJday 4 17 NJnight

With this value determine the airport cate-
gory from Tabie 5.4-2, I thera are no [at
operations, tha alrport Is placed in Cate-
gory 1.

Now with the alrport classlfied in one of
the four categories, you can construct
approximate NEF contours, On a map of
the area which shows the princlpal run-
ways, mark the iocalion of the bullding
and site, and determina which runway [s
most llkely to alfect the site. Then using
tha distances of Table 5.4-2 construct
approximate NEF 40 and NEF 30 con-
tours as shown in Figure 5.4=2. Note that
for alrports In Category 1, NEF 40 corra-
sponds to the runway liself, If the bulld-
Ing site Is located on or vary near one
of these contours, use that value and
proceed directly to STEP A4, If your bulld-
ing or site Is located Inside the NEF 40
contour or culside the NEF 30 contour,
foliow the Instructions of STEP A22
{above),

But If the building or slta falls between
two contours, you must calculate an
approximate NEF value for that location,
First, calculate the distance ratio, R, as
defined In Figure 5.4-2, Then determine
the factor C10 from Table 5.4-4, The
rating al the building site is glven by

NEF = 40 --C10,

STEP A4 AIRCARAFT NOISE LEVEL

With the CNR or NEF valuo at the build-
Ing slte determined in slther STEP A2 or
STEP A3, you can now calculate alrcraft

nelse In terms of the metric you have se-
lectad, First, convert any CNR value to &
carrasponding NEF value, This conversion
is made by the equation [11]

NEF = CNR — 70.

Table §4-3, Factor, G5, for Interpolating
Betwsen CNR or NEF Contours in Incre-
mants of &,

Dlstance Ratio Faclar CS to be
%2 subtracted from larger

R “a CNR or NEF value.
>123 0
3,21 —123 1
1.41—32 2
0.61— 1.4 3
0.21—06 4
<0.2 5

Table 5.4-4, Factor C10 {or Inierpolating
Between CNR or NEF Contours In Incre-
menls of 10.

Distance Ratlo Factor €10 to be

_ ﬁ subtracted from larger

= x1 CNR or NEF value
»>350 0
10,41--35.0 1
§.51~104 2
3.31-55 3
221-3.3 4
1.51-2,2 5
0.91-15 6
0.61-0.9 7
0.31-0.8 8
0.11—0.3 o
<01 10
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Number of operations correclion, C24, B or C1

| S TRIR TN L IS A T B L L i

100

Mumber ol eparalions ratio, A24, BB or A1

Figure 5,4-8. Cotrection For Number of Qparations.

Now perlorm the appropriate calculation
glven in the list below for the metric you
selected,

¢ Laq(1) [12]

Computa the factor C1, which Is a correc-
tlon for the number of operations based
on the one selected hour of critical bulld-
ing use. It is detarmined from the number
ol operatlons ratio, R1, defined as,

NJday -i- 17 Ndnight
p - 288y TR

N{1)

To determine C1, locale along tho horl-
zontal axls of Figure 54-6 the point
corresponding o the value of R1. Read
up untll ntersacling the curve, The value
af C1 can be read off the vertical axis
directly left of the intersectlan, Using this
value and the NEF wvalue at your site,
caleulate Leq(1) [rom the following equa-
tian:

Leq(1} = NEF -}-41 — C1.

Leq(8) (12]

Compule {he faclor C8, which is a correc-
tion for the number of operations based
on the eight hours of building use, It is
determined from the number of opera-
tlons ratio, RS, defined as,

8({NJday -{- 17 Ndnight}
RB = & .

N(B)
To determine.C8 |ocate along the hori-
zonial axis of Figure 5.4-6 the point cor-
ragponding lo the value of R8. Read up
untll intersecting the curve, The value of
C8 can be read off the vertlcal axis
dlrectly left of tha intersection. Using this
value and the NEF value at your site,

calculate Leq(8) from the following equa-
tlon:

Leq(8) = NEF + 41 — C8.

¢ Leq(24) [12]

Compute the factor C24, which is a cor-
rection for the number of operallons
based on a twenty-four hour average.
It Is determined {from the number of
oporations ratio, R24, defined as,

24 {NJday -}- 17 NJnight)

{NJday -|- NJnight)

To delermine C24, locate along the horl-
zontal axis of Figure 5.4-6 tha polnt cor-
responding to the valus of R24, Read up
untll intersecting the curve. The value of
C24 can be read off the vartlcal axis di-
reclly left of the Intersection. Using this
value and the NEF value at your site,
calculate Leqg(24) from the {ollowing equa-
tion:

Leq(24) = NEF 41 - C24,

¢ Ldn [11]

Using the NEF value al your slte, calcu-

late Ldn from the fallowlng equation:
Ldn = NEF -|- 25,

This completes the prediction of aircraft
noise, These procedures should be repeated
for each airport {if more than one) that Is
listed on the Prallminary Source Evaluation
Worksheet with a yes answer in Column 2.

This also completes the prediction of trans-
portation system noise. Now proceed o
Chapler & and compute the total sound lavel
In the cultdoor activity area or room of your
proposed building.
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Chapter 5
Section 5§
llustrative
Example of How
o Eslimala
Buliding Site
Noiso

Consider the hypothetical example shown
in Flgure 55-1. The bullding belng consld-
ered Is 70 feet wide by 150 feet long, and Is
10 stories or approximately 100 feet high.
As an apartment, it Is classified as a resl-
dential occupancy. Thus, based on the dis-
cusslon of Chapter 3, the appropriate metrlc
for evaluating the bullding Is Ldn, The total
outdoor naise at this bullding site is a com-
binalion of sounds from two highways, a

rallway and an airport. The predictlon of the
nolse genarated by each of these sources is
outtined helow,

Highway Noise Prediction

As seen from the map of the area, Flgure
§.5-2, thore are two highways which affect
thae bullding site, Highway #1 conslsts of
two lanes in each diraction, separated by a
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s 3. A, &
e e

North

Runway #1

Runway #2

Alrport

Flgure 5.5~1. Local Map Showlng the Location of the Bullding Site and Transportation Noise Sourcss,
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Figure 55-2. Local Map Showling Details ol Highways,
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Flgure 5.5-3. Highway Workshest 1 Far Highway #1 of Example.
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Figure 55-4. Highway Worksheet 1 for Highway #2 of Example
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Eftective
BOUrCe
haight
for heavy
trucks-81t
above
grade,

Highway
] EF—- :

Earth Berm

= =" "roken for Mo

hB =85

C Dom700t

- DB = 820' —

"
al

Figure 5.5-5,

medlan, This highway [s shleldaed from the
building by an earth berm. Highway #2is a
two-lane rcadway that lles at grade with re-
spect to the bullding site.

HIGHWAY TO BUILDING
OR SITE DISTANCE

First, the highway to bullding siie dis-
tances are determined from a map of the
local arsa {Figure 5.5-2). These values,
700 teet for Highway #1 and 400 feet {or
Highway #2, are recorded on separala
copies of Highway Worksheet 1, Figures
5.5-3 and 5.5-4, respectivaly.

STEP H11

STEP H12 BARRIER DATA
Only Highway #1 Is shielded from the
bullding slte. The necessary distances lor
avaluating an earth berm are determinad
Irom u cross-sectional diagram of the
highway {Figure 5.5-5). These distances,
which are determined for the top floor
(worst case as far as shlelding Is con-
cerned), ara:
DC =7001l. HB =19 ft,
DB ==620ft, hB = —95 1,

These values are recorded on Highway
Workshesl 2 (Figure 5.5-6),

a = 180

VEGETATION AND
BUILDINGS AS BARRIERS

There are no intervening rows of bulld-
Ings and no vegetation which would ellec-
tively shleld the roadway from a room on
the top floor, Thus, for this case, thesa
types of shielding are neglected.

STEP H1.3

Howsver, i 8 room on the ground floor
were analyzed, shielding due to vegata-
tlon or Intervening rows of buildings would
have to be taken into account, Also, the
shislding due to the earth berm ls diifer-
ent for tha ground fleor. The distance hB
changes from —95 feat {o about —5 feel

Cross-sectlon Showlng Highway #1 and Earth Berm,

for a ground floor room. This changes the
path length difference and henca the at-
lanuation, This lllustrates that the attenua-
tion should be recalculated for rooms on
dilierent ficors.

TRAFFIC DATA
FOR HIGHWAY #1
For Highway #1 the average speed Is 50
mph for all vehicle classifications, The
“daytima'" and “nighttime" traffic volumes
are,

DVA = 46,500 vehicles,

DVM == 2550 vehicles,

OVH = 4350 vehicles

NVA = 23,710 vehlicles,

NVM = 1300 vehicles,

NVH == 2220 vehicles.
From these values the average daylime
hourly vehicle volumes are calculated to
he,

STEP H2

46,500
VA = ? = 3100 veh/hr;

VM 2550 170 voh/
= ? = veh/hr;
4350
VH == 5 = 290 veh/hr.

These values are recorded on Highway

Worksheet 1 for Highway #1 (Figure
5.5-3),
STEP H2 TRAFFIC DATA

FOR HIGHWAY #2
For Highway #2, data ara available only
in terms of automobiles and trucks. The
average spoeed for autes is 45 mph and
for heavy trucks Is 40 mph, The “daytima*
and “nighttime" traffic volumes are,

DVA = 10,650 vehicles,

NVA = 2660 vehlcles,

DVH = 485 vahicles,

NVH = 120 vehleias,
From these values the heurly average day-
tlme vehicle volumes are catculaled to be,
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Figure 556-8 Highway Worksheet 2 for Highway #1 of Example.




94 10,650 5.5-7}, The value of HNI. [s determined to
VA =—z-= 110 veh/hr; be an A-welghted sound level of 55 dB,
465 Since the matric baing used Is Ldn, STEP
VH = — =31 veh/hr H6 Is performed. First, the ratio RDN is
15 calculated for automobilles,
These values are recorded on Highway
Worksheat 1 for Highway #2 (Figure NVA 23,710 vehlcles
5.5-4). AON = e = e 70 = 0,51,
* . DVA 46,500 vehicles
ST N A ety " With this value, CDN is determined from
Figure 5.2-10 to be 4 dB, when rounded
Pradict the noise generated by each of to the nearest integar, The unshlelded
the thraa vehicle classifications. Using tha A dd I mg ! 4 level 1 t '
values SA = 50 mph, VA = 3100 veh/ht -welghted day-night sound leve for auto-
and DC = 700 ft STIEPS Ha. H4 and M5 moblles on Highway No. 1 is then calcu-
= ' g n lated to be:
are performed to predict the noise level of
automoblles (see the nomogram of Figure Ldn = HNL - CDN = 5544 = 58 dB,
nc v
A B8 HANL FT VEH/HR
a8 ¥ 15000
Hosy 100 4o |z 10000
Truoks 50 - - 7000
80 - — 5000
a 40 0 o] b 4000
41 3000
Pivot — "— 2000
= -~ 1500
SPEED: MPH — 1000
Poin -
t - 700
- 500
= 400
R
Automobiles and 200
Medium Trucks
~ 150
Predicted = 100
redicte -
700 —
Nolse -1 - 70
Lavel - - 50
1000— |- 40
- ~ a0
KEY: 1500 é - 2
e Automobilot, HNL = 5508 3 Vi
— = — e Medium Trucks, HNL = 320D 2000 = Vglhl.:s::
A v e Heavy Trucks, HNL - 61dB Distance
To
QObservar

Figure §.5-7. Hlghway Ncise Nomogram far Highway #1 of Example,
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STEP H?  MEDIUM TRUCK NOISE
LEVEL FOR RIGHWAY #1
This genaral procedure |s repeated for
medium trucks using a corraclad vehlcla
volume, VMC, calculated as:

VMC = 10 VM = 10 % 170 = 1700 veh/hr,

tracted from unshielded (evels. Then, the
levels (automoblles—53 dB; medlum
trucks—50 dB8; and haeavy trucks——65 dB)
arg summed to glve,

50 ) diff. =3

“addz__ 58] dif. =10
and using the values SM = 50 mph and gg add 2 —addo — % dB,

DC = 700 {t. The predicted value of Ldn
Is an A-weighted sound level of 56 dB.

STEP HB HEAVY TRUCK NOISE

LEVEL FOR HIGHWAY #1
Far heavy trucks the procedure Is egaln
repeated {using the top scale of vehicla
speeds) with the valuss SH = 50 mph,
VH = 280 veh/hr and DC = 700 #t. The
predicted value of Ldn Is an A-walghted
sound level of 65 dB.

STEP H9 PATH LENGTH DIFFERENCE
Next, the shlelding adjustments ara deter-
mined for the earth berm of Highway #1.
The path tength dilierence for autos and
medium trucks s,

Aa/m = /HB" ¥ (DC ~ DBJ =
VT + (700 — 610) = B2.23 fi,
Ba/m = \/[HB + hBY’ + D&* =
V19 + (= 98}F + 820° = 624,64 11,
Ca/m = \/hB* + DC* =

V(= 95)7 +700° = 708.42 it,

La/m = Aa/m -+ Ba/m — Ca/m = 045 fl,

STEP H10  SHIELDING CORRECTION---
"INFINITE" BARRIER

The A-welghied shiefding correction,
CSA/M, is determined from Figure 5.2-11
to be approximately 6 dB, [Note that this
valua of altenuation is for the top floor,
which for this example is the worst case.
It some other floor is of intarest, the value
of CSA/M should bo recalculated.) This
value |s recordad on Highway Workshest
2 (Figure 5.5-6), Since the Included angle
|s approximately 180°, the earth berm can
be considered infinlte and no {urther ad-
justment is nseded.

As shawn in Flgura 5.5-5, tha line-of-sight
hetween the top floor and the effactlve
source helght for heavy trucks Is not
broken. Thus, thare is no shislding for the
upper floors for the noise from heavy

Thess calculations Indicate that heavy
truck traffic Is the predominant source of
notse from Highway #1, even though
heavy trucks comprise only 7 percent of
the total daily traffic volume. The tota!
noise due to Highway #1 could be low-
ered If the height of the earth berm wara
Increased (hence, the attenuation), or If
the truck traffic volurme wera reduced,

STEPS H3-H6, H14 TOTAL NOISE LEVEL
FOR HIGHWAY #2

Stmilar results are obtained for Highway
#2 by performing these same calcula-
tions, except there Is no medium truck
component and no shielding corractions.
The A-weighted day-night socund levels
ara 52 and 58 dB for autos and heavy
trucks, respectively. The total nolse dus
o Highway #2 al the bullding site Js an
Aéwa]ghled day-night sound level of 59
dB.

Heavy truck nolse |s also the pradominant
source of nolse fram Highway #2. The
total noise due Highway #2 could be low-
ered if the heavy truck traffic volume ware
reduced or If a barrier of sufficlent height
were constructed,

STEP H15 TOTAL NOQISE LEVEL FROM

HIGHWAYS #1 AND #2

The lavels from the two highways are com-
bined to obtaln the total lavel at the bulid-
Ing slta due 1o ail highways. This combl-
nalion gives a total A-walghted day-night
sound level of 66 dB, From these values,
It I3 ssen that the total nolse at the
bullding site from the two highways [s pre-
dominanily due to the heavy truck com-
panant of Highway #1.

Rallway Noise Pradiction

As seen from the map of the area, Figure
5.6-8, thers [s also a rallway which alfects
thls hypothetical bullding site. This railway
consists of two tracks and |s shielded from
the bullding by an earth berm,

trucks and the value of GSH for the top
floor Is zera,

§ STEP Hi4 TOTAL NOISE LEVEL

FOR HIGHWAY #1
The total noise from Highway #1 Is com-
puted by logarithmic combination of the STEP R11  RAILWAY TO BUILDING
levels of the three types of vehicles after SITE DISTANCE
shlelding corrections have been sub- First, the rallway-bullding site distance [a
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Figure 5.5-8, Local Map Showing Delalls of Railway.
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Railway Waorkshest 1

finilding Project w

.
Location

Raitway Numbaot 1

Site pomt or bulding feom lar which sound prassyre
luvels aro boing eslwnated
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figure 5.5-9, Railway Workshest 1 for Rallway of Example,




Railway Waorksheet 2

RAnitway NMumbar _.. -2

Bullding Proloct lﬂ;sufy_/gpﬂtfmt Silo point or building roem Ior, which, sound pressure
lovale are beng esimatad ﬁ’u_ ?aar_l\flﬂ/

Localion 'Ne:c'"”f.géw:ys“/-*ﬂz Designer _C_:-_SQ.,?BS______
Owner .Mﬂc/ﬁfﬂ_ﬁedf.ty ——— Dale __/_Ja[_y,..?_l Rovigon .2
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Figure 5.5~10. Railway Worksheet 2 for Rallway Exampie,
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Rallwa
l Earth Berm

HB =32 1

Sy

Fy 1}._}._

B < 870

Figure 5,5-11. Cross-Soection Showlng Rallway Earih Berm,

determined from a map of the local area
(Flgure 5.5-8). This distance Iis approx-
imataly 870 feat. This value [s recorded
on both Railway Worksheels 1 and 2,
Figures 5.5-9 and 5.5-10, raspeciively,

STEP R1.2 TRACK CHARACTERISTICS
The track Is welded and there [s a steal

girder bridge with a concrale deck within

2D (1740 fast) of the Intersection of the
raflway with the nearest perpendicular
distance {see Figura 5.5-8).

STEP R1.3 BARRIER DATA
The necessary distances for evaluating
tha shlelding provided by the earth barm
gra determlned from a cross-sectlonal
drawinp of the rallway (Figure 55-11)
These dislances, which ara dalermined
for the top floor {worst case as far as
shielding fs concerned), are:

D=8701t HB = 32t a=110
DB =8101t hB=-651

These valugs are recorded on Railway
Worksheet 2 (Figura 5,5-10).

STEP R1.4 VEGETATION AND

BUILDINGS AS BARRIERS
Thera Is no vegetation ar Intervening rows
of buildings that would effectively shleld
the roadway from a room on the top floor.

As mentioned previously in the highway
nofse predictions, if a room on the ground
ficor were analyzed, shielding due to
vegetatlon or Intervaning rows of bulldings
might have to be taken into account, Also,
the shlelding due to the earth berm would
be differant for the ground floor.

STEP R2 TRAIN DATA

It is determined that only frelght tralns and

conventional pessenger trains use the

track and that they are normally pulled by

dlesel-alectrle locomotlves—an average,

lwa locomotives for frelght tralna and one

for passenger tralns, Average traln speads

are 50 mph for fraight trains and 80 mph

for conventional passenger {rains, The

average train length |s not avallable, but

the average number of cars fs eatimated

to be 100 for freight trains and 10 for con-

ventlonal passenger tralns. The traln

langths are then estimated to be

LT = 55 X nc = 55 x 100 = 5500 feat
(freight tralns),

LT = 75 x ne = 75 x 10 = 750 feet
(conventional passenger trains),

The average number of pasabys Is

ND = 15, NN = § (frelght tralns},

ND = 30, NN = 10 {convanticnal
passenger tralns),

These values are recorded on Rallway

Worksheet 1 (Flgure 5.5-9).

STEPS R3-R5 DIESEL-ELECTRIC
LOCOMOTIVE NOISE
LEVEL FOR FREIGHT
TRAINS
Using the average speed, S = 50 mph, the
referenca leval is determined from Flg-
ure 5.3-8, LS = 99 dB (STEP R3). From
Flgure 5,3-9 (STEP R4} the distance attan-
uation Is determined to be,
DAL = 15 dB. The factor CN {STEP R5.4)
|s calculated as:
CN = (ND 4 6NN} NL =
{15 + 6 x 5)2 = 90
With this value, CDN [s detarmined from
Figure 5,3-10 to be approximately 20 dB,
The unshielded A-welghted day-night
sound laval s then calculated,
ldn = LS 4 CDN — DAL — 49 =
89 -} 20 — 15 — 49 = 55dB,




RAILWAY CAR NOISE
LEVEL FOR FREIGHT
TRAINS

Using the average spoed of 50 mph, the
reference level [s determined irom Flgure
53-11, CL. = 84 dB {STEP R6). The
passby duration factor (STEP R7) Is deter-
mined from Figure 5.3-12 to bg, CD = 19
dB. For welded track and a steei girder
bridge with a concrete deck within 2D
(1740 ), the track ad|ustment factor
(STEP RB} is 5 dB (Table 5.3=1}. The dis-
tance attenuation tor railway cars (STEP
R} Is determined from Figure 5.3-9,
DAC = 17 dB. The factor CN (STEP
R10.4) is calculated as,

CN = ND - 6NN == 15 -|- 65 = 45
With this value for CN, CDN Is determined
from Flgure 53-10 to be approximately
17 dB. Tha unshielded A-welghted day-
night sound level Is then calculated,

Ldn =CL-+CD+4-CT

+ CDN — DAC— 49,

Ldn == 84 - 195

+ 17 — 17 — 49 = 59 dB.

STEPS RG6-R10

CONVENTIONAL
PASSENGER TRAIN
NOISE LEVEL

These procedures are repeated for con-
ventional passenger tralns using the ap-
propriate spaed, traln length, and number
of passbys lisled on Rallway Workshseet 1
{Figure 5.5-8). The calculated resulis,
axcluding shielding, ars, Ldn = 53 dB for
the dlesel-electric locomotives and Ldn
= 57 dB, for the passenger coaches.

STEPS R3-R10

STERP A1 FATH LENGTH DIFFERENCE
Next, the shielding adjustments are de-
termined for the earth berm. The path
length differance for railway cars |5,

Ac = \/HE 4 (D - DB =
£/327 4 (870 — 810)° = 68.0 ft,
Bc = /B + hBy & DB =
3/(32 + (~ 65))* + 8107 = B10.67 ft,
Co=+/hB' +D'=
VA= B3)7 + 870° = B7267 1,
Lc = Ac + Bc — Ce =625 1,
Similarly the path length diffarence lor
dlesal-slectric locomotives |s,

Al=\/AB =157 + {D — DBF =
/(@2 — 18y F (870 — B10F = 62.36 I,
Bl = Be = 810.67 ft,
Cf = \/hB + 15) ¥ D* =
V(= 65} + 15" -+ B70° = 871.44 11,
Lt == 0,25 (Af -} B —— Cf) = 0,40 11,

SHIELDING CORRECTION—
“INFINITE" BARRIER

The A-welghted shlslding corrections are
determined from Figure 5.3~13 ta be,

CSC == 12 dB (rallway cars),
CSL == 5 dB (diesel-electric locomo-
tives),

[Note that these valuas of atlenuation are
for a roam on the building's top floor,
which lor this example is the worst case.
it a room on some other ftoar is of interest,
the values of CSC and CSL should be re-
calculated.] These values of CSC and
CSL are recorded on Rallway Worksheat
2 {Flgure 5.5-10}.

STEP R12

SHIELDING CORRECTION-~
“FINITE" BARRIER

For this case the Included angis {8 =
110} is less than 170*, and the shielding
corrections must be adjusted fo account
for this. The facter RA i3 calculated to be,

STEP RI13

RA = —~— —= — =061,
180*  180°

With this value the adjusted shielding cor-
ractlons are determlned from Table 5.3-2,

CSC =4 dB;C5L. = 2dB,
These values are recorded on Rallway
Worksheet 2 (Figure 5.5-10). Nota the
larga reduction In barrler attenuation, par-
ticutarly for rallway cars {12 dB to 4 dB),
bacause of the barrer's finite length
(a < 170*). This lllustrates the importance
ol maximizing a barrier's length, henca its
Included angle so that sound cannot prop-
agate around the ends,

Now skip to Step R16, sinca Steps RA14
and R15 ars not needed for thls exampls,

STEP R16 TOTAL RAILWAY NOISE
LEVEL

The total railway noisa levsl s compuled
by combining the Individual componants
calculaled In the previous steps. First,
the shlelding corractlons from Rallway
Warkshest 2 (Flgure 55-10) are sub-
tracted fram the unshlslded lavels. Then
the levels are comblned using Table
5,34 to give the total A-welghted day-nlght
sound level for rallways to be used in
Chaptar 6,

§1ydift. = 2 5
53} add 2 J dlﬂ‘.'_—.ES?

add 2 diit. =2
add 2

53
55

59 uB.
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Aircraft Worksheet 1

Building Project !Q:nstﬂfy_épaﬂtmﬂﬂt

waion Aleae Hrabways (€2
Owner _Mdﬁfa_&mg____

Sile point or bullding 1eom_tar which sound preasuie
lavels are bolng ostimmed . A

Designer _c-_Sng.Sw___
Date LM;J.L. (LY S —

Caonfoyr Mnps Avallable

G

It Building is on or vety naar Contour &1 or &2, Racasd tha value on Line tH1.

! It nat, oblain the dala af Lines 2 and s
CHNR or NEF g1 CNR or NEF 32
2 Conlour Valuon
X1 X2 R cs e
a Buiding Lecallan
Butwoen Conleurs 21 and =2
% | CNA of NEF vatua A1 The Building Sils Also Record on
Line §1
ontaur Maps Mol Avai A
NJday MJinighi Mot
ES Numbor of Jet Qperatians
25 0 195
6 Airporl Category \ 2 3 P
{Check One] ‘/
I* bullg.ng is on of very nodt the NEF 20 or HEF 40 Contour, 1ecard that valua on Lina 11,
7 14 not, ebtain 1he dain on Ling 8.
X1 X2 R 16

a Rutlding Locanen Botweon

NEF 30 and NEF 40 Conjours if 500
’

5 600 /! 6

] MNEF Valua AL Tha Building Site

‘34 Alnc Aecord on
Ling 1

NJday

HJnight Ni®) N(1)

10 Numbet af Cporations

CNR or NEF Valus
At The Building Slla

NEF 34

Convert CHR to
HEF Value

Aircratl Noise Lavel Al The Building Sie

1
1) 1«Hour Energy E3uivalant R

c Log(1}

Sound Level, Log{1)

2
/_/
2

7
4) Oay-Niphl Saund Leval, Ldn

RB ce Lag(®
2) B-Hour Enatgy Equivalant ai)
Saund Lavel, Leqi8)
[+ Loq(24}
3) 24.-Hoyr Energy Equivaleni
Scund Level, Leq(24)
Ldn

A

/A 67

Flgure 55-12. Alrcrait Worksheet 1 for Alrport of Example,
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Sinea the four component noise levels are
aboul the same valus, there [s no doml-
nant campenent as thore Is for highway
notse {heavy trucks), Camparing the total
highway nolse leve!l to the total rallway
noise level (about 66 dB versus 58 dB),
it is obvious that highway traffle [s the
predominant source ol nalse for the build-
Ing slte {without consldering aircraft
noise). Hence, even though the railway

From the data of Table §.4-2, this corra-
sponds to airport category 2, Approximate
NEF contours are mapped as shown on
Figure 55-13 for Runway #1, bacause
this |s the runway nearest to the building
slte and hence the one most likely to al-
fect the proposed bullding, Slnce the
bultding is located bhetween the NEF 30
and NEF 40 contours, an Interpolated
value must be calgulated. First, the dls-

noise lavel could be lowered by increas- tance ratlo, R, is calculated as foltows:

: ing the height or the length of the barrlar, X2 5000
i the total site noise would not signlficantly =X~ 500 1.1,
change, With this value, the factor C10 Is deter-

mined fram Table 54-4 to ba C10 = 6.
The rating at the building site Is then ap-
; proximated as,

! . As seen from the map of the area, Flgura NEF = 40 — C10 =40 — & = 34,

; 5.5-1, there Is an alrport which alfects this STEP Ad AIRCRAFT NOISE LEVEL
hypothetical buliding slte. This commerclal The A-weighted day-night sound level |8
alrpart consists of two major runways which then calculated to ba,
handle a varialy of air traific including jet -
aircraft. The e:d of Runway #1 Is agbout Ldn = NEF + 35 = 34 + 35 = 69 dB.
one mile from the bullding slte. Thus, the A-welghted day-night sound

leval for aircraft to be used In Chapter 6

[s 69 dB,

Alrcraft Noise Pradiction

STEP At AIRPORT DATA

; First, it |s datermined that noise rating 1ot Bullding Sito Noise Lovol

contour maps have not bean constructed.
o Since there are no contour maps, STEP
‘ A1.3 must ba performad. The number of
: "daytime" |et operations |s, NJday = 25;

The A-waighted day-night sound level con-
tributions from the two highways, railway
and airport are,

and the number of “nighttime"” jet opar- Highway Traffiec ......... .....66dB,
atfons is NJnight = 10. Since the melric Railway .......... v 59dB,
balng used is Ldn, no further Information Alrcraft ..., .. 69dB.

K is needed on the number of operations
. (STEP A1.4), These values are recorded
" on’ Alrcraft Worksheet 1, (Figure 5.5-12),

The talal exterior noise lavel at the building
slie, which Is the summation of these four
contributions, 1s an A-weighted day-night
sound leval of 71 dB, The two prademinant
sources of nolsa at the site are alreraft and
heavy truck traflic on Highway #1, The
highway traffic nolse could be reduced by
increasing the height of the earth berm
alang Highway #1, but this would have no
effect on aircraft noise. The aireraft noise
level could be lowered by reducing the
number of operations, in particufar the num-
ber of “nighitime"” oparations, but to effec-
lively lower the total exterlor nolse level at
tha site, the contributlons from bath sourcea.
would have to be reduced.

Now skip to Step A3, since Step A2 Is not
needed for this exampla.

STEP A3 NEF HATING AT BUILDING
B SITE—CONTOUR MAPS
NOT AVAILABLE

The “level of activity' of the alrport is
based on the eifective number of jet oper-
ations given by,
NJell = NJday -}- 17 NJnight =
25-1-10 ¢ 17 = 195,
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Chapter 6

How to Make an Analysis of
Outdoor Activity Area and
Indoor Sound

You have now identified potentially trouble-
some sources of highway, railway, and/or
alrcraft nolse near your building site; In
Chapter 4 you selected a point, or points,
on your site for eslimating the summed
eflects of sound from more than cne trans-
portation system source; and in Chapter
5, you estimated these separate source
levels, Hare in Chapter & you wlll make an
estimate of the sound levels. Here in Chap-
ler 6 you will make an estimate of the sound
levals In outdoor activity areas and an inltial
analysis of the rooms in your bullding
scheme to see If the indcor sound levels will
axceed the noise criterion levels you se-
lected in Chapter 3. If the sound lavals In
your outdoor activily areas or building's
Interlor rooms do not exceed the selscted
noise criterlon |evels, you have a bullding
scheme which should be satisfactorily quiet
for Ils occupants, if, however, the sound
lovels exceed the selected noise criterion
lavols, you will probably want to reduce
tha sound levals in the reoms by amploying
some of the deslgn alternativas discussed In
Chapler 7.

Outdoor Activily Areas

On your proposed site you may have certain
areas designaled for outdoor activities. The
particular use of these outdoor areas de-
pends on the type of building you are de-
signing, and could be the yard around a
family dwelling, a park or walking mall
adjacent to an office bullding, a courtyard
for an apartment bullding, a schoolyard,
a playground, etc. Since these areas are
daslgned malnly for recrealional usa over
exiended periods of time, you must ba con-
cernad with their outdoor noise levels, and
you will recall from Chapter 3, that the sug-
gested nolse criterlon for outdoor nolse
(especially for reslidential occupancles) is
an Leq or Ldn of 55dB,

The fotal ouldoor nalse level Is obtained
by combining the nclse levels generated
by each of tha transportatlon systams, a&s
calculated in Chapter 5. Since these lev-
els are logarithmic In nature, they cannot

be simply added together or averagad
to get the lotal nolse level, Instead, they
are combined, two values at a time, with
the use of Table 6-1 (same procedure as
S8TEPS H14 and R18 for comblning Indl-
vidual components to get the total high-
way and railway nelse leval respectively),
Starting with the two smallest lavels, sub-
tract one from the other to get the dlifer-
ence, With this value go to Table 6-1 and
determine the level adjustment which Is to
be added to the larger of the two original
nolse levels. Now repeat this procedurs
with this ad|usted level and another of the
transportation system noise Jevels. Centinua
this computatlon until all companents have
been combinaed info ana vailue. For example,
censider the hypothetlcal case glven In
Sactlon 5.5, whera there are two highways,
a rallway, and an airpert which generats
noise heard at the building site. The A-
weighted day-night sound levels are:

highway .......coiiiernrnn, 66 dB
rallway ..o , 59dB
alreraft oo e e 69 dB.

The total ouidoar day-night sound leve! ls,

i, = 7
67
add 1 difl, = 2
66 —_——  71dB.
add 2
69

Table 6-1. Transmission and Level Ad|ust-
mants for Shell Isolation Ratings
and Nolse Levels.

Absolute Difference  Transmisslon and

Betwaen SIRs or Level Ad|ustment
Noise Levela
>10 0
4-8 1
2-3 2
0-1 3
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Alter you have determined the total sound
levels for the outdoor actlvity areas on your
slte, compare thelr valuea with the noise
criterlon levels for such areas as discussed
In Chapter 3, If the estimaled spund levels
are less than the noise erllerfon tevels therae
will probably be no nolse problems; but
if the nelse criterlon levels are exceecded,
these arsas may not be fit for outdoor use.
If noise problems are due te aircraft fly-
overs, there is no simple solution aside from
choosing a new sita, If nelse problems are
due to ground {ransportation (highways
and/or rallways) you may be able to con-
struct sound barriers which can reduce
the outdoor nolse levels helow the noise
criterion levels. Also, you may be able lo
orlant the building in such a way that the
building itself will act as a barrier and
shield tha outdoor areas. This, of course,
wili depend on the size and locatlon of the
outdoor argas ralative to your proposed
building. These and other design alterna-
tives are discussed In Chapter 7.

Interior Sound Level

The predictlon of interlor sound levels
due 1o exterlor transportation system netse
sources will be determined by combining
Information obtained in preceding chaptars
on exterior nolse levals with estimates of
the nolse Isolation that will be afforded by
the buliding shell, conslsting of walls, roafs,
and floors exposed to exterior nolse. This
guide’s method is to perform an analysis,
which presumes that you now have com-
pleted a bullding scheme in sullicient de-
tail to perform such an analysis. It is fur-
ther presumed that your building scheme
Is somewhat fixed, but still sufficlently flexi-
ble to parmit room-by-room design revisions
o reduce sound levels In these rooms below
the nolsa criterion levels.

The acoustic analysis of your huilding Is to
be made on a recom-by-rcom basis, This
approach respects the physies of sound
propagation . . . the sound travels trom
its source {o the propesed buliding shell,
and then is partially transmitied lo the in-
terior through the shell liself, or penetrates
the sheli through any openings. Once in-
side a raom, the sound [s absorbed by the
surtaces of the room and its turnlshings,
The guide's method presumes that Interior
room walls prevent the spread of sound
to adjacent rooms.

it Is prestmed that you will want 1o estimate
the maximum protectlon against extarnal
noise that your bullding can provide, Obvl-
ously, profection Is reduced by such sle-
ments as open windows and doors, or by
ventltation ducts or apertures leading dl-

rectly to the exterlor through which sound
onergy can enter the bullding. For this rea-
son, the design gulde's procedures assuma
that all ventilation |s forced, thal the ventila-
tlon openings to tha exterlor are well mul-
flad, and that all windows and doors are
closed, Brief Indlcations are given loward
the end of thls chapter of a procoedure
whleh may be used to estimate the amount
of protection provided by the bullding shell
when the windaws or doors are open, ak-
though you wlll ordinarily not be concerned
with the (reduced) protection provided In
this circumstance,

Design Stralegies

Although this design guide simplifies the
calculations, these computations take fime,
and you will probably not want to make a
caleulation for each room . . . af least, not
at the outset. Instead, you will want to safect
representative rooms, determine whether
or nat thair sound levels will exceed the
nolse criterien levels, and then extrapolata
these findings 1o other rooms.

Maoreover, you will probably wan! to adopt
in advance some siralegy for dealing with
the results of your room-by-room calcula-
tiens to keep the number of computations
o a minimum. 11 you could be sure thal
the sound lavel for each room In your
building scheme would Just meel lis
seleclad nolse criterion level, such a stra-
tegy would not be needed; bul, such an
idea! siuation is unlikely. Here are some
suggesied strategies to reduce the number
of room calculations. Figure 6-1 iltustrates
three sirategies.

Strategy 1. No room shall have a sound
lavel which exceeds [is selected nolse crl
terion level. Ta pursue this strategy, chooss
the room In your building whlch has the
lowest nolse critarfon lavel, and the great-
ast exposure to exterior transparlation sys-
tam nolse. This roorn presents a potentlally
difficult design challenge and [s catlled a
“worst case" room. Run a calculation on
this trial room, If the sound leval within
this room Is at or below the selecled noiso
criterlon level, you have satisfiad the stra-
tegy's obfectiva for thls room, and perhaps
for all rooms in the bullding. If, howaver,
there |s excessive nolse in thls room , ., .
intarior sound level greater than the nolse
criterlen level . . . you should Improve (ha
room's acoustical propertles and run the
calcuiations again, This should be repeated
until the nelse criterlon is satisfled for this
first irlal room, Then, selact the naxt ''worse
case” room, and proceed In the same man-
per uniil s nolse criterion Is satisfied.
Then select the third “worst case" room,
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Stralogy 1

Simtogy 2

Siralegy 3

Figure 6-1.
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Suggestad Strategies for Dealing with Noise Critarla.

and so on, until you come to the room
which Just satlsfies Iis nolse criterion. Then
stop. At thls point you can presume that
all other rooms satfisly thelr nolse criterla,
Hence, you have saflslied the objective of
this strategy.

Strategy 2. The sound lavel for every room
shall just mee! s Indoor nolse criterion
level. The disadvaniage of Strategy 1, is
that it may be overly expensive, since there
will be rooms, parhaps many rooms, which
might have sound levels lowar than their
nolsa criterion levels. Strategy 2 requlres
flrst that Strategy 1 be followed for all
rooms with nolse problems, Improving them
cone by one untll each room just satisfias
Its noise criterlon. Strategy 2 then adds a
second stage, that of degrading the acousti-
cal properties of all rooms which have
sound levels less than the nolse criterlon
levels. Of course, judgment must be exer-
clsed to ensure that cost savings would
result from the design degradation of these
"over-designed” rooms. |f there would be
no savings, It Is obvlous that the rooms
should not be degraded.

Strateqgy 3. The average sound leval for
the building's rooms shall not exceed thelr
raspective nofse criterion levels. The essence
of this strategy is that by averaging the
difference hetween the selected nolse crl-
terion levels and the Interlor sound levels,

and by requlring that the average dlfference
be zaro, the average nolse lavel of the
rooms of the building will not be greater
than the nolse criterion lavel. The risk here
Is that a solution satisfying an average
sound level could be achleved hy viriue of
a large number of rooms which have sound
levels far abova thelr nolse criterion lavals,
balanced by rooma with sound levels woll
betow thelr nolse criterlon lavels, The ocou-
pants of nolsy rooms would suifer from
these nolse condllions, and would hardly
be comforted by the knowledge that other
occupants had highly favorable sound con-
ditlons., To overcome thls, you could sat
an upper limit, say 5 declbels above the
nolse criterlon level, which would ba the
maximum sound lavel for any room. You
wlll want to adopt some special verslon of
this strategy to account for varlations In
room-by-room noise criterion lavels and
nofse exposuras.

The above are three strategies which you
may wish to adopt to reduce the number
of reom calculations, and to deal with the
results of your calculations. Perhaps you
can adopt other strategles which ara
oqually useful, In any event, you should
probably begin by running two trial rooms
. .« your “worst case”, the room with the
lowest noise criterion level and the greatest
exposura to transportation system noise,
and . ., your "best case", namely, the
room with the highest nolse criterion level
and the least exposure, but still some expo-
surs, to extarlor transportatlon system noise.
The resulls of these two room calculations
will glve you the expected range of indoor
sound levels which you can then compare
with noisa crlterion levels,

How to Choose “Worst Case” and “Best
Case"” Rooms for Trial Calculations

Choosing “‘worst case' and “best case”
rooms depends upon , . ., {1} the locatlon of
the sources of transportatlon nolse as dls-
cussed In Chapter 4, (2) the type of bullding
or room occupancy and [is occupants, and

{3) the physical characterlstics of the build-

ing shell and the room whose sound lavel is

fo be calculated, These building shell and
room characterlstls are as follows:

& Shell conslruction . , . “monolithie” or
composlite

® Shell porosity, or alr leakage, particularly
that associated with ‘“cracks” around
doors and operable windows, and the
Joints of curtaln walls, ete.

s The area of shell members anclasing a
room .. . a shell member is defined as a
portlon of the exterior walls, roofs, or
exposed exterior floars of a building
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whlch separate a room from the oul-of-
doora, A componsent is a portion ol a
shell member having a construction or
matarlals different from the parent shell
member; for axample, a window [s a com-
ponent of a wall,

Room geometry . .. Includes the area ol
the shell member{s) transmltting sound
from the exterior, and the tolaj surface
area of the rconm,

Room ahsorption . . . basaed upon the total
area of all walls, floors, and celiings of
the room together with the combined
surfaces of equipment and furnishings In
the room, and the sound absorplivity of
these various surfaces.

The above characteristics permit tha cal-
culatlon of the sound isalafion of sach shell
membar transmitting exterior sound to a
room. The sound Isolation for each shell
member is then combined with that far all
othar room shell members 1o yield tha total
sound Isolatlon for the room.

Wa noted previously that you won't want to
make any more rcom calculations than
necessary. If, howaver, you have a build-
ing scheme with rooms that vary widely
In floor area, room geometry, room sound
absorption, and room occupancy (hence
nolse critarion levels) , . . and If the rooms
also have varylng exposures and dilfering
shell member constructlons . . . then no
one room Is representative, and you will
noed to make separate calculations for each
ream. On the othar hand, many proposed
bulldings wlll have rooms that are similar
In floor area, geometry, sound absarption,
occupancy, exterior neise exposurg, shell
construction, and so forth. For these bulld-
Ings you can choose representiative rooms
for Intarior sound lavel calculations, and
spare yourself a good deal of time and
effort,

Cne option |Is to make calculations for a8
single rcom whlch you think has “average”
design features and ‘‘average" axposure
te transportation system nolse. Hopefully,
such a single set of room calculatians would
yleld the “average” Indoor sound lavel for
your bullding scheme. More Ilkely, however,
you will remaln in doubt as to whether or
not the selecled room was truly representa-
tive of avarage conditlons.

A better option Is to run calculations on the
“worst case" and “bast case' rooms, This
adds only one set of calcwlations and tends
fo establish not only the range of high
and low Indoor saund levels, but also per-
mits you to make a better estimate of
“avarage' conditions midway wlhin this
range.

Examples of Cholce of Representative
Rooma

Now let us discuss how to choose repra-
sentatlve rooms for a dalached, single-
family dwelling, a school, and a ten-story
apartment building,

Far the single-family dwelling, espoclally
a small .or medium-sized onpe, the huliding
itself would nol provide much shielding as
a nolse barrler; and thus In many cases the
exterior sound level can be assumed to be
equal onall four sides of the dwelling. Hence,
the room selections could disregard he rela-
tlve tecations of the transportation system
saund sourcas, and be based solely upon

‘room configurations and room nolse crl-

feria. If one nolse criterion level were
sglected for =zll rooms, then tha room
having the greatest external surface area

.+ probably the living room . . . should
constitute the “worst case', and par-
haps the kitchen should constitute the
"best case”. i difierent noise criterion
lovels were salected for difforent rooms, tha
lowest nelse critarlon levels would probably
be for tha bedrooms . . . thus, the bedroom
having the greatest external surface area
should be taken as the “warst case"”; con-
varsely, & large room with the smallest
external exposura and the highest noisa
criterion level should become the *"hest
case",

Now consider the selection of represenia-
tive rooms for a school lke the cne shown
In Flgure €-2, Since the building s only
three storles high, and the transportation
system sound source is a few feet above
grads, ihe distance from source to receiver,
hence the resuitant sound pressure level
would vary lIttle from one story to the next,

Figure 6-2. “Worst Case"” Room for School,
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A top story roem would recelve aimost the
same sound lovel as a lower story room,
but would have roof exposure In addition to
wall exposure, Hence, a top story room near
the transporiatlon source should be selected
as a “worst case' reprasentative room.
However, since the bullding Is very long and
wide, the horlzontal distances from the
sound source could be an important con-
sideration and may cause sound levels to
drop appreclably from a near cornar of the
school to a dislant corner. Naturally, thls
vatlance ls Increased when the sound
source is quita near the building, More-
over, the type of raom occupancy will vary
greatly fn a school, and this variance may
be reflected in different nolse criteria, say,
for an auto mechanics shop or a llbrary.
The shop could have a noise criterlon level
of 60 dB, whereas tha level for the [lbrary
could be as low as 30 dB. In addition If the
principal source of noise s located on one
side of the building, the building itself may
pravide beneficial shielding for rooms facing
away from the sound source, An allowance
of 3 dB may be made for this shielding
effect. You will need to consider all these
{actors in choosing the “worst case" and
“'best case™ rooms.

As a third example, conslder the ten-story
apartment building shown in Figure 6-3.
Assume that this simple tower has two
windowed facades and two flanking walls.
in such a building it has been customary to
charge a higher rent for higher floors than
{or lower floors, Accordingly, the designer
may wish 1o provide a relatively gulater
anvironment on the upper floors and select
for them a lower nolse criterlon level. Aside
from thls sort cof conslideration, however,
you can (reat all storles equal, and lat the
lacation of the transportation system sound
source and the bullding charactaristies con-
trol your selection of represeniative rooms
for iral calculations,

The apartment tower we are considering is
a good example for our purposes sinca it
Is represantative of many bulldings having
heavy end-walls and windowed facade walils.

We wili discuss the bullding with respect
o the three types of transportatlon system
nolse as it might come from several source
locations.

Usually, if a bullding Is exposed solely
to aircrait nolse, the building's orienta-
tion will make little diffarence, particularly
it alr tratfic patterns vary. When averaged
over many liyovers, sound pressures will
not ba consistentiy lowaer at any one slde
of the bullding shell, Thus, the selection
of a trial room can be based upon the
room's extarior shell area, and upon crltical
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(6-3a) Highway or Rallway Noise Impinglng
Upon a Flanking Wall.

Flanking

Tk

Walll ‘Lf ?l:::%
D &
=

{6-3b) Highway or Railway Nolse Impinging
Upon & Facade Wall.

Figure 6-3, *worst Case" Room for a
Ten-Story Apartment Bullding.

noise criteria. Moreover, since apartment
bulldings will usually have a single noise
criterlon for all outside rooms, the tral
room can be selected solely on the basls
of exterlor shell area. Hence, a large, top-
story, corner room should be chosen as
the “worst case" for irial calculations. A
lower ftcor, sinall, non-corner, outside room
should be taken for the "best cass.' Note
that this recommended "best case" room
Is still an outside room, and consequently
will have some exposure to alreraft nolas.
As such, thls “best case” room could obh-
viously not be as quiet as an Interior room
. . . one havlng no exterior shell exposute
to alrcralt noise. Following the above ap-
proach, the sound levels In the “worst
case' and "“best case" rooms will thus be
represaniative of the range of sound levels
In the rooms exposed to aircraft nolse.

Now consider highway and rallway noise
sources. For these, the selection of trlal
rooms will depend heavlly upon the loca.
tflon of the source, keeplng in mind that
highways and rallways constitule line
sources. If the sound propagates toward a
flanking wall, as In drawing “a" of Flgure
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6-3, then the distribullon of sound fevels
over the two facade walls will be similar
with higher sound tevels at tha end of the
facade wall near the source, diminishing
to lower levels away fram the sourca, Thus,
representative trial rooms can be selected
from elther of the two tacade walls because
it is probable that the flanking walls of
heavy construction and with no windows
would not transmit as much sound energy
as elther of the facade walls, The "worst
case" should be selected from rooms near
the source which have low noise crileria
and largs exterior shell areas; the “bes!
case' should be chosen from reoms far from
the source which have high nolse criterla
and small extarior shell areas,

If the highway or raflway sound propagates
toward a facade wall, as in drawing “b" of
Figura 6-3, not ona but two palrs of repre-
sentative rooms will be neadad. The reason
for this Is that the bullding itsslf acls as a
barrler which shields rooms on the facade
wall away from the source, Henca "“warst
case" and *“best case" rooms should be
chosen from both the near and the distant
facade walls.

The distribution of sound levels across the
facada wall near the source is often falrly
uniform. The prediction of interlor sound
levels for rooms with exterlor walls on this
facade can be handled readily by tihe pro-
cedures in this design gulde. However, this
does not hold for the facade wall faclng
away from the source. Here, the sound |evel
distribution Is not regular , . . sound wlll he
diffracted around the corners of tha bullding
possibly making the end, outslde rooms
nolsler than central, outside rooms. The
same phenomenon may cause sound lovels
to be higher for top-story rooms than
ground-ficor rooms,

To estimate room sound levels on the far
facade. The sound lavels at the far facade
shielding effect of tha bullding itsell be dis-
ragarded, which Is a conservative approach,
or that a maximum reduction of 3 dB be
made at the central portion of the shislded
facade. The sound levels at the far facade
wall will, of course, be somawhat Jower dua
to the greater distance of this facade from
the source (without consideration of the
shlalding effect). These levels can be osti-
mated by a set of Chapter 5 caleulations sep-
arate from those for the facade wall near the
sound saurcse; or, these |atter calculations
can simply be reduced by the very crude
rule of thumb that sound levels decreasa
by about 4 1o 8 dB for every doubling of
the distance from the source.

With respect to exterior transportation

seurces, all tha other outside rooms of
each facade of the bhullding should have
sound condilions falling between your “best
cass" and “worst cass" rooms. However,
don't hesitate to make addltional trial cal-
culations [{ neaded to positively Identify
your "best case' and '‘worst case”,

It the sound source Is neatby and low,
chooso a first-story, outside, corner room
from ihe facade facing the nolse source as
your ''worst case"; and from the same
facade a top story, outside, central room
as your "best case”, It is common practice
In such bulldings to daslgn the ground level
story for non-residentlal uses and 1o con-
struet this first story differently from upper
storles, It you have followed this practice,
choose your “worst case" apartment room
from the second stery. Note that in all these
selections, the “best case” Is not one
which would receive the least exposure
to exterior, transpartation system sound, be-
cause both basement rooms and Inside
rooms would receive lass exposure to sound
than the “best cases" selected above,
Instead, it is the "best case” selecled from
rooms having a reasonable amount of ex-
posure to the sound source,

How to Predict the Sound Level in a
Trial Room

Once you select the trial rooms, you can
procesd to predict thelr sound levels using
the speclal procedure developed for this
design gulda, Your calculations will be
alded by the use of two worksheets for each
frial room, One worksheet provides a pro-
cedure far computing the cumufative Shell
Isclation Rating (SIR) for the rcom In ques-
tion, and Is called the SIR Worksheet (See
Figure 6-4), The second workshest uses this
room SIR together with the sound levels at
the building estimated In Chapler 5, fo pra-
dlct the sound leval Inside the trlal room.
The second worksheet |s called the Room
Nolse Worksheet (See Flgure 86-5),

The purposes of tha following explanation
are twolfold . . , one, to famlliarize you with
some of the principles of sound transmls-
slon through a bullding's shell; and . .. two,
to gulde you through the calculations using
lha workshoets, A detalled example of
the calculations Is presented In the con-
cluding portlon of this chapter, and you
may lind It halpful to refer both to the ex-
ample and to the following Instructions as
you make your own worksheet calculations.

The amount by which the extaerlor sound
lavels ara reduced by the bullding shell ls

"datermined by several factors , . .

(1) the area of the room's extarlor shell
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Figure 8-4. SIA Worksheot,
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Figure 8-5, Room Nolse Worksheet,

exposed to sound . . . the greater the
exposed area the more the acouslical
energy (sound) transmitted;

(2) the mass, or welght, per square foot of
area of such room shell membars as
exterlor walls, roofs, and (possibly)
floors which may be cantilevered, sup-
ported on plles, or otherwise expesed
to exterlor nolse . . . hoavy shell mem-
bars, such as concrete or masonry walls,
transmit iess scund than llghtwelght
shell members, such as curtain walls;

{3} alr leakage . . . sound energy can readily
anter a buliding even through very small
openings. Thus quallity of construction
s Important to seal small pores and
cracks. Componentized canstruction ean
transmit noise because of such leakage
through joints belween tha components;

(4) tha room geometry (the ratio of exterior
shali members to room floor area) . . .
Important in determining the refationshlp
between the amount of energy entering
the room and lts sound leval;

(5) the average acoustical absorptivity of
the room's Interior surfaces , . . carpsted
floors absorb moere sound than hard
floors; acoustic ceilings absorb more
than smooth plaster or gypsum board
ceilings; and over-stuffed or heavlly up-
holstered furniture, drapes, and other
sound absorptive elements reduce room
sound levels,

A preclse estimate of the sound [solation of
the shell would [nvolve an analysis by dis-
crele frequency bands using transmission
coefficient data. Howaver, to simplify the

estimation of the [solation provided by the
exterior bullding sheli, a single-figure rating
system, the Shell Isolation Rating (SIR), has
been espaclally daevised for this guide. The
SIR number [s & measure of the A-welghted
sound level reduction that can be expected
when certain building shell materials are
used. This raling number is determined
from available laboratory measuremenis of
acoustic tranamisslon loss data versus fre-
quency, Selected shell assemblles and com-
ponents are tabulated with thelr SIR values
In Appendlx A. The technical basis for the
SIR method and a technique for determin-
ing this rating for shell assemblles not
listad In Appendix A Is explained in Appen-
dix B.

To account specifically for the abova affects
of the bullding shell in reducing exterior
sound levels, you wlil be using one SIR
Worksheet for each room In your proposed
bullding for which Interlor sound level esti-
mates are neaded, Let'a scan the SIR Work-
sheet in Figure 6-4 and the flow chart of
Figure 6-6 to becomae famlliar with the
necessary celculations. The SIR Worksheet
can account for che room having as many
ag flve shell members, enumerated In
Column (a) of the worksheet. Thus, he SIR
Workshest can handle a free-standing room
sueh that four walls and tha roof are ex-
posed to sounhd enerpy, or a room canti-
levered from the face of a building such
that three walls and the floor and roof of
the room are exposed. If you have a room
with more than five shell members, you can
disregard one or two shell members which
aoting by themselvas would transmit the
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leasl amount of sound; or, you can comblne
pairs of adjacent, simllar shell members,
treating each palr as if it were a single
shell member having the size and com-
ponantization of the two shell members put
together, Far most roems, howaver, the SIR
Worksheet's accommodation far five shell
members shoutd suffics,

Since many shel! members (such as walls)
are made up of more then one component
{such as windows, doors, subpanels, elc.},
the SIR Workshest is arranged to account
for as many as four compenents wilhin each
shell membar; the four being labelad A, B,
C, and D doewn Column {d) of the warksheat.
If you have shell members with more than

WORKSHEET COLUMNS
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Figure 6-6. Flow Chart for Steps of the
SIR and Room Noise Workshaets.

four componants, you will have to extend
the step-wise procedure for combining SIR
values to yleld the appropriate composite
SIR value. The step-wise procedure Is
straightforward enough that you will have
littte difffculty in extending the procedure;
although you may want to make your own
speclalized SIR Worksheet for this unusual
case.

In summary, then, the SIR Warksheet can
readily provide the shell [solation rating
for 2 single room [n your bullding, when
the room has a maximum of flve shell mem-
bars, and when the shell members have &
maximum of four components, H these
maxima are exceedad, the speclal proco-
dures described above can fit your rocom
Into the SIR Worksheet, Now, let's glance
further at the provisions of the worksheet.

Columns {a, b, ¢, d,and e, g, b, 1, |, k, |,
and m) are used to entar descriptive and
dimensional data from your buflding
scheme, as fs Column (aa) which provides
an estimate of the alr leakage based on the
lavel of workmanshlp for each shell mem-
ber. Column {f) raeceives one SIR for each
monolithic shell membar or one SIR for
each component of tomponentized shell
members.

The twelve columns after Column {m) are
used In groups of four to calculate com-
posite SIRs for consocutlve pairs of shell
membars components, Thus, Columns (n,
o, p, and q) are used for the composite SIR
of the two compenents having the highest
component SIR values (Companents A and
B); Columns (r, s, t, and U} are used for the
compasite SIR for Composlte A-B and Com-
ponent C; and, Columns {v, w, x, and ¥y)
are used for the composita SIA for Com-
poslia A-B=-C and Component D, Manolithic
shell members having a single typse of con-
struclion requlre none of the Column {n)
through (y) calculations . ., . the shell mem-
ber SIR is slmply used for calculations
beyond Column (y), Componantized shell
membars having two types of construction
raqulra the caleulations of Columns {n, o, p,
and q); shell members with three compo-
nents require the calculations of the latter
columns plus thosa of Columns {t, s, t, and
u); and shell members with four components
require the calculatlons of all twelve col-
umns , ., (n) through [y},

After the composite SIR {if a composite
SIR s needed) has been calculated for
Shell Member Number 1, lhe ofher com-
posile SIAs are calculaled in turn for all
other shell membars, as required.
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Then all composita (or shell member) SIRs
are corrected for alr lsakage, room geom-
etry, and room surface absorplivity In
Columns (aa) through {(gg).

Finally, these corrected SIRs far the shell
members are accumufaied pairwise to Uit
mataly yleld the room SIR, These calcula-
tions are made (n Cofumng (hh, ii, and jj;
kk, Il, and mm; nn, oo, and pp; and qg, rr,
and ss) usihg three celumns for each palr
of shell members, The cumulative SIR for
the last palr of shell members Is the Room
SIR, which Is to be used as the entry in the
Raoom Nolse Worksheet to compute the
room sound level; and In turn, to compare
these sound levals with your pre-selected
nolse criterla,

Having described the SIR Worksheet in
general terms, let us now fellow its proce-
dures step by step:

Shell Isolation Rating Prediction Method

STEP ONE: ENTER ROOM AND SHELL
MEMBER DATA

Enter shell membaer data in Columns (b, ¢,
and aa); and enter room data n Columns
{g, h, i, and ]}. Note that rooms having sus-
pended lightwalght ceilings can receive ex-
tarior sound through portfons of shell mem-
bers extanding up through the dead space
of the suspended celling, Hence, the room
“height" for noise calculations 1s not from
the floar 1o the suspended ceiling, but from
the floor to the underside of the floor or roaf
slab above the celllng space,

In using lhe worksheets all values should
ba rounded off to the nearest whole number
in feet or declbels (or decibel aqulvalants).
The only excepilons are the Interpolation
factors, and the fractional area ratios which
should ba computed to two places to the
right of the decimal point,

If tha shell member |s manolithic . . . all of
brick veneer, or all wood frame constructlon,
ar all cinder block . , . then It Is a single
component shell member; GColumns (k
through %) can ba left blank; and the shell
member SIR frem Column (f) can be copled
into Column f{y) for the monoilthic shell
member SIR value.

On the other hand, If the shell member has
morg than one component, then Columns
(k, |, and m} must have entered data, Note
that the components must be arranged in
the order of decreasing SIR valuss. This
will often mean that Component A for a
ghell membar will overlay the shell mem-
her, and wlll have the SIR value, area, and
overall faca dimenslons of the shell mam-
ber lisell. However, some care must be
taken In this, for It presumes that the oveér-

all shell member will have a SIR value
higher than any other compenents of the
shell member, Naturally, this would be true
for 8 masonry shell member (Componant
A) plerced by a window (Component B} ., .
the masonry has a higher SIR value than
the window, However, consider a lightweight
curtain wall containing several granite
panels, Tha stone panels, having tha highar
SIR valug, would In this case consiltute
Component A, and the curlain wall would
constltute Componant 8,

The computational procedure requires the
area of each component n a component-
lzed shell member, with the exceptlon of
the area of the component wilth the largest
SIR number. In the case of a masonry shell
plarced by a window, the area of the over-
all she!l member Is entered in Column {c),
but Is not reguired In line A of Column (m);
while tha area of the window is requirad
and would be entered In line B8 of Column
{m). For the case of tha curtaln wall with
several granite panals, the area of the over-
all sheli member Is once agaln to be
entared In Column (c). The total area of
the several granite panels Is not required;
while tha area of the remalning porilen of
the curtaln wall Is requlred and would be
entered in line B of Column (m).

When a shell member has more than one
component, lhe shell member's compoesite
SIR may take a value only slightly higher
than that of the compenant having the low-
est SIR value,

STEP TWQ: COMPUTE COMPOSITE SIR
VALUES

For a shell member having two componants
{the shall member itselt plus one other
componeant), complete the procedures and
entrles of Columns (n, o, p, and q). The
component fractional area of Column (n)
is tha ratle of the area of the componant
with the lower SiR valua to the area of tha
shell member [tseli. The component frac-
tional area [s expressed as a decimal frac-
tion and carrled to two placas to the right
of the decimal point.

The ditlerence between SIR A (for Com-
ponent A) and SIR B (for Compenant 8) s
entered as a whole number in Column (o).
Column {n and o) values are then used to
determine a composite correction factor
from Table 6-2, which Is entered (h column
()

Thls composhe correctlon factor Is then
added to SIR B to vield the composite SIR
A-B to be entered in Column {(q}, This value
is also enfersd in Column (y) to serve as
the compoaslte SIR for the two-component
shell member,
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Table 6-2,
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For a shell member having thres compo-
nents (the sheli member (tself plus two
other companents), complete the above pro-
ceduras and enirles for Columns (n, o, p,
and q) and then go on lo repsat similar
proceduras and entries for Columna (r, s,
t, and ‘u), In this process, the composite
SIR A-B Is combined with the SIR C (for
Component C}. The resultant SIR A-B-C
In Column (u) Is also entered in Column (y)
as the camposile SIR for the three-compo-
nent shell member,

For a shell member having four components
still another series of similar procedures
and entries are completed, those for Col-
umns {v, w, X, and y). Here, the composite
SIR for the four-component shelt member
is the SIR A-B-C-D whlch appears In
Column ({y).

U Y L

The SIR value for sach shell member must
next be adjusted to account for alr leakage.
The SIR values of Appendix A assume
superlor warkmanship which virtually elimi-
nates alr leakage, Merely “good' or "aver-
age" workmanshlp will result in holes or
cracks which reduce the sound [solation
of the building shell, In additlon t¢ holes,

cracks at doors and windows, permanently
open ventilators, and even open fireplace
flues can reduce sound isolation.

STEP THREE: MAKE AIR LEAKAGE
ABJUSTMENT

It the workmanship for any shell member la
to be “excellent,” you need ne adjustment
for air leakage (aa): simply enter the SIR
from Column {y) in Column {bb). If, howavaer,
the workmanship Is to be “good" or “aver-
age,' refer to Table 6-3 to obtain an adjusted
SIR value accounting for afr leakage based
upon an estimate of the opening In square
Inches per 100 square feet for the shell
mamber in question enterad In Column (aa),

You may be able to make & good estimate of
alr openings in square inches per 100 square
feet from project drawings and speclfica-
tlons. If not you can use as a gulde the
estimales of alr leakage given below for
good and average workmanship and various
typas of sheil member construction. To esti-
mate alr leekage corresponding to good
workmanship, use one of the following esti-
mates:
a} monoclithie
walls . ....... . 0.75to 1.5 In*/100 ft7,

Table 6-3. Adjustad SIR of Composite Shell Membar Dependsnt Upon
Alr Leakage Through Member

BIA af
Compesite Alr Cpeninge In?/100 12
Panitien

0.1 0.25 0.50 0.75 1.8 K] 45 &.0 7.b [:1¢] 120

LH 52 4 45 43 40 ar 35 M fik} a2 n
4 &1 4 &5 13 LY k1 35 4 an 32 N
[ 51 48 45 i3 40 ki 25 34 a3 b an
1 51 A8 45 43 Ll L 35 a4 3 32 n
&4 31 48 45 41 L k1 35 34 az a2 3
&1 51 LH 48 43 40 37 EH 24 2 R n
56 51 47 L aQ 40 [ 35 a4 a3 32 n
1] 50 47 45 43 40 € a5 34 x| a2 a1
54 50 a7 44 42 40 7 as a4 N a2 a
8 4B 47 44 Lk} L ar 35 34 kg a 3
62 49 47 44 42 40 ar a5 a4 3 az a1
61 48 40 44 42 A0 a7 as M4 A a2 3
&0 48 4B “ 42 40 EH 35 i ) kH o
49 a7 45 “" 42 a9 a7 35 4 n a2 L1
48 47 45 42 42 a0 N a5 i 2 a2z an
47 46 44 43 42 39 ar 35 aa 31 az an
418 45 Ll 42 41 39 i) 35 kL) 23 32 at
45 a4 43 42 # an a8 as L) n a2 ki
44 43 Lid 41 40 g a8 a4 n x 32 kLl
43 42 L 4 L a8 a8 L] 33 k] a2 i
@ 42 4 40 39 38 as kL) k] i a2 k1
41 41 40 40 k) a7 a8 3 an a2 N N
40 40 9 20 8 a7 EH M4 33 7 n 30
B 38 18 k<] kL] a8 as 34 33 32 n 30
8 ] L] 37 a7 a8 34 k] 3 22 an 30
w y 7 as as a5 34 3 az a2 Nn 20
3d 3 kL3 35 a5 a5 a1 a2 32 3 a 30
kL] 35 5 35 a4 34 a3 a2 31 i i 30
24 3 M 1] X] 33 a2 a al ] n 28
3 k) k) 33 a3 az a2 n a0 an ] ol
32 a2 32 <t 32 k1] 3l 30 H 29 29 28
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b} walls with fixed

windows or othar

panels ......... 1.5t0 3.0In'/100 ft*,
walls with weather

sttipped oparable

windows ....... 3.0t0 4.5In°/100 it
walls wilh non-

weather stripped

operabla

windows ....... 4.51t0 6.0 in*/100 it’,

t

d

—

To esiimate alr leakage correspending to
average workmanship, use one of the fol-
lowlng estimates:
a) monolithic
walls .......... 1.5tn 3.0 In?/100 f¢*,
b} walls with fixed
windows or other
panels ,.,...... 3.0104.5in*/100 f",
¢} Walls with weather
stripped oparable
windows ....... 4.5 0 6.0 In*/100 1%,
d} walls with non-
weather stripped
operable
windows ..... v BOW7.5In* /1001t

Enter the apprapriate value of “Adjusted
SIR based on Alr Leakage" in Column (bb)
of the SIR Worksheet.

« A L T )

A portlon of the sound energy iransmitted
through the shell membars |8 absorbed In-
side the roam. This absorptlon is propor-
tlonal to the total surface area of the inte-
rior of the room and the absorptivity of
these surfaces. The informatlon of Column
{cc) is based upon an approximation of the
total Interior surface area. The Cclumn
{dd) value then enables you to estimate the
correction required for the total surface
ared, and hence, absorption. This factor,
taken from Table 6-4, [s based upon con-
sideration of the room depth as related to
Its hatght and length In tarms of the ratio
of shell member area to floor area.

The computations by which the SIR method
was derlved were initlally based upon tha
assumption that the ratio of exterior partl-
tion area to floor area would be between
0.28 to 0.36, (For a rectilinear raom having
an elght-foot celling, this corresponds o a
ream depth from the shell member to the
intarlor opposite the shell member of 22 to
28 feet) If the ratio Is larger, as is tho
case when the room depth Is smaller,
the room surlace area and absorption will
be smaller, and the sound level larger. To
accoun! for these geomsetrical considera-
tions, the SIR value must be adjusted ac-
cording to Step Four, Table 6-4 presents
values of the “Room Geometry Correctlon
Facter” 1o account for the room surlace area.

STEP FOUR: MAKE ROCM GEOMETRY
CORRECTION

For each shell member, enter In Celumn
{ce) of the SIR Worksheat the ratlo of the
shali member area (from Column (c}) to the
room floor area (from Column {))). Relfer to
Table 6-4 for the value of the room geom-
stry correctlon factor, and enter It In Cal-
umn {dd}, Note that for all roofs, whether
flat ‘or pitched, the value of the correction
factor s —2,

Table 6-4. Room Geometry Corraction

Factors,

Exterior Shell Member Area Correction

Room Figor Area Factor *
0.94 to1 -2
0,67 10 0.93 ~1
0.50 to 0,66 4]
0.37 to 0.49 1
0.2810 0.36 -2
022 to 0,27 43
017 100.21 +4
01310 0.16 15
010 10 0.12 48

* For all roofs rogardloss of plich, use a correc-
tlon tactor of —2.

. . W « =

The data of Table 84 are for carpeted
rooms without an acoustical ceiling and
without heavy drapes. Such a room ls pre-
sumed to have “medium" raverberation
propertias, Rooms having additlonal acous-
tical absorption such as an acoustical cell-
Ing or drapes covering 50% or more of the
wall area will have lower sound levels,
Convarsaly, rooms without carpet will have
higher sound levels, These diifersnces In
reom absorption require adiustmenis In the
shell membar SIRs as calculated In Step
Five,

STEP FIVE: MAKE ROOM ABSORPTION
CORRECTION AND COMPUTE ADJUSTED
SHELL MEMBER SIR

For each shell member of your trial room
determine whether an adjustment should be
made for acoustleal absorption other than
‘‘medlum",

If the room has an acoustic tlle ceillng, or
50% or morg of the wall area [s coveraed
with draperles, enler a +-2 In Column (ee},
I thare Is no carpot an the floor, no acoustic
tle on the ceillng, and no heavy draperles,
enter —4 as the absorption correction n
Column {f).

These correctlons, taken jolntly, Imply that
a room with wall-to-wall carpeting and
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acoustical tlla celling will be approximately
6 dB quister than an otherwise comparablae
room with hard ¢elllng and floors,

Now compute the velue of the adjusted SIR
which is the algebralc sum of the ad]usted
SIR from Column (bb} plus or minus cor-
rections for room geometry and absorption.
Enter this vatue in Column (gg) of the SIR
Worksheel. Column [gg) values are the ad-
justed SIRs for each shell membar,

- - . LI

The next step consisis of delermining a
telal room SiR by combining the SIR values
for each of the room's shell members, If
thars happens to be only ane shell mambhaer,
the room SIR value Is merely the SiR value
for this sholl member. I, however, thera is
more than one shell member, you will have
to combing thelr SIR values in & manner
simllar to the method you used in Chapter 5
to combine noise levela,

STEP SIX: COMBINE SHELL MEMBER
SIRs TO OBTAIN ROOM 5IR

If there Is only one shell member, copy Its
adjusted SIR value from Column {gg) in
Column (ss) .., It Is your Room SIR.

If there la more than one shell member, you
must complete a pairwise process of loga-
rithmic addition, as you have done pre-
viously when comblining neoise levels. The
SIR values In Column (gg) indicale the
reduction In sound which would occur for
otharwise similar rooms, each of whlch
has only one shell member transmitting
sound energy. When there are several shell
members transmitting sound, the room SIR
must be less than the SIR for any one shell
member because of the additional energy
transmitted through the other shell members.

Thus, enter In Column (hh) the absolute
difierence between SIR 1 {for Shell Member
Number 1} and SIR 2 (for She!ll Member
Number 2}, Refer fo Table 6-1 to obiain
the value of the transmlssion edjusiment
fo be entered in Column {ii).

Note that when there [s lille dllference
{0 to 1) between the SIR values, the correc-
tion factor is largest, amounting lo 3 dB.
Carrespondingly, if the dillerance Is large
{> 10), the transmission adjustment Is zero.

Now compute the value of SIR 1,2 for the
two shell members by subtracting the trans-
mission adjustment from the smaller of the
two SIR valugs, SIR 1 or SIR 2. The new
quantity, termad SIR 1,2, Is the SIR which
should be antered In Cotumn (j).

If there Is a {hird shell member, now com-
blne Its SIR valuo, SIR 3, with the value of
SIR 1,2 to obtaln the vafue for the effective
three shelf member combination, termed
SIR 1,2,3, and entered in Column (mm),

Repeat this pafrwise comblnation process
untll you have consldered all shell members
and have arrived at a Aoom SIR value, to be
entered In Column (ss) of the SIR Work-
sheet, Then proceed to the next workshaet,
lhe Reom Noisa Warksheen,

. " . A

The baslc procedure is indicated In the flow
charl of Figure 6-6, and roquires the tabu-
lation of the exterlor sound level{s) ior the
three types of nolse sources llsted in Col-
umn A of the Room Noise Worksheet: high-
way noise, railway line operation nolse, and
alrcraft nolse. The sound levels calculated
In Chapter 5 are to be anterad In Colimn B
for any of the transporiatlon nelse sources
affecting your bullding slte. These sound
levals are combined {o yield the total ex-
tarlor sound level at the selected trial room.
The Room SIR value is then used to obtaln
the Interior sound levels which would exist
due to the extarnal sources. These values
are then compared with the desired noise
criterion tavel, This procedure is detalled
in the following steps Seven through Ten.

Room Noise Prediction Mathod

STEP SEVEN: TABULATE EXTERIOR
NOISE LEVELS

Rafer 1o the computations of Chapter 5 to
obfaln the values of sound level al the
trlal room for the three possible types of
nolse sources. In the event that thera s
more than one source ol highway, rallway
or aircraft nalse, you witl have to sum lhem
for sach type of source as shown in Chap-
ter 5.

These values should ba eatered In Col-
umn B,

STEP EIGHT: COMBINE EXTERIOR NOISE
LEVELS

If there are both highway and rallway nolse
componants, determine the abselute differ-
ence between the two, and enter this in
Column C,

Foefer to Table 6-1 to obtaln the appropriato
laval adjustmenis corresponding to the dif-
farance in sound leveis. Enter thls In Col-
umn D.

Add this level adjustment to the largser of
the two sound levels to obtaln the total
exterjor highway and rallway sound leval at
the trial reom, Enter this in Celumn E,

Next, determine the difference between the
fotal highway-rallway sound level and tha
aricraft sound level, if any, and entar thia
in Column F., Once again, combine the
sound lsvels by cobtaining from Table 6-1
the appropriate level adjustment to be en-
terad In Column G.
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Add this level adjustment to the larger of
the two sound levels, to obtain tha total
extatior sound level, Enter thls in Column
H.

You have now completed the prediction of
the exterlor sound level due to external
transportatlon system nolse sources at the
trial room,

STEP NINE: DETERMINE THE INTERIOR
SOUND LEVEL

Enter In Column | tha Room SIR value from
Column (s5) of the SIR Workshest,

Subtract the Room SIR value from the Total
Exterior Sound Lavel to obtaln the Interlor
Sound Level, and enter It In Column J,

You have now completed the pradletion of
the trial room sound level due to-exlernal
transportation system noise sourcas,

STEP TEN: COMPARE THE INTERIOR
SOUND LEVEL WITH THE NOISE CRITERIA
LEVEL

In Column K of the Room Noise Worksheet,
enter the Interlor nolse criterion level you
selecled in Chapter 3.

Compare the value of the Interior sound
leval which you have predicted with the
nolse criterion level. ¥ you have selecled
Strategy 1 described earlier In this chapter,
and Jf the intarler sound level is less than
or equal 1o the- nolse crilerion leval, you
hava an acceptable design, and the sourcas
of exterior noisa will probably not be
troublesome In your trlal room. Howavar,
If the interlor sound level Is larger than the
nojsa criterion level, it Is probable that ex-~
ternal nolse wlll ba troublesome, and you
wlill want to modily your design by impla-
menting some of the deslgn alternatlves
suggested In the next chapter.

How to Account for Open Windows,
Doors, and Through-the-Wall Venlilators

Opsen doors and windows offer almost no
sound Isolation, When doors and windows
can be expeciad fo be open, they should
be llsted along with any othar shell mem-
ber components and assigned a SIR of zero.
Obviously, this will result in a severe de-
gradation of the shell member SIR I the
door or window has even a moderately large
area, Opsrable louvies ofler little sound
isolalion whether opan or ciosed, and should
be assigned a SIA of zero. Through-the-wall
ventllators and unlt ventllators with through-
the-wall ducts pose a diffleult problem since
they miay have scund ballles or jnsulaling
duct llnings and may or may not lead di-

rectly from the exterior to the room. If
acouslle transmission loss data are avall-
able from ventllator manufacturers, you may
be able to calculate ventllator SIRs using
the procedures of Appendix B. If not, it's
best to be consaervativa and assign ventila-
tors & SIR of zero,

lllustrative Example

Let us now demonstrate these holse cal-
culations for a typical room. Consider a
ten-story apariment building simliar to the
one described eariler in this chapter. It Is
to be located at the building site conslderad
in the illustrative example of Chapler &.
The bullding consists of a simple tower
with two windowed facades and two flank-
Ing walls {See Figure 6-3). The slte ls ex-
posed to all three types of fransporiation
nolse, but alrcraft noise was found to be
the major source with a sound lavel of 69
dB. Wae will choose an oulside corner room
on the top floor as a “worst case" lor
inltial consideration, Although the passibllity
of a premium rent for a prime slte location
might warrant a [ower nolse criterion leval,
we will select an indoor nolse crilerion level
of 40 dB and an cutdoor level of 55 dB,
Moreaver, since the metric should be ap-
propriate for resldential bulidings, we will
adopt the Ldn melric. Our reom design
wlll therefore be adequate |f Its Interior
sound level is less than Ldn = 40 dB, If
the predicted Interlor sound level is higher,
It will be too nelsy and we must conslder
daesign altarnatives.

The Chaptar 5 example ylelded the follow-
ing estimates of the indlvidual exterior Ldn
sound |avels.

Highway ....ooviiininiiiiinann. 66 dB
Raflway .....ccivvvrnvnann vees. 59 dB
Alreraft ........ [ ... 69dB

Since each of these nolse levels is [ndivld-
vally In excess of 55 dB, it Is clear thal
any outdoor actlvity spaces will not be
acceptable for recreallonal purposes for
which speech intelligibllity s critical.
Furthermare, there is a difficult design
challenge for Indoor spaces as wall, Inas-
much as the site is within one mile of a
modorate {category 2) airport, and Is close
to two highways,

With these factors In mind, let us consider
the sound levats within our typlcal “waorst
case' room. We wlil assume that the dimen-
stons of the trlal room aro 12 feet wide by
16 feet deep by 8 feet high, and that the
rouin is fo be carpeted, but not draped and
not supplied with an acoustical celling,
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Remember that roems having suspendad
llghtweight callings can recelve exterior
sound through portions of shell members
{walls) extending up through the dead space
of the suspended ceillngs. Hence, for such
rooms the helght to be used for noise cal-
culatiens [s not from the floor to the sus-
pended ceillng, but from the floar to the
underside of the floor or roef slab above
lhe celling space. For our example, there
Is no suspended ceiling space; thus, the
room and shell member helghts are koth
taken as 8 feet,

The shell construction of the building con-
sists of B-inch hollow core concrete block
masonry flanking walls plastersd Inside.
The flanking wall has a S-foot high by 12-
foot long fixed window glazed with heavy
pitate glass opening to the 'worst case"
room. The facade walls ara of metal frama,
nsulated, brick veneer constructlon with
a 4-foot high by 10-foot long fixed window
glazed with heavy plate glass, and a 2-foot
high by B8-fool long decorative spandral
panel. This panel Is of 20-gauge stesl, in-
sulated with glass fiber 2%-inches thick.
The roof consists of a 3-Inch steel deck
with rigld fiberglass Insulation and built-up
roofing,

Step One

Refer now to the SIR Worksheet (Flgure

6-7) and enter the room's flanklng wall,

facade wall, and rocl as the three shell

members of the room. For the flanking wall
there are two components, and for the
facade wall, there are three components
which must be listed In sequence of thelr

SIR values, with the highest one fIrst, Refer

{o Appendix A to obtain the SIR values. For

the flanking wall, the hollow core block has

the higher SIR number (50) and the glass
windows the lower (28). For the facade wall,
the brick veneer constructlon has the high-
ast SIR number (51), the glass window sec-
ond (28), and the steal panel has the lowest

(26). Enter the SIR values on the workshest

In Column (f).

®* The shell member number is Indicated in

Column (a} ... only 2 of the 5 shell mem-

ber spaces will he needed for the flanking

wall and anly 3 of the § shell member
spaces for the facade wall,

The shell member name appears in Col-

umn (b), and its area appears in Column

{c).

For Column (d}, the flanking wall has two
components—A and B: the facade wall
has three componenis—A, B, and C; and,
the roof has only one component—A,

¢ The shell member's component dascrip-
\lons ars listad in Column (e).

s The SIRs ara listed in Column (f},

¢ The recom dimenslons are listed in Col-
umns (g, h, and i) and the room floor area
Is entered In Column (j).

* The two dimenslons of the shell member
compenents ara listed in Columns (k and

).

Using these data, the component araas are
computed and are listed In Column (m).
Note that thesa Columns (k, I, and m) are
not neaded for shell members with anly ane
componant, nor ara they needed for Com-
ponant A of componentized shell members.
Now, since tha flanking wall and the facade
wall have several compeonents, we must cal-
culate their composite SIRs.

Step Two

Compute the Compenent B fractlonal area;
that is, the ratlo of component area to the
tatal wall (shell membar) area. For the flank-
ing wall, this value Is 80 <- 128 = 0.47 which
is entered In Column (n). Now detarmine
the difference betwaen the two highast SIR
numbers; l.e, the difference betwsen the
SIR for block masonry and the window . . .
50 — 28 = 22, Enter this value in Column
(0). Now refer to Tabla 6-2 to detarmine the
composite SIR correctlon factor correspond-
ing to the fractional area o 0.47 and a SIR
difference of 22. This value is 4 and [s
enterad In Column (p), Now add this value
(4) to the lower SIR number (28} and anter
the result (32) In Column {q). This Is the
composite SIR for the flanking wall,

For the facade wall, the Component B frac-
tlonal area is 40 -- 96 == 0.42, which ls en-
tared In Column (n). Now determine the dlf-
ferance between the two highest SIR num-
bers; i.e., the diffarence betwaen the SIR for
brick veneer and the window . ., 51 — 28 =
23, Enter this value In Column {0). Now
refar to Table 6-2 to determine the com-
posita SIR correction factor correspanding
te the fractlonal area of 0.42 and a SIR dlf-
ference of 23, This valus is 4 and Is entered
in Calumn (p). Now add thls value {4) to
the lowar SIR number (28) and enter the
result (32) in Column {q). This SIR number
describas the properties of an 8 ft x 12 ft
brick wall with a 10 ft by 4 {t glass window,

MNow consider the effect of the steal panel
with a fractional area of 0.17 to be anlered
In Column (r). The difference batween tha
SIR value for the brick and window wall
(32} and the steel penel (26} is 6. Enter this
value in Column (s), Now from Table 6-2
find the composite SIR correction factor
corrasponding to the values 0.17 and 6. This
vafua (4) Is entered in Column (t) and |s
added to the lower SIA valus, 26. The sum,
30, is entered in Column (u).
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Figura €-7. SIR Worksheet for Example.
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Figura 6-8. Room Nolse Worksheat for Example.

To simplity thelir visuvalization In the SIR Step Four
Worksheat, the S1Rs for the flanking wall

(32} for the facade wall (30} and for the In Golumn (cc), enter the ratios of the shell
roof (43) ars carriad forward to Column member areas to the floor area of the room.
{y) before making further computations, These values are 128 -+ 192 = D.67 for the
flanking wall and 96 + 182 = 0.5 for the
Now you must perform alr leakage adjust- facade wall,
ments,
Now rafer to Table 6-4 1o obtaln the room
Step Three geometry corfection factors and enter them
In Column {dd), These values are - 1 for
Since the roof Is essantlally monellthic the flanking wall, 0 for tha facade wall, and
withoul penstrations, and assuming average — 2 for the roof,

workmanship tha area of openings can be
taken as equivalent to 30 [n?/100 ft*. For
the compeonentized flanking and lacade
walls, there will be somewhat more air leak-
age, and 4.5 In*/100 {t* Is appropriate as-
suming average workmanship. These values
should be entersd in Column (aa).

Step Five

Since the room s to be carpated but not
heavily draped, you do not anter additional
values for the absorption corrections In

For a 4.5 In*/100 1" leakage and a SIA of  Columns (se} and (ff).

32, Table 6-3 Indicates an adjusted SIR

of 30. Enter this as the adjusted SIR for tha Now add the ad]usted SIR value from GCol-
flanking wall In Column (bb). The values for umn (bb) to the room gecmetry correction
thae facade wall and roof are determined In for each shell member and enter In Calumn
a similar manner. These valuas are 29 and (9g). These SIRs (29, 28, and 34) describe
36, respectivaly. Enter these values in Col- tha sound isolatlon propertles of the flank-
umn (bh). Ing wall, facade wall, and roaf, respectively.
Now you must make the room geometry These shell membar SIRs must now be com-

carrection, bined to get the room SIR,
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Step Six

Consider the combinatlon of SIR values for
the flanking and facade walis. The dliffer-
ence between these two numbers Is 0
{29 — 28 = 0). Enter this value in Column
(hh). Referring to Table 6-1, enter the trans-
misslon adjustment of 3 in Column (li). Now
sublract this from the smaller of tha two
exterior wall SIR values (29 — 3 = 26), and
enter the value of 26 In Cofumn {Jj). This
describes the sound [selatlon properles of
the two walls.

Now combina the two walls with the roof,
The difference hetween the two SIRs Is 8
(34 — 26 = 8) entersd In Column (kk), and
the corresponding transmission adjustment
Is 1, entered In Column {Il), Subiract this
transmisslon adjustmant from the smaller of
the two SIRs yielding a Room SIR of 25
entared In Column (mm). For future refer-
ence also enter this value in Column (ss).

Now wa need to complete the Room Noise
Worksheet, Figurs 6-8.

Step Seven

Transfer the exterlor noise lavels due o the
three iypes of exterlor noise source cited
al tha beginning of this example to Column
B of the Room Noise Workshest,

Now begln the stap-wise process of com-
putlng the total outdoor noiss by determin-
Ing that the diflerence belween the highway
nolse (66 dB) and rallway nolse (59 dB) Is
7 dB, and entering this in Column C, The

carresponding leve] adjustment s 1 dB, en-
tered In Column P. The total of all highway
and rallway nolss would be obtained by
adding the level adjustment (1 dB) to the
higher of the two component fevels (66 dB);
tere 67 dB Is entered In Column E. The
difference betwaen this total and the alr-
craft nolse (69 dB) Is 2 dB, entared in Col-
urmn F; ylalding a leve! adjustmant of 2 dB,
enterad in Column G. The total of all out-
door nolse s thus 71 dB, obtalned by adding
the level adjustment (2 dB) to the larger of
the two component levels {here that due to
aircraft, 69 dB) and entered in Column H.

Now enter tha Room SIR as determined In
the. pravious SIR Worksheet Jn Column |,
and subtract the Room SIR (25 dB) from
the tolal cutdoor nolse (71 dB) to estimata
the Indoor Sound Levei (46 dB), entered fn
Cotumn J, This is 6dB higher than the nolse
eritarion level established at the outset of
this example. There Is therefore a nolse
problem in the “worst case" ftrial room.
Needed design changes to remedy this
problem are indicated in the next chapler.

Realize, however, that this "warst case"
trlal room has axterior exposure on three
surfaces (lacade and flanking walis and
roof). Rooms on the first through ninth
floors, not on the ends, will have only the
facade wall exposed 1o the exterlor sound
energy. For these rooms, the adjusted fa-
cade wall SIR will bs equlvalent to the room
SIR, in Ihis case 29, 4 dB larger than the
room SIR ftor the “worst case” room. So the
lave! |n such rooms will be 42 dB (72 — 29
= 42), which is relatively close to the de-
sired criterion.
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Chapter 7
Design Allernatives

If your Chapter & calculations predict nolse
tavels for indoor rooms or cutdoor activity
areas greater than hoise criterlon levels, you
wlll be seeking design altarnatives to over-
come your noise problems. Posslble design
alternatives will be discussed in this
chapter.

In addition to design allernatives, it may be
feaslble to control nolse at {is source by
making operallonal changes to reduce nolsa
genarated by transportatlon systems, Re-
routing truck traffie, the impositlon of cur-
fews, efc, can substantlally reduce nolse
levels. If such operational changes can be
warked out through local elected oificlals
or planning authorities, the predictive med-
als of Chapter 5 will be useful In assessing
possible nalse level reductions,

There are four types of design approaches
to reduce nolse, Two of these types of ap-
proaches can prevent nolse irom becoming
an annoyance for outdoor activitles. These
are (1) to locate, orient, or configure the
bullding to reduce noise at the chosen bulid-
ing slte, and (2) to provide addltional extarior
barrlers such as walls or berms. These {wo
approaches are alsc useful in protecting
the bullding's interior from unwanted sound,
and for this purpose are joined by two other
approaches which are (3) to fortify the build-
ing shall, and finally, (4) to vary the Interior
sound absorption.

One lhing is certain . . , anything you do to
rearrange the bullding site or to build upon
it will change its acoustic climate, Probably
the building Itself will cause the most dras-
tlc changes. Hence, you should deploy the
building creatlvely to secure the bast re-
sults, The building can be used to shileld
selected outdoor activity areas from nolse,
and harriors put up te protect cutdoor ac-
tivity areas from nolse or wind can also
shield portions of the bullding,

Let us discuss In turn the four maethods of
providing design alternatives: (1} siting, (2)

barriers, (3) bullding shell, and {4} furnish-
ings.

Siting Alternatives

For sitlng thare are three options . . . site
selection . . , bullding location and oflenta-
tion, and , . . building configuration, These
optlons could be pursued Independently in
design and will be discussed separately,
recognizing however, that In a design
process which truly Involves synthesls, the
three options would be carried on simul-
taneously,

Sita Selection: The best way to control noise
is to avold it. This can most effectively be
done if the first design task ia that of select-
ing the bullding site, because caraful selec-
tion can stear the proposed bullding away
from nolse problems. Likewlse, for some
projects It may be cheaper to abandon a
site already selected and relocats to a
quieter araa, than to make extensive revi-
slons to an acoustically unaccepiable
scheme, For many projects, however, other
conslderations than sound may preclude
the selectlon of a quiet slte or relocation
to a gulet site.

Keep in mind that acoustic condltions are
rarely stagnant and you should consult
zoning and planning authorlties to deter-
mine future plans for the surrounding area.
A seemingly suitable site can later be sur-
raundad by industrial areas or traffic arter-
jes, or subjected lo aircraft cverflights
greatly increasing on-site levels. Therefore,
It woutd be wise to allempt to predict fulure
nolse levels at your site 1o determine the
impact of plans for the surrounding area.

In selecting a quiet slte, refer to Table
2-2 in Chapter 2 which gives deslrable
minima for the distances from transporta-~
tion system sound sources to 8 building
or site. Also, look for exlsting natural and
man-made sound barrlers, examples of
which are shown [n the figures of Section 1
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of Chapter 5 and in Flgures 7-1 and 7-2.
Sites on rolling terrain separated from rall-
ways and highways by heavy, wide stands
of treas are generally gufeter than sites lo-
cated in hollows or on fiat, open ground.

Glve preference to siles which are pre-
dominantly upwind of nolse sources. At
large distances the upwind side is generally
quieter than the downwind side of a noise
source, The wind lends fo bend the sound
path upwards, as shown in Figure 7-3,
thereby reducing the sound energy thal im-
plnges on an upwind siia,

Sites near hills or traffic inlersections are
generally unfavorable due to the accelera-
tion, deceleration and braking of vehicles,
espacially If the traflic includes heavy truck
traffic like that In Figure 7-4. Most of all,
congasted areas of heavy traffic should he
avolded as shown in Figure 7-5.

Building Location and Orientation: Tha
thaughtful location and orientation of build-
ings on a site can aid in controlling noise.
In order 1o determine whather or not there
is apt to be a preferred *“qulet” location
on a site, it Is generally necessary to con-
sider several locations, and to perform sev-
eral detailed calculations as outlined In
Chapters 5 and 6, A recommended pro-
cedure is to choose a trial bullding location
on the site and to perform the daelailed cal-
culations , . ., then compare the estimated
sound levels propagaled from any nearby
transportation noise sources fo determine If
any one of these sources is predominanl at
the trial location. If cne is, then consider
whether or not the distance to that source
can be substantially Increased by moving
the bullding to ancther location on your
site. For each doubling of the distance away
from a highway you can expect a reducllon
of about 4 dB; for each doubling of the
distance away from a rallway you can
expect a raductlon of about G dB (thera [s
no simple rule of thumb for alrcraft noisa).
Buildings can be located in the quiet areas
of a site with windowed facades facing the
quiet areas, and with heavy, windowless
walls facing the sources af sound. In gen-
eral, the noise level near the facade of a
building facing away from the predominant
source of sound will be 3 dB less than near
a facade facing the source, Acoustical
shielding can be provided by the existing
terraln, nalural landscaplng, or wooded
areas,

If the building site [s relatively close to a
major highway or railway, and if the bulld-
ing Is to ba fairly long, two design concepts

can be employed. One is to orient the
building's major axis perpendicular to the
diraction of the highway or railway, and then
to locate the noise-sensitive exierior rooms
ot the end of the building farthest from the
roadway or track, A second design concept
Is to orient the bultding’s axis parallel to
the highway or railway and to provide mate-
rlals having an extremaly high SIR on the
facade facing the nolse source, whlle
placing noise-sensitive rooms on the fa-
cade shlelded by the bullding itself,

It is especlally important that buildings not
be parallel when located on both sides of
an expressway in order to avold multiple
reflections of sound waves which Increase
sound lavels. A randem or staggered build-
Ing layout or a cluster of buildings with no
parallel bullding faces will avold this prob-
fem of multiple reflections of sound waves
between opposite bulldings. Slightly curved
bultdings can be beneficial when the cur-
vature Is convex relatlve to the direction of
the greatest noise source. U-shaped build-
Ings or seml-enclosed courlyards provide
areas for multlple reflactions and should not
be used as outdoor actlvlly areas, bacause
thay tend to be quite reverberant and nolsy.
These layouts are shown In Figure 7-6.

Buliding Configuration: Bulldings can be
arranged with noisy and quiet sides as
praviously mentloned, if the principal nolse
source is rolatively near. Try to have rooms
with low noise lavel criteria located on the
quist side, and rooms with high criteria
located on the noisy side, For exampla, the
mechanical reoms and shops of secondary
schools can be gathered together and ar-
ranged on the nolsy side {particularly since
thesa rooms also are noise sources) while
libraries, auditoria, and ctassraoms are de-
ployed on the quiet side.

The facade trealmenl of the building pre-
senls mora difficult choices. The total
amount of sound penetrating a building is
proportianal to the area of exferior shall
of the building. Hence, a highly compact
bullding is deslred, Idealty the bullding
waould approach a spherical shape so as
to anclose tha greatest volume within the
smallest shell area. Spheres are Imprac-
tical shapes for bulldings, however, and
a more practical compact shape Is the
cuba. On the other hand, A ground-hugging,
rambling building having a relatively high
shell area to enclosed volume might benefit
from noise attenuation barriers which are
too low to benefil a tall building,

There Is one such eflect that can actually
Increase interior sound lavels . , , it oc-
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curs when projections or depressions such
as wing walls and balconjes creale a num-
bar of reverborant enclosuras or cavities.
Thesa are especlally troublesome whan
located at a curtain wall or windowed waill,
since the reverberant cavitles will tend to
ralse sound levels at the wall line, and give
rise lo increased interlor sound levels as a
consequence. Caution should be exercised
lo ensure that no such revarberant cavities
are established. Also, It Is wise to prevent
roadway sound from being reflacted from
the under side of a balcony toward a wall
having windows or doors. The underside of
such balconlas can sometimes be treated
wilh absorptive materials to partlally con-
trol such sound reflections.

Barrlers

The designer usually has no confrol of
transportation nolse at its source, but the
designer can provide some form of shield-
ing between the source and the receiver, or
bullding. This shielding can be in tha form
of walls, natural barriers such as earth
berms, rows of intervening buildings, vege-
tation, elc., as discussed praviously in
Section 5.1 and reviewed here.

Thera are economic limits to providing
sound barriers since it Is costly to construct
barriers which block all paths along which
sound can travel {rom a transportation
system noise source to a building and site;
but, If any worthwhite barrier attenuation
is to be achieved, the barrler must block
all or most of these palhs, In order to
bleck the direct path of sound over the top
of a wall or earth berm, it must be high
enough to block the line-of-sight between
the transportation system noise source,
which s estimated to be 8 ft high ifor heavy
trucks and 15 {t high lor diesel-alectric loco-
motives, Also, nolse propagating in a direct
path around the ends of tha barrier can se-
vereiy limit its attenuation. The barrier in-
cluded angle should bhe made as large as

possible by extending the ends of a barrfer
as shown |n Figura 5.1-18,

To prevent sound transmission directly
through the seund barrler, it should be con-
structed of a material whose surface welght
density is greater than 4 |b/fl.? Table 7-1
gives approximate surface weight densities
for a variety of materials which may be sull-
able for barrier construction, When choos-
ing a material you must alse consider the
cost, erse of construction, and durability
with respect to weather conditions. (Refaer-
ence [1] lists soma types of existing and
proposed barriers In the Unlted States and
describes the detalls of construction and
the materials used. This reference may be
halpful to you in designing a barrier.)

Also important in preventing sound trana-
mission directly through a barrier is the
alimination of any holas or openings In the
barrier. The area of any openings in the
bartler must be kept well below 10 percenl
of the total barrier area, or bettor yet, com-
pletely eliminatad to glve a solid con-
tinuous barrier with no direct paths to your
building.

The iocation of a barrler Is important in de-
termining its atienuation. The barrier should
be located either close to the source or
clese to your building so that the angle ol
dilfraction, hanece tha attanuation, [s maxim-
ized. If your proposed bullding Is to be
sevaral stories high, you will probably want
to locate the barrier as close to the source
as possible, since & barrier close ta the
building would not shield its upper floors,
QOn the other hand, I your propesad building
Is to be only one-story hlgh, the barrier
could be located close to the building, thus
reducing the needed length of barrler,
Thare are situations when It is better
to locate the barrler at some Intermedlate
point. For example, a conslderable savings
might be achieved by locating the barrier
on a hill or embankment lying between the

Table 7-1. Approximate Surface Welght Denslties for Varlous Materials.

Surface Weight Density,

Materlal b/ t?
Timber, Fir (1Y2 inch thick} 5.0
Timber, Fir (2 Inch thick) 6.7
Plywood (1% inch thick) 4.2
Cinder Block Hollow Core (8 inch thick) 25,0
Concrele Block Holiow Core (4 inch thick) 23,3
Concrete Block Hollow Gora {8 inch thick) 35.0
Brick (4 inch thick) 43,3
Concrele, Densa (4 inch thick) 50,0
Plaster an Matal Lath (Y2 Inch thick) 4.5
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source and your slte. Keep In mind that the
angle of diffraction (or in other words the
path tength difference), and the barrier in-
cluded angle are crucial in controlling bar-
rier attenuation, You can choose several
alternatlve barrier locatlons and then deter-
mine the required barrier size needed to
provide the desired altenuation for your
building and site.

Rely upon your cwn ingenuity in the use of
barriers. An exlsting earth berm should be
left undisturbed or augmented. Through
careful planning, you can utilize non-critical
bulldings such as warehouses, garages, and
slorage sheds as barriers far occupancies
having more critical noise criteria. Or, you
can provide heavy sound isclatlon on the
facade of a building facing a noise source,
and then use this building as a barrier for
other buildings. When extensive right-of-
ways are avallable, vegetation shielding
may be an available solution. Vegetation,
howaver, takes a considerable amount of
time to grow, and its noise reduction polen-
tial is limited. Moreover, shiglding from
deciduous trees is greatly reduced when the
treas lose their leaves.

Obviously cost and amesthetics are Im-
portant, Costs vary considerably depending
In genaral upon the barrier helght required
and the construction materials. The cheap-
est barrier Is vsually the earth berm, which
on some projects can ba bullt from excess
fill at very low cost. The appearance of
earth berms is usually good, sinca land-
scaping can virtually hide them from sight,
or disguise tham as natural hills.

In summary, barriers can be useful In re-
ducing the noise levels al your site, but
there are limits to their effectivensss. It is
possible to obtaln a barrier altenuation of
10 declbels without toe much difficulty, but
It may be wise to have tha barrler designed
by an acoustical consultant ar noise control
enginaor to ensura that the barrler will
achlave this attenuation and solve your
nolse problem.

Bullding Sheil

The building shell is the last line of de-
fense against noise, and a line of delense
decidedly under the control of the designer.
Ag you have seen, the noise isolation pro-
vided by the bullding shell can be serlously
degraded by a singlo weak link . . . a
fundamental you must {ully grasp If you
are 1o eflectively control sound transmis-
sion. The waeak link principle states simply
that the sound isolatien oi any shell member
is reduced substantially by shell member
components having low sound Isolation

ratings. This was demansirated by the ex-
ample of Chapler 6 where the brick venaer
facade mamber having a SIR of 51 was re-
duced first by the fixed single glazed window
(SIR of 28) lo n composite SIA of 32, and
then by a decorative 20-gauge steel panel
(SIR of 26) to a composHe facade SR of 30.
Whereas fhe final composlie SIR was not
qulte as low as the SIA of the steel panal, it
was substanlially reduced from 51 to 30.
Chbvlously, the steel panel, constituting only
17 percent of the facade wall's area, was
accountable for much of the sound trans-
mitted through the facade wall.

In the same fashion, the cumulative SIR
for the trial room In the axample of Chapter
6 was raduced from a SIA number of 34 for
the roof to tho room SIR value 25, when ad-
justed for the weaker flanking and facade
wall membars.

The sound transmission contribuled by any
componeant to s shell mamber is, of course,
not only affected by its materlals, bu! also
by the area of the component relative to
both the area of the shell member, and to
the materlals and areas of other compo-
nents, Thus, a small window will not be as
weak a link as a large window.

Likewlse, the sound transmission contrlb-
uted by any shell member to a bullding reom
depends upen the area and materlals of the
shell member In relationship to areas and
malerials of the other shell members of the
room,

To Improve the sound isolation of a shell
member, then, It Is more Important to im-
prove the weaker components than the
stronger ones; lor example, double glazing
a window may prove fo be more cost effec-
live than bullding up the wall that raceives
the window. Of course, the higher the SIR,
the less sound {ransmited through the shall.
From this type of Informatlon you will galn
an understanding of the weak |Ink principle;
open windows and doors can destroy the
sound Isolation of a well no matter how
massive,

The overall sound isolaticn of a she!! mem-
ber is rolated to its mass, stiffness, con-
tinuity of conslruction, scund absorbency of
interlor wall coverings, and freedom from
cracks or heles {usually achleved by high
quality construction). Al of these shall
momber charactoristics resist the penstra-
tion of sound through the membar and
resist maember vibration In response to in-
cident sound. Tha greator the mass, the |ess
a shell member wlll be excited into vibration
by Incident sourds, arsuming tha shall mem-
ber's stilfness is held consiant.
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Holes and cracks are the worst offenders in
admiling sound. A holo occupying only
0.01 percent of a total shell member's area,
limits lls sound isolation to 40 dB, Thus, a
highly szound-resistant shell mamber, such
as one of a hundred squara feet with a
SIR of 60, would be reduced o a SIR of
40 by a hole 1% square Inches, A shell
member of the same size but having a
S[R of 40 would be dropped by the samse
size hole to a SIR of 37. For the former
shell member, at least 80 percent of the
sound energy entering the building would
pass lhrough the hole; for tha latter shell
member, 50 percent of lhe energy would
be transmitted via the hole, Clearly, It is an
acoustic error to specily heavy consiruc-
tien It the heavy construclion has penslra-
tions which are not well-sealed.

Similarly, open windows can destroy the
sound isolation of a building. The recent
Interest In energy conservation has caused
a reexamination of the trend loward year-
raund air conditioning with sealed windows
(especially for oflice buildings). Same ex-
perts baligve that a relurn 1o buildings with
operable sash and natural ventilation can
save anergy used for cooling In spring and
fall In most parts ol the country. Other
wxparts argue that any such enargy savings
are lost thraugh alr infiltratlon around oper-
able sash in winter and summer, which are
peak perlods for heat loss and heat gain,
In any avent, sealed, lixed windows provide
bettar noise attenuation than comparable
opergble windows. Even a raasonably tight-
fitting operable window is apt to have a
crack width of 0.03 inches [2). If the win-
dow Is only 2-feet wide by 3-fest high, it
will have ten feet of crack equivalent in area
to a hole of 3.6 square inchas. Some filly
percent of the sound imginging upon the
window may enier the building through the
crack. Weathar-stripping can improve the
window's acoustical and thermal perform-
ance, and double glazing is superior to
single glazing. In general, ihoss principles
which provide desirable thermal insulation
will also provide sound Isotation.

How much sound Isolation does a “typieal”
buitding provide? The Environmentat Pro-

tection Agency (EPA} has published thls
type of information for dwellings subjecied
to alrcraft noise {3]. The EPA categorized
houses as ''warm climate’’ and "cold cli-
male,” and reported findings for open-
window and closed-window conditions for
both categories of house. The “open-
window condition” corresponded to an
opening of 2 square feet, and a room ab-
sorption typical of bedrooms and living
raoms, Basad upen this "open window con-
ditlon," and aiming at conservalive values
of the seund levels Inside dwellings, the
EPA published the values of Table 7-2.

Tha sound level reductions provided by the
exlerior shells of buildings in a given com-
munity have a wide range due to differ-
ances in the use of materials, building
techniques, and Individual building plans.
Nevertheless, for general planning pur-
poses, the Table 7-2 reductions In sound
leval from oulside to inside a house can
be used, Howavar, their use In connection
with this guide is llmited since they reflect
average sound level reductions, and are,
therafore, not completely compatlble with
thls deslgn guide's rcom-by-room shetl iso-
lation rating method of calcufation.

To fortlly the shell agalnst sound, one
should==(1} use heavy, monolithic mate-
rials (concrete, brick, and block are more
sound resistant than wood or stesl {rame
conslruction or curtain walls),—({2} reduce
the area of cracks and holes penelrating
the shell by careful architectural detalling
and through quality constructlon,—{3) de-
sign for sealed windows with year-round
air condilioning where noisa condillons
are serious,—(4) reduce the size of win-
dows and provide them with double glaz-
ing keeping the size of operable sash,
hence crack length, to a minlmum—(5}
avold weak links by ensuring thal SIRs for
shell member components are comparable
and as large as possible. Naturally, the
deslgner must use [udgment in applying
these sound control guideiines to partlcular
builaing projects, whlch will suraly have
many other concerns competing agalnst
acoustic considerations.

Table 7-2. Sound Level Reduction Due 1o Housas® In Warm and
Cold Climates, with Windows Open and Closed.

Windows Windaws
Open Cloged
Warm climate 12 dB 24 dB
Cold climate 17 dB 27 dB
Approx. national average 15 dB 25 dB

* Attonuation of outdoor nolse by exlarlor shedl of the housae.
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Furnishings

Do not overlook Iha possibilllles of acoustl-
cally absorptive malerials for floor, wall,
and celling coverings and for Interior fur-
nishings, The calculallons of Chapter &
Indicate a maximum scund level diflerance
of approximately 6 dB batween a bare room
with a hard celling and no carpet, and a
room that has an acousltic celling and Is
fully carpeted. Mederately absorptive deco-
ratlons and furnishings in an office or class-
room would reduce nolse levals by, say,
2 dB baelow that for a bare, reflective room.
A difference of a few declbels, while modest,
may hava a favorable poychological Impact
upon bullding occupants, especlally when
made aware by the presance of these ap-
pointments, that aitempts have besn madse
to reduce nolse levels.

It may be possible to further reduce noise
lavels, through the use of acoustically ab-
sorptive interior partitfons. Also, Interlor
furnishings such as chalrs, sofas, ete., which
are relatively heavily padded and coverad
with soit fabrics can achleve another noise
level reductlon amounting to 1 or 2 dB.

Iflustrative Example

To IMNustrate some of these design allerna-
tives, el us once again consider the ex-
ampla cited in Chapters 5 and 6. Recall that
for this example, the slte |s located near
two major hlghways, & railway, and an alr-
part; and the '“worst case” rcom selected
for calculatlons was a corer, top-floor room
in the ten-story apartment bullding.

Because the noise from the alrport and
highway is dominant, it Is impossible fo
make effactive use of any of the suggested
slting alternatives short of a completely new
site selection, It one could disregard the
air traflic as a nolse source, It would be
beneficial to re-posilfon the bullding a llitle
closer to thae rallway lne, since its nolse
component i3 smaller than that of the
highway, But since the building is sub-
jected principally lo aircraft nolse, It would
not be vary halpful to make use of building
lecatlon and orientation options.

Building configuration witl not be an impor-
tant facter elther, since nearly all of the
noise sources are at a considerable dis-
fance and arranged around the site so that
the building wlll have no quiat side.

Barrlers wlll not be feasible as deslgn
altarnatives because the domilnant source
of nolse Is alreraft,

Thus, the building shell offers the principal
opportunities for design alternailves. In re-
vliew of the SIR warkshesat {Figure 6-7}, you
can quickly reallze that there are threa
“'weak links" in the building design for the
“'worst case' room—the window in the flank-
Ing wall, and tha window and decorative
steel panel In the facade wall. To Increase
the total room SIR, these "weak |Inks” must
be sirangthened hy reducing the areas of
the "weak link" components or replacing
them with components having higher SIRs.
Or, tho quallty of workmanship could be
improved to reduce alr leakags.

If {a) tha steel panel is replaced with an
identlcally dimensionad stucco panel (SIR
of 41}, (b) the single glass fixed windows
are raplaced with deuble glazed fixed win-
dows (two panes of % Inch glass plus a 2V
Inch air space—SIR of 37) In both the flank-
ing and facade walls, and (c) average work-
manship Is assumed, the total room SIR can
be Increased to 28, an increase of 4, If In ad-
dltion to these medifications the workman-
ship Is Improved from average to good, the
total room SIR can be Increased o 30.
Moreover by adding an acoustic tile celting,
the room SIR would be increased by 2 to
a valua of 32. The predicted total sound
level in the “worst case" room would then
be 71 - 32 = 39 dB, which iz below the
noise critarlon lavel of 40 dB. As another
alternative, eliminating the window in the
flanking wall would Increase the total room
8IR to 32 wlthout using acoustlc tite calling,
Nolse predictions for this |ast alternatlve—
no flanking wall window, stucce panel and
double glazed window in the facade wall,
and gooed workmanshlp—are iitustrated In
the SIR Worksheet of Flgure 7-7 and the
Room Noise Warksheet of Flgure 7-8,
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Flgiie 7-7. SIR Worksheet for Revised Example,
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/0-Store Apartment
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14 the Tol# Indoar Sound Leval You
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f Tre Dangn 13 Sailefactory

Figure 7-8. Room Nolse Worksheet for Revised Examnla.

Recall, further, that the room chosen was
a "worst case™ corner room with two walls
and a reof expesed fo sound pressuras.
Other rooms having only one facade wall
exposed would have nolse levels reduced
by 3 dB relative to the poise levals for com-
parable rooms with roof and flanking wall
exposure, The sound level within such a
“typical" nap-comer, exterior room using
& stucco panel would be 36 dB, which fa well

below the selected nolse criterion for this
apartment bullding. An additlonal incrament
of 2 dB would be achleved if an acoustlc
tite celling were employed. In this case the
sound level would be 34 dB, Table 7-3
summarizes these alternative designs and
the resuiting Interlor sound levels In the
"worst case” corner room and In other non-
cormer rooms.

$/an:




134 Tabla 7-3, Summary of roam SIR and Interior sound level calculations for "worst cases”
top-floor cotnar room and comparable Interlor rooms for the original and two alternative
building designs.

Flenking Wail—8~ X B% X 18* Hollaw Cora Congrole Block
Design 12 X & Hoavy Glase Fixad Window
Facade Wall-Metal Framo Frame Insutaled Brick Véhoer
10 x 4 Hoavwy Glasa Fixed Window
Description 8" x 2¢ Steel Pans)
Reoal—Ipsulatad 3" Stapl Dock
"'Worst Case’ Top-floar Workmanship—Avarage
Cornor Inlorlor Fumishings—Carpsl, No Accustic Tlle Celfingn or Heavy
Room Drapas
Non-corner
Raom
Flanking Wall=8* X 8&* X 168% Hallaw Core Concrole Block
12° X §' Henvy Doubls Qinzed Fixod Window
Facade Wall=Meiat Frame Insulated Brick Veneoer
Oirgi 107 X 4' Hoavy Doubls Glazed Flxed Window
reinal 8 X 2 Stugco Panal
Gontiguration Rosd—Insulnied 3* Stos] Deck
Wazkmanshig—Good
Alterpativa Injorlar Fumnishinga—cCarpa! and Acoustic Tile Celllng, Ha Hesvy
No, 1 Brapus
Altarnative Flanking Wall—8* X B" X 16* Hallow Cors Concrete Block
Wa. 2 No windew
Facade Wall—Matal Frame Insulsied Brick Venser
t0' X 4' Hoavy Double Glazed Fixed Window
8 X 2 Stucco Panel
Roat—(nusulated 3 Stesl Deck
Warkmanshlp—Good
Interlor Fumishinga=-Caspet, No Acousllc Tilo Ceiling or Hoavy
Orapes
Reforences [1] Anderson, G. 5., Mlller, L, N., and Shad- Infiltration and Natural Ventllation,
Chaptor 7 ley, J. R, “Fundamentals and abatement Chapter 19 (Amerlcan Society of Heat-

Design Alternatives

of highway traflic nolse: Volume Two—
nolse barrlers design and example
abatement measures™ (Federal Highway
Administration, Washington, D.C., 1973).
Available from Natlonal Technical Infor-
mation Service, Springlield, Virglnia,
Accession No. PB 222-703.

[2] ASHRAE Hangbook of Fundamenlals,

Ing, Refrigerating, and Air Gonditloning
Engineers, Naw York, 1972),

{3} Anan. Informatlon on levels of environ-

mental noise requisite to protect public
health and welfare with an adequate
margin of safety, EPA Report No., 550/9~
74-004 (U.S, Environmental Proteciion
Agency, Washinglon, D.C., March 1974}
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Appendix A

8IR Values for Bullding Shell
Members and Components

Introduction

The SIR values for walls, roofs, windows,
and doors presented In this appendix have
been abtalned, togather with descriptions of
the construction detalls, from published
literature [1-13) on the sound isolatlon, or
transmisslon loss properties aof bullding
shell membars and their components,

£ifort has been expended to Include In this
list only those bullding constructions which
have adequale descriptions of construction
detalls, and those which appear to be fach-
nically consistent and accurate. Unfor-
tunately, the |iterature on this tople (s not
wall organized; and the data should be mara
thoroughly and accurately compiled In the
future, The data of relerences [1], [3] and
[4] are perhaps the most comprehensive,

Should you require the SIR valua for some
bullding shell member aor compeneni not
listed In Appendix A, and If you hava the
nacessary transmisslon loss data, you can
derive the SIR value using the procedure
outllned in Appendix B (“Determination of
the Shell Isotatien Rating"). Alternatively,

you can estimate a SIR value by comparing
the shell member or companent you have In
ming with onas of simllar construction llsted
herein.

For some constructlons, more defalls can
be obtalned from references [1-13], al-
though pertinent detalls have been included
herein Insclar as possible.

In some cases, manufagturer's names or
deslgnations are [ndicated In the "Remarks"
portion of the tsiing. This Information [s
hased upon avallable published literature,
and may not represent currently avallablte
products or product performance. The
roader Is encouraged to seek out speclfi-
cafions peftaining to currently avaltable
products, to determina the relevant SIR
valuas, and to up-date and supplement these
listlngs as appropriate, The Inclusion of
these manufacturers names and proprietary
dastgnations, or tha omission of others, does
not constitute any endarsamont or criticlsm
of produet performance on the parl of the
Natlornal Bureau of Standards. Rather, ithe
data are given to provide a limited sam-
ple of avallable building components for
the users of this deslgn gulde,

L4 Sty e s
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Walls

Description

concratas Walls

4 In. thick dense poured concrele, or solid block
4 in. dense poured concrete

6 in. thick dense poured concrole, or solld block
8 In, thick dense poured concrete, or solld block
8 In. dense poured concrete

12 In. thick dense poured concrele, or solid block

18 In. thick dense poured concrete, or solld block

Brick, Block, and Tile Walla

4 In. lightweight concrete block
4 in, lightwelght concrate block

6 in. thick hollow concrate block, 6 in. x 8 [n, x 16 in.
6 In. thick hollow concrete block, 6 in. x 8 {n. x 16 in.
6 in, thick hatlow concrate block, 6in, X Bin. x 16 In.,
¥z In, gypsum wallboard fastened on furring strips
inalde

8 In. thick hollow concrate block, § In, x 8 In. x 16 in.
8 in. thiek hollow cancrete black, 8 In. x 8 In. x 16 In.
8 in, thick hollow concrete block, & In. x 8 [n. x 16 In,,
gypsum wallboard fastened on furring strips Inside
12 in. thick solid concrete block, 12 In, x 8 In. x 16
In., % in, gypsum wallboard fastened on furring stiips
Ingide

12 in, thick combination wall, 8 in. x 8 in, x 12 in,,
and 8 in, x 4 in, x 16 in,, hollow concrete blocks
slotted lightweight concrete block, 8 In. x 8 In, x 168
in,

8 In, dense concrete block

8 In. dense concrete block

12 in, thick brick wall

perforated glazed tile, 3% In, x 7% in, x 15% In.,
fibarglass core

acoustic ceramlc glazed structural facing tlle, 3%
in. X 5% In, x 1134 in,

3% in. thick {approx.), 18 ga. steel panels filled
with 6-B Ib/cu it Insulation

Brick Venosrad Frame Walls

faca brick veneer, ¥z in. air space with metal tles,
% in, Ingulation board sheathing, 2 In. x 4 in. wood
studs, 16 in, o.c., resilient channel, Y2 In. gypsum
watlboard serewed to channel

face brick venaor, ¥z in, alr space with metal tles,
% In. insulation board sheathlng, 2 in. x 4 in. wood
studs, 16 In. 0.c., fiberglass building Insulatlon, ¥2 In.
aypsum wallboard scrawed to studs

Walght
lhs/fi2

50
50
73
85
100
145
180

24
24

]
34
&7

30
30
43

124

79

50

50
121

Remarks

{estimate)

{estimale)
{estimate)

(estimate)
(estimate)

unpalnted
sealed with 2 eoals of
paint

1 wall palntad
extarfor wall painted

painted both sides
axterfor wall palnted

2 coats of bondex ce-
ment base paint on one
sida, Soundblox Type
“A" The Proudioot Co.,
Ine.

sealed with 2 coats of
paint

unpalnted

Arketex Ceramic Corp.

SCR Acoustila

Stark Ceramies, Ingc.
Jolnts and edges sealed
{estimata}

Rol.

18]
[2)
(5}
[5]
(2]
(5]
(5]

(21
12]
[13]

(4
na)

[13]
113]
na]

113}

[4]
i3]

(2]
[2]
(4]
(3]
3

(5]

n

(1

SIR

47
43
46
52
49
&1

a7

43

4
45
43

43
43
46

54

49

44

52

52
54
44

48

a8

48

51




137 face brick venear, V2 In, alr space with malal ties, % — 1
In. Insulation board sheathing, 2 in. x 4 in, wood
studs, 16 in. o.c,, fibarglass bullding insulation, resll-
lent channel, ¥% In. gypsum wallboard screwed to
: channsl
| Stuceood Frame Walls

% In. stucco, no, 15 feit bullding paper and 1 In, — [2]
wire mesh, 2 in. x 4 in. woad studs, 16 n. o0.c., & In,

gypsum wallboard fastened lo studs

% In, stucco, no. 15 lelt bullding paper and 1 In, _— [2]
wira mesh, 2 in. x 4 in, staggorod wood studs, 16 in,

0.c., 5 in. gypsum wallboard fastensed to studs

% In. stucco, no, 15 falt bullding paper and 1 In, — 5}
wire mesh, 2 in, x 4 in. wood studs, 16 in. o.c,

fibergiass building Insulation, %= in. gypsum wall-

board screwed to stud

% In, stucco, no, 15 felt building papsr and 1 In, — 1]
wire mesh, 2 In, x 4 In. wood studs, 18 in. 0, ¢.,

resillent channel, ¥ in, gypsum wallboard screwed

to channel

% in, stucco, no. 15 felt bullding paper and 1 in. — m
wire mash, 2in, x 4 In. wood studs, 16 In. o, c., fiber-

glass bullding Insulation, resilient channel, ¥z in,

gypsum wallboard screwed to channel

Framo Walis With Wood Siding

% In. x 10 In. redwood siding, ¥z in, insulation board —_ {1
sheathlng, 2 in, x 4 In, wood studs, 16 in. o. c., fiber-

glass bullding [nsulatlon, Y2 in, gypsum wallboard

acrewed to studs

8 in, x 10 in. redwood siding, ¥z In. insulation board — 1]
sheathing, 2 In. x 4 in. wood studs, 16 in. 0. ¢, ¥ in,

gypsum wallboard scrawed to studs

% In. x 10 In, redwood siding, % [n. insulation board — 11
sheathing, 2 in. x 4 In, wood studs, 16 In. o. ¢,

reslilent channel, Y2 In. gypsum wallboard screwed

to channel

% In. x 10 In, redwood siding, V2 In. Insulation board —_— 11
sheathing, 2 in, x 4 In. wood studs, 16 In, o. c., fiber-

giass building Insulation, resillent channel, V2 in,

gypsum wallboard screwed to channel

Metal Watls, Curtainwalls

s

R

SES T T
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BER R
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fl
s

T fluted 18 ga. sheet metal 44 prafabricated building {2)
companant
214 in. thick panel, 20 ga. galvanized steel channel 4.5 Elwln G. Smith Div. 3]
well, parforated 18 ga, galvanized steel B-llner, fiber-
giass sealed In polysthylene bags
21z In. thick panel, 20 ga, galvan)zed steal channel -—  Elwin G. Smith Div. [al
" wall, parforated 18 ga, galvanized stesl C-liner, fiber-
2 glags sealad in polyathylene bags
i common curtainwall spandrel panel, 168 ga, sheat 7.8 [2)

metal exterfor, Insulation and % in. gypsum wall-
board Interior

: 2% in. thick panel, welded steel ribs, vertical 1 ga. 513  Corporate M5-454 [3}
5 steel stiffeners, rockwool Insulation between 20 ga. Virginia Metal Products
- stesl sheets Div,
2% In, thick pane! stlffeners, rockwool insuiation be- 4,48  Monoline wall partition {3
twaeen 20 ga. steel sheats Virginia Metal Products

Div.
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2% In. thick panel, 20 ga. galvanized steel channel
wall, perforated 18 ga, galvanized steel C-liner, flbar-
glass sealed in polyethylene bags

20 ga. galvanized steel channel wall, perforated 18
ga. galvanized steel C-linar, flbarglass, 5 In. gypsum
wallboard *

Shadewall
Elwin G, Smith Div,

Shadowall
Elwin G. Smith Div.

1]

13]

a9

H

* Some of the melal parlitions ilsled hure are not princlpally intended for use as exlerior partilions, However, the
description and Inclusion of SIR values are included 1o provide a basis for ostimation of the shelt Isolation proporties of

comparable melal exterior wall systems.

Roofs

Doseription

Wood Roofs

built-up, Insulated roof over 2 in, fongue and graove
wood planking

shingle roof with atiig, ¥2 In, gypsum wallboard ceil-
Ing, framed Independently of roof

built-up, Insulated roof ovar 2 in. tongue and groove
woad planking, ¥z In, gypsum wallboard with cavity
insutation

Stool Rools

bullt-up Insulated roof over 18 ga. melal decking
1% In. thick rool, 22 ga. steel roof decking

1% In. thick roof, 20 ga. steel roof decking

3 In, thick roof, 20 ga. steel roof decking

1% in, thick roof, 18 ga. steel rool decking

4%z in, thick roof, 20 ga, sleel roof decking

1% In. thick roof, 18-18 ga. steel roof decking

4% In, thick roof, 20-18 ga, steel roof decking

15t In, thick roof, 18-18 ga. steel roof decking

4% In, thick rocf, 20 ga. steal roof decking

6 In, thick roof, 18 ga, steel roof decking
4%z In, thick roof, 16 ga, sieel roof decking

7Ve in. thick roct, 18 ga. steel roof decklng

Waeight Remarks

tba/ft2

expased planking and
beams

attic ventllation

Type S Acoustideck
Inland Ryerson Co.
Type S and B
Acoustideck

Intand Ryerson Co,
Type 3In.HAN
Acoustideck

Inland Ryerson Co.
Type S and B
Acoustideck

Inland Ryersoen Co,
Type 4% In, H
Acoustideck

Inland Ryerson Cao.
Type 1% In. NF
[nland Ryerson Co.
Type 4V2 In, H
Acoustideck

Inland Ryarson Co.
Type 15 In. NF
Inland Ryersen Co.
Type 4% in. HF
Acoustideck  Inland
Ryerson Co,

Type & in. H Acoustideck

Inland Ryerson Co.
Type H Acoustideck
Inland Ryarson Co.
Type 7TV2 In, N
Acoustfdack

Inland Ryerson Co.

Rof,

12
(2]

(2]

12
3]

(3]

(3]

(3]

(2l

&
(3]

&)
13

(3}
[l
{3

SIR

a7

40

42

36
42

43

43

44

44

46

46

47

47

47

48

48
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1% In, thick roof, 16-18 ga. steel root decking

3 In. thick roof, 18-18 ga. stesal roof decking

B In, thick roof, 16 ga. stesl roof decking

412 In, thick roof, 18-18 ga. steel roof decking

4% in, thick roof, 16-18 ga. steel roof decking

6 In, thick roof, 16-16 ga. steel roof decking

built-up, insulated roof over 4 In. concrete slab

50

Windows

Doscription

Fixod Windows, Single Glazed

single sirangth glass {342 in.)
slngle strength glass (%2 In.}

double strength glass
2 mm glass

3 mm gless

4 mm glass

% In. dlass

4 mm glass

¥ In, glass

% In. ghass

8.5 mm glass

5.5 mm glass
% In. glass
Y2 In, glass
10 mm glass

laminated glass [¥s In. glass, 0.045 In. Interlayer,
¥ In. glass]

laminated glass
9.5 mm glass

159 mm glass
laminated glass

Waight
lhs/it?

111 1

]

!

Type 13 In. NF
Inland Ryerson Co.

Type 83 In, NF
Acaoustideck
Inland Ryerson Co,

Type 61n, H Acoustideck
Intand Ryerson Co,

Type 4% In. HF
Acoustideck
Inland Ryerson Co.

Type 4% In. HF
Acoustideck
Intand Ryerson Co,

Type 6 in, HF 16-16 ga.
Acoustldeck
Inland Ryerson Co,

Remarks

four Nghts

fixed window, divided
lights, 16 panes, ¥s In.
glass, 5k [n. alrspace

single |lght

wood frame

alngle light

plagtic frame, 3 lights
wood frame, 3 |ights

wood frame

spaled

wood and stesl frame

metal framo, glass sat
In ferromastic putty

lwa lights
wood and sieel frame

3 plies, 10 mm thick
glass with 2 damping
layers

glass mouniad In neo-
preno gasket

doubls Y In, sheets
laminated to Inner
clear damping layer,
sealed |n heavy wood
frama

i3
13

1K)
&)

3]

13

{2

Rel.

[12]
8]

!
M2
i12)
[t2]
12
(12

(2
[12]
(1]

12
[12]
a
[12]
12

[12]

na

{12]
[

49

49

49

49

&0

51

49

SIR

25

28
26
26
26
26
20
28
208
28

29
2%
3o
31
at

3

az

a2
32
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¥ In. acoustic glass
% In, glass

laminated glass [% in. glass, 0.045 In, Intorlayer,
Va In, glass]

15 mm glass

¥ In. glass

% in. glass

1 In. glass

laminated glass [Y& in, glass, 0.045 In, interlayer,
3 in, glass]

V2 In. acoustic glass

laminated glass

laminated glass [¥% In, glass, 0.045 In, Interlayer,
% in, glass)

¥% in. acoustic safety glass
V2 In. laminated glass

laminated glass

laminated glass

Fixed Windows Doublo Glazad
3 mm glass, 4.8 mm alrspace, 3 mm glass

2.9 mm glass, 4,9 mm alrspace, 2,9 mm glass
3 mm glasa, 12 mm alrspace, 3 mm glass
8 mm glass, 12 mm airspace, 6 mm glass
6.2 mm glass, 11 mm alrspace, 6.2 mm glass
% In. glass, ¥z In. airspace, % in. glass
3 mm glags, 51 mm alrspace, 3 mm glass

3 mm glass, 32 mm alrspace, 3 mm glass

4.9 mm glass, 18 mm alrspace, 7.6 mm glass

6 mm glass, 12 mm alrspace, B mm glasas

12 mm glass, 12 mm alrspace, 12 mm glass

¥ In, plate glass, 2% In, airspace, % In, plate glass
8.1 mm glass, 21.5 mm airspace, 9.4 mm glass

6 mm glass, 13.3 mm alrspace, 8 mm glass

7.7 mm glass, 13.5 mm alrspace, 9.5 mm glass

8 mm giags, 12 mm alrapace, 10 mm glass

8.1 mm glass, 27 mm alrspace, 8.1 mm glass

Y4 in. glass, 1 In, alrspace, % In. glass

¥ in, glass, 1 In. airspace, 3 In. glass

3 mm glass, 75 mm alrspace, 3 mm glass

3 mm glass, 10 em airspace, 3 mm glass

4 mm Innar glass, 58 mm airspace, 10 mm outer glass

3 in. glass, 1 In, airspace, % In, glass

sealed
wood frame

wood frame

sealad

4 plias, % In. thick
glass with 3 interlayers
of 0.045 in.

Soundiropane 40
Dearborn Glass Co.,

Series 324

Starline, Inc.

3 plies, % in. thick
glass with 2 Inter-
layers of 0.045 in,

6 plies, ¥ in. thick
glass with 5 Inter-
layars of 0.045 In.

metal frame, weathor-
stripped, 6 lights

sealed, 2lights

sealed unit
wood frame, 3 lights

separate wood frames,
20 lights

wood frame
sealed unit

sealed unit
sealad unit
sealed unit

sealed unit
flgured glass, 3 lights
flgured glass, 3 lights

wood plastic com-
posite window, 1 lip
sealed

figured glass, 3 lights

(2
[12]
[12]

2]
2]
2]
e
(2]

[2]
M2

2]
[t0]
)]

2]

na

(12]

(2]
12
N2
(12}
(12]
na

na
el
12]
2]

[3]
(2]
[12)
(12]
(12
nal
1a)
2]
Nz

9l

(8]

(12)

a
a
a3

34
a4
34
34
35

36
36

a

a?

a8

38

39

22
25
27
27
28
30

a0
30
30
30
a2
a2
a2
a2
a1
a3
a3
33

34
34

34
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8 mm glass, 13.3 mm alrspace, 10 mm glass
4 mm glass, 8,5 cm alrspace, 4 mm glass
Ya In. glass, 2 In, alrspace, Ya in. glass

6 mm glass, 10 cm alrapace, 6 mm glass

¥is In. glass, 2 In, alrspace, Ya In. glass

% In. glass, 2 In. alrspace, % in. glass

3 mm glass, 10 cm airspace, 6 mm glass

4 mm glass, 10 cm afrspace, 4 mm glass

Ya In, glass, 2 In. alrspace, 2 In, glass

Y2 In. plate glass, 2% in, alrspace, ¥ In. plata glass

3 mm glass, 10 cm alrspace, 3 mm glass

3 mm glass, 10 cm alrspace, 8 mm glass
4 mm glass, 10 ¢m airspace, 4 mm glass

4 mm glass, 10 cm alrspace, 4 mm glass

%e In. glass, 2V2 in. alrapace, ¥ In. glass

% In. piata glass, 2V2 in. alrspace, ¥ In. plate glass
Ya In. glass, 2 in, alrspace, 3% In. glasa
4 mm glass, 10 cm alrspace, 4 mm glass

& mm glass, 10 cm airspace, 6 mm glass

6 mm glass, 10 cm alrspace, 5 mm glass

6.25 mm glass, 70 mm &irspace, 19 mm glass

%s In, glass, 2 in. alrspace, 3 In, glass

%2 In, glass, 2% In. alrspace, ¥ In, glass

¥ in. plate glass, 2% In. alispace, ¥ n, plate glass
8 mm glaas, 10 cm alrspace, 6 mm glass

3 mm glass, 10 cm alrspacs, 6 mm glass

3 mm glass, 10 cm alrspace, 8§ mm glass

s In. glass, 4 In. airspace, % in, glass

3s in, plate glass, 4% In, airspace, % [n, plate glass
43 In, glass, 3% In. airspace, ¥4 In. glass

%42 In, glass, 3% In, airspace, ¥4 in. glass

sealed unit

separate wood frames,
20 lights

figured glass, 3 lights

aluminum frame,
DeVae, Inc.

10 c¢cm x 10 cm deep
absorblng materfal [n
frama channal

10 em x 2.5 cm deep
absorbing materfal in
frame channal

10 ¢m x 5§ cm doep
absorbing materlal in
frama channel

necprene gasketad
aluminum frame

10 em x 10 ¢m deep
absorbing materfal in
frama channel

10 em x 2.5 em deep
absorblng material in
frama channel

10 em x 5 em deep
absorbing material in
frame channel

10 em x 10 cm deep
absorbing material in
frame channal

10 em % 10 ¢m deap
absorbing materlal In
{rame channel

10 cm x 10 cm deep
absorbing material in
frama channal

aluminum frame,
Sltelines, Inc,

neoprene gaskeated
aluminum frame

(12
)]
(2]

[l
B2
2]

[e]

&)
t12]

I3

(¢

(9
il

()

(2]

&)
2]
(9

19l

19

(2]
12}
{2l
[a)
18]

[9]

8]

(1]

{9]
12

[12)

34
a5
35

36
38
28
a7
37
a7
7

38

a8
38

a8

38

as
a8
39

a8

a9

39
40
40
40
41

42

42

AS

45
45

45
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%2 In. plate glass, 3% In, airspace, 4 In, plate glass

¥ 1n. plate glass, 4 in. airspace, 5s in, piale glass
Single Hung Windows, Single and Double Glazed
double glazed (s In.}

Vs In, plate glass
Doublo Hung Windows, Single Glazed

alngle strength glass (3% in.)
single strength glass {34; In.)
single strenglh glass (3% in.)

Double Hung Windows, Double Glazed

%2 In. single strenglh glass, 3s In. alrspace,
%s in, singla strength glass, 3% In. airspace

%; in. singlo strength glass, 3s I[n. alrspace,
%2 In, sinple strength glass with storm sash

3 in, glass with 352 In. single strength glass storm
8ash

Casamaont Windows, Single Glazed

single strength glass (¥ in.)
double strength glass (W In.}
double strangth glass (% In.}
double strength glass (% 1n.)

Horlzontal Siiding Windows
single strangth gless {Ha in.}

single strangth glass (3 In.)

Y in, glass
Pivoted Windows, Singlo and Double Glazed

Y In. plate glass

double glazed, %s in, plate glass, 2 In. alrspace,
¥4 In, plate glass

Miacellanoous Windown, Various Glazing

3 mm glasy

Ya in, glass

2.9 mm gloss

doubls glazed, % in, plate glass, %2 In, alrspace,
¥a In, plate glass

1.3
1.3

1.63
1.63
1.63

Miller Bldg. Supply
Co.

aluminum frame,
locked

wood frame
single light

single light,
locked

wood {rame
single light, locked
wood frame

single lights, locked

steel frama

aluminum frame, locked
operable locked

slngle light

aluminum frame

aluminum frame, locked

aluminum frame

verilcal plvoted
window

plvoted window with
thermal and sun
control

Kawnesr Co., Inc,

oparable window,
aluminum frame,

20 lights

operable window,
aluminum frame,

20 lights

operable window,
wood frame, glass

set in mastle, 2 lights

vanetian blind window
Amelco Window Corp.

13l
131

)
13

2
1l
)]

4|
(1l
m

)]

(7l
1]
{i]
il

(2]
i

(7

13
fal

na

]

(12

(]

45

48

26

28

20
22
24

20
25
28

29

19
20
28
29

18

24

24

29

38

2

22

23

H




143 double glazed, % In. plate glass, 1% in. alrspacs, ¥ _ vanetian biind window [3] 42
in. plate glass Alpara Alumlnum Prod.
' Inc.
J Y In. glass —_ jalausie window, 4% (11 18
H In. wide lauvers with
Y2 In. overlap, cranked
H tight
: single strangth glass (3. In,) with single strength — locked ] 27
plass (¥ In) storm sash with 2% In. separation
between upper pane and 33 [n. separailon between
lower pane and storm sash
single strength glass {3: In.) with double strength _— fixed window, divided 1] KE]
glass (35: In.) storm sash with 3% in. separation llghts, 16 panes, storm
between storm sash and glass sash with single light
glass block window, 38% In. thick _— fixed window 2] a9
; Doors
!
| Weather-  Welght Thick-
H Construction siripping s/l noss Remarks Rof. SIR
i Qlags Doors
% safely glass, sliding door - 2.6 HeIn. 6 x 7 ft (4] 24
3 wooed, French door, singte- brass 285 1% In. 12 lights [1] 24
E strangth glass
‘;51 Wood Hollow Core Doors
fi —_— —_ 25 1% in. e In, crack at [2] 14
§ threshold
b —_ yes 14 134 in. 146 In. crack at 7 15
rt’ thrashotd
H _— yas 25 1% in. 2] 17
— bronze 14 1% In. 7
— brass 1.25 13 In, 11 19
— — 51 1% In. Perma Strait Mld- (31 28
west Woodwarking
g Co,
al
8 Wood Solid Core Doors
- - 45 1% In.  Ys in. crack at 71 18
4 thrashold
4 - extruded 39 1% In, M 24
) . plastic
‘ — brass 39 1% In. 1l 25
sl — extruded —_ 1% in. Includes 1 in aluminum  [1] ao
i plastic frame storm door with
; single-strength glass
Miscellaneocus Wood Doors
paneled - 5.0 1% In, Yie In. crack at [21 18
g threshold
golld panel bronze 29 —_ [71 21
N hardwoed, acoustical door —_ 4 2% in. Mimchhausen Sound-  [3] 26
i proofing Co, Ine,
: acoustica! doar — 4 1% In. Munchhausen Sound-  [3) 28
t praofing Co. Inc.
{lush — 8.1 1% in, STC 38 sound door [3] a6

Republic Steel Corp.
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Construction

hardwood surfaces, high den-

slty core, sound ratardant door
Plywood Doors

acouslical door

Stecl Doors
20 ga. steel {acing, fiberglass
cora

stesl facing, polyurethane
foam core

18 ga. stesl facing

hollow core

18 or 16 ga. CRS surface, krafl
E11-99-1AS hoheycomb
paper core

18 ga. steel facing, flush hol-
tow metal, single-glazed, In-
tarnally reinforced acoustical
door

16 ga. steel facing, acoustical
door

hollow metal

18 ga, steel faclng, single-
glazed acoustical door

18 ga. steel facing, flush hol-
low matal, louvaer, acoustical
door

hollow metal

18 ga. steel facing, acoustical
door, double glazed

16 ga. steel faclng, acoustical
fire door

masonry core with steel facing

masonry cors with matal
faclng
melal faclng, concretd core

12 ga. stael facing, acoustical
door

Weather-
stripping

magnetic

Wolght
Ibs/ft

6.7
6.7

8.2

39

5.4
1.25
6.7

21

19
8.1
68
7.4
9.3
11,3
8.5

75

(A

14,8

219

Thick-
ness

2¥s In,

1% in.

1% In,

1% in

134 1In,

1% In.

1% In.

13 In,

1% in,

13 In,

1% In.

1% In,
134 In.
134 In.
134 In,
1% In.
1% In,
1% in,

22 In.

1% In.

2%z In.

Remarks

Timeblend core
Wayerhauser Co,

STC 36 door ays,
Republlc Stesl Corp.

STC 40 door
U.8. Plywood

STC 49 door
u.s. Plywood

Tearma-Tru entry
System, Lakeshore
Industries, Inc.

Fenastra F&8 C4072-
M, Fenestra Door
Products

a500 zerles
Amweld Bulld. Prod.

Sound Sentry Doar
Emerson Engin. Co.

Qvorly Manu, Co,

COvarly Manu. Co.

sound door
Bob Lench Co.

Ovarly Manu. Co.

Ovarly Manu, Co,

Hal-O-Mat Corp,
Qverly Manu. Co,

Overly Manu. Co.

cam-seal door
Intlustrial Acous,
Co., Inc.
industrial door
Industrial Acous,
Co,, Inc.
Industrial door
Industrial Acous,
Co,, Inc.

Overly Manu. Co,

Rel.

(3]

(3]
8]
(3

(3l
13

[

(1]
(31

[3]

(3]

3

(3

(3
(]
[3]
(3]
(3
f3]

13]

13]

[3

SIR
39

34
39

47

21

27

29

29
34

38

38

38

39

39

40

AD
a1

44

45

48

47

47




145 16 ga. steel facing, acoustical — 8.6 1% in Ovarly Manu, Co. [3] 47
door
18 ga. stesl {acing —_ 14.9 3 In. Indusirlal door [3) 48
Industrial Acous.
Co, Inc.
18 ga. steel {acing, Inlernally — 23 4 In. Ovarly Manu, Go. [3] 50
reinforced acoustical door
— —_ 3.4 1% In, Amweld 1500 Serles [3 30
Amweld Bulld. Prod.
Composite Doors
flush, wood, plastic laminate — 41 1% In. Perma Strait Midwest  [3) 17
Woodworking Co,
concrete block core, acous- —_ — 2% In, #B73 acous, door {3] ar
tical door Hupp Corp.
fiberglass rainforced plastic axtruded 235 1% in, rigld polyurethane 1 28
pansgl plastic cora
Rolerances-—— [1] Sablhe, H. J., Lacher, M. B., Flynn, ¥ In. glazing, Technical Record, 44/
Appandix A D, R, and Qulndry, T. L, Acoustical 153/394, Depariment of Works Com-
SIR Valuos and thermal performance of exterior monwealth, Experimental Bullding Sta-
resldential walls, doors, and windows, tion, Australia (1970),
NBS BSS 77 (Owens Corning Fibergtas, 17) Bishap, D. E., and Hirtls, P, W., Noles
Granville, Ohlo and National Bureau on the seund transmission loss of resl-
of Standards, Washington, D.C., 1975). dential-type windows snd doors, J,
[2] Veneklassen, P. S., Nolse exposute Acousl, Soc. Am. 43, 880-882 (1968).
and control In the city of Inglewood, [8] Holtz F., and Verhoven, M., Davaiop-
California {Paul 8§, Veneklassen and ment of composite windows with high
A;;gclales, Santa Monlca, Calitornla, sound Insulation (Proceedings of Inter-
1968). Nolse 73, Technlcal Universlty, Copen-
[3) Purcell, W, E, and Lempert, B., Com- hagen, Danmark, 1973),
pendium of materials for nolse contral, 8] Ingemansson, S., Sound insulating win-
REW Publication No. (NIOSH) 75~165 ol dOEV construc'llmas. Report No, 3?1938.
{linois Instilite of Technology Re- Statens institut for bygonadsforskning,
search [nstitute, Chicago, [Il,, 1975), Stockholm, Sweden {1968).
!4] Eoeur;:: tICR‘BD'IAM:lz:er't?aﬁi::rn:a B(l;:.- [10) Manufacturer's literature, Glas-wich
P W B A 8 ! archltectural laminated giass, Publica-
pact, and structure borne noise-control fion 8.26/DE. Dearborn Glass Gom-
in multifamily dwellings, U.S. Depart- an éad!ord' Park. Mliinois
ment of Housing and Urban Develop- pany, ! )
ment Repart No. HUD-TS-24 {National [11] Manufacturer's  (lterature,  Acousta
Bureau of Standards, Washington, D.C., glaze, Publication 8, Sltelines, Inc.,
1867). Van Nuys, Callfornla (1969).
I5] Miller, L. N, Lecture notes on nolse [12] Anon, The airbome sound Insulaticn of
and vibration control for mechanical glass, Environmental Advisary Service
and electrical equipmeant In bulldings Report No. 4, Plikington Brothers Lim-
and nolse in manufacturing plants {Bolt ited, Lancashire, England (1970).
Beransk and Newman Inc,, Cambrldga,  [13] Anon, A guide to selecting concrete

Mass.},
[8] Taylor, M. A,, The airborne sound trans-
mlgslon loss of a sliding window with

masonry walls for nolse reduction, Na-
tional Concrete Masonry Associaticn,
Arlington, Virginla (1970).
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Appendix B
Technical Basis of the SIR Method

Objective

The objectlve of the study that led to the
avolution of the SIR method was to derlve
a simple system to predict the attenuation
of A-welghted scund provided by bullding
shells from information about the construe-
tion of the exterlor partitions. It appearad
that such a system would Ideally be based
upen soma single-figure rating of the acous-
ticnl transmission properties of the parti-
tion, would simply account for the exterlor
suriace area and interior furnishings, and
would ba relatively insensitive to tha details
of the external nolse. This appendix briefly
describes the evalution of the system which
appears fo salisfy these objectives, and
which Is used in this report,

Physical Parameters

In a typleal measurement of the nalse Isola-
tion belween two adjacent raoms, measutre-
ments of the space and time averaged mean
sgund pressura lavels are cbtalned In the
iwo rooms, and the difference In levels is
obtained. Mathematlcally, if the sound level
In the first room {chosen as the one with
the higher neisa level, becauss it is assumed
to contain the major source of noise) is
denotad by SPL1, and the sound level In the
second room is denoted by SPL2, then the
term (SPL1-- SPL2) Is tarmed the '‘nolse
reduction" [1], danoted NR,

NR = SPL1 — SPL2,

Throughout this deslgn gulde, all sound
levela are actually A-welghted sound pres-
sura levels, and SPL1 and SPL2 would each
be measured with the use of the A-walghting
network,

The nolse reduction [s a physical quan-
tity of great interest, begause it tells us
about the magnitude of tha |solation betwesn
the rooms. This isolation 1s provided by
tha nolse insulation propertles of the sepa-
rating patition, But although the noise ra-
duction accounts for some of the nolse in-
sulation properties of the partition, It is also
dependent upon detalls of the furnishings
and dimansions of the second {'‘receiving™)

room as well as the workmanship In the in-
stallation of the partition.

In partlcular, the total amount of abserptive
material In the second room is an Important
factor which must be taken Into account,
This absorption Is measured In terms of the
aquivalent area of an opening through which
the sound may be totally absotbed or leave
the room, as through an open doorway. The
absorptlon of the receiving room ls thus
glven by a term A2 (In square meters, or
‘'metric sabines"),

The area of the partition separating the two
rooms is also an Important factor, Since
all of the sound energy Is assumed to
pass through the partition, more sound
energy wlll pass through a large partition
than through a small one, and (all other
factors belng equal) a {recslving) room with
a large partition will be noisler than would
be the case for a small partitlen. The area
of the partitlon separating two ad]acent
rooms s termed Sw.

In ordar to efiminate these complicating
factors when considaring the relatlve noise
[solating properties of altarnative partitions,
a physical parameter ralated to the {meas-
ured) nolse reduction is used. This is the
“transmission loss”, termed TL, Mathe-
matlcally [1, 2],

TL = NR - 10 logio (Sw) — 10 logia (A2),

The transmisslon loss Is the ratlo, expressed
in declibals, of the Incident sound powar per
unlt area (Incident Intensity} to that trans-
mitted through ‘and radlated by & unlt area
of the partition, Indepandent of the prap-
ertles of the recelving room. Laboratory
data for the transmission loss properties of
partiflons are fraquently measured and can
be found in the Iteraturs. These data are
generally measured and reported upon In
octave-band or one-third-octave bands,
when the acoustic fialds In the iwo adjacent
raoms are diffuse as in a reverbarant room.
The raverberant room environment makes It
possible to accurately measure the space-
avaraged sound levels mentioned earliar,
and also makes It possible to assume that
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the acgoustic field Incident upon tha parti-
tion in the first (source) rcom Is such that
sound energy Is incldent with oqual prob-
abitity from all directions,

The extorlor facade of a bullding should
provide adequale attenuation of sound ar-
tiving from a number of dlrections, For de-
slgn purposes, it Is often appropriate to
make use of sound transmission ioss data
which corraspond to an average ovar many
angles of incidence. For some situations,
such as tha upper floors of a high rise build-
ing very near a highway, the traffic nolse
will arrive at near grazing incldence and
dala for the transmisslon [oss at this angle
would fdeally be selected if avallable, How-
aver, the majority of circumstances are such
that sound can be expected to arrive from
assentially all angles with aqual probablllty,
For this design guide, the "random Incl-
dence" transmisslon loss data were used [n
daveloping the SIR method. Thase data are
appropriate when there Is equal probabillty
of sound arriving from any direction, For
design purposes, these data are conserva-
live for sound arriving at the partition from
0* {normal} to beyond 45°, Unless it is
known that sound will usually Impinge at
near grazing incidence, the use of data ob-
talned under random Ineldence conditions
should be suitable for exterior walls,

Published transmission [oss data are fre-
quently obtalned making use of laboratory
measurement procedura; however, proce-
dures for determining the airborne sound
insulation In building elements are also
available [3]. The recommended practice
cited In [3] Is specitically diracted toward
the problems inveolved in measurament of
the perfermance of a pariition element whan
installed as a part of a bullding, whatevar
the configuratlon, as opposed to a controlled
laboratory environment,

Neglecting the fact that exterlor facades are
not usually used to separate two acous-
tically reverberant systems, for this deslgn
gulde wa are Interested in dlffarancas In
sound levels on the two sides of the facacde
{interfor and exterlar) of bulldings. A slight
complication is Introduced If we actually ai-
tempt 1o measure the sound levels In the
Immediate vicinity of the partition en the
axterior slde; the sound level thers mav be
as much as 6 dB higher than a llitle further
away. This stems from a pressure doubling
effect due to reflactions or the presence of
tha rigid partition, but it is resiricled to the
region close 1o the wall and Is not a source
of complication when we wish to consider
the difference In diffuse field or random
incidence and reverberant field space avar-
aged sound levels. These diffarences are
givan by the noise reduclion, NR.

Thus lo estimate the nolse reduction due to
a glven exterlor partition, wa nead o know
the Tl. data {from the llleralure), the area
of the partition Sw, and the fotal acoustical
absorption of the room, A2, Rearranging the
pravieus expression for fransmisslon loss,

NR = TL — 10 log.o (Sw}-|- 10 logi. {A2).

For many archltectural acoustics problems,
tha majorfty ol the acouslical absorptlon Is
provided by matgrials used as either floor
or celling coverings {e.g., carpets and acous-
tleal ceilings) or as fumilure. A smaller
amount is provided by wall covarings such
as drapes. The total absorptlon (A2) Is
tharefore often crudely proportional fo the
floor area. As we shall see, this observa-
tien is used in developing the SIR mathod,
and corresvonds to nractlcal rules of thumb
frequently used by architectural acous-
ticlans.

The term (A2), like the term TL, Is a fune-
tion of Irequency. Typically, an absorptive
material such as acoustical tlle may have
a much higher absorptivity for high fre-
quencles than for low. Thus, an evaluation
of “the" nolse reduction provided by a par-
titlon or enclosttre must be conducted on
a narrow band basis, and separate estimates
of the nolse reductlon for each octave or
one-third octave band are generaled,

To thoroughly evaluate the difference in
A-welghtad lovels on two sides of a par-
tition from published data, several steps are
required, Flrst one obtalns narrow band
spectral Informalion describlng the nature
of the sound produced by the noise sourge
localed on the exiaerior side, applias the
A-weighting characleristic, and then deler-
mines tha overall A-weighted exterior sound
pressure level. Secondly, one evalutes the
partillan used In conjunction with the ro-
calving room, using the expression for NR
to genaerale a table or chart showing the
nolse reduction provided by the enclosure
tor each narrow frequoncy band. Thesa
values arg then subtracted from he spee-
trum level data characterizing the nolse
source, to yield the spectrum levals which
characierize the noise within the Interlor
room. The A-welghting characleristic is then
applied, and tha overalt A-welghted Interior
sound pressure lavel Is then determined.
The differance in the two overall A-weighted
tovots can then be obtained, and will be a
measure ol the protection from extarnal
nolse provided by the puilding shali,

Obviously this can be a rather comopllcatad
process, To simplify the computational proc-
ess, rellance /s sometimes placed upon
single figure ratings.

Single-figure rating systems are fraquanlly
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used [n the evaluation of the slemenis of
complex systems. Architoctural acoustics
is a fleld in which several such systemns are
found. The American Society for Testing and
Materials has published the details of a
single-figure rating system appropriate for
rating tha sound transmission propertles of
interlor partitions by the appropriate sound
transmission class (STC) number [4]. Other
single-tigure rating systems found In thls
field include the impact Isolatlon class (IIC}
system for rating the impact nolse proper-
ties of floor-celling assemblles [5], and the
shell Isolation rating (SIR) system devised
for this report.

The technical basis for the SiR system used
In this report Is similar in many respects to
that for the STC system. Both of these sys-
tems rely upon test data which characterize
the acoustic transmlssion loss properlies
of test assemblies.
One slgnificant diffarence between the two
systems (8TC and SIR) lies In the fact that
the STC single figure rating Is a rallng de-
seribing the nolse Insvlatlon properties of
a partition itself, whereas the SIR is a single
flgura rating which s used both to describe
the nelse insulatien propertles of a partition
element ("member SIAR"} and fo describe
tha nolse isolatiocn praperties of an en-
closure {(“room SIR") which has partltions
as lts membars. It might have been prefer-
able to cons(stently distinguish batwean the
SIR numbers appropriate to the shell mem-
bers or components in contrast with that
for the total enclosure or room but no resl
eenfusion should exlst as one becomes fa-
miliar with the important concept that ulti-
mately the room SIR number 1s used to
estimata the diffarence In A-walghted (equiv-
alent) sound lavels betwesen Interlor and
exterior of the room, corresponding 1o the
altanuation (noise Isolatlen) provided by
the building shell or the noise recuctlon,
STC Raling Systam
For the STC rating system [4] partiticn trans-
misslon loss data are compared with a
reference contour In a serles of 16 one-
third-octave bands ranglng from 125 Hz to
4000 Hz. The sound fransmission class (for
the partition) may ba determined by com-
parison of the transmission losses for the
test spacimen plotted on a graph with a
tranaparent overlay on which the STC refer-
gnce contour is drawn. Flgure B-1 illus-
trates an STGC reference contour. The STC
contour Is shifted vertically relative to the
test curve untll some of the measured TL
vajuas for the test specimen fall below those
of the STC contour, and {he following condi-
tlons are fulfilled:

{a) the sum of the deficlencles (Le., the

devlations bslow the STC contour)

shali not be graater than two times

the total number ot frequency bands

for which data are available, and

{b} tha maximum deficiency at a single

tast polnt shall not exceed 8 dB.
When the contour Is adjusted 1o the highest
value (in integer decibels) that meets these
raquirements, the sound transmisslon class
for the speciman is the TL value correspond-
Ing to the Intersection of the raference con-
tour at 500 Hz and the ordinate of the TL
data plot [4]. Note that the referance con-
tour is an essential element in this rating
system.

Basis for Evaluation of Alternalive Single
Figure Rating Curves

At tho outsel of the siudy which led to the
SIR method it was realized that any rating
contour chosen f{or evaluation of the ex-
terior pariitions ought fo properly account
for the dliferent frequency spectra cf the
external noise sources, Thus, it was agreed
that the study should Include use of savaral
spoctra for each of several types of external
noise sources; e.g., highway, rallway and
aircraft.

Because several alternatlve rating curves
were included In the study, it was declded
to use simple (although extensive) siatistical
studies for choice of the most sultable rating
curve,

The basis of the process of evaluatlon con-
sisted of repeated comparisen of the single
figure rating number (obtained for a givan
exterlor parlition member or component,
using 8 specific rating curve and curve
fitting rule applied to the corresponding
partilion transmission loss data) with the
average shell isolatian computed by explicit
detailed evaluation of the differances In

Transmission Loss, dB
B

N T TR FE T S

125 250 500 1000 2000 <000
Band Center Fraquency, Hz
Flgure B=1. An example of the application

of the STC contour to transmission loss
data,
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A-weighted levels which would exist for
several glven noise source spectra, parti-
tion elements, and irial room configurations,
Because all sound levels to ha used In this
design gulde wers to be A-welghted, the
single figure method was to correlale with
the difference In A-waighted lavels, rather
than with other differcncas of welghtad
levels.

More explicitly, reallze that the use of the
rating curve and curve fiting procedure
ylelds a single figure indlrectly corraspond-
ing to the nalse reduction properties, sinco
the noise reductlon is a tonseguence of
lhe transmisslon loss provided by the par-
tition. For comparisen purposes, explicit
avaluation of the difference In A-welghtad
noise levals (by the detalled method of
caleulation) also yields estimates aof tho
shell Isolation or noise reduction properties,
We sought to choose a rating curve yielding
a predigtable systemafic mean dlifference
batween: {1) the single numbars derived
from consideration of the partition itselt,
and (2) the achieved delalled estimales of
the ariclosura’s (room's] noise reduction.

Furlhermore we sought to select a curve
for which the standard deviallon of the dif-
farencas between the systematic mean dif-
ference and the achieved noise reductlons
was small, Smallness of the slandard davia-
tion was considered to indicale thal, for
the statistical set In conslderation, the de-
tived single figure and the diflerences In
A-welghted sound levels were reasonably
well corralated, and that, further, the single
figure numbars characlarizing the proper-
lies of the partition could bo used as the
basis ol simple estimates ol the noise re-
duction propertles of the enclosure, by ac-
counting for the mean dliference appro-
priotaly,

Thus, the choice of an appropriate rating
curve became an exercise In statistical con-
sidoration of the available data,

For this study, spectral data were obtalned
from the lileralure, for aleven examples of
highway nolse, cleven examples of rallway
noise, and five examples of alrcrait nolse
{6~1B). Figures B-2 through B~4 illustrale
tha genaral characteristics of these spectra,
whan normalized to equal A-weighted levels.

Third-Octave Band Level, dB T2 A-Neighted Level

1000 16000

Frequency, Hz

Figure B-2. Eleven highway spactra
normallzed to equivalent A-waighted
sound pressure levels,
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Third-Octave Band Level, ¢B I8 AWeighied Level
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A-weighted sound pressure levels,
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Average Sound
Absorplion Coetficient

Prior work of Llungaren [19] had suggestad
that a single numbar rating should be
chosen upon some measure of the degrae
to which paritlon {ransmlssion ioss data
"fit" the A-weighted typical exterior nojse
band fevela, For the noise spestra chosan
[n his study, these conslderations led to
choice of a ratlng contour conslsting of a
straight fine sloped at -|-3 dB/octave, and
this contour was selected for evaluatlon.

Much published data are availablg, how-
ever, for the STC single figure ralings char-
acteristic of partitlons, and It was lhought
prudent to conslder whather the use of this
rating contour (and thus, thess published
dataj would be desirable for the purposes
of this design guide,

Still a third trial contour was cansidered:
a straight line with zero slape (a "flat"
contour). This was thought to be deslrable
on the basls of certaln simple curve-fitling
properties,

These three trial contours were to be ap-
plled to the trapsmission loss data for a
large numbsar of extetior partitlons and par-
titlon components such as doors, windows,
decorative panels, etc. The avallabla lltara-
ture was extensively reviewed lo oblaln
these data. It should be notad that there
are some contradictory data o be found In
the liferature, 1.8, discrepant data publishad
for nominally Identical constructions, and
that, as well, the descriptions of construc-
flen datails are often Impreclse, Ideally, the
data shouid be critleally reviewsd and a tap-
resentative selection of exterlor partition
elements and components chosen. For thls
study, fransmission loss data for more than
500 extetlor partitlon elements wers col-
lected from the [ferature [19-31),

5 R EE B

A trizl room was selected, with dimensions
of 12 ft wide by 8 [t high by 25 ft deep,
Because of the possible sensitivity of single
numbar curve fitting procedures to the de-
tails of intarior absorption, three dilterant
interior configurations were siudied for the
trial room, These correspond to acoustically
“hard", “medlum”, and “soft" rooms. The
absarption coeflleients ware computed from
published data, The "hard” room was as-
sumed to have a floor of vinyl asbestos tile
an cancrete, walls of gypsum board on 2 in,
by 4 in. wooden studs spaced 16 In, on
center, end a concrete ceiling. No stiowance
was maode for absorption cdue io furnijure
or occupants for any of the configurations,
so that it {s probable that the “hard” con-
figuration represenls an oxtreme not often
found In practics, In the "madium” room,
the absorption coefficients for a carpat and
pad were substituled for thosa of the vinyl
asbestos iffe. For the “soff’ configuration,
a fissured tile celling was also included,
Data for the average sound absorption co-
efficient, corresponding to the term (A2)
divided by the total Interlor surlace area
ara given in Figure B-5 for the three con-
figurations,

Statistical Studies

Initlally, for each of the 27 examptes of ex-
terior nolse spectra, computations ot the
differance in A-welghted levels were made
for each of 507 extarior partitions or par-
tition elements, for the "meadlum™ conflgura-
tlons of the trlal room. For comparison, the
507 partitlons were assigned single number
ratings using a simple curve fitting proce-
dure and the "flat” reference contour. The
mean dlffarence between the single num-
hers thus oblained and the differencas in

Madi_um Raom
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Figure B-5. Average sound absorp-
tien coeliicients versus frequency for
threa room configurations.
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A-weighted levels compuled using the de-
talled’ transmission loss data was then ob-
talnad by averaging over the 507 partition
elements for each of the 27 spectra, The
standard devlation about the mean differ-
ghce was also computed,

The magnitude of the standard daviallon for
each of the 27 sets of dala was such that
the diffarences batween the magnliude of
the mean dllferences were small In com-
parison. Thus, an [nsensitivity of the com-
parison to the detalls of the speciral char-
aclarisiics was [ndicated, This indicated
that, at the least, data for subsets of dif-
ferent class of nolse source would be ade-
quate as opposed to computations for each
speclfic source, and that a method fhvolving
averaging over all extarior nolses might be
successful. “Success"”, or “adequacy’’ of
these sludies was understood lo be pri-
matily that the standard deviations were not
appreciably enlarged when comparing the
standard devlations for subsets with lhe 27
Individual siandard deviatfons,

Studles wore next conducted by computing
the corresponding statlstics agaln for the
twenty-sevan spectra, but including the use
of “flat", --3 dB/octave, and STC rating
contours, again for the more than 500 par-
fitions, and including the three trial room
configurations. However, because of the
noted Insensitivity to detalls of tho spectral
characteristics, the stallstics were this time
camputed for each of the three subsets cor-
responding ta dliffarent classes of external
noise source (highway, railway and alreraft)
as well as when averaged over the compleie
sot of twenty-seven nolse source spectrd.
Thirty-six valuas of the mean dilferences
and slandard deviations wera thus com-
puted; corresponding to four sats of source
spectra (3 sub sets of class of source plus
the comptele set Including the 27 source

speclra}; three rafing curves; and three ab-
sorplfon configurations, These data are
shown Ih Tabja B~1.

It is apparaent that the differences hetweon
the data for each of the subsets correspond-
Ing to dlifering classes of sources were
madest ralative to the sizes of the standard
devlations so that the separate considera-
tions of dillerant classes of source Is prob-
ably not warranted. Conslderation of these
data was thus subsequently rastricted to
the statistical data for the complete set
which include conslderation of all 27 source
spectra,

The most desirable single figura rating
system would be that characterized by 8
small value of slandard deviatlon. For the
"'medium" room conflguration, the data
obtained using the 3 dB/octave curve are
characlarized by the smallest standard devl-
atfon (2,10 dB), followed by the “flat"
{2.19 dB) and STC (2.69 dB) data, For the
"soft" room configuration, the relative rank
arderings, in terms of Increasing size of
the standard deviation, ara the "flat”, 3
dB/octave, and STC data, Finally, for the
“hard” configuratlon, the rank orderings are
STC, 3 dB/octave, and “flat'. Though no
one rating curva Is superlar for all room
conligurations, the diflerences between the
“3 dB/octave” and “flat’" data for the two
most reprasentative room configurations are
small and the data using these two curves
ara superjor to those for the STC contour.
In view of the fact that the 3 dB/octave data
ara superior to the "flat”" contour {and only
slightly inferlor to the STC contour data)
for the “hard" room conflguration, a slight
overall preference is shown for tha 3 dB/
octave contour as Ljunggren suggested,

In order to test the sensitlvily of this cholce

Tabla B-1
Stafisiical analysis ol maan diflorences and siandard deviations boiween the single Fguse darlved hy cuwvo Hiting o
porljtlon fronamiszion lots dols and 1na evel diftarence. Threa room absarplion conhgurations, twanly-saven nolsz #pocita,
507 pariions and thrae tonlowls waso tonsldared, All dala dre unils of dB.

3 dB7octave :14] “Flart
Contaur Conlour Conlour
Mean DI, Std. Dov. Mean Diff,  51d.Dav.  Meen Dill,  Std. Dev,
Hard Room Conflguration
11 Highway Specira —2.352 1.57 -—5.47 1,53 —-0.1 2.83
11 Rallway Specira —1.85 1,78 —5,00 1.58 -0.24 2.01
5 Alrcralt Spectra —1.46 1,98 —4,61 1.66 +-0.15 .21
Complote Set ol 27 Spectra —1.97 178 —5§,12 1.81 —0.36 2.88
Medium Room Conliguratian
11 Highway Specira +2.0 1.94 -1.13 2,66 4-3.63 1.78
11 Rallway Specira +2.75 2,09 —0.39 2.87 +-4.27 2.23
§ Alreraft Specien +3.39 212 +0.25 2.50 +5.01 2.58
Complete Set of 27 Specira -+ 2,57 2.10 —0.58 2.69 +4.19 219
Selt Roem Gonflguration
11 Highway Spacira +377 2.31 +0.69 319 +5.39 1.85
11 Raltway Specira 44,65 2.51 41,50 3.24 +-6.27 2.23
5 Alrcraft Spocirs +5.42 2,33 +2.27 292 +7.03 235
2.48 + 120 sz +56.05 244

Complete Seil of 27 Specira —+4.44
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of preferrad rating curve to the composllion
of the set of trial partitions, a subset of 50
extarnal pariltion elements was chosen, with
attantion to selaction of a more represent-
atlve assoriment of walls, windows eand
doors, {It had been noted that the set in-
valving 507 paritlon elements [neluded
more windows and doors than external par-
titlona, Thus It was decided to select a
subset which contalned a smaller retatlve
number of windows and doors, and to see
If the statistical studies differed approci-
ably.) Once agaln, stalistical analysls ol
the data was conducted, averaging over the
one set of 27 extarnal nolse spectra, for
three configurations of absorption, and three
rating curves. Nine values of the mean
differsnces and standard deviations were
thus obtalned. For the medium room ab-
sorptlon this time the rank orderings are
“flat”, 3 dB/actave and STC. For the “soft"
configuratlon, the orderings are "fat”, "3
dB/octave™, and “STC", while for the “hard"
caonfiguration, the orderings are “STC",
“3 dB/octave", apd “Nat", Here the dii-
ferances are slightly in favor of the “flat"
contour as opposed to the 3 dB/octave con-
tour for the two most representative room
cenfigurations, with a prefarence shown io
the STC and 3 dB/octave contour tor the
“hard"” configuration,

Comparison of the results of these two
studles shows that there is not really any
marked superiority to either use of the 3 dB/
oclave or "fliat" contour, but that the STC
contour |s generally not favarad in this study.
A more delailed and exhaustive study than
that conducted here would be essential to
clearly show tha superlorlty of any method.
Howevar, such a study should Include ade-
quate definition of “typical” long term time
avaraged exterlor nolse source spectra, con-
sideration of the transmission loss charac-
terlsties of a rapresentative selection of
“typical™ exterlor partition elemeanls, caraful
definition of “typlcal” absorption data for
“hard", "medium”, and "soft" room con-
figurations, and varlation of room geomet-
rleal parameters. In the absence of these
data, a decision lo make use of the 3 dB/
actave conlour as sugpested by Ljunggren
wag made. This declslon was motlvaled by
the absence of clear demaonstration of the
superiority of the alternative contours ("flat"
and 8TC contours), because of the apparent
adequacy of such a contour {as demon-
strated by these statistical studies), and by
& desire to avoid advocacy of any additlonal
refarence contours.

Evolution of The SIR Mathod {rom the Sta-
Histleal Dafa

In arder to make use of the single flgure
ratings characterlzing the partition's nolse

isolatlon properties (the “member SIR"} In
order (o predict the dilfarence In A-welghted
levels, 1t s necessary (o accoun! for ob-
vigus systematie lactors relating to the room
and partition which entar into the relation-
ship, Two of the Immediate faciors anter-
Ing Into the analysis ara the dliferences due
{o room absorptivily and partition area.

By comparing the data for the hard, medium,
and soft room configurations when averagad
ovar the smaller set of partitions and 27
spectra, when uslng the chosen 3 dB/octave
rating curve, the mean differences ara —~1.8,
-+2.9, and 4.3 dB. That is, on the average,
the single number assigned {o lhe partition
differs from the actual computed diflerence
In  A-welghted sound levels by these
amounts. To the nearest Integer, those are
—2, 42, and -|-4 dB, Thus, for exampla,
the change from "medium” to “soft” room
configuration Increases the mean difference
by 2 dB, This dilference is probably prin-
clpally due to the additlonal absorption at
high frequancles provided by the “soft"
room configuration, Therefors, a simple
method of accounting for diflerences in
roam absorption Is suggested; namely, add-
ing appropriale correction factors to the
partition's single figure {member SIR} num-
ber to allow Jor the absorpiivily of the In-
terlar volume, These considerations led to
the room absorption corrections on tha SIR
worksheet for the hard and soft configura-
tions, and the additional mean dliferance for
the medium room configuratlon of -2 dB
is “'bullt inte" the room geometry corraction.

The next parameter to be systematically
studied was the sffect of varlalion of the
area of the test panel reiatlve lo the total
absorptive area of the room, The total
amount of acoustical absorptlon in this
model Is approximately proportional to the
floor area {particulatly for the "sol" con-
figuration). It ls apparent that otherwlse
Identical rooms will be such that rooms with
larger total Noor arsas will have the larger
absorption, and hance, lower interior noise,
Considerations of variation of the exterior
wall area (corresponding to the tarm Sw).
refative to the floor area led 10 the evolution
ol Table 6-4, which allows us to adapt the
SIA prediclive method to account for rooms
with varlous ratios of exterlor wall to floor
area.

In order, then, to ohtaln the differsnce in
A-welghted leva!s In the room and at the
extarior of tha building, the following steps
are Indicated:

1} Obtain the SIR single-figure rating ap-
propriate for the exterior parlition wall
through the use of the selecied curve-
fiting procedura and the -+-3 dB/
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octava contour. This Is a “member
SIA",

Accouni for the average absorptivity
of the room's surface absarption ¢har-
acleristics by allowlng absorptlon cor-
rections of -2 dB for the soft room
configuration, and —4 dB f{ar the hard
room configuration,

Aceount for the spacific room geom-
etry (floor area/partition area) by con-
sulling Table 6-4 to derlve a correc-
tion factor which accounts for the fac-
tors [10 logio (Sw)] and [—10 legie
AZ2], and which also Incorporates a
factor of -{-2 dB to account for a sys-
tematic mean difference noted In the
statlstical analysis for the medium
room configuration.

To this polnt, the SIR procedura provides
an estimate of the dillarence In levels (the
"rocm SIR") based upon three factors:

... a single figure ratling derlved from, and
proportional to, the axternal partition
transmisslon loss data.

.. the room acoustlc absorption, corre-
sponding to the frequency character-
Istics of the three differlng room gb-
sorpllen configurations.

..the room geometry corraciion factor
accounts for the ralative sizes of the
exterlor partitlon and the total amount
of agcoustic absgorption, (proportional
fo the floor area),

To illusirate these facts, consider the case
of the trlal room used for the study. As-
sume that the exterlor partition wall is 8 ft
by 12 ft, with a 8IR number of 30, The floor
grea is (12 1t > 25 ft = 300 #*). The room
geomslry correctlon factor [s 4-2 dB be-
cause the ratlo of exterlor partition wall
area to {loor area Is 0.32 (see Tabla 6-4).
For the “medium” room case (carpeted
floor, bare walls and hard celling) no addl-
tlonal correction factor Is required. Thus, the
level difference is {30 - 2) = 32 dB. That
Is, the A-welghted sound level of the acous-
tic field incldent upon the exterlor side of
the wall will ba 32 dB larger than the
A-welghted sound level In tha Interfor of the
room.

Next, It is nocessary to consider the affect
of the presence of several partitions. Tha
analytlc model chosen for this case assumes
In effect that the room can always be re-
garded as a superposition of several nom-
Inally Identical rooms, each of which has
only one wall exposed to the exterior nolse,
In such & case, simple logarlthmlic combl-
natfon of the evals within each of the Indl-
vidual rooms of the angiytle modal will
ylald the level corrasponding to the case
which oo severai exierior paritions with
one room, This is because the individual

2

3

rooms of the analytic model sach have a
sound pressure level which arlses as a con-
sequence of the acoustic power flawing
through the individual exterlor walis, and
because logarithmlc comblnation of sound
pressura levels is the proper way to ac-
count for the addlion of quantities propor-
tional to power.

To account for the derivatlon of the SIR
numhbar appropriate for composlte partl-
tions, It is necessary to account for two
factors; the areas of the individual compo-
nents and the differences In thelr sound
transmisslon properties. The data of Tabla
6-2 wore genarated from cenalderation of
an exprassion derlved for the transmlssion
loss of compaoslite partitions, acceunting for
these two variable factors, An Incremental
change in transmisslon loss will correspond-
Ingly affact the SIR number,

The tabulated data to account for the pres-
ance of leaks Is oblained from considera-
tions similar to those used to account for
the axistence of composite partitions. Hera,
the analytlc model assumed thal the leaks
constitute fine openings with a zero trans-
misslon loss, Although thls is an over-
simplitied model, and does not account for
the possible resonance eifects known to
oceur for narrow slot-like openings, it Is
nonetheless relatively simple, and may be
adequate for typical leaks whieh aceur due
to poor and moderate workmanship,

Determinaltion of the Shell Isolation Rating

The SIR rating of partitions or partition ele-
ments not listed in Appendix A may be de-
termined by using laboratory test data of
transmisslon loss varsus one-third octave
or octave band frequency, If these data are
avallable. For the SIR single-figure rating
system, the transmission loss data are
compared with the SIR reference curve
{a - 3 dB/octave stralght Ilne with an
Intercept of the 0 dB axis at 500 Hz) In each
of the one-third actave or octave bands of
data. The curva fitfing technique used to
determine the SIR number for a particular
partition or element Is relatad to that used
ta datermine the STC rating [4). That Is,
the transmisslon loss data for the test speci-
men s plotied on a graph with a transparent
overlay on which the SIR reference contour
is drawn, The SIR contour s shifted ver-
tically ralative to the test curve untll some
of the measured TL values for the test
specimen fall balow those of the SIR con-
tour such that the sum of the deficisncles
{le., the doeviations below the SIR contour)
In one-third octave or octave bands [s less
than two times the toial number of frequency
bands for which data are given. An exampla
of this curve fitting process I8 shown In
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Flgure B-6. For Ihis example, data are
glvan for 16 bands, The sum of tha deficien-
cies must be less than 32 dB In this case,

When the contour is adjusted o the highest
value (In Integer declbels) that meets this
requirement, the SIR number for the spaci-
men is the TL value corrasponding to the
position of the 500 Hz coordinate of the
SIR curve, Nota that the primary difference
between the SIA and STC curve filting tech-
niques, aside from the dlifference In refer-
ence contours, is that the raquirement that
the maximum deficiency at a single test
point not exceed 8 dB is not used In the
SIR system. Also, it should be pointed out
that tha use of one-third-octave band data Is
prefarable to the use of octave band data he-
cause there are mora data points and thus
finer resolution of the actual:lransmission
loss charactaristics of the fest specimen.

Discussion

There are several readily Identlliable de-
ficlencies of this method of accounting for
bullding shell sound transmisslon, and It is
Important to state some of tha limitations
so that there Is no misunderstanding about
the range of valldily of this analysls.

As previously mentioned, in a typlcal urban
nolse slluation, the acoustic field incident
upon the building exterior will not ba a dil-
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Figure B-6. Example of curve-fitting tech-
nigue for dotermination of 8IR value of
a test spocimen based wpon one-third
oclave band transmission loss data. SIR
contour is --3 db/cctave straight tine with
ordinate Intercept at 500 Hz equal 1o the
test specimen SIR value.

fuse acoustic fleld as is assumed In both
the STC and SIR models, but |s more prob-
ably n wave Incident at some specific angle
{or narrow range of angles) of Incldence.
Under thess conditions, the transmisslon
loss data, already known to be frequency
dependent, are also dependent on the angle
of incidence, These complications were
judged to he beyond the scope of this
raport,

The chaolce of the -|-3 dB/octave contour
for the evaluation of the SIR method was
predicated upen comparative conslderation
of mare than 500 exterior partitions or par-
lition elements with three trial contours,
twenty-seven source spectra, and three
reom absorption conligurations, While this
is not as exhaustive a study as might be
concelved, this cholce of referance con-
lour doas have the virtue of relative sim-
pliclly, and the averaged standard davlations
of the differenca belween the computed
A-weighted level dilfarence and the results
of the SIR method in the statistical analysis
ore typically of the order of 2 dB, and the
mean differences have baen accommodated
In the adaptations of the "member SIR"
into the “room SIR".

The optlmum choice of a reference curva
Is undcubtedly dependent upon the details
of the extarlor noisa specira under consider-
ation [33]. In the absence of long-term
time-averaged exterior nolse spectral data,
as would be most appropriate for a dosign
method keyed to equivalent sound level
metrics, the present selection of a roference
curve should be adaquale for Interior usage.
It Is also Important to acknowledge that
the cholce ol representative room absorp-
tien characteristics will Influence tha de-
tails of tha method. In reallty, faw rooms
are as “hard" as the "“hard"” room approxi-
mation and It is certain that other “repra-
sontatlve’ room absorpllon data and cor-
rection faciors can be concelved. Further-
more, the correction factor for “leaks could
be mora sophisticated than that suggested
here. But once again, it was thought de-
slrable to provide a simptlfied model and
compuiational method.

Finally, it must be admitted that the evelu-
fion (and evaluation) of single-figure com-
putational mathods for the sestimation ol
acoustical properties |s an Important re-
search topic. Tha present method is only
one example of such a procedure, and thls
method may be subject to modlfication as
data on its utillty and comparlsans with
sxparimental data bagcome avallable, Cur-
rent rasearch at the Natlonal Research
Council in Canada [34, 35] has led to the
avalution of an alternative simplified method
diracted toward control of alrcraft noise In




157

buildings, and the work of Ljunggren in
Sweden [19} can ba cited as yet another
axample directed toward traflic nolse de-
sign conslderations. The authors of this
dasign gulde encourage the Interssted
reader to make use of alternative simpli-

fied compuiational methods and to conslder
the use of more detalled melhods as thelr
undgrsianding of the acoustlcs involved in
designing for nolse cantrol increases. Such
an Increased understanding can only lead
to a better anviranment.
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Appendix C

Sample Worksheets

PRELIMINARY SOURCE EVALUATION WORKSHEET

1 2 3 4
Moise Building- Might thera If the answar It the answar
Source Source be excessive  I1s noinall is yes for onae
Distance noise? {yes cases, or more of the
or no) [See for highways, sources,
Table 2~-2] raliways, or
alrporis *
Omit Section 2 Obtain the data
t
Highway #1 fee ol Chapter 5 and perform the
computations
#2 feet outlinad In See,
2 of Chapler 5
#3 fost for each high-
way with a yes
#4 fest answer,
Raitway #1 feat GOmit Section 3 Obtain the data
ol Chapter 5 and perform the
#2 foel computations
outlined In Sac,
#3 feet 3 of Chapter 5
for each rallway
#4 feet with a yes answer,
Alrport #1 miles Omit Section 4 Qblain the data
of Chapter 5 and perform the
#2 miles computations
outlined in Sec,
#3 miles 4 of Chapter &
{or each alrport
#4 milas with a yas answer.

* It the answer Is no for ail threo types ol ranspartation system nolse source, hls design guide evaiua-

{fon i3 not necessary,




1G0

" Pivol

Pomt

Heavy
Trucks

50

ety

SPEED: MPH
60
4+ T

3 4 S0

Aulomabiles and
Medium Trucks

HNL

ag 100
90
80
70
60
50
40

Pradicied
Naise Lovel

Highway Noise Prediction Nomogram

pc
30
40 —

50 =

70 =

300 —

400 —

500 —

700 ~—

1000~

1500 —]

2000 —

Distanco
To
Ohservar

v
VEH/HR

B

U THTTI

—
-

15000

10000

7000

5000
4000

3000

2000
1500

— 1000

700

500
400

300

200

20

Vehicle
Volume




1681

Highway Worksheet 1

Hlghway Numbor

Dullding Project

Site point or bullding roem far which sound presaure
Ievols nre bolng eslimated

Lotatian
;
i Owner Deslgner Dala Royinad
i
; Aoadway—Building Sita Distance; DC [Feal)
f
é Avorega Vehicle Spesd, mph 54 I sM | sH J
A
/ Y L
; Total Numbor o1 Vehiclen //////////// A // A
1 a) Lagit) VA(I) VM) VH{1}
b Luare} VALa) VM{8} vH{B)
i o) Leq(2 VA4 va24) YH24)
i oVA NVA ovM HVM nvH NVH
i d) Ldn
2
[ VM YME
; Avoraga Vehicla Valume [veh/hr) VA VH
H
)
§ ./, o 7
B Proulcted Nofaa Lavel / // / /
i rodicted Nojse Lavols
E]
" P é A A

Leq{1) HNo Shislding

Total Shlslding Correction
A Logll) | (Highway Workahoot 2}

NIRRT

Leg(1) Carrecied for Shislding

Leq(B} Mo Shislding

3
b
&

]

Tetal Shielding Corraction
o) Leaid) | (Highway Werkshest 2)

Leq{8) Corrocted for Shielding

Leq(24) No Shielding

Toial Shielding Corractian
€l Leal2d) | yighway Workahest 2

Leq(24) Corracled for Shietaing

HML,
H

d RDN

g coN

s d) Ldn

i Ldn  No Shiolding

i Tolal Shlelding Carroction

[Highway Worksheat 2}

Ldn Corscied far Shialding

Duiiding Site Hoike Due Ta Suevaral Highwaya




Highway Waorksheet 2

Bullding Project

Highway

Site polnl or bullding reom lor which sound prossurs
levels ate belng eatimated . _

Locatien Daaignor
Cwner Date Revised
Roadway=—Building 5ite Distance: DG (Feal)
Elovaiad Depreasod
Barrlar Roadway Roadway
Shiolding pe HB hB DE HE [ [+0] HD hD L]
Geaomstry
Autos And Aarm Barm Carm La/m
Medium
Tiucka
Path
Length
Ditterence A L
Hoavy 0 Bh Cn h
Trucks
Auto Medlum Truck Hanvy Truck
Cotmdtion Por
**Infinkie* Shialding CSA/M CBA/M caH
Etamant
Included Angls Asilo, RA W
yd
Cotivslion For Aulo Mudium Truck Heavy Truck
“Finlta" Shialding
Etezsnt CBAM CAAIM coH
Bultding Barrler nr ctB ////////
Vagstation dw cav /////////
1
Auto Madlum Truck Heavy Truck
Tetal
Ghialding CBA/M 4 CBB  CAY CBA/M + C68 4 Ccav CBH - CBE - CBV

Corrvcilon
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Rallway Worksheet 1

Bullding Projeci

Anilway Number

Locatlon

Sits polml or building room for which sound prossure
levels are baing timaled

Date Aovinnd

Awnar Deal

Aallway=—Bullding Site Olslance: D (Fosi)

g

Convanllonat

Passonger Tralng Aapid Trapalt Tralnw

Fiaight Traine

Does this iypa of iraln use
the track being analyzed?

Dienel-Eloctrlc ar All-Elaciiic
Locomotive

Avaraga Train Spoed, 5, mph

Avoraga pumbar ol cars, pe

Average train lsnglh, LT, foatl

Average Numbosr of Passbys

022722227z 72

a) Leqg1) : N9

b} Leq(d) : N8

c) Leq{2d) 1 N4

ko NR ND NN WD NR

d) Ldn

Divssl-Efactric Locomative d

S S AN A AR

Reforence Lavel, LS

SPIIINY,

Diatance Attsauation, DAL
janm————
Railway Cara 'A

4 7 g

Ralerance Leve), CL

Ouration Faciar, GO

Track Characietistics, CT

Distance Altanualion, PAC

Piedictad Noise Levaln

et

e
Dlosni-Eleciric | Radway ["Giesal-Eaciric Rallway
Locomolive Cars Locamoilva Cars Railway Cars

cH1

A AL AN S A,

o1

Leq{1} No Shisiding

#) Lugith
Tolal Shielding Corraclion
(Rallway Warkshest 2)

Leu(tj Carracied fos Shlalding

CNB

(L A

1]

Lag(8} Mo Ehlalding

b) Leg{d)
Total Shlelding Carsaction
(Rallway \Workshoot 2}

Leq{8) Carroctad for Shlelding

CH24

s A L

113

Leg{24} HNo Shieiding

c} Leq{24}
Total Shislding Corrasiian
{Rrilway Workiheot 2)

Log(24) Coraciad lor Ehlaiding

CN

CON

Ldn No Shlelding

d} Len
Tetat Shlelding Correclion

{Railway Worksheol 2)

Ldn Correciad (or Shialding

Tola!l Rallwsy Nolss l

A/ A A A A,
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Rallway Worksheet 2

Raitway Number

Bullding Project Site polnt or bullding s0am for which escund preasure
lpvele are boing oslimatad
Locsl]
Dealgnar
Ownor Date ! Ruslald
Aaltway—Bul(ding Slte Dist O (Feat}
Elayalag Dopresand
Barsier Railway Railwsy
Bhjolding ,
Goomeiry [2:) HB hi 3 DE HE A [+]] HD hD a
Ae Ba Ce Le
Mallway
Cirs
Path
Langth
Dittusence
Diessl- A al cf L
Elotiric
Locemaotive
Rallway Cars Dlesed-Eiacirle Loc.
Corraction For
“inlnlte" Shlalding csc cSt
Elemant
Includad Angle Aatio, RA /////M
Conpction For Raliway Cars Divasl-Elaciric Lot.
*'Flnito*' Shieiding
Eiameni
csc (18
Buyiiding Barrler nf csu
Vaogotation dw [+:1
Aallway Carn Dlosnl-Elaciric Loc.
Talnt
Shislding CSC + C58 4 (Sv CEL 4 €88 4 CsY
Corection
Teack Characteristics
n b [ d
Bridgework
Prenence of :":M::“'
Welded | Joinled | Swiiching Froo ok Curve Conerat Elanl Qlrdar Sionl Glrder
Track Track or Grade (< 900 Fasl) vane with Concrete with Stos!

Crassing fn Fast Stnictu ar Opan Tle Dack Plate Dack
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Gontal

ur Maps Availabls

Alrcraft Worksheat 1

Building Project ﬂl:t:nnl:‘:: ::‘::Il.dllagmrl::m for which sound prasiure

Logallon Deslgnar

Owner Dato flavisad
Loz

It Auilding In an or vory near Contcur 321 of #2, Aecord that valus on Line 11,

NEF Valun

1 It not, obtain lha cala of Linas 2 and 2
CNR or NEF 21 CHNR or NEF #2
2 | Contour valyes
X x c3 cw

q | Puliging Localion ! 8

Botween Coenlours #1 and #2
4 | cNR o NEF Valua At The Buliding Site Also Record on

Line 11
Contaur Maps Hot Avallabla / M/////
7~
Niday Ndalght NJun
5 | Number ol Jat Dporations
5 Altport Catagory 1 2 3 4
{Check One}

7 IV bulieing is on or veey noar the NEF 30 or NEF 40 Cantour, record 1hat vaiue an Lina 11,

11 not, obimin \ne daia on Line 8,
a Bullding Lecalion Belwasn X x2 n e

NEF 30 and HEF 40 Canirurs

I
9 | NEF Valus Al The Buirding Bite Moo Rncard on
N.Jday HJdnight H(R} Ni1)

10 | Numbar of Gpeisy)
1§ | CHR or KEF Vaue /

Al The Bullding Slto
12 | Convert CNR to

Alrcralt Nois# Laval At The Bullding Site

2
G2

7

1
g Ay o1 Loatt}
Lea(1)
]
5 Ao ce Leait)
% LeaiB)
77
[/ AR o Leaiz)
/ Legi24)
// ./
- 7777
/)
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Waste Heat
Management

A typica! plant can save about 20 percent of its
fuel—just by installing waste heat recovery squip-
ment, But with so much squipment on the market,
how do you decide what's right for you?

Find the answers to your problems in the Waste
Hoat Management Guidebook, a new handbook
from the Commerce Department's National Bureau
of Standards and the Federal Enargy Administra-
fion.

Thae Waste Heat Management Guidebook is de-
signed to help you, the cost-conscious engineer or
manager, learn how to capture and recycle heat
that is normally lost to the environment during in-
dustrial and commercial processes,

The heart of the guidebook is 14 case studies of
compénles that have recently installed waste heat
recovery systems and profited, One of these appli-
cations may be right for you, but even If it dossn't
fit exactly, you'll find helpful approaches to solving
many waste heat racovery problems.

In addition to case studies, the guidebook contains
information on;

sources and uses of waste heat

determinlng waste heat requiremants

economics of waste heat recovery

commercial options in wasie heat recovery
equipment

instrumentation

engineering data for waste heat recovery

® assistance for designing and installing waste
heat systems

To order your copy of the Waste Heat Management
Guldehook, send $2.75 per copy (check or money
arder) to Superiniendent of Documents, U.S. Gov-
ernment Printing Office, Washington, D.C. 20402,
A discount of 25 percent is given on orders of 100
copiss or more mailed to one address,

The Waste Heat Management Guidebook s part of
the EPIC industrial energy management program
aimed at helping Industry and commarce adjust to
the increased cost and shortage of energy.

U.S5, DEPARTMENT OF COMMERCE/Natiopal Bureau of Standards
FEDERAL ENERGY ADMINISTRATION/Energy Conservation and Environment
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MANAGERS of technology transfer activities in
Federal and private labs. . . DESCRIBE TO MAN-
UFACTURERS advances in the field of voluntary and
mandatory standards. The new DIMENSIONS/NBS also
carries complete listings of upcoming conferences to be
held at NBS and reports oa all the fatest NBS publications,
with information on how to order. Finally, each issue carries
a page of News [Driefs, aimed at keeping scientist and consum-
er alike up to date on major developments at the Nation’s physi-
cal sciences and measurement laboratory,
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NBS TECHNICAL PUBLICATIONS

PERIODICALS

JOURNAL OF RESEARCH—The Journal of Resenrch
of the National Burciu of Standards reparis NBS resenrch
and development in those disciplines of the physical and
engincering scicnces in whicht the Bureau is active. These
include physics, chemistry, engineering, mathematics, nnd
computer sciences. Papers caver o brond range of subjects,
with major emphasis on measurement methwmlology, and
the basic technology underlying standardization, Also in-
cluded from time to time are survey atticles on topics closely
reluted to the Burcau's technieal and seicnlific programs, As
1 special service to subseribers each issue contins complete
cititions to al) recent NES publientions in N8 und non-
NRBS medin. Issued six times n year. Annual subseription:
demestic $17.00; foreign $21.25, Single copy, $3.00 domestic;
$3.75 forcign.
Note: The Journal was Tonmerly published in two sections:
Section A “Physics and Chemistry™ and Section B *Mathe-
maticn] Seiences,™
DIMENSIONS/NIS
This monthly maguzine is published to inform  scientists,
engineers, businessmen, industry, teachers, students, and
consamers of the fuwlest advinces in science and technulogy,
with primary emphusis on the work at NBS, The magazine
hightights snd reviews such issues as cnergy research, fire
protection, building technology, metric conversion, pollution
ahatement, health amd safety, and consumer product per-
formance. 1n addition, it reports the results of Buresu pro.
grams in measurement standards and techniques, peoperties
of mutter and materinls, engineering standards and services,
instrumentation, nnd autamatic dita pProcessing.

Annund subscription: Domestic, $12.50; Foreign $15.65.

NONPERIODICALS

Monographs—Munjor coniributions lo the technical liters
ature on varions subjects related to the Burean’s scientific
and technicnl netivilies,

Hundbooks—Recommended codes of engineering and indus.
trial practice (including sufety codes) developed in coopera-
tion with interested industries, professional organizatians,
and regulatory bodies,

Spuclal Publicutions—Include proceedings of conferences
sponsored by NBS, NBS nnnunl reports, and other specinl
publicutions spproprinte to this grouping such ns wall churls,
pocket cards, nnd bihliographies,

Applicd Muthematics  Serles—Mathematical tables, man-
unlg, and studies of special interest to physicists, engineers,
chemists, hiolopists, mathematicinns, computer progranmers,
and others engaged in scientific and technical work.
Nutional Stundard Reference Datn Serics—Provides quanti-
fative dntn on the physical and chemical properties of
materisls, compiled from the world's literilure and critically
evaluated, Developed under a world-wide program co-
ordinnted by NBS, Program under authority of Nudonal
Standard Dnta Act (Public Law 920-396).

NOTE: At presenl the principal publication outlet for these
dativ is the Journul of Physical and Chemienl Reference
Data JPCRD) published quacterly for NBS by the Ameri-
can Chemical Society (ACS) and the American Institute of
Physics (A1), Subscriptions, repeints, and  supplements
avaifuble from ACS, 1155 Sixteenth St. N.W,, Wash, D.C.
20056

Bullding Sclence Series—Disseminates technical information
developed ab the Burean on building materiufs, componems,
systems, and whole structures. The scries presents research
reslts, test methods, and performance criterin relnted 1o ihe
structural and environmental functions and the durnbility
ind safety churacteristics of building elemwents nnd systems.
Teclnicul Notes—Stxlies or reports which are complete in
themselves but restrictive in their treaiment of o subject.
Analogous to monographs but not so comprehensive in
seope op definitive in treaiment of the subject aren. Often
serve as o vehicle for final reports of work performed at
NBS under the spopsorship of ather governmeny agencies.
Yoluntury Prodact Standards—Developed under procedures
pubiished by the Department of Commerce in Part [0,
Tile 15, of the Code of Federal Regulations, The purpose
al the standurds is to establish nationally recognized require-
ments for products, amd to provide all concerned interests
with a binsis for common understanding of the churacteristics
of the products, NRS ndministers this program as o supple-
ment 1o the activities of the privite sector standardizing
argatizations,

Comunier Informution Serles—Practical information, based
o NHS research amd experience, covering areas of interest
o the consumer. Easily uwnderstandable language ond
Dhastemtions provide useful background knowledge for shop-
ping in loday's technologicu] marketplace,

Order uhove NBS publicavions  from: Superintendent of
Dacuments, Government Printing Office, Washingron, D.C.
20482,

Order following NBS publicarions—NBSIR's and FIPS {rom
the National Teehnicel Information Services, Springfieid,
V. 22161,

Federnd  Informution  Processing  Stundurds  Publicatlons
(FIP'S UB)—Publications in this series collectively consti-
tute the Federal Informition Processing Stundards Register,
Register serves a3 the official source of informivion in ihe
Federsd Government regurding standurds issued by NRS
pursuant to the Federal Property and Administrative Serve
ices Acl of 1949 ns nmended, Public Law 8-306 (79 Stat.
1127), and as implemented by Executive Order 11717
(38 FR 12315, dated May 11, 1973) and Part 6 of Title 15
CFR [Code of Tederal Regulations).

INBS Intersgency Reports (NBSIR)—A special series of
interim or final reports on work perfermed by NBS for
outside sponsors (both govermment amd  non-govermpent).
In geneeal, initinl distribution is hondled by the sponsor;
public distribution is by the National Technical Information
;_Scrviccs {Springfield, Va. 22161) in paper copy or microfiche
orm.

BIBLIOGRAPHIC SUBSCRIPTION SERVICES

The lollowing current-nwarencss and lecraturessurvey hibli-

ogruplies are lssucd periodicully by the Bureuu:

Cryogenle Data Cenler Current Awnreness Service. A litera-
ture survey issued biweekly. Annual subscription: Domes-
tic, $25.(0; Foreign, $30.00,

Liquificd Nuturad Gus. A lilerature survey issued quarterly.

Annual subscription: $20.00.

Supercamducting Devices und Materinls, A iterature survey
issued quarterly. Annual subscription: $30.00, Send subscrip-
tion orders and remittances for the preeeding bibliographic
services o National Bureau of Stundards, Cryogenic Dala
Center {275.02) Boulder, Colorado B0302.
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