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Conversion Table to Sl Units

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-
sion {0 Sl units, For additional information see:

{1) NBS LC1078, Dec., 1976, “The Metic System of Measuremeant”,

(2) Z210.1-1976, "ASTM/IEEE Standard Metric Practice",
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Quantity To conveort from To Multiply by
Length Inch m {meter) 2.540 x 10-2
foot m 3.048 x 107
mile m 1.609 & 10?
Area in? m2 6,452 x 10+
it? m? 9.290 % 10
Volume in® m? 1.639 x 10-*
ft? m? 2,832 % 10-2
gallon m3 3.785 x 107
Temperature ¢F °C toy = (top—32)/1.8
T. difference Dteop K ATy = Atep/1.8
Mass pound kg 4,536 x 10~
ounce kg 2.885 x 102
Pressure psi Pa 6,895 x 10°
In H0 Pa 2488 x 102
in Hg Pa 3,386 % 10°
mmHg Pa 1.333 x 102
Enargy Btu J 1.055 x 109
MBtu J 1.055 x 10°
kWh J 3,600 x 108
ft o ibf J 1.356 x 10°
kilocalorle J 4.187 x 10°
Power Btu/h w 2.931 x 10
hp W 7.457 X 10?
Flow gai/min m¥/s 6.309 x 10
ft3/min mi/s 4.718 x 10+
Density b/ kg/ m? 1.602 x 10
Ib/gal kg/m? 1.198 ¢ 10?
Heat Capacity Btu/{lb+° F) J/ (kg * K} 4.187 107
Btu/(ft3s = F) J/(mB e K} 6,707 x 104
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ABSTRACT

This deslgn guide prasenls a unified proce-
dure for the selection of nolse criterla In
and around bulldings, for the prediction of
exterior and Interior noise loevels arising as
a cohsequence of transpartation systams
operallons, and for the evaluation of the
adequacy of building deslgns with regard
to environmental nolse. MNoise erilerlon
lavels are suggested in terms of equivalent
sound lavels (Leg), Simplifled prodictive
methods enable the estimatlon of noise
levels arlsing as a consequence of high-

way, rallway, and aircraft operatlons, The
sound iselatlon provided by the bullding
shell Is estimated by means ol a new
single-figure rating system. Finally, design
manlpulations which may make possible
the Improvemant of the acoustic condillons
In and around buildings are suggestad.

Key words: Acoustics; architectural acous-
tles; bullding aceustics; envirenmental nolsa;
nolse; neise control; sound; transportation

syslem noise.
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Chapter 1
FHow to Use This Design Guide

Sound surrounds us everywhara—the song
of a meadowlark, the laughter of chlldren,
and tha rustle of autumn leaves, Unfortun-
ately, the march of technology and the
trend toward higher llving densities have
meant that these desired sounds of birds,
children, and natura are often maskad by
the roar of automobiles, trucks, locomo-
tives, and airplanes, The purpose ol this
deslgn guide is to guantitatively estimate
the magnitude of nolse, or unwanted sound,
at a bullding site in order to choose the
most appropriate building occupancy for
that site, or to design features into new or
existing buildings that will reduce aor con-
trol noisa.

In the design of new bulldings, architects,
bullders, deslgners, developsrs, and engi-
neers make declsions which aflect future
acoustic condltions In and around the
buildings. When the decisions are wrong,
acoustic comfort may be lost causing build-
Ing occupants annoyance and stress. Such
discomiort can often be averted by changes
In the building's |ocation or orlentatlon or
In lts construction materlals and workman-
ship.

In dealing with nolse prablems, the mate-
rlal In this guide can be used . . . to solve
simple ptoblems dug to poise from high-
ways, rallways, and aircraft, and ., . to
cast up a warning flag when a satious noise
problem Is encounterad. Seelng such a red
flag, the designer should seek tha profes-
slonal consultation of expert acousticlans,

This nolse design gulde was written by
acousticlans, archltects, and psychologists
at the Natlonal Bureau of Standards work-
ing to a sirict timetable. Il was agreed at
the outset of the preject that the gulde's
methods of calculation and the data sup-
porting themn would have to be drawn from
state-of-the-arl materials. This has had lhe
disadvantage of a loss of potential detail
and pracision, but the advantage of simpll-
fication, which the user of this guide will
no doubt appreclate.

The gulde has one sallent advantage over
most other guldes In that It Is quantitative,
offering you a methed of calculating not
Just how (ransporiatlon noise alfects your
bullding, but hew much. Furthermore, the
gulde is arranged In a sequence of chaptars
which parallel your design sequencs. The
gulde |s meant to accompany you as a
drafting board companlon in a deslgn voy-
age as you depart from first concepls that
are vague and tentative until you arrive at
a finished bullding scheme that Is robust,
rleh In detall, and well-reasoned—aspecially
Insotar as the analysis of transporiation
system nolse is concernad.

The deslgn guide alms to get right to the
point In attacking your urgent nolse prob-
lems in bullding or site design. Henca, it
alms naither to nag you about fundamantals
of acoustics nor averburden you with eso-
teric details. If you need fundamentals, you
can get them from one of the many ex-
cellent texthooks avallable (the references
at the end of this chapter [1-22] Include
references to the Iiterature on general
acousiles [1-58], noise and vibration contro!
[6-10], basic acoustical measurements [11,
12], and acoustics and architectual design
[13-22]); if you want to penetrate the rele-
vant details on acouslics {(and wa hope you
wiil) speciflc referances are listed at the
end of each chapier.,

What type of person should use this design
guide? We think it can be anyone who has
a technical background and a fundamental
knowledge of building design and construe-
tion, We refer to the gulde's user as a
designer, but we think of this designer as
any architect, bullder, building designer,
contractor, daveloper,’ engineer, landscape
architect, or student who [s faced with a
nolse problem In building or site design.
It this shoe fits, walcome! You're the de-
signer we're seeking to help.

Of course, as a designer you have a ro-
spansibility, too, that of crealing a sehema,
A building scheme [s essential since this



design guide |s based on analysis; and It
cannot work without a scheme fo anaiyze,

In deslaning yeur building or slte scheme,
you will be juggling a myrlad of design
variables; buliding codes, avallable financ-
ing, and costs) slrucluial, enclosure, me-
chanlcal, electrleal, and communications
systems; color, texture, massing, shape,
siza, and arrangement; and not Just acous-
fies, but alsc aesthetics, eomfort, health,
privacy, salely, and securily, Many of those
other design varlables relate to or interface
with acoustics, but some will be In con-
flict, As a deslgner you must use Judg-
ment to make tradeofls in achieving a happy
blend of needed featurss In your schame.
Wa, of course, assist you only In noise
prediction and control, We think you will
walcome this assistance.

Managing all these design varlables Is like
herding frogs. Just as you approach one, it
leaps away [n an unexpected diraction. Still,
this gulde iIs meant to do what it says—-
give you guldance abou! acoustics as you
design, To do so, the gulde makes a num-
her oi assumptions about design, which
wlil now be dlscussed In conjunction with
the contents of the gulde,

As it progresses, design is expressed as a
sot of pictures describing a scheme. The
scheme is the conversation plece; that is,
the focal point and basis of all communlca-
tions ahout the building preject, The de-
signer, consulting engineer—all of these
get thelr heads together aver the scheme
to assess it, ovaluate it, revise It, or discard
it and start afresh, This design gulde, tco,
requires a scheme agalnst which you are
to examlnhe noise condltions,

The scheme Is customarily drawn to scale
In plan, elevatlon, section, perspectlve—as
many two-dimensional drawlngs as are
needed to visually explaln the scheme as |t
will eventually ba when built in three dimen-
slons, The accustles deslgn guide anaiyses
may require small scale drawings In plan
{maps and slle plans), and far some proj-
acts drawings In section to [llustrate, in &
vertical plane, the path of the sound as Il
movas irom ils source across the lerraln
{including barriers) to a building or other
“rgceiver.”” The design guide analysis wlll
require large scale drawings to show the
general layout and details of the proposed
bullding sufficlent jor its calculations and
evaluations.

Before the scheme is slaried, design com-
muaications do not exlist as pictures, but

mostly as wards—tha conversations of
owner and designer, and the narrative of
an archltectural program. This may be just
a few noles on a restaurant placemat or a
lengthy, formal exposition of the objectives,
scope, crileria, deslred spaces, features,
and functions of the proposed project. An
[deal architectural program would contain
the full set of explicil constraints which
apply ta the project. By constraint is meant
anylhlng which limits the degrees of free-
dom In the design, Constrainis ars not
necessarlly bad, only facts of life for a
deslgner. In truth, constralnts aro desirable
because they Impose some limit, some re-
stricilon on the numbar of possible schemes,
Since this number Js Infinlte, the constraints
can be a blessing, setting a boundary on
unfettered, hence Intolerable, design free-
dom,

Very few architectural programs approach
the ideal In contalning all constralnts—In-
slead most constrainls are Implicilly held
In the designer's mind rather than explicitly
printed in the program.

Some constralnts are physical; fer example,
the cenfiguration of the slte and Its sur-
rounding environment, the characterlstics
of sound, the changas of wealthar. For pur-
poses of this design guide, physical con-
stralnts critfcal for acoustic calculatlons
davelop from Information which Is to be
obtained as directed in the first part of the
naxt chapter (Chapter 2).

Qther canstralnls are man-made, or “artlfi-
clal", and are referred to here as rules,
Autes Include the provislons of bullding
codes, as well as standards, requlrements,
and design crilerla, Llke other types of
constraints, rules limit ihe number of pessi-
bllitles in design; buf rules also serve as
objactives, as a way of measuring a scheme
and evaluating it, If the rules are truly pre-
dictive of satislactory buildings, then a
scheme on paper which complles with the
rules should describa a future building that
wlll turn out to be satisfactory,

This design guide employs a nolse critarion
as the type of rule which Is o govern your
acoustic design and evaluafion, The term
“noise criterion” s used to denote a nolse
{sound prossure) level lo be used as a da-
slgn goal for your bullding project. Chapler
3 lells you how to select nolse crileria ap-
propriate for your bullding and its ouldoor
actlvity arsas. Tha set of noise criteria you
select then serves as a target to achieve
for your bullding scheme. We hope that you
wlll not only be able to achieve the design
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geal specliied by the crileria you select, but
even lower sound levals,

Eatlier we mantioned physical constraints,
the constraints arlsing from the physical
natura of the site and from the physics of
acoustle and other nalural phenomena. As
a dasigner, you cannot deal, or Interact
with these physical constralnis direcily, just
as you do not inltially deal with a real
bullding, only the schema for a future
bullding. Hence, you must have a method
for modeling, for reprasenting the site and
acoustlc phenomena in the sama language
of words, numbers, and pictures as you
use for your scheme. Chapter § sxplains
this cancept, showlng how you can quanii-
tatlvely estimate the magnitude of sound
coming from such transportatlon sources as
hlghways, ralilways and alrcralt, as |t
reaches your slte or building.

Physlical constralnts and rules have bheen
discussad, There Is stilt a third, and final,
type of constraint, namely the scheme con-
atralnt, which is simply a constraint arlsing
from & declsion that has beaen made about
your scheme, If you declde that your build-
Ing Is to be a school, you have constrainad
it against becoming a homa, a hospllal,
or an office bullding. If yau decide Ii is to be
bullt of brick, then you have constrained it
agalnst belng built of concrate or cinder
block. As more and more design declsions
are mada, the range of possibllities for your
scheme is constanily narrowed, The most
general of these schems constraints are
usually made quite early in the deslgn
procass, and are upparmost in the archi-
tectural program, or problem stalemant.
Such general scheme constraints are the
typa of building occupancy (commerclal,
industrial, institutional, or residential, etc.),
tha avarall capital budget and In turn the
general slze of the bullding, the general
level of guality for the buliding, tha type of
fire construction, efe. Since these general
constralnts are impaortant 1o accustleal de-
sign, they must be stated (as se! forth In
Chapter 2) In advance of design.

As building design proceeds, declslons de-
scend from the general to the particular,
and constrain more and more the eventual
outcome, In fact, design may be thought
of as a process of scheme constraint sal-
ting—a process which moves from diagram-
matle drawings to detailed drawings; and
from abstractions like safety and securlty
to concrete reprasenlations of walls, flaors,
and roofs, As It moves along, deslign relles
upon a varlety of plan, section, elevation,
and perspoective drawings to repraesent the

scheme In a way thal it can ba studied.
Through the vlsualization of the schema,
the designer educates himself about lhe
fulure buliding, and is ahle, even {f Impar-
fectly, to imagine whal the bullding will be
like and how it will operale when occupied.

A good deal of the deslgner's attentlen is
drawn to the building shell, that skin of
wills and openings, roofs, and exposed
floors which will separate the bullding from
1ts outdoor environment. Design may pro-
ceed from tha Inside out!, considering first
the occupants, lhelr needs and activilles;
then the rooms and spaces suilable for
these activities; then the building shell<io
contain the rooms and spaces; and, finally,
the relationshlp of this shell to the site. Or
altarnatively, design may proceed from the
outside in, thinking first about the outdoor
environment, the forces of climate, and
relatianships to nelghbaring buildings; than
concentraling upon the bullding shell; and
finally upon the building's rooms, occupants,
and functions.

To be realistle, the designer must suraly
follow both roules, from the inside-out, and
from the outslde-In, This two-way appreach
is cerlainly neaeded for acoustical deslgn,
and [s a concept embodied in this deslgn
guide, Inside-out design commeancas with
the selection of an indoor noise critarion in
Chapter 3, and then aims at the selection
of representative rooms for acouslic analy-
sls In Chapter 6, Qutside-In deslgn com-
mencas with the gathering of physical site
data in Chapter 2, and the estimation af
site ncise from separate sources in Chap-
ter 5. The sound {rom these various sources
can ba summed, and Is that which is ex-
pected to Impinge upon the rooms for
which noise is to be predicted In Chaptar B,

Of course, inslde-out deslan decisions are
entangled with outside-In declsions. For ex-
ample, [n Chaptar 6, you wlll probably want
ta limit your analyses, since they are time-
consuming, to a small number of rooms,
Including only those crilical roems which
are lalrly susceptible o nolse and which
are exposed to the loudest sound condi-
tions, But here you will be caught up In
conilict—for if you daslgn from the Inside-
out and identify your critlcal rooms aarly
on, you will no doubt begin Immedlately
to revise your scheme to forlify these rooms
rendering them no longar critical; likewlse,
it you design from the outslde-In, you will
tend to sum transportation sounds at some
arbitrary point, or polnis, on your site where
you anticipaie a critical room to appear in
your scheme, but having Identlfied the
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potentially noisy poinls an the sile, you will
want to begin immediately fo amellorate
tha noise lavel at those polints, For example,
you might choose 1o let the proposed
bullding itseli serve as a barrier, turning its
back to tha sources of sound, and locate
raams having speclal needs for qulet on the
pratected side of the bullding. In this fash-
lon, proaress in both Inside-out and outside-
In design fs constanlly interrupled by re-
vislons In your schems, and by the tandency
to reverse your deslgn directlon.

Deslgners manage such mutually entangled
decislon chains through iteratlons of a
scheme simply by working first {rom the
outside-In and then from the Inslde-out.

Moreover, designers can generate altarma-
tive schemes which appear promlsing, and
then compare the varlous sehemes. By pro-
viding a method of analysis applicable fot
nearly any schems, this design guide alds
in such comparlsons, Time spent In scheme
generation, analysis, and comparisons will
be rewarded with Increasing inslght into
your building's nolse conditions and thalr
sotution, Chapler 7 containg some explicit
and much Impliclt advice to ald you In gen-
erating deslgn altematives,

Designing elther from the Inside out or from
the outside in, you arrlve inevilably at the
building shell, your main line of defense
agalnst transpoitation nolse, The room-by-
raom calculallons of Chapter 6 are essen-
tially caleulations of the sound Isolation
afforded such rooms by that portlon of the
shell which constitutes the exterior faces of
the rooms, To make these calculations, you
will raly upon single-figure ratings for varl-
ous typaes of exlerlor walls and wall cpen-
ings, roofs, and exposed floors, A spacial
single-figure shell isolation rating (SIR) sys-
tem was devised for this purpose, and
Chapter 6 describes the procedures for
implementing this system. Appendix A pre-
sents SIRs for a varlety of bullding sheli
matarlals and caonstructions.

In summary, this design gulde Is intended
to ald you in making acoustic declsions lor
a bullding problem which confronts you.
The guide's chapters are arranged In a
sequance compatible with the overall de-
slgn process for bulldings. It you are using
the gulde for the first time or need to re-
frash your memory on [(ts use, you will
want to study the general discussion which
Is contained in this chapter. Then you
wlll colfact background Infarmation about
your project site and make the early deci-
slons about your building schema called for

In Chapter 2, Then, formulate nolse ctiterla
for the types of bullding occupancles or
room functions you have In mind as de-
scribed In Chapter 3, Then using the strale-
gles described in Chapter 4, you wlll selact
a polnt or points on your sile for estimating
sound levels, Chapter 5 will then assist
you in estimating the sound ceming lo your
site from highway, railway and aircraft
sources. For the first two sources, Chapter
5 will also show you how to eslimate the
attenuation of sound as Il crosses varfous
types of barriers. [ your slte or building |s
exposed to more than one source of sound,
the coniributions of these various sources
can be summed as descrlbed early In Chap-
lar 6,

By this time, It Is prasumed, you will have
completed a schamatic design for your
building which can be analyzed for i1 nolse
transmission properties and |nterlor nolss
levels by means of the strategles and meth-
ods of Chapter 6. The analysls is made on
a room-by-room basls.

If the room sound levels are greater than
the nolse criterla you formulated Jn Chapler
3, you will want to revise your scheme, If
lhe nolse criteria ara not mat [n Just a few
rooms, you may wish to make delailed
schame adjustments for only those rooms
alfected, If your scheme's nolge troubles ara
mare general, howevar, you wlll look for
more extansive changas In your schema, In
elthar case, you will be helped by the sug-
gestions In Chapter 7.

In this guids, Interfor nolse sources are not
sstimated. Because of the great divers(ty of
sources, Including heating, cooling, and
ventilating systems; office equlpment; con-
versatlon; etc,, such estimates would be
cumbersome, Instead, intorior sources are
accounted for by assuming they contribute
lo the sound coming fram exterlor trans-
portation sources, If you want more precise
estimates, you should refer to the public
{exts on noise and vibratlon contrel, and on
acoustics and archilectural deslgn listed at
the and of Ihis chaplar, {also reference [22]);
or You should obtaln the services of an
acoustical consultant,

This design guide has [ts main emphasls
upon problems of transporlation noise In
the design of new bulldings, since this Is a
commoen noise problem. It Is also a com-
plicated problem because thers are many
unknowns In bullding schemes during thelr
formatlve stages, Thae deslign problem can
be stated thus: given an architectural pro-
gram and a schome for & proposed build-



ing, predict acoustical conditions In tha
rooms of the buliding, or In the outdoor
aclivity areas of the building, and bring all
spaces to pre-astablished nolse criterion
lavals,

The gulde can be helpful In other types of
problems as well; prablems tlke those l|sted
below:

Slte Selection: given. a desired buliding
occupancy, such as a schoof or apartment
bullding, select a site which will have
acoustic conditions within specified nolse
criteria.

Analysis of a Building Slte: given a siite,
analyze its acoustic conditlons, or the
conditions {o ba expected in a proposed

buitding of a selected typa of occupancy,

Ervironmental Impact Stataments: given &
proposed bullding scheme, predict the
impact of transporfation noise upon the
raoms of the bujlding.

Building Re-design: given a complated build-
ing, improve the acouslic conditions of
its rooms or outdoor activily areas lo
salisfy nofse critaria,

In using the guide to address such addi-
tional problems as the ones llsted ahove,
you will select among lhe oflerings of its
various chapters. This should be easy to
do onca you have famillarlzed yourself
with the gulde in connaction with problems
of building deslign,
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Chapter 2
What You Need to Know Before
You Begin to Design

Chapter 1 described the general phllosophy
and structura of this dasign gulde and how
it can be used to solve building deslign
problems resulling from transportation sys-
tem nolse. Hare in Chaptler 2, we wlili spacify
the information you wlll need to address
these problems. Much of the [nfarmation
you gathar for transportation systeam nolse
analysis will also be assential for other de-
slgn purposes,

In addition to data colfectlon, Chapter 2
has a second goal; namely, to Identily the
procadure to estimate the severllty of the
nolse problem at your slte and proposed
bullding. If you have a dire problem beyond
the reach of this gulde, you should gst
assistance from an expert acoustician. If It
appears that you have no potantial problem,
desist . . . your time will be belter spent in
othar spheres, But, if your problem lles
within these two extremes, carry on, this
dealgn gulde can be of help to you.

Direct measuraments of nolse and the
equipmant for making these measurements
are expensive. This guide calls for making
estimates of the sound lavel of transporta-
tion nolse from stafistics such as counfs of
alrcraft flyovers, highway traffle, and rail-

way passbys, and does nol require or rely
upon direct measuremants of nolse lavels,
It a deslgner has the requirad measurement
equlpment and the expertise to operate the
aequlpment, he is also llkely to have access
to good ways of quantitatively estimating
and predicting acoustic conditions, and par-
haps these ways are more detailed than
those found in this guide,

You should reallze that the scope of this
design guide has been dellberately re-
stricted to exclude some potentially serlous
nolse problems. Your attention is principally
directed toward consideration of highway,
rallway (Including rail rapld transit) and air-
cralt noise, Howsver, It 38 not possible to
Include detalled consideration of compll-
cated highway Intarsectlons {including such
factors as stoplights or severe grades), rall-
road yard operations, or airport operation
nolse problems due to airports localed
closer lo your slle than the distances |isted
in Table 2~1,* These problems are too com-
plex to ba solvad by this design guide,

* In order to make the rasulls more Immodiately
usolul ta Ametrican architects and designers, cus-
tomary enginearing units are used rather than tho
{metrie) Internalione! System of Unlts (51} nor-
mally used in NBS publications.

Table 2-1. Minimum Distances between Alrparts and Building Sites [1,2].*

Commercial or Ganeral Avlation
International Alrpart ** Military Afrport Alrport
Distance Distance Distance Distance Distance Distanca
to Side to End to Side ta End to Side to End
of Runway of Runway of Runway of Runway of Runway of Runway
3000 feet 4 miles 2000 feet 2% mlles 1000 feet 1 mile

* It your bullding or site I3 within the distances ot Table 2-1, you will have nolso problems beyond tha
scopo of this dosign guide, and you should secure tho servicos of an export acoustician,

** Alrports are classiffed as Intornational, Commercial or Milllary, and Gonaeral Aviation according lo tho
oftociive number of [at aircralt operations (lakeofls and landings) daily (NJell), To account for the extra
annayance of nightiima operations, tholr number Ia mullipiied by seventeen whan added to the humbor
of daytime operations, Honce, NJolf = 17 NJnlght 4 NJday.,

For International Alrports, NJe!! Is groatar than 1300,

For Commercial ar Military Alrports, NJefl is between 501 and 1300.

For Gonoral Aviation Alrports, NJel! (g fesa than 500,



Slmilarly, conslderation of nolse problems
due to fixed or temporary noisa sources
such as nolsy Industrial plants, or highway
or building constructlon Is bayond the scope
of thls deslgn gulde because ol the diverse
range of potentlal problems.

Two classes of information will be nsaded:
{1} Information about the building slte and
the surrounding area and information about
the oparatlonal character|stics of the varl-
ous transportation syslems {information
which we have referred to as physical con-
siraints); and (2} information about the pro-
posed building (Information we have catled
scheme constrainis).

Building site data conslst ol geographical
and topographlcal Informatien about the site
and the lands adjacent to the site. The in-
formatlon should be sufficlent to prepare a
nolse source map of the area to scale, and
to cut vertical sectlons through thls map in
order to show transporiation noise sources
in retationship to the surrounding terrain
{including any man-made structures) and
your proposed building, Of speclal interast
ara any barrfers (natural or man-made), In-
tervening rows of bulldings, or extenslve
growths of vegaetation which might divert,
reflect, or absorb a porllon of the sound
befora It reaches your slte and bullding.

Usually, the nolse source map can bs drawn
from clty, county, highway and olher maps
which are Inexpensive and easy to obtaln,
The third (vertical) dimenslon Is iacking In
many of these maps but can be determined
from topographical maps Issued by the
Coast and Geodetlc Survey. If these maps
do not provide the Information noeded,
you may have to run surveys wilh a hand
level or a transit, But before you parform
these surveys be sure to exhaust all ave-
nues oi existing Information such as: city,
county, and reglonal planning commlssions;
publie utility companles for eleclric power,
natural gas, sewer and walar, or telephens
services; city, county, and state depariments
of strests, roads and highways; Irrigation
and weed and pest control districts; port
authoriiies; departments of bullding regula-
tlon; city, counly, or state engineers or sur-
veyors; and, the Bureau of Reclamation,
National Park Service, or Army Corps of
Enginears. These apencies may not have
the Information you need, or may not be
able ta release it; but if they do have it
and can rolease lt, your Job wlll be lessenad,

The maln purposes of the noise source map
are o |dentlfy lhe locatlons of all polential
transportalion systam nolse sources, and to

determine which arsas on your site have
the lowest nolse levels resulting from thesa
transportation systems. |deally, the noise
sourca map might contain sound contours
of equal neisa lavel cavering the entire site.
This could ald in tha Identlfication and
selectlon of a preferred hullding location,
But the davelopment of such a coniour
map is diiflcult and is likely to be beyond
your resources., Anather factor Is that this
techniqua of selscting a preferred bullding
location requires that your slte be large
anough to permit relocating the buliding.
This is nol always possible and, thus, spe-
clal design strategies, as outlined In thls
guide, are noeded,

In additien to the geographical and topo-
graphical Informatien dlscussed abova,
there Is also a need for Informalion about
lhe transportation system cperational char-
acterlstics, The specific informatlon that s
naeded depends on the type of transporta-
tlon system being analyzed, The complete
list of required dala are given in Chapter 5,
which should be reviewed tharoughly befora
you attempt to acquire the nacessary in-
formation. The possible sources of this
Information are discussed below.

For Information on highways, you should
contact the eity or county director of traffic;
city, county or state depariment of streets,
roads and highways {cr department of trans-
portation); or the city, county, or state engi-
neer. Federal agencles such as the Depart-
ment of Transportation, Federal Highway
Administration, or Highway Research Board
may also be able to provide the needed
Informatlon.,

For Informatlon on rallways you should
contact the supervlsor of customer rela-
tions far the rallway. The clly, county, or
state depariment of transporiation may &lso
be of some help, as well as the clty, county
or stale englneer, Tha Assoclation of Amerl-
can Railroads may be able to put you in
lauch with the relevant offices or agencles.

Information on airports can be oblalned
from tha Federal Aviatlon Adminlstration
{FAA} area ofiice for commercial airports,
or from the Military Agency In charge for
military airports. You might also contact
the FAA District Office, (or alrport opera-
tor}, or the airport manager to get the ra-
quired information.

Keep In mind that transportation systems
can change dramatically with time. Also,
land use patterns ara not fixed, but vary over
the years, For example, the future abandon-



ment of a nearby alrport or railway line
cauld erase & presenity cruclal nolse prob-
iem. Llkewise, highway nalse could ba alle-
viated by the davelopment of quleter tires
or more silent engfnes. On tha other hand,
nolse conditions could eventually worsen
because of Increased trafiic on exsting iree-
ways or the construction af new highways.
Naturaily, you should ity o anticlpate future
changes, In making your predietions, you
can consult the data; review the plans and
projections; and seek the assistance ol de-
partments of streets and roads, highway
departments, planning agsncies, rallway
companles, and the like,

We have thus dellneated some of the re-
quired physlcal data on the site and nelgh-
baring land, and sources of Information on
transportation system operatlonal character-
fstles. Now let us revlew the second main
class of needed Information; information
about your proposed bullding which Is
nacassary for interlor noise level calcula-
tions. We have referrad to this type of In-
formation as scheme constraints, and have
Indlcated that only the most ganeral schame
constraints must be spelled out here,

Scheme constralnts neaded are: the type
of building occupancy—be It commercial,
educational, Industrial, [nstitutional, or resf-
dentlal, etc.; the bullding size In terms of
floor area, or In tarms of beds for general
hospltals, classrooms for schools, ete,; the
overall building budget, which togather with
the proposed building size, will yield soma
notion about bullding quality; the general
type of construction, whather heavily f{ira-
raglstant or not, and the general type of
constructlon materlal, whathar heavy or light-
welght. Knowing these scheme constralints
is essential for anticipaling the typlcal room
alze, amount of exterlor shell exposurs, and
typleal room furnlshings, whether sound ab-
sorptive or not, for the room-by-room calcu-
lations of Chapter B, Knowling the genaral
degrae of bullding quallly and workmanship
Is also needed for estimates of reom sound
levels. Finally, the type of occupancy for

the bullding as a whole and the functions’

of special rooms within the bullding are
schome constralnts neaded for selecting
nofse criteria In Chapter 3. The decislon
about these noise criteria Is especially critl-
cal to the people who will occupy the bulld-
Ing, pecople whom you will want o salisfy
in tarms of acoustic comiort,

As you come face to face with the problem
of sallsfying these fulure occupanis, keep
In mind that In recent times thelr peace and
comfort have been Increasingly Intruded

upon by loud nolses. They are constantly
bombarded by nolse from all kinds of
sources — namely, automoblles, trucks,
trains, airplanes, but also construction ma-
chinery and Industrlal equipment, to name
Just a few. Regratably, the only refuge they
may have from these disruptive nolses I3
Inside thelr homes and affices, Thus, It I3
no wender that people become upset and
dissatlsfiad when they are disturbed even
there,

Of course, the best anawer would be to
reduce noise at lis source. But this optlon
[s frequently not one over which the de-
slgner has control, Therafore, the designar
must ecneantrate upon minimizing the effect
of nolsa at the "recelver", namely [nslde
homes, offices, churchas, schogls, etc. To
aflectivaly Isolate people from these nolses
the designer needs io know beforehand the
characteristics of the noise source. For
many types of sources this information is
elther not available or wauld be too voluml-
nous, therefora difficult and expensive to
gather,

Construction nolse and Industrial nolse are
two such cases, Estimation and prediction
of the noise from these sources Is dlfficult
because thare are many different equip-
mant types and functlons to be described.
That these sources operate Inlermittently
cn a varlable time schedule only further
complicates the problem, and requires
olaborala measuremenis of the sound pro-
duced.

This Is not the case for highway, rallway
and alrcrafl nolse. Althaugh thera obviously
are differant types of autos, trucks, tralns,
and airplanes, In general, many of thess
vehlcles operate [n the same manner, per-
forming the same function. This allows car-
taln assumptions 1o be made about how
the nolse [s generated, which [n tutn makes
It pessible for you to predict the noise lovels
produced by each type of vehicle. This is
the basls for the predictlve methods de-
scribed [n Chapter &

We may be able to spare you the troubls
of perfarming thase complate calculations.
We mentloned earlier In this chapter that
twa situallons would make these calcula-
tions unnecessary or Inappropriate. The
first situation Is a bullding slte having severe
nolse problems, which would direct you
toward the services of an expert nolse con-
tral engineer or acoustical consultant; tha
second situatlon, the one o be discussed
next, Is a bullding site.whlch probably hag
no severs noise problem whataver, Lel's
examing this posslbility now.



10

Tabla 2-2 provides a llst of minimum dis-
tances which you can use as rules of thumb
for elimlnating transportation system sound
sources as matters of concern, The values
In Table 2-2 are the distances nacessary
for the nolse generated by "lyplcal" high-
way and railway operations to decreasa 1o
an A-walghted day-night sound lavel of 55
dB (these units are explained more fully
in Chapter 3) at the exterior of the bullding
under consideration, As is Indlcated In
Chapler 3, this corresponds to the nolse
level In a typleal suburban nelghborhood,
and is not generally regarded as excesslve
noise, In Table 2-2, the decrease of sound
level with distance is assumed to be a func-
iflon only of geometrical spreading, or dlver-
gencs, and does not include decreases due
to barrlers or other forms of shlelding which
would further reduce the sound levels and
render Table 2-2 valuas more conservative,

The values In Table 2-2 for alrporis are the
distancas required for the nolse generated
by *typical" aircrait operations fo decreaso
to & sound lovel that s “clearly acceptable."
This is based on the informalion given In
refarence [1], which avaluates a building
site as "clearly acceptable” if the "nolse
oxposureé Is such that both the Indoor and
outdoor environmenis are pleasant."

If your site or building Is located at dis-
tances greater than those shown [n Table
2-2, the probabllity is low that noise would
axceed an A-weighted day-night sound level
of 556 dB. Thus, there would be no need
to porform the predictive compulations of

this design guide, This, of course, Is con-
tingent upon whether or not your sltuation
[ truly “typlcal,” For example, these refer-
ence distances wauld not apply where there
are extramely high vehicular trafflc volumes
~-more than 10,000 autemobiles per hour,
or mora than 300 trucks per hour.

On {he other hand, If your building slte Is
closar than the distances specifled In Table
2-2 fo one or more of the three transporta-
tion systems nolse sources, the nolsa lavals
for your huilding should be determined by
the pradictive methods of Chapter 5.

The use of Tabla 2-2 s an informal prece-
dure, which may not be adaquate for your
needs. Thus, a more formal procedure for
the prelimlnary elimination of non-intrusive
nolse sources from further conslderation is
outlined In the following steps. Complete
these steps using the Praliminary Source
Evaluatlon Worksheet shown in Figure 2-1.

|natructions for the Use of the Preliminary
Source Evalualion Worksheot

8TEP 1 INPUT DATA
You must firat determine the distances
frem all major highways, rallway lines,
and alrports to the building sita or pro-
posed building location. For ald in select-
Ing the most appropriate bullding locatlon
on your site, rafer to Chapter 4. Distances
can bes obtained from area maps, For
highways and railways, the distance
should ha measured along the shortest
perpandicular line from the centerline of

Table-2-2. Distance Criteria for Elimination of Non-intrusive Transporiation System Nolse

Sources [1).

Noige There is a possibility of excessiva nolsa due to this

Saurce source |f the building site [s:

Highway within 1000 feet of any major roadway *

Raliroad within 3000 fest of any railway line

Alrcralt within the distances given below:

1. International 2, Commerclal 3. Gensral Aviatlon
Alrport ** or Mllitary Alrport**
Alrport**

Distance | Dlstance | Distance [ Distanca | Distance | Distanca
teSidecof |toEndof | to Stdeof |toEndof | to Sideof | to End of
Runway Runway Runway Runway Runway Runway
3%z miles | 16 miles 2¥2 miies | 9% miles | 1 mlla 5 miles

* A major roadway is one with traffic of more than 50 autes par hour or more than 5 trucks per hour,
** Spo the footnotes of Table 2-1 for definitions lor the throe lypos of alrports.
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11 PRELIMINARY SOURCE EVALUATION WORKSHEET
1 2 3 4
Noise Bullding- Might there Il the answer If the answer
Source Source be excessive Isnoinall Is yas for one
Distance noise? (yas cases, or mora of tha
or no) [See for nighways, sources,
Table 2-2] railways, or
alrporis *
Omit Sectien 2 Obtain the data
Highway #1 fest of Chapter 5 and perform the
computatians
#2 foat outlined in Sec,
2 of Chapter 5
#3 feet for each high-
way with a yes
#4 feat answaer.
Railway #q foet Omit Section 3 Obtain the data
of Chapter 5 and periorm the
#2 feet computalions
outlined in Sec.
#3 leat 3 of Chapter §
for each railway
#4 feet with a yes answer,
Airport #1 miles Omit Section 4 Obtain the data
of Chapter 5 and perform the
#2 miles computatlons
quttined in Sae.
#3 miles 4 of Chapter b
for each alrport
#4 miles with a yes answer,

* i the answer Is na far zil three types of fransportation syslem nolse source, this design guide evalua-

tlon is not nocessary,

Flgure 2-1.  Preliminary Sourca Evaluation Workshest,

the highway or raflway to the building or
slie; and, for girports from the noarest
runway, Also io accuralely astimate the
nolse generated by aircraft, you should
determine [i the bullding |s to be near
the slde of a runway or in line with the
end of a runway. Moreover, you should
classlly the alrport In one of three cate-
gories {2]:

1. International Alrport or airport serv-

Ing a groater metropolitan area
2, Airport serving commercial carriers
or military alrport

3, General Avlallon—propeller airgrait
Record this information on the worksheet
which provides spaces for as many as
four highways, four rallways, and four alr-
poris for your bullding slie, Distances
should be In leat except for airport data,
which should be in mlies,

STEP 2 NOISE SOURCE EVALUATION
Now you can evaluate each ol the sources
llsted in Column 1 of the worksheel,

Using the distances of Table 2-2 as refer-
ences, detarmine If any of the sources
may possibly genarale excesslve noise
at the building site. To determine the
appropriale distance to use as a rafer-
once for the airport noise estimation,
look In Table 2-2 under the airport cate-
gery and then choose the distance cotre-
spanding to the building locatlon, to the
side of the runway or in line with the
and of the runway, Record the results in
Column 2 as elther yos or no answers,
Then, depending upon the answer In
Column 2, proceed to sither Column 3
(& no anawer) or Column 4 {a yes answer),
If any highway (or other type of source)
has a yes answer, the nolse pradiction
computatlons should be perfermed for
each such source.

A word of warning should be given here,
All of the reference distances listed in
Table 2-2 are approximale, You must exer-
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cise some Judgment in deciding which
potenilal noise socurces can be neglected
and which ones can't. Unfortunately, this
will be difficult untll you galn soma experl-
once In making these decisions, in general,
It is always a good idea to analyze any
source about which you are uncertaln, Thal
way there will be little chance of omltting
a source which could generate excessive
neise at the building site.

Clearly, there ara many nelse problems that
require the expert advice of an acoustical
consultant or nolse control  engineer,
Although thia guide equlps you to make
quantitative estimates of ncise levals, and
suggesis deslgn alternatives to ameliorate
difficult design problems, you would be
wise o oblain the services of a consultant
in the following circumatances:
{a) I your bullding accupancy is one that
requires unusually low nolsa critaria
{for axample, a recording studic or
library), and the anticlpated site noise
levels are expected fo be high due to
the immediata proximity ol an aliport,

Industrial plant, ete, Here, your bulld-
ing's constructlon wlil have to be
unusual, incerporating special nolse
control provisions.

{b) !f the proceduras of this design gulde

yleld astimates of Interior neise well
In excess (15-20 dB) of the nolse
criterfa, your bullding deslgn should
be changed, It may be best to do this
wilh the assistance of a consultant,

(c) It your buiding site falls inte the

"clearly unacceplable” category a9
daefined by Schultz and McMahon In
“Nolse Assassment Guidelines” [1],
you should obtain the services of a
consullant {o conslder tha advisibllity
of constructlon on or rejection of the
site, or of the speclal adaptationa
which may be required. Schuliz and
McMahon define “clearly unaccepl-
ahle" as , ,, a nolse exposure at the
slte 80 savare thal the construction
costs 1o make the Indoor environment
acceptable would be prohlbitive and
the outdeoor environment would still be
infelerable,

Refarances:
Chapler 2
Information
Collection

[1) Schultz, T, J,, and McMahon, N, M.,
Naoise Asseasment Guldellnes, U.S, De-
partment of Housing and Urban Devel-
opment Report No, TE/NA 171 (Bolt
Beranek and Newman, Inc., Cambridge,
Massachusetts, August 1971).

[2] Jensen, P, and Sweitzer, G., How You
Can Soundproof Your Homa, {Lexington
Pubiishing Co,, Lexington, Massachu-
sotls, 1974),
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Chapter 3
How to Salect Noise Criteria

From reading Chapter 2, you have dster-
mined whether ar not your slte or building
nolse problem |s one which ean be analyzed
by using this design gulde, This chepter
tells how to select nolse criterin,” maximum
acceptable sound lovels appropriate for
your site and bullding occupancy, when the
origin of the sound is due to external trans-
pottation systems.

Cnce you have selecled nolse crlileria . . .
your design goals . ., you ean proceed to
astimate the amount of sound coming to
your site from hlghway, rallway, and alr-
craft sources; raduce this estimate of the
amount of sound to account for the affects
of dense vegetation or other barriers (ses
Chapter 5), and then make an Initial nolse
analysis for your building's Interior and its
outdoor actlvity areas, |i the sound levels
you estimate {In Chapier 6) are greater than
the nolse criterla you have sslected, you
wlll probably want to pursue Implementa-
tien of suggested design alternativas (In
Chapter 7) to bring eslimated sound levels
to within selected nolse grlterion levals,

Thia chaptar wlll offer two approaches to
seleeting noise crltarla , . . an approach
ualng the simplified Table 3-1, or an ap-
proach using the more comprahensive Tahla
3-2, Belora selecting the erlteria, however,
you should study and undarstand the fol-
lowing princlples of sound, how it is maas-
ured, and how noise criterla can be based
upon socund measurements.

The respense of your futura building's cccu-
pants {0 noise depends upon the phyalcal
characlerlstics of the naise, the acoustic
propertles of the bullding, the activity In
which occupants are engaged, and thelr
sensitivity to nolse along with a complex

4 In thig design gulde, the word criterlon donotes
a rofse (sound prassure} level which you, the do-
signer, wilt seloct as a design target, or goal fof
your bullding prolect, The Environmental Prolec-
Hon Agency usoes crliterla In a different sense;
namely ns standards reflocting avallable knowl-
adge as to tho heallh and wellaro elfects ol such
onviranhmental poliutants as nolse.

set of other paychological, physiologlcal,
social, and cultural factors. Obviously, it i8
assentlal that you, the building deslgner,
make a number of simplifying assumptions
about nolse and the human perception of
nolse, In order to deal with acoustic phe-
nomana quantitatively, Using thia guide, you
will be able to predict the sound condi-
tions In and around yoaur proposed build-
ing, and you will have some Idea of the
degree o which your building's occupants
will be satisfied with |ts acoustlc environ-
ment,

Experts generally agree upon the definition
of nolse as unwanted sound; and sound,
for our purposes, Is a propagating pressure
disturbance in alr. Many properties of this
prassure disturbance can be described
quantitatively, but the most impartant prop-
ertles ara the magnituds, or amplitude, of
the pressure changes about atmospheric
pressure; the time-variation of the pressure
changas (frequency); and the distribution
of sound energy across hands of fraquency.
Paople can hear sound within the range of
pressure amplitudes extending from approx(-
mately 20 uPa (Micropascals) at the thres-
hold of audibility to 20,000,000 Pa at the
threshold of fealing. The |lIft-off noise aof a
Saturn rockel Is about 20,000,000,000 .Pa,
an even greater presaure ampliude, wall
above the threshold of fesling. Because thia
ls an enormous range of magnitudes, and
because acousticians need to observe the
effects of amall changes at both extremes,
they have eschewsd a linear scale and
adopted a logatithmic scale {to lhe base
ten). This scale compresses a range of one
to a billlon to a range of 0 to 9.

The numbera 0 to B represent relatlve quan-
lities, and the quantity measured on such
a scale i3 raforred to as a |eval, Sclentists
and englnesrs usually work with energy
quantlties that would be proportlonal to
the square of the sound pressurs rather
than to the sound pressure itself, This pra-
sants no diffficulty, since the logarithm of a
squared number is two times the logarithm
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of the original number; therefore, Instead
ol a range of levels trom 0 to 9, tha range
runs from 0 lo 18 fer sound pressure
squared, The unit on this scale is calied a
bel, The bel has been divided into 10
smaller units known as decibals, so that
the range of sound pressures, from the
approximalte threshold of hearing to Saturn
rocket noise, runs from 0 to 180 decibels.

Decibel scales thus provide a convenient
way to describe the large range of sound
pressures to which your building occupants
will be expesed, The seund pressure lavet
{SPL) Is defined as:

SPL = 20 log,, —-,
Prat

where p Is the magnitude of the amplitude
of the sound prassure (measurad over some
appropriata averaglng time), and p,. s a
relerance pressure, takon as 20 uPa. The
unlts of SPL are decibels, abbreviated dB.
The level near the threshold of audibility Is
0 dB, and at the threshold of feellng ls
approximately 120 dB.

The logarithmic decibel scale is extremely
useful; however, It can be puzzling, On a
linear scale, the tolal sound pressure due
to two Identical noise sources would be
twice that of ong of the sources operating
alone. However on a logarithmic scala, the
total sound pressure level resulting from
two [dentical nolse sources is 3 dB higher
than the level produced by elther source
atone. (If you double a numbser, iis logarithm
will always increase by 0.3; hence, 0.3 bols,
or 3 declbels), Alse, if two sound sources
whose levels diffar by more than 10 dB
are added together, the resultant level will
be less than 0.5 dB higher than the level
produced by the grealer source operating
glane,

The above paragraphs have concentrated
upon sound magnitude, or amplitude; but
as mentioned earlier, subjective responses
to nolse are also based upon frequency.
The fraquency range of hearlng extends
from approximately 20 hertz to 20,000 hertz,
The unit hertz, abbreviated Hz, has been
adapted to avoid possible confusion be-
tween the praviously used term “cyclas par
second and olher “cycles” of machinery
or natural phenomena, The 20 to 20,000 Hz
range s referred o as the audio region as
distingulshed frem the Infrasenlc range (20
Hz and below) and the ultrasoenle range
{20,000 Hz and abova),

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

influenced by frequency. Llkewlse, ona's
subjeclive response of pltch Is highly de-
pendent upon fraquency, but is also some-
what aflected by sound pressure, Moreaver,
sounds subjectively charactarized as “low
pliched” have snergy content principally in
the low frequency range, and vice versa.

People are most sensllive to sounds in
the mid-band or high frequencles. Paople
ara less annoyed or distracted by sound
fraquencies in the lower {requancy ranges.
To compensaia for thig, sound levels to be
used for noise criteria are customarily
welghted, as shown in Figure 3-1, 1o de-
emphaslze the importance of low frequency
sound while emphasizing mid-band and high
frequency sound.

HELATIVE RESPONSE--DECIBELS

i .'"En'.,"‘
AprL N
--j..";l‘-',gi:!.,’.'
50
2 50 100 200 500 100D 2000 5000 10,000
FREQUENCY—~Hz

Figure 3-1. Freqguency Response Curve
for A-weighting [1, 2, 3],

There ars various wefghtlngs or “scales,”
but In this design guide, we will consider
only the ene termed the "A-welghling" scale
{to dlistinguish it from others, 8.9, B, C, D,
stc.). It has the advantage of standardization
both nationally [1] and internationally [2, 3}
and |s the most commonly accepted walght-
Ing scale, Special filters are bulit into sound
level malera so that they measure and Indi-
cata A-welghted sound levels.

Figure 3-2 |llustrates the A-weightad levala
of sounds encountered in daily Ilfe [4]. The
range of A-welghted SPLs found in bullding
spaces varles from approximately 20 dB for
studigs for sound recording to 80 dB for
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boiter roems. Clearly, these two lypes of
bullding room cccupancies are highly spe-
cialized, and the rangs of SPLs for ordinary
cccupancles extends from approximately 35
io 60 o8,
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Figure 3-2, Typlcal A-weighted Sound
Pressure Lavels [4].

Sounds vary over time. As an example of
the variatlon of noise level with time, con-
sider a traln—Its sound will increase as
the train approaches and then subside
as the train moves away. The maximum
sound pressure fevel as the train rushes
by would be much greater than the sound
pressure level measured as the train dis-
appears in the distance. Hawaver, the varia-
tion In the lrain’s sound level can be ac-
counted for by averaging the sound energy
over the time of the train's passage, and
thereby detarmining an *equivalent” steady
sound lavel,

Moreover, since transportallon sounds vary
from hour to hour as traific ebbs and flows,
ancther type of fong term time averaging
is needed. It is based upon time perlods
relaled to the intended time of bullding
occupancy, or use ., . 1, 8, or 24 hours,

During such a long time perlod, a great
many {rains could pass, and the sound
level meter Indicalion would typically have
varied over an exiremely wide range, This
can be accounted for by obtaining meas-
urements in terms ol {(A-weighted) equiva-
lent sound prossure levels. Such equivalant
A-woighted sound pressute levals, then,
are constant sound ievels which, in a given
situation and over a given time period,
convey the same sound snergy as the
actual, measured sound,

The nature of the averaglng of sounds In
oquivalent sound levels is such that two
sounds, ane of which contains twice as
much energy but lasts only half as long as
tha second, Is characterized by the same
aquivalent level; se is a third sound with
four times as much energy but lasting only
ane fourth as fopg. Thus, equlvalent sound
levels tend to average out sounds of vary
high level but short duration, For example,
an equivalent sound lovel of 60 dB over a
twenty-four hour day would permit sound
pressure levels of 110 dB, but these would
ba Mimited to a total duration of less than
ane sacond In the course of the twenty-four
hour poeriad [4],

The concop! of equivalent sound lavel was
used in United States Alr Force studles of
noise from alrcralt as early as 1957 [4, 5],
and was Introduced In Germany In 1965 to
ovaluate the Impact of alreraft nolse upon
the neighbors of alrports {6]. It was soon
recognized [n Austria as appropriate for
avaluating the Impacl of strest traffic nolse
in dwellings and schoolrooms [7, 8]. It is
now the rating used in both East Germany
and West Germany standard guidelines for
city planning [9, 10], and It kas been widely
accepted in Sweden for use in traffic nolse
surveys {11, 12).

Qur use of the equivalent A-welghied sound
lavel conforms to the palicy of the Environ-
mental Protection Agency which selected
it as the one conslstent measurament scale
"“based upon exlsting sclentilic and prac-
ticed experlence and mathodology" which
satisfies the following guldelines:

"1, The measure should be applicable o
the evaluation of pervasive long-terim nolise
in various defined areas and under various
conditions over long periods of time.

2. The measure should corralate well with
known efiecits of the nolse environment on
the Individual and the public,

3, The measure should be simple, practical
and accurate, In principle, il should be
useful for planning as well as for enlorce-
ment or monitoring purposea.
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4. The requlred measurement equipment,
with standardized characleristics, should be
commercially available,

§. The measure should be closely related
fo axisting methods currently in use.

6. The single measure of noise al a given
location should be predictable, within an
accepiable tolerance, from knowledge of
the physical events producing the noise.

7. The measure should lend itseli to small,
simple monliors which can be lell un-
attended in public areas for long periods
of time," [4]

Of courss, the equlvalent A-walghted sound
leval Is not without its deficlencies. SUll,
these deficiencies do not preclude the use
of this measurement scale based upon pres-
ent knowledge until more is known about
the requency-welghting and time-averaging
of acoustical data.

Four types of equivalent A-weighted sound
lavels are suggesied in this design gulde as
noise criterla for various building types:

Leq(1),* the “one-hour" Leq for shorl-term
occupancles such as churches and
theatres,

Leq{8), the “sight-hour" Leq for olfices
and commerclal buildings used during
an 8-hour working day,

Leg{24), the "twenty-four hour" Leg for
educational cccupancles,” and,

Ldn, the day-night equivalent A-weighted
sound level, lor residential cccupan-
cies,** Ldn, like the Leq(24}, has a 24-
hour averaging period, but in addition
has a built-in penalty for night-time
nolse,

Examplas of ouidoor day-night aquivalent
sound lovels In varlous localions are shown
In Figure 3-3. Nota in particular that a level
of Ldn = 55 dB ls characteristic of sub-
urban locallons, and that |avals in excess
of this are characteristic of urban, noisy
urban, or clty {major metropolis) noisa
levels,

There are several, general ways in which
your building's occupants could be ad-

*Leq i3 pronouncad In sccordance with Its ihreo lellers
ULiwtgtagts and Leg{l) 18 collad the  “‘one-hourt
g,

** Tho use of Leq {24) {or aducationnl cecupancles, 5 sug-
gested by rolerenco [3), was adopted /n this dosign gulde
tacause I was foit that thls was tho mast approprlate
malrie tar Shia {ype of bullding occupancy. Since achoals
nre often uaed In the early evoning haurs, Leq(d} would
nat be nppreprioto because it would oxciude the nolse
oxposure during those hours, On the elthar hand, Ldn would
nol bo npprepriste eithor, bocauso Impesing A& nlghtime
penally would ba unnegessarily savore, |decily, a measure
basad an fourieen to elxloon hours would bo best sultod
for oducation occupancy. Bul since such o moasuro is hot
tuntomary, Leq{24) was chosen.

varsely affected by nolse . . . it could cause
a loss of hearing, actlivity Interlerance or
annoyance, and passible consaquent stress.
In this design guide, noise criterla are re-
lated solely to annoyange or aclivity Inter-
farence. Hearing Impairment is not con-
sidered herein since it only tends to accur
in factories and similar locations where vary
loud nolse is experienced over lang periods
ol tlme, Stress per se s not considered
herein since Ils causes are oflen multl-
faceted and its effects diflicult to diagnose.
In selecting neise criteria, then, you are
alming at nolse levels that will not ba so
high as to create annoyance, or to Interfere
with activities, particularly those requiring
varbal communication,

The total nolss environment within a build-
ing originates from two princlpal sources
.. . indoor and outdoor. The procedures of
this deslgn guide provide quantitative estl-
malas only for that pertion of the total
Interlor noise due to tronsportation-system-
related external sources. The procedures
do not include delalled calculations for the
possibly larger contribution of use-related
internal sources such as mechanical sys-
tems and occupant activities, of to non-
transportation  system related  exlerior
sounds. However, the guide permits you to
account for noise genarated indoors by an
adjustment to your selected noise crileria.
The axptanation which follows provides the
underlylng basls for such an adjustment.

When all interior sources have been totally
silenced, such as when the HVAC (heating,
venlilating, and air-conditioning) system
has been shut down, and when building
occupants are qulet or asleep, total Indoor
noise environment may approach the levels
dua to the external sources. Under these
clrcumstances, the Interlor and exterior
sound pressure tevels wlll differ by a con-
stant amount; and i the exterior nolse in-
creases due to some change such as [n-
creased traffic volume, then the interior
noise lavel wlll increase accordingly. The
exact amount of diiferance between interior
and aextarlor nolse levels would be related
to the building shell's nolse isolation prop-
artieg, the lypes of interlor furnishings, the
nature of the energy-frequancy distrlbution
(or “spactrum”) of the exierior noise, and
the degree to which windows are open or
closed, Such factors as these are dealt
with in Chapter 8 of this design gulde.

Activity within the bullding presents a com-
plication, however, since use-related and
mechanical equipment noise can vary
widely. Hence, there are no gensaral rules
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for estimating Indoor, use-related naises,
Rather, If precise calculations are needed,
they ought to be performed by the mechani-
cal syslems enginear responsible for HVAC
systems oy by acousticlans knowiedgeable
about potantially nolsy equipment such as
olfice machinery or dala processing equlp-
meant.

When Indoor-generated sound ievels are
known, the rules for logarithmic additlon
ara applicable for combining Interior use-
ralated noise and inferlor Iransportation-
system relaled nolse (of exterior orlgln),
For example, thess rules are such that when
twe equal components are combined, the
leval corresponding 1o the total is 8 dB
larger than elther Indlvldual component,

A number of recent publications Issued by
the U.8. Environmental Prolectlon Agency
summarize current knowledge regarding
human response to noise. Saveral of these
discuss equlvalent sound levels In some
dalaii.,

In the document “Information on Levels of
Environmental Noise Requisite to Protect
Public Health and Welfare Wlth an Adequate
Margin of Safety" (the ‘'lavels dogument')
levels are Identlfled to prolect public
health In a large number of situations [4].

Some of these levals are specifically sug-
gested with the understanding that *haalth
and welfare' includes personal comtort and
well-being as well as the absence of nolse-
related mental angulsh and annoyance, or
actlvity intarference. In particular, speach
intarference was one Impartant basls upon
which soma of these levels ware ldentified,
The levels Identllled In the "levels docu-
ment" for Interlor spaces correspond to
overail equivalent sound lavels in the build-
Ing, regardless of whether the noise is due
to interlor or extarfor sources, Some means
is therefora needed to adjust the EPA
recommended levels to allow for Inlerior
nolsa sources,

In addltion {o complications introduced by
the variable acoustical properties of the
building shell and furnishings and by the
varlability of Internal use-related nolse
sources, there is very litlle knowledge avail-
ablae concerning the mosl satisfactory bal-
ance belween noises of interler and exterior
orlgin for speciflc bullding occupancles.
Under some clreumstances, and partlcularly
when thare |s an adverse psychologleal re-
action to noise of external origin, building
occupants may prefer that any noise of
axternal origin be dominated and heavlly
masked by internal noises, even at the cost
of a significantly Increased averall nolsg
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level, Under other elrcumstances, when the
nolses of external origin are approximataly
comparable o the use-related interlor
nolses, thare can be a subjectlve response
Indlcating a satisfactory balance, An acous-
tical consultant may be able to advise you
about systems which provide helptul mask-
Ing sounds.

There are no data to Juslily a generally ap-
plicable statemen! of prelsrence,

Lacking quantitative knowledge concerning
paople’s preference for any specifle Imbal-
ance betwaen two components of an overall
noise level, we therelore postulate that the
two components are equal, This postulate
Implles that gach of the {wo components In-
dividually be 3 dB less than the overall isvel.
In refarence [4], a nolse criterion of 45 dB
was suggested as the maximum total level
above which activity Interference and result-
ant annoyance would be at risk. If this nalse
critarion Is ad]usted downward by 3 dB to
account for Indoar-genaratad noise, it takes
the value 42 dB. An additlonal margin of
consarvatism would result In a lsvel of 40
dB,

This value, Leq = 40 dB, is suggested as
the noise criterfon for [nterlor nolse of ex-
terior orlgin. The value of 40 dB js the value
which appears in Table 3-1,

Indoor-generated nolses may be individually
as much as 3 dB hlgher than nolses of out-
door origin with the outdoor noise at tha
upper limiting level for the external con-
tribution., Far example, if your indoor noise
critarlon Is 45 dB, it will be satlsfied if the
interlor nolse level due to external sources
Is no groeater than 40 d8, and the nolses of
Internal orlgin are no greater than 43 dB,
The 3 dB diiflerence reffects a bargly per-
ceptible diiference In subjective loudness
to the two contributions,

Thete are numerous ways of satislylng any
suggested criterion level (such as 45 dB)
with differlng comblnallons of Indoor and
outdoor generated nolss, For example, i
the indoor compenant is essentially at the
limiting level, then the external origin com-
ponent must be al !east 10 dB less than
the limiting value,

IT you anticipate especially adverse extorlor
noise conditlons, or hullding occupants
who are especially sensitive fo nolse, you
may wish lo mask, or dominate, external
noise by internal nolses sven at the cost
of a substantfally increased overall nolse
level. In other cases, you may wish 1o bring

internal nalse to a level Just equal to
external noise, with the expectation that
your bujlding's occupants wlll percelve thls
as a satisiactory balance. However, such
design declslons as these are probably bast
left to acoustical experts whoem you should
consult.

Some racent |aboratory studles have dealt
with identificatlon of the levels at which
various highway traffic nolses start to Inter=
fere with the ability to relax and anjoy
llstening to the spoken word {13]. In one
particular study the recommended Indoor
noise level for Intruding traffic nolse for sub-
|ects listening to the spoken word was com-
parable to the volue of 40 dB suggested in
this deslgn guide. Wheroas the aforemen-
lioned study gives tentatlve support to this
racommendation, additlonal rosearch will be
needed for confirmation.

Based upen the above explanations, it [s
then recommended that you select noise
criteria from the slmplified Table 3-1 when-
ever It Is appllcable,

Table 3-1, Nolse Criteria for Stmplified
Satactlon,

Area Level

Indoor Rooms

Residential areas,

Ineluding hosplitala Ldn == 40 dB

Araas with activities

such as schools,

ofiices, confarence

rooms, ete. Laq{24) = 40 dB

Cutdaor Aclivity Areas

Restdential areas for
which quiet Is a basls

for uss, aic. Ldn = 55 dB

Areas in which people

spend limited amounts

of tima such as school

vards, playgrounds,

sic. Leqg(24) = 55 dB

If your bullding project Is to house a highly
spaclallzed occupancy, or If outdoor actlvity
areas are to be an Important element In
your design, howaver, you may salect your
nelse criterla from Table 3-2 (which is a
comprehensive listing of recommendations
of other authors [14-31]) or from a conslder-
atlon of the maximum distances ovar which
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conversation s satisfactnrlly Intelligible,
Many of the Table 3-2 recommended levels
are A-welghled, but [ew ars equivalent
sound pressure levels; however, the provl-
slons prasented here allow you lo account
approximately for this dlfierenca. Moreavar,
Table 3-2 levels are not accompanied by
any recommendations as o the acceptable
componsent of Interlor nolse which may ba
due to exterior sources.

If 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 reflects the
variability in the needs of building ¢llents
and occupants, as well as the fact that
thase levels pertain to dala conven-
tionally measured with sound levsl
meters averaging over, at mosi, several
seconds, Since the typical time period
over whleh the Leq measures are aver-
aged is appreclably longer ... 1 to 24
hours . , . the lavels obtained from a
sound level metor will natusally fall In
a range of values,

(2) The noise criterla you select should fall
within the recommended ranges of Table
3-2, For buildings like theatres and
churches which have shori-tarm occu-
pancles, Leq(1) Is suggested as the
measure. For oflices and commercla)
bulldings having an aeight-hour workday
occupancy, the Leq{8} is suggested; for
other nonresidential  bulldings, the

3
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Figure 3-4, Maxlmum Distances Outdoors
Over Which Conversation Is Consldered
to be Satlsfactorily Intelligible in Steady
Nolse [4].

Leq({24) Is suggested; and, for all resai-
dential buildings, the Ldn is suggested.

(3) All of the suggesled criteria for accept-
able interior sound levels should be
decreased by approximalely 5 dB to
accoun! for scund generated Inside the
building.

{4} Perhaps most importantly, the deslgner
must éxercise judgment to account for
the special needs of the bullding client,
occupants, and occupancy with regard
to the relevant noise sources and nolse
criterla.

Qbviously, Table 3~1 is simpler than Table
3-2, but circumstances may diclate that
Table 3-2 be used, In order to develop the
abilily to judge which option is appropriate,
you may wish to consider whethar the two
approaches actually lead to widely dlspar-
ate values. Note thal a value of 45 dB for
Indoor rooms, as suggestad by tha EPA,
falls within the suggested range for many
building occupancles; and, that Interlor
A-welghted noise levels dua to external
sources in the range 40-42 dB will usyally
be acceptable,

For example, a mid-range total nolse lavel
of 40 dB for assembly halls is consistent
with the suggestions of Table 3-2, There-
fore, 35 dB is the corresponding suggested
noise criterion level for indoor nolses of
axternal orlgin, Consistent with (2) above,
the appropriate metric for assembly halls
Is Leq(t}. This suggested nolse criterion
(Leq(1) = 35 dB) should next be adjusted
1o tha client's speclal requiramants if they
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 Lea{1) nolse criterlon level
should be chosen {from the range 30 dB to
40 dB, depending upon your |udgment and
the cliant’s spaclal requirements.

In selecting design criteria for outdeor
araas, the information in Flgure 3-4 Is a
useful supplement to Tabla 3-1. This figure
indicates that the recommended value of
55 dB will permit a relaxed convarsation,
with 99% sentance Intelligibility, at a dis-
tance of up to about four feet,

This figure can be used to develop other
criteria for outdoor activily areas. For ex-
ample, If you believe that relaxed conversa-
tions with 99% sontence Intalligibliity must
be possible at distances up to 20 fesl, then
the appropriaie eritarion would be an equiv-
alent lavel of 30 dB, clearly an unusual and
stringent criterion for outdoor activity areas.
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Chapler 4

How to Selact a Point on Your Site
tor Estimating Transportation
System Noise

In Chapter 3 you selectad one or more nolse
criterlon levels for your proposed bullding
occupancy. in Chapter 5, you will calculate
the sound level at your slte due to highway,
raflway, and aircralt noise sources, i is
these sound levels that will be used In
Chapter & to delermlne the iotal extarior
sound lave! [n your outdoor activity areas,
and the Interlor sound lave! In your bulld-
ing's rooms. Alse in Chapler 8, you will
compare the predicted sound levels to the
nolse criterien lavels that you selected, to
datermine whother or not your outdoor activi-
ity areas and bullding's rooms will he too
nolsy.

Since sound Is attenuated as It propagates
away from lis source, the sound lavals will
vary from one geographical polnt to anolher
ovar your site; and, indeed, each of the com-
putatlans In Chapter 5 is for the sound lavel
at one partleular point. Since each of these
computations takes tima, you will want some
stratagy for keaping the number of cal-
culations at a minlmum. Such strategles are
slusive since the consiruction of your pro-
posed buliding and [(is site development
may change the acoustical conditions on
the slie, Moreaver, there are a large numbar
of variables which will affect your selaction
of a site location for estimating transporta-
tion system generated sound levels. Thus,
we canh ofler no ane speclfic algorlthm for
keeplng the number of Chapter 6 calcula-
tions at a minimum, Howavar, we will in this
chapter glve you some crude sirategles
which should be of asslstance In keeping
the number af calculations reasonabla.

To take advantage of these strategles for
limiting the number of required calcula-
tions, you should already ba somewhat
famillar with the contants of Chapters 5 and
8. For example, you should know that thera
are three major stages In predicting ihe
nolse from transportatlon system sources
lor each activily area or room in your pro-
posed building, In Chapter § you will com-
plate the first stage by determining the
sound level at some selecled point due to a

single transpaniallon system nolse soutce,
be It a highway, railway or airport. This
sound level is eslimated by performing the
calculations necessary to fill out one or at
most two worksheets {ar each source,

The result of completion of each worksheat
is the sound level at one partleular point an
your slté due to n singla transporlation sys-
tem nolse source,

If thore ls more than one transportation
system noisa source allecting your slte, you
musl proceed 1o the second stage, and fill
out the addltiona! worksheet(s) as raquired.
If for example, your site is aflected by three
highways (one of which has a sgund bar-
rier), a rallway, and an airport, you would
end up with seven completed workshoets
when you fInish the Instructions of Chapter
5. Agaln, It Is emphasized that the sound
lavels predicted using these worksheets will
be for one particular point on the slte.’

In the third slage, the scund level at a
single sile location for any combination of
the dlflerent types of transporialion systam
nolse cited above will be determined, Hence-
forth, we will use the terms “slte point" and
“recelver” to reler to the locallon on your
site for which design guide calculations are
to be made, This site point could be an arbl-
trary location you have selected, or it could
be a proposed outdoor actlvity area as ex-
plalned In tha first part of Chapter 6, or the
Interlor of some selected room in your bulld-
ing as explained later an in Chapter 8,

Nale that Chapter & aiso offers some strate-
oies; namely, strategles for selecting repre-
sontatlve rooms so as to minimlze the num-
ber of Chapter 6 room-by-room calcula-
tions. The glst of these strategles |8, when-
ever possible, 1o salect trial rooms which
have potentially troublesome, or critical,
sound conditlons, These are strategles
which, ideally, should davstall with strate-
gies for solesting a point or points on your
gita for Chaptar. 5§ computations.



24 Given the complexilies Involved, you ecan
now see thai lhe selection of trial slte loca-
tlons for Chapter § calculations will bhe
based upon both (a) an early famillarity
with your site so as to anticlpate where
critleally high or low sound lovels will llkely
occur, and {b) an advanced undarstanding
of your proposed building so as to anlicl-
pate whleh of ils rooms require qulet aceus-
tle eondifions, and which are less sensitive
to noise , , . you could then plan to locate
nojse-sensitive reoms al quiel sita loca-
tions, and rooms that are less sensitive to
noise at noisy site [ocations.

To explora tha matter furlher, let's discuss
two typical buliding deslgn problems, Firsl,
lal's censider the design ol an eight-room
dwalilng on a relatively small slte, say a
residential lot 75 it wide and 120 ft deep,
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Flgure 4-1. Dwelling Design Problem Sita,

subjected to noise from a railway 500 ft
from ihe lot's rear property llne (see Figure
4-1). On such & slte thare s llitle choice
in the dwelling's location, especially if
building setback distances are required for
the lot, However, even If setbacks are not
required and the dwelling coud be aligned
wlth the front lo! [ine lo keep It as lar away
from ihe railway as possible, little benoift
would be achlievad; because lhe sound level
at the front of the lot would be only one or
two declbels lower than at the rear. This Is
in accordance with the rule of thumb that
the equivalent sound level decreasss by
approximately 4 to 6 decibels for every
doubling of dislance from a source. What
does this mean? It means |hat as you get
farther and farther from the raflway, small
changes in dislance do not change the
sound lavel appraciably, If the sound lavel
has been determined at the rear property
line 500 i from the rallway, the sound
level at 1,000 ft from the rallway Is approxl-
mately 4 to 6 declbels less. To reallze an
ariditional attenuation of 4 to & decibals,
the distance must be Increased to 2,000 fi;
then 4,000 it, 8,000 ft, and 16,000 ft, atc.,
for each additional 4 to 6 declbels of
altenualion,

Far this design problem, the best strategy
Is simply to caleulale the sound lavel at tho
controld of the area bounded by setback
lines; or, if there are no setback requira-
ments, at tha centrold of the sita Itsell. Then
you may assume that this sound lavel is
approximately correct for any outdoor activ-
ity areas on your site, or for any of lhe
extarior rooms In your proposed building.

A good approximation of the nolse levels
throughout a site, based on the distance
from the nolse source, can be estimated by
calculations for Just a few locatlons. If the
distances Irom the source to the chosen
locatlon are selacted so that thay vary by
less than -+-15 percent, then generally the
calculations already performed for ape
distance will suffice. Wilhln these limiis,
the sound level will not vary hy more
than =:1 decibel among locatlens, For ex-
ample, if your chosen locatlon s 500 ft
fram the noise source and a sound |avel of
60 decibels has been determined at that
location for a given source, a location 435
ft from the source will have a sound level
of approximately 61 decibels and a location
575 It from the sourze will have a sound
level of approximately 58 decibals, Barrlers,
of course, will alter these sound fevels In
the mannor discussed In Chapter 5, so this
part of the ecalculallon must still be made,
Uniess the nolse socurce I8 very close to tha
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Figure 4-2. Elementary School Site Plan,

slie, or unless tha slte is very large com-
pared to iis dlstance frem the source, quite
possibly only a single sound level estima-
tion will be necessary—one corrasponding
to the center of the site.

Now, let's conslder a more complex proh-
lem [nvolving the dasign of an eight-room
slementary school for a large, level slie
near a major roadway as |n Flgure 4-2.

The rondway is partlally shleldad from the
site by a 10 fi-high and 800 ft-long, concrete
wall that is located 160 ft from tha cenler-
line of the highway. This wall acls as a
sound barrier and reduces the nocise from
tha highway to varying degrees at diiferent
locatlons on the site, The site Is iarge
enough (2,000 ft long by 1,000 ft wide} to
allow some {readem in the location of the
school,

The school is to be a one-slory building
containing eight classrooms, each of which
Is 30 ft wide by 30 ft feng by 9 ft hlgh. For
simplificatlon, we will assume that these
are to be lhe only rooms, aslde from corri-
dorg, in the schoal, The building scheme,
shown In Flgure 4=2, provides four rooms
on esach side of a double-loaded corridor.
Since this, or any other probable building
scheme, is small in flcor area relatlve to
the site aren, there are many alternatives
for locating the school on the site.

What strategy shoutd be used to choose one
er mora polnts on the site for irial calcula-
tlons? The northern porllan of the site,
farihest from lhe hlghway, will probably
be a quiet area of the site. Still, part of
the southera portion of the site Is shiefded
by the eancrato wall, which could effectively
shield & ena-slory building from the auto-
moblle and truck nolse on this highway.
Thus, let's consider two points , . . point
{a) naar the concrete wall and point (b}
near ihe norlhern boundary of the site,
as shown in Flgura 4-2.

The sound level at point (n), close to the
concrete wall, depends on the distance
betwesn this polnt and the centerlina of
the highway, and on the amount of noisa
reduction provided by the concrele wall,
If wa neglect the elfect of the concrete wall,
the sound leval at point {a}, call it L, would
be affected by the distance aitenuvatlon of
the sound as i propagates from the high-
way to this point 280 it away. But the sound
level al polnt (a} is tess than L bacausa of
the shielding elfect provided by the wall,
The amount of noise reduction is a func-
tion of the wall's affectlve heolght relative
to the highway and the schoaol, and also a
funclion of the length of the wall relfative to
the length of the roadway, hence relatlve
to the *Includad angle,”" as shown In Fig-
ure 4-2. The effact of these factors, which
are discussed In detail in Chapter 5, can
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be most simply stated as , . . the higher
the wall and the larger the Included angle
(long wall}, the more nelse reduction pro-
vided, Thus, polnt (a) was chosen as near to
the wall as possible (to maximlze tha offec«
five wall helght), and midway along the
wall's length {ta maximize the Included
angle). For the geometry shown [n Figure
4=2, a nolsa reduction due 1o the shielding
effact of about 5 declbels could be ex-
peciad. The sound level at point (a) Is thus
{L — 5) decibels.

The sound lavel at peint (b}, close to the
northern boundary of the slte, also depends
on the distance hetween this polnt and the
canterline of the hlghway, and on the
amount of nolse raductlon provided by the
concrate wall, Point (b} Is chasen midway
along the wall (lo maximlze the Included
angle) and at a distance of 1000 ft from the
cenlarling of the highway, Again nagleciing
the effect of the concrete wall, the sound
|lavel at peint (b) is equal to the sound leval
at point (a) (L for no concrete wall} minus
a correclion to agcount for the additlanal
distance atlenuation between polnts (a) and
(b). This addltional distance attenuation,
which follows the rule of thumb that the
equlvalent sound level decreases by approx-
Imately 4 to 6 declbles for avary doubling of
distance away {rom the source, amounts to
about 8 decibels for this case. Thus, the
sound level at point (b), neglecting the
affect of tha concrete wall, |s approximately
(L — 8) decibels,

The shiolding efiect of the wall at point (b}
is less pronounced than at paint (a) becausa
both the efiactive wall helght and the [n-
cluded angle are decreased. For the geom-
etry shown In Flgure 4-2, a nolse reduction
dua to the shielding effect of only 1 decibel
could ba expaciad, The sound level at polnt
(b} Ts thus (L. — 8 — 1}, or (L — 9) declbals,
which is approximaltely 4 decibels 1esa than
the sound leval at paint (a), Hence, point
{b} should he chosen as the quietest point
to locate the school and to estimate the
transportation system nolss, Actuslly, since
most of the reduclion In sound leval at point
(b) is due to distance atlenuation (8 decl-
bals), any point along the northarn boundary
of the site (1000 ft from the centerling of
the highway) has a sound lavel of approxi-
mately (L — 8) decibels. Since lhe calgu-
lated noise reduction of 1 declbel provided
by tha concretae wall at point (b} is insigalfi-
cant you may choose any point along the
northarn boundary.

Either of these two bullding design prob-
lems could be further compllcated by the

presence of twa, three, or more transporta-
tien system nolse sources, In this case, the
selaclion of a polnt for eslimating the site
nolse level can ba very dilficult. The best
sirategy, for such a case with several nolse
sources, Is to pick a point as far away
frem the nolslest source as paossible; but
It this is not posslble or if you suspect alr-
craft nolse to be a problem, sclact the
centrold of the site for Inltlal calculations,

You may want to consider other alternative
building tocations using intultion in the se-
lectlon of polnis for estimating sound lavels.
Untlt you develop this Intultion, you can
use the following simple site-relaied gulde-
lines,

Site-Related Guidelines

No siting options , , .
Choose the centrold of the bujlding If the
nolse sources are far away; but il the
nolse sources are close-by choose points
where critical bullding rooms are lo be
focated,

Slting options available:

Singte source {no barrler) ...

Choose a point as far away as possible
fram the source If it will result In a do-
crease In sound loval; le., the distanca
betwaen the source and your proposed
building Is at feast doubled by maving
farther away, ! the source s far away
from your sfle, or If aireraft Is the nolse
source, the choice of a site pojnt s non-
critical,

Single source (with barrter) . . .

{f possible, choosa a point which salisfies
the guidelines ahove for a singlo source
with no barrier and is located as closo as
possible to the barrior and midway along
lts length. This point benalits from both
distance aftenuatlon and barrfer nolse
reduction. If the selaction of such a point
is not foasibfe, chooss an Intermediale
point for which a trade-off between dis-
tance attenuation and barrier nolse reduc-
tion may be mate,

Multiple Sources . . .

Chooss a point as fer away as possible
from the noislest source, If It will result
in a decrease in sound level, le. the
tfstance batween the source and your
proposed bullding is at lsast doubled by
moving farther away, If you can't guess
which source Is nolsiest or If all sources
are equally nolsy, choose the cenliroid
of your site as the point for estimating
the transportation system nolse.
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Now lhat we have discussed sile-relaled
guidelines, let us now turn 1o bullding-
related guidelines, Thase guidelines refer
to posltioning tho building at a peint on
your site that you have chosen. | we refer
to the provious example of tha constrection
of a school, the averall dimensions of tha
building scheme are small relative te the
slze of the slis, and in comparison with
the probabie distance between the bullding
and the highway. It s doubiiul that the
sound levels will vary much from one end
of the building to the other; and thus, there
is no need to caleulate the sound levels lor
various poinls along the buitdlng.

MNow lel's consider the case of a large build-
Ing localed close to a highway as in Figure
4=3, The distance from the highway 10 the
far end of the bullding Is twice as long as
the distance to the near end of the huild-
Ing (200 It as compared to 100 fi), Thus,
you can expect the sound leval to vary by
4 1o 6 decibels from ane end of the build-
ing to lhe ather, The best sirategy lor such
a case is to calculate the sound level for
each point of Interest, be It an outdoor
aclivity area or ona of the rooms of the
building.

Again, as with slte-related guidelinegs, you
must use intuition In selecting the number
of polnts for estimating lthe sound level,
Until you develop thls intuition, you can use
the following simple buflding-rolated guide-
lines,

Building-Related Guldelines

Bullding is small and |s localed far from

the source . . .
Choose a point corresponding to the
centroid of the building and tolfow lhe
appropriale sile-related guidelines listed
previously, Using only cne point tor your
caleulations s valid if the iwo ends of the
bujiding are within -15 percent of the
distance from the source (o the build-
ing ...

Bullding is large and s located ¢close to the

source , . .
Choose several points corresponding to
the location of outdoor aclivity areas and
rooms of Interest, You can limit the tolal
numbor of poinls using the rule of thumb
that the sound leval will only vary by =1
docibel for locations within 215 percent
of the distance lrom the source to the
point of calculation . . .

Figure 4-3, Building Located Close to a Hlghway.
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Chapter 5
How to Estimate Building
Slte Noise

Section 1
Soun

Propagation and

Barriers

When dealing with sound and its efiacts on
the cccupants of your proposed bullding,
three components need to be considered:
the source of the sound, the path along
which the sound travels, and the recelver or
Individual who hears the sound. Various
effects of sound on the recelver have been
discussed In Chapter 3. [n this sectlon the
sources of sound and how sound propagates
from the source to the recelver are de-
scribad,

Sgund 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 motion of the air itsell as
from & ]et. Consider for example, what
happens when the sheet metal panels of a
truck hood are set into vibratfon by the
truck's engine. The vibrating panals mova
In and out, As they move outward, they push
against the alr nearast them; as they move
Inward they produce a parilal vacuum, or
rarefaction, In the nearby alr. The aiternate
compression and expansion of the alr adja-
cent to the panels results In small |ocal
Huctuations In the aimospherle pressurs.
These fluctuations in turn cause a portion
of the alr farther away from the panel also
to fluctuate In pressure. Thls |local disturb-
ance |s thus propagataed through the air as
sound waves that reach our ears, Tha same
ganeral principles apply to other macha-
nisms of sound generation in that smal! local
fluctuatlons in the atmospharic pressure are
created and propagated through the air as
sound waves, '

The sound waves that are generated by
these two mechanlsms are known as elastic
waves, which ara characierized by the fact
lhat a disturbance Initlated at one point Is
propagated to other points In a predictabte
manner determined by the physlcal proper-
fles of tha medium of propagation. The
sound heard by a recelver depends upon the
type of sound wave, the medium (usually
alr), the type of wave divergence taking
place, and the excess altanuation,

Two common types of sound waves are

apherical sound waves and cylindrical sound
wavas, Spherical sound waves are usually
generated by a source whose overall dimen-
sions are small compared with the wave-
langth of the sound produced, This type of
sound source [s called g point source. In
contrast, cyllndrical sound waves ara gen-
erated by a source whosa radial dimensions
are small ecompared to the wavelangth of
the sound produced, but ax/al dimensions
ars [nfinlte or extremely large, This type of
sound source is called a line source®.

Wave divergence refers to the spreading
out of the scund wave from a source info
the surrounding atmosphera, The offact of
this spreading Is to decrease the sound
level at the recelver as he maoves farther
away from tha source. Wave dlvergence s
different for point and line socurces—for an
idoalized point source, the sound level de-
creases by 6 dB for each doubling of dis-
tance away from the source; for an /deal-
izgd line source, tha sound |evel decreases
by 3 dB for each doubling of dlstance
away from the souice. These values of
wave divergence are for |deal sources which
radiate sound unfformly intc a homogena-
ous loss-free almosphere, free of barriers.

Excess attenuation is the added decrease
of sound level beyond that caused by simple

* it should be pointed out that sinco this design
guide uses the Leq morlic, which Is basad on
avernging the vatlations ol the sound lovel over
samo specified time perlod to obtain an equiv-
alon! sound fevel, to make a dlistinclion botween
point and line sources Is not quite accurate, It
a polnt source such as en aulo or truck moves
past & stalionary racelver, the Instantanpous
sound fovel will first Increase as the source ap-
proaches, roach a maximum, and then docrense
as tho source moves away, In wsing the Leg
metric, this time varying sound level Is averagod
to give constant equivalent sound fevel of equal
enorgy. Thus, tho nat effect ls 1o approximato
the moving polnl source as a stalionary, Infinite
ine source genaraling a sound leval equal to Log
at the racelvar, This tact Is montloned only far the
sake of technical accuracy, ! has no effest on
how you will partorm the calculntions In later sece
lfons becauso It has been implleitly Incorporatod
Into the dransporfation system nolse modols,
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wave divergence, and Includes attenuation
by absorption In the alr; atlenuation by en-
viranmental conditions (raln, sleat, snow
or fog}; attenuation by grass, shrubhery and
traes; aftenuation and fluctuation due to
wind and temperature gradlents, almos-
pharic turbulance and the characterlstics
of the ground; and, attenuation due to bar-
rlers or other types of shielding [1]. Thus,
by Including excess atlenuation you can
correct the Ideal, loss-free case to account
for atmospheric and environmental ele-
ments that reduca sound levels,

In this design guide, the sound leval gen-
arated by aach typa of tranaportation system
nolse source will be predicted assuming
"typlcal” values of attenuation due to wave
divergence and environmental condllons,
Then account will be taken for additlonal
altenuation effects of any barrlers, rows of
Intervening buildings or heavy vagetallon,

The remalnder of this secilon contains a
general discussion of sound barriers and
how to predict the attenuation they provide.
Also, the barrler effect of bulldings and the
attenuation due to vegetation are discussed,
These shielding eflacts ara essentlal ior pre-
dictlng highway and railway nolse In Sec-
tlons 5.2 and 5.3 of this chapter.

Barriors

A sound barrler can be any ohstruclion
which shields, or parilally shields, the sound
source {rom the receiver. The elfect of this
shielding Is to reduce the level of the sound
heard by a recelvar by an amount depandent
upon, among other things, the focation and
canfiguration af the obstruction. Based on
this dafinltlon, walls, earth berms, the sldes
of deprassed highways or rallways, the
edges of etevaled highways and rallways,
and any other obstruction of sufficlent slze
can act as sound barriers. Examples of these
types of shialding are shown in Flguras
5.1=1 through 5.1-4.

The attenuation provided by a barrler de-
pends upon how much of the total sound
enaray Is blocked from the recelver. Cbvl-
ously, If soma of the sound energy can pass
by the bartler, Ita elfectiveness Is lessened.
There are baslcally four paths which sound
can foliow from the source, past {or through}
the barrler, 1o the recelver [2]. These paths,
discussed in the next few paragraphs, are
shown In Flgure 5,1-5,

‘The direct path refers to the sound lhat
passes over or around the barrfer without
being affected l.e., thera s no diffraction,

Flgure 5.1-1, Shielding by a Wall.

Flgure 5.1-2, Shlelding by an Earth Berm,

Flgure 5.1-3. Shielding by a Depressed
Highway or Railway.

Figura 5.1-4, Shielding by an Elevated
Hlghway or Rallway.

LT
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SHADOW ZONE
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Flgure 5.1-5, Paths along which sound an-
ergy can travel from the source to the
recalver [2], Also shown is the shadow

zone and ‘he angle of diffraclien asso-
clated with the source-barrier-racelver
gaometry.
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For this paih, the barrler does not block the
line-of-slght between the source and re-
celver and therefare provides MNtile or no
atlenuation, The direct path can be affected
only by Increasing the helght of the barrier
so that the line-of-sight between the source
and recelver |s blocked.

Sound ensrgy that passes Just over the lop
edge of the barrler Is bent down Into the
apparent shadow zone, which is the area
visuafly shislded from the source as shown
In Figure 5.1-5, This path is the difiracted
path, analogous to the optical diffraction of
llght, The sound waves that are diffracted
arg atlenuated, and the larger the angle of
diffraction (deflined In Figure 5.1-5), the more
the sound wave is attenuated in thls shadow
zone. The amount of sound energy reagh-
Ing the racelver via the diffraction path la
dapendent upon the barrier hafght and the
locatlon of tha source and receiver relative
io the barriar, tf either the source or recalver
Is placed closa to the barrler, the angle of
difraction and hence the attenualion is In-
creased. The amount of allenuation dua to
diftractlon of the sound wave [s dependant
on the shape of the barrler, In general, most
theorles of dlifraction that have been devel-
opad for pradicting barrfer attenuation treat

only Infinitely long walls with a thickness
much less then the wavelength of the dif-
fracted sound {rlgid-screen barriers). Theo-
rallcal and experimantal Invastigations [3]
have shown that tha attenuailon by wedge-
shaped or wide barrlers |s samewhat diffar-
ent frem that predicted by rigld-screen the-
orles. Howaver, predicting the attenuallon
by thesa other barrler shapes [s difficult and
only a small Improvement in the accuracy
can bo achleved, Hence, this design gulde
applies the theory developed for an infinltely
long rigid-screen for all barrlar shapes and
sizes,

Another path fs ona direclly through the
barriar, Sound traveling this path Is raduced
by an amouni relaled to the so-called trans-
mission loss of the barrler, a measure of the
raduction In [evel of the sound that passes
through the barrier, The transmission |oss
depends most importantly upon the welght
per unit area of the barrier—the heavier the
barrlar the tess sound transmitled. As a gen-
eral rule, [t the surface welght density, which
is the welght denalty (Ib/1t"} multiplied by
the barrler thickness (it), is greater than 4
|b/1t, the transimission of sound through the
barrler will be negliglble relative to the
sound energy dlffracted over or around the
barriar [4].

m~Mc—GOwD

R
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{n) rofloction fram the oppasing barrler
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3

{b) rolleciien from a neasby wall or bullding

~®<*—mnex

Figure 5,1-6. Two cases where reflected waves olfectively reduca barrler attenuation,
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The last path shown In Flaure 5.1-5 is the
reflected path, Reflected sound is usually
of concarn only to a recelver on the same
slde of the barrler as the sound source. Two
apoclal cases where reflected sound wavas
may be important are shown in Flgure 5.1-8.
In both cases, part of the sound enargy
radiated by the source Is reflected from a
nearby surface and then propagated lo the
recelver. Depending upon the location ol
the reflecting surface and barrier relative
to the source and receiver, the barrler at-
tenuation may effectively be reduced to zero
{i.6., the sound level at the recelver |s the
same with or without the barrier). It should
be nofed that In most practical cases, tha
reflected nolse doas not play an impartant
rola in the treatment of barriers [8). If you
ancounter a serious sitvation of roflected
nolse, you may need the services of an
acoustical consultant,

It the barrler provides a substantlal amount
of attenuation, the sound diffracted over or
around the barrler Into the shadow zane
usually represents the most important path
between the source and receiver. Hence,
astimating the ameunt of alenuation due to
diffraction s the primary calculation in-
volved in determining barrier attenuation in
Sections 5.2 and 5.3. Howaver, there are two
othor considerations in determining barrler
altenuation, These are the overall length of
the barrler relative to the sourge langith, and
the presence af holes or openings in the
barrter. A short barrier permits sound to
propagate around Its ends, and a barrler
with holea permits sound to be transmitted
directly through the barrier.

—_— - e _-Llne SOUFGE-‘ [ p—
142wz o e = -

Tl f

Recelver

Figure 51-7. Paths for Sound Energy to
Travel Around the Ends of a Barrler,

For sources, such as highways and rallways,
which are conceptually reprasented as line
sourcas, the length of the barrier Is particu-
larly Imporiant, For example In Figure 5.1-7,
the noise dlifracted over the top of the
barrier I8 reduced; however, the sound
propagating fram the part of the rocadway
extending bayond the ends of the barrier
ls not affected by the barrior, As a rasull,

the actual reduction of sound due to the
barrier is less than that predicted for ths
diffraction of the sound wave, To be eflec-
tive, barriers must not only break the line-
of-slght between the recelver and the nearest
seclion of roadway, but also between the
recelver and sections far up and down the
roadway. To declde when predicted barrier
attenuation must be adjusted to account for
sound comlng around [is ends, refer to the
barrier “included angle," denated "a™, and
defined In Figure 5.1-8. {f the Included
angle, “a", |s grealer than 170°, the barrier
can be considered infinftaly long. Thls means
lhat the atlenuation depends only upon
sound diffraction across the top of the bar-
rier. But if the Included angle, *a", Is 170°
or less, the barrier |ength is consldered
finite, and ad]ustments must be made to
account for sound coming around the ends
of the barrfer, Thess adjustments are in-
cluded In the predietive procedures of Soc-
lions 5.2 and 5.3,

w— i —  —ljne Sourceg — —  — .

Recejver

Flgure 5.1-8B. Barrier Geometry Showing
the Included Angle, a.

Holes or openlngs substantially Increase
the sound transmission of a barrler, thus
reducing its effectiveness, This is best ]llus-
trated by the data shown In Table 5.1-1, |f,
for example, a barrler has openings which
amount o ten percent of s total area, (=
overall aitenuaticn would not be greater
than an A-welghted sound leval difference of
4 dB, consldering attenuation due to both
transmisslon and dlfiractlon, For a barrler
with openings greater than ten percent of
s area, the altenualion will probably be
negligible.

Maxlmum
Parcent of Barrier Transmlission
Area that is Open | Loss Possible, dB

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

Table 5,1-1, Transmission Loss for Barrlers
with Holes (2],
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Bafors conlinuing this discussion, let's re-
vlew a few general princlples of barriar
attenuation; spaclfically, the relatlonship
betwsen sound allenuation expressed In
declbels and In energy terms as shown in
Table 5,1-2. The meaning of these numbars
can be explained by consldering, as an
example, a barrler which atlenuates the
nolse {rom a highway by an A-weighted
sound level dlfference of 10 dB. Referring
to Table 5.1-2, it can be seen that this alten-
uation of 10 dB Is equivalent to ellminating
90 percent of the energy Initlally propagated
towards the receivar, This drastic reduction
In enargy relative fo the saund level attenua-
tion can be understood in view of the loga-
rithmle nature of the measure. Table 5.1-3
provides general rules for the feasibillty of
abtalning varlous levels of attenuation from
barriers (5],

Table §5.1-2. Attenuation in Tarms of
Deocibels and Energy (2).

Attenualion flemove __.% of
—dB Reduction Energy
3 50%
6 75%
10 0%
20 59%
30 99.9%
40 99,99%

Table 5,1-3. Feasibititly of Obtaining
Altenuation from Barrlgrs [5].

Barrler Altenuation® Feasl|billty
5 dB Simple
10 dB Aflainable
15 dB Very Difficuit
20 d8 Nearly Impossible

A-waighted seund love! attenuation in docibols

The melhod used [n this design gulde for
caleulating the attenuation provided by a
barrier Is based on the worle of Kugler and
Piersol [6). Thelr model, which assumes
that highway trafflc can be treated as a line
source parallel to an Infintely long screen
barrler, relates the attenuation to the path
length differsnce, I.. Glven the source-
barrler-rocelver geometry shown In Figure
5.1-5, tho path length difference is definad
as,
L=A4B-C

The distance (A - B} Is the shortest path
over the barrier's edge from the souree to
the receivor; C s the direct path distance
fram the source to tha raceiver through the
barrier,

The relalfonship between the path length
difference and the attenuation provided by
a barrier Is a function of the frequency
spectrum of the sound source, Kugler and
Plersol found that the reduction of high-
way nolse by a barrlar could be astimated
with sufficlent accuracy by assuming a
froquency of 500 Hz [8), The dashed
curva of Figure 5,1-10 shows the refation-
ship baetween path length difference and the
attenuation provided by an Infinltely long
barrier screening a line sourca radiating
sound at a frequency of 500 Hz. As a mora
conservative estimate of the nolse raduction,
Kugler and Plersol proposad a simpllfied
iinear curve shown dotted in Figure 5,1-10,
However, this design guide employs tha
solid curva shown In this figura, which is
even more conservatlve because the atfen-
uation for small values af L goes to zero in-
stead of asymptotically approaching a value
of 5 dB as for the general lina source mode!;
and because tho maximum attenuation Is
limited to an A-welghted sound level difiar-
once of 12 d8 for large values of L due to
environmental eflects.

L=A4{B—-C
A B
c 22
o]
° =2 D
Saurca Barriar Recelvar l

Figure 5.1-9. Barrier Path Langth Differance.
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A-Weighted Attenuation, dB

e Msm;»z&,
o

o
R

(12 dB- ll!)‘

0.1 1.0
Path Langlh Dliference, L, foot

Figure 51-10. The A-walghted attenuation
provided by an infinHely long barrler
varsus path length dliference for various

When sound is altenuated by a barrier, it
Is not uniformly reduced In level across lis
entlre frequency range. Instead, lts high
frequencies are reduced mare than its low
frequencies, The result Is a change in the
spectrum shape of tha sound at the bullding
site. Thls Is of little or no consequence In
calculating the sound level In autdoor activ-
lly areas, but it |s Important In estimating
the sound lavel Inside a room since the
spectrum shape of the sound can be ciltical
fn determining the sound Isolation properties
of the bultding shell. Low frequency sound
energy passing over the barrier Is easlly
transmitted through the external shell of the
buliding. Based on a detalled study of this
problem, discussed in Appendix B, It was
found that the building shell lsolation rating
must ke degraded by about 3 dB for exterlor
nolse dominated by sound propagating aver
a barrior. Altarnatively, the estimates of bar-
rler attenuation can be reduced by a corre-
sponding amount. This correctlon in incor-
porated [n the solld curva of Figure 5,1-10,

To predict the attenuallon of a barrler you
must determine the path length dlfference—
L. You can do this graphically by an accu-
rately scaled sectlon cutiing through the ter-
raln between the transportation system sound
source and your proposed huilding. Such
a drawing will show the halght of the source
and recelver refative to the top edge of the
barrler. Since any real transportation system
sound source Is compased of several sub-
sources {(e.9., heavy truck naise Is a com-

10,0 100.0

models [6), The assumed freguency of tha
source s 500 Hz,

blnatlon of sounds radiated from the en-
gine, fan, Intake, exhaust, and tires}, an
affective source height based upon all the
subsources must be used, The effective
source height 1s dependent upon the type
of transporfation system sound socurce—it
s assumed to be located at the roadway
surface for automoblles; at frack level for
railway cars; at sight feet ahove the surface
for heavy trucks; and fifteen feet above the
surface for dlesel-elactric locomotives {(more
wlll be said about effectiva source halght
In Sectlons 5,2 and §.3).

The receiver locatlon will be In some out-
door actlvity area on your slie or some roam
in your bullding. The foltowlng examples
discuss the effect of recelver location on
the resulting attenuation,

1. RAules for calculating L

If the building you are desighing is to be
many stories high, the attenuation provided
by a barrler can vary substantially between
the ground and upper floors, This varlation
is dependent upon the height and location of
the barrier and sound source relative lo
your building., The way to check this Is ta
calcuiale the value of L for several repre-
senative story heights, and then using these
values, detarmine the barrier attenualion
from Figure 5,1-10. Two examples ara
shown in Flgures 5.1-11a and 5.1-11b,
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Rolative
Altonuations, dB

Li=A-H =04, 15
Lzz= A4 By =Cy 12
Li=A4+BH —Cy Y

Ly Linavolslghl not brekon; No Attonuation

Source

e

Buliding lnnwlng "ragalvors" al esch floor

(a) Example of a bullding located close to a
barrier, showlng the change In attenua-
lion for recelver locations at each flaor.

Rolatlva
Aflonualicns, dB

Li=A+8,—-C; 14
Li=A 0= Cu! 14

Ca

Sourca

C

Barrl

e (b) Exampla of a bullding located far from
a barrier, showing that the effect of re-
calver helght on tha attenuation Is min-
Imal,

Figure 5.1-11. Examples of Detarmining
the Path Length Olfference for Various
Recalver Locatlons,
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in Flgure 5.1-11a, the building Is close to
the barrier, and the attenuallon varles be-
twean two extremas. For the ground foor
the attenuation is high, but it conilnuously
decreases so that for the upper floors thare
Is no barrfer attanuation at all because the
lina-ol-slght with the source is not blocked.

The second example, shown in Flgure 5.1-
11-b, does not have thase extremes of atten-
ualion. Since the bullding Is farthar away
from the barrler than in Figure 5.1=11a, the
value of L does not vary much belween the
lop and bottom ffoors.

Selecifons of representative bullding rcoms
for nolse prediction are discussed in Chap-
ter 6, Esseptially, the selection is left to
you, the user of thls design gulde. When In
doubt, you should estimate the barrier atten-
uatlon at each outdeor activlty area and

Eltoctlve Source Location
I. Heayy Trucke (8Y)

|
LAulnl

Rarrlar

room that you anatyze in Chaptar 8.

An allernative 1o graphically measuring the
dimensions of A, B and C from a drawing
Is fo calculate A, B and C from vertical di-
mensions of the sotrce, barrler, and re-
celvar. This method, shown In Flgure 5.1-12,
has the advantage that tha eflactive scurce
helght Is included in the equations for A,
B and C. This method, discussed In Sectlons
5.2 and 5.3, Is prefarred for determining the
path length difference. Horlzontal and ver-
tical dimenslons should be measured as
pracisely as posslbls so that an accurate
astimate of tha attenuation can be cal-
culated.

For most barrlers, determining the atienua-
tion i3 ralalively slmpla. To deal with speclal
cases, howaver, you should be famillar with
the general rules discussed below,

Hacelvar

A=/ HB! + (DC ~ DAY
B8 = |/ (HB -+ hAP + DB?
C= |/ hat <4 pc?

Automabllas

De

A= |/ {HB = 8)3 -+ (DC — DB)?
B = 7 (HB + hB)# o 81
c= |/ (h8 + 8)2 4 DC?

Hoawy Truckn

8' Ellecllve Squrce
Helght

Figure 5.1-12, Example ShowIng Horizontal
and Vertleal Dimensfons of Source, Bar-
rler, and Receiver Geomeiry and Equa-

tlons for A, Band C,
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2. Borriers jn aorlas

There may be sltes having more than one
barrier betwoen the source and recelver, as
- shown in Figure 5.1-13. Whereas, both bar-
riers attenuate nolse, and might be cansid-
ared "In serles", such an additfonal compli-
cation Is not worth the slight Improvement [n
accuracy; Instead, only the "dominant” bar-
rler—the one which provides the most atten-
uatjon—should ba considered. To detarmine
which barrler Is “dominant”, calculate the
path length difference for both, and choose
the barrler with the larger value of L. This,
of course, presumes that both barriers are
long enough to biock all of tha source; If
not, you must also consider the length of
each barrler.

Banfer
Sourco No. 1
. A

o

Figure 5.1-18, Example of Two Barrlers In
Saries, Showing How to Determine Which
Barrier Is Dominant.

3. Rocelver {ocalod beyond the ond of tho
barrior

When a recaiver is locatsd [ust at the end
of the barrier, the receiver i3 not shielded
from cne end of the line source, For this case,
the maximum allenuation is an A-weighted
sound level difference of 3 dB, For recelvers
beyond the end of the barrler, as In Figure
§,1-14, the attenuatlon [s negligible,

Line Source

¢ e ¢ e s w6 e i Emee | s b meem

Barrier

No Attenuation

Figure 5,1-14, HReceiver Located Beyond
the End of a Barrler,
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4. Elevated and depressed highways and
raliways

Some general comments can be mads con-
carning the attenuation of depressed and
elevated highways and rallways as a func-
tlon of recelver location, As shown In Fig-
ure 5,1-15, as the recelver position Is pro-
gressively mavad farther away from a sound
sourcae located on an elevated configura-
tion, the path length difference (hence the
attenuatlon) decreases. Conversely, for a
sound source |ocated In a depressed con-
figuration (Figure 5.1-16), the path length
difference {hence the attenuation} increases
for more remote recelver lacalions, Thus, to
obtain optimal attenuation for a given ale-
vation or deprassion the receiver should be
located close to the elevated highway or
rallway, but as far away as possible from a
deprassed highway or railway,

Rolative
Attenuntions, dB

Sourco

b =A+ B — G158

Ly =Art by — &y &

Ly = Line-or-sight

nol dlocked; No& Atlenuatllon

PR

Hocalvar
Flgure 5.1-15, Example Showing How At-

| tenuation Decreases as the Receiver Lo-
Aianiations, @ catlon is Moved Farther [rom an Efevated

ki = tino.ot - sloht Highway or Rallway.
pol blocked; Mo Altenuaton

La=A+By~Cy

Ly = A4 By = Cy; 12

Source

Figure 5,1-16. Example Showlng How At-
fenuatlon Increases as the Recelver Loga-
flon Is Moved Farther from a Depressed
Highway or Railway,
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§, Combination of elovated or depressed
configurations plus a barrlor

For a barrler comblnad with an elevated or
depressed conflguration, the path length
differance is determined as shewn In Figures
§,1-17a and 5.1-17b, respeciively. For these
and othar similar combinations, the Impor-
tant thing Is the barrier height relatlve to
the source and recelver, which |s measured
In tarms of path length difference,

Barriar

Saurce

Aocelvor

{a) Elavatad highway or railway and barrler,

Barrlar B

L=A+4+8=C

Ruecaivar

e
e8]

Bourco

(b) Depraeased highway or railway and barrler.

Figure 5.1-17. Method of Datermining the
Path Langth Diiference for Comblnations
of Diffarent Types ol Shielding,
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6. Path longth distance for elevated and
depressed configurations and  earth
berms

Datarmining the distances nacessary to cal-
culate the path lenpth difference for ole-
vated and depressed cenfigurations and
carth barms can be difficult since they are
likely to be Irregular in height or width,
Flgures 5.1-18a and §,1-18b show how to
estimate roughly the height and length for
one example of an earth berm, The same
general method should be used for elavated
and deprassed configurations, Since, such
methods provide only approximale dis-
tances, they should be applied conserva-
tively. Moreover, If any of thesa configura-
tions are questionable becauss they are
gither short in length or not very high, thelr
attenuation should be disragarded.

I‘

{a) Section through earth barm showing

assumed height,H,

and length,L.

Racelver

Hlghway

{b) Top view of berm showing the assumed

Included angle, a,

Figure §,1-18. Techpique {or Estimating Dimensiens of an Earth Barm,
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7. Barrier turned at the end or tup

If a barrier is not stralght but angled, eithar
at the end or at the top, the path lenglh
difference Is stll determined by how much
of the source ls blacked from the sight of
the receiver a3 shown In Figures 5.1-19a
and §.1-19b, Note that this angling of a bar-
rier is one way to Increase its performance
without making It excessivaely long or high.

[Nd] __________ﬂ"ff“_”_’f,"
_'_'_'_"_E[:'I'J_“_‘_D%;—U'"—

Barrlor

Racalver

(a} Plan view of barrler turned at the end

Spurce

Bl
ED acelvar

{b) Plan view of barrler turned at the top

Flgure 5,1~18, Included Angle and Path Length Diffarance for Barrlers With Turns,

8, Summary

In summary, the following ¢an be said about

nolse barrlers.

1. If 8 barrier doss not block the line-of-
sight between the source and recslver,
the barrler will provide little or no aften-
uation,

2. If a barrier is construcied of a materlal
with a surface weight density greater
than 4 |b/ft' and there are no openinga
through the barrler, transmltted sound
will usually be negligible.

3. If there are openings over 10 percent
or more of the barrler area, bartler
attenuation will be negliglble.

4, Diffracted sound |s usually the most
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important aspect in estimating barrier
altanuation.

5. Rellected sound can be Important {or
racelvers on tha source slde of a barrier,
but it normally Is not a factor lor ro-
celvers on the slde opposite fram the
souree. Hence reflected sound Is usually
not important to your bullding and site,

6. Transmissioen of sound around the ands
of the barrler can be critical it the bar-
riar Included angle is lass than 170°,

7. Barrier attanuations greater than an
A-weighted sound level dlfference of 10
dB are difiicult to obtain.

8, For two or more barriers "in serieg",
consider only tha “domlnant” barrier.

9, Assume no atlenuatien for a recelver
locatad beyond the end of a barrler,

9, Buildings ns Barriers

Let us now discuss the shlelding provided
by rows of bulidings located belween a
sound source and your bullding slte. The
excess altenuation of such bulldings acting
as bairlers can be as high as 10 dB, but
special procedures are needed to predict
the attenuation based on the size, shape and
spacing of the intervening bulldings,

Cne way of handling such shielding would
be to deal with each building acting as a
barrler. A simpler bul more approximate
method is that glven In referancs [6]. This
technique, the one used In this deslgn guide,
assigns a value of 4,5 dB attenuation for the
first row of buildlngs and an addltional 1.5
dB for every subsequent row, up to a maxl-
mum of 10 dB. {For axample, four rows of
buildings between the source and bullding
site would provide a total attenuation of 8
dB.} Te oblaln these values of attenuation
the foilowlng canditions must exist:

1. The open area betwaen the buildings
must be less than 40 percent of the fotal
open area, s0 that the buildings lorm
an effectlve visual barrier betwsen tha
source and your bullding or slie,

The average helght of the first row of

buildlngs should equal or exceed the

average height of your preposed build-

Ing. {For example, a row ol one-story

buildings on a level terraln, may pro-

vide [ittle ar no attenuation for the
second flear of & building located be-
hind the row of one-story buildings.)

3, The row of buildings acting as a bar-
rier should visually block mest of the
length of the source from your building
or slte,

2

For buildings acting as barriers that are less
densely packed than 60 percent a lowar
nolse altenuation could ba estimated, If

the bulldings acling as a barrier occupy
only 10 to 20 percent of the area parallaling
the source, each bullding might produce a
small localized amount of shielding, but the
combined effect ol such sparsely spaced
buildings would be negligible. On the other
hand, a long, continuous, solld building
occupying most of the area along a source
can be treated as a barrier, and lts allenua-
tlon estimated by methods previcusly dis-
cussed using path length difference and
ineluded angle. In goneral, howaver, judg-
ments concerning the barrler eflects of
bultdings should be made conservatlvely,

10. Vegetation as a Barrier

Let us now describe a last form of excess
atienuatlon due lo vegetation. To provide
significant attenuatlon, the vegetation should
consist of large belis of trees or shrubs
more than 50 fest in depth, more than 10
fest In height and dense encugh to visually
black the source fram the recelver, The ex-
cess altenuation due to such belts can be
as high as 5 1o 10 dB, but its accurate estl-
mation is difficult, Research has shown that
diffusion or scattering of the sound waves
off the eaves, stems and trunks, rather than
absorptlon, is the princlpal mechanism for
attenuating the sound [7, B, 9]. The
amount of diffusion, hence attenuation, Is
depandent upon the height, width and over-
all density of the balt, The density depends
upon the specles of vegetation, planting
patierns, and the joliage distribution from
the ground to the {op of the tree or shrub,

{Obviously, deciduous trees provide llitle

attenuation when dormant} Prediction of

axcess attenuation based on lhese factors
is not practlcal for this design guide;

Instead, you should simply allow an

A-weighted attenuation of 5 dB per 100

foot depth of woods up to a 10 dB max|-

mum [10]. For these values of attenuatlon,
the feliowing conditlons must ex|st:

1. The woods must be of sufficient density
to block all visual paths between the
source and raceiver.

2, The underbrush or ground cover should
also be of suflicient denslly and helght
to block all visual paths between the
source and recelver,

3, The woods should extend at least 15
fest above any line-oi-sight between
the source and all portlons of your build-
Ing or site,

4, The woods should be long enough to
visually block most of tha langth of the
saurce from the racelver.

5. To be seflective year-around there should
be a reasonable mixture of both decldu-
ous and evergreen treas, ot all should
ba avargrean.
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For low density growth a token amount of
attenuation such as 2 or 3 dB per 100 fest,
up to a 10 dB maximum, might be par-
missible [10], 1t Is also pointed out that the
reason for the 10 dB maximum is that the
affectiveness of the vegetation helt can be
compromlsed when sound propagating over
the tops of the trees Is bent down to
earth beyond the growlh by various mix-
tures of wind and temperature gradients.
Thus, the 10 dB limitation js Imposed so
that the excess attenvation ls not over-
estimated.

Another aspect of vegetation shislding is
that although a single tree or aven a few
widely scattered trees do not appreciably

reduco the nolse, they do have aesthetic
and psychological value by visually screan-
ing the source from the receiver. Thus,
during construction of your building an
effort should be made to preserve any
existing trees, hedges or other shrubbery.
Or, new landscaping could be planned, to
help shield the source from the bullding,
Cook and Van Haverbske [7], give the fol-
lowing recommendations concerning plant-
ing and types of vegetation:

1. "To reduce nolse from high-speed car
and truck traffic In rural areas, plant
65- to 100-foot wide belts of {rees and
shrubs, with the adge of the belt within
50 to 80 feat of the center of the nearest

Table 5.1-4. Evergreen Trees and Shrubs That Should Be Suitable for Year-Round Nolse
Screening and That Have a Ralatively Wids Range of Adaptabllity [7].

Common nama

Tall

Fir
while
Velich's sliver, Nikka
balsam
cerhhark
Fraaor
Caliternla ted
Spanish
Cedar
LAY
daodar. Cadar al Lebanon
Parl-Oriord codar
Arizena cypioss
Spruce
Norwny, while Serblan,
Orlantal, bluo
Pine
wasiorn white
pondarcan
Stolch
ted
Austrisn, cosiom while
Montaray
Douglas fir
Glan sequola, Redwaod
Woalorn rediacar
Hamlock
noslem
Carolinn
wostar

Meadlum

Junfpor (uprighty
onatorn redeadar and varlotles
Rocky Mourtain and varigtlos
£hinesn and variotion
Greclan
Ielsh
Swedlsh

Yaow
Japonesa and variatles
Engllsh

Athetvitpe
Amarigan nnd variotien
Orlental and varloliea

Short

Juniper
Chinosa {(Pfitzer) and olthora
Muga alne
Arbarvllao
American and variatlas
Oriental and vasjotlos
Yow
Japanesd and varisties
Soma Broad-leaved Evergroana
Pyracantha
Euenyrnus
Prival

Aoglans of basl adapiabliity

Nallonwida

East

Midwosi, North, Nardhoast
MIidwaest, Southwest, Soulheast
Enst, Southuoal

Woat

wosl Coonat

Wast Coast

West Coast, Scuth, Quit Coast
West Coasl, South, Southonst
Goulhwosl, South, Seulhaant

Haollarwide {best [n north)
Nrtlonwida [boat in nanh)

wost

Wosl, Midwont
Natlonwlda (baat in horih}
East, North

Midwani, Easl

Calilornia Coast
Natlanwlide {except South)
Wwosi Coanl

Waost

Easi, Southeast
£aet Sonsl, Southoast, South
Woay Coast

East of Rocky Mountalne

west of Racky Mounlalne, Midwoat
Nallonwide

Nationwide

Natlonwido {Bes In porth)
Nationwide (best in north)

Natlonwide
Naoflanwida (boat In onst)

Nutloawide {bes) In narth, nesihaasi)
Soulh

Natlonwlde
Nationwids

Natlonwide
Natlenwlde

Natlonwlde
Natlonwlide {best In south halt)

Notlonwldo
Sauth
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traffic lane, Center tree rows should be
ot |laast 45 feet 1all (See Table 5.1-4 for
specles recommeandalions). Whare right-
of-way width is large, as on certain sec-
tions of Interstate highways, saveral
rows of trees and shrubs may be plantad,
to reduce noise levels at adjacent
property.

"To roduce noise from moderate-speed
car traffic in urban areas, when tire-road-
way interactien s the principal cause of
nolse, plant 20- to 50-foot-wide belts of
traos and shrubs, with the edge of the
belt from 20 to 50 feet from the center
of the nearest traffic lane. Use shrubs
6 to 8 [eet tall next to the traffic tane,
with backup rows of trees 156 to 30 feet
tall {see Table 5.1-4 for species recom-
mendations).

“Trees and shrubs should be planted
close {o the noise source, as opposed to
closa 1o the protacted area, far optimum
results.

“Wheare possible, use taller varieties of
trees which have dense follage and
relatively uniform vertical foliage dis-
tribution {or combinations of shorter
shrubs and taller trees to give this

affect), Where tho use of lall trees is
restricted, use comblnations of shorter
shrubs and tall grass, or similar soft
ground cover, as opposed to paving,
crushed rock or gravel surfaces,
“Tress and shrubs should ba planied as
close together as practical, to form a
continuous, danse barriar. The spacing
shoutd conform to established local
practices for each spacies.

"Whare year-round noise screening is
desired, evergraens, or deciduous vatie-
tias which rataln thejr leaves throughout
most of the year, are recommended.
“The bell should bo approximately twlce
as long as the distance from the noise
source to the recelver and when used
as a nolse screen parallel to a roadway,
should extend equal distances along the
roadway on both sides of the protected
area,"

This concludes lhe discussion of sound
propagation and bartiers, The remalning
sactions of this chapter deal with the three
major nolse sources: highways, rallways and

alrerait.

rec

Proceed to these sections as di-
ted In Chapler 2,
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Chapler 5
Section 2

How to Estimato
Highway Nolso

Pivol

Point

Highway traflic, probably the most common
and widespread source of nolse, Is ex-
tremsly variable—different vehlcles travel-
Ing at differant speeds through conlinuously
changing highway cenfiguralons and sur-
rounding terrains, Qbvlously, to estimate
highway nolse, many simpllfylng assump-
tions must be made concerning how the
nolse [s generated and haw It propagates
from the highway to the bullding site. Even
aftar these assumptions have been applied,
the problem of predicting highway nolse Is
stlli complex.

Ressarchers have developed predictive
models of complex highway traflic systems,
but the models ara eliher long and detalled,
or rely upon computars for numerical re-
sults [1, 2, 3], For our purposes we would
like a method of eslimating highway noise
that is as simple as possible to use, One
of the simplest taols for estimating highway
nolse 1s a nomagram developed by Bolt
Boranek and Newman, Ine.® [3], which is
easy to use and glves rosults that are con-
servative (l.e,, the predicted levels are higher
than would aclually oceur) in all but a few

* This work, which was undertaken by Bolt Beranek and Nowman, inc., was sponsored by tha Amorican
Assoclation o State Highway and Transportation Officials, in cooperation with the Federal Highway Ad-
tinistration, and was conduclad by the Nallanai Cooperative Highway Research Program which Is admin-
istared by the Transportation Resaarch Board of the National Academy of Sclences-Mational Research

Couneil,

SPEED: MPH

-3+|; 40 50

Automabiles and
Madium Trucks

Figure 5.2~1,

Do v
. FT  VEM/MR
HP[J]L 30 T — 15000
d
100 a0 — 10000
so - - 7000
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70 l— 4000
- l— ao00
80 1 3
100—] I~ 2000
7 J - 1500
150 —d — 1000
G0 200 3 = 700
= s00
= - 400
50 300 =~  }- a00
400 —- — 200
40
500 — L~ 150
Prodicled [—100

Neisa Level 700

1600

bl
i
58

b
b~ a0
1500 L. 20
i Vehicle
2000 = Vaolume
Distance
To
Qhsarver

Hlghway Nolse Predictlon Nomaogram {3].
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very speclal cases. A nomogram is simply
a graph contalning three or more scalas
graduated for different varlables so that
when a straight line connects the values on
any iwo scales, the related value may be
read directly from the third scale at the
point intorsected by the line (See Figure
5.2-1), The graphical procedures for using
this nomogram are given later in this chap-
tar in STEPS H3 to H5.

The analytical model upon which the high-
way nomogram |s based is highly idealized.
For example, the model assumas that the
different vehlclo types can be calegorized
in three groups based upon the vehlcles'
nolse generating characieristics. The groups
—-automabiles, medium trucks and heavy
trucks [3]—have basic differances both
physical and acoustical.

Automobiles are vehicles with twa axles
and four wheels. This group includes, In
addlition to passenger cars, light pick-up
and panel frucks, Under normal operating
conditions, automobile noise is composed
primarily of englna-exhaust noise and tire-
roadway Interactlon noisa, which are both
concentrated near the pavement surface.
Hence, the effective saurce height is taken
at this surface.

Medium trucks refer generally lo gasoline-
powsred two-axle, slx-whea) vehicles such
as iocal delivery or short-haul trucks. One
distinction between this group and heavy
trucks, other than Just physical size, Is that
medium trucks do not have a vertical ax-
haust stack. Like automabilaes, madium truck
noise is primarfly englne-exhaust and tira
noise, which agaln are concentrated near
the pavement surface; and although ths
exhaust outlet may be slightlly higher for
madium trucks than tor aulomoblles, the
effactlve source locatlon Is still assumed to
be at the pavernent surface [3]. In general,
the sound levels generated by medlum
trucks are similar, but ara higher than auto-
mobiles for the same operating condiflons,

Approximalely 80 porcent of heavy trucks
are diesel-powered vehicles with three or
more axies. Long-haul traclor-trailer ve-
hicles copstitute the malority of this group
which also Inciudes dump trucks, cement
mixers, etc, Heavy truck nolse is a com-
bination of engine, fan, Intake, exhaust, and
tire noises, Howavar, extensive measura-
ments of actual teffic conditions have
shown that heavy truck noise cap ba ade-
quataly simulated using only the exhaust
noise source and neglacting cther sources
[3]. Based on this, the effective source loca-
tion Is assumed to ba B feet abhove the pave-
ment surface,” Thus, the malor dilferences

between the sound generated by automo-
blles and medium trucks, and the sound
generatad by heavy trucks are the magnl-
tude and spatial location of the sound
source.

Geographically, the model assumes that
the real highway configuration can ba
approximated by a single “equivalent” lans
that is stralght and Infinltely long. It also
assumes that this equlvalent lane lles at
grade on a level trerrain, which means that
there Is no shlelding. The vehicles In each
group (automeobiles, medium trucks and
heavy trucks) are considered to be traveling
at a constant speed characteristic of the
vehicle group. The model further assumes
that the nolse generated by each of the ve-
hicle groups can be characterized by the
traffic volume flow {vehlcles/hour) and the
average speed (miles/hour} for that group.
Analysis of this ideallzed model shows that
the nolse of aulomoblles and medium trucks
Increases wlith traffic volume and average
speed; and that the noise of heavy trucks
under the same conditlens (for both the tire
and exhaust sources) Increases with tralfic
volume, but decreases slightly with an In-
crease in average spead,

As far as propagatlon of the noise ia con-
cerned, the model assumes ihat the equiva-
lent Jlane [s an Infinitely long lino source
radlating uniformly into a half-plane (ac-
tually as many as three Infinitely long, line
sourcas, corresponding o automobiles, me-
dlum trucks and heavy trucks). The equiv-
alent level of the nolse propagated from
the highway decreases by an A-welghted
sound lovel of 4.5 dB for every doubling of
distance from the roadway [3]. This valua
of altenuation has been determinad em-
pirically, and includes losses due to air
absorptlon and excess ground attenuation,
in additlon to ths usual cylindrical dlver-
gence assoclated wlth a line source,

As was praeviously mentioned, the pradictad
sound levels are conservalely high in all
but a lew special cases, such as when the
ground plane Is very reflective and no
shlafding is prasent, or when the highway
is highly curved as shown In Flgure 5.2-2,
In this latter case, the highway differs con-
siderably from the model's assumption of an
Infinitely leng stralght highway, and could ba
treated as two separate highways. Assuming

* Exhaust stacks lfor heavy duty trucks are typl-
cally about thirteen laet above the roadway. It is
prasumed that the authors of referance (3], In as-
suming an eight-fool helght for the nolse source
ol heavy trucks, wor altempting to account for
both tire noise {source near the roadwny surface)
and oxhaust noisa (source approximately thirtoen
fagt abova the roadway)
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Assumed Location
of Two Inlinltely
Long llghways

w

Raceivor

—_————— o

!

n

Recelvor
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I
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Figure 5.2-2, Exampla of a Highly Curved Highway,

tha traific volumes and average speeds are
tha same for both portions of this highway,
the sound level at a racelvar located [nalde
the curve would be at most 3 dB higher than
that predicted by the model, Hence, you can
congervatlvely estimate the sound level at
the bullding site by adding 3 dB to the no-
mogram value for & single highway. For a re-
celver located oulslde the curved position of
the highway, the modal would overastimate
the sound lavet By an amount dependent on
the degree of curvature and lhe location of
the racelver.

For cases other than the special case just
discussed, the nomogram will over-predict
the actual sound level by a faw decibela da-
panding upon the complexity of the real
highway and the surrounding terrain rela-
tive to the model's assumptions, Over-pra-
diclion may be excesalve when thare is a
vertical translation of the roadway to an
elevated or depressed position with respect
to the surrounding terrain. Tho effect of
thlg translation, as discussed In Section 1
of this chapter, (s to shield the highway from
the building site in the same manner as a
barrier. Such effects are accounted for
by subtracting the attenuation due to the
shlelding from the predicted level. These
shlelding adjustments are made In STERS

+9, H10 and H11 of the highway noise pra-
dletion mathad which fallows.

Belore proceeding, you should brisfly study
the flow dlagram of Flgure 5.2-3 which out-
lines the steps necessary to estimate high-
way nolse, Starting at the top of the chart
and moving downward, you flrat cbtain tha
raquired traflie, hlghway and roadway
shlelding Input data (STEPS H1 and H2},

Then using these dala, calculate the sound
levels of automeblies, medium trucks, and
heavy trucks (STEPS H3 to H8); and the
correctlons for any barriars (STEPS HB to
13}, Following this, dstermine the total
nolse fevel due to this one highway by com-
bining the contributions from tha three ve-
hicle groups (STEP Hi4). If there Is mora
than ane hlghway near your site, repeat tha
previous steps for each of these highways
(STEPS H1 to H14). Finally, combine the
sound level conirlbutions from all of the
highways to get the total highway nolse level
al your chosen building location {STEP
H15}. All steps should be recorded on High-
way Worksheets 1 and 2 shown In Flgures
5,24 and 5,2-5. A detailed example showing
these step-by-step calculations s given In
Section 5.5,
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Highway Nolaa Pradictien

Teatlle Data

¢ Average Spead; 8A, SM, EH
+ Vohicla Valume: VA, WM, VH
a} Lea{1): VA1), VM[I}, VH[1)
B) Leq(8): VA[B], VM(8), VH(B)
e} Lagi2d) VA[24), VM4, VH{24)
d) Ldn: OVA, DVM, DVH, Nva,
NVM, NVH

STEPS H2.1 and H2.2

Hlphway Data

* Aoadway~—=Building
Site Dislanco: DC

GTEP H1,1

v

v Aulos
» Modlum Trucks
» Heavy Truchs

STEPS H3 10 HE

Highway Noiso Nomogram
Lag{1}, Loq(B), Leq24}, Ldn

Highway Shlelding Data

+ Barrler: 08, HB, hii, &
+ Eloysted

Highway: DE, HE, o
+ Doprosted

Highway: DD, HD, hD, &
» Duiiding Basriers: or
* Vepotalion: dw

ETEPS HI.2 and Ht.A

Shiolding Corrections

+ Aulos ang Medium Trucks : CSA/M
* Heavy Trucks : CSH

STEPS HS o H12

Aallway Nclig

Bectlon 5.3

Flgure 5.2,

Highway Naoise Lovel
» Log{t) + Logfad)
* Leqid) ¢ Ldn
STEP H14

Tatal Building Site
Naiso Duo 1o Savoral
Highwaya

STEP HI§

B!

Tolal Building
Sile Nolao Lovol
Chaptar ¢

Alrcralt Nolsp

Section 54

Highway Nolse Pradiction Flow Diagram.



Highway Workshaet 1

Building Projoct Highway Numbar
Site poni or building room for which gound pressure
Lecatlen Juvels @re buing ostimited
!
5 Ownor Dosignor Dale Rawised

RAoadway—=8uilding Slte Bistance: OC (Foot)

'/////////////////A Autas Medium Tricks Haeavy Trucks
Avornge Vehicle Spond, mph SA I M I BH l
P
Tolal Number of Vohlclea W/W // W
o] Leg(1} VAN VM) VH(N
n Legis) VA(B} VM{8) VHIB)
¢)  Leqg{24) VA[R4} WM{24) VH{24)
VA NVA DVM NVN OvVH HVH
d} Ldn
7 Vh VMG
T Average Vehlela Valumo {veh/hi} VA YH
o I,
) Prediciod Nalse Lovala / / /
i
] 7 77 7
o
! {. Log{1) Ne Shlolding
; Tolal Shialding Correction
il 8l Len{1) {Righway Workshse| 2}
3 Leg{1} Corracied tor Shlelding
1
5;; Leqif) Ne Shialding
h
b Total Shiulding Carraction
li 8) Le3i8) | Highway Werksheot 2
b
i Lofy(B) Corrected fer Shiolding
) ﬁ Lan{24) Na Shiolding
' b Tolal Shislding Corragiien
§ el Leat2d) | (Highway Warkshasl 2)
;1: Loq(24] Correcled for Shielding
k
; HHL
1 RPN
# CDN
; d) Len
E Ldn No Shiolging
Tota} Shioldlng Carroclion
(Hlghway Warkahea| 2]
Lin Corrocted for Shlelding
L
Tolal Highway Nolse /
s
. Duilding Situ Nols¢ Duo To Sovoral Highways

Figure 5.2-4, Highway Workshset 1,



50

Highway Worksheot 2

Aullding Projoct

Highway Numbar

Sita painl ¢r bullding raom for which scund pressuia

leyyls are boiag eatimaled e

Location _— b
Ownor Bale Revisad
Aandway—Building Site Dislanca: P& (Feal)
Elovaled Doprossed
Bartlar Ronaway Rondway
Snistding oo [ we | e | a | 0E | uE a f D0 | HO | nD | a
Geamatry
Autos And Agim Barm Catm Lerm
Maciurm
Trucks
Palh
Lerglh
Ritterance
Heavy An B Gy h
. Truchs
Auto Modlem Truck Heavy Truck
Cortection Far
YUtnfinite Shialding CSA/M C8A/M CaH
Elament
Included Angle Ratla, AA W
Cotmctlon Far Aulo Megdlum Truck Haevy Truek
*Finlis"* Shielding
Elutmost C3A/M CEA/M esH
¥
Qullding Basrlar ar csb W
]
7
Vagsiation dw csv /
Auto Madium Truck Heavy Truck
Total
Shialdihg CSA/M + CBB 4 &3V CSASM .- C3B 4 C3V GCSH 4 GEB 4 GBV
Cartociion

Flgure 5.2-5. Highway Workshest 2,




T s L

51

Highway Noisa Prediction Mothod 1

STEP H?  PHYSICAL SITE DATA

The Information that is required en the
highway geomatry and the building site

location can be obtalned from local maps

as indlcaled In Chapter 2. The data should

be determined for each highway that you

have llsted on the Prellminary Source 2,
Evaluation Worksheet with a yas answer

In Column 2, The requlred data are:

Median

™~

I._..------"_' Tt -,..-. -.- . "'-'_"‘— -

£C I8 the shortast perpendicular distance
bbitween the roadway contariine and the se-
loctod tocation on the sito for the bullding,

Building
Site

Neareat perpendlcular dlsiance be-
twaen the center of the roadway and
the selected logation on the bullding
site, DC, in fest

Ses Figure 5.2-6 for an example of
hew DC Is determined. Record this
value on Highway Workshest 1.

Location and geometry of any obstruc-

tion that visually shlelds the highway
fram the building, In feet,

Highway

Flgure 5.2-8. Determinatlon of Roadway—

Building Slte Distance,
| —F
i c ) Darrine va
L A

DC,

|Sign Cenventicn]

! i)

i

(a) Rarriet linear dimenaions,
Ba aura to note Ihe sign convenlion for
hi3; posltive balow tha plane of the road-
way and neaglive above,

Dartler
Inciuged
Angle

(b) Barrier included angle.

) Darvier

Figure 5.2-7. Hlghway Barrlar Dimensicns,
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1 Conter ot
Highway

End of . _ifﬂ";ﬁ ¢ End of
Elavated T Elavated
Highway L Highway

{b} Elevated highway Included angle

Flgure 5.2-8, Elevated Highway Dimenslons,

|
| Convantlon)

! Centor of
Highway

{a) Depressed highway |Inear dimensions, Be sure fo note the sign convention for hD;
negative below the top of the depression and positive above (ditferent lrom barrier
notation).

Highway

— ) — ) rmem—— ) e () — A | pma e —

End of
Dopressed
Highway

Deprossed
Hiphway

(b) Depressed highway included angle,

Flgure 5,2-9, Depressed Highway Dimenslons,
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Calermine 1{ any barriers, elevated
roadways and depressed roadways are
present and then obtaln the approprl-
ate distances as shown In Figures
5.2-7, 5.2-8 and 5.2-9, and listed
below. Distances should bheo deter-
mined as accurately as possihle. f
there s no shietding, omit this part of
STEP H3 and all of STEPS Ha, H10,
and H11.

Barrier: DC, DB, HB, hB, a
Elevated Roadway: DC, DE, HE, &
Depressed Readway: DC, DD, HD,
hD, a

Note that the distances hB and hD
can be posltive or nagative; be sure
to racord the appropriate sign on
Highway Workshest 2,

Presence of any rows of buildings or
belts of vegetation that shield the
bullding slte from the roadway,

Refer to the discussion of Section 1
of this chapter to determine If there
is any significant shlelding due to
buildings er bslts of vegetation. If
thare Is, gather the appropriale data
listad below.

a) Bulldings as Barrlers: nr—numbar
of rows of bulldings

b) Vegetation; dw—depth of woods

Record the value on Highway Work-
sheet 2.

@

STEP H2  HIGHWAY TRAFFIC DATA

The Informatien that s required on high-
way vehicle trafile can be oblalned from
the agencles listed In Chapter 2. These
data should be determined for each high-
way that you listed on the Prellminary
Source Evaluation Worksheet with a yes
answer In Column 2. The values should
be the total for all lanes of the highway
and should be based on typical aparating
condltions. Calculations are based upan
exlsting traffic volumas; but if you anticl-
pate changes, use future traffic volumes.
If you are unable fo obtaln information on
medium trucks, neglect them and consider
only autes and heavy trucks. The required
data o be rscorded on Highway Work-
sheet 1 are:

1. Average vehicle speed In miles per
hour; SA-auto; SM-medlum iruck;
SH-heavy truck.

2. Average vehicle iraffic volumo [n
vehicles per hour: VA-auto; VM-
medium truck; VH-heavy truck.

The method of calculating the aver-
age vehlcle trafllc volume depends

upon the noise criterlon, or metric,
balng used for your propesed building
be it Leq{1), Leq(B), Loq(24), or Ldn,
Use the appropriate averaging method
llsted below and oblain any additional
data necessary to make tha calcula-
tlons for the metrle you aro using.

* Leq(1), 1-hour enargy equlvalent
sound [evel

Determine tho total number of
vehicles in each group that passes
by during the one selected hour of
crileal bullding use; VA(1), VM(1},
VH(1). Since lhese values are al-
teady on an hourly besls, no aver-
aging is needed, Merely use these
tralflc volumes directly In the
nomogram pradictlon,

VA=VA(1): VM=VM(1);
VH=VH{1}

o Loq(8), 8-hour energy equivalent
sound lavael

Determine the total number of
vahlcles in each group that passes
by during the eight hours of bulld-
Ing use; VA(B), VM(B), VH(B). The
avarage traflle volumes 1o be used
for the nomogram predictlons are
calculated by dividing the number
of passbys in elght hours by 8 to
get tha average numbar of vehicles
per hour,

VA(a)' v VM(B)

VA ——i —

B
VH(8)
VH_T

* Log(24), 24-hour energy aquivalent
sound level

Determine the total number of
vehicles in each group that passes
by on a typlcal day; VA({24), VM(24)
VH{24). The average traffic val-
umas to be used for the nomagram
pradictions are calculated by divid-
Ing the total number of dally pass-
bys by 24 to ge! the average num-
ber of vahiclea per hour.

VA(24) VM(24}
24 ' ™ 24 '

__VH(24)

M —— =

24
s Ldn, Day-night sound level

Datermine the fotal number of
vahlcles in each group that passes
by during the “daytima" (7 AM.
to 10 P.M) and the “nighttima™
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{10 PM, to 7 AM.); DVA, BVM,
DVH and NVA, NVM, NVH, respac-
fively. The average tralfic volumes
to be used for the nomogram
pradiction are calculated by divid-
Ing the number of "'daytime"" pass-
Bys by 15 to get the average pum-
ber of vahicles per hour.

DVA DVM,
VA= '—_-1-3—. VM= —1?-.
DVH
VH=—1§—

« = 4 a0

Now you have the necessary input data for
the pradiction of hlghway noise. The com-
plete graphical procedure for using the
Highway Noise Nomogram (shown in Flgure
5.2-1) [s outlined in tha followlng steps, The
procadure must ba perlormed three times,
once for sach vehicla group, Starting with
automobiles, the necessary Input para-
meters {lor Highway Worksheat 1) are the
vohicle spead (SA), vahlcle 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 plvot
point through the peint corresponding to
the vehicle speed (the boitem scale for
autos and medium trucks and the upper
scale for heavy trucks). Extend this line
until it Intersects with line A.

STER H4¢  NOMOGRAM PROCEDURE

Draw another straight line from this polnt
of intersoction on line A to the polnt on
the far right scale corresponding to the
vehicle treffic volume. This tine inter-
sects |ine 8.

STEP HE  NOMOGRAM PROCEDURE

Draw a third stralght line from the Inter-
section on [ine B to the point on the DC
scale corresponding to the distance from
the selected location on the building slite
to the center of the roadway. This line
ntersects the scate marked HNL. The
vatue of HNL at this point of Intarsectlon
[a the predigted nolsa lavel [f the metrle
belng uged o evaluata the bullding [s
Leq(l), Leq(d) or Leq(24),

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

Lag({24) = HNL

Record this value on Highway Warksheet
1 and continue the prediction procedures
omitting STEP HE. But If the day-night
sound level is baing used, record HNL In
the appropriale space on Highway Work-
sheat 1 and complete STER HE,

STEP HS  DAY-NIGHT SOUND LEVEL

Compute the factor CDN, which Is a cor-
rectlon for tho retative number of 'day-
time" (7 AM. to 10 P.M} and "night-
time' (10 P.M, to 7 A.M.) vehlcle pass-
bys, It is dctlormined from the ratlo of
the “daytime" vehicle trafiic volume to
the ‘“nighitime” vehicle trafflc volume,
RDN. (Data on vehicle traffic volumes ara
from Highway Worksheat 1.)

o

EN

L]

[ =]

Vehicle Volume Correction, CDN, dB

|
X

0 02 04 08 08 10
Vehlcle Volume Ratio, RDN

Figure 5.2-10. Vehicle Volume Correction
Factor, CON.

CDN Is determined by locating on the
horizontal axls of Figure 5.2-10 the value
of RDN. Read up untll intersecting the
curva, The value of CON can be read off
the verlical axis directly left of the Inter-
saction, Uslng this value of CON and the
value of HNL from STEP HS5, calculate
Ldn from the following equation:

Ldn = HNL + CDN

Record this value on Highway Work-
shest 1,

« ® o+ & 3

As mentlonad previously, medium trucks
are nolsier than automoblles, If this diffar-
ence in nolsa level Is taken into account,
the same scales that were used on the
Highway MNoise Nomogram for the auie-
moblle nolse pradietion can also be vsed
to predict medium truck nolse, A method
of carrecting for thls difference In nolse
level Is givan In STEP H7. Aflar completing
STEP H?7, proceed to STEP HB and per-
form the heavy truck noise prediction,
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STEP HY? MEDIUM TRUCKS

To account for the diffarence In nolse
level betwesn automoblles and medium
trucks, a corrected medlum truck volume
Is used, This corrected vehicle tralfiic
volume, VMC, Is equal o the actual
volume, VM, multiplled by ten.
VMC = 10VM

Record this valua on Highway Warksheot
1. Now repeat STEPS H3, H4 and H5
(also STEP H6 If Ldn [s the metrlc being
used) using the values SM, VMC, and
BC. In repeating the nomogram proce-
dure remembear to use the lower scals of
vehicle speeds for medlum trucks,

STEF Hg HEAVY TRUCKS

Heavy truck nelse Is delermined by re-
peating STEPS H3, H4 and H5 (also STEP
H& If Ldn Is the metric belng used) using
the values SH, VH and DC from Highway
Worksheet 1, In rapeating the nomogram
procedura remember to use the upper
scale of vehicle speeds for heavy trucks,

TR Y )

STEPS H1 through H8 assumed that there
was no obstructlon, or shlelding, between
the highway and tha bullding slte. If there Is
any shlelding dua to a barrier, elevated road-
way, depressed roadway, rows of bulldings
or a belt of vegetation, it should be taken
Inta aceount. This |s done In STEPS H9 to
H13.

The corrections for shielding due to bar-
rlers and elevated or depressed highways
are related fo the eifective sound source
heights for the three vehicle groups, The
effectlve sources are assumed to be naar
the roadway surface for autos and medium
trucks, and eight {eet above the roadway
surface for heavy frueks. Thus, there are
two corrections; one for autos and medium
frucks, CSA/M, and one for heavy frucks,
CSH, These correctlons are doelermined by
calculating the path length diflerences from
the equations llsted [n STEP HY for the type
of shieldlng that (s 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 finlte shietding
glement,

The shielding corrections for rows of build-
ings which act as barriers and for vegeta-
flon are related to the physical layout of
the highway, the site, and building. The
correction for the shielding due to rows ol
bulidings which act as barriers, CSB, is com-
putad In STEP H12. The correction for the
shlelding due to vegelation, CSV, Is com-
puted In STEP H13. Note that the atteruation

due to rows of buildings which act as bar-
riars, and to vegetatien is added to any at-
tenuation due to barrlers and elevated or
deprassed highways., For exampla, if the
A-weighted sound level attenuations of a bar-
rier, two rows of bulldings, and 100 leet of
danso woods are 5, 6, and 5 dB, raspoctively,
the total A-welghted sound level attenua-
tlon Is 16 dB.

After these shielding corractions are ap-
plied, the individual componant sound lav-
els are calculated. Then, these are com-
bined to get the total hlghway noise in
STEP H14,

If there ls no shlelding present, the nalse
levels calculated In the provious steps are
the valuss to be used to predict nolse levels
in your bullding and an the slte. Omlt STEPS
M9 to H13 and proceed to STEP H14 to get
the total nolse due fo the highway.

STEP H8  PATH LENGTH DIFFERENCE

Compute the path length difference for
autos and medium trucks, La/m, and
for heavy trucks, Lh, Jor the type of
shielding present, Be sure the ohstruc-
tion blocks the line-of-sight belween the
source and receiver, In particu'ar for
heavy trucks which have the soutce
lacated elght fest above the road surface,
If the line-of-sight is not blocked, the
corraction s zero,

1. Barrler:
Aa/m = +/HB + (DC — DBY
Ah = +/(HB — 8)° + {DC — DB)*
Ba/m = Bh = +/{HB + hB}' + DB’
Ca/m = +/hB" + DC*
Ch = +/(hB + 8F + DC*
2, Elevated Highway:
Aa/m = [DC - DE]
Ah = \/6& + (DC — DEY’
Ba/m = Bh = +/HE + DE?
Ca/m = \/HE* + DC?
¢h = +/{HE + 8y 4 BC’
3. Deprassed Highway:
Aa/m = ~/HD* + (DG — DO}
Ah = +/(HD — 8)" + (DC — DD}y
Ba/m = Bh = +/hi¥ -+ DD*
Ca/m =~/{HD + hD) + DC*
Ch'= /A0 -+ hD — 87 + DT
From these values the path length differ-
ences are calculated from the following
equations,
La/m = Aa/m + Ba/m — Ca/m
Lh = Ah 4+ Bh — Ch
Record thesa values on Highway Work-
sheet 2 and proceed to the next step,




56 STEP H10 SHIELDING CORRECTION—

A-wpighled Shielding Correction, CSA/M o1 CSH, dB

"INFINITELY'" LONG
BARRIER

Compute the shielding corrections CSA/M
and. CSH. These values are determined
fram tha path length dilferances cal-
culaled In the previous step [4]. If the
path length dillerence Is less than 0.1 It
aor ls negatlve, there is no slgnificant
shielding and the correction Is zere. But
if the path length difference Is positive
and greater than 0.1 {t, the shlelding cor-
rectlon is deferminad by locating on the
heorizontal axls of Figure 5.2-11 lhe value
of the path length difference. Read up
until intersecting the curve. The valua of
the shlelding correcticn can be read olf
the vertical axls direcily left of the inter-
section. This procadure is followed using
La/m to determine CSA/M and Lh to de-
termine CSH, Record ihesa values an
Highway Worksheet 2. |f the Included
angle, a, Is less than 170° the shlelding
alemant I3 of "finlta" langth, and you mus!
procead to STEP H11. But [f the included
angle, a, Is greater than 170°, no adjust-
ment to the shlelding corrections Is
needad. Omit STEP H11 and continue the
design gulde analysls.

U S I R L KR D P

Path Longth Diffarance, L, Foot

Flgure 5.2-11. A-weighted Shielding Correction for Barriers.
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STEP Hit

SHIELDING CORRECTION-—
“FINITE" BARRIER

Compule the adjusted values of CSA/M
and CSH to account for shlelding ele-
ments of ‘finlte" length, These adjusted
shlelding corrections are determined from
the factor RA, which Is ecalculatad from
the Included angle, a {in degrees), using
the followlng 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 this
procedure using the valus of CSH to get
the finlte shielding correction for heavy
trucks. Record these ad|usted shielding
corrections on Highway Workshest 2 and
continue the desigh gulde analys(s,

RA =

Table 52-1, Shlolding Correctlons for a Finite Barrler.

*intiniin* Barrler RA = a/180°
e e 0 4 2 3 4 5 6 7 8 8 10
1 6 o o o0 o6 o0 1 1 1 1 1
2 e o o0 1 1 1 1 1t 2 @2 2
8 ¢ o o 1 1 1 2 2 2 8 a
4 o o 1 t 1 =2 2 2 3 3 4
6 o o 1 1 1 2 2 3 3 4 5
8 °o o 1 1t 2 2 3 3 4 & 8
7 e o 1 1 2 2 3 4 4 8 7
8 o 0 1 1 2 2 8 4 5 8 8
9 ¢ o 1 1 2 3 3 4 & 1 8
10 6 ¢ 1 1 2 3 a 4 & 7 10
11 6 o 1 1 2 & 3 4 8 8 1
12 o o 1 1 2 8 4 5 6 8 12




STEP H12 SHIELDING CORRECTION—
BUILDINGS ACTING AS
BARRIERS

Calculate the correctlon, CSB, for rows
of buildings which shleld the highway
from your building site. This corraction
depends on the number of rows of inter-
vening buildings, nr, and is determined
from Table 5.2-2, Record this corroction
on Highway Worksheet 2 and continue the
deslgn guide analysis.

Table 5.2-2, Shielding Corrections for
Bulldings Acling as Barriers [4],

Number of Shielding
Rows Correction, CSB
1 4,5
2 6.0
3 1.5
4 9.0
& or more 10.0

STEP H13 SHIELDING CORRECTION~-
VEGETATION

Calgulate the correction, CSV, for a belt
of vegatation of depth dw, which shlelds
the highway from your building. This
correction |s simply an A-welghted sound
leve| altenuation of 5 dB for the first 100
fest of woods and 10 dB for woods over
200 feet in depth. Intarpolatlon betwaen
these values Is left to your dliscretion,
Racord the corraction on Highway Work-
sheet 2 and continue the design gulde
analysis.

STEP H14 TOTAL HIGHWAY NOISE

Compule the total nolse at the building
gite dus to the highway, First, sum
the shlelding corrections on highway
Worksheot 2 for each vehlcle group and
racord these values on Highway Work-
sheet 1, Subtract these total shielding
correctlons from the . unshielded nolse
levels to get the Indlvidual components
at the building site, Since these levels are
togarithmic in nature, they cannot be sim-
ply added together or averaged to get the
total nolse level. Instead, they are come
bined, two values at a time, with the use
of Table 5.2-3, Starting with the auto and
medlum truck nolse levels, subtract one
from the other to get the difference. With
this value go to Table 5.2-3 and delermine
the leve! adjustment which Is to be added

Table 5.2-3. Level Adfusiment for
Summing MNoise Levels.

Ditferance Level Adjustment
Betwaen {To Be Added To
Two Noise The Larger of The
Levels, dB Two Values)
10 or more 0
4-9 1
2-3 2
0-1 3

to the larger of tha two original noise
lovels. Now repeat thls procedure with
this adjusted level and the noise level
for heavy trucks, The result of this com-
bination Is the total nolse at the bulldlng
site due 1o thls {one) highway. For ex-
ample, If the A-wefghted sound levsls for
autos, medium trucks and heavy trucka
are 55, 65, and 60 dB respactlvely, the
total noise due to this highway s,

55
diff, == 058
add 3
55 diff, =
=2 62dB,
add 2
60

Record the fotal nolse level bn Highway
Workshaet 1,

This completes the predlction of highway
noise. Thase procedures should be repeated
for sach highway that is llsted on the Pre-
liminary Source Evaluatioh Warkshest with
a yes answer in Column 2, The total noise at
the building site due to all highways ia the
logarlthmic summation of the nolse contri-
butiens from each highway, This computa-
tion ts performed in STEP H15,
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TOTAL NOISE LEVEL DUE
TO SEVERAL HIGHWAYS

The total noise level at the bullding site
you have selected (s determined by sum-
ming the components from all highways
aliecting your site. Summing ls dene two
values at a time, by the same method as
used [n STEP H14, (Refer to this step for
the procedure of summing noise lavels.)

STEP H15

Record this value on Highway Workshest 1,

Now proceed to Sections 5,3 and 5.4 to pre-
dict lhe noise levels due to rallways and
alrgraft, If these two transportation system
nolse sources do no! affect your bullding
site, progeed directly to Chapter 6,
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Chaptor 5
Sactlen 3

How to Estimato
Railwoy

Passby Noilsc

Railroad operations can be classified as
elther line operations or yard operations,
Line operatlons are movemenls of trains
of various types over main llne and local
track; yard operations are the wvarlous
activities concentraled Iin a railway ler
minai, Rallroad yard operations generate
noise through the disassembling and
recoupling of cars lo form new trains,
and the malntenance and repair of cars
and locomaotives. Although a limited amount
of research has bean devoted to the model-
Ing of noise phancmena In railroad yards,
the models are complex since there are so
many dilferent types of sound sources oper-
ating for varlous lengihs of time on an Inler-
mittent basls [1, 2], thus maklng [t very
difficult to predict the noise that is gen-
erated. For this reason railroad yard nolse
will not be treated in this deslan guide.

Railway llne operations are a much more
common source of rallroad noise than yard
operations. The nolse generated by traln
passbys (8 a function of the type of vehicle
In use, how It is operated, and the configura-
tion of the trackbed relative lo the sur-
rounding terrain, Althgugh there has been
a fair amount of research devoled to the
madeling of rallway line passbys [1-8], there
|s still much to be learned. Unlike highways,

which have bean the subject of a great deal
more research than rallways, no simpla
nomogram method for pradicting passby
noisa has been developed.

The analytical madel * which is used in this
design guide for predictlng railway nolse
considers four general types of vehicles as
noise sources: locomotives, frelght cars,
pagsenger coaches, and rapid transit ve-
hicles. Theso vehicles, ellher in combina-
tion with one of the other types or by them-
selves, form three genoeral train categories,
These are freight tralns, canventional pas-
senger trains, and rapld translt tralns. A
frelght traln conslsis of one or more lecomo-
tives, usually diesel-electric, pulllng a com-
binatlon of various types of fraight cars.
A conventlonal passenger traln Is simllar to
a freight train In that it consists of one or
more locometives pulling several coaches,
but one important ditference Is that the toco-

* The reliway nolso modol Is based on work pars
formed by Wyle Laboratarles, E! Segundo, Caif-
fornia, under tho sponsorship of the Asscclallon
of American Rofironds, Washingten, D.C, [1]. The
design guilde's technique for prodicting the gens
erated noise lavels is modiffed sfightly to include
more recantly published data and to slmplily tho
nacaessary calculntions,



molive may althar be diesel-electric or all
electric.® The third type, rapld transit trains,
differs trom the other twa types [n that there
Is not a centrallzed source of propulsion
pulling a serfes of cars, but rather electrle
motors on the axles of each car, There Is
a wide varialy of diiferent types of vehicles
whleh can be classliled as rapid iransit
lraina, As a result, some of the newear ve-
hicles may be quleter than predicted by the
methods of this deslgn guide, Alsa, the pre-
diction proecedures are not appilcable to
underground subway operations or "classlc™
streat cars,

A dlessl-electric locomotive utllizes a diesel
engine driving an electrical alternalor or
generator which in turn drives electric frac-
tion motors on the wheels. An all-electrle
locomotlve, on the other hand, obtalns Its
electrical power from an extarnal source,
normally an overhead llne or third rall, to
drive Its traction motors. The vast majority
of tralns in the United States ara hauled by
dlesel-slaclric locomotives—as of 1871,
99% of the 27,000 locomollves in service
wara diesel-elaciric, with most of the re-
mainder being all-electric [6].

For nolse propagation, the model assumes
locomotive 18 a combination of sounds
radiated frem the exhaust outlet, the angine
casing, the cooling fans, the transmission,
the alactrlcal equipment, and the interaction
of the wheels and rails—the predominant
goutce of nofse fs the exhaust outlet, Honce,
all-electric  locomotives, which have no
dlesel anglie and thus no exhaust, are gen-
erally quisler than diesel-electric locomo-
tlves,

Having no prapulsion system, [reight cars
and passenger coaches generate noise
mainly by tha rolling of the wheels on the
ralls. The magnituda of the nolse depends
heavily on the condition of tha wheels and
track, and on the type of vehicle suspen-
slon, Modern passenger coaches with
auxiltary hydraulic suspenslon systems in
addllon to normal springs can be about
10 dB quister than older passenger coaches
or frelght cars which have only springs.

The nolse of rapld transit traing, even
though there are electric motors on each
axle that are scurces of noise, Is also pre-
dominantly generated by the interaction of
the whes!s upon the ralls, In fact, because
rapld transit vehicles are usually newer and
have better suspension sysiams, they are

* Thore are alse gas lurbine jocomotives, but
thase are fow In number and will not be con-
alderod hereln.

generally quieter than frelght cars or pas-
sanger coachos,

Geographically, the predictive model as-
sumes that the real rallway configuration
can be opproximaled by a single "equiva-
lent' track that Is straighl and infinitely long.
It also assumes that thls "equivalent" track
lies at grade on a level tetrain, which means
that there is no shielding. The model fur-
ther assumes that lhe trains that use thls
track can be grouped into one of the three
general categories (frelght, conventlonal
passenger, or rapld transit) and that each
of these categories can be characterized
by an average speed, an average train
length, and an average number of passbys
for normal operating conditlons.

Frelght traln noise [s analyzed by conslder-
ing two distinct sources; tha dlesel-slectric
leccomotlve and the frelght cars; but conven-
tional passenger tralns and rapid transit
trains are considered to genarate nolse pri-
marily through whesl-rall Inlaraction, This
means thal for conventional passenger trains
the locomotive [s assumed to be all-alectre,
Hence, If tha conventlonal passenger train
locomotives are dissel-alactric a focomotive
noise componenl must be added.

Far noisa propagation, the model assumes
that dlesel-electrlc locomotive equivalent
sound level decreases by an A-weighted
value of 5.3 dB for every doubling of
distance from the rallway, The equlvatent
scund Jevel from f{relght cars, passengar
coaches, and rapid transit vehlcles |z as-
sumed to decrease by an A-weighted sound
level diflerance of 6,2 dB for every doubling
of distance from the railway. These two
values of altenuation are appllcable only for
distances greater than 150 feet from the rall-
way, but It is not anticipated that your
building or site would be 150 feet ar closer
to a rallway. The values were delermined
empirically and Include corrections for
atienuation due to spreading of the sound
waves (divergence), increased duration of
the noise at polnts farther away fram the
rallway, alr absorption, and axcess ground
attenuation [1],

As mentlonad praviously, the model as-
sumes that the railway lies at grade on a
leval terrain, If the railway Is elther elevated
or depressed relative to the surrounding
terraln, the etfect may be to shield the rail-
way irom the bullding sile In the same
manner as a barrier. Such eftects are taken
inlo account by substracling the attenua-
tion due lo the shielding from the predicted
level, These shlelding adjustments are made
in STEPS A11, R12 and R13.




61

Rallway Nolsd Pradiction
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Rallway Worksheet 1

Aultzting Profoct

Apilway Numbos

Location

Si1a paint or building reom for which sound prosaurn

tevals ale benp

Ownot Doaignar

L2 L1 ——

Rovised o .

Aoliway=Huitding Site Distance; O (Faet)

P,

Fralght Teains

Convanlional
Passongoer Tralne

Rapld Tranali Trainy

Docs this typa of iraln use
tho Irtack heing analyzad?

Dlesel-Elocisic or Atl-Elociric
Locamative

NL

w7722,

Avetago Train Spaed, S. mph

Average number of c&en, ne

Average train |pngth, LT, isnl

Avarage Numbor of Passbys

AL A AP,

a) Leg(1} : N1

b} Loqg(8} : kA

&) Leq[24) : KM

NN Hh

NN ND NN

d} bdn

Ciesel-Eloctric Locomotivo

VA Al i

L R )

Rolorongo Lavel, LB

]

Distance Attenualion, DAL

Aallway Carn [7/ /r/,//////é

IS IS TSI

# /////%

Relorenco Level, CL

Duration Factor, €0

Track Charactoristics, CT

Rislance Attonualion, DAC

T g ——
Pradiclad Noiss Lavots

Dleswl-Eloctric | Anitway Dlassl-Eloctic Fallway
Lacomotive Cats Locomotlve Cars Ralway Cars

CNI

A

A PAS SIS IS,

)

a) Logf1} [ 20001 No Shielding

Tolal Shiotding Cotrection
(Rallway Workshaol 2)

Lag(t) Corrocted for Ehielding

CHE

e

A

ca

by Leggay | Ledld) No Shialding

Talal Shloiding Cotractien
{Railway ¥Workaheal 2)

Log(d} Correclad for Shialding

ChH4

s

A

oA

o) Laqi2dp | Lesizél No Shiolding

Telal Shielding Correctlon
{Railwny Workshoot 2)

Log(24) Cerracted fat Shietding

CH

CDH

Ldn No Shlalding

d) Lun
Tetal Shielding Coreeclion
{Anliway Workehaey 2]

Ldn Correstud for Shinlding

Totat Rollway Nelw

A IAAA I,

Figure 5,3-2,

Rallway Warksheet 1
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Figure 5.3-3, Railway Worksheset 2,
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Before proceeding, you should priafly stedy 2. The physical characteristics of the

the flow diagram of Flgura 5.3-1 whieh out~ track:

fines the si&ps necessary 10 astimata rallway a, Typa of rack: welded of jointed
noise. stading at the top of the chart and b, Presence of switehes or grade
moving downward, you wih first abtaln the crossing

requlred train, yrack and ralbway shisiding ¢, Radius of tight {less than 900 toal)
input datd iSTEPS PA1 and p2y, Thon using qurve in {ast

these daia you with caleulate ne sound d. Presence of a bridge

levels carrasponding to the diesal-e‘len\ric o goncrele gtructure

tocamotive and raftway car companents of « steal giider with sither concreld
he ithree types ol trains affecting your site or apen e otk

{BTEPS A3 to RI10L Then you will make « gles) girdet with steel plate dack
shiglding corractions (A1 1o R15) lor B0V A switch, grade croseing, tight radius
parriers, Followingd this you witl daterming ey of bridge should iy be con-
ihe total noise \oval due 1o this ratiway BY algared when It \a localed within 8
combining the contributions frarm jtg varlous isience of 20 o elther side af 1ho
sompanents (STEP R16)., Al steps should be paint of interaection of the rallway
recorded on RAIWEY worksheats 1 2% with tha nearest parpendlcular dla-
ghawn in Flgures §,3-2 and 53-3. A detaited \ance, See Figure 5.3-4 for 8n Hlus-
axample showing 1he stap-by-siep calgulas tration of this distance raqulremem.
fina s given In gectian 5.5 Record this information on Roliway
Anliwoy Noigd prodiction Mothod Warksheet 2

a, Lacallon and geometry of any obsiruc~
tign that visually shisids the ratiway
fram the bultding, In teat

STEP A1 pHYSICAL SITE AND TRAGK
DATA
\niormation on rallway geometry and track
charac!arlstlcs can uaushy ba obtained
from ares Ma s and the apptopriate de-

paﬂment of ihe raltway company a3 dle- iat cil 1 " g
cussed n Ghaptor 2. The data shoutd be g’aﬂg . stances "‘g ?{ °"‘;“ °‘“d nguee.
optaingd for each rallway that 18 tated Eils_tainr:a;shoul d'b; dﬂe?arﬁ:e db:s‘;":_
on the Pralimlinary Sourte Evaluation curately B3 posslble i there is o
Worksheet with 8 yas answer in Cotumn shielding. it this fsaﬂ of STEP Al
2, Th required data 872 SR of STEPS Y1, R12 and R13,
4, Mearast parpendlcu\ar distance be- aarrier: O, DB, HB, 1B, 8

twoen tha centerling of 1he rallway Elavatad Raliway: o, DE, HE, 8

and the polnt yau nave chosen for Dapressea Raltway: D, 0O, Hp, ho, @

analysis on the buliding alte, B, In taat. Nota that ihe distances hB and nD

gge Figure 84-4 for an oxampla of can be pasitive of negative; be SUr9

now D 18 dotermined. and record tnis o racord the appropriatd gign on

value on Raiwey Worksheets 1 and 2. Aaliway worksheet 2.

Rallway

r
Bundlng/f
sSite z

/
L...._d.__._.__..____!

Flgura 5,24, F\auway-Buildlng Site
Distance, js X



Prasence of any rows of bulldings or
belts of vegetation that shield your
building slte from the rallway

Use the criterla discussed in Sectlon
51 to determine If there Is any slg-
nificant shlelding due to buildings or

Barrler

belts of vegetation, If thera is, gather

the data ilsted below.

a) Bulidings as Barilers: nr—number
of rows of buildings

b) Vegetation: dw—depth of woods

Record these valuas on Rallway Work-
sheet 2,

[Slgn

LB Ll SRy e e, —n

e

Y

T R L e T RS A N

AT AR e e A TR TR

Gonventlon)]
~=hD

Conter of

(a) Barrler linear dimensions. Be sure to note the sign convention for hB; positive
below tha plane of the railway and negative above.

Raliwsy
— B e Wl [ B T I~ —
—p- } 35 == -t ! ! [—
| ] G bl ned —d L] Ld ™ ]
Barrtar

{b) Barrier included angle.

Flgure 53-5, Dimenslong for Shlelding by & Rallway Bartier,
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(b} Elevated rallway included angle.

Figura 5.3-6.
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Dimensions for Shielding By an Elevated Rallway.
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—L' S RY LEIA! (sign
i Convantlon)
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Conter of —hD
Rallway

v
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I

{a) Depressed rallway lineardimensions, Be sure to note the sign canvention for hD;
negalive below the top of the depression and positive above—different from barrier

notation,

Deprossed
Rallway

End ol
Dapressed
Rallway

. Billding -~

(b} Depressed railway includeu angle.

Flgura 5.3-7. Dimensions for Shielding By a Depressed Rallway,
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STEP R2 TRAIN DATA

The Information that |s required on trains
can be aobtalned from the agencies Isted
in Chapter 2. These data should be
gathered for each railway lisied on the
Preliminary Source Evaluation Worksheet
with a yes answer In Column 2. The
values should be the average for alf
tracks and should be based on typical
operaling conditions. The required data
to be recorded on Railway Worksheet 1
are: ’

1. Types of tralns which normally use the

track.

If theare are no frefght tralns, or no
conventional passenger tralns, or no
rapld transit tralns write “NONE" in
the approptiate space on Railway
Worksheet 1 for that traln type.

2, Type of locomative which normally
is used to pull the train; dlesel-elactric
or all-electrle, This infonnation on
locomotions ls only needed for freight
trains or conventlonal passenger trains.
It this Information is not readily avail-
able, assume the locomotive to be
diesal-electric since this [s the pre-
dominant type, and the worst case
acoustically. Also determine the aver-
age number of diesel-elactric locomo-
tives, NL, used to pull the train.

3, Average traln speed, 5, In miles per
hour for each type of traln,
Average traln length, LT, in feet for
each type of traln.
It the average length Is not avallable,
determine the average number of cars,
ne, in the train, The length 1s then
obtained by multlplylng ne by 55 feet
for frelght cars and by 75 feet for
passenger coaches and rapid transit
vahicles [7].
5. Average numbar of passbys for each
type of train,
The time period for which the typical
number of aperations is datermined
depends upon the metrlc belng used
for the nolse critarlon for your pro-
posed bullding: Leq(1), Leq(8), Leq
(24}, or Ldn, Obtain only the dala
required 1o calculate the melric you
are uslng.
= Len{t)
Datarmine the averaga number of
passbys during the one selected
hour of critleal building {or cutdaor
aclivity area) uze, N1,

el

* Leq(6)
Determine the average number of
passbys during lha elght hours of
buliding use, NB.

¢ Leg{24)
Datarmine the average number of
passbys durlng a typleal twenty-
four hour day, N24,

¢ Ldn

‘Determine the number of passbys
during the “daytlime™ (7 AM. fo
10 P.M. and the "night time™ {10
P.M. to 7 AM.), ND and NN, re-
spactively.

Now you have the necessary Input data for
the predictlon of rallway noise. This pre-
diction, outlined in the followlng steps,
consists of detarmining varlous factors
which are combined to glve the estimated
nolse level. The lactors are based on the
rallway model discussed previously and are
normatized to a raference distance of one-
hundrad feet, Noise levels for the ideallzed
modsl are then corrected {o account for
actual conditlons, Computations are simpli-
fied as much as possible by graphs, charts,
and tables,

The remainder of this sectlon [s divided
Into four separate subsections, Subsection
A contalns the directlons for estimaling the
unshlelded nolse level of frelght trains, con-
ventional passenger trains and rapid transit
tralns, Subsection B containa the predictive
steps for calculating dlesel-alectric focomo-
tiva nolse and rallway car nolse. Shielding
adjustments are made In subsectlon C; and
In subsection D, separale nolse contribu-
tions are combined fo get the total raflway
noise.

Your approach should be to use Subsection
A to detarmine which steps of the noise
praduction computations you must perform,
Estimate the unshielded nolse |level for dle-
sal-alecttic Jocomotives and cars In B, Than
in C, estimate the shielding correctlans, [f
any, and finally, in D comblne the noise
lavels generated by each type of train to get
the total rallway noise at your bullding slte.
Record the calculated values on Railway
Worksheets 1 and 2 as directed,
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Diesel-Electric Locomotive

A. Steps for Predicting Railway
Noise

Freight Trains

Frelght train noise has iwo distinct compo-
nentis: dlesel-slactric locomotlve nolse and
freight car noise, These two components
must ba treated separately, Follow STEPS
R3, R4 and RS to gt the |ocomolive com-
ponent, and STEPS R6 through R10 to get
the car component. Use the appropriate
input data from Rallwey Worksheat 1 for
freight tralns.

Conventlonal Passenger Trains

Conventlonal passengar traln nolse depends
upon tha lype of lecomotive, If It Is all-
electric, treat the locomoilve as another
passenger coach and perform STEP R7
through R10.

It diesel-alectric locomotives are the pre-
dominant type, a locomotlve component
must be Included. Perform STEPS R3, R4
and RS5 fo get the locomative component,

and STEPS R6 through Ri0 to get the car
component, Use the appropriate input data
from Rallway Worksheet 1.

Rapid Transit Trains

Rapid translt traln noise Is pradominantly
wheal-rall noise, with no [ocomollve com-
ponent, Perform STEPS R6 through R1D
using appropriate input data from Railway
Workshest 1.

8. Noise Prediction Calculations

DIESEL-ELECTRIC LOCOMO-
TIVES—REFERENCE LEVEL
Compute the factor LS for the dlosel-
elecirlc locomotivea at the reference dis-
tance of 100 fest from the centerline of
the rallway, LS is determined by |locating
on the horizontal axia of Figure 5.3-8, the
speed, S, for this type of train. Read up
untll Intersecting the curve, The value of
LS can be read off the vertical axis dl-
rectly laft of the Intersectlon.

STEP R3

Refesence Level, LS, o8

Avaragao Train Speod, §, mph

Flgure 5.3-8. Diesel-Electrlc Locomolive Refarence Level, LS, at 100 feat (1].



70

Disxtance Atlenuation Fagtor,

DAL or DAC, dB

STEP R4

DIESEL-ELECTRIC LOCOMO-
TIVES—DISTANCE ATTEN-
UATION

Compute the distance aftenuation factar,
DAL far dlesel-alactric locomolive nalse.

DAL Is determined by focating on the
harjzontal axia of Figure 53-9 the dis-
tance, D. Read up until intarsecting the
curve for the locomotive correction, The
vaua of DAL can be read off the vortical
axis dirgctly leit of the Intersection,

Compute C1, which ts & correction for the
number of passbys during the selocted
hour of critical building use. C1 is deter-
mined from tha total number of passbys,
CN1, defined as,

CN1 = N1 X NL,

whare N1 is the avarage number of pass-
bys for this type of train during the se-
lectad hour, and NL s the average num-
ber of diesal-glectric locomotives pulling
the train. On tho haorlzontal axis of Flgure
53-10 locate the value of CN1 for this
type of frain, Read up uniil intersecting
the curve. Read the value of C1 from the
vertical axis directly left of the intersec-

'_ I_Jlosytl-E'l;:trfﬁ-
| - Locomalive " :
RN A0 T SRR DEEN! BAtty (stian |
oo 200 300 400 500 600 gde 1000 2000 3000 4000 5000
Rellway — Dullding Sha Distance, Diloot)
Figure 5.3~9. Railway Nolse Attenuation With Distance [1].
STEP RS DIESEL-ELECTRIC LOCOMO- tlon. Using this value and the values of
TIVES—UNSHIELDED LS and DAL, calculate Leq(l) from the
NOISE LEVEL followlng equation:
Patform the calculations appropriate lor Leq(1) = LS-I-C1 — DAL — 36,
tha nolse critarlon, or melric, for your pro- Leq{8}
pnsea'l;u}l(ldrllng.l ?ecord all values on Rail- Compute CB, which Is & correctian for the
way warksheet 1. number of passbys durlng the aight hours
Leq(1) of building use. It Is determined from the

total number of passbys, CN8, delined as,
CNB = NB 3¢ NL,

whara N8 Is the average number of pass-
bys by this type of traln durlng the eight
hours, and NL s the average number of
diesel-electric locomotives pulling the
train. Locate on the hotizontal axls of
Figure 5.3-10, the value of CN8 for this
typa of traln. Read up uniil Intersecting
Ihe curve, Read the value of C8 from the
vertical axis directly left of the intersec-
tion. Using this value and the values of LS
and DAL, calculaie Leq(8) from the fol-
lowing equation:

Lag(8) = LS + C8 — DAL — 45,
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Humber of Passbys Correction Facior

1%

3
P
8
8
&
o]
o BTN DR
1 (1]
Numbar of Paasbya N[1), N{8), N{24} or CN
Figure 53-10. Cerrection for the Number of Passbys,

Leg{24)

Compute C24, which Is a correction for
the number of passbys durlng a iwenty-
four hour day, i Is determinad from the
{otal number of passbys, CN24, defined as,
CN24 = N24 % NL,
whare N24 is the averaga number of pass-
bys by this type of traln during the twenty-
four hours, and NL is the average number
of dlesel-elactric lacomollves pulling the
traln. Locate on the horlzomal axls of
Figure §,3=10 the value of CN24 for this
type of train. Read up untll Inlersecting
the curve, Read the value of C24 from
the verlical axis directly left of the Inter-
section, Using thls value and the values
of LS and DAL, calculate Lagq{24) fram the
following equation:
Leq{24) =« LS - C24 — DAL — 49.

Ldn

Compute CON, which is a corraction for
the number of “daytime’ and “nighttime"
passbys. It Is determined from the cor-
rected number of passbys, CN, defined as
CN = (ND -}- 8NN} NL
whare ND s the number of "daytime", and
NN Is the number of *nighilime' passbys
for this type of train, and NL is tha aver-
age number of diesal-elactric locomotives
pulting the traln. Locale on the horizontal

STEP RE

STEP R7

axls of Figurs 6.3-10 the value of CN,
Read up unll] intersecting the curve, Read
the value ol CDN from the vertical axis
diractly left of the intersection. Using this
valus and the values of LS and DAL, cal-
culaia Ldn from the following equation:

Ldn = LS 4- CDN — DAL — 48,

RAILWAY CARS—
REFERENCE LEVEL

Computa the factor CL at the relerence
distance of 100 feet from the centerline of
the rallway. CL Is determined by iocating
on the horlzental axis of Figure 5.3~11 the
speed, S, for this type of train, Read up
until Intersecting the approptiate curve
for this type of railway car. The value of
CL can he read olf the vertical axls di-
rocily feft of the Intersection,

RAILWAY CARS—PRASSBY
DURATION

Compute the passby duration factor CD.
CD is determined hy locating on the harl-
zontal axis of Figure 5.3-12 the train
length, LT, for this type of traln, Read up
untll infersecting the curve corrasponding
o the speed, 5, for this train category.
The value of CD can be read off the vertl-
cal axlg directly |eft of the intarsection.



72

Passby Duration Factor, cD, dB

Railway Car Aeterence Level, CL, ¢B

m © 7 Repld T‘l;lfllll.
 Vahigiea o
[:1+]
. TS TN S R T S O R I I

Avarago Traln Spood, § (MPH}

Figure 53-11, Rallway Car Relerence Level at 100 feet [2].

100 1000 10,000
Averaga Train Length, LT, test

Flgure 53-12. Duration Correction for Train Passbys.
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STEP B8  RAILWAY CARS—TRACK

CHARACTERISTICS

Compulae the track adjustment factor, CT.
This factor accounts for track character-
Istics ather than the standard, stralght,
malniine, weided track [1, 4, 8]. This ad-
justment should be made only [f the track
varlation occurs within a dlistance of 2D
on alther side of the point of Intersection
of the railway with the nearest perpendic-
ular distance. See Flgure 5.3-4 for an
lllustratlon of this distance requirement.
From Table 53-1 select the appropriata
value of CT corresponding {o the physical
characleristics of the track segment under
investigation, In case of simultaneous oc-
currence of these varlations the single
fargest correction should be used.

STEF B9 RAILWAY CARS—DISTANCE

ATTENUATION

Compute the distance attenuation {actor,
DAC, for rallway car noise, DAC Is detor-
mlned by locating on the horizontal axis
of Flgure 5,3-9 tha distance D. Read up
untll intersecting the appropriate curve
for rallway cars. The value of DAC can ba
read off the vertical axis diractly laft of
the intersection.

Table 5.3-1, Adjusiment Factors for Track

Characleristics [1, 4, 8].

TRACK CHARACTERISTICS cT

1 Straight, Mainline, Weldad

Track
2 Straight, Jolnted Track 4
3 Presence of Switches or 4

Grade Crossing

4 Tight Radlus Curve

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

§ Presance of a Bridge
Concrote 0

Steal Girder with Either Con- 5
crete or Open Tie Deck

Gleel Glrder with Steel Plate 14
Deck

STEP R10  RAILWAY CARS—

UNSHIELDED NOISE LEVEL

Depending upon the typa of nolse cri-
terlon, or metric, for your proposed build-
Ing, parform tha calculations listed bolow,

leqg{1)

Compute the tactor C1, which |5 a correc-
tlon for the number of passbys during the
one salectad hour ol crltical bullding use,
C1 Is detarminad by locating on the horl-
zonlal axls of Flgure 53-10 the value of
N1 lor this type ot train. Read up until
Intersecting the curve, The value aof C1
can bo read oli the vertical axis direcily
laft ot the intersection, Using this valus
and the values of CL, CD, CT, and DAC
calculate Leq(1) from the following equa-

tion:
Legi1) =
CL--CD+CT 4 C1 — DAC — 36.

Leats)

Compute tha factor CB, which is a corrac-
tion for the number of passbys during tha
alght hours of building use, C8 Is deter-
mined of Figura 5.3-10 by lccating on tha
horizonfal axis the value of N8 for this
type of traln. Read up until Intersecling
the curve. The value of CB can ba read
off the vertical axis directly left of the
Infersection. Using this value and the
values of CL, CD, CT and DAC, calculate
Leq(8) from the following equatlon:
Leq(8) =
CL+- CD +-CT 4 CB — DAC — 45,

Log(24)

Compute the facior C24, which s a cor-
racilon for the number of passbys during
a typical twenly-four hour day, €24 ia
determined by locating on the horlzontal
axla of Figura 53-10 the value of N24 for
thia type of train. Read up untli Intor-
secting the curva, The value of C24 can
be read off the vaertical axis directly left
of the Intersection, Using thls factor and
the values of €L, CD, CT, and DAC, cal-
culate Leq(24) from the following eques
tion:
Leq(24) =
CL + CD + CT + €24 — DAC — 49,

Ldn

Computa the facter CDN, which Is a cor-
rection for the number of “daytime and

“nighttime" passbys, It is delermined -

from the corracied number of passbys,
CN, defined as
CN = ND 4- 8NN,

whore ND {8 the number of "daytime",
and NN Is the number of “nighttime"
passbya for this type of traln, CON s
datarmined by locating on the hatizontai
axis of Figure 5.3-10 the valug of CN.



s T R LR

74

Read up untll intersecting the curve. The
value of CON can be read off the vertical
axls direcily left of the intersectlon, Using
this value and the values of CL, CD, CT,
and DAC, calculate Ldn from the following
equation:
Ldn =
CL -} CD + CT 4 CON — DAC — 49,

- - LY .

C. Shielding Adjustments

The previous steps assumed that there was
na shialding between the rallway and tha
bullding site. If there [s any shielding due
to a barrler, elevated rallway, depressed
rallway, rows of bulldings or a belt of vege-
tation, H must be taken Into aceount, This is
done in STEPS R11 through R15.

The corrections for shlelding due to bar-
tlers, elevated raliways and depressed rall-
ways are a functlon of the rallway vahicle
type, because of the diiferant locatlons of
the major nolse sources. For frelght cars,
conventlonal passenger coaches, and rapid
transit vehlcles, the predeminant nolse
source |5 the wheal-rall Interaction located
close to the ground; while for diesel-electric
locomotives, the major source of nolse Is
the exhaust outlet localed approximately
fiftean feet above the ralls. Thus, there are
two shlelding correctlons; one for rallway
cars, CSC, and one lor diesel-electric loco-
molives, GSL, These correcllons are deter-
mined by calculating the path length difier-
ences for rallway cars and for diesal-electrlc
lecomotives using STEP A11 for the type of
shielding prosent. For these calculations,
this design guide assumes that the fre-
quency spectrum for rallway car (wheael-rall}
nolse is similar to highway traffic nolse, and
employs 500 Hz as the frequency. However,
a fraquency of 125 Hz is used for diesel-
elactrlc {ocomotive nolse, To account for
these frequencles being diiferent, a factor
of ¥ (125 <+ 500) fs uged In ealculating
path tength difference, LI Using these
values of L, CSC and CSL are determined
for an “infinitely" long barrer in STEP R12,
If the barrler Is “finlte"” in length, the necas-
sary adjustments are made In STEP R13.

The shlelding corrections for rows of build-
Ings which act as barriers and for vegeta-
tion are rafated to the physical layout of ihe
raliway and the locatlon of your proposed
bullding, The correction far shlelding due
to rows of buildings which act as barriers,
€SB, Is computed In STEP R13, The correc-
tion far shielding due to vegetation, CSV, s
computed in STEP R14. Note that the alten-
uaifon due to rows of bulldings which act
as barriers, and to vegetallen is added to

tha attenuvatlon due to barrers and elevatad
or depressed raflways. For example, I the
A-weighted sound level atienuations of a
barrier, two rows of buildings and a 100
feet of dense woods are 5, 6, and 5 dB,
rospactively, the total A-weighled sound
leval attenuation Is 16 dB,

Afler these shielding correctlons are deter-
mined, the Individual noise contributlons ara
calculated and combinad to get the total
railway nolse In STEP R16.

If there are no barrlers, the nolse levels cal-
culated In the previous steps are the values
{o be used to predict noise levels In your
building and on Its slle. Omit STEPS R11
through R15 and pracead o STEP AT6 to get
the total nolse due to rallways,

STEP R11 PATH LENGTH DIFFERENCE

Compute the path length differance for
tailway cars, L.C, and for dlesal-electric
locomotlves, LI, for the type of barrler
present, Be sure the obslructicn blocks
the lIne-of-sight between the source and
recelver, being careful about diessl-alec-
tric locomotives which have the noise
source [ocated {ifteen feel abova the rall-
way. If the line-of-slght |s not blocked,
there will be no attenuatlon,

1. Barriern:
Ac =\/HB* 4 (D — DB)*
Al = +/(HB —15)" 4- (D — DB)*
Bec = B! =+/(HB + hB)* + DR*
Cc = /hB* + ¥
Cl=/[hB + 18 + D°

2, Elevaled Rallway!
Ac = [D — DE]
Al = /325 (D — DE)¥
Bec = Bf = \/HE" + DE’
Cc = \/W
Cl = \/(HE + o) + ¥

3. Depressod Rallway:
Ac = /A" + D — DO)°
Al =/(HD = 16)’ + (O — DD}
Bc =Bl =+/hD* + DD*
Ce = /(HD + hD)* + D"
Cl = +/(HD + hD — 15F +- D7

From these values the path length differ-
ances are calculated from the following
equatjons;

Le = Ac + Bec — Ce
LI = .25 [Af 4 Bl — C/}.

Racord these values on Rallway Work-
sheet 2 and proceed to the next step,
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A-weighted Shlelding Carcection, CSC or 3L, B

SHIELDING CORRECTION—
“INFINITE" BARRIER

Computa the shlelding corrections CSC
and CSL. These values are dslermined
from the paih length differences calcu-
lated in the previous slep [9). I] the path
length difference is negatlve or less than
0.01 ft, there is no appreciable shielding
and the correction Is zero; If the path
langth diffarence is positive and greatar
than 0.01 f{t, the shlelding correction is
determined by [ocating en the horizontal
axis of Figure 53-13 the value of the path

tength difference. Read up unfil Intersect-
Ing tha curve. The value of the shielding
corraction can be read off the verilcal
axls directly left of the Intersectlon. This
procedure is followed using Lc to deter-
mine CSC, and U to determine CSL.
Record these values on Rallway Work-
sheet 2. |f the included angle, a, fs less
than 170, the barrer Is of “finlte™ langth,
and you musi precead to STEP R13, But [f
tha Included angls, a, is greater than 170,
ne adjustment to the shlelding corractions
Is needed. Omit STEP R13 and continue
the design gulde analysis.

lrllrl{

PR

SELD LY B

Path Length Diterence, L, Ivel

Flgure §3-13. A-welghted Shielding Correction Versus Path Length Diflerence for Barrlers.

Table 53-2. Shlelding Corrections for a Finlte Barrler.

Infinite Barrier RA = a/180°
Deoangte p 4 2 3 4 5 8 7 8 8 10
1 g o0 o0 o0 0 o 1 1 1 1 1
2 o o o 1 1 1t 1 1 2 2 &2
3 ®» o 0 1 1 1 2 2 2 3 a
4 o o 1 1 1 2 2 2 3 38 &
5 o o 1 1 1 2 2 3 38 4 5
8 o o 1 1 2 2 a 3 4 5 @8
7 o o 1 1 2 2 38 4 4 8 7
8 o 6 1 1 2 2 a 4 & 8 8
9 o o 1 1 2 3 3 4 5 1 @
10 o o 1 1 2 3 3 4 & 1 10
1 © o 1 1 2 a3 3 4 8 8 N
12 o o t 1 2 3 a4 5 8 8 12




STEP R13  SHIELDING CORRECTION—

"FINITE" BARRIER

Compute the adjustad values of CSC and
CSL to account for shielding elements of
finlte length, These adjusted correctlons
are determined from the factor RA, which
fa calculated from the Included angle, a
{In degreas), by using the followlng equa-
tien:
RA ol
T 180

Now go to Tabla £.3~2 and entar the first
column at the valus of CSC and read
across that row to the column correspond-
ing to the value of RA. This Is the ad-
Justed value of CSC, Repsal this proce-
dure uslng the value of GSL to get the
finle shielding correclion for dlesel-
electric locomollves, Record these ad-
justad shlelding corrections on Rallway
Worksheat 2, and contlnue the deslgn
gulde analysls,

STEP R14 SHIELDING CORRECTION—

BUILDINGS ACTING AS
BARRIERS

Calculate the correcllon, CSB, for rows
of bulldings whlch shield the rallway
from your bullding. This correction de-
pends on the number of rows of Inter-
vening bulldings, nr, and Is datermined
from Tabls 5.3-3. Record this correction
on Rallway Worksheet 2, and conlinue the
deslgn guide analysls,

Table 5.3-3, Shielding Corrections for

Buildings Acting as Barrlers [8].

Number of Shielding
Rows Corractloen, CSB
1 4.5
2 8.0
3 7.5
4 9.0
6§ or more 10.0

STEP R16  SHIELDING CORRECTION—

VEGETATION

Calculate the correclion, CSV, for a belt
of vegetation of depth, dw, which shislds

the raflway rem your building. This cor-
recllon is slmply an A-welghted sound
lave| altenuation of 5 dB [or the first 100
feet of woods and 10 d3 for woods ovar
200 fset In depth. Interpolation between
thase values [s laft to the discrellen of
the user of this deslign gulde. Record
this correction on Railway Worksheat 2
and continue tha deslgn gulde analysis,

STEP Ri6 TOTAL RAILWAY NOISE

Compute the lotal nolse at the building
site due to the rallway, Flrst sum the
shielding corrections on Railway Work-
sheet 2. Subiract {hese talal shielding cor-
raclions from the unshislded noise levels
to get the Individual companents of tha
total| raliroad noise at the bullding slte.
Since these (evels are [ogarithmic, ihey
cannct be simply added together or aver-
aged to get the total nolse level. Instead,
they must be comblined, two values at a
lime, with the use of Table 5.3-4, Start
with the two smallest levels, and subtract
one fram the other te get the diffarence.

Table 5.03-4. Level Adjustment faor
Summing Nolse Levels.

L.evel Adjustment

Difference of {To be Added to
Two Nolse the Larger of
Lavels, dB tha Two Values)
10 0or more 0

4=9 1
2-3 2
0-1 3

With this value gn to Table 5.3-4 and
dotermine the lavel adjustmant which la
to be added to the larger of the two orlg-
inal nolse levals, Now repeat this proce-
dure with this ad)usted leval and anothar
of the rallway nolse components, Con-
tinue this computation untl]l ali compo-
nents have been comblined into one value.
For example, If the A-welghted levels of
the dlesel-electric locomaotives and rall-
way cars for freight trains are 50 and
52 dB respectlvely, and the A-welghtad
sound levels of the diesel-electric loco-
motives and passenger ¢oaches for con-
venilonal passenger trains are §1 and 80
dB respectively, the total nolse is,
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50—

ditf, =0 53
add3 dilf, = 2
50— _— 55
add 2

—

52

dlif, =3

—— 57 dB,
add 2

Record thls total nolse level on Rallway
Workshest 1,

N

This completes the pradiction of rallway
noise. These procedures should be re-
peated for each railway that is lIsted on the
Prelimlnary Source Evaluation Workshoaet
wlth a yes answer in Column 2, and for each
polnt on the site or bullding room that you
analyze. The tolal nolse at any point on the
bullding site due to all rallways is the sum-

mation of the noige contributions from sach
railway. This summation is accomplished by
the same method as used in STEP R16.
Refer to this step lor the procedura of sum-
ming nolse levels. Record the total noise
levei on Railway Worksheet 1,

Now proceed to Section 5.4 and predict
the nolse leve| due to alrcraft. If alrcraft de
rot affect your building slie proceed directly
to Chapter 6,
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Chapter 5
Saoction 4

How to Esilmate
Alrcraft Nolso

The nalse at the bullding or site due to alr-
craft ilyovers depends upon such varlables
as! tha distance between the bullding site
and tha alrcrait; type and size of the air-
craft and its operating characteristics (prl-
marily its thrust level); and, atmospherlc
conditions. Unlike autemobiles, trueks, and
trains, alrcraft are not confined 1o a speclfic
route—aven at alrporls there will be a num-
ber of runways, hence a number of poesslble
paths for takeoffs and landings. Also, de-
pending on the type of alrerait, leading
welghts, the volume of alr trafiic, and
weather conditions, approach and takeoff
profiles can vary widely. To handle these
variables, the models of alreraft nolse, like
those for highways, usually depend upon
computers for numerleal results. Whereas
compulers can manage these complexities,
they are cbviously beyond the scope of this
design guide.

Instead, the design gulde analysis* relies
elther upon—I(a) existing measures of the
neolse near the airport such as NEF or CNR
rallngs, which are the most common meas-
ures of alrgraft nolse in the United States,
or—(b) a faw simple estimates of the noise
lavel based on the alrport type and lavel
of actlvity.

The CNR, or Composite Nalse Rating, was
one of the first methods developed to as-
sess the effect of alreraft operations on alir-
port communities, The CNR s chtained by
making corractlons to the nolse levels af the
varlous alreraft expressed In terms of the
“parceived nolse level" {PNL}, which is a
moasure of the ralative acceplabllity of air-
craft sounds. The PNL Is & quantlty, calcu-
lated from measured noise levels (it cannot
be read directly from a mater), that corro-
lates well with sublective responses to varl-
ous kinds of aircraft neise [1]. The corrac-
tlons to the PNL account for the number of
alrerafl filghts, the time of day, and seasons
of the year, These corractlona are needed
sInce human telarance ol aircraft noise de-
pends not only upon the noise lavel for each
nolse event, but also the humber of avents,
Thus, an aircraft noise problem may result
from a small nhumber of very loud aircraft or
from a much larger numbear of guiseter alr-
craff [2]. Since CNR accounls for numerous
nolse evants over an extended time period, It
Is essentially an Inlegrated descriptor of
total noise exposure. Unlike Leq or Lmax,
whlch can be measured, CNR is always cal-
culated from other acoustic descriptors,
Sltas with a CNR value of 100 or less will
normally be acceptable for your proposed
buildings [3].

* The design puide annlyaia ol alrerall pelse |8 basod on

work porioimad by Bolt Doranek and Nowman, Inc. for the
1.5, Department of Housing and Urban Davelopmeni [10}.

The NEF, or Nolse Exposure Forecast, sya-
tem of rating alreraft nolse Is rapidly super-
ceding the CNR mathod., The NEF single
number rating is simiar to the CNR except
that the percelved noise level is replaced
by the effective percelved naise level, which
is equal lo lhe perceived nolse level plus
corraclions for the duration of the nolse
avent and for the prosence of pure tono
componenls which are noi included in
the CNR. This laiter correction has been
Included because It has been found that
discrete frequancy components, such as jot
engine whine, ara the princlpal cause of
annoyance to persens living near alrports
[2]. The NEF numerlcal values differ con-
siderably from the corresponding CNR
values; e.g., an NEF of 30 corresponds ap-
proximately to a CNR of 100. This dlfference
was Introduced Intenticnally so that the two
ratings would not be confused. Llke CNR,
NEF is an integrated descriptor of total noise
oxposurs, and is calculated from other
quantitles rather than being directly meas-
ured, Sites with a NEF valug of 30 or less
wlll normally be acceptable for your pro-
posed building [3].

The fotal nolse exposure due to alrcraft
operallons has been determined for many
communlties on the basls of the CNR
or NEF indlces, and the resulls mapped
as contours of equal CNR or NEF val-
ues. For an example of such a contour
map, see Flgure 54=1 [4]. If these contour
maps exist for the alrport near the site for
your proposed bullding, the maps can be
used to estimate nolse due to alrgraft fly-
overs, These procedures are glven (n
STEPS A2 and A4. NEF contours for many
airports are available In reporls clied In
this deslgn guide [5-10].

If thess contour maps do not exlst, the air-
craft nolse at your bultding slte can be
estimaled by an altarnative technlque, Flrat,
the alrport Is classifled Into ona of four gen-
eral categories based on tho “alfactlve”
number of ot operatons, NJeif, which is
defined as NJday—the number of "‘daytime"
(7 AM to 10 P.M) jet operalions, plus
seventean times NJnight—the number of
"nighttime” (10 P.M. to 7 A.M.)) Jet opera-
fions [3].

The alrport categories are then defined as:
Category 1: 010 50 “effective' |t operations;
Calegary 2: 51 to 500 "effective” jet opera-
tions; Categeory 3: 601 to 1300 “affective” jet
operatiens; and Category 4: over 1300 “ef-
fective” et operations. If there are no Jet
operatlons, the alrpert is placed in Category
1. {Placing all alrporis without Jet oparatiens
in Category 1 may ba tao severs, particularly
for veary small aiports which hava only a Iim-
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Figure 5.4-1, Rating Contours Superimposed on a Map of the Local Area [4).
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Table 54-1, Effeclive Number of Jet Alrcraft Operations for Varlous U.S, Alrports [3],

Number Of Jey Alrcratl Operations

Ajrport
Catagasy  City and Sinle HJday Ndnight NJah,

Wisconain Raplds, Wis, ] 0 1
Hhagn, N.Y. 5 0 5

k] Contord, Calif. [{] a
Columbia, Mg, ] Vi 1t
Aslanin, Go. (Fullon} 13 L] 13

Van Nuys, CMil, 22 [+] 22
Hunisvllla, Ala. L[] [} [}
Erio, Pa, 40 4 108
Calorado Sptings, Calo, BO & 185

£ Linile Rack, Ark. 106 7 27
Meaibourng, Fla. 67 1) 427
Anletghs/Dutham, N.C, 130 1w 453
Tulsn, Ol 108 18 LH ]
Nashyille, Tean, 164 F1 523
Harllgre, Cobn, 115 a2 E59

3 El Pase, Tox. 120 as 742
Miiwaukes, Wis. 210 a8 858

San Diego, Calil, 287 418 1048
Pariland, e, a80 G4 140
Washington, 0.C. (Nnilenal} 814 G4 1102
Washingten, D.C, (Dulleg) ae 82 1728
Kannas Cily, Mo. a0z ] 1184

4  Seatlie/Tacoma, Wash, 280 28 1718
Tampa, Fia. 360 120 2400
Qetroit, Mich, 544 114 2482
Dallas/Ft. Worlh, Tax, 704 131 20m
Boston, Masa, 80 136 2002
New York, N.¥, [Konnody) 1020 M anpy

Loa Angeles, Safil, 0e8 ta5 424
1638 35 &001

Chisaga, L

Table 54-2. Approximate Dlstances to NEF 40 and NEF 30 Contours [3).

Etfaciivo Bistancos 1o NEF 40 Conlour Distancos to NEF 30 Cantour
Alrpor Numbar of From Sidu o From Eng ¢ From Side of Fram End of
Catogory Jat Qparations, Runway RAunway Runway Runway
NdJall, DS-40 RE-40 05-20 DE=20
1 6-50 4] o 1000 Feat 1 Milo
2 E1-500 1000 Foot 1 Mila 0.5 Mile 3 Milos
3 501=1300 2000 Faat 2.5 Milaa 1.5 Mites a Miion
4 Mate Than 2000 Foel 4 Miles 2 Miles 16 Mlles
1300

ited number of operatlons. You can vislt the
slte and judge for yourse!l the magnltude ol
the aircraft nolse, than declde If the airport
should be consldered.) Examples of U.S,
alrparts which fall Into these four categories
are given [n Table 54-1 [3].

After the airport has been classilied Into
one of the four categaries, approximata
NEF 40 and NEF 30 coniours can be con-
structed on a local map showlng your bulld-
ing site {Figure 5,4-2) using the distances
of Table 5.4-2, which are average values

lor typlcal U.S, airports [3]. Wilh this
approximate contour map you can estimate
the noise level at your site dua to aircrait
flyovers, Thase progadures ara given In
STEPS A3 and A4,

Before proceading, study hriefly the flow
diagram of Figure 5.4-3 which outlinas the
steps necessary to sstlmate aircraft nolse.
First obtaln the required alrport Input data
{STEP A1), which are then used to calculate
the CNR or NEF value at your proposed
buitding location (elther STEP A2 or STEP
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Flgure 5.4-2, Layout of Approximate NEF Contours, Dimensions
X1 and X2 should be measured on a fine perpendicular (o the runway lor buliding sitos focated at the side
of the tinway; and on a line paraflet o the runway lor buliding sites located beyond tha end of the runway.

A3), Finally, calculate the noise level due
to aircrall operatlons from this airport (STEP
Ad). An example of the step-by-step calcu-
lations Is given in Section 5.5,

Bofore you can estlmate the nolse [evels,
you will need 1o obtain certaln Information
about the airport near your bullding site.
The information, desecribed In STEP A1,
should be recorded In Aircralt Workshest 1,
shown In Flgure 5.4-4.

Aireraft Noise Prediction Mathod
STEP Al AIRPORT DATA

The Information that s requlred on alr-

poris may be obtalned from the Fedsral

Aviation Administration (FAA) Area Office

tor commarcial alrporls; or, when the in-

formation can be released, from the mili-

tary agency in charge for military alrports,

The data should be gathered for each alr-

port {if more than one} that is listed on

the Preliminary Source Evaluation Work«

sheal with a yas answar in Column 2,

1, First you should determine [f either
CNR or NEF contours have been
mapped for the alrport. If contour
maps are avallable complete substeps
2 and 4; but, Il not, complete substeps
3 and 4.

2, CNA or NEF Contour Maps Avallable,

Lay out your building site on the can-
tour map and examing Hs position
relative to tha CNR or NEF coniours.
If located on or very near one of the
contours, the only information to be
enterad in Alrcraft Worksheet 1 Is tha
CNR or NEF value far that contour, If
the bullding site falls between two con-
tours, enter the CNR or NEF values for
both, and the distances froam each con~
tour to the bullding as shown In Flgure
54-5,

It your site Is located Inside the NEF
40 (CNR 100} contour, you will prob-
ably have a serlous noise problem, You
shoutd obtaln fhe services of a con-
suMtant to consider In detall the con-
tinued advisabillty of construction on
or rejection of the site, or the special
adaptations which may be required.

If your site is located oulside the last
contour that Is mapped, your use of
the predictive schemes of thls design
gulde will be Nmited. It ]s a rule of
thumb that if the bullding site Is far-
ther outslde the NEF 30 {CNR 100)
contour than the distance batween the
NEF 30 and 40 (CNR 100 and 110)
conlours, thare probably will be no
problem with aircraft nalse [3). Aslde
from this your only alternative is to
employ an acoustical consultant.
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Alreraft Nolas Pradictlon

CMQ or NEF Cantours
Avaltrble
* CHA or NEF Values
+ Duilding Locallan
Relative 1o Cantouts
X1, X2
STEP A12

CNR ot NEF Centoura
Not Avallable
+ Number of Jat
QOparatlons: Niday, NJnight
» Runway Locatlons

ETEP A1.3

1 GNR er NEF Value at
| Bullding Sioe
" + Buliding On or Near
i A Conlour: Use Thal Value
+ Qullding Between
l Conlours: Inlarpoiala
|

ETEP A2

NEF Value M Buitding

Sin

Cinssily Altpen

Conatruct Approximato
NEF Contaurs

Buliding Cn or Near

A Canlour: Yag That Volue
Gullding Batwean
Contoure: Injarpeipte

Numbat of Oparatlons

One Haur: N(1)

Eiphl Hour: N¢g)

"Oagtime®™ (7 AM to 10 PM):
NJday

Y'Nightime'* {10 FM 10 7 AM):
HNJnight

STEP A14

STEP Ad
Alrcrali Holse Loval
+ Leq(ll 4+ Legi24)
« Log(tl » Ldn
STEP A4
Highway Tolal Bullding Aallway
Noies | 8lin Nolsa Laysl Nolna
Hectlon 5.2 Chapler & dection 5.3

Flgure 5.4-3, Alrcrait Nolse Pradlctlon Flow Diagram,
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Alrcrait Worksheat 1

Bullding Praject

Slte paint or buliding room far which sound prosmure

Qwnar

lovels ara being estimared .

Doslg

Dais

Ravisad

Contour Maps Avallable o

A%

It Duilding fa an &r vary noar Conteur 32t or 332, Ascont that vafus on Line (1.

It rol, obtain \ho data of Lines

2 and 2

CNR or NEF 21

CNRA ot NEF g2

7

2 | cantaur valuss
X1 xz R [+ c1o
3 Building Lacatlen
Batweran Contours #1 and #2
Alse Aecord on
4 CNA or NEF Value At The Building Slie Line 11
Contour Maps Nol Avallabla /////////////12
Niday Hdnight HNdalt
5 | Numbor at Joi Operations
6 Alrpart Calagory 1 2 a 4
{Check Ons}
7 If bultding 1a on or very near tha NEF 30 or NEF 40 Conlouy, recard that valus on Line 11,
If nat, obtain the data on Lina 6.
8 Bullding Location Baiwean u xa A ¢
NEF 30 and NEF 40 Ccniours
8 | mer value A Tho Buiiding Sie tina acord on
NJdday Ninlght Nip) N1}
10 | .Number al Cparationa
g
At The Bullding She
NEF Vvalue
13 | Alrcrall Noisa Laved At The Building Site W
/ A1 ct Log()
/ Leqith
v L] ca Lag{d)
% Leais)
Z
R24 c24 Leq{2d)
% Loqi24)
L7,
? Ldn

Figure 5.4-4, Aircralt Worksheet 1,
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_Duliding
: Bty

Flgure 5.4-5. Geometry for Eslimating CNR or NEF raflng at fhe Building Site.

Dimansions xI and x2 should be measured on a line porpandicular to the runway for building sites
focated to the side of the runway and on a lino parallel to the runway for bujlding sites facaled beyond
the end of tha runway.

3.

k-

CNR or NEF Conlaur Maps Not Avall-
abla.

You should delermine the avarage num-
ber of “daytime" {7 AM. to 10 P.M.)
Jet operations, NJday; and the average
number of “nighitime™ (10 P.M. to 7
A.M.) Jet operations, NJnight, [f there
are no jet operations nole this on
Alrcraft Worksheet 1. You must also
datermine the locatlon and direction of
major runways of tha airport, and show
these on a map of the local area which
includes your bullding site,

Number of Operatlons.

Depending upan the metrlc belng used

to estimate nolse for your bullding and

site, Information on the number of
flight operations may also be requirad,

Qbtaln only those data nacessary to

make caleulations for the matrle you

have selected. The data should be for
average alrport operations,

* Leg(1}—NJday, NJnight, and N(1),
which is the lotal number of opera-
ticns in the one selected hour of
critical bullding use,

* Leq(8)—NdJday, Ndnight and N(8),
which s the total number of opera-
tions in the elght-hour period of
building use,

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

. . . . »

The proceduras for prodicting noise levels
at the building sile due to aircrait are
given In the following steps. {f CNR or NEF
contour maps ara avallable, use STEP AZ;
It not, use STEP A3, The resulls for elther
step s an approximate CNR ar NEF valug
at the bullding site, which c¢an then be
used 1o estimate noise tevals for tha metrlc
you have chesen: Leq(1}, Leq(8), Leq(24)
ar Ldn. The relationships betwesn thase
varlous metries and the CNR or NEF values
are glven In STEP A4 [11, 12].

CNR OR NEF VALUE AT THE
BUILDING SITE—CONTOUR
MAPS AVAILABLE

I tha bullding Is located on or vary near a
contour, you can use its valua and pro-
caed directly 10 STEP A4, But if the bulld-
ing falls batween lwo contours, you must
calculate an approximate CNR or NEF
value for that location. First, determine
the distance rallo, R, as definad in Figure
5.4=5, With thls value go elther to Tablo
5.4-3 and datarmine the factar C5 (If con-
tours are mapped In Increments of 5), or
lo Table 544 and determine lhe factar

STEP A2
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C10 (It contours ara mapped [n Incre-

ments of 10}, The rating at iho bullding

sita s then estimated by one af the follow-

Ing equations. For contours In Incremenis

of 5,

CNR {or NEF} = CNR {or NEF} vaiua of
contour #1 — C5,

For contours In incroments of 10,

CNR (or NEF} = CNR (or NEF) valus of
contour #1 — C10,

Racord this value on Aircraft Warkshest 1,

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

Using the data obtained In STEF A1.3,
classify the alrport near your site In one
of the four categories deflned in Table
5.4-2, The airport class|fication |3 basad
on the “effective’ number of jet opera-
tlons, which Is defined as tha number of
"daytima" jot operatlons plus sevenieen
times the number of “nighttime" Jet oper-
atlons.
NJafl = NJday - 17 NJnight

With this value determine the alrport cate-
gory from Table 5.4-2, |i there are no Jat
operations, the alrport Is placed in Cata-
gory 1.

Now with the alrport classified In one of
the lour categorles, you can construct
approximate NEF contours, On a map of
the area which shows the princlpal run-
ways, mark the lecation of the bullding
and site, and dstermina which runway Is
most |Ikely to affect the site, Then using
the distances of Table 6.4-2 canstruct
approximate NEF 40 and NEF 30 con-
tours as shown In Flgure 54-2. Note that
for alrports in Category 1, NEF 40 corra-
sponds to the runway liself, If the build-
Ing site I8 localed on or very near one
of these contours, use that value and
procesd diractly to STEP A4, It your bulld-
Ing or slte Is located inside the NEF 40
contour or outside the NEF 30 contour,
follow the Instructions of STEP A22
{abova),

But if the building or site falls between
two contours, you must calculate an
approximate NEF value jor that location,
First, calculate the distance ratlo, R, as
defined In Figure 5.4-2, Then determine
the factor C10 ifrom Table 5.4-4, The
rating at the bullding site |s glven by

NEF = 40 —C10,

STEP A4 AIRCRAFT NOISE LEVEL
With the CNR or NEF vafue at the bulld-
Ing site determined In elthar STEP A2 or
STEP A3, you can now calculate airgraft

noise In terms of the metric you have sa-
iected. First, convert any CNR value to a
corrasponding NEF value. This conversion
is made by the equation [11]

NEF = CNR — 70.

Table 54-3. Factor, C5, for Interpolating
Betwesn CNR or NEF Confours in Incre-
mants of &.

Bistancs Ratlo Factor C5 to be
x2 subtractad from larger

R="T GNR or NEF value,
>12.3 0
3.21 — 123 1
141 —32 2
0.61 —1.4 3
0.21 —08 4
<02 8

Table 5.4-4. Factor C10 for Interpolating
Hetween CNR ar NEF Contours in Incre-
ments of 10,

Distance Ratlo Factor C10 to be

_ 2 subtracted from larger
= '; CNR or NEF value
>36.0 o
10.41-35.0 1
551—10.4 2
3.31-55 a
2.21-33 4
1.51-22 5
0.91-1.5 ‘ 6
0.61-0.9 7
0.31—0.8 8
0.11-0.3 ]
<0.1 10
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Number of operations eorrettion, 24, C8 or {1

Numbar of operalions ralio, RR4, RA er R

Flgure 54-6. Correction For Number of Operations.

Now perform the appropriate calculation
given in the list below for the metric you
seleclad.

= Leq(1) {12]

Compule the tactor C1, which is a correc-
tlon for the number of operations based
an the one selected hour of critical build-
Ing use, It Is datermined from the number
of operations raljo, R1, defined as,

NJday -- 17 Ndnight

N{1)

To determine C1, locate along the horl-
zontal axis of Flgure 54-6 the point
corresponding to the value of R1. Read
up untll Intersecting the curve, The value
of C1 can be read off the vertical axls
directly Isft of the Intersectlon. Using this
valug and the NEF value at your siie,
caleulate Leqg(1) from the following equa-
tlon:

Leq(t) = NEF -}-41 — C1.

Leq(s} [12]

Compute the factor C8, which is a correc-
tlon for the number of operations based
on the sight hours of building use, 1t is
determined from the number of opera-
tions ratio, RA, deflined as,

8(NJday -- 17 NJnight}
RB = a

N(3)
To detarmine.C8 locate along the hori-
zantal axls of Figure 5.4-6 the point cor-
regponding to the value of RS, Read up
until inlersecting the curve. The value of
C8 can be read off the vertlcal axis
diractly left of the interseciion, Using this
value and the NEF valua at your site,

calculate Leq(8) from lhe following equa-
tion:

Leq(6) = NEF - 41 — C8,

s Lag{24) [12]

Compute the factor C24, which Is a cor-
raction for the number of operations
based on a twenty-four hour average.
It Is determined from the number of
operations ratio, R24, defined as,

24 (NJday - 17 NJnight)

{NJday -|- NJnight)

To determine C24, locate along the hori-
zonial axis of Figure 5.4-6 the polnt cor-
raesponding to the value of R24. Read up
unti] intersecting tha curve. The value of
C24 can be read off the vertical axls di-
rectly lefi of the Intersaction, Using this
value and the NEF value at your site,
calculate Leq{24) from the following equa-
tion:

Leq{24) == NEF 4-41 — C24,

s Ldn [11)
Using the NEF value at your siie, calcu-
late Ldn frem the fallowing equation:

b= B

This completes tha prediction of alreraft

noise. These proceduras should be repeated
for each airport {Il more than one) that is
listed an the Preliminary Source Evatuation
Worksheet with a yes answer In Column 2,

This aiso completes the prediction of trans-
portatlon system noise. Now procesd to
Chapter 6 and compute the total sound level
in the outdeoor activity area or room of your
proposed building,
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Chaptor §
Soction 5
llustrativa
Examplo of How
to Estimota
Bullding Sito
Noiso

Consider the hypothetical example shown
In Flgure 5.5-1, The bullding being consld-
erad iIs 70 feat wide by 150 feet long, and s
10 storias or approximately 100 feet high.
As an apartmant, it Is classlfied as a resl-
dential occupancy. Thus, based on the dis-
cussion of Chaptaer 3, the appropriate metric
for evaluating the building is Ldn. The total
outdoor noise at this building slte is & com-
binatlon of sounds from two highways, a

rallway and an airport. The prediction of the
nolse generated by each of these sourcas [s
outtined below,

Highway Nolso Prudiction

As seen from the map of the area, Figure
5.5-2, there are two hlghways which alfect
the bullding slte, Highway #1 conslsts of
two [anes In each direction, separated by a
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Flgure 5.5-3. Highway Workshaet 1 For Highway #1 of Example,
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[Hifhwily VWarkshool 2]
tdn Gorected tor Shioliting ,53

Tatnl Highway Nosn
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Flgure 5.5-4, . Highway Worksheet 1 for Highway #2 of Example
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Figura 5.5-5. Cross-section Showing Highway #1 and Earth Barm.

median. This highway s shiclded fram ihe
building by an earih berm, Highway #2 is a
two-lane roadway that lles at grade with re-
spect to the building slte.

HIGHWAY TO BUILDING
OR SITE DISTANCE

Flrst, the highway to building site dis-
tances are determined from a map af the
local area {Figure 55-2), Thess values,
700 feet for Highway #1 and 400 {eet jor
Highway #2, are recorded on separate
coples of Highway Worksheel 1, Figures
5.5-3 and 5.5-4, respectively,

STEP H1.1

STEP H1.2 BARRIER DATA
Only Highway #1 Is shielded from the
bullding slte. The necessary distances for
gvaluating an earth barm are determined
from a cross-seclional diagram of the
highway (Figure 5.5-5), These dislances,
which are determined for the iop floor
{worst cose as [er us shlelding is cop-
cerned), are;
DC=7001t, HB =19 1t
DB=620{l, h@ = -95 it

These values are recorded on Highway
Worksheet 2 (Figure 55-6),

a=180°

STEP H1.3 VEGETATION AND

BUILDINGS AS BARRIERS
There ara no Intervening rows of bujid-
Ings and no vegetation which would effac-
tively shleld the rcadway from a room on
the top floor. Thus, for this case, these
types of shlelding are neglacted.

Howevar, it a room on the ground floor
were analyzad, shislding dus to vegeta-
tion or intarvening rows of buildings would
have to be taken Into accouni. Alse, the
shlelding due to the earth berm is difier-
ent for the ground floor, The distance hB
changes from —95 feet to about —5 feol

STEP H2

for a ground flaor room, This changes the
.path length differance and hence the al-
tenuatian. This litustratas that the atlenua-
tlon should be racalcuiated for roams en
differant floors.

8TEP HZ TRAFFIC DATA

FOR HIGHWAY #1

For Highway #1 the average spead s 50
mph for all vehicle classifications, The
“daytime" and "nighttime"’ trafiic volumes
are,

DVA = 46,500 vahicles,

DVM = 2550 vehicles,

DVH = 4350 vehicles

NVA = 23,710 vehicles,

NVM = 1300 vehicles,

NVH = 2220 vehicles,
From these values the average daytime
hourly vehlcle volumes are calculated to
be,

486,500

A= T = 3100 veh/br;

2550
VM = _'i—f)— = 170 veh/hr!

4350

VH = —— ==
™ 200 vah/hr,

Thase values are recorded on Highway
Workshaet 1 for Mighway #1 (Figure
5.5-3),

TAAFFIC DATA

FOR HIGHWAY #2

For Highway #2, data are avallable only
In terms of automoblles and trucks. The
average speed ior aulos [s 45 mph and
for heavy trucks is 40 mph. The "daytime"
and “nighttime"” traffic volumes are,

DVA = 10,650 vehicles,
NVA = 2660 vohlcles,
DVH = 465 vehicles,
NVH = 120 vehicles,

From these valuas the hourly average day-
lime vehicle volumes are calculated to be,
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Figure §.5-8 Highway Workaheet 2 for Highway #1 of Example.
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STEPS H3-HG

10,650
=—F= 710 veh/hr;

465
VH = — =31 veh/hr
15

These values are recorded on Highway
Worksheet 1 for Highway #2 (Figuro
5.5-4),

AUTOMOBILE NOISE

LEVEL FOR HIGHWAY #1
Pradict the nolse generated by each of
the thrae vehicla classifications, Using the
values SA = 50 mph, VA = 3100 veh/hr
and DC == 700 ft, STEPS H3, H4 and H5
are perfarmed to predict the nolse level of
automobiles (ses the nomogram of Figure

Haavy
Trucks

SPEED: MPH
60 70

+ 5
sp 40 50

Automobiles and
Medlum Trucks

KEY:
Awemobiles, HNL = 5548

ity gy mmm wame ppiam Trucks, HNL = 5220
— e Hogvy Truchs, HNL - €148

5.5-7), Thoe value of HNL is determined to
be an A-welghted socund level of 55 dB,
Since the metric being used Is Ldn, STEP
M6 is perlormed. First, the rallo RDN is
calculated for automoblles,

ADN = NVA 23,710 vahlcles
T DvA 46,500 vehicles

= 0.51,
With this value, CDN Is determined {rom
Figure 5.2-10 to bo 4 dB, when rounded
to the nearest Integer. The unshielded,
A-walghted day-night saund level for auto-
mobiles on Highway No. 1 [s then calcu-
lated to ba:

Ldn = HNL -}- DN = 5544 = 58 dB,

DC v
B HNL FT VEH/HR
ot - [ 15000
100 49 [ 10000
s0- 7000
80 . - 5000
704 | 4000
41 so00
— | 2000
2~ - 1500
/——’ -
150 — I— 1000
~03 E 700
I~ 500
= 400
™1 300
~ 200
- 150
Predicted 100
redicte =
700 =
Nolse — - 70
Lavel — - 50
1000 — - 40
E = 30
150 = | 5
et Vehicle
2000 —  youme
Distance
Te
Observer

Figure 5.5-7. Highway Nolse Nomogram for Highway #1 of Example,
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STEP H? MEDIUM TRUCK NOISE
LEVEL FOR HIGHWAY #1
This general procedurs Is repeated for
med|um trucks using a correctad vehicla
volume, VMC, calculated as:

VMC = 10 VM = 10 > 170 = 1700 vah/hr,

and using the values SM = 50 mph and
DC = 700 ft. The predicted value of Ldn
is an A-welighted sound leval of 56 dB.

STEP H8  HEAVY TRUCK NOISE

LEVEL FOR HIGHWAY #1
For heavy trucks the procedurs [s again
repeataed {using the top scale aof vehicle
speads) with the values SH = 50 mph,
VH = 290 veh/hr and DC = 700 it. The
predicied valve of Ldn Is an A-welghted
sound ievel of 65 dB,

STEP H?  PATH LENGTH DIFFERENCE

Naxt, the shielding adjustments are deter-
mined for the sarth berm of Highway #1.
The path length difference for autes and
medium trucks Is,
Aa/m = \/HB* + (DC -~ DB)* =
V197 -+ (700 — 610) = 82,23 it,
Ba/m = +/{HB + hB)* «+ DB’ =
V018 4 (— 95)F + 6207 = 624.64 1L,
Ca/m = /hB* + DC* =

v/{= 88)" -+ 7007 = 706.42 I,

La/m = Aa/m + Ba/m — Ca/m = 0.45 i,

STEP HI0  SHIELDING CORRECTION—

"INFINITE" BARRIER

The A-waighted shlelding corraction,
CSA/WM, 15 determined from Figure 5.2-11
to be approximately 6 dB, [Noto that this
valua of attenuation is for the top floor,
which for this example [s the worst case,
It some other floor is of interest, the value
of CSA/M should be recalculated.] This
value Is recorded on Hlighway Worksheat
2 {Figure 5,5-6), Since the Included angle
Is approximately 180°, the earth berm can
be considered infinlte and no further ad-
{ustment I3 needed.

As shown in Flgure 5.5-5, the line-of-sight
between the top floor and the effectiva
source helght for heavy trucks [s not

tracted from unshieldad lavels, Then, tha
lovels (automobiles~~53 dB; medium
trugcks—50 dB; and heavy trucks—&5 dB)
are summed to give,

= AM=3 osy dif= 10
53 add 2 A =14
5 =10 g50m,

These calculations [ndicate that heavy
truck traffic is the predeminant source of
nolse from Highway #1, even though
tieavy trucks comprise only 7 percent of
the total dally trafiic volume. The total
nolse due to Highway #1 could be Jow-
ared It the helght of the earth berm wera
Increased {hence, the attenuation), or i
the truck traific volume were reduced.

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

Stmilar resulls are obtained for Highway
#2 by performing these same calcula-
tlons, except there Is no medium truck
component and no shielding corrsctlons,
The A-welghted day-night sound lavels
are 52 and 58 dB for autos and hoavy
trucks, respectively, The total nolse due
to Highway #2 at the bullding site Is an
A-weighted day-night sound leve! of 59
dB.

Heavy truck noise s also the predominant
source of nolse from Highway #2. Tha
total nolse cue Highway #2 could be low-
ared |f the heavy truck traffic volume were
raduced or if a barrfer of sulficlent helght
ware construcled.

STEP H1s TOTAL NOISE LEVEL FROM

HIGHWAYS #1 AND #2

The levals from the two highways are com-
bined to obtaln the total level at the build-
ing site due to all highways. This combl-
natien gives a folal A-walighted day-night
sound level of 66 dB, From these values,
it is seen that the tolal nolse at the
building slte fram tha two highways Is pre-
dominantly due to the heavy truck com-
penent of Highway #1,

L e e R T, ST, T P 2, A e T TR W T T T

brokan. Thus, there Is no shielding for the Railway Nolse Prodiction

upper floars for the noise from heavy
trucks and the value of CSH for the top ~ As seen from the map of tha area, Figure
floor s zero. &5-8, there Is afso a railway which affects

this hypothetical bullding site. This rallway
conslsts of two tracks and is shlelded from

STEP HI4 TOTAL NOISE LEVEL
the bullding by an earth barm.

FOR HIGHWAY #1
The total nolss from Highway #1 Is com-
puted by logarithmic combination of the STEP R1.1  RAILWAY TO BUILDING
levels of tha thres types of vehlclos after SITE DISTANCE
shlalding corrections have beon sub- First, the railway-buliding slte distance s
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Figure 5,5-9. Rallway Workshest 1 for Rallway of Example.
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Flgure 5.5-11. Cross-Section Showing Rallway Earth Berm,

determined from a map of the local area
{Flgure §5-8), This distance is approx-
Imately 870 fesl, This value Is recorded
on both Railway Worksheets 1 and 2,
Figures 5.5-9 and 5.5-10, respectlvely,

STEP R1.2 TRACK CHARACTERISTICS
The track is welded and there is a stesl

girder bridge with a concrete deck within-

2D {1740 feet) of the Intersection of the
rallway with the nearest parpendicular
distance (see Figure 5.5-8),

STEP R1.3 BARRIER DATA
Tha necessary distances for aevaluating
the shlelding provided by the earth berm
are determined from a cross-sectional
drawing of the rallway (Figura 5.5-11),
Thesa distances, which are determined
for the top floor (worst case as far as
shielding Is concerned), are;

D =870t HB =321t a=110°
bB =810t hB=-—-65f

Thaese velues are recorded on Rallway
Warksheet 2 (Figure 55-10).

STEP Rt4 VEGETATION AND
BUILDINGS AS BARRIERS
There Is no vagetation or intervaning rows
of buildlngs that would efiectively shield
the roadway from a rocm on the top floor,

As mentioned previously In the highway
nolse predictions, if a reom on the ground
floor were analyzed, shielding dus to
vagetation or intervening rows of bulldings
might have fo be taken into account, Also,
the shielding due to the earth berm would
be diffsrent for the ground floor.

STEP R2 TRAIN DATA
It Is datermined that only freight tralns and

conventicnal passenger trains use the

track and that they are normally pulled by

diesel-alectric locomotives-——on average,

two |locomotives for freight tralns and one

for passender tralns, Average train speads

are 50 mph for frofght tralns and 80 mph

for conventlonal passenger tralns. The

avoerage traln length is not avallable, but

the average number of cars |s estimated

to be 100 for fraight tralns and 10 for con-

vaptlonal passenger trains. The train

lengihs are then estimated to be

LT = 55 % nc = 55 x 100 = 5500 fest
{frelght frains),

LT =75x nc = 75 X 10 = 750 feat
{conventlonal passangar traing).

The average number of passbys |s

ND = 15, NN = 5 (frelght trafns),

ND = 3D, NN = 10 (¢onventional
passanger trains).

These values are recorded on Rallway

Worksheet 1 {Figure 5,5-9).

STEPS R3-R5 DIESEL-ELECTRIC
LOCOMOTIVE NOISE
LEVEL FOR FREIGHT
TRAINS
Using the average speed, § = 50 mph, the
reference level is determined from Fig-
ure 5.3-8, LS = 99 dB {STEP R3). From
Figure 53-8 (STEP R4) the distance attan-
uatlon is detarmined to be,
DAL = 16dB. The factor CN (STEP R5.4)
Is calculated as:
CN = {ND -}- 6NN) NL =
(15 + 6 x 512 = 90
With this valua, CDN la detarmined from
Flgure 5.3-10 to be approximately 20 dB.
The unshtelded A-welghted day-night
sound level [s than calculated,
Ldn = LS -}- CON — DAL — 48 =
99 - 20 — 15 — 49 = 55 dB.
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STEPS R6-R10  RAILWAY CAR NOISE
LEVEL FOR FREIGHT
TRAINS
Using the average speed of 50 mph, the
relerence lavel is determined from Figure
53-11, CL = 84 dB (STEP RE), The
passhy duration factor (STEP R7) Is deter-
mined from Flgure 5.3-12 to be, CO = 19
dB. For welded track and a stesl girder
bridge with a concrete deck within 2D
(1740 ft), the track adjustment factor
(STEP RB) Is 5 dB (Table 5.3-1}, The dls-
tance attanuation for rallway cars (STEP
RS} is determined from Figure 53-8,
DAC = 17 dB. The facter CN (STEP
R10.4) Is calculated as,

CN = ND -}- 6NN = 15 -}- 6X5 = 45
With thls value for CN, CON is determined
from Figure 5.3-10 to be approximately
17 dB, The unshielded A-weighted day-
night sound level [s then calculated,

Ldn = CL - CD--CT

--CDN — DAC— 43,

Ldn = 84 -}-19-}-5

417 —17 — 49 = 59dB.

STEPS R3-R10  CONVENTIONAL
PASSENGER TRAIN
NOISE LEVEL
These procedures are repeated for con-
venticnal passenger tralns using the ap-
proprlate speed, traln length, and number
of passbys listed an Railway Worksheet 1
(Figura 5.5-9). The calculatad results,
excluding shielding, are, Ldn = 53 dB for
lhe dlessl-aloctric locomotives and Ldn
= 57 dB, for the passenger coaches.

STEP R11 PATH LENGTH DIFFERENCE
Next, the shlelding adjustments are da-
tarmined for the earth berm. The path
length difierence for rallway carsis,

Ac =~+/HB" + (D ~ DB)' =
\/327 T (670 — BI0)* = 68.0 ft,
Be = /(B + hBY + DB’ =
V(32 + (— 65))7 + B10° = 810,67 f1,
Ce=+/IB + D' =
/(= B5Y 4 B70° = B72.67 1,
Lc = Ac + Be — Cec = 6.25 fi,
Similarly the path length dlfiarence for
diesel-alectric locomotives is,
Al=+/[FB = 15) ¥ [D — DB}’ =
V(32 — 15)* 4 (870 — B10)* = 62,36 it,
B! = Bo = 810.67 11,
¢t = \ARB F 18] + 0 =
/(= 65] + 15F + B70° = B71.44 1,
Li=0.25 (Al - Bf — CIf) = D401t

STEP R12 SHIELDING CORRECTION—
“INFINITE" BARRIER
The A-weighted shlelding corrections are
detarmined from Flgure 5.3=13 to be,

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

[Note that these values of attenuation are
for a room on the hkullding's top floor,
which for this example Is the waorst case,
Il 'a room on some other floor is of Interest,
the values of GSC and CSL should be re-
calgulated.] These values of CSC and
CSL are recorded on Railway Worksheet
2 (Figure 5.5-10).

8TEP R13 SHIELDING CORRECTION-—
“FINITE" BARRIER

For this case the included angle {a =

110)° Is less than 170°, and the shielding

corrections must be adjusted to account

for this. The factor RA Is calculated to be,

180°  180°
With this value the adjusted shielding cor-
reclions are determinad from Table 53-2,

CSC = 4dB; CSl. = 2dB,

These values are recorded on Raflway
Worksheet 2 (Figure 5.5-10). Note the
larga reductlan In barrer attenuation, par-
ticularly for raflway cars (12 dB to 4 dB),
because of the barrer's finlte length
(a < 170°). This lustrates the Importance
of maximizing a barrler's length, hence lis
Included angla so that sound cannct prop-
agate around the ends,

Now skip to Step R16, since Steps Ri4
and R15 are not needad for this example.

STEP R18 TOTAL RAILWAY NOISE
LEVEL

The fotal rallway nolse level Is computad
by combining the ndlvidual componants
calculated In the pravious steps, First,
the shlelding corrections from Raliway
Worksheat 2 (Figure 5.5-10) are sub-
tracted from tha unshielded levels, Than
the levels ars combined using Tabla
5.3~4 to glve the total A-weightad day-night
sound level far rallways to be used In
Chapler 6.

51ydift,=2 -
53] ﬂdd 2 58 ] d”f. =2
dd 2 diff, = 2
59 .
———59 dB,
add 2
55
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Figure 55-12, Alrcraft Worksheat 1 for Airport of Example.
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RAunway z1

Figure 55-13. Mapping of Approximate NEF Contours for Runway #1.
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Slnre the four compenant noise levels are
about the same value, there is no doml-
nant component as there s for highway
nolse (heavy trucks). Comparlng the total
highway nolse level to tho total rallway
noise lavel {about 66 dB versus 59 d8),
it Ia cbvious that highway traffic [s the
predomlinant source of nolse for the bulld-
Ing site (without considering alrcraft
nolse). Hence, even though tha raifway
noisa level could be lowered by increas-
ing the helght or the length of the barrier,
the total site noise would not significantly
changa,

Alrcraft Nolse Prediction

As seen from the map of ihe area, Flgure
5,6-1, there Is an airport which affacts this
hypothetlcal bulldipg sile. This commaercial
alrpart consists of twa major runways which
handle a varlety of alr traflic Including Jet
alrcraft, The end of Runway #1 (3 about
ane mile from the bullding site,

STEP AT AIRPORT DATA

First, It Is determined that neise raling
contour maps have not been constructed,
Since there are no contour maps, STEP
A1.3 must be performed. The number of
"'daytime” fel operations Is, NJday = 25;
and the number of “nightlime" jot oper-
atlons is Ndnight = 10. Since the metric
belng used fs Ldn, no further Information
s needed on the number of operations
(STEP A1.4), These values are recorded
on Alrcraft Warksheet 1, (Figure 5.5-12}.

Now skip to Step A3, slnce Step A2 is not
needsd for lhis example,

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

The *level of activity" of the airport Is
based on the effective number of jet oper-
ations glven by,

NJelf = NJday <4- 17 Ndnlght =
25110 3¢ 17 = 195,

From the data of Tabls 542, this corro-
sponds to alrport category 2, Approximate
NEF centours are mapped as shown on
Flgure 5.5~13 for Runway #1, becausa
this Is the runway nearest to the bullding
slte and hence the one mest Ikely to af-
fecl lhe proposed building. Since the
buliding s located bstween the NEF a0
and NEF 40 conlours, an Intarpolated
value must be calculated, First, the dis-
tance ratlo, R, Is calculated as follows:
X2 5000 4
X1 4500
With this value, the factor C10 |s dater-
mined from Table 54-4 o be C10 = 8,
The rating at the bullding sita Is then ap-
proximated as,
NEF = 40 — C10 = 40 — 6 = 34,
STEP A4 AIRCRAFT NOISE LEVEL
The A-welghted day-night sound ievel Is
then calculated to be,

Ldn = NEF .- 35 = 34 - 35 = 69 dB,
Thus, the A-weighted day-night sound
leva! for alrcraft o be usad in Chapter 8
Is 69 dB.

4

Total Bullding Site Noise Lovol

The A-weighted day-night sound |evel con-
tributions trom the two highways, raitway
and alrport are,

Highway Traffic .............. €6 dB,
Rallway ...o.ovvriiiariannnnis §59dB,
Alreraft ....vriiiiiiirn .. 69.dB,

Tha total exterlor noisa level at the huilding
site, which Is the summation of these four
contributions, is an A-welghied day-night
sound lavel of 71 dB. The two pradominant
sources of noise at the site are aircraft and
heavy truck traffic on Highway #1. The
highway traific noise could be reduced by
Inereasing the height of the earth berm
along Highway #1, but this would have no
effect on aircrait nolse, Tha alrcraft nolse
leve| could be lowered by reduclng the
number of operations, in particufar the num-
ber of "nighitime' operations, but to alfec-
tively lower the total exteriar nolse level at
tha site, the contributions from both sources
would have to be reduced,
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Chapter &

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

v

You hava now fdentified potentially trouble-
some sources of highway, rallway, and/or
alreraft noise near your building site; in
Chapter 4 you selected a point, or paints,
on your site for estimating the summed
efiects of sound from more than one trans-
portation system source; and In Chapter
5, you esiimated these separate source
levels, Here In Chapter 6 you witl make an
ostimate of the sound levels. Hera in Chap-
ter 6 you will make an estimate of the sound
levels In autdeor actlvity areas and an inlllai
analysls of the rooms In your bullding
scheme to see If the Indoor sound levals wlll
exceed the noise criterion levels you se-
lected in Chapter 3. If the sound levels In
your outdeor activity areas or building's
Interlor rooms do not exceed the selected
nelse criterfon levels, you have a bullding
schema which should be salisfactorily quiet
for lis occupants. If, howsver, the sound
lavels exceed the selecied nolse criterion
levels, you will probably want to reduce
the sound levels In the rooms by employing
some of the deslgn alternatlves discussed in
Chapler 7.

Cutdoar Activity Arcas

On your proposed site you may have certaln
areas designated for outdoor activitles. The
particular use of these outdoor areas de-
pends on the type of building you are de-
slgning, and could be the yard around a
famlly dwelling, a park or walking mall
adjacent tc an olfice bullding, & courtyard
for an apartment building, a schoolyard,
a playground, etc. Since these areas are
designed malnly for recreational use over
extanded periods of time, you must be con-
cernad with their outdoor noise levels, and
you wili recall from Chapter 3, that the sug-
pestad nolsa eriterion for outdoer nolse
{espacially for residential occupancies) s
an Leq or Ldn of 55dB.

The fotal outdoer nolse level is obtained
by combining the nolse levels generaled
by each of the transportation systoms, as
calculated in Chapler 5. Since ihase lev-
els are logarlthmic In nature, thay cannot

ke simply added together or averaged
to got the total noise level. Instead, thay
are combined, two values at a time, with
the use of Table 6-1 (same procedure as
STEPS H14 and R16 for combining indi-
vidual components to get the total high-
way and railway noisa level respectively).
Starting with the two smallest lavels, sub-
tract ona from the other to get the difler-
ence, With thls value go to Table 6-1 and
detarmine the level adjusiment which is to
be added to the larger of the two original
noise levals, Now repeat this procedurs
with this adjusted level and ancther of the
transportation system noise levels. Continua
this computation until all components hava
been comblned into one value. For example,
consider the hypothetical case given In
Section 5.5, whare thore are two highways,
a railway, and an airport which generate
noise heard at the building sita, The A~
welghted day-night sound levels are:

highway ............... vere. G6dB
raflway ..., verve, 58dB
alreralt ... e 69 dB,

The total ouldoor day-night sound feve! |s,

N, = 7
67
add 1 diff. = 2
&6 7148,
add 2
69

Tabla 6-1. Transmisslon and Level Adjust-
meants for Sheall Isclatien Ratlngs
and Nolso Levels.

Absolute Difference  Transmisslon and
Between SIRs or Level Adjustment

Nolse Levela
>10 0
4-9 1
2-3 2
0-1 3
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After you have dotermined the total sound
levels for the outdoor activity areas on your
slta, compare their values with the noise
criterion levels for such areas as disgussed
in Chapter 3, If the estimated sound lavels
aro less than the noise criterlen levels there
will probably be no nolsa problems; but
It the nolse criterion levels are exceeded,
these areas may nat be [it for outdoor use,
If nolse problems are due to alrcraft {ly-
overs, thare Is no simple solullon aside from
choosing a naw site, If nolse problems are

dues 1o ground transportation (highways"

and/or railways} you may be able to con-
struct sound barriers which can reduce
the outdoor nolse levels below the noise
critarion levals. Also, you may be able to
orient the building in such a way that the
bullding itselt will act as & barrier and
shield the outdoor areas, Thls, of course,
will depend on the slze and location of the
outdoor areas relatlve to your proposed
building. These and othar design alternsa-
tives are dlscussed in Chapler 7,

Intarior Sound Lovel

The prediction of Interior sound levels
due io exterior transpottation system noise
sources wlll be determined by cembining
Infarmation obtained In preceding chapters
on extarier neise levels with estimates of
the nolse isolation that will be aflorded by
the buiiding shell, consisting of walls, roofs,
and floors exposed fo exierlor noise, This
guide’s method I3 to perform an analysis,
which presumes that you now have com-
plated a building scheme in sufficlent de-
tail to perform such an analysis, It is fur-
ther presumad that your bullding scheme
ls gomewhat fixed, but stlll sufficlently flexl-
ble to parmlt room-by-room dosign ravisions
to reduce sound levels In these roems below
the noise critarion levels.

The acousilc apalysis of your bullding Is fo
be made on a room-by-room basis. This
approach respects the physics of sound
propagation . , . the scund travels from
Its source fo the proposed building shel,
and then fs partially transmiited fo the in-
terlor through the shell itsall, or penatrates
the shell through any openings, Once in-
slde a room, tha sound is absarbed by the
surfaces of the room and ita furnishings,
The guide's method presumes thal interior
room walls prevent the spread of sound
fo adjacent rooms.

It is presumad that you will want to estimats
the maximum protection against external
noise that your bullding can provide. Qbvi-
ously, protection is reduced by such ele-
ments as open windows and doars, or by
ventilation ducts or apertures leading dl-

rectly to the extarior through which sound
enorgy can enter the bullding. For thia rea-
san, the design guide's procedures pssume
that alf ventllation [s forced, that the vantila-
tlon openings to the exterlor are well muf-
flad, and that all windows and doors are
closed. Briaf Indications are gliven toward
the end of this chapter of a procedurs
which may be used to estimate the amount
of pratection provided by the bullding shell
when the windows or doors ore open, al-
though you will crdinarily not be concarned
with the {reduced) proteclion providad in
this clreumstance.

Dasign Strategioa

Although this design gulds simplifies the
calcutations, these computations take tlme,
and you will probably not want to make a
calculation for each room .., al least, not
at the ouisat, Instead, you will want to select
reprasentative rooms, determina whether
or not their sound levels will exceed the
noise crilerion levels, and then extrapolate
these findings 1o other rooms,

Moreover, you will probably want to adopt
In advance some strategy for deallng with
the resulls of your rocom-by-room calcula-
tions to keep the number of computations
to a minimum. U you could be sure that
the sound level for each room n your
bullding schems would Just meet s
selected noise criterion level, such a stra-
tegy would not be needed; but, such an
|deal situation is unlikely. Hare are some
suggested strategles to reduce the number
of room calculations, Figure 6-1 lilustrates
three strategles.

Strategy 1. No room shall have a sound
tovel which axceeds Its selected noise cri-
terion level. To pursue this strategy, chooso
the room In your building which has the
lowest noise criterlon fevel, and the great-
ast exposure to extarlor transporation sys-
tem noise. This room presents a potentlally
diflicult deslgn challenge and Is called a
“worst case" room. Run a calculation on
this trlal room. if the sound lavel within
this room Is at or below the selecled noise
critarion lavel, you have satisflad the stra-
tegy's objective for this room, and perhapa
for all rooms In the buliding. 11, howaver,
there [s excesslve nolse In this room . . .
interior sound level greater ihan the noise
criterion level , . . you should improve the
room's acoustlcal propertles and run the
calculatlons again. This should be repeated
untll the nolse criterlon |s satlslied for this
first trlal raom. Then, select the next "worse
case" room, and proceed In the same man-
ner untll its noise oriterion (s satisfied,
Then solect the third '“worst case” room,
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Stratagy 1

Steatogy 2

Strategy 3

Figure 6-1.

increaesing Sound Levat Increasing Sound Level

Increasing Spund Level”

A
[ ————a “Naisy'' Rooms Abovwe
[~ Grltozlon Loval tmpraved
[
| £
yv - Nedso Ciisorion Level
»
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| |
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“Noisy" Rooms Abovo
Criterien Leval Improvod

Nolso Critorian Lavel

Exceptionnlly “Qujm" Rooms
Moy Bo Dograded 1o Mako
GCosl Savinpa

Suggestad Stratagles for Deallng with Noise Criterla.

and so on, untll you come to the room
which just satisfles its nolse criterlon. Then
stop. At thls polnt you ean presume that
ali othar rooms sallsfy their nolse criterla,
Hence, you have sallsfied the objective of
this strategy.

Stralegy 2, The sound level for every room
shall Just mest lis indoor noise criterion
level, The disadvantage of Strategy 1, Is
that it may be overly expenslve, since there
wlll be rooms, pethaps many rooms, which
might have sound levels |lower than thelr
nolse criterlon levela, Strategy 2 requires
first that Strategy 1 be followed for all
rooms with noise problems, impraving them
one by one untll each room [ust salisfies
its nolse criterion. Strategy 2 then adds a
second stage, that of degrading the acousti-
cal properties of all rooms which have
sound levels lass than the nolse criterlon
lavels, Gf course, judgment must be exer-
cised to ensure that cost savings would
result frem the design degradation of those
"over-designed"” rooms. If thera would be
no savings, it Is obvlous that the rooms
should not be degraded.

Strategy 3. The average sound level for
the building's rooms shall not exceed thaeir
respoctivo nolso ciftorion levels, The essence
of this strategy [s that by averaging the
difference between the selected nolse crl-
terion levels and the interior sound levels,

and by requiring that the avarage difference
be zoro, tha average nolse lave! of the
rooms of the building will not be greater
than the nolse criterlon level. The risk hara
Is that a solutlon satialylng an average
sound level could ba achlaved by virlue of
a large numbsr of rooms which have sound
lavels far above their noise criterlon lavels,
balanced by rocoms with sound levels wall
below thelr nolse criterion lavels, The occu-
pants of noisy reoms would suffar from
these nolse conditions, and would hardly
be comlorted by the knowledge that other
occupants had highly favorable sound con-
dilions. To overcome this, you could set
an upper limlt, say 5 declbels above the
nolse crlterion level, which would be tha
maximum sound level for any room., You
wlil want fo adopt some speclal version of
this strategy to account for varlations in
rocom-by-raom nolse criterlon levels and
nolse expasuraes,

The sbove are three stratogles which you
may wish to adopt fo reduce the number
of room calculatlons, and to deal with the
results of your calculations, Perhaps you
can adopt othar strategies which ara
equally useful. In any eveni, you should
probably beglin by running twe trial rooma
.« . your "worst case', the roam with the
lowest nolse criterion level and the greatest
exposura {o transportation system nolsse,
and . , , your “best case”, namely, the
room with the highest nolse criterion lavel
and the least exposure, but still some expo-
sure, to exierior transportatlon system noise.
The results of these two room calculations
will giva you the expected range of Indoor
sound levels which you can then compare
with nolse criterion levels,

How te Choose “Waorst Caso” and “Bost
Caso” Rooms for Trial Calculailons

Choosing “worst case™ and “best casa'
rooms depends upon ., . . {1} the lecation of
the sources of transportation nolse as dis-
cussed in Chapter 4, (2} the type of building
or room occupancy and Its occupants, and
(3) the physical characteristics of the bulld-
Ing shell and the room whose sound level Is
to be calculated, These building shell and
roam characteristls are as follows:

& Shell constructfon . . . "maonelithlc" or
composiie .

s Shell porosity, or air leakage, particularly
that asseciated with “cracks" around
doors and opsrable windows, and the
jaints of curtaln walls, etc.

® Tha area of shell members enclosing a
room , ., . & shell member |s defined as a
partion of the exierior walls, roofs, or
exposed exterlor floors of a bullding
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which separate a room from the out-of-
doors, A component |s & portion of a
shell member having a construction or
materlals dliferent from the parent shall
membar; for example, a window |s a com-
ponent of a wall.
+ Room geomatry , , . Includes tho area of
the shell member(s) transmiiting sound
from the exterfor, and the total surface
aren of the room,
Reom absorption , . . based upon the tofal
area of all walls, floors, and ceilings of
the room togelher with ihe combined
surfaces af equipment and furnishings In
the room, and the sound absorptivity of
thesa various surfaces,

The above charactarlstics permit the cal-
culatlen of the sound isolatlon of each shell
membar transmitting extarior sound to a
room. The sound fsolatlon for each shell
member is than combined with that for all
other room shell members to yleld the total
sound |solation for the ream,

Wa noted previously that you won't want {o
make any more room calctlations than
necessary. If, however, you have 8 bulld-
ing scheme with rooms that vary widely
In floor area, room geometry, rcom sound
absorptlon, and room occupancy (hence
noise criterion levels) , . . and if the rooms
also have varying exposures and dlliering
shell member censtructlons , . . then no
ona roocm s representative, and you will
need lo make separate calculations for each
reom. On the other hand, many propesed
buildings wlil have rooms that ara simliar
In floor area, geometry, sound absorption,
occeupancy, exterlor nolse exposure, shall
construction, and so forth. For these build-
Ings you ean choose representative raoms
for Interlor sound level caiculations, end
spare yoursel{ a8 good deal of time and
effort,

Cne option Is to make calculatlons for a
single room which you think has “average"
design features and “average' exposure
to transporiation system nolsa. Hopafully,
such a single set of room calculations would
yleld the “average" Indoor sound level for
your buliding schame, More likely, however,
you will ramain in doubt as to whether or
not the selected room was truly reprasenta-
tiva of average condltions.

A better option Is to run calculatlons on the
“worst case'" and “best case” rooma, This
adds only one set of calculations and tends
to establish not only the range of high
and low Indoor sound levels, but also per-
mits you to make a belter estimale of
“average" conditions midway withln this
range.

Examples of Choice of Represeniative
Rooms

Now let us discuss how {o choose rapre-
sontalive rooms for a detached, single-
family dwelling, a2 school, and & ten-story
aparimant bullding,

For the single-family dwelling, especlally
a small .or medium-sized one, the building
Itself would nat-provide much shlelding as
a noise barrler; and thus in many cases the
axierior sound [evel can be assumed to be
equal enall four sides of the dwelling. Henca,
tha room selections could disregard the rala-
tive locafions af the transportation system
sound sources, and be based solely upon

‘room conllgurations and room nolse crl-

teria. M one nolse critarion laval were
selected for all rcoms, then the room
having the greatest external surface area

. . probably the living room . . . should
constitute the “worst case”, and per-
haps the kitchen should constitute the
“hest case”, If dilfarent noise criterion
levels wears selected for different rooms, the
lowest nalse crilarlon levels would probably
be lor the bedraoms , . , thus, the bedroom
having the greatest external surface area
should bse taken as the “worst case"; con-
versaly, a large room wilh the smallest
axternul exposure and the highest noise
criterion level should bacome the "“best
case™,

Now consider the selaction of representa-
live roams for a schoal llke the one shown
[n Flgure 6-2, Singe the buliding 1s enly
three storles high, and the transportalion
systam sound source Is a few fget above
grade, the distance trom source to receivar,
hence the resultant sound pressire level
would vary Jittle from one story to the next,

Figure 6=2, "Worst Case' Room for School.
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A top story rocm would recelve aimost the
same sound level as a lower story room,
but would have roof exposure in additlon to
wall exposure, Hence, a top story room near
the transportation source should be selected
as a *“worst case" representative room.
Howaever, since the building Is very lang and
wide, the horfzontal distances from the
sound source could be an Importani con-
gideratfon and may cause sound levels to
drop appreciably from a near corher of the
school to a distant corner, Naturally, this
variance Is Increazsed when the socund
source is qulle near the building. More-
aver, the type of room occupancy will vary
greatly [n a school, and thls varlance may
be reflected in different nolse criteria, say,
for an auto mechanics shop or a library,
The shop could have a nolse critarlon level
of 60 dB, wheteas the level for the library
could be as low as 30 dB, In addilion if the
princlpal source of noise is located on one
sida of the building, the building itself may
provide beneficial shialding for rooms facing
away from the sound source. An allowance
af 3 dB may be made for this shielding
affect. You will need to consider all those
factars in choosing the ''waorst casa' and
“bast case” rooms,

As a third axample, consider the ten-story
aparimant bullding shown in Figure 63,
Assuma that this simple tower has two
windowad facades and two flanking walls,
In such a bullding It has been customary to
charge a higher rent for higher fleors than
for lower floors. Accordingly, lhe designer
may wish to provide a relatively quleter
envirenment on the uppser {foors and select
for them a laewer nolse critarlon level. Aslde
from this sort of consideration, howovar,
you can treat all storiss equal, and [et the
lecation of the transportation system sound
source and the building characteristies con-
trol your selection of representative rooms
far trlal calculaticns.

The apartment tower we are considering Ia
a good exampla for our purposes since |t
Is representative of many bulldings having
heavy end-walls and windowed facade walls,

Wa will discuss the bullding with respect
to the three types of transporiallon system
noise as It might come from several source
lacations.

Usually, If a building is exposed solely
to aircraft noise, the buijlding's orienta-
tion will make llttle differance, particularly
if air traffic patterns vary. When averaged
over many fiyovers, sound pressuras will
not be conslstently iower at any one side
of the building shell. Thus, the selaction
of a trlal room can be based upon the
room's exteriar shell area, and upon ctltical

Flanking
Wall

1 E’“ﬁ@(ﬁ
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{6-3a) Highway or Railway Noise Impinging
Upon a Flanking Wall,
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{6-3b) Highway or Rallway Nolse Impinging
Upon a Facade Wall,

Figure 6-3, “Worst Case™ Room for a
Ten-Story Apartment Bullding,

noise ctlterla. Moraovar, since apariment
bulldings will usually have a single nolse
criterion for all ouiside rooms, the trial
room c¢an be selected solely on the basia
of exterior shell area. Hence, & large, top-
slory, corner room should be chosen as
tha “worst case” for trlal calculations. A
lower floor, small, non-corner, ouislde room
should be taken for the “best case,” Note
that this recommended “best cese' room
Is still an outside room, and consequently
will have some exposure to alrcraft noise,
As such, thls “best case" room could ob-
viously hot be as quiet as an Interior room
, . . on@ having no exterfor shell exposuro
to afrcraft noise, Following the above ap-
proach, the sound levels In the “worat
case’ and "“best case"” rooms will thus be
rapreseniative of the range of sound levels
In the rooms exposed to alreraft nolse,

Now conslder highway and railway nolse
sourcas., For these, the selection of trial
rooms wlll depend heavily upen the loca-
llon of tho source, keeping In mind that
highways and rallways constitute lina
sources, |f |ha socund propagates toward a
flanking wall, as in drawing ''a" of Figure

R —
ol > Facade
| = Wl
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6-3, then the distribution of sound levels
over the two facads walls wlil be similar
with higher sound levels at the end of the
facade wall near the source, diminishing
to lower levels away from the source. Thus,
represantatlve trlal rooms can bg selected
from oither of the two facade walls bacause
It is probable that the flanking walls of
heavy constructicn and wlth no windows
would not transmit as much sound energy
as elther of the facade walls, The "'warst
case” should be selectad from rooms near
the source which have low nojse criierla
and large exterior shell areas; the ‘best
case" should ba chosen from rooms far from
the source which have high noise criteria
and small exterlor shell areas.

If the highway or raliway sound propagates
toward a facade wall, as In drawing "b" of
Figure 6-3, no! one but two pairs of repre-
sentailve rooms will be needed, The reason
for this is that the building itself acts as a
barrler which shields rooms an the facade
wall away from the source, Hence *worst
case” and “best cage" rooms should be
chosen from both the near and the dislant
facada walls,

The distribution of sound levels across the
facads wall near the source Is often falrly
uniform, The prediction of Intarier sound
levels for rooms with exterlor walls on this
facade can ba handled readlly by lhe pro-
cedures in this deslgn guide. However, this
dogs not hold for the facade wall facing
away fram the source, Hore, the sound level
dlstribution is not regular . . . sound will he
dlffracted around the corners of the bullding
posslbly making the end, culside rooms
nolsier than cenlral, cutslde rcoms, The
same phenomenon may cause sound levels
to be higher for top-story rcoms than
ground-floer rooms.

To estimate room sound levels on \ha far
facade, The sound levels at the far facade
shielding effect of the building [tself be dis-
regarded, which Js a consarvative approach,
or that a maximum reduction of 3 dB be
made at the central portion oi the shielded
facade. The sound levels at the far facade
wall will, of course, be somawhat lower due
to the greater distance of this facade from
the source (without censideration of the
shlalding effect), These lavels can be est-
mataed by a set of Chapter 5 calculations sap-
arate from those {or the facade wall near the
sound source; or, these latter calculations
can simply be reduced by the very crude
rule af thumb that sound levels decrease
by about 4 to 6 dB for every doubling of
the distance from the sourca.

With respect to exterlor tranaporiation

sources, all the olher outsida rooms of
each facade of ihe hullding should have
sound condltlons falling betwesn your “best
case" and “worst case' rooms, Howevar,
don't hesllate to make additlonal trial cal-
culatlens |f needed fo positively identlly
your "best casa” and "worst case',

It tha sound source is nearby and low,
choose a first-story, outside, corner room
from the lacade facing the nolse source as
your “worst case"; and from tha same
facade a iop story, outside, central room
as your “best case”. It Is common practice
in such bulidings to deslgn the ground lavel
story for non-rasidential uses and to con-
struet this first story difforently from upper
storles. i you have followed thls praciice,
choose your “worst case'' apartment room
from the sacond story. Nota that in all these
solectlens, the “besl case” s not one
which would recelve the least exposure
to extarior, transpartatlon system sound, be-
cause both basement rooms and inside
raoms would recelva less exposure {0 sound
than the “best cases” selecled above,
Instead, it [s tha "best case" selected from
rooms having a reasonable amount of ex-
posure to the sound source,

How to Predict the Sound Level In a
Trial Room

QOnce you sslect the trlal rooms, you can
procead to predict their sound lavels using
the special procedure developed for this
deslgn gulde. Your calculations wlll be
alded by tha use of two worksheots for each
trial room. One worksheet provides a pro-
cedure for computing the cumulative Shell
Isolation Rating (SIR) for the roam In ques-
tlon, and Is called the SIR Worksheet (See
Figura 6-4), The second worksheet uses this
room SIR together with the sound lavels at
the building estimated In Chapter 5, to pre-
dict the asound level inslde the trlal room.
The second worksheet is called the Room
Noise Worksheet (See Figure 6-5),

The purposes of the following explanatlon
are twofald , . . one, to famliiarize you wilh
some of the principles of sound transmis-
slon through a bullding's shell; and . . . two,
to gulde you through the calculations using
the worksheets, A defajled example of
the calculations Is presented in the con-
cluding portion of this chapter, and you
may find It helpful to rafer both to the ex-
ample and to the following Instructlons as
you make your own worksheet cajculations,

The amount by which the exterior sound
lavels are reducad by the bullding shell is
determined by several factors , . .

(1} the area of the room's extarior shell
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Figure 68-4. SIA Workshoet,
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Flgure 6-5, Room Nolse Worksheaet,

exposed o sound , , . the greatar the
exposed arga the more the acoustical
enargy (sound) transmitted;

(2) the mass, or walght, per square foot ot
arez of such room shell members as
extarior walls, roofs, and [possibiy)
floors which may be cantilaverad, sup-
ported on plles, or otherwise exposed
to extarior notas , . . heavy shell mem-
bers, such as concrale of MAsONTY walls,
trangmit less sound than lightwelght
shall members, such as curtaln walls;

(3) air leakage . . . sound enaray can readlly
enfer a building even through very small
openings. Thus quality of consfruction
is [mportant to seal small pores and
eracks. Camponent(zad construction can
transmit nolsa bacause of such leakage
through joints betwesn the componanis;

{4} tha room geometry (the ratio of extarior
shell mambers to room floor area) , . .
Important In determining the relationship
between the amaount of energy entering
the room and [ts sound leval;

(5) the avarage acoustical absorplivity of
the room's |nierlor surfaces , . . carpeted
floars absorb more sound then hard
floors; acoustic cellings ahsorb more
than smooth plastet or gypsum board
callings; and over-stuffed or heavily up-
holstarad furpiture, drapes, and olher
sound absorptive elaments reduce room
gound lovals.

A preclss eslimate of the sound istation of
the shall would invoive an analysis by dls-
crete frequency bands using transmisslon
coafficient data, Howevar, to simplify the

ostimation of the [solatlon provided by the
axterior buliding shell, a single-flgure rating
system, tha Shell lsolation Rating (SIA), has
been espacially davised lor this guide. Tha
SR number (s a measura of tha A-welighted
sound level reduction that can be expected
when certain buiiding shell materials aro
used, This rafing number (3 determined
fram avallable laboratory measurements of
acoustic transmission |oss data versus fre-
quensy. Selected ghall assembligs and com-
ponentis are tabulatad with thelr SIR values
in Appendlx A. The tachnlical basls for the
SIR methed and a technlgue for determin-
ing this rating for shall assamblias not
listed In Appendix A is explalned in Appen-
dix B.

To account specifically for the above alfects
of the building shell In reducing exterlar
sound levels, you will be using ong SiR
Worksheat for each roem in your proposed
buliding for which interior sound level asti-
mates are neaded, Let's sean the SIR Work-
shee! In Flgure 6-4 and tha flow chart o
Figure 68-6 to becoma famillar with the
necessary calculations. The SIR Workshaet
ceh aceount for ane room having as many
as five shell membars, enumarated In
Column (a) of the workshaet, Thus, the SIR
Worksheet can handle & froe-slanding room
such that four walls and the roof are éx-
posod o sound ens{gy, of a room canti-
levared from the face of a hullding such
that three walls and the floor and roof of
tha room ate exposed. |f you have a room
with mora than five shell members, yau can
disregard one or two shell membars which
acting by themselvas would transmit the
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least amount of sound; or, you can combine
pairs of adjagent, similar shall membars,
treating each palr as If it wera a single
shell member having the slze and com-
ponentization of the two shell members put
togsthar. For most rooms, howevar, the SIR
Worksheel's accommodatien far five shell
members should suifice,

Since many shell members (such as walls)
aro mada up of mora than one compenent
{such as windows, doars, subpanels, etc.),
the SIR Worksheet |s arranged to account
for as many as four components wllhin each
shell member; the four being labeled A, B,
C, and D down Column {d} of tha worksheat,
It you have shell members with mora than

WORKSHEET COLUMNS
STEPS POSSIBLY REQUIRED

Step One: Enler room daln and dala
up ta § shell memBess, ¢ach with up ln b.k:.l:l;‘:‘:.ng. g
10 4 components. AL

Step Two: Compuie cumposile SIRs

nep s b
iar ol shell members. W, R ¥

Slep Threw: Make air laakage adjust: | ph

-
[} mant far aholl mermbors.
I
“
4
4
g
4 Siep Fourl Make room guomelry | co gg
n correclion for shell memburs, '
Swop Five Make room absarption ‘
correction and compute adjusiod | eo. ]
sholl mambyr SIA,
I hh. i, ). Kk, mims,
Slep Six: Comtine shall member SR | " 00 pp‘ q‘q .
vilues 1o obimn room SiR. s
[
Stop Seven: Tabulnto externar noiso | a
levals, 1
w
qr, Siep Exght: Combine oxtenor sound I C.DEFGH
= level, P T
9 |
=
w
n
[+}
= Step M Delerming inlmicr sound | )
= lave!. :
8 !
=1
[

Slep Ten: Camparo intenar sound K

lovel with naise cnilarion Jevel.

Flgure 6-6. Flow Chart for Steps of the
SIR and Room Noise Worksheats,

four compeonents, you wlll have to extand
the step-wise procedure for combining SIR
values to yleld the appropriate composite
SIR vaiue, The slap-wise procedure is
giraightforward enough that you will have
litle difficully In extending the procedure;
although you may want to make your own
specialfzed SIR Worksheat for this unusual
case.

In stmmary, then, the SIR Woarksheet can
readlly provide the shell Isclation rating
for & single rcom In your bulldinyg, when
the reom has a maximum of five shell mem-
bers, and when the shell members have a
maximum of four components. I these
maxima are exceeded, the speclal proce-
dures dascribed above can flt your room
fnto the SIR Werksheel, Now, let's glance
further at the provislons of the worksheet,

Columns (a, b, ¢, d, and &, g, h, |, |, K |,
and m) are used to enter descriptive and
dimensional data frem your building
sgcheme, as is Column (aa) which provides
an estimate of the alr leakage based on the
level of workmeanshlp for each shell mem-
bar. Column (I} recaives one SIR for each
monollthic shell member or one SIR for
each companent of componentized shell
members.

The twelve columns aftar Column {m) are
used in groups of four fo calculate com-
posite SIRs for comsecutive pairs of shell
members components, Thus, Columns (n,
o, p., and q) are used for the compaosite SIR
of the twe compenenis having the highest
camponant SIR values {Components A and
8); Columns (r, s, 1, and u} are used for the
composite SIR for Composite A-B and Com-
ponent C; and, Columns (v, w, x, and y)
arg used for the composlie SIR for Com-
poslie A~B-C and Cernpenent D, Monollthle
shall membars having a single type of con-
structlon require none of the Column (n)
through (y) calculations . . . the shell mem-
ber SIR I1s simply used for calculalions
beyond Column (y). Compcnentized shell
members having two lypes of canstructlon
raquire the calculations af Columns (n, o, p,
and q); shall members with three compe-
nenis require the calculations of the latter
columns plus those of Columns {r, s, t, and
u); and shell mambers with four components
raquire the calculations of aill twalve col-
umns . . . (n} through (y).

Aftar the compesite SIR (if a composite
SIR is needed} has been calculated for
Shell Member Number 1, the other com-
posite SIRs are calculated in turn for all
other shell members, as regqulred,
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Than all composite (or shell member) SIRs
are corrected for alr leakags, room geom-
etry, and room surface absorptlvity In
Columns (za) threugh (ga).

Finally, these corrected SIRs for the shell
memboers ara accumulated palrwlsa to ultl-
mataly yleld the room SIA, These calcula-
tlons are made In Columns {hh, I, and |j;
kk, Il, and mm; nn, oo, and pp; and qq, rr,
and sa) using three columns for each palr
of shell members. The cumulativa SIR for
the last pair of shell membars is the Room
SIR, which Is to be used as the entry In the
Room Nolse Worksheet to compute the
room sound lavel; and In turn, to compare
these saund levels with your pre-selected
nolse criterla,

Having described the SIR Worksheet in
general terms, lat us pow follow Ifs proca-
dures step by stap:

Shell tsolation Rating Prediction Method

STEP ONE: ENTER ROOM AND SHELL
MEMBER DATA

Enter shell member data [n Columns (b, ¢,
and aa); and enter room data in Columns
{9, h, I, and ]}. Note that rooms having sus-
pended lightwelght cellings can receive ex-
terior sound through portiens of shell mem-
bers aextending up through the dead space
of the suspended celling. Honce, the room
"height" for nolse calculatians is not from
the floor to the suspended celling, but from
the floor to the underside of the flaor or roof
slab abave the celling space,

In using the worksheets all values should
be rounded off to the nearast whole number
in feet or declbels (or decibel equivalents).
The only exceptlons are the interpolation
factors, and the fraclional area ratios which
should be computed to two places to the
tight of the decimal point,

It the shell member Is monalithle . ., all of
brick veneer, or all wood frame construction,
ar all cinder block , . . then It is a single
component shell member; Columns (k
through x) can be lsait blank; and the shell
member SIR from Column (f) can be copled
into Column (y) for the monolithle shell
member SIR value,

On the other hand, [f the shell member has
more than one component, then Columns
(k, I, and m} must have entered data, Noto
that the componenls must be arranged In
tha order of decreasing SIR values. This
will often mean that Componant A for a
shell member will overlay tha shell meam-
bar, and will have the SIR valua, area, and
overall face dimenslons of the shefl mem-
ber [tsalf. Howevar, some cara must be
taken n this, for it prosumes that the over-

all shell member will have & SIR vaiua
higher than any othar components of the
shell member. Naturally, thls would be trus
for a masonry shell member (Component
A) pierced by a window (Component B} , .,
the masonry has a highear SIR value than
the window, However, conslder a lightweight
curtaln  wall contalning several granlte
panels, Tha stone pansls, having the higher
SIR value, would In this case constituta
Component A, and the curtaln wall would
constiiute Component B.

The computational procedure requires the
area of each component In a compenent-
ized shell member, with the exceptlon of
the area of the component with the largest
SIR number, In the case of a masonry shell
plerced by a window, the area of the over-
all shell member is entared in Column (o},
but is not required In iine A of Column (m});
whlle the area of the window Is requirad
and would be entered In line B of Column
{m). Far the case of the curtain wall with
savaral granite panals, the area of the over-
all shell member |s once again to be
entered in Column (c). The tolal area of
the several granite panels s not required;
while the area of the remalining portion of
the curtain wall [s required and would be
entered In line B of Column (m).

When a shell member has more than one
componant, the sheli member's composlle
SIR may take a value only slightly higher
then that of the component having the low-
est SIR value,

STEP TWO: COMPUTE COMPOSITE SIR
VALUES

For a shell member having iwo components
{the shell member [tself plus cne other
compenant), complete the procedures and
entrles of Columns (n, o, p, and q). The
compenent fractional area of Column (n)
la the ratio of the area of the component
with the tower SIR value fo the area of the
shell member ftself. The component frac-
tienal area is expressed as a declmat frac-
fien and carrled to two places to the right
of the decimal point,

The difference between SIR A (for Com-
penent A) and SIR B {for Component B) Is
entered as & whole number In Column (o).
Column (n and o) vaiues ara then usad to
determine a composite correctlon factor
from Table 6-2, which Is entered In column
(p}.

This composite correctlon factor is then
added to SIR B to yleld the composite SIR
A~B to be entared In Column (q). This value
Is also entarad [n Column (y) to serve as
the composite SIR for the two-companent
shell member.
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For a shell member having three compo-
nents (the shell member itself plus two
other components), complete the above pro-
cedures and entrles for Columns (n, o, p.
and q) and then go on to repeat similar
proceduras and entries for Columns (r, s,
t, and 'u). In this process, the composite
S8IR A-B Is eombined with the SIR G {for
Component C). The resuitant SIR A-B-C
in Column {u) is also entered in Column {y)
as tha composita SIR for the three-compo-
nent shefl 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-componant shell member
is the SIR A-B-C-D which appears In
Column (y).

- LR T )

The SIR value for sach shell membar must
next be adjusted to account for air leakage.
The SIR values of Appendix A assume
suparlor workmanshlp which virtually elimi-
nales air leakage, Merely “'good" or “avar-
age” workmanship will result in holes or
cracks which reduce the sound |sclatlon
of the buiiding shall. In addition to holes,

cracks al doors and windaws, parmanently
open venillators, and aeven open fireplaco
flues can reduce sound Isolation,

STEP THREE: MAKE AIR LEAKAGE
ARJUSTMENT

It the workmanship for any shell member s
to be "excelent™ you nsed no adjusiment
for alr loakage (aa): simply anter the SIR
from Golumn (v} In Celumn (bb), If, howaver,
the workmanshlp Is to be "good" or “aver-
age," refer lo Table 6-3 to obtaln an adjusted
SIR value accounting for air leakage based
upon an estimate of the opening In square
Inches per 100 square feet for the shell
mamber in question enlered In Column (aa).

You may ba able to make a good estimate of
air openings in square inches per 100 squara
fest from project drawings and specifica-
fions, If nol you can use as a guide the
egtimates of air leakage given below for
good and average workmanship and various
types of shell member construction. To estl-
mate alr leakage corresponding to good
workmanship, use one of the followlng estl-
mates:

a) monollthic
walls ,...,..,. 0.75to 1.5 in*/100 ft*,

Table 6-3, Adjusted SIR of Composlie Shell Member Depandent Upan
Alr Leakage Through Msember

SiR of
Compaalto Afr Opaninga In¥/100 113
Pariiilan

0.1 0.25 0.50 0.75 5 0 4.5 6.0 7.5 20 120
62 52 48 45 43 40 azr as 34 ki) p:>-3 H
a1 51 48 45 43 40 ar a5 2] a3 a2 n
€0 51 44 45 4] 40 a 15 4 33 ax a1
50 51 L] 45 43 40 ar 35 a4 N a2 3
[1:] 61 48 45 43 40 a7 5 34 a3 k-4 n
a7 #1 47 45 43 4D ar 35 M a3 a2 H
50 L1 A7 A5 43 40 ar k] ai 3 a2 A
85 (1] 47 45 43 4a ar 35 M a3 a2 q
54 54 47 44 43 40 a7 a5 3 a3 az 3l
53 49 47 44 43 40 ar a5 24 33 32 at
62 49 47 44 42 40 a7 35 a4 an az n
1] 48 L 44 42 40 kH 5 34 n a2 L1
50 48 46 44 42 40 ar 35 H i a2 3t
43 4 45 44 42 ae ai R A4 a3 a2 ki
48 A7 45 43 42 9 ar 35 a4 R a2 a
4 46 44 43 42 392 7 35 k] 2 32 3
48 45 A4 42 41 an a8 25 34 a3 a2 Nn
45 44 43 42 41 a0 34 a5 a4 33 32 N
4“4 43 43 41 40 a0 B 3 aa a1 a2 o
41 42 42 41 40 L3 k1 M 33 a3 a2 3
42 42 41 40 39 B a4 a4 a3 32 32 ki
4 41 40 40 3 7 30 34 3 az a H
40 40 an a0 k] a a5 M a o2 a 30
L] ] a8 38 aa a8 a5 a4 al 22 31 30
a8 a8 an ar 7 36 a4 3 a1 32 N 10
ar ar ar 36 a6 a5 24 -k a2 32 n 20
a3 a6 a as a5 25 3 B az a n a0
a5 a5 35 a5 4 4 33 a2 @ k1) 0 k1
a4 a4 M a4 kh a3 a 3 af 30 an 20
LR 33 33 ki 33 az 32 N a0_ a0 20 23
a2 32 az kP a2 an i 30 a0 28 29 28
N a1 3t at 3 30 Ji] a0 29 20 28 28
ae a0 3 a0 30 J0 F3) 20 29 20 a8 27
20 28 29 20 29 20 28 L] 26 28 7 ar
24 28 28 28 28 28 27 a7 27 ar 2 ]
a1 2r a7 27 27 b4 27 20 28 26 28 20
28 26 28 20 25 2a 28 25 25 25 25 25
25 25 28 24 o 24 4
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b) walls with fixed
windows or other
panals ...,...... 1.5108.0in°/100 f©’,
¢} walls with weather
stripped operable
windows ....... 3.0t04,5In"/100 ft*,
walls with non-
weather stripped
operable
windows ....... 4.5 to 6.0 In*/100 §t7,

d

—

To estimate alr leakage corresponding to
average workmanship, use one of tho fol-
lowing astimatas:
a) monolithic
walls .......... 1.5 t0 3.0 In*/100 1t%,
b) walls with fixed
windows or othar
panels ......... 3.0 10 4.5 In/100 it7,
c¢) Walls with weather
stripped oparable
windows ,...... 4.5106.0[n*/100 U,
walls with non-
weather slrlpped
oparable
windows ....... 6.0 to7.5In*/100 f’.

d

—

Enter the appropriate value of "Adjusted
SIR based on Alr Leakage' In Column {bh)
of the SIR Worksheet,

- % + = a

A portlon of the sound energy transmitited
through the shell members i3 absorbed In-
side the room. This absorption is propor-
tlonal to the total surface area of the inte-
tior of the room and the absorptivity of
these surfaces. The Information of Column
{cc) is based upon &n approximation of the
total Interior surface area. The Column
{dd} value then epables you to estimale the
corroction required for the tolal surface
area, and hence, absorptlon. This facior,
taken from Tabla 6-4, is based upon con-
sideration of the room depth as relaled to
its height and length in terms of the ratlo
of shell mamber area to floor area.

The computations by which the SIR method
was derlved were Initially based upon the
assumptlon that the ratio of exterior partl-
tian area to floor area would be beiwean
0.258 to 0,36, (For a rectiiinear room having
an eight-foot ceiling, this corresponds to a
room depth from the shell member to the
interior oppasite the shall member of 22 to
28 feet) Il the ratlo Is larger, as Is tha
case when the room depth is smaller,
the room surface area and absorption will
bo smaller, and the sound lavel larger. To
account lor these geomeatrical considora-
tions, the SIR values musi be adjusted ac-
cordlng to Step Four, Table 8~4 presents
valuas of the "Room Geometry Correction
Factor' to account for the room surface area.

STEP FOUR: MAKE ROOM GEOMETRY
CORRECTION

Far each shell member, enter In Column
{cc) of the SIR Worksheet the ratlo of the
shell member area {from Column (c)) to tho
room floor area {from Column {j)), Refer to
Table 6-4 for the value of the room gecm-
elry correcilon factor, and enter It In Col-
umn (dd). Note that far all roofs, whether
flat or pltched, the value of tha correction
factor Is —2.

Table 6-4. Room Geometry Corractlen

Factors,

Exterlor Shell Mamber Area Correction

Room Floor Area Factor *
0.94 101 —2
0.67 to 0,93 —1
0.50 to 0,66 1}
0,37 to 0.49 -1
0.2810 0,36 -2
0.22 t0 0,27 -+3
0.17 o 0.21 -+4
0.13 t6 0.16 +5
0.10t0o 0,12 +-6

* For all raols regardiass of pilch, use a correcs
Hon lactor of —2,

* * & & =

The data of Table 8-4 are for carpated
rooms without an acoustical ceiling and
without heavy drapes, Such a room |3 pre-
sumed to have "medium' reverberation
properties, Rooms having addltional acous-
tical absorption such as an acoustlcal ceil-
fng or drapes covering 50% or more of the
wall area will have lowar sound levels,
Conversely, rooms without carpel will have
higher sound lavels. These differences In
room absorptlon require adjustments In the
shell member SIAs as calculatad In Step
Five,

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

For each shell membar of your trial room
determine whather an adjustment should be
made far acoustical absorption other than
“madlum®.

if the room has an acoustic tlle celling, or
50% or more of the wall area Is covered
with draperles, enter a 42 in Column (s8),

[f there Is no carpst an the floor, no acoustic
tile on the celling, and no heavy draperies,
enter —4 as the absorptlon correcilon In
Column {ff),

Thase corractions, taken Jointly, Imply that
a room with wall-to-wall carpeting and
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acaustical ille celling will be approximately
8 dB quieter than an otherwlse comparable
room with hard ceiling and floars,

Now compute the value of the ad|usted SIR
which Is the algebraic sum of the adjusied
SIA {rom Column (bh) plus or minus cor-
rections for reom geomaotry and absorption,
Enter thls value [n Column (gg) of the SIR
Worksheet, Column (gg) values are the ad-
justed SIRs for each shall member.

The next step consists of delermining a
total room SIR by comblining the SIR valuas
for each of Ihe room's shell members. If
there happens o be only one shell membaer,
the room SIR value is merely the SIR value
for this shell member. if, howevar, there is
more than one shell member, you will have
to combine their SIR volues In a manner
similar lo lhe method you used In Chapter 5
to combine noise levels,

STEP SIX: COMBINE SHELL MEMBER
SIRs TO OBTAIN ROOM SIR

If there Is only onae shell membar, copy ils
adjusted SIR value irom Column (gg) In
Column (ss) , . ., It Is your Roam SIR.

It thers Is more than one shall membar, you
must complete a8 palrwise process of loga-
rithmic addition, as you have done pre-
viously whan combining nolse levels. The
SIR values In Column (gg) Indicate lhe
reduction in sound which would occur for
otherwlse slmilar rooms, each of which
has only one shell member transmitting
sound energy. When there are sevaral shell
members {ransmitling sound, tha room SIR
must be less than the SIR for any one shell
member baecause of the additional energy
transmitted through the ather sheéll members,

Thus, enter in Column (hh) the absolule
difference hetween SIR 1 {lor Shell Member
Number 1) and SIR 2 (lor Shell Member
Number 2). Refer to Table 6-1 to obtain
the value of the transmission &adjustment
to be entered in Column (ii}.

Nota that when there Is little dlffarence
(0 to 1) between the SIA velues, the correc-
tlen factor Is largest, amounting to 3 dB,
Correspondingly, if the diflerence Is large
{> 10}, the iransmisslon adjustment Is zaro.

Now computa the value of SIR 1,2 for the
lwo shell members by subtracting (he trans-
mission adjustment from the smaller of the
two SIR values, SIR 1 or 8IR 2, The new
quantity, lermed SIR 1,2, Is the SIR which
should be enterad in Column (jj).

If there Is a third shell member, now com-
bine its SIR value, SIR 4, with the valus of
SIR 1,2 to oblain the value lor the effective
three shell member combination, termed
SIR 1,23, and antered in Column (mm).

Repeat this palrwise combination process
untll you have considerad ali shell members
and have arrived at a Room SIR value, to be
entered In Column (ss) of the SIR Work-
sheel. Then proceed fo the next worksheet,
ihe Roem Noise Waorkshaet,

. L T

The basle precedure Is indicated In the flow
chart of Figure 6-6, and requires the tabu-
latien of the exterior sound level(s) for the
three types of nolse sources listed in Col-
umn A of the Room Noise Worksheat: high-
way nolsa, rajlway line operation nolse, and
aircraft noise. The sound leveis calculated
in Chapter 5 are to be entered In Column B
for any of the transportalion nolse sources
affecting your bullding site. These sound
levels are combined to yleld the total ex-
tarior sound level at the selected irlal room.
The Reom SIR value is then used to obtain
the interior sound lavels which would exist
dug to the external sources, Thase valugs
are then compared with the deslred nolsa
criterlon level. This procedure s detalled
in the following stops Ssven through Ten,

Room Noise Prediction Mathod

STEP SEVEN: TABULATE EXTERIOR
NOISE LEVELS

Refer to the computations of Chapter 5 to
obtain tha values of sound level at tha
irlal room for the three possible types of
noise sources, In the eveni that there ls
mares than one source of highway, railway
or aircralt noise, you will have to sum them
for each type ol source as shown in Chap-
tor 5,

These values should be entered in Col-
umn B,

STEP EIGHT: COMBINE EXTERIOR NOISE
LEVELS

It there are both highway and rallway nolse
components, detarmine the absolute differ-
ence hetween the two, and enter this In
Column C,

Refer to Table 6~1 to obtaln the appropriate
lovel adjustments corresponding to the dif-
ference in sound lavels. Entar this In Cel-
umn DB,

Add thls level adjustment to the larger ol
the two sound levels to obtain the total
exterlor highway and railway sound lavel at
the trlal room, Enter this In Calumn E.

Next, determine the differance belween the
total highway-railway sound leve! and the
aricraft sound leval, if any, and enter this
in Column F, Cnce agaln, comblne the
sound lavels by abtaining from Table 8-1
the appropriate level adjustment to be en-
terad in Column G.



Add this level adjusiment to the larger of
the two sound levels, o obiain the total
exterfor sound lavel, Enter thls in Column
H.

You have now completed the prediction of
the exterlor sound level due to external
transporlatlon system nolse sources at lhe
trial room,

STEP NINE: DETERMINE THE INTERIOR
SOUND LEVEL

Enter in Column | the Room SIR value from
Column (ss) of the SIR Warksheet.

Subtract the Room SIRA value from the Total

rectly from the exterior to the room, If
acoustic transmlisslon loss data are avall-
able from ventilater manufacturers, you may
ba able io calculate ventllator SIRs using
the procedures of Appendix B. It nol, Il's
best 1o be conseivulive and assign ventiia-
tors a SIR of zero.

Ilustrative Example

Let us now demonsirate these holse cal-
culatlons for a typical room. Conslder a
ten-story aparimant buliding similar lo the
one dasctibed earlier In this chaptar. It Is
fo be localed at the bullding site considerad

; Exterior Sound Level lo obtain the Interlor In the lustrative example of Chapter 5.
{ Sound Level, and enter It in Column J. The building consists of a simple fower
i You have now completed the prediction of wilh two windowed facades and iwo flank-
] the trlal room sound |level due to external Ing walls (See Figure 6-3), The slie Is ex-
§ transportation system noise scureas. posed to all three types of trapsportatlon
! noise, but aireraft nalse was found to be
4 STEP TEN: COMPARE THE INTERIOR the major source with a sound lavel of 69
g SOUND LEVEL WITH THE NOISE CRITERIA dB, We will choese an oulside corner room
i LEVEL on the top floor as a *“worst case” for

fnitlal consideration. Although the posslbifity
of a premium rent for a prime slte location
might warrgnt a lowsr nolse criterlon laval,
we wlll salect an indoor nolse criterion lavel
of 40 dB and an outdoor level of 55 dB,
Moreover, since the metric should be ap-
propriate for residential bulldings, we will

In Column K of the Room Nolse Workshest,
enter the intarlor noise criterlon level you
selected In Chapter 3.

Compare the value of the Interlor sound
lavel which you have predicled with the
nolse criterion level, If you have selected

i Flen
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Stralegy 1 descrlbed earller in this chapter,
and It the Interlor sound level Is less than
or equal to the- nolse criterion level, you
have an acceptabie design, and the sources
of exterlor nelse wlll probably not be
troublesome in your trial room, However,
If the Intarlor sound level is larger than the
nolse criterlen level, It Is probable that ex-
ternal nelsa will be troublesoma, and vou
wlli want to modify your deslgn by Imple-
manting some of the dosign allernatives
suggested in the next chapter.

How to Account for Open Windows,
Doors, and Through-the-Wall Ventilators

Open doors and windows offer almost no
sound isolation. When doors and windows
can be expected lo be open, they should
bo listed along with any other shell mem-
ber components and assigned a SIR of zero.
OGbvlously, this will result in a severg de-
aradation of the shell member SIR if the
door or window has even a moderately large
area, Operable fouvres offer little sound
isalation whether open or closed, and should
bs assighed a SIA of zare. Through-the-wall
ventilators and unit ventlalors with through-
the-wall ducts pose a dilficult problem since
they may hava sound baffles or Insulating
duct linlnga and may or may not |ead di-

adopt the Ldn metrle, Our room deslgn
wlll therefore be adequate If Its Interior
sound level Is less than Ldn = 40 dB. If
the predicted Interlor sound level is higher,
it will be too noisy and we must conslder
design allernatives,

The Chapter 5 axample yielded the follow-
Ing estimates of the Individual exterlor Ldn
sound levels,

Highway ...........0c00vev.., .. B868d8
Railway ........ et er et 58 dB
Alreralt ........vvoviivnivenn... 69dB

Since sach of these nolse tevels Is individ-
vally In excess of 55 dB, It Is clear that
any ouldoor actlvlily spaces will not be
accaptable for recreatlonal purposes for
which speech [Intelliglbliity Is critical,
Furthermore, there Is a difficult deslgn
challenge for Indoor spaces as well, inas-
much as the site Is within ane mile of a
maoderate (category 2) alrport, and s close
10 two highways,

With these faclors In mind, let us consider
tha sound levels within our typlcal “worst
case' room, We will assuma that the dimen-
sions of the trial room are 12 foef wide by
16 feet desp by 8 feet high, and that tha
room is lo be carpetec, but not draped and
not supplied with an acoustical celling.
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Remember that rcoms having suspended
lightweight cellings can receive exterior
sound through portlons of shell members
{wallg) extending up thraugh the dead space
of the suspended ceilings. Hence, for such
rooms the helght o bo used for nolse cal-
culations I8 not from lhe floor fo the sus-
pended ceiling, but from the floor to the
underslde of the floor or roof slab above
the celling space, For our example, there
Is no suspended ceillng space; thus, the
room and shell member heighls are both
taken as 8 leet,

Tha shell construction of the bullding con-
sists of 8-Inch hollow core concrete block
masonry {flanking walls plastered inside.
The ilanking wall has a 5-foot high by 12-
foot long fixed window glazed with heavy
plate glass opening to the ''worst case”
room. The facade walls are of metal frame,
Insulated, brick venasr construction with
a 4-faot high by 10-fact long fixed window
plazed with heavy plate glass, and a 2-foot
high by B-foot long decorative spandral
panel, This panal is of 20-gauge steel, in-
sulated with glass ilber 2V-inches thick.
The roof consists of a 3-Inch stesl deck
with rlgid fiberglass insulation and bullt-up
roofing,

Slep One

Refer now to the SIR Worksheet (Figure
B8~7) and enter the room's flanking wall,
facade wall, and roof as the thres shell
members of the room. Far the flanking wall
there are two components, and for the
facade wall, there are three components
which must ba llsted In sequenca of thelr
SIR values, with the highest ane first, Refer
to Appendix A to obtaln the SIR values. For
the flanking wall, the hollow corae block has
the higher SIR number (50) and the glass
windows tha lower (28). For the facade wall,
the brick veneer construction has the high-
est SIR number (51}, the glass window sec-
ond (28), and tho sieel pane! has the lowest
{26). Enter the SIR values on the workshest
in Column {f).
* The shell member number is indlcated in
Column (a) . . . only 2 of the 5 shell mem-
ber spaces will be nesdod for the flanking
wall and only 3 of the 5 shell membar
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 components—A, B, and C; and,
the roof has enly one companent—A,
¢ The shell member's component deserip-
flons are listed In Column (e).
& The SIRs ara liated In Column ({f),

s The room dimensions are listed In Col-
umns (g, h, and §) and the room floor aren
is entared In Column (j),

* The fwo dimenslons of tha shell member
componants are listed in Columns {k and

.

Using these data, the component areas are
compuled end are listed in Column {m).
Note that these Columns {k, |, and m) are
not neaded for shell members with only ons
coemponent, nor are they needed for Com-
penent A of componentized shell members,
Now, since the ltanking wall and the facade
wall have saveral components, we must cal-
culate their composite SIRs,

Step Two

Compute lhe Component B fractlonal area;
that Is, the ratio of component area to the
total wall (shell member) area. For the flank-
Ing wall, this valua Is 60 +— 128 = 0.47 which
is entared in Column (n}, Now determine
the difference batween the two highest SIR
numbers; l.e., the diflerence between the
8IR ftor block masonry and the window ...
50 — 28 = 22, Enter this value In Column
(o), Now refer to Tabla 6-2 to determine the
composite SIR correctlon factor correspond-
[ng to the fractional area of 0,47 and & SIR
difference of 22, This value [s 4 and Is
entered In Column {p). Now add this value
(4) to the Jower SIR number (28) and enter
the result {32) in Column (q). This is the
composita SIR for the flanking wall,

For the facade wall, the Companent B {rac-
tlonal area is 40 = 96 = 0.42, which [s en-
tarad in Column {n}, Now detarmine the dif-
ference between the two highast SIR num-
bers; i.e,, the difference between the SIR for
brick veneer and the window ,, , 51 — 28 =
23, Enter thls value In Column (0), Now
refer to Table 6-2 to determine the com-
posite SIR correction factor corresponding
to tho {ractlonal area of 0,42 and a SIR dif-
farance of 23. This value Is 4 and is entered
In Column (p). Now add this value {4} to
the lowsr SIR number (28) and anter the
resull {32) in Column {q). This SIA number
describes the properties of an 8 ft x 12 1t
brick wall with a 10 it by 4 ft glass window,

Now considar the effect of the steel panal
with a fractlonal area of 0.17 to be entored
in Column (r). The difference bsiween tha
SIR value ior the brick and window wall
(32) and the stee! panel (28) Is 6. Enter this
value In Column (s), Now from Table 6-2
find the composite SIR correctlon factor
corresponding to the values 0,17 and 6, This
value (4) fs enterad in Column {t) and is
added to the lower SIA value, 26, The sum,
30, Is entered in Column (u).
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Figure 6-7. SIR Worksheet for Example,




i L STV S "

122

Aurlding Praacy

/9~ Story Apartmenl

Sila penl o buidd ng racm lor which souhd presuie
Jevaly At bang syrimylpd ar

Near Hghways (& 2

Cengner < 5“99;

Lecaiion

Modern Realtty

Daie ,J“ {5 77 Arpred

Ownar

el Lewely (03)

= H 2a £= a i 5
- | % 0777777 //%j//// 2
o [ 90 [ 7 [ 1] e //// H, /// )
Alfteat] é? %%7/ 2 zZ5 45 &
tn 1n8 Tatat Ingaor Sound Levet Yoo g | 4 Hoise Protlem Griste

Flgure 8-B. Room Nolse Worksheet for Example.

To simplify thelr visuallzatfon in the SIR
Workshaet, the SIRs for the flanking wall
{32} for the facade wall (30) and for the
roof (43) are carried forward te Column
(y} before making further computations,

Now you must parform air leakage adfust-
mants,

Stop Three

Sinea the roof is essantially monolithie
without penetrations, and assuming average
workmanship {he area of openings can be
taken as equlvalent to 3,0 in*/100 fi. For
tha componentized flanking and facade
wallg, thera will be somewhat more air leak-
age, and 4.5 [n*/100 ¢ is eppropriate as-
suming average workmanship. These values
should be entared In Column (aa).

For a 4,5 in*/100 fi* leakage and a SIA of
32, Tabla 6-3 Indicates an adjusted SIR
of 30, Enter this as the adjusted SIR for the
flanking wall in Column (bk), The values for
the facade wall and roof are detarmined In
a similar manner. These values are 20 and
36, respoctively, Enter these values in Col-
umn (bb),

Now you must make the room geometry
correction,

Step Four

In Column (ce), entar lhe rallos of the shell
member areas to the floer area of the room.
These values are 128 -~ 192 = 0.67 for the
flanklng wall and 96 + 192 = 0.5 for the
facade wall,

Now refer to Table 6-4 to obtain the room
geomatry correction factors and enter them
in Column (dd). These valugs are — 1 for
the flanking wall, O for the facade wall, and
— 2 for the roof,

Step Five

Since the room Is to be carpsied but not
heavily draped, you do not enter addItional
valuas for the absorption corractions In
Columns (es) and (ff),

Now add the adjusted SIR value from Col-
umn (bb} fo the room geometry correction
for each shell member and entar in Column
{gg). These SIRs (29. 29, and 34) describe
the sound lsolation properties of the flank-
Ing wall, iacade wall, and roof, respectively,

These shell member SIAs must now be com-
tined to get the rcom SIA,
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Slep Six

Consider the combination of SIR valuaes for
tha flanking and facade walls, The difier-
ence between these two numbers [s O
(29 — 20 = 0), Entar this value In Column
(hh). Referring to Table 6-1, anter the trans-
mission adjustmant of 3 in Column {ll}, Now
subtract thiz from the smaller aof the two
exterlor wall SIR values (28 — 3 = 26), and
enter tha value of 26 In Column (J}). This
describes the sound isolation propertles of
the two walls,

Now comblne the two walls with the roof.
The dliference belween the two SIRs Is 8
(34 — 28 = 8) entersd In Column {(kk), and
the corresponding transmission adjustment
Is 1, entered In Column (II). Subtract this
transmission adfustment from the smaller of
the two SIRs ylelding a Room SIR of 25
entered in Column (mm). For futura refer-
ence also enter this value In Column (ss).

Now we need to complete tha Room Nolse
Workshest, Figure 8-8,

Step Seven

Transfer the exterior nolse levels due to the
thres types of exterlor nolse source clled
at the beglnning of this exampls to Column
8 of the Room Nolse Worksheat,

Now begin the step-wlse process of com-
puting the total cutdoor nolse by datermin-
Ing that the difference between tha highway
nolse (66 dB) and rallway nolse (59 dB) Is
7 dB, and entering this In Column G. The

corresponding level adjusiment is 1 dB, en-
tared In Column D, The total of all highway
and railway nolse would be aobfained by
adding the level adjustment {1 dB) to the
higher of the two component levels (66 dB);
hate 67 dB Is entered in Column E. The
difference belween this total and the alr-
craft noisa (69 dB) is 2 dB, entered In Col-
umn F; ylelding a level ad)ustment of 2 dB,
snterad in Column G. The total of all out-
door nolse [s thus 71 dB, obtalned by adding
the leval adjustment (2 dB) to the larger of
the two component levets (here that due to
alrcralt, 89 dB) and entered in Column H,

Now enter the Room SIR as daterminad in
lhe. previous SIR Worksheset In Column |,
and subtract the Room SIA {25 dB) from
tha total outdoor nolse (71 dB) to estimate
the Indoor Sound Leve! (48 dB), entered In
Golumn J. This is 6dB higher than the noise
criterion level established at the outset of
this example. There is therefore a nolse
problem in the “worst case” trlal room,
Needed deslgn changes to remedy this
problem ara Indicated In the next chapter,

Reallze, howevar, that this ''worst case"
trial room has exterlor exposura on three
sutfaces {facads and flanking walls and
roof), Rooms on the flrst through ninth
floors, not on the ends, will have only the
facada wall exposed to the exterlor sound
energy. For these rooms, the adusted fa-
cade wall SIR will be equivalent to the room
SIR, In this case 29, 4 dB larger than the
room SIR for the “waorst case'' raom, So the
lavel In such rooms will be 42 dB (72 ~ 29
= 43), which is relatlvely close to the ds-
slred criterion,
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Chapter 7
Design Alternatives

If your Chapter 6 calculations predict noise
lavels for indoor rooms or outdoor activity
areas greater than nolse triterion levels, you
will ba seeking dasign allernatives to over-
come yaur nolse problems. Possible design
alternatives will be dlscussed [n this
chapler.

In additlon to design alternatlves, It may be
feasible to control noise at its source by
making operalional changes to raduce nolse
generated by transportation systems, Re-
routing truck traffie, the imposlilon of cur-
fews, ete, can substantlally reduce nolse
levels, If such operational changes can be
worked out through local elected oificlals
or planning authorities, the pradictlve mod-
als of Chapter 5 will be useful In assessing
possible nolse level reductions.

There are four types of deslgn approaches
lo reduce noise. Two of these types of ap-
proaches can pravent nolse from becoming
an annoyance for outdoor aclivitles, These
are (1) to locate, orient, or conligure the
bullding to reduce nolse at the chosen build-
ing slte, and (2) to provide additional exteriar
barriers such as walls or berms, These fwo
epproaches aro also useful In protecting
the building's interlor from unwanted sound,
and for this purpase are Jolned by two other
approaches which are {3) to fortify the bulld-
Ing shell, and finally, {4) to vary the inferlor
sound absorption,

One thing Is cerialn . . . anything you do to
rearrange the bullding site or to build upon
[t will change its acoustic climate. Probably
the bullding itself will cause the most dras-
tic changes. Hance, you should daploy the
building creatively to secure the best re-
sults, The bullding can be used to shield
palacted ouidoor actlvity areas from nolse,
and barrlers put up to protect outdoor ac-
tivity areas from nolse or wind can afso
shliald portions of the bullding,

Let us discuss in turn the four methods of
providing design alternatives: {1) siting, (2)

barriars, {3) bullding shell, and (4) fumish-
Ings.

Siting Allornativen

For siting there are three options ., . . slte
sslection , . . building localion and arienta-
tion, and . . . bullding configuration. Thess
options could be pursued Indepandantly n
design and will be discussed separately,
racoghizing however, that in a desipn
process which truly involves synthesls, the
three optlons would be carried on simul-
tansously.

Site Sefection: The bast way lo control nofse
is to avoid [t. This can most effectlvely be
done i the first deslgn task is that of selact-
ing the building site, because careful selac-
tion can steer the proposed building away
from noise problems. Likewlse, for some
projects it may be cheaper to abandon a
sito already selected and relocale to a
quieter area, than to make extensive revl-
slons to an acoustically unacceptable
acheme. For many projects, howevar, other
consideratlons than sound may preclude
the selection of a qulet slte or ralocation
to a qulet site.

Keep in mind that acoustlc conditions are
rarely stagnant and you should consult
zoning and planning authorities ta deter-
mina future plans for the surroundlng area.
A sesmingly suitable site can later be sur-
rounded by Industrial areas or trafflc arter-
les, or subjectad to aircraft overilights
greatly Increasing on-site |evels, Tharefars,
it would ba wise ic altempt to predict futura
noige levels at your site fo determine the
impact of plans for the surrounding area.

In solecting a quiet site, refer to Table
2-2 in Chapter 2 which gives daslrable
minima for the distances from transporia-
tion system sound sources to a huilding
or site. Also, look for existing natural and
man-made sound barriers, examples ol
which are shown In the figures of Section 1
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Flaure 7-1. Use of Varlcus Nolsa Bairlers.
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Figure 7-2. Use of Natural Nalse . Flgure 7-3, Selectlon of Building Sites
Barrlers.
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Figura 7-4. Bullding Sltes near
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Figure 7-5. Building Sites near
Traflle Junctions.
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of Chapter § and In Figures 7-1 and 7-2.
Sites on rolling terraln separated {rom rall-
ways and highways by heavy, wide stands
of trees ara generally quleter than sites lo-
cated in hollows or on flat, open ground.

Glve preference to sltes which are pre-
dominantly upwind of noise sources, At
large distances the upwind side is generally
qulaler than the downwind slde of a nolse
source, The wind tends to bend the sound
path upwards, as shown In Flgure 7-3,
thereby reducing the sound energy that m-
pinges on an upwind sita.

Sites near hills or tralfic intersections are
gensrally unfaverable dug to the accelera-
tion, deceleration and braking of vehiclas,
especially if the traitic includes heavy truck
traffic Ilke that In Flgure 7=4, Mast of all,
congested areas of heavy traific should be
avolded as shown in Figure 7-5.

Buiiding Localfon and Orientation: The
thoughtful location and arientation of build-
Ings on a site can oid in controlling noise.
In order to determina whether or not there
is apt to be a praeferred ''quiet” location
on a slte, it is generally necessary to con-
sider several locations, and to perform sov-
eral dotalled calculations as outlined In
Chapters 5 and 6, A recommended pro-
cadure is to choose a trlal building location
on lhe slte and to parform the detalled cal-
culations . . , then compare the estimated
sound levels propagated from any nearby
transportation nolse sources to determine If
any ane of these sources (s predominant al
the trial location. If ons is, then consider
whether or not the dicionee to that source
can be substantially increased by moving
the bullding to another location en your
site, For each doubling of the distance away
from a highway you can expect a reduction
of about 4 dB; for each doubling of the
distance away from a railway you canp
expect a raduction of about 6 dB {thora Is
no simple tule of thumb for aircraft nolse}.
Bulldings can be located In the quiet areas
of a slts with windowed facades facing the
quiet areas, and with heavy, windowless
walls facing the sources of sound. [n gen-
aral, the nolse level near the facade of a
building facing away from the predominant
source of sound will ba 3 dB lass than near
a facade iaclng the source. Acoustical
shlalding can be provided by the existing
terrain, natural landscaplng, or wooded
arens.

If tha bullding site s relatively close to a
major highway or rallway, and If the bulld-
ing Is to be falrly long, lwo design concepts

can be employed, One is to orlent the
building's major axis perpendicular to the
direction of the highway or rallway, and then
to locate the nolse-sensitive exterior rooms
at the end of the building farthest from the
roadway or track. A second deslgn concept
Is to orlent the building's axis parallel to
the highway or railway and to provide mate-
rials having an extramely high SIR on the
facade [lacing the nolse source, whlle
placing noise-senslitive rooms on the fa-
cade shielded by the bullding ltself.

It is especlally Important that bulldings not
be parallel when located on both sides of
an oxpressway In order to avoid multiple
reflectlons of sound waves which increase
sound lavels, A random or staggered bulld-
Ing layout or a cluster of buildings with no
paraliel buliding faces will avold this prob-
lem of multiple reflections of sound waves
betwsen opposite bulldings, Slightly curved
buildings can be beneficlal when the cur-
valure is convex relative to the direction af
the greatest nolse source, U-shaped bulld-
ings or semi-enclosed courlyards provide
areas for multiple reflections and should not
be used as outdoor actlvity areas, because
thay tend to ba quite reverberant and noisy.
These layouts are shown [n Figure 7-6.

Building Configuration: Bulldings can be
arranged wilh nolsy and quiet sides as
proviously mentioned, If the principal nolsa
sourco is relatively near, Try 1o have rooms
with low noise level criteria locatled on the
qulet side, and rooms with high criterla
located on the noisy slde, For example, the
mechanlcal rooms and shops of secandary
schools can be gathered fogether and ar-
ranged on the noisy side (particularly since
these rooms also are nolse sources} while
librarles, auditoria, and classrooms are de-
ployed on the quiel slde,

The facade treatment of the building pre-
sents more difficult choices, The total
amount of sound penetrating a bullding Is
proportional to the area of exterlor shetl
of the building, Hence, a highly compact
bullding s desired. Ideally the buliding
would approach a spherical shape so as
to enclose lhe greatest volume within the
smallest shell area. Spheres ara Imprac-
tlcal shapes for buildings, however, and
a more practlcal compact shape Is the
cube, On the other hand, a ground-hugaging,
rambling building having a relatively high
shell area to enclosed velume might benefit
from nolsa attenuation barriers which are
too low to benefit a tall bullding.

There is one such effect that can actually
Increase Inlerior sound fevels , . . it oc-
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curs when projections or depressions such
as wing walls and balconies create a num-
ber of reverbarant enclesures or cavlties.
These ara especially troublesome when
located at a curtaln wall or windowed wall,
slnce the reverberant cavities wili tend to
raise sound lavels at tha wall line, and give
rise to Increased interior sound |evels as a
consequence, Caution should be exercised
to ensure that no auch reverberant cavities
are eslablished. Also, it is wise to pravent
roadway sound from being rellected {rom
tha under side of a balcony toward a wall
having windows or doors, The underside of
such balconies can sometimes bs treated
with absorptive materiala o parlally con-
tral such sound reflections.

Barriors

Tha designer usually has no control of
fransportalion noise at its source, bul the
deslgner can provide some form of shield-
ing belween the source and the racelver, or
bullding. This shlelding can be In the form
of walls, natural barrlers such as earth
berms, rows of intervening buildings, vege-
tation, ete.,, as discussed previously in
Sectlon 5.1 and revlewed heare,

There are economic limils o providing
sound barriers since it is costly to construct
barriers which bleck all paths aleng which
sound cen travel from a transportation
syastem nolse source to a bullding and site;
but, if any worthwhile barrier attenualion
i to be achieved, the barrier must block
all or most of these paths. In order to
block 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 sysiem nolse source,
which s estimaled to be B [t high for haavy
trucks and 15 ft high for diesel-elactric logco-
motives, Also, noise propagating in a diract
path around the ends of the barrier can se-
verely limit its attenuation, The barrier In-
cluded angle should be made as large as

pessible by extending the ends of a barrler
as shown In Flgure 5,1-19.

To prevent sound transmisslon directly
through the sound barrier, it should be con-
structed of a materlal whose surface weight
density is greater than 4 Ib/fl? Table 7-1
gives approximate surface welght densitles
for a varlety of materials which may be sult-
abla for barrier construction, When choos-
Ing a material you must also conslder the
cost, ease of canstructlon, and durability
with respect to weather conditions. (Refer-
ance [1] lists some types of existing and
proposed barriers in the United States and
describes the details of construction and
the materlals used, Thls reference may be
helpful to you In designing a barrler.)

Also important In preventing sound trans-
mission directly through a barrier |s the
elimination of any holes or openings in the
barrier. The area ol any openings In the
barrier must be kept well below 10 parcent
of the total barrier area, or better yst, com-
pletely ellminated to glve a solid con-
tinuous barrier with no diract paths to your
building,

The locatlon of a barrier is impertant In de-
lermining its attenuation. The barrfer should
be located either close to the source or
clese to your building so that the angle of
dilfraction, hence the attenuation, is maxim-
ized, |f your proposed building Is to be
several stories high, you will probably want
io locate the barrier as close to the source
as passible, since a barrler close to the
bullding would not shleld its upper iloors.
On the other hand, If your propased bullding
s to be only one-story high, the barrier
could be located close to the building, thus
raducing the needed longth of barrler,
There ara siluations whaen |t is better
to locate the barrler at seme Intermediate
point. Fer example, a considerable savings
might e achleved by locating the barrier
on & hill or smbankment lylng between the

Table 7-1. Approximate Surface Welght Densitlas for Varlous Materlals.

Surface Welght Dansity,

Matarial Ib/1t?
Timbar, Fir {1% Inch thick) 5.0
Timber, Fir {2 inch thick) 6.7
Plywood (1% inch thick) 4.2
Cinder Black Hollow Core (6 inch thick) 25.0
Concrete Bleck Hollow Core (4 inch thick) 23,3
Concrete Block Hollew Cors (6 Inch thick) 35.0
Brick {4 inch thick) 43.3
Concrete, Dense (4 Inch thick) 50,0
Plastier on Metal Lath (V2 inch thick) 4.5
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scurce and your slte, Keep In mind that the
angle of diffractlon (or in othar words the
path length diffarence), and the barrler in-
cluded angle aro crucial In controlling bar-
rler attanuation, You can choose several
alternative barrier locations and then detar-
mine the required barrler size needed to
provide the desired attenuation for your
building and site.

Rely upgn your own ingenully In the use of
barriers. An existing earth berm should be
lefy undisturbed or augmented., Through
careful planning, you can utilize non-critical
buildlngs such as warehouses, garages, and
storage sheds as barriers for occupancies
having more critical naise crileria. Or, you
can provide heavy sound lsolation on the
facade of a bullding facing a noisé source,
and then use this building as a barrier for
other buildings. When extensive right-of-
ways arg avallable, vegelation shielding
may be an available solution, Vegetation,
however, lakes a considerable amount of
time to grow, and its nolse reduction poten-
tlal is limited. Moreover, shlelding from
declducus traes is greatly reduced when the
traes lose thair leaves.

Obvlously cost and aesthetlcs are [m-
portant, Costs vary considerably depending
in general upon the barrier height requlred
and the constructlon materlals, The cheap-
est barrler [s usually the earth baerm, which
oh some projecls can be built from excess
fill at very low cost. The appearance of
earth berms Is usually geod, since land-
scaplng can virlually hide them from sight,
or disguise them as natural hills.

in summary, barriers can be useful In re-
ducing the noise levels at your site, but
there are limits to their effactiveness. It is
possible to obtaln a barrier attenuation of
10 decibels without too much difficulty, but
it may be wise {0 have the barrier designed
by an acousiical consultant or nolse control
englneer to ensure that the barrier will
achieve thls attenuation and solva your
nolse problem,

Buliding Sholl

The building shell Is the last line of de-
fense against noise, and & line of defense
dacidedly under the control of the designer,
As you have sean, the nolse Isolation pro-
vided by the building shell can be serlously
degraded by a single weak link . . . a
fundamental you must fully grasp [ you
are 1o effectively control seund transmis-
slon. The weak link principle states simply
that the sound isolation of any sheil member
is reduced substanlally by shell member
components having low sound isolation

ratings. This was demonstrated by the ex-
ample of Chapter 6 where the brick venser
facade member having a SIR of 51 was re-
duced lirst by the fixed single glazed window
(SIR of 28) lo a composite SIR of 32, and
then by a decorntive 20-gauge steal pane
(SIR of 26) to a composile {acade SIR of 30.
Whereas the final composite SIR was not
quita as lew as the SIR of tho steal panel, it
was substantially reduced from 51 to 30,
Obvlously, the steel panel, conslituling only
17 percent of the facade wall's area, was
accountable far much of the sound trans-
mitted through the facade wall,

In the same fashlon, the cumulative SIR
for the trial room in the example of Chapler
6 was reduced from a SIR number of 34 for
the roof to the room SIR value 25, when ad-
|usted for the weaker flanking and facade
wall members,

The sound transmisslon contributad by any
component to Its shell member is, of course,
not only alfected by Ils materlals, but also
by the area of the component relative to
both the area of the shell member, and to
the materials and areas of other compo-
nonts, Thus, a small window will nat be as
weak a [Ink as a large window.

Likewlse, the sound transmission contrib-
uted by any shell membar to a bullding room
depands upon the area and materlals of the
shell member in relallonship to areas and
materlals of the other shell members of the

room.

Te Improva the sound Isotation of a shell
member, then, it is mora Important 1o Im-
prove the weaker componenis than the
stronger ones, for example, double glazing
a window may prove fo be more cast effec-
tive than bullding up the wall that receives
the windew. Of course, the higher the SIR,
the less sound transmited through the shell,
From this type of information you will galn
an understanding of the weak link principle;
open windows and doors can destray the
sound isolation of a wall no malter how
massive,

The overall sound isolation of a shall mem-
ber is related to Its mass, stifiness, con-
tinuity of construction, saund absorbency of
Interior wall coverings, and freedom from
cracks or holes (usually achjeved hy high
quality consiruction), All of these shell
member characterisiics resist the psnetra-
tlen of sound through the member and
reslst member vibratlon In response to in-
cldent sound, The greater the mass, the less
a shell member will be exclied Into vibration
by Incident scuds, assuming the shell mem-
ber's stifiness is hald constant.
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Holes and cracks are the warst offenders In
admitting sound, A hole eccupylng only
0.01 percent of a total shell member's area,
limlts its sound iselation to 40 dB, Thus, &
highly sound-resistant shell membar, such
ns one of a hundred square feet with a
SIR of 60, would be reduced to a SIR of
40 by a hole 1% square Inches. A shell
membar of the same size but having a
SIR of 40 would be dropped by the sama
size hole o a SIR of 37, For the former
shall member, at feast 90 percent of the
sound energy entering the building would
pass through the hole; for the latter shell
member, 50 percent of the energy would
be transmilted via the hole, Clearly, it |z an
acoustic error to specify heavy construc-
tion if the heavy construction has penetra-
tlons which are not well-sealed.

Similarly, open windows can deslroy the
sound Iselation of a building. The recent
Interest in anergy conservation has caused
a reexamination of the trend toward year-
round air conditioning with soafted windows
{espaclally for office buildings). Some ex-
pens helieve thatl a return to bulldings with
operable sash and natural ventilation can
save energy used for coaoling In spring and
fall In maost parts of the country. Other
gxperts argue that any such enargy savings
are lost through air Inflitration around oper-
able sash In winter and summer, which are
peak perlods for heat loss and heat gain.
In any evenl, sealad, fixed windows provide
bettar nolse attenuation than comparable
operable windows, Even a reasonably tight-
fiting operable window [s apt to have a
crack width of 0.03 Inchas [2]. I tho win-
dow |s only 2-feet wide by 3-feet high, it
will have ten feet of crack equivalent in area
to a hale of 3.6 square inches. Some filty
percent of the sound Impinging upon the
window may enter the building through the
crack. Weather-sitipping can improve the
window's acoustleal and thermal perform-
ance, and doubla glazing s superior to
single glazing. In general, thase principles
which provide desirable thermal Insulation
wlll also provide sound isolation,

How much sound Isclation does a "'typlcal®
building provide? The Environmanlal Pro-

tection Agency (EPA) has published thls
type of information for dwellings subjacted
to aircraft noise [3). Tho EPA categorized
houses as "warm c¢limate' and 'cold cli-
mate,"” 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
rooms, Based upon this "open window con-
dition," and alming at conservative values
of the sound levels inside dwellings, the
EPA published the values of Table 7-2.

The sound level reductions provided by the
axterior sholls of buildings In a glven com-
munity have a wide range due to differ-
eancos in the use of materlals, building
techniquas, and Individual building plans.
Nevartheless, for general planning pur-
poses, the Table 7-2 reductions [n sound
level from ocutside to Inside & house can
ba used. However, thelr use In connectlon
with this gulde is limited since they reflect
averaga sound level reductlons, and are,
therefors, not completely compatible with
this deslgn guide's room-by-reom shell Iso-
latien rating methed of calculation.

To fortify the shell against sound, one
should—{1) use heavy, monolithic mate-
rlals (concrete, brick, and block ars more
sound resistant than wood or steel frame
construction or curtain walls)—(2) reduca
the area of cracks and holes penetrating
the shell by caraful architectural detalling
and through quality construction,-—(3) de-
sign for sealed windows with year-round
alr conditioning where noisa conditions
are serious,~({4) reduce the size of win-
dows and provide them with double glaz-
ing keeplng the size of operable sash,
hence crack length, to a minlmum,—(5)
avoid weak links by ensuring that SIRs for
sheli member componenls are comparable
and as large as possible. Naturally, the
designer must use judgment in applylng
thesa sound control guidelines to particular
buflding projects, which will surely have
many other eancerns competing against
acoustic cansideratlons,

Table 7-2. Sound Leve! Reduction Due to Housas™ in Warm and
Cold Climates, with Windows Opan and Closed,

Windows Windows
Open Closed
Warm ciimale 12 dB 24 dB
Cold climate 17 dB 27 dB
Approx. national average 15 dB 25 dB

* Attanuatlon of outdoar polae by oxierior shell of the houaa,
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Furnishings

Do not overlook the possibitiies of acoustl-
cally absorptive materlals for iloor, wall,
and cejllng coverings and for Interior fur-
nishings. The calculations of Chapter &
indioate & maximum sound level diflsrenca
of approximately 6 dB between a bare room
with a hard calling and no carpet, and a
room that has an acoustle celling and is
{ully carpeted, Moderately absorplive dego-
ratlons and furnlshings in an offlce or class-
room would reduce nolse levels by, say,
2 dB below that for a bare, reflactive room.
A difference of a faw decibels, while modaost,
may have a favorable psychological impact
upon building occupants, especially when
made awaro by the presence of these ap-
polntments, that attempts hava besen made
to reduce nolse [evels,

It may be possalble to further reduce nolse
lavels, through the usa of acoustically ab-
sorptiva Interlor partitions, Also, Interlor
furnishings such as chairs, sofas, ete., which
are relatively heavily padded and coversd
with salt fabrics can achleve another noise
level reduction amounting fo 1 ar 2 dB.

I|lustrativa Examplo

To illustrate some ol these design allerna-
tives, lel us once agaln censider the ex-
ample clted in Chapters § and 8, Recall that
for this example, the site Is located near
two majar highways, a rallway, and an air-
port; and the "‘worst case” room selected
for calculations was & corner, fop-lfcor room
In the ten-story apartment building.

Becausa tha nolse from the alrport and
highway is dominant, it ia Impossible to
make elleclive use of any of the suggested
sitlng alternatives short of a completely new
slte seleclon, If one could disregard the
air trallic as a nolse source, 1t would be
baneficlal to re-position the bullding a little
closer to the railway llne, since its noise
componant 1s smaller than that ol the
highway, But since the bullding s sub-
|ected principally to afrcraft noise, It would
not be very helpful to make use of building
location and orlentation optlons.

Bullding configuration wlil not be an Impor-
tant faclor either, since nearly all of the
noise sources are at a cansiderable dis-
tance and arranged around the site so that
the bullding will have no qulst side,

Barriers wlll not be feasible as design
altarnatives because the domlnan! source
of nolse is aircrafl.

Thus, the bullding shel! offars the principal
opportunities for design alternatives. In re-
view of the SIR worksheet (Figure 6-7), you
can qulckly realiza that thera are three
“weak links" In the bullding deslgn for the
“worst case” room-—the window in the flank-
ing wall, and the windew and decorative
stasl panel in the facade wall, To increase
tha tofal room SIR, these “weak |Inks" must
be strenglhened by reducing the arcas of
the "weak link" components or teplacing
them with companents having higher SIAs,
Or, the quallty of workmanship could be
improved to reduce alr leakage.

If {a) the ateel panel is replaced with an
[dentically dimansioned stucco panel (SIA
ot 41}, (b) the single glass fixed windows
are replaced with double glazed fixed win-
dows (two panes of ¥ inch glass plusa 2V
Inch alr space—SIR of 37} In both the llank-
Ing and facade walls, and (c) average work-
manshlp s assumed, the total room SIR can
be Increased to 29, an Increase of 4, If [n ad-
ditlon o these maodifications the workman-
shlp is improved from average {o good, the
total room SIR can be Increased to 30.
Mareover by adding an acoustlc ille celling,
lhe room SIR would be Incioased by 2 to
a value of 32. The predicted tatal scund
level In the “worst case” room would then
be 71 — 32 = 39 dB, which is below the
noisa criterlon leval of 40 dB. As anothor
alternative, ellminating the window In the
flanking wall would Increase the fotal roem
SR to 32 without using acoustic tile ceiling,
Nolse pradictians for this last alternatlve—
no flanking wall window, stucco panel and
double glazed window in the facads wall,
and good workmanship—are lllustrated [n
the SIR Worksheet of Figura 7-7 and the
Aoom Nolse Warkshest of Flgure 7-8.
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Flgure 7-7. SIR Waorksheet for Revised Example.



Figure 7-8, Room Noise Workshest for Revised Example.
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Recall, further, that the room chosen was

ez

A

a 'worst case" carner room with two walls
and a roof exposed to sound pressures.
Othar rooms having only one facade wall
exposad would have noise [evels reduced
by 3 dB relativa to the noise levels for com-
parable rooms with roof and flanking wall
exposure. The sound level within such a
“typical® non-corner, extetior room using
& stucco panel would ba 36 dB, which [s well

apariment bullding, An additlonal increment
aof 2 dB would be achleved I an acoustlc
tile celling ware employed, In thls case the
sound level would be 34 dB, Table 7-3
summarlzes these alternative designs and
the resulting interior sound levels in the
“'warst case' corner room and In other non-
cornar rooms,
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134 Table 7-3. Summary of room SIR and Interlor sound Jevel calculations for "worst cases”
top-floor corner room and comparable interior rooms for the eriginal and two alternative
buliding deslgns.

Flonklng Wall—8~ X 8~ X 18” Hollow Gore Goncietn Block
Design 12* X 5" Hoavy Gilama Fixed Window
Facsda Wali--Matnl Frame Frama Insulnied Arick Venaer
16* x 4' Hoawy Glags Flxod Window
Description 8' x 2 Stagl Panol
Rool—Insulated 3" Eteol Dock
"*worst Case" Top-floar Warkmnnship=Avoraga
Garner Intarlor Furalshings—Carpot, No Acoustic Tils Celilngs or Hoeavy
Room Draper
Non-corner
Rasm
Flanking Wall—a* X B8* X 18" Hollow Coe Concrate Block
12' X 5° Heavy Bouble Glazed Fixed Window
Facada Wall—Malal Framo Inaulated Beick Vonber
10° X 4" Moavy Double Glazed Fixed Window
Ojrxlnat & X 2 Stuceo Panal
Caonfiguration Hool=Insulaled 3" Stesl Cack
Warkmanship—Good
Altarnativs Intarlor Furnishinga—Carpat and Acowstic Tils Cotling, No Heavy
Ho. 1 Drapas
Altarhative Ftanking Wall—g* X 8% X 16" Holtew Cors Concrete Biock
No. 2 No window
Facace Wall=Matal Frame Insulated Orlck Vanast
10" X 4 Hoavy Doubla Qlozed Fixad Window
8’ X 2' Stucce Panal
Aacl—tnaytared 3* Sieel Dock
Wetkmanship—Goad
intoriet Furnishinga—Carpet, No Acousic Tile Colling or Haawy
Prapes
Relaronces {1] Anderson, G. S., Miller, L. N., and Shad- Infitzatlon and Natural Ventilation,
Chaplor 7 ley, J. A., “Fundamentals and abatement Chapter 19 (American Society of Heat-

Deaign Allurnativos

of highway traffic noise: Volume Two-—
nolse barrlers deslgn and example
abatament measures” {Federal Highway
Administratlon, Washlngton, D.C,, 1973},
Avallable from Natlenal Technlcal Infor-
mation Service, Springfleld, Virginia,
Accession No, PB 222-703,

[2] ASHRAE Handbook ot Fundamantals,

T B a8

[3

Ing, Refrigerating, and Alr Conditioning
Enginears, Naew York, 1972).

Anon, Information on lavels of environ-
mantal nolse requisile to protect publie
health and welfare with an adequate
margln of safety, EPA Report No, 550/9-
74-004 (U.S, Environmantal Proteclion
Agency, Washington, D.C,, March 1974),
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Appendix A

SIR Values for Building Shell
Members and Components

Introduction

The SIR values for walls, roofs, windows,
and doors presented In this appendix have
been obtalned, togather with descriptions of
the constructlon detalls, from published
Itarature [1~13] on the sound fsolation, or
transmiasion loss properties of bullding
shell members and thelr components,

Effort has been expended to include In this
list only those bullding caonstructions which
have adequate descriptions of construction
details, and those which appsaar to be tech-
nically conslstent and accurate. Unfor-
tunately, the literature on this topic Is not
wal! arganized; and the data should ba more
thoroughly and accurately complled In the
future. The data of references [1], [3] and
[4] are parhaps the most comprahensiva.

Should you require the SIR value for some
building shell member or component not
listad In Appendix A, and If you have the
necessary transmission loss data, you can
derive the SiR value using the procedure
cutlfned in Appendix B ("Datermination of
the Shell Isolation Rating"). Allernatively,

you can astimate a SIR value by comparing
the shell member or component you have in
mind with ones of similar constructlon listed

herein.

For some conatructfons, more dotalls ean
be obtained from references [1-13), al-
though pertlnant detalls have been Included
herein insofar as possible,

In some cases, manufaciurer's names or
designations are indlcated |n the "Remarks"
portjion of the llsting, This Information [s
based upon avallable published illarature,
and may no! represont cusrently avallable
products or product performance. The
reader [s encouraged to seek out spsclfl-
cafions pertalning to currently avallable
products, to determine tha relsvant SIR
values, and to up-date and supplemant these
listings as approptiate. The Inclusion of
these manufacturers names and propristary
designatlions, or tha omission of othars, doas
not constitute any endorsement or criticlam
of product performance on the parl of the
National Bureau of Standards. Rather, the
data are given to provide a limited sam-
ple of avallable building components for
the users of thia dosign guide.

;’
|
|
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Walls

Doscription

Congcrelo Walls

4 1n. thick dense poured concrete, or solld block
4 in. dense pourad concrete

8 In. thick dense poured concrete, or solid block
8 In. thick dense poured concrete, or solld block
8 [n. dense poured concrete

12 In, thick dense poured concrete, or solid block
18 In. thick dense poured concrete, or solld block

Brick, Dlock, and Tilo Walla

4 In, lightwalght concrote block
4 In. lightwelght congrete block

8 in, thick hollow concrete block, 61n. x 8 In. x 16 In,
8 In. thick hollow concrate block, 6 In, x 8 In. x 16 1n,
8 In. thick hollow concreta block, 8 in. x 8 In. x 16 in,,

V2 In, gypsum wallboard fastened on furring strips
Inalde

8 in. thick hellow conerate block, B In, x 8 in, x 16 In,
8 In, thick hollow concrete block, 8 In. x 8 in, x 16 In,
8 in. thick hollow concrets block, B in. x B in. x 18 In,,
gypsum wallboard fastensd on furring strips inside
12 In, thick solld concrete block, 12 In. x B In. x 18
in., % In, gypaum wallboard fastened on furring strips
inaide

12 in, thick combination wall, 8 in. x 8 in, x 12 In,,
and B In, x 4 in. X 18 in.,, hollow concrate blocks
alotled lightwelght concrate block, 8 In. x 8 In, x 16
In.

8 In. dense concrelo block

8 in, dense concrete block
12 In, thick brick wall

perforated glazed tlle, 3% [n, x 7% In, x 15% in,,
fiberglass core

acoustic ceramic glazed structural facing tile, 3%
In, x 8% In, x 1134 In,

3% In, thick (approx.), 18 ga. stael panels fllied
with 6-8 [b/cu 1t Inaulation

Brick Veneared Framo Walls

tace brick venser, V2 In. alr space with melal ties,
% In. Insulatlon board sheathing, 2 In. x 4 in. wood
studs, 16 In. o.c., resilient channel, ¥ in. gypsum
wallboard screwed to channal

face brick veneer, ¥2 In. afr space with metal tles,
% In, Insulation board sheathing, 2 in. x 4 in. woed
studs, 16 in. o.c, llberglass bullding Insulation, Y in.
gypsum wallboard screwed to studs

Woight Romarks

Iha/ft?

50
50
73
a5
100
145
190

24
24

21
34
14

30
30
43

124

79

50

50
12

{estimata)

{ostimate)
(astimate)

(estimate)
(estimate)

unpalnted

sealed with 2 coats ot
palnt

1 wall painted
exterjor wall palnted

painted both sldes
axtatlor wall palntod

2 coats of bondex ce-
ment base paint en one
glde, Soendblox Typa
“"A" Tha Proudfoot Ca,,
Ine.

soealed with 2 coals of
paint

unpaintad

Arketex Ceramle Corp.

SCR Acoustile

Stark Ceramics, Inc,
joints and edges sealed
{estimata)}

Rof.

(5
{2]
18]
1]
12
5)
(51

(2
2]
(13

4
113

(3]
[13]
(13)

[13]

4
(3l

(2]
12]
(4
13
13)

{5}

(1

M

Sir

a7
A3
48
52
49
61

27

43

4
45
48

43
43
46

&4

48

44

52

52
54
44

48

a8

40

51
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face brick veneer, Y2 In. alr space with metal ties, %
In, Insulation board sheathing, 2 In. x 4 in. wood
studs, 16 In, o.c,, flberglass bullding Insulation, resll-
ient channel, ¥z In. gypsum wallboard screwed lo
channel

Stuccood Framo Walls

Yo in. stuceo, no, 15 felt bullding paper and 1 in.
wire mesh, 2 in. x 4 in. wood studs, 16 in, o.c., 5 in,
fypsum wailboard fastened to studs

% In. stuceco, no. 15 felt buliding paper and 1 In,
wira mesh, 2 In, x 4 in, staggered wood studs, 18 in,
o.c,, % In. gypsum wallboard fastensd to studs

% In, atucco, no, 15 felt bullding paper and 1 in,
wire mesh, 2 In. x 4 in. wood studs, 16 in. o.c,
flberglass building Inaulation, Yz In. gypsum wall-
board screwad to stud

% in, stucco, no. 15 folt bullding paper and 1 In.
wire mesh, 2 in, x 4 In, wood studs, 18 In. o. ¢,
rasillent channal, %2 In, gypsum wallboard screwed
to channel

% in, atucco, no, 15 felt bullding paper and 1 in,
wire maesh, 2in, x 4 In. wood studs, 16 in. o, ¢., fiber-
glass building insulatlon, resilient channel, % In.
gypsum wallboard screwed to channel

Framo Walle With Wood Siding

% In, x 10 in, redwood siding, ¥ In. insulation board
sheathing, 2 In. x 4 in. wood studs, 16 in, o. ¢., fiber-
glass bullding insulation, ¥ In. gypsum wallboard
screwad to studs

8 in, x 10 in. redwood siding, ¥2 In. insulation board
sheathing, 2 in. x 4 in. wood sluds, 18 in. 0. ¢, ¥z in,
gypsum wallbeard screwed to studs

% In, x 10 In, redwood siding, ¥2 in, fnsulation board
gheathing, 2 In. x 4 In, wood studs, 16 In. 0. ¢,
rasillent channel, % In, gypsum wallboard screwed
to channel

8 in, % 10 In, radwood siding, ¥ [n, Insulation board
aheathing, 2 in. x 4 In, wood studs, 16 in, o, c,, fiber-
glass buliding [nsulation, resillent channel, ¥2 In,
gypsum wallboard screwed to channel

Motal Walls, Curlainwalls
fluted 18 ga. sheet matal

2% in, thick panel, 20 ga. galvanized steel channel
wall, perforated 18 ga, galvanized ateel B-|iner, flbar-
glass goglad in polyethylens bags

2%z in. thick panel, 20 ga. gaivanized steel channel
wall, perforated 18 ga, galvanized stael C-liner, fiber-
glass sealed In polyethylane bags

common curtainwall apandrel panel, 18 ga, sheet
matal extorlor, inaulation and % in. gypaum wall-
board Interlor

2% in. thick panel, welded steel riba, vertical 1 ga.
siee! siifienars, rockwoo! insulation between 20 ga.
stesl sheels

2% in, thick pane! stiffeners, rockwool Insulation bae-
tween 20 ga, stee! sheeis

78

5.13

4.48

prafabricated bullding
component
Elwin G, Smith Dlv,

Elwin G, Smith Div.

Corporate M5—454
Virginla Mastal Producta
Div.

Monoline wall pariiticn
Virginla Metal Products
Div.

(1

[2)

12

&)

[

M

{1

i

n

n

i3]

53

34

4

43

43

52

33

34

37

40

25

28

20

as

a4

ar
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2% In, thick panel, 20 ga. galvanized stee!l channel —_ Shadowall

wall, perforated 18 ga. galvanized stesl C-liner, flber- Elwln @, Smith Div,
glasas sealed in polyethylene bags

20 ga, galvanized steal channel wall, perforated 18 —_— Shadowall

ga. galvanized steel C-liner, fiberglass, 5 in. gypsumn Elwin G, Smith Dlv.
wallboard *

[3]

[a

39

M

" Some ol the matal pariitions llsted hera are not principally Intendoed tor use as axtarior partitions, However, the
descriplion and incluslon of SIR vaiues ere Includod lo provide g basis for estimation of the shell Isolallon proporlies of

comparable motal axterior wall systams.

Roofs
Doscription Walght Romarks
Iha/it?
Wood Roofs
buflt-up, Insulated roof over 2 in, fongue and groove 13 exposed planking and
wood planking beams
shingle roaf with attie, %2 in, gypsum wailboard cell- 10 attic ventilation
Ing, framed Independently of roof
built-up, Inasulated roof over 2 in. tongue and groove 15
wood planking, Y2 in. gypsum wallboard with cavity
Insulation
Elool Rools
built-up insulated root over 18 ga. metal decking 10
1%z In, thick roof, 22 ga, stee! roof dacking _ Typs S Acoustideck
Inland Ryarson Co,
1% In, thick roof, 20 ga. steel roof decking — Type & and B
Acoustldeck
Inland Ryerson Co.
3 In. thick roof, 20 ga, steel raof decking — Type3in. H&N
Acoustideck
Intand Ryerson Co,
1% In. thick roof, 18 ga. stee! roof decking — Type S and B
Acoustideck
Iniand Rysrson Co,
412 In, thick roof, 20 ga, steel roof decking —_ Typa 4% In. H
Acoustideck
Intand Ryerson Co.
1% in. thick roof, 18-18 ga, stesl roof dacking — Typa 1% In, NF
Inland Ryerson Co,
4¥2 In. thick reol, 20-18 ga. steel rool decking —_ Type 4% in. H
Acoustideck
Intand Ryerscn Co,
1% In, thick roof, 18-18 ga. steal roof decking —_ Type 1% In. NF
Inland Ryeraon Co.
42 in, thick roof, 20 ga. steal roof decking -— Type 4%2 In, HF
Acoustideck  Inland
Ryeraon Co,
6 in, thick rool, 18 ga, steol roof decking —— Type & in, H Acoustideck
Intand Ryarson Co.
4% in, thick rool, 16 pa, steel roof decking — Type H Acoustideck
Inland Ryarsan Co.
7% in. thick roaf, 18 ga, steel roof decking —_ Type 7% In. N
Acoustideck

Intand Ryerson Co,

Rof,

(2]
(2]
2]

t2]

(3]

(3

(3l

o

(3]

(9]
fal

13
13

2
(3]
[3

SIR

37
40

12

42

43

43

44

48

48

47

47

47

48
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139 1% In. thick roof, 16-18 ga. stesl roof decking — Type 1% in. NF [8] 48
Intand Ryerson Co,
3 in. thick roof, 18-18 ga. steel roof decking — Typs 8 In. NF [8] 49

Acoustideck
Inland Ryerson Co,

8 In. thick roof, 16 ga. steel roof decking —_ Type 8 In. H Acoustideck  {3] 49
Inland Ryerson Co.

4% |n, thick roof, 18-18 ga. steel roof ecking — Typa 42 In. HF [3] 44
Acoustideck
Intand Ryerson Co.

4% In, thick roof, 16-18 ga. sleel roof decking — Type 412 In. HF [at 50
Acoustideck
Inland Ryerson Co.

8 In, thick roof, 18-16 ga. steel roof decking — Type 6 In, HF 18-18 ga. 3] 51
Acoustideck
Intand Rysraon Co,

built-up, Insulated roofi over 4 in, concrete slab 50 [2] 45

Windows
Doscriptlon Wolght Remarks Ref. SIA
Iba/fi?

Fixed Windows, Single Glazad

single alrength glass (352 In.)
singie strength glass {32 In.)

- four lights {12 2
1.3 fixed window, dividad 1] 25
lights, 18 panes, ¥s in.
glass, % in. alrspace

double strength glasa 1.63 single light 1] 20
2 mm glasa —_— wood frame [12] 26
3 mm glass — singla light {13] 26
4 mm glasa —_ plastic frama, 3 lighta 2] 26
Y4 In, glasa -— wood frame, 3 {Ighls [12] 28
4 mm glass —_ wood frame [12} 28
¥ in. glase 3.2 sealed 6] 28
%s in, glasa — wood and steel frame [z} 20
8.5 mm glass _ metal frams, glass sot [12] 28
In farromastic putty
65 mm plass - two lighta [12] 20
% In. plasa — wood and steal frame [12] ag
¥ in, glasa — [12] 30
10 mm glass —_ [12) 31
jaminatad glasa [3{s in. glass, 0,045 In. Intarlayer, —_— 2] 3
3s in. glass]
laminated glags -_— 3 plles, 10 mm thick [12] N
glass with 2 damping
layers
8,5 mm glasa — glass mounted in heo- {12] 32
prens gnsket
159 mm plass — [12) 32
-_ double % In, sheats [1] 32

lam/nated glass
leminated to [nner

clear damping layar,
sealed |n heavy wood
framo
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Ya In, acoustlc glass
% In, glass

laminated glass [¥ in, glass, 0,045 in. [nterlayer,
Ya In. glass]

15 mm glasa

% In. glass

o In. glass

1 in. glass

laminated glass [Ya In. glass, 0,045 In. Interlayer,
3 in. glass)

V2 in, acoustic plass

laminated glasa

laminated glass [3 In. glass, 0.045 in. intertayer,
% in, glass)

Ya In. acoustic safety glass

% In, laminated glass

laminated glass

laminated glass

Flxed Windows Double Glazed
3 mm glass, 4.8 mm alrspace, 3 mm glass

2.8 mm glass, 4.8 mm alrspace, 29 mm glass
3 mm glass, 12 mm alrspace, 3 mm glass
6 mm glass, 12 mm airspace, 6 mm glass
6.2 mm glaas, 11 mm alrspace, 8.2 mm glass
Va4 in, glass, Y2 in. airspace, ¥ In. glass
3 mm glass, 51 mm airspace, 3 mm glass

3 mm glass, 32 mm alrspace, 3 mm glass

4.9 mm glass, 18 mm airspace, 7.6 mm glass

6 mm glass, 12 mm alrspace, 8 mm glass

12 mm glass, 12 mm alrspace, 12 mm glass

¥ in, plate glass, 2% In. alrspace, Yo in. plate glass
8.1 mm glass, 21.6 mm airspace, 9.4 mm glass

6 mm glasg, 13.3 mm airspace, 8 mm glass

7.7 mm giass, 13.5 mm alrspace, 9,5 mm glass

8 mm glass, 12 mm alirspace, 10 mm glass

6.1 mm glass, 27 mm alrapace, 9.1 mm glass

% In. glass, 1 in. alrspace, % in. glass

¥a In, glass, 1 In, airspacs, 3 in, glass

3 mm giass, 75 mm airspace, 3 mm glass

3 mm giass, 10 cm airspace, 3 mm glass

4 mm inner glass, 56 mm airspace, 10 mm cuter glass

3% in. glass, 1 in. alrspace, ¥ in. glass

gesled
wood frame

wood frame

sealed

4 plias, ¥ in, thick
glass with 3 interlayeta
of 0.045 in.

Soundtropans 40
Daarborn Glass Co.

Serles 324

Starfing, Ine.

3 plies, ¥ In. thick
glass with 2 Inter-
layors of 0.045 in.

6 plies, ¥ In, thick
glass with 5 inter
lavars of 0.045 in,

metal frame, weather-
stripped, 6 lights

sealed, 2 lights

sealed unit
wood frame, 3 lights

separata wood frames,
20 Jights

wood frame
sealed unlt

sealed unit

"sealed unit

sealed unit

sealed unlt
figurad glass, 3 lights
figured glass, 3 lights

woad plastic com-
posite window, 1 lip
sealad

figurad glass, 3 lights

(2
(12
na

2]
2]
na]
2
2l

[2]
2]

(2]
(0]
(3]

e

ne]

[12)

(12]
(2]
2]
12
(2]
2]

ne]
2]
(12]
12y
{3
(12
[i2]
112
[12)
f12)
2]
12)
(2]
(8l
18]

2

a3
a
a3

34
34
34
84
as

36
36

a7

a7

a8

38

39

22
25
27
’7
28
30

30
a0
30
a0
a2
a2
32
32
A
a3
a3
33
a4
a4
a4
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8 mm glass, 13.3 mm airspace, 10 mm gtass
4 mm glass, 8,5 cm airspace, 4 mm glass
Y in, glass, 2 in, airspace, % In. glass

6 mm glass, 10 cm alrspace, 6 mm glass

Y& In. glass, 2 [n. alrspace, ¥ In. glass

% in, glass, 2 in. alrspace, 3 In. glass

3 mm glass, 10 om airspace, 6 mm glass

4 mm glass, 10 ¢m alrspace, 4 mm glass

¥ In, glaas, 2 In. alrspace, ¥2 In. glass

V4 In, plate glass, 2% In. alrspace, ¥4 [n. plate glass

3 mm glass, 10 cm airspace, 3 mm glass

3 mm glass, 10 cm airspace, B mm glass

4 mm glags, 10 cm airspace, 4 mim glass

4 mm glass, 10 cm airspace, 4 mm glass

¥e in. plass, 22 |n, airapace, Y In. glass

% In. plate glass, 2% In. alrapace, %s in. plate glass
Y% In, glass, 2 In, alrspace, 3 in. glass
4 mm glass, 10 ¢m alrspace, 4 mm glass

6 mm glaas, 10 cm alrspace, 8 mm glass

6 min glasa, 10 cm alrspace, 6 mm glass

8.25 mm glass, 70 mm alrspacs, 19 mm glass

e In. glass, 2 in. alrspace, 3 In. glass

%2 In. glass, 2% in. alrspace, % In. glass

¥ In. plate glass, 2% In. airspace, % in. plate glass
6 mm glass, 10 cm airspace, 8 mm giass

3 mm glass, 10 em alrspace, 6 mm glass
3 mm glass, 10 cm alrapace, 8 mm glass

%5 In. glass, 4 In. afrspace, ¥ In, glass

% In. plate glass, 4% In. alrspace, % In, plate glass
%z In, glass, 3% In, alrspace, % In, glass

%2 In, glass, 3% in. airspace, ¥ In. glass

sealed unlt [12]

{9]
separata woed lrames, [12]
20 lights

19]
12
figurad glass, 3 lights [12]
(9]
[9]
2]
aluminum frame, {3
DeVac, Inc.
10 cm x 10 cm deep [9)
absorbing material in
frame channel
, (9]
10 cm x 2.5 cm deep 9

absorbing matarial In

frame channel

10 cm x & cm deep )]
absorbing materfal In

frame channsl

naoprene gasketed [2
aluminum frame
13)

hal

10 em x 10 cm deep 18]
absorbing materlal in
frame channel

10 cm x 2,5 ¢m deep {9}
absorbing matarial in

frama channel

10 em x 5 cm deep 8]
absorbing material In

frama channa)

[a
[12]
(2
(3]
10 em x 10 cm deep [8]
absorbing material in
frame channel
10 cm x 10 cm deep [8)
absorblng matatial In
frame channsl
10 em x 10 cm deep {9]
abgorbing materlal in
frame channel
aluminum frame, [11]
Sitelines, Ing,
[a]
neoprene gasksted 12]
aluminum frame
(121

34
a5
35

38
38
36
a7
a7
av
37

aa

38
38

as

a8

a8
k]
8o

a3

ag

kel
40
40
40
4

42

2

A5

45
45

45
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752 In, plate glass, 3% in, alrspace, Ya in. plate glass

Va In. plale glass, 4 In. alrspace, %e in. plate glass
Single Hung Windows, Single and Double Glazod
double glazed (¥s In.)

Y4 In, plate glass
Double Hung Windows, Single Glazed

single strength glass (%2 in.}
single strength glass (342 in.}
single strength glass (¥z In.)

Double Hung Windows, Double Glazad

%2 in. single strength glass, s In.
%2 In, single strength glass, 3 in. alrspace

3%z In, single strength glass, ¥s In. alrzpace,
32 In. single strength glass with storm sash

% in, glass with ¥z In, single strength glass storm
sash

Casoment Windows, Singlo Glazed

airspace,

slngle strength glass (Y2
double strength glass (V&
double strength glass (Yo
double strength plaas {Va

In.)
In}
In.)
In.)

Horizontal Sliding Windows

single strength glass (34:

in.)

single strength glasa (32 In.)

¥ In, plass

Pivoled Windows, Single and Doublo Glazod

Va In, plate glass

double glazed, %s In, plate glass, 2 In. airspace,

Y4 In. plate glass

Miscollaneous Windows, Various Glazing

3 mm glass

Y In. glass

2,9 mm glass

double glazed, ¥ In. plate glass, %2 in. alrapace,

V4 In, plate glass

1.3
1.3

1.63
1.63
1.63

Miller Bldg, Supply
Co.

aluminum frama,
locked

wood frame
single light

single light,
locked

wood frame
single light, locked
wood frams

gingle lights, locked

steel frame

alumlnum frame, locked
operable locked

single light

aluminum frame

alumlnum {rame, locked

aluminum frame

vartlcal pivoted
window

pivoted window with
tharmal and sun
cantrol

Kawneor Co., Ine,

opaerable window,
aluminum frame,

20 lights

oparable window,
aluminum framae,

20 lights

operable window,
wood frame, glass

set In mastic, 2 ilghts

venetian blind window
Amelco Window Corp.

{3l
13l

4}
12

(2
1
n

(m
M
n

1l

(7
"
il
nl

(2]
)]

[7]

13
(3]

12

[zl

2]

13]

45

48

1]

28

20
22
24

20
25
28

29

18
20
28
29

16

24

24

29

38

21

22

23

N
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double glazed, ¥ in, plate glass, 1% in. airspace, 14

in, plate glasa

% In, glass

single strongth glass (34 in.) with single strangth
glass (34: In) storm sash with 21 In. separation
between upper pane and 3% in. separation betwean

lower pane and storm sash

single strength glass {3 In.) with double strength
glasas (32 In.) storm sash with 33% in, separation

between storm sash and glass
glass block window, 348 in. thick

Construction

Glass Doors

safety glass, sliding door
wood, French door, single-

atrangth glassy

Wood Hollow Coro Doore

—

]

I O I

Wood Solid Care Doors

Miscellancous Wood Doorn

pancled

golld panel

hardwood, acoustlcal door

acoustical door

flush

Wouathor-
stripping

brass

yas

yes
bronze
brass

—

extruded
plastio

brass

extruded
plastic

bronze

Doors

Wolght
Iba/ft?

286
2.85

25
1.4

2.5
14
1.25
&1

LR

39

Thick-
noss

¥e In,
1% In,

19 In.
1% In.

1% in.
1% In.
1% In.
1% In.

1% In,
1% In,

% In,
1% in

1% In.

2% .
1% In,

1% In.

venetian blind window
Alpara Aluminum Prod,
Inc,

Jalousle window, 412
in. wide louvers with

Yz in, overlap, cranked
tight

locked

fixed window, divided
lights, 16 panes, storm
sash with slngle Jight

fixad window

Romarks

6x7f
12 lights

K& In. crack at
thrashold
Ye In. crack at
threshold

Perma Stralt Mid-
wast Woodworking
Co.

s In, crack at
thrashold

Inciudes 1 in aluminum
frame storm door with

single-strength glass

e In. crack at
threshald

Munchhausen Sound-
proofing Co, Ine,
Munchhausen Sound-
prooting Co. Inc.
STC 30 sound door
Rapublle Steo! Corp,

[3]

{1l

m

)

[2]

Ret,

|
m

[2]
7
[2]
{7

Ml
[a]

[7
[l

)
1)

(2

[7]
13]

i3
)

42

18

a7

a3

as

SIR

24
24

14

15

17
17
19
28

18
24

25
ao

10

a1
26

20

a0
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Consiruction

hardwood surfaces, high den-
sty core, sound retardant door

Plywood Doors

acoustical door

Stoel Doors

20 ga, steel facing, fiherglass
cofe

ateal faclng, polyurethane
foam cora

18 ga. stes! facing

hollow core

18 or 16 ga. CRS surfacs, kraft
£11-88-1AS honoycomb
paper core

18 ga. ateel facing, flush hol-
low matal, singlo-glazed, In-
tornally ralnforced acoustical
door

16 ga. steel {acing, acoustical
door

hollow metal

18 ga, steel facing, single-
glazed acoustical door

18 ga. steel facing, flush hol-
iow metal, louver, acoustical
door

hollow metal

18 ga. stee! facing, acoustical
door, double glazed

18 ga, ateal facing, acoustical
fira door

masonry core with steal facing

masonry core with matal
facing

metal facing, concrate core

12 ga. steel facing, acouslical
door

Weathaer-
atripping

magnetic

Wolght
Iba/te?

6.7
67

8.2

3.9

54

1,25
a.7

21

11,3

7.9

a1

6.4

7.4

9.3
113

0.5

75

7.1

14.8

219

Thick-
ness

2% In.

1% in.
1% In.

1% In.

1% In.

1% In.

1% In.

1% In,
1% in.

134 In,

1% In.

1% in.
1% In.
1% in.
1% |In,
1% In.
1% In,
134 In,

2%z In,

1% In.

2¥z in.

Remarks

Timabiend core
Weyerhauser Co,

STC 36 door sys.
Republic Steel Corp,
STC 40 door

L8, Plywood

STC 49 door
U8, Plywood

Tearma-Tiu entry
System, Lakeshore
Industrles, Ine,

Fenestra F6 CA4072-
M, Fenestra Door
Producis

3500 saries
Amweld Bulld. Prod,

Sound Sentry Door
Emaerson Engin. Co.

Overly Manu. Co,

Overly Manu, Go,

sound door
Bob Lench Co,

Qverly Manu, Co,

Dverly Manu. Co.

Hol-0-Met Corp.
Overly Manu. Co.

Ovarly Manu, Co.

cam-seal door
Industrial Acous,
Co,, Ine.
Industrial door
Industrlal Acoua,
Cao, Inc.
industrial door
Induatrial Acous.
Co, lne.

Overly Manu, Co.

Reof.

(3l

3]
(3]

(3

(3

(3]

(3]

[l
{3l

k)i

(3]

13]

&]

3]
3]

(3]
(3]

13
(@

13

(8]

(3]

SIR
39

34
a9

47

21

27

29

29
34

a8

a8

a8

a9

38

40

4D
M

44

45

406

47

47




145 16 ga. steel facing, acoustical —_ 8.6 1% in, Overly Manu. Ca, [3] 47
door
18 pga, steel facing — 148 3 In. industrial door [3) 48
Industrial Acous,
Co,, Inc.
16 ga, steel facing, Internally —_ 23 4 In. Overly Manu, Co, [3] 50
ralnforcad acoustical door
—_— — a4 13 In, Amwald 1500 Series (3] 0
Amwald Bulld. Prod.
Composlie Dacrs
flush, wood, plastic laminata — 41 1% In. Perma Stralt Midwast  [3] 17
Woodworking Co.
cohcrete block core, acous- —_ —_ 2% in, #873 acous. door 13} ar
tical door Hupp Corp.
flberglass rainforced plastic extruded 2,35 1% In. rigid polyurethane [1] 28
panal plastio cora
References— [1) Sabine, H. J., Lacher, M, B., Flynn, % In. glazing, Technlcal Record, 44/
Appondix A D. R, and Quindry, T. L., Acoustical 153/384, Dapartment of Works Com-
SIR Valuos and thermal performance of exierior monwaalih, Experlmental Building Sta-
residential walls, doors, and windows, tion, Australla {1970),
NES BSS 77 (Owens Corning Flberglas, (7] Bishop, D. E., and Hirtle, P. W., Notes

Qranvllle, Ohio and National Bureau
of Standards, Washington, D.C., 1975).

Venaklassen, P, S., Nolse exposure
and control In the city of inglewood,
Callfornia (Paul S, Veneklassen and
Assoclates, Santa Monlea, Callfornla,
1968),

Purcell, W, E, and Lempart, 8, Com-
pendlum of materlals for nolse control,
HEW Publication No. (NIOSH) 75-165
{lllinois Inatitute of Technology Re-
search Institute, Chicago, lIl., 1875).

Berandt, 8. D., Winzer, G. E., and Bur-
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pact, and structure borne nolsa-ceontrol
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sound insulation {Proceedings of Inter-
Noise 73, Technlcal Unlvarsity, Copen-
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[9]) ingemanason, S., Sound Insulating win-
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1
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Statens Institut for byggnadsforskning,
Stockholm, Swaden {1968).
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tion 8.26/DE, Dearborn Glass Com-
pany, Bedlord Park, lllinols.
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Appendix B
Technical Basis of the SIR Method

Chjective

The objective of the study that led to the
evolutlan of the SIR method was to derlva
a simple system io predict the attenuation
of A-weighted sound provided by bullding
shells from Information about the construc-
tlon of tha exterfor partitions. It appeared
that such a system would Ideally be based
upen some single-figure rating of the acous-
tieol transmisslon properties of the partl-
fion, would simply account for the exterlor
surface area and Interior furnishings, and
would be relatively Insensitive to the detalls
of the extarnal noise. This appendIx brlofly
degerlbes the evolution of the system which
appears to satlsly these obfectives, and
which s used In this report.

Physical Parameters

In a typleal measurament of the nolse {sola-
fion betwsen two adjacent rooms, measure-
ments of tha space and time averaged mean
sound pressure levals ars obtained In the
two rooms, and the difference In lavels is
abtained, Mathematically, [f the sound lavel
In tha flrst roem (chosen as the one with
the higher nolse level, because |t is assumed
fo contain tho major source of nolse) Is
denotad by SPL1, and the sound level In the
sacond rcom [s denoted by SPL2, then the
tarm {SPL1 — SPL2) is termed the "nolae
reduction” [1], denoted NR,

NR = SPL1 — SPL2,

Throughout this design guide, all sound
lavals are actually A-welghted sound pres-
sure lavels, and SPL1 and SPL2 would each
be measured with the use of the A-welghting
network,

The noilse reductlon Is a physical quan-
tity of great Interest, because It lells us
about the magnlitude of the Isolation batween
the rooms. This isolation |s provided by
the noilse Insulation properties of the sepa-
rating partition. But although the nolse re-
duction accounts for some af the nolse In-
sulation proparties of the partition, it [s afse
dependent upon detalls of the furnishings
and dimansiens of the second (“recelving')

room as well as the workmanship In the in-
stallation of the partition,

In particular, the total amount of absorptive
material In the second room s an important
factor which must be taken Into account,
Thls absorptien Is measured In terms of the
equivalent arez of an opening through which
the sound may be totally absorbed or leave
the room, as through an opan doorway. The
absorption of the receiving room Is thus
givan by a tarm A2 (in squars meters, or
“metric sablnes"),

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 will pass through a large partition
than through a small one, and (all other
factors being equal) a (racelving) room with
a large partition wlll be noislor than would
be the case for & small partition. The area
of the partition separating two adjacent
rooms is termed Sw.

in order to ellminate thess complicating
factors when considering the relatlve noise
[solating properties of allernative partitions,
a physical parameter related 1o the (meas-
ured) noise reductlion is used, This Is the
*transmission Joss", termed TL. Mathe-
matically {1, 2],

TL = NR 4 10 logic (Sw) — 10 logie (A2).

The transmisslon loss s the ratlo, expressed
In dacibels, of the incldent sound power per
unlt area {incldent inlansity) to that trans-
mifted through 'and radlated by a unit area
of the partition, independent of the prop-
orles of the recelving room, Laboratory
data for the transmission loss properties of
partitlons are fraquantly measured and can
be found In the literatura, These data aro
generally measured and reported upon In
oclave-band or one-third-octave bands,
when the acoustic fialds In the two adjacent
rooms are diffuse as in a reverbarant room.
The raverberant room environment makes it
possible to accurately measure the apace-
averagad sound lovels mentloned - earlier,
and also makes |t possible to assume that
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the acoustle field Incident upon the partl-
tion in the first (source) room is such 1that
sound energy Is Incident with equal prob-
ability from all directions.

The exterlor lacads ol a bullding should
provide adequate attenuation of sound ar-
living from a number of directions, For de-
slgn purposes, it Is oftan appropriate fo
make use of sound transmisslon loss data
which correspond lo an average over many
angles of incldence. For soma sjtuations,
sureh as the upper floors of a high rise build-
Ing very near a highway, the traffic nolse
will arrive at pear grazing Incidence and
data for the transmission loss at this angle
would [deally be selected If available, How-
ever, the majorlty of clrcumstances are such
that sound can be expected to arrive from
essentially all angles with equal probabillty,
For this design guide, the “random Ingl-
dance' transmisslon loss data were used in
daveloping the SIR method, Thase data are
appropriate when therg Is equal probabllity
of sound arriving from any direction. For
deslgn purposes, thesa deta are conserva-
tive for sound arriving at the partition from
0* {(normal) to boyond 45, Unless It fs
known that sound wlill wsually Impinge at
near grazing incidence, the use of dala ob-
tained under randem Incldence conditions
should be suitable for exterior walls.

Pubtished transmisslon loss data are fre-
quently obtained making use of laboralory
measurement pracedure; however, proce-
dures for defermining tha alrbarne sound
ingulation [n bullding elemanis are also
avallable {3), The recommendad practice
clied In [3] (9 specifically directed toward
the problems Invalved in measuremont of
the performance of a partition element when
installed as a part of a bullding, whatever
the configuration, as opposed lo a controllad
laboratory environment,

Neglecting the fact that exterlor facades are
not usually used to separate two acous-
tically raverberant systems, for this deslgn
guide we are Inierested In differences In
sound levels on the iwo sides of the facade
{interior and extarior) of bulldings. A slight
compllcation Is introduced if we actually at-
tempt to measurs the sound lavels in the
[mmediata vicinlty of the partition on the
extarior slds; the sound leva! there may be
as much as 6 dB higher than a little furlher
away, This stems from a pressure doubling
elfect dus 1o reflections or the presence of
the rigld partition, but It is restricted to the
region close to the wall and s not a source
of compiication when we wilsh to conslder
the dlfference In dilfuse fisld or random
Incidence and reverberant field space aver-
aged sound levels, These differances are
glven by the noise reducticn, NR,

Thus 1o estimate the noise reduction dus to
a given exterlor pariltien, we need to know
the TL data (from the llterature), the area
of the partition Sw, and the total acoustical
absorptlon of the room, A2, Rearranging the
pravlous expression for transmission joss,

NR = TL —~ 100 (Sw)-}- 10 logie (A2).

For many architectural acousltics problems,
the majority of the acoustlcal absorptlon Is
provided by malarals used as elther floor
or celling coverings (8.g., carpets and acous-
tical collings) or as furnliure. A smaller
amoun! is provided by wall coverings such
as drapes. The total absorption (A2) Is
therelore often crudely proportional ta the
fleor area. As we shall see, this obsarva-
tion Is used in developlng the SIR method,
and corrasconds fo nractical rutes of thumb
frequently used by architectural acous-
{lclans,

The term (A2), lika the tarm TL, Is a func-
tion of fraquency. Typically, an absorptive
material such as acoustical tie may have
a much higher absorplivity for high fra-
quencles than for low, Thus, an evaluation
of *the" nofse reduclion provided by a par-
tition or enclosure must be conductod on
a parrow band basls, and separate astimates
of the nolsa reduction for each octave or
one-third octave band are generated.

To thoroughly evaluale the differance in
A-weighted tevels on two sldes of a par-
titton from published data, saverai steps ars
required., First oho obtalns narrow band
spectral Information descrlblng the nalure
of the sound produced by the neise source
located on the exlerlor side, applies the
A-weoighling characleristic, and then dater-
mines (he averall A-walghied exterior sound
pressura level. Secondly, ono evalules the
partillon used in conjunction with the re-
celving room, using the expresslon for NR
lo ganerate a fable or chart showing the
noise reduction provided by the enclosure
for each narrow frequency band. These
valuas are then subtracted from the spec-
trum tevel data characterizing the nolse
source, to yield tha spectrum levels which
characierlze the nolse within the interlar
room. The A-welghting characteristic fs then
applied, and the overall A-welghted interiar
sound pressura |evel [s then determined.
The diiterence In the two overall A-welghted
levels can then be obtained, and will be a
measure of the prolection from exiernal
noise provided by the building shell,

Obviously this can be a rather complicatod
praocess. To simplily the computalional proc-
ess, refiance Is sametimes placed upon
single figure ratings,

Singte-figure rating systems are frequently
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used in the evaluation of lhe elements of
complex systems. Architectural acoustles
is a field in which saveral such systems are
found. The American Sociely lor Tesling and
Materlals has published the defails of a
single-figure raling system appropriate for
rating the sound fransmission properties of
Intetior partitions by the appropriate sound
transmisslon class {STC) number [4], Other
single-figure rating systems found [n this
field Include the impact isolation class (11C}
system for rating the impact naise proper-
tles of floor-ceiling assemblies [5], and the
shell isolatien rating (SIR) system devised
for this report.
The technlcal basis far the SIR system used
In this report is similar In many respecis to
that for the STC system. Both of these sys-
tems rely upon test data which characterize
the acoustic transmission loss propertles
of test assamblles,
One signlficant difference between the two
systoms (STC and SIR) lles in the fact that
tha STC single flgure rating is a rating de-
scriblng the nolse insulation propertles of
a pariition hsell, whareas the SIR is a single
figure rating which |s used both to describe
tha noise Insulation properties of a partition
alement ("member SIR") and ta describe
the noise isolation propertles of an en-
closure (“room SIR') which has patitions
as fls membaers. It might have been prefer-
able to conslstenlly distinguish between the
SIR numbars appropriate to the shell mem-
bers or components In contrast with that
for tha total enclosure or room but no real
confusien should exlst as one becomes fa-
millar with the impartant concept that ulil-
matsly the room SIR number is used to
estimate the difference in A-welghted (equiv-
alent) sound (ovels between interior and
axterlor of the room, corresponding to the
attenuation (noise [sclatlon) provided by
the bullding shall or the noise reduction.
STC Rating System
Faor the STC rating system [4] parililon trans-
misslon loss data are compared with a
raference contour in a serles of 16 one-
third-octave bands ranging from 125 Hz to
4000 Mz, The sound transmisslon class {for
the partitlon) may be determined by com-
parison of the transmisslon [osses for the
tast specimen plotted on a graph with a
transparant overlay en which the STC refer-
enca contour lg drawn. Flgure B-1 lllus-
trates an STC reference contour. The 8TC
contour is shifted vertically relatlve to the
test curve untll some of the measured TL
values for the test specimen tall betow those
of the 8TC contour, and the following condi-
tions ara tulfillad:

{a) the sum of the deficiencies (i.e., the

deviations below the 8TC contour)

shall hat bs greater than two times

the total number of frequency bands

for which dala are avallable, and

(b} the maximum deflclency at a salngle

test point shall not exceed 8 dB.
When the contour |s adjusted to the highest
value {in Integer declbsls) that meels these
requirements, the sound transmisslon class
for the specimen [s the TL valua correspond-
ing to the Intersection of the referance con-
tour at 500 Hz and the ordinate of the TL
data plot [4]. Note that the reference con-
tour [5 an essentlal element in this rating
systam.

Basis for Evaluation of Allernative Single
Flgure Rating Curves

At the outset of the study which fed to the
SIR method it was realized thal any rating
contour chasen for evaluaticn of the ex-
terior partitions ought lo properly account
for the different frequency specira of the
external noise sources. Thus, It was agreed
that the study should Iinclude use of soveral
spectra lor each of several types of external
nelse sources; e.q., highway, rallway and
aircraft,

Because several alternative rating curves
ware Includad In the study, it was decided
to use simple (although extensive)} statistlcal
studles for choice of the most sultable rating
curva.

The basls ol the process of aevaluallen con-
slsted of repsated comparison of the singte
figure rating number (obtained for a glven
exterior partition member or component,
using a specific rating curve and curve
fitting rute applied to the corresponding
partifion transmission loss data) with the
average shall Isolatian computed by explicli
detalled evaluation of the dilfersnces In

Transmission Loss, d¢8

e DT
125 250 500 1000 2000 4000
Band Contar Frequency, Hz
Flgura B=1. An axample of the application

of the STC contour to transmission [oss
data,
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A-weighted levels which would oxist for
several given nolse source spectra, parii-
tlon elements, and trial room configuraiions.
Because all sound levels to be used in ihis
design guide were to be A-welghted, the
singie figure method was to correlate with
the differance In A-weighted levels, rather
than with other differences of waightad
lavals,

More axplleiily, reallze that the use of the
ratling curve and curve (iiting procedure
ylelds a single flgure Indirectly correspond-
Ing lo the nolse reduction properties, sinca
the nalso reduction is a consequence of
ihe transmission loss provided by the par-
lition. For comparlson purposes, explicit
avaluation of the difference In A-welghted
noilse levels (by the delalied method of
calculation) also yields estimates of the
shell isolatlon or nolse reduction properties.
We sought to choose a rating curve yislding
a predictable systematic mean difference
batween: (1) the single numbers derived
from conslderafion of tha pariition Itsalf,
and {2) the achiaved detalled estimates of
the enclosure's (room's) nolss redustion.

Furtharmers we sought to selsct & curve
for which the stapdard deviatlon of the dif-
ferences batween the systematle mean dif-
ferance and the achieved nolse reduclions
was small, Smallness of the standard devia-
flon was consldered to Indlcate that, for
the statistical se! in consideration, the de-
rived single figure and the dlfferences In
A-waighted sound lavels were reasonably
well corretated, and that, [urther, the single
figure numbers characterizing the proper-
ties of tha partition could be used as the
hasis of simple astimates of the nolse re-
ductlon properites of the enctosure, by ag-
counting tor the mean difference appro-
priafely,

Thus, the choice of an approprlate rating
curve became an exercise In stallstleal con-
sideration of the avollable data.

For this study, spectratl data wara obtained
from the literature, for eleven examples of
highway noise, eleven examples of railway
noise, and five examples of aircraft noise
[6-18). Figures B-2 through B8-4 Ifustrate
the general characteristics of these spectra,
when normatized lo equal A-weighied levels.
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Average Sound
Absorption Coefficient

Prlor work of Ljunggren [19) had suggested
that a single number rating should be
chosen upon some measure of the degrea
to which partition transmlission loss data
“fit” the A-welghted typical exterlor nolse
band levels. For the noise spectra chosen
In his study, these conslderatlons led to
cholce of a raling contour consisting of a
straight line sloped at --3 dB/octave, and
this contour was selected for avaluation.

Much published data are avallable, how-
ever, for the 5TC single figure ratings char-
acterisiic ol pariitions, and )i was thought
prudent to consldar whether the use of this
rating contour {and thus, these published
dala} would be desirable for the purposes
of this design guide,

Still a third irlal contour was conslidered:
a straight fine with zaro slope (a “flat”
contour), This was thought to be desirab'a
on the basis of certain almple curve-litling
proparties,

These thrae trial contours were to be ap-
pliad to the transmisslan loss data for a
large number of exterior pariitions and par-
lition components such as doors, windows,
decoralive panels, etc. The avallable |ltera-
lure was extensively reviewed to obfain
these data. It should be noted that there
ara soma coniradictory data to be found In
the literature, i.e., discrepant data published
for nominally Identical constructions, and
that, as well, the descriptions of construc-
tion defalls ate often Impreclse. Ideally, the
data should be critically raviewed and a rep-
resentative selection of exterlor partltioh
alements and components chosen. For ths
study, transmission loss data for more than
500 exteriar partition elements wers col-
lacted from the Ilterature {19-31).

A trlal room was selected, with dimenslons
of 12 it widg by 8 {t high by 25 ft deep.
Becauge of the possible sensitivity of single
number curve fitting procadures to the de-
talls of Interior absorption, three dliferant
Interior canfigurations were studled ior the
trial room. These correspond to acoustically
“hard”, “medium”, and *soit" rooms, The
absorption coelficlents were computed from
published data, The ‘“hard” room was as-
sumed to have a floor of viny) ashestos Hia
on cancrate, walls of gypsum board on 2 [p,
by 4 in. wooden studs spaced 16 In. on
center, and a concrete celling, No allowance
was made for absorption due 1o furnilure
or accupants for any of the configurations,
s0 that It s probable that the "hard" con-
figuration represents an extreme not olten
found in practice. In the “medium’ room,
the absorption coesfficients for a carpet and
pad were substituted for those of the vinyl
asbestos tite. For tha “soft” configuration,
a fissured tlle celllhg was also Included.
Data for the average sound absorption co-
efficient, correspending to the term {A2)
divided by the tolal interlor surface area
are glven In Figurs B-5 for the three con-
figurations.

Statistical Studies

Initlally, for each of the 27 examples of ex-
terlor noisa spectra, compulations of lhe
differance in A-weighted levels were made
for sach of 507 exterior pertitions of par-
titlon alements, for the “medium" configura-
tlens of the trial room. For coemgparlson, the
507 partitions wara assigned single numbar
ratings using a simple curve fittihg proce-
dure and the “flat" referenca contour. The
mean dlfference between the single num-
baers thus obtalned and the differences In
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Figura B~5. Avarage sound absorp-
tion coefficients versus frequency for
threa room configuratlons,
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A-welghted levels computed using the de-
talled' transmission loss data was then ob-
tained by averaging over the 507 partition
elements for each of the 27 spectra, The
standard deviation about the mean dlifer-
ance was also computed.

The magnitude of the standard devlation for
sach of tho 27 sals of data was such that
the differances bolweon the magnitude of
the mean differences wera small in com-
parlson. Thus, an insensltivity of the com-
parfson to tha dalails of the spectral char-
acleristics was Indicaled, This indlcatad
that, at the least, dala for subsets of dii-
ferant class of noise source would be ade-
quate as opposed to computations for each
specific source, and that 2 mathed involving
averaging over all exterior nolses might be
successful, “Success”, or “adequacy"” of
these studles was undersiocd to be prl-
marily that the standard deviatlons were not
appreclably enlargad when comparing the
standard deviatlons for subsets with the 27
Individual standard deviations.

Studies were next conducted by cemputing
tha corresponding statistfics agaln for the
twenty-seven specira, but including the use
of "flat", -+3 dB/octave, and STC rating
caontours, agaln for the more than 500 par-
titions, and including the three trlal room
configurations, However, because of the
noted insensitivity to datalis of the spactral
characteristics, the statistics were this time
computead for each of the three subsets cor-
rasponding to dlifferent classes of external
noise source (highway, raflway and alrcraft)
as well as when averaged over tha complate
set of iwanty-sevan nolse source spectra,
Thirty-slx values of the mean differences
and standard deviations wers thus com-
putad; correspondlng to four sels of source
spectra {3 sub sets of class of source plus
the completa sei including the 27 source

specira); three ratlng curves; and thres ab-
sorptlon conflgurations, These data are
shown in Table B-1,

It Is apparent that the differences between
the daia for each of the subsets correspond-
Ing to dilfering classes of sources were
madest relative {o the sizes of the standard
deviations so that the separate considora-
tions of dillerent classes of source s prob-
ably not warranted. Conslderation of those
data was thus subsequently restricted to
The stalistical data for the complele set
which Include consideratlon of all 27 scurce
spectra,

The most desirable single Hgure rating
systam would be that characterlzed by a
small value of standard deviation. For the
‘medivm" room conliguration, the data
obtained uslng the 3 dB/octave curve are
characterizett by the smallest standard devi-
ation (2,10 dB), followed by the “flat”
(2.19 dB) and STC (2.69 dB) data. For the
“seft" room conliguration, the relative rank
orderings, In terms of Increasing size of
the standard deviation, are the “flat", 3
dB/octave, and STC data, Finally, for the
“hard" configuration, the rank orderings are
S8TC, 3 dB/octave, and “flat". Though no
one rating curve fs superfor for all rcom
configurations, the dlffarances belween the
"3 dB/octave” and "flat” data for the two
most representative room canflguraticns are
small and the data using thase two curves
are superior to those for the STC contour.
In view of the fact that the 3 dB/ociave data
are superior to the "flat" contour (and only
slightiy Inferlor to the STC contour data)
for the “hard” room configuration, a slight
ovarall preference Is shown for the 3 dB/
octave contour as Ljunggren suggested,

In order fo test the sensitivity of this choice

Table B-1
Statlsilcnl apalyals of mean dilleroncea and siandord devlallens bolween the mingle tgure derlved by curve fltting 1o

partilicn tranamisslon loas dala and ihe loyyl diffarenco, Thyae rogin Al
507 partitions and Ihreo conjoura ware conaldarad, All daig are urtls of d

bulorpllon contiguratiens, twenly-sovon noiso Spacirs,

3 dB/foctave . 8TC “Flat"
Coataur Cantout Contour
Mean DIt, Sid, Dav, Meaon Difl.  Sid. Dov.  Moan DiN,  6id, Dev,
Hard Room Configuration ]
11 Highway Spastra —2,32 1.57 —5.47 1,53 —0.71 2.63
11 Railway Spectra -1.85 1.78 = 5,00 1.58 —0.24 281
5 Alrcrall Spestra -1.48 1.98 — 4,81 1.68 +0.15 a.29
Complate Set of 27 Spectra —1.87 178 —512 1.61 —0.38 2,66
Medlém Room Configuralion
11 Highway Specira +2.01 1.94 —1.13 2,68 +-3.63 1.78
11 Raillway Spectra +42.75 2.09 ~— 0,39 2.67 +4.37 2,23
5 Aircraft Speclra -2.39 2,12 +0.25 2.50 +5.01 2.56
Complate Set of 27 Specira +2.57 210, -0.58 2.68 +4.19 210
Soft Room Configuration
11 Hlighway Specira +3.77 231 +-0.63 3198 +5.39 1.65
11 Railway Spectra +4,65 2.51 1,50 3.24 48,27 2.23
&5 Alrcraft Spectra +-5.42 2,33 +2.27 2,92 4-7.03 243
Complalo Set of 27 Specira +4.44 2.48 +1.28 . 322 +-8,08 214
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of preferred rating curve to the composition
of the set of trial pariltions, a subset of 50
extarnal partitlon elements was chosen, with
attention to selecltion of & more represent-
ative assortment of walls, windows and
doors. (It had been noted that the set in-
volving 507 partltion eloments included
more windows and doors than external par-
titlons, Thus Jt was declded to select a
subset which contalned a smalter relative
number of windows and doors, and to see
[f the statistical studles diffared apprecl-
ably)) Once agaln, statistical analysis of
the data was conducted, averaglng over the
one set of 27 external nolse spectra, for
three configurations ol absorption, and three
rating curves. Nine valuas of the mean
differences and standard deviations were
thus obtalned. For the medlum room ab-
sofption this time tho rank crderings are
"fat”, 3 dB/oclave and STC. For the “soit”
configuration, the orderings ara “flat’, "3
dB/octave”, and "STC", while for the “hard”
configuralicn, the orderings are “STC",
“3 dB/octave", and “flat". Hers the dif-
ferances are slightly In favor of the "flat"
contour as opposed fo the 3 dB/octave con-
tour for the two most representative room
configurations, with a preference shown to
tha STC and 3 dB/cctave contour for the
“hard" conffguration,

Comparlson of the results of these two
siudlies shows that there Is not really any
marked supetlorlty to alther use of the 3 dB/
octave or "flat" contour, but that the STC
contour Is genarally nat favored In this study,
A more detailed and exhaustlve study than
that conducted here would be assantlal to
clearly show the superiority of any method,
However, such a sludy should include ade-
quate definltion of “typlcal' fong term time
avaraged exterlor nolse source spectra, con-
sldoration of the transmisslon loss charac-
teristlcs of & representative selection of
“typleal” exterlor partition elemants, careful
definition of “typical absorption data for
“hard", "medium", and "soft” room con-
figurations, and variatlon of room geomsi-
rical parametars,. In the absence of these
data, a declsion i¢ make uss of the 3 dB/

oclave contour as suggested by Ljunggren

was made, This decision was motivated by
the absence of clear demeonstration of the
superiorlty of the alternative contours (“flat”
and S8TC contours), because of the apparent
adequacy of such a contour (as demon-
strated by these statistical studies), and by
a deslre to avold advocacy of any addltional
reference contours.

" Evolution of The SIR Method from the Sta-

Hstlcal Data
In order to make use of the slngle figure
ratings characterizing the parition's nolse

isolation propertles (the "member SIR") In
order to predict tha diffarence In A-walghted
lavels, il ls necessary to account for ob-
vious systematic factars relating to the room
and partilion which enter Into the relation-
ship. Two of the immediate factors anter-
Ing into the analysis are the dilferences due
to room absorptivity and partition area.

By comparing the data for tha hard, medium,
and soft room configurations when averaged
over tha smaller set of partitions and 27
spectra, when using the chosen 3 dB/octave
rating curve, the mean diffarences ars —1.8,
2.3, and 4.3 dB. That is, on the average,
the single number assigned to the partition
difters from the actual computed diiference
in A-waelghted sound levels by these
amounts. To the nearaest Integar, these are
—2, 4-2, and -4 dB, Thus, for axample,
the change from “medium” to “soft" room
conlfiguratien Increases the mean difference
by 2 dB. This diffarence is probably prin-
clpally due to the additlonal absorption at
high frequencles provided by the “soft”
room configuration. Therafore, a simple
method of accounting for differences [n
roem absorption is suggested; namely, add-
ing appropriate corraction factors to the
partition's single figure {mamber SIR) num-
ber to allow for the absorptivity of tha In-
tarlor voluma, These considerations led to
the room absorption corrections on the SIR
worksheet for the hard and soft configura-
tions, and the additional mean dlilerence for
the medlum room configuration of --2 dB
Is "built Into" the room geometry correctlon,

The next parameter to be sysiemalically
studied was the effect of varlation of the
arsa of the test panel relatlve to the total
absorplive area of the room. The total
amount of accustical absorption in this
model is approximately proportlonal to the
floor area (particularly for the "soft” con-
figuration), It is apparent that otherwise
identical rooms wlll be such that reoms with
larger total floor areas will have the larger
absorption, and hance, lower Interlor nolse,
Conslderatlons of varlatlen of the exterlor
wall area {correspending to the lerm Sw),
relative to the floor area led to the evolution
of Table 6~4, which allows us fo adapt the
SIR predictive method to account for rooms
with varlous ratlos of exterlor wall to floar
area.

In order, then, to obtaln the dlfference in
A-waeighted leve!s in the room and at the
exterior of the building, the following steps
are Indicated:

1) Obtain the SIR single-figure rating ap-
propriate for the exterlor partliion wall
through the use of the selected curve-
fittlng procedure and the +3 dBf
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octave contour. This I a “member
sIRH‘

2) Account for the average absorptivily
of the room's surface absorption char-
acleristics by allowing absorption cor-
rections of --2 dB for the seit room
cenfiguration, and —4 dB for the hard
room configuration.

3) Account for the specliic room geom-
otry (floor area/partliion area) by con-
sulting Tabte 6—4 to derive a corrac-
tlon factor which accounts for the fac-
tors [10 logw (Sw}] and {—10 log:.o
A2), and which also Incorporates a
factor of }-2 dB to account for & sys-
tematic mean dlfference noted In the
statistical analysls for the medium
reom configuration,

To this polnt, the SIR procedura provides
an estimate of the differance In levels (the
“room SIR") based upon three factors:

.., aslngle figure rating derlved from, and
proportional 1o, the extarnal partition
transmission logs data,

...the room acoustic absorplion, corre-
sponding to the frequency character-
Istlca of the three differing room ab-
sorption conflgurations.,

...the room geometry correction factor
accounts for the relative slzes of the
exterlor partitlon and the total amount
of acoustic absorption, (proportional
to the floor area).

To iNustrale these facts, conslder the casa
of the triel room used for the study, As-
sume that the exterlor partillon wall is B ft
by 12 ft, with a SIR number of 30, The fiaor
area Is {12 it X 25 ft = 300 '), The room
peometry correction factor is -2 dB be-
cause the ratlo of exterlor partition wall
area to floor area Is 0.32 (see Table €-4).
For the “medlum” room case (carpeted
floor, bare walls and hard ceillng) no addi-
tlonal corraction factor is required, Thus, the
fevel difference Is (30 -~ 2) = 32 dB. That
|s, the A-weighted sound level of the acous-
tic fleld Incidant upon the exterior side of
the wall will be 32 dB larger than the
A-welghted aound level in the interior of the
room,

Next, It is nacessary to conslder the effect
of the presence of several partitions. The
analytiec model chosen for this case assumes
in eifect that the room can always be re-
garded as a superposition of several nom-
nally Jdentical rooms, each of which has
only cne wall exposed to the exierlor nolse,
In such a case, simple logarithmic combl-
natlon of the levels wilthin each ef tha Indi-
vidual rooms of the analytic modal will
ylald the level corresponding to the case
which has several exterlor pariitions with
ona room, This Is because the Individual

rooms of the analytle model each have a
sound pressure lavel which arlses as a con-
sequence of the acoustlc power flawing
through the [ndividual exterior walls, and
bacause Jogarithmic combination of scund
pressure levels is the proper way fo ac-
count for the additlon of quantities propor-
tional to power.

To account for the derlvation of the SIR
numbet appropriate for composite parl-
tlons, It Is necessary to account for iwo
factors; the areas of tha individual compo-
nents and the differences In their sound
transmisslon properties, The data of Table
6-2 were generated from conslderation of
an expression derlved for the transmission
loss of composite partitions, accounting for
these two varlable factors. An Incremental
change in tranamlssion loss will corraspond-
Ingly affect the SIR number,

The tabulated data to account for tha pres-
anca of leaks Is obtained from considera-
llons similar to those used to account for
the existence of composite partitions. Here,
the analytic model assumed that the |eaks
constitute finite openings with a zero trans-
mission loss, Although this is an over-
simplified modsl, and doses not account for
the possible resonance etfacts known to
occur for narrow slot-llke openings, It |s
nonetheless relatively simple, and may ba
adequate for lypical leaks which occur due
to poor and moderate workmanshlp.

Determination of the Shell Isolation Rating

The SIR rating of partitions or partition afe-
menis net listed In Appendix A may ba de-
tarminad by using laboratory test data of
tranamlsslon Joss varsus one-third octave
or octave band frequency, If these data ara
avallable. For the SIA single-figure rating
system, the transmission loss data are
compared wlth the SIR referance curve
{a |- 3 dBfoctave stralght lne with an
intercapt of the 0 dB axls at 500 Hz) In each
of the one-third oclave or octave bands of
dala, The curva filling fechnlgue used to
determine the SIR number for a particular
partition or element [s rolated to that used
to determine the STC rating [4). That is,
the transmission loss data for the tast speci-
men is plottad on & graph with a transparent
overlay on which the SIR referencae contour
is drawn, The SIR contour is shifted ver-
tically relative to the test curve untll some
of the measursd TL values for the test
specimen fall helow those of the SIR con-
tour such that the sum of the deficlencles
(l.e,, the deviations below the SIR contour}
In one-third octave or octave bands [s less
than two times the total number of frequency
bands for which data are glven. An example
of this curve fitling process Is shown In
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Figure B-6, For this example, data are
given for 16 bands. The sum of the deficlen-
cies must ba less than 32 dB in this case.

Whaen the contour is adjusted to the highest
value (in Integer decibals) thal meets this
requiramant, tha SIR nuwniber for the speci-
men is tha TL value corresponding o the
pasition of the 500 Hz coordinate of the
SIR curve, Nota that the primary difference
between the SIR and STC curve fitting tech-
niques, aslde from the dlfference In rafor-
ance contours, {s that the requirement that
the maximum deficiency at a single test
point not excead 8 dB Is not used in the
SIR system. Also, it should be pointed out
that the usa of one-third-octave band data is
preferable to the use of oclave band data be-
cause there are more dafa peints and thus
finer rasolution of the actual'transmission
loss characteristics of the test specimen.

Discussion

There are several readily Idantifiable de-
ficlencies ol thls mathad of accounting for
buliding shell sound transmisslon, and Jt Is
imporiant to state some of the lmitations
so that thers is no misunderstanding about
the range of validity of this analysis.

As praviously mentioned, In a lyplcal urban
nolse situallon, the acoustic fisld Incldent
upon the building extarler will net be a dii-

Transmission Loss, dB

25 250 foo 1000 2000 4000

Band Cenler Frequency, Hz

Flgure B-6. Example of curve-filting tech-
nique for determination of SIR valua ot
a test specimen bhased upon one-third
octave band transmisslon loss data. SiR
contour is --3 db/octave siralght Hine with
ordinate Intercept at 500 Hz equal {o the
test specimen 5IR value,

fuse acoustlc field as Is assumed in both
the STC and SIR models, but is more prob-
ably a wave Incldent at some specilic angle
{or narrow range of angles) of incldence.
Under these condiflons, the transmission
loss data, ajready known to be Iraquency
dapendent, are also depandent an the angls
of Incidence. Thess complicatlons were
judged to bo beyond the scope of ihis
roport,

The choice of the -}-3 dB/octave contour
for the evaluation of the SIR method was
predicated upen comparative consldsration
of more than 500 exterlor partitions or par-
titlon elements with three trial contours,
twanty-seven source spectra, and throe
room absorplion configurations, Whila this
Is not as exhausilve 8 study as might be
concelved, thls cholce of reference con-
lour does have the virlug of relative sim-
pliclty, and the averaged standard deviations
of ihe difference between the computed
A-wsightad lavel difference and the results
of the SIR method in the statistical analysls
ara lyplcally of the arder of 2 dB, and the
mean differences have been accommodated
In the adaptations of tha “member SIR"
into the "room SIR".

The optimum choice of a reference curve
is undoubtedly dependent upon tha detalls
of the exterlor noise specira under consider-
ation [33]. in the absence aof long-term
time-averaged extorlor hoise spactral data,
as would be most appropriate for a design
meathod keyed to equivalent sound level
metrics, the present salection of & raference
curve should be adequats for [ntarior usage.
It is also Important to acknowledgo that
the choice of rapraseniative room absorp-
tlon characteristics will Influence the de-
tails of the mathod, In reallty, few rooms
are as “hard" as the “hard" roam approxi-
matlon and it Is certaln that othar “repre-
sentative’ room absorptlon data and cor-
roctlon factors can be conceived, Further-
mare, the correctlon factor for **leaks” could
be more sophisticated than that suggested
here. But once agaln, it was thaught de-
sirable to provide a simplified modal and
computational method.

Finally, it must be admitted that the evolu-
tion (and evaluation) of single-figure com-
putational methods for the sstimation af
acoustlcal properties is an Imporiant ra-
search tople. The prasent method Is only
one example of such a procedure, and this
meihod may be subject to modlficatlon as
data on Its utlilty and comparisons with
cxperimental data become avaliable, Cur-
rent research at tha Natlonal Research
Councll in Canada [34, 35] has led to tha
evolulion of an alternative simpllfied method
directed toward control of alrcraft noise in
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bulldings, and the work of Ljunggren In
Sweden [19] can be clted as yel another
example directed toward traffic noise de-
sign considerations. The authers of this
desipn gulde encourage the Interesied
reader to make use of alternatlve slmpli-

fled computational methods and to consider
the use of more delailed methods as thelr
understanding of the acoustlcs involved In
designing for noisa conirol increases, Such
an Incressed understanding can only lead
to & better environment,
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Append|x C

Sample Worksheets

PRELIMINARY SOURCE EVALUATION WORKSHEET

1 2 3 4
Noise Building- Might there If the answer If the answer
Source Source be excessive  Is noinall Is yas lor ona
Distance noise? (yes cases, or more of the
or noj [Sea for highways, sources,
Table 2~2] railways, or
airports *
\ Omit Section 2 Oblain the data
Highway #1 faet of Chapter 5 and perform the
computalions
#2 foat ouliined In See,
2 of Chapter 5
#3 faet for each high-
way with a yos
#4 fest answar.
Railway #1 feet Omit Section 3 Obtain the data
of Chapter 5 and perform the
#2 feat computations
oullined In Sec,
#3 feat 3 of Chapter §
for each railway
4 fest with a yes answer.
Alrport #1 miles Omit Section 4 Obiain the data
of Chapter 5 and perform the
#2 miles computations
outlined In Sec.
#3 miles 4 of Chapter 5
for each alrport
#4 miles with a yes answer.

* It the answer Is ho for all three types ol transportation system nolse source, this design guide evalua-

tion is not Necessary.
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Highway Worksheel {

Building Project

Highway Numbet

Sita point or buliding room for which sound pressure
lovois ara belng oslimalod —— .

Dato Ruvinad

Ownor Dosignor

Acadway-—Rullding Slio Distanca: DC (Faol)

27

Autos

Madium Trucks Heavy Trucks

Avarage Vehicle Speoed, mph

Tolal Numbaer of Vehicles

SAI SMI SH[
A A7 A,

a)  Loq(t) VA{1) VM(1) VH{1}
b) Leqie) VA(B) VM) VH(8)
c) Lag(ad) VA[24) VM{24) VH{24}
OvA NVA DVM NVM RBVH NVH
d) Ldn
VM VMG
Avarage Vahlcle Volume {veh/hr)

Pradicted Nolsa Lavels

Leq(l) No Shisding

Total Shlatding Corraction
A teafl) | (ighway Workaneer 2)

Leg(i} Corraciad for Shlelding

Lag{a) No Shiolding

Tolak Shislding Correcilon
B} toq(® | qHighway Worksheol 3

Leq(@) Carectod for Shleiding

Legi24) Neo Shielding

Tolal Shielding Coractian
e} Laql2d) | (highwny Warkshan! 2)

Leg(24) Carnectad for Shislding

HNL

RO

CON

€) Ldn
Ldn No Shlslding

Total Shielding  Cerraction
{Hlghway Werkahest 2}

Ldn Correcied for Shlalging

Tolal Highwhy Nolso

7

Duitding Sila Noiaa Due To Saveral Highways
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Hlghway Workshoat 2

Bullding Praject

Highway Number

8lie peint er building foom for which sound presmure

lovels ars Balng

f.ocatlon Desligner
Owner Pato Ravisad
Aoad Bufding Sita DI O¢ (Fasl)
Elsvated Peprassad
Burilar Roadway Rosdway
Shlolding oB HB nB bE HE n bo HD | hD "
Geomatiy
Autos And Aarm Basm Cym bafm
Modlum
Truckd
Falh
Langth
Bitleronce A
Hewvy h Bh Ch ""l
Trucks
Aulo Madium Teuck Heavy Truck
Qorreotion For
“[nfinlte" Bhislding CBAIM C3A/M CoH
Blamant
fneludod Angle Ratio, RA 7////////
Cotratllon For Auto Mudium Truck Hoavy Tiok
“Flnlte* Ahlsiding
Etmsnl oBAIM COAM cox
Dullding Darriar n [:]:] W
(75
Vegalattan dw civ /
o’
Aulo Muodium Truck Hanvy Truck
Total
finlglding CBA/M 4 CHB 4 cav CHA/M - €8O 4 Cav CEH + cBb 4-cay

Correation

O U
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Rallway Worksheat 1

Rollway Number

Project
§ilo peint or bullding room for which saund pressute
Locatlen levels are belng astlmaled
Owner Dazlgnsr Dalo [ —
Rallway=Bullding Sllo Dia} P (Fest)
Conventlonal

g7

Frelght Tralna

Passenger Traina

RAapld Transll Trolns

Docs ihs iype of train use
the track belnp analyzed?}

Diusol-Electtic or Atl-Elocitle
L.ocomoilva

NL

2

Averaga Tralp Spaed, 5, mph

Avorage number ol cars, ne

Avorage tialn length, LT, feot

Avorage Numbar al Pansbdys

72,

g7

AR

o) Leq{l} : N3

b} Log{d) ;s No

€] Leqia4) | N24

ND NN RD NN ND NN 1
d Ldn
Diosal-Electric Locomoilva FEE 55 355?] £ /

Raforonce Lovel, LS

T

Qisinnce Attonuation, DAL

Aaliway Cars A / / /
Aclarance Lovel, CL

Durdtlen Facter, £0O

Track Characintisticn, CT

Dislance AMsnuniion, DAC

CH1

v

A

4]

Leq{1} No Shlalding

o} Log{i}
Tatai Shislding Carreciion
{Raiiway Workahoot 2)

Log(3) Correctad for Shlalding

CNB

s

AN A

ca

b) Log(ny [ Lot{B) No hlaiding

Total Shletding Gorection
{Rnliway Workshoal 2}

Laq(s) Carraclad for Shielding

CN24

/_/A‘

Ao S

T4

c) Log(edy | Loa(R4) Wo Shlulding

Total Bhiolding Cosracllon
{Rallway Workshoot 2)

Leqi24} Corrocied far Shiolding

CN

CON

Ldn No Shiatding

d) Ldn
Talal Shlelding Corrociian

{Rallway Worksheot 2}

Ldn Corrocled tor Shlalding

Tolal Raliway Nolse

LIS IAIAA A AN
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; Rallway Worksheat 2
Railway Numb
} CQuilding Praject Site palnt or bulidinp room tor which eound prosaure
lovals Aara being estimated N —
l Location
h D '_
.
! Ownet Dalo Reviéd
|
‘ ' Raliway—Buliding Sita Distance; D (Font)
i E|svatad Poprosaed
] Battlat Rallway Asliway
1
i 8hlsldin
i ey oa | wo | we | & | oE | HE s pp | wo | mo | a
|
1
i
|
: A0 Ac ce Lo
i Aaltway
: Coars
Path
Longth
Diliarence
‘ Closal. M B el u
1 Etegitlc
1 Locomoliva
Rallway Cary Dlosel-Electilc Lot
) Corrocllen For
' “Infinlin* Shietding 21+ CslL
- Element
T ///////////
Z]
Corraction For Aellway Cats Dloeal-Electrle Loa,
"'Finlte" Shielding
lament
&sc (+1:18
Bultding Barrfor nr con
Vogetation dw cav
Rallway Cars t¥eaal-Eloctric Lo,
Totnl
Ghioldlng GSG + CE0 + C8Y CSL +- CBD 4 G5V
Gorraction
- Track Characiaristics
[] b -] d
Adiun of Bridgewatk
Prosance ol
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Waste Heat
Mﬂll ement
ook

A typical plant can save about 20 percent of lts
fuel—jusi by Installing waste heat recovery squip-
ment, Bui with so much equipment on the market,
how do you decide what's right for you?

Find the answers lo your problems In the Waste
Heat Management Guldebook, a new handbook
from the Commerce Dapariment’s National Bureau
of Standards and the Federal Energy Administra-
tion.

The Waste Heat Management Guidebook is de-
signed to help you, the cost-conscious engineer or
manager, learn how to capture and recycle haat
that is normally lost to the environment during in-
dustrial and commercial processas.

The heart of the guldehook ls 14 case studies of
companies that have recently installed waste heat
recovery systems and profited. One of these appli-
cations may be right for you, but even if it doesn’t
fit exactly, you'll find helpful approaches te solving
many waste heat racovery problems,

In addition to case studles, the guldebook contains
information on:

sources and uses of waste heat

determining waste heat requirements

economics of waste heat racovary

commercial options in waste heat recovery
aquipment

Instrumentation

englneering data for waste heat recovery

® assistance for designing and installing waste
heat systems

To order your copy af the Waste Heat Management’
Guidabook, send $2.75 per copy (check or money
order) to Superimendent of Documents, U.5. Gav-
ernmant Printing Office, Washington, D.C. 20402,

A discount of 25 percent Is glven on orders of 100
coples or more mailed {o one address,

The Waste Heat Management Guidebook is part of
the EPIC Industrial energy managemeni program
aimed at helping Industry and commerce ad|ust to
the increased cost and shortage of energy.

U.S. DEPARTMENT OF COMMERCE/Natlonal Bureau ol Standards
FEDERAL ENERGY ADMINISTRATION/Energy Conservation and Environment
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magazine of the Nation-
al Bureau of Standards.
Still featured are special ar-
ticles of general interest on
current topics such as consum-
et product safety and building
technology. In addition, new sec-
tions are designed to . . . PROVIDE
SCIENTISTS with illustrated discussions
of recent technical developments and
work in progress . . . INFORM INDUSTRIAL
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 repotts on all the latest NBS publications,
with information on how to order. Finally, each issue carries
a page of News Driefs, aimed at keeping sclentist and consum-
er alike up to date on major developments at the Nation’s physi-
cal sclences and measurement laboratory.
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NBS TECHNICAL PUBLICATIONS

PERIODICALS

JOURNAI, OF RESEARCH-—The lournal af Research
of the National Burcau of Standards treports NBS research
and development in dhose disciplines of the physical and
engineering sciences in which the Buremn Is aclive, These
include physics, chemistry, engincering, mathemultics, and
computer scicnces. Papers cover o broad range of subjects,
with  major emphasis on measirement methodology, and
the basic technology underlying standardization, Also ine
cluded from lime o ime are sirvey arlicles on topices clpsely
relnted to the Burcau's technical and seientific programs, As
u specinl service Lo subscribers ench isstie containg complete
citntians to all recent NBS publications in NBS and non-
NBS mudia, Issued six times o year. Anoual subscriptivn:
domestic $17.00; Toreign $21.25. Single copy, $3.00 domestic;
$3,75 foreign,
Note: The Journal was formerly published in two sections:
Scction A “Physics und Chemistry” and Section B “Muthe-
matical Sclences.”
DIMENSIONS/NUIS
‘This monihly magazine is published to inform scicntisls,
engineers, businessmen, industry, teachers, students, pnd
consumers of the Intest advances in science and technology,
with primary emphasis on the work al NHS, The mugnzine
hightights und reviews such issues ns energy rescarch, fire
protection, building technology, metric conversion, pellution
ubatement, health and safery, and consumer produet per-
formance, In addition, il reports the resulis of Bureau pro-
granns in mensurement sinndards and technigques, properties
of matler and materials, engineering standards and services,
instrumentalion, and myomalic dati processing,

Annual subseription: Domestic, $12.50; Foreign $15.65.

NONPERIODICALS

Muonogrupls—Mnjor contributions to the technical liters
alure on varlous subjects telated to the Bureaw’s selentific
and technical activities,

Hundhuoks—Recommended cades of engineering und indus-
trinl practice (including sufety codes) developed in coopers.
tion with interested industrics, professionnl erganiziions,
and regulatory bodies,

Spechat  Publicatiuns-—Include preceedings of conferences
sponsored by NBS, NHS annunl reports, and other special
publications apprapriale to this grouping sich as wull charts,
pocket cards, and hibliographies.

Applled  Muthemutles Serfes—Mathemntical tables, man-
upls, and studies of special interest to physicists, engincers,
chemists, biologists, mathematicians, computer programmers,
and others engaged in selentific and lechnical work.
Nutiontul Stundard Referenice Data Serles—Irovides quanti-
tatlve data on the physical and chemical properties of
materfals, compiled from the world's literature and critically
evalunted, Developed wnder n world-wide program co-
ordinated by NBS. Program under authority of Nalional
Standard Data Act (Public Law 90-396),

NOTE; At present the principal publicalion outlet for these
datie is the Journal of Physical and Chemical Reference
Puea (JPCRD) published auarterly for NBS by the Ameri-
cnn Chemical Society (ACS) and the Americnn Institute of
Physics {ATP), Subscriptions, reprints, nmd  supplements
avililable from ACS, 1155 Sixtecnth St. N.W., Wash,, D.C,
20056,

Hullding Science Serles—Disseminates technical information
developed at the Burenu on building materials, components,
systems, and whole strichures. The series presems rescarch
resulis, test methods, and perforniince criterin related to the
struetrat nndd environment:id functions and the durability
and safety charneteristics of building elements and systems,
‘Fechnical Notes—Studies or reports which are complele in
themselves but restrictive in their trentment of a subject,
Analogous o monogruphs but not so comprehensive in
scope or definitive in treatment of the subject area. Often
serve as g vehicle for fimal reports of work performed ot
NHS under the sponsorship of other government agencies,
Yol y Produet Slundards—Developed under procedures
published by the Department of Commerce in Part 10,
‘Title 15, of the Code of Federal Regutations, The purpose
of the standards is to establish autionolly recognized require-
ments for products, and 1o provide all concerned interests
with 5 basls for comumon understanding of the characteristics
of the products. NBS administers this program as a sepple-
ment to the activities of the private sector stundardizing
organizations,

Consumer Infuemuiion Series—Pracical information, based
on NIS resenrch und experience, covering areas of interest
to the consumer, Ebnsily understandable Innpuage nnd
illustrations provide usefi) bickground knowledge for shop-
ping in tday's lechnological marketplace,

Order ahnve NBS publications from: Superinteadent of
Docaments, Government Printing Office, Washington, D.C.,
2He2,

Order Tllowlng NAS publications—NIBSIR's and FIPS from
the National Technicel Information Scrvices, Springfield,
Va, 22161,

Federnl  Informution  Processing  Stondards  Pubilicutiony
{FII'S PUH)—Publications in this serics collectively consti-
fute the Federal Information Processing Standards Register,
Register serves as the official source of infarmation in the
Federil Government regording standnrds isswed by NBS
pursuant 1o the Federal Property and Administeative Sery-
fees Act of 1949 ns amended, Public Low #89.306 (79 Stat.
1127, ond as implemented by Executive Order 11717
(38 FR 12315, dated May 11, 1973) and Part 6 of Title 15
CFR (Code of Federnl Regulntions),

NBS Interagency Reports (NBSIR}—A  special series of
interim or final reports on work perfoermed by NBS for
outside sponsors (both government and non-government),
In genernl, fnitial distribution is handled by the sponsor;
public distribution is by the National Technien) Information
fSm'vk:::s {Springficld, Vo, 22161) in paper copy or microfiche
orm,

BIBLIOGRAPHIC SUBSCRIPTION SERVICES

The following current-gwarcness and Hternturessurvey hibli-

ogruphles are issued perlodicully by the Dureau:

Cryagenle Dutn Center Current Awareiess Service. A litera-
ture survey issued biweekly. Annual subscription; Domess
tic, $25.00; Foreign, $30.00.

Liguified Nutural Gos, A literature survey issued quarterly.

Ansual subseription: $20,00,

Superconducting Devices und Muterdnls. A literature survey
Issued quarterly, Annual subscription; $30.00. Send subscrip-
tion orders and remiltnneces for the preceding bibliographic
services to Nuotional Bupcan of Standards, Cryopenic Data
Center (275.02) Boulder, Colorndo 80302,
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