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Preface

Introduction

ThisNol_,eGuidebookhasbeen
preparedto sewsas thebasic
referencedocumentfor all HUDfield
staffwhoareresponsiblefor
ImplementingtheDepartment'snoise
poticy,it bringstogetherin oneplace

I all thevariousreports,informational
papersand otherItemsthathavebeen
putout bytheDepartmentoverthe
pastseveral),ears.It alsoconta]ns
severalnewitemsdesignedto make
yourJobeasier.

TideGuidebookis designedto
servenotonlytheexperiencedHUD
staff memberbutalsothenew

•: empJoyeeorlhaoldemployeewhole
newto the noisefield.Becauseof

, this,theGuidebookcontainssome
fairlybasicbackgroundmaterialas

wellas quizzesandothermateriali specificallygearedforthe"learner."
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Chapter 1 Ffgure1CommonSound8
Ba=IcTheory:.CommonSoundsInDecibels

Basic Overviewof the (dS)
Environmental Noise Problem

Somecommoneasilyrecognized._oundsare
listedbelowinorderofIncreasingsound
IntensitylevelsIndecibels.Thesoundrevels
shownforoccupiedroomsaretypicalgeneral
activltyJevelsonlyanddonot represent

Introduction criteriafordesign.

Background
Examples Declbel_(dB), Subactive

Evauallons
Coflnlllon and Scopeof the NOISe

Problem NearJetengine _140

The air around usis constantly fllled ]liJill___IJll I

with sounds, yet mostof us would
probably not say weare surrounded Thresholdof pain 130
by noise. What then is the dilference

between ordinary sound and what we > Deafening
call noise? The traditional definition Thresholdof feeling--hard
of noise IS that It Is "unwanted rockband >_
sound." Sound becomes unwanted _ ®
when Iteither interferes with our Acceleratingmotorcycleat a few feelaway _
normal activities suchas sleeping, Note:50 ft frommotorcycleequalsnoiseal _
conversation or recreation, when it aboutzOO0t rama 4.engneet alrcrau _.e._

causes act ual physicalharm such as =_° ilJ 1

headnglossorhasadverseeffectson Loudaulo hemat 10 Naway ,n-_ , 100
mental health, As wehave become a =- =_e.e
more urbanized countryand as "_;_='- Ve,__oud
technology has advanced,the level of Noisyurbanstreet 8z: d= 90

sound in our environment has reached Ithe point when It sometimes does Noisyfaclory

physical and psychological harm,and _-_
thus we have developeda noise

i problem, (See Figure 1 for a listingof Loud

The dimensions el the noise
problem have grown larger and larger
over the past few decades. In its 1979 t;ear freewayautotraffic Rangeofspeech 60
Annual Report, TheCouncil on
Environmental Qualllystated that
"nearly half the US population is Moderato
regularly exposed to levels of noise Averageoffice 50
that interfere with .,,normal activities"
and about "1 in 10 ,,,areexposed to
noises of duration andintensity SoftradiomusfcInapartment 40"_
sufficient to cause e permanent
reduction In their abilityto hear."

Averageresidencewithoutstereoplaying 30 Falnl

- i)RusNeof leaves[nwind Veryfaint

Humanbreathing ""

Thresholdof audlPllNy

adsart)"overage"valuesasmeasuredonIheA.
scaleofa sound.levelmeter
IFromConcepl=in ArchaecluralAcousftcs:M.
DavidEgan,McGrawHI_I,1972.)
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The Dynamics el the Noise Problem Figure2
Dynamicsela NoiseProblem

There are basically twotypes of noise
problems, There is the specific, job
related, occupational noise problem
created by extremely loud machinery, \Then there Is the community noise
problem where the combined effect of
many Individual noise sources
creates an overa[I noise level that Is

unacceptable. Inthe following pages "_
we will beaddressing the community
noise problem only,

The main contributors to e

comm°n.,no,soprob,amare )

transportation sources such as
highways, railroads and airports,
These sources are the most pervasive
and continuing of the noise sources
within thecommunity, Of course, al
anygiven site, there may be ether
noise sources which add to the
problem, sources such as
jackllammers at a construction site. Source Path Receiver
But in general, and for the purposesof
this section, the main concern is with
the transportation sources.

The dynamics of a noise problem Figure3
are basedon the relationship between LandUseCompalibltllyGuideline=
the noise source, the person or place
exposed to the noise (hereafter called
the receiver)and the path the noise LANDUSEINTERPRETATIOP
will travel from source to receiver, LANDUSECATEGORY FORNEF VALUE*

The source generates a given 20 eo 40 go
amount of noise which travels along nesldemlal-- SingleFamily,Duplex,MobileHomes t I_:-_//.r.:.:,:_:;.r.:.:.
the path and arrives at the receiver,
The amount of noise will be reduced ReslderUlal-- MulllpleFamily,germllmlos,otc. L t_-:>_;'_:."" ' ' _:.:.:.:
tO some extent as a resultof how long TransienlLodging : W..._/_].:.!:.:.:.:
thatpath[sorwhetherthereareany EchoolOlasslooms,LIbrades,Churches L.: ::.j_2) ,r.:.:.: '.;r.:,:
barrlersalongthepath.Thesevedty Hospnals,NursingHomes L .'1_1 :.:.:,:._.....,
of the [mpact on the receiver (s a
function of what typeof activity Is Augnodums,ConcertHa_ls.MusicShells I I_ _::l,:.: :.:!::;:::,:!:!:!:
taklngplace, whetherltisindoorsor SportsArena,OuldoorSpeclatorSpoNs I ./;_//_ • :,:.:.;.;
outdoors,and what type of building It Playgrounds,NolghbomoodParks .'_ _;_;_.!;:_h;:;!;',
is in if the activity is Indoors, Figure3 GallCoulees,RidingStables,Waist Rec. Cemeteries L [_/" _-'J:'_;!;:;:;:;
contains some basic compatibility
guido]Jess. Dlllce Buildings,PersonnhBusinessan(_Prolesslonnl :'_t;!;_;_;!;!;

The Impact of the noise can be Commercial-- RelalhMerle Theaters,Restaurants --.-- _//.}:.:,;:;:.h:,
altered or mitigated bychanging the Commercial-- Wholesale,SomeRetells,lad,, MIg., dill. _ I I'_.";'.;r;:;h
characteristics of any of the three Menulacturlng,Communication(NoiseSensilive) I _./_ _ K,'=,;N:;:.:,
elements: source, path or receiver,
Lateron we will look at the various LivestockFarming,AnimalBreeding I _1:,:_;'.;:.:.:.
mitigation measures that are Agrlcunule(exceplLIvoslock),Mining,Fishing ....
possible, Our concern however willbe Public,_lghl.ol.Way I:_: >2;_';_

primarily with the receiver and the ExtensiveNaturalRecreationAreas J I'/////_ :_;_;:;:;
path. Control of the sources as ye se
themselves is the specific 'Ldn = NEF Value + 35 LdnVALUESresponsibility of agencies such as the

Environmental Protection Agency J J Clearly _ NormallyAcceplabte Unacceptable(EPA)or the Federal Aviation

AdmlflIstratlon(PAA). _ Normally _ CleadyUnacceptableAcceptable



The idealsolutiontoa potential Anotherfeatureof theDNLsystem LegalProvisions
problemIs to reducethenoisebeing thatisveryimpodantIs thatit can be
producedby thesource,The best usedtodescribenoisefromall GeneralLeglslstlonandBackground
solutionavailabletoHUE),orthe sources.Thus,usingtheDNLsystem,
community,however,isto makesure wecandescribethe totalnoise The Federallegislationwhich
thatnotsesensitiveusesarelocated exposureata site,somethingmany addressesnoiseissuesisSOlrluwhat
wheze(heywill eel beexposedto high otherdescriptorsystem_r,nuldn'fdo. differentfromotherenvironmental
noiselevels.The nextbestapproach TheDNLsystemhasbeenadopted legislation,TheCleanAirAct,for
tomitigatingnoiseimpactis to bythe EPA,theDepartmentof example,requiredtheEnvironmental
attemptto reducetheamountof Defense(DGD)andHUD,andmore protectionAgencyto setupactual
noisethatreachesthereceiver,This recentlyby theFAA,speclgcallyfor mandatorystandardsforairquality
can beaccomplishedthroughthe use describingenvironmentalimpactsfor whichweresupposedtobemet byall
of barrierssuchaswallsorearthen airportactions,Weexpectthatvery jurisdictions.EPAevenhasthe
berms,orcombinationsof both,along soonitwill be [nalmostuniversaluse authoritytolake punitivesteps
the noisepath.If the useof barriersis intheU.S. againstcitieswhicharenotmaking
notpossiblethen theonlyalternative "reasonablefurtherprogress"
availableIsto providenoisereduction Issues towardsachievingtheseairquality
measuresin anystructures goals.ThereIs nosimilarlegislation
associatedwiththe activitysothat st ThemainissuesInvolvedInanynoise that coversnoise,Theapproachhas
leasttheInteriorspacesarenot analysiscanbesummarizedbriefly, beento tacklethenoiseproblemat
exposedto high noiselevels,This the sourcebycentrolgngtheamount
approachis consideredthe least • HowmuchnoiseIsa siteexposed of noisethatcanbeemittedbythe
desirablebecausemostof the ]and to Individualairplaneengineor the
usesweare concernedabout,suchas • What typesof activitiesarebeing Indlvidualjackhammer.Agencieslike
residential,dohaveoutdoorareasand affectedand howseverely HUDorthe FarmersHome
activitiesassociatedwiththem which • IsIt reasonableto redesignthe sits Admlnistretlonhavedeveloped
would remain exposedto highnoise to relocatenoisesensitiveactivities regulationswhichare relatedto the
levels, ,, And,If not, howmuch protection overallcommunitynoiselevel,but

canbeprovidedthroughvarious theyonlyaffecttheirownprograms
A Noteon Descriptors attenuationmeasures, andare notbindingon local

Yourapproachto thessIssueswill communities.TheVeterans
A key factorinthegrowthofour beaffectedinmanywaysbythe Administrationprogramonlyrelates
abilitytoevak:ateandreducenoise locationof theprojectin question, to aircraftnoiseandalsoonlyaffects
h'npactshas beenthedevelopmentof Projectsin suburbanorruralareas itsownprograms.
bettertoolsto measureanddescribe canbeapproacheddifferently Themajorplacesof Federal
thenoiselevelsgeneratedbyvarious becausetheavailablemitigation legislationrelatedto noiseinclude:
sources,Thedevelopmentofbetter optionsaregreaterandoftenthe TheNoiseControlActof

j tools(called noisedescriptorsor noiseexposureitself isnotsosevere. 1972 directedEPAto promotean
I metrics)has beenparticularly Inurbansituations,however,the environmentforall Americansfree
; Importantfordeaflngwith community noiseexposureisoftenmoresevere frem noisethat eopardlzestheir
i noiseproblems,Manyof the older butat thesametime theoptionsfor healthand wel are.It alsoincludeds
i descriptorsystemscouldonlybe mitigationorresltingaremore requlremerDIforEPAtoseta criterion
! usedforone ortwosourcessuchas limited, Intheurbansettinginnovative for noiseleveladequatetoprotect

carsandrailroads,butnotairplanes, designandthe useof advanced healthandwelfarewithanadequate
Sincethecommunitynoiseproblem attenuationmeasuresbecomes marginof safetybutwithoutregardto

; veryoftenincludesnoisefromall critical.Fortunatelyourexperience costor feaslbgity.
thesesourcesthe lackof anadequate hasshownthatgoaddesignand QuietCommunitiesActof
descriptormadeItdifficult todo an constructioncanrelieveor 1978 amendedTheNoiseControlAct
adequateevaluation, substantiallyreducemajornoise of 1972toencouragenoisecontrol

Themostadvanceddescriptor problems, programsat theStateandcommunity
currentlyin generaluseistheday level.
nightaveragesoundlevelsystem, FederalAidltlghwayActof
abbreviatedasDNLandsymbolized 1970 estabgshedthe requirement
mathematicallyas Ldn.Thedaynight that noisecontrolbea part of the
averagesoundlevelis the24hour planninganddesignof all federally
averagesoundlevel,expressedin aidedhighways,
decibels,obtainedafter the addition AvlegonSafetyand Noise
ofa 10deoibelpenaltyfor sound AbatementAotst 1979 requiresFAA
levelswhich occuratnightbetween todevelopasinglesystemfor
10PMand7 AM,Thisnighttime measuringnoiseat airportsandunder
penaltyis basedonthe factthat many certainconditionsto prepareend
studieshaveshownthat peopleare publishnoisemaps.
muchmoredisturbedbynoiseat
nightthanatanyothertime.This is
netunusualinthatbackgroundnoise
isoften muchlessatnightandalso
peopletend tobedoingverynoise
sensitivethingsat night,suchas
tryingto sleep,
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HUDRegulations Ingeneraltherequirements DataRequired
establishedthreezones:an

WhUetheDepartmentof Housingand acceptablezonewhereallprojects • Locationof outdoornoisesensitive
UrbanDevetopmenlhasno epeclllc couldbeapproved,a nnrmally usesrelative to thenoisesource,
responsibilityto trytoreduce the unacceptablezonewhersmitlgatlon • Locationof buildingscontaining
noiseproblemet thesourcetheway measureswou_dbersqutrsdand noisesensitive activities.
theEnvironmentalProtectionAgency whoreeachprojectwouldhavetobe * Locationof otherbuildings,
sad theFederalAriel[on Individuallyevaluatedforapprova_or partlcu{adyoneswhichmightsewsto
Administrationdo,Itdoeshavethe denial,andan unacceptabJezoneIn shieldsensitivebuildingsor areas
responsibilitytobeawareof the no(so which prelectswouldnot,as a ruts,be fromthenoisesource,
problemand its Impacton the approved, • Designandconstructionfeatures
housingenvironment,Themostbasic In 1979,theDepartmentissued of buildings,partlculadyfeatures
mandatewhichdrivesthe revisedregulations(24GFRPart 51B) suchas useof centralair conditioning
Department'sInvolvementwiththe whichkeptthesamebasicstandards whichcouldprovidenoisereduction
noiseIssue is theHousingAct of butadoptednewdascrlptorsystems benelltsbyperreittlngwindowstobe
1949(PubrlcLaw81-171)which sets whlohwereconeiderablyadvanced keptclosed,
forththenationalgoalof "adesent overthoseInuseundertheold
homeandsuitablelivingenvironment requirements. Analysisof Site endEnvirons
foreveryAmericanfamily."Thisgoal HUD'sregulationsalsorequirethat
wasaffirmedbytheHousingand recipientsof Community General
UrbanDevelopmentActof 1968 DevelopmentBlockGrants(CDBG)
(PublicLaw90-448).TheDepartment andUrbanDevelopmentAction Theprimaryfocusof thisimpact
wastaskedby theHousingand Urban Grants(UDAG)takeInto analysisIs on noisesourcesandthe
DevelopmentActof 1965(PublicLaw considerationthenoisecriteriaand primaryitem to bedeterminedIsthe
B9-117)"10determineleasible standardsInthe environmentalreview noleetevetcrestedbythosesources,
methodsof reducingtheeconomic processandconsiderameliorative Inmanyinstances,partlcu[adywith
tossandhardshipssufteredby actionswhennoisesensitiveland airports,dataonthenoise levels
homeownersasa resultof the developmentsare proposedInnoise generatedbythesourcewillhave
deprsnlationinthevalueof their exposedareas,II CGBGorUDAG alreadyb_n preparedby another
propertiesfollowingtheconstruction activitiesareplannedins noisyarea, agencysuchas theairportoperator,
of airportsin thevicinityel their andHUDassistanceiscontemplated thelocalor State
homes."TheNoiseConlroJActof laterforhousingand/orothernoise hlghway/transportatlondepartmentor
1972,inadditiontoItsspoolI to sensitiveactivities,theHUB othersimilar agency,(Figure4 shows
taskingto EPA,taskedallFederal standardsmustbemel for those typicalairportnoisecontours.)In
agenciesto administertheirprogr_'c_s activities, thoseoasesno siteorenvirons
Inwayswhichreducenoisepollution, analysisIs necessaryandonecan
Finally,theDepartmentistaskedby ProjectAnalysis proceeddirectlyto Impactanalysis.
FederslManagementCircular?5-9: ForthoseInstanceswherethereare
CompatibleLandUsesatFederal General nocurrentdataalreadyprepared,the
Airfields to makesureIhstits actions Dapartreentof HousingandUrban
do notpromoteIncompatibleland Whilemostof theanalysisfornoise Developmenthasdevelopeda
usesaroundFederalairfields, focusesonnoisesourceslocated handbookcalledtheNoise

Allof theselegislativeand aroundtheprojectsite, thereare AssessmentGuidelines which
regulatorymandatescombineto somecharsetedstiesof theproject containsa detaileddesktop
createa seriousrequirementfor the itself thatyoushouldknowabout, methodologyfor useby Individualsto
Departmentof HousingandUrban Thesecharacteristicswill helpyouto delermtnonoise Impacts(seeCllapter
Developmentto beawareofthe determinewhatis calledthenoise 5).Includedinthehandbookisa
problemof noiseandtotakepositive assessmentlocation(NAL)forsite completelisting of the dataaboutthe
stepstoprotectresldengaland other analysis.(TheNALIsa representative siteandItsenvironsthatare
sensitiveland usesfromhighnoise point(orpoints)onthe sitewhere necessaryto conductananalysts.We
levels, significantnoiseexposurets don'twantto repeataJIthedetailed

TheDepartmentof Hcaslngand expected.Atldistances,arc,are requirementshere,but the followlng
UrbanDevelopmentfirstIssued measuredfrom theNAL).This aresomeof the typesof informalion
formalrequtrsments relet_d Inlormatlonwilt alsobehelptul later youwould havetocollect if youwere
specificallytonoiseIn 1971(HUD Inevaluatingthepotentialfor to doyourownanalysis,Youmight
CImuisr1390.2}.Theserequirereents mitigating or reducingtheImpactof notethatmost of theInformationIs
containedstandardsforexterior noise.All of thisdatashouldbe relatedtothe noisesources
noiselave(salongwithpoliciesfor availablefromprellmtna_/plansand themselves.
approvingHUDsuppodedorassisted specifications,Ifnot,aquickphone Forthepurposeofanalysis,the
housingprelectsinhighnoiseareas, callto thedeveloperlsponsorshould NoiseAssessmentGuidelinesrequire

getyouall the informationyouneed. thatyouconsiderall rell[tary/clvllian
airportswithin15milesof theprelect,
all significantroadswtlhin 1000font
andbasicallyall railroadswithin3000
feet.



Types of Data Required The Noise Assessment Guidelines Determination of impact
contain guidanceon sources for this

• Number and type of vehicles data. Most of them are obtained from General
• Operational data: the "operator" of the transpertallon
-- speed souree.TheGu/de/inesalsocontalns The specific procedures for
-- daytime/nighttime split model figures which can be used determining the noise exposure levels
• Conditions where thevehioles are when actual data Is unavailable. For for a site are clearly spelled out In the
operated, i.e., freely flowing traffic example, if the actual number of Noise Assessment Guidelines. The
versus stop and go, level versus hlgy, vehicles traveling at night Is not process is a fairly simple one in which
welded railroad track versus bolted available then the Guidelines state the noise level from each source
ralfread track, that a figure of 15% should be used. affecting the site Is calculated and

Thus It is possible to make then combined to derive the overall
reasonably accurate noise level exposure. If some kind of barrier
determinations even if some exists or is proposed, the noise levels
informal ion Is not available, can be adjusted to reflect the

mitigation provided by the barrier.The
overall noise level is then compared to
HUD's standards and the appropriate
action, as spelled out in the
regulations, is taken.

Figure4
NoiseContours



Evaluationof Impact SpeclllcConsiderations Barriers

HUDRegulationsset forththe RerocatingNoiseSeneigveUses Barriersaremosteffectivefor ator
followingexteriornoisestandardsfor belowgroundlevelsources.They
new housingconstruction assistedor Byfarthe mast desirablemitigation havenoeffectonnoisefrom aircraft
supportedby theDepartment; approachis torolocctonoise overflightsandarelimitedin practical

sensitiveusesoutof the highnoise applicationwithelevatedsources
C5I-onor lass - Acceptable areaalthough.II the site Islarge suchas elevatedtrains.Thekey to the

Exceeding65 I<1nbut notexceeding enoughIt maybepossibleto locate effectivenessofa barrierIswhethernon.noisesensitiveusesbetweenthe ornot Itbreakstile lineof sight
75 Ldn- Normally sourceandthesensitiveuse,for belweenthesourceandthe receiver.
Unacceptable- appropriatesound examplea parkinglot mightbe IIa barrierdoesnotcompletelybreak
attenuationmeasuresmustbe locatedbetweenaroadanda park thelineofsighteitherbecauseIt Is
provided:5 decibelsattenuation (seeFigure5),TheworkchartsInthe nothighenough,ornot longenough
abovetheattenuationprovidedby No/seAssesementGuidel/nescanbe thenItseffectivenessisgreatly
standardconstructionrequiredIn65 usedinreverseto tellyouexactlyhow reduced.
L<Into70 Ldnzone;10decibels farawayfrom the noisesourceyou Barrierscanbeactualwalls,
additionalattenuationIn70Ldnto 75 needtobe, earthenmounds(calledberms)or
Ldnzone. Whensites aresmall,vowdenseor evenother buildings.The useofother
Exceeding75L_n- Unacceptable whenthe sourceaffects theentire non-noisesensitivebuildingsas

siteg isverydlffleultto mlggataby barriersIsaparticularlygood
HUD'sregulationsdonot contain changingthesiteplan,Thenthenext approachInthatIt neednotadd tothe

standardsforInteriornoise levels, optionmust beconsidered;erecting costof theprojectandmaynotcreate
Rathera goalof45decibelsisset sometypeofbarrierbetweenthe theaestheticproblema largewall
forth and theattenuation sourceandthe receiver, mightcreate(seeFigure6),
requirementsaregearedtowards
achievingthatgoal,It Isassumedthat
withstandardconstructionany
buildingwill providesufficient Figure5
attenuationsothatif theexteriorlevel "rh0Audible
Is 65Ldnor less,theInteriorlevelwill Langscapo
be45L.dnor less.

Onceyouhavedeterminedthe Incluslerdevelopment,openspacecanbe_acednearthehighwaytoreducenoise
overallnoiseexposureforthesiteyou _paclsonresidences
compareit to theabovestandards,If
theoverallsiteexposureIs 65Ldnor
lesstheprojectIs acceptable,If the
exposureIs between65Ldnand75
Ldnyoushouldconsideralternative
locationsor providingadequate
attenuationwiththe firstpreference,
aswe'venoted,beingforthe
constructionof somekindof barrier
to preventnoisefromreachingthe
site. If providingadequateattenuation
Is Impossibleor impracticalthenthe
projectshouldbeconsidered
unacceptable,

SuggestedMitigation

GenerslConsiderations

Asdiscussedbdegyearger,thereare
threebasicapproachesformitigating
the highnoiseexposures.The first
andbestis torelocatenoisesensitive
usesoutof thehighnoisearea,The
secondIs to preventnoisefrom
reachingthenoisesensitiveuser
throughsomesortof barrier,Andthe Highway
third,andleastdesirableapproach,Is

to provideattenuationforat leastthe

Interiorsofanybuildingslocatedin ..
thehighnoiseareas. ;::...:.:,..:• •

6



FJgureg ASpointedoutearlier,the
TheAedlblo effectivenessofa barrieris
LandJ©ape determinedin largepart byitsheight

Placementofnoisecompatiblelanduses andlength,Somestudieshaveshown
nearhighwayinPlannedUnnDevelopmenl thattheeffectivenessof a barriercan

bereducedbyasmuchas50%if it
Isn'tlongenouah.Again,the Noise
Assessment Gu/de/Inescontain
proceduresfordeterminingthe
effectivenessofbarriers,

IncorporatingNoiseAttenuation
MeasuresIntotheBuilding

IfneitherrelocationorbarriersIsa
reasonablenoiseattenuationoption,
lhe last resortisto Incorporatenoise
attenuationmeasuresIntothe
buildingsthemselves.This Isnot
consideredthebestsolutionbecause
It leavesthe outdoorareas,someof
whichmaybeforquietrecreation,
exposedto highnoiselevels,Butif
developmentmusttakeplaceand

'"l..t--'1 bordersare Impossible,thentheI noiseattenuationmeasuresshould
beemployedinbuildingdesignand
construction,

Withoutgoingintogreattechnical
detail,noiseattenuationconstruction
measuresgenerallyfall intofour
categories.

(1) Reducingthetotalareaof
windowsorotheracousticallyweaker
buildingelements

FigureI (2) Sealingoff "leeks" around
TheAudible windows,doors,vents.
Land=_po (3) Imprevlngtheactualsound

attenuatingpropertiesof small
Useofacousticalarchitecturaldesignto buildingelementssuchaswindows,
reducenoiseImpactsonmorenoise doors,etc.
sensnlvelivingspaces (4) Improvingtheactualsound

attenuatingpropertiesof major
buildingelementssuchasroofand
wallconstruction.

Inaddition,noiseattenuationin
buildingscanbeprovidedby
designinginteriorspacessothat
"dead"spacessuchasclosetsor
corridorsactasbufferzones(see
Figure7).And finallynoise
attenuationcanbeprovidedby
reducingtheneedforopenwindows
byprovidingair conditioning,

Manyof thestepsthat wouldbe
takentoprovidenoiseattenuation
alsohelpconserveenergy,Good
weatheratrlpplngaroundwindows
anddoorsisoneexample,Another
might be reducing window areas In
wallsIf thenoisesourceis to the

Highway northorwest,Becausemanyofthese
measuresservetwopurposes,they
shouldnotnecessedlybeconsidered
a burdensomerequirementbutrather
justgooddesignandconstrucllon,
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informationResources Quiz Quiz

Publications Questions Answers

HUDRegulation 24 CFRPart51 1. Why Is noiseconsidered peJinbsJSJaJJJBqJO
SubpartB - NoiseAbatementand "unwantedsound"? qieusJpus tqeleq aq|pucuolteOOlaJ
Control 2, What isacommunitynoise Jotpa.qnba_eouelslpUOlleJedas

NoiseAssessmentGuidelines, problem? eUlLUJSlepel pasnoqusa'O L
HUD1993,basictechnicalprocedural 3. Whatarethethreemain sooJnospeisSalaISOLU
resoume, contributorstoacommunitynoise JOs|qelliJa^otieJailsJolositosiJe

Aircraft NoiseImpact, HUD1972,a problem? toueJV'seeJnosIS^elpunoJOMoleq
bit datedbutgoodoverviewof 4. Whatarethethree components of JOle JOta^lloajJeeJssJslJJeq'6
problem, a noiseproblem? SOUlPllnquelsepaJpJ_

TheAudible Landscape,DOT 5. Whataretwokeycherasterlsgcs JOhlSaaJ13u[qoeeJeelouoonpeJpui_
(FHWA)1974,anexcellentdiscusson of theday.nightaveragesoundlevel SaSha^lllSUeSeeiouatBoolsJis | '9
ofmitigationmeasuresincludingland descriptorsystem? 'sagy,ltOeesoqlJoltoweq ISnLU
useplanningandbuildingdesignand 6. WhatareHUD'snoisestandards? spJepueiseqi seJtl^ltcee^itlSUSS
construction. 7. Howdo HUD'sstandardsapplyto eSlOUJcqlo,_o6ulsnoqJoIJotel

InformationonLevelsof CDBGrecipients? aouelslsseO(SHasnel Iosdxel_eqt
EnvironmentaINoiseRequisiteto 8. Whatarethethreegeneral Jl'Mel''eJlelueuJuo.rl,',uapus6UlUUeld
ProtectPublic health and We#are mitigationmeasuresavailableto HUD JleqtujspJepuetsaqt uolleJeplsuoo

• WithanAdequatemargin of Safety, andthecommunityand Inwhatorder otularielienuJstUSldlesJDeQO 'L
EPA,1974,The"levelsdocument" ofpreference? elqeldeooeul3:UP'l9Le^oqe
thatexplainsbasisfor EPA 9, Whenarebarderseffectiveand 'peJinbeJseJnseowUOllenuatteOSlOU
standards, whenaretheynoteffective? 'alqeldcooeun,_IleLUJON:uP3gLel g9

NoiseBarrierDesign Handbook, 10, Describehowthe Noise alqefdeoaV:MolaqJOuP199'9
FederalHighwayAdministration AssessmentGuidelinescanbeused aaoJnoslieJolpssneq use
1976,Gooddiscussionofharriers, to determineappropriatemitigation ifpus leAalpurinaal]e.ta^euesl H '9
technicalbutreadable, measures, Je^laosJaqt 'qtedeql'eoJnoseql 'l'

Handbookof Noise Control,2rid lteJoJlepuespeo.qleJ's,_c^',q01q'_
edltlon,1979,McGrawHill,A basic ejqe_deoosunsl teqlIS^eleslou
technicalhandbookcoveringall ileJs^ouesoleaJosaoJnos[enpl^tpul
aspectsof noiseforthosewhowish i;ueLu|OlOalJSpeulquJoosqteJaHN_
togo intothe subjectfurther. SlUJelqoJdosloa,'_ilunmLuooe '_

e0eLuepleSl0Oloqol;sd
Experts JoleOls,_qdseanceJosaJtl^goe

Ie_JOuqHM ssJsiJatulil esneoaq'1.
HUDenvironmentalofficershave
beentrainedintheuse oftheNoise
AssessmentGuidelinesandcanhelp
youwork_lth them.Manyarchitects
aretrainedInacousticsandcanhelp
indevelopmentof noiseattenuation
strategies.
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Chapter2

TheNoiseRegulation

Intreduetien Thelistof keysections was Key Sections in Noise
preparedto helpyou find thespecific Regulation

Thebasicfoundationfor and sectionyouneedfor_ specific
structureof theHUDnoiseprogramIs questionor issue.Whilethe Sestlon Subject
set outin thenoiseregulation,24CFR regulationItself is notreallylong,an
51B.Tl_eregulationestablishesthe indexIsalwaysuseful.Wecaution 51,101(a)(2) Applicationof Polioy
actualstandards,assigns you,however,againstusingthe Index to BlockGrants
Implementationresponsibilities, toavoidlearningtheregulations.The 51,101(a)(3) Policyfor New
describesreviewandapproval listwaspreparedforyour Construction
procedures,and Identifiesspecial convenienceIn applyingthe 51.101(a)(4) Policyfor ExistingCanstructian
situationswhichmaywarrantwaivers regulationonceyouhavecometo 51.101(a)(5) Policyfor Modernize.
ofproceduresorstandards, understandit. ties and
Therefore,thekeytoyour Wepreparedtheannotated Rehabilitation
understandingand implementationof regulationbecause,tryaswe might,it 51,101(a)(8) The ExteriorNoise
the HUDnoiseprogramIs a clear wasImpossibleto anticipateall the Goal
understandingof theregulation, questions,Implementationproblems 51,101(a)(9) The Interior Noise

ThereIs nowaytoescapethetask andspecialsituationsthatmight Goal
of sittingdownandsimplyreadingthe ariseandtoaddressthem Inthe 51,102(a) Authorityto Approve
regulations,overandoveruntilyou regulation.So,nowthatwehavehada Proacts
thoroughlyunderstandthem.Wehave fewyears'experiencewiththe 51.103(a) Ides Iflca ionof DNLas The Noise
howeverdonetwothingsthatwill regulation,we havegatheredtogether Descriptorto be Used
hsipyouapplytheregulations.First, theImportantquestions,notes, 51,103(b) Howto MeasureLoud
forquickreference,we haveprepared secondthoughtsetc,and prepared ImpulsiveNoises
a listofthekeysectionsinthe thisannotatedregulation.Wehopeit 51.103c) The NoiseStandards
reguratlonandsecondwehave willglveyoufurthorlnslghtlntowhat 51. 04a Attenuation
preparedan annotatedcopyof the theregulationmeanswhenIt is RequirementsDiscussed
regulation, appliedInthe field. 51,t04(b)(1) SpecialApprovaland

EnvironmentalReview
Requirementsfor the
Normally
UnacceptableZone

51.tO4(b)(2) SpecialApprovaland
EnvironmentalReview
Requirementsfor the
Unacceptablezone

51.105(a) Flexibilityfor Non-
acousticBenefits
Provisions

51.106(a) Howto Tell if
Existing Data on
NoiseAreAccoptabre

5t.10g(a)(4) SpecificReviewand
ApprovalProcedures
ForAirportNoise
Contours

51.106(d) When Noise
MeasurementsMay
be Used Instead of
CalculatedLevels

I 51.106(f) When to GiveCredit
for ProposedBarriers

?
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Federal Register / Vol,44, No, 235/ (6) Providepolicyto guide
Thursday,July 12,19791 implementationofvariousHUD
Rules and Regulations40861 programs.

(b)Authorily. Specificauthorities
Part 51 --Environmental Criteria for noiseabatementandcontrolare
andStandards containedin:

1 TheNoiseControlActof 1972
SubpartA--General Provisions (Pub.L.92-574 whchd recsFederal

agenciestoadministertheirprograms
Sac. inwayswhichreducenoisepollution.
§51.1Purpose, 2) TheQuietCommunitiesActof
§51.2Authority, 1979(Pub.L.95-609 whchamended
§51.3Responsibilities, Pub.L,92-574.
§51.4Programcoverage, (3) TheGeneralSemlces
§51,5Coordinationwithenviron- Administration,FederalManagement
mentalclearancerequirements. Circular75-2:Compaf/bleLandUees
§51.6[Reserved] at FederalAIdlelds prescribesthe

ExecutiveBranch'sgeneralpolicy
Subpert B--Noise Abatementend withrespecttoachievingcempatlble
Control landuseson eitherpublicor privately
§51.100Purposeendauthority, ownedpropertyator in thevicinityof
§51.101Generalpolicy. Federalalrflelds.
§51.102Responslbllilles, 4 Sectlon1113oftheHouslng
§51.103Criteriaandstandards, andUrbanDaveopmentAc o 1965
§51.104Special requirements. (Pub.L.89-117)directstheSecretary
§51,105Exceptions. "* * * todeterminefeasiblemethods
§51,106Implementation, ofreducingtheeconomiclossand

hardshipssufferedbyhomeownersas
Appendixto SubpartB a resultof thedepreciationInthe

valueof theirpropertiesfollowingthe
Authority:See.7(d),Departmentof constructionofairportsInthevlcnlty
HUDAct (42 U.S.C.3535(d)). of theirhomes,includinga studyof

feasiblemethodsOfInsulatingsuch
SubpsrtB--Noise Abatementand homesfromthenoiseof aircraft."
Control

Thisregulationreplaces §51.101Generalpolicy.
§51.100Purposeandauthority. HUDCircular1390,2, (a) It IsHUD'sgeneralpollcyto

(a}Purpose, TheDepartmentof NoiseAbatementand provideminimumnationalstandards
Housingand UrbanDevelopment Control,1971,whtehis applicableto HUDprogramsto
findsthat noise is a majorsourceof nowcancelled,along protectcitizensagainstexcessive
environmentalpollutionwhich withall instructionsand noiseintheircommunitiesandplaces
representsa threatto theserenity clarifyingmemoranda ofresidence.
andqualityof life inpopulation pertainingto the (1) Coraprehenslveplannlngasalst.circular,
centersand that noiseexposuremay once. HUDrequiresthatgrantees
bea causeof adversephysiological giveadequateconsiderationtonoise
andpsychologicalelfeolsas well as exposuresandsourcesof noiseasan
economiclosses, integralpartofthe urbanenvironment

It is thepurposeofthisSubpart inHUDassistedcomprehensiveplan-
to: n]ng,asfollows;

(1) Call attentionto thethreat of (I) Particularemphasisshallbe
noisepogutlon; placedonthe Importanceof

(2) Encouragethecentre]of noise compatiblelanduseplanningIn
at Its sourceIn coopersllonwith relationteairports,hlghwaysand
otherFederaldepartmentsand othersourcesof highnoise.
agencies; (il) ApplicantsshalltakeInto

(3) Encouragelandusepatterns considerationHUDenvlronmental
for housingand othernoisesensitive standardsImpactingthe useof land
urbanneedsthat willprovidea asrequiredin24CFRPart600,
suitableseparationbetweenthem (ill) Environmentalstudies,
andmajornoisesources: Includingnoiseassessments,are

(4) GenerallyprohibitHUD support allowablecosts.
for newconstructionofnoise (2) Cemmun/tyDeve/opraentS/ock
sensitiveuseson siteshaving Grants, Recipientsof community
unacceptablenoiseexposure; devalopmenlblockgrantsunderIhe

(5) Providepogcyontheuse ef HousingandCommunity
structuralandothernoise DevelopmentAct of1974(Pub.L,
attenuationmeasureswhereneeded; 93-393),asamendedbytheHousing
and andCommunityDevelopmentActof

1977(Pub.L.95-120),musttakeinto
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considerationthsno[secriterlaand (5) HUDsupportofmodernlzatlon
standardslntheanvironmentalreview andrehabllltatlon. Formodernization
processandconsiderameliorative The old definitionof projects locatedIn all noiseexposed
actionswhennoisesensitive land majoror substantial areas,HUDshallencouragenoise
developmentIs proposedIn noise rehabilitationand attenuationfeaturesinalterations.
exposedareas.Grant recipientsshall modernizationas being Formajor orsubslantlal rehabilitation
addressdeviationsfromthe stand- anyprojectwherecostis projectsIn theNormally
atd_ rn Ihslrenvlronmanlalreviewsas 75%or moreof replace. Unaoceplabieand Unacceptable
requiredin24CFR Part58, meritcostnolonger noisezones,HUDactivelyshallseek

WhereCDBGactivitiesareplanned applies.Howthe cdterla tohaveprojectsponsorsIncorporate
in anoisyarea,andHUDassistanceis containedin individual noiseattenuationfeatures,giventha
contemplatedlaterforhousingand/or programguidance extentof therehabilitationbeing
othernoisesensitiveactivities,the applies, undertakenandthe levelof exterior
CDBGgranteerisksdenialof theHUD noiseexposure,InUnacceptable
assistanceunlesstheHUDstandards noisezones,HUDshallstrongly
aremet.Envlronmentarstudies, encourageconversionof noise-
Includingnoiseassessments,are exposedsitesto landuses
allowablecosts, compatiblewiththe highnoiselevels.

(g) HUDsupport fernaw (6) Research,gu/daneeand
construction, HUDassistanceforthe publications, HUDshallmaintaina
constructionof newnoisesensitive continuingprogramdesignedto
usesIsprohibitedgenerallyfor providenewknowledgeofnoise
projectswithUnacceptablenolse abatementandcontroltopublicand
exposuresand isdiscouragedfor privatebodies,todevelopImproved
projectswithNormallyUnacceptable methodsforanticipatingnoise
noiseexposure,(Standardsof accept- encroachment,to developnoise
abilityarecontainedin§51.103(c).) abatementmeasuresthroughland
Thispolicyappliesto allHUD usaand buildingconstruction
programsprovidingassistance, practices,andto fosterbetter
subsidyor insuranceforhousing, understandingof theconsequences
collegehousing,mobilehomeparks, ofnoise.It shallbeHUg'spolicyto
nursinghomes,hospitals,andall issuegu]dancadocuments
programsprovidingassistanceor periodicallytoassistHUDpersonnel
insuranceforlanddevelopment,now inassigninganacceptabilitycategory
communities,redevelopmentorany toprojectsInaccordancewithnoise
otherprovisionof facilitiesandserv. exposurestandards,Inevaluating
Iceswhicharedirectedtomakeland noiseattenuationmeasures,andIn ='
availablefor housingornoise advisinglocalagenciesaboutnoise
senaitEvedevelopment.Thepollcy abatementstrategies.Theguidance
doesnotapplyto research documentsshallbeupdated
demonstrationprojectswhichdonot periodicallyinaccordancewith
resultInnewconstructionor advancesIn thestate-of.the-art.
reconstruction,flood Insurance, (7) Constructionequipment,

I interstatelandsalesregistration,or building equipmentand
anyactionoremergencyassistance appliances. HUDshallencouragethe
underdisasterassistanceprograms useof quieterconstruction
whichareprovidedto savelives, equipmentandmethodsinpopulation
protectproperty,protectpublichealth centers,theuseof quieterequipment
andsafety,removedebrisand andappliancesInbuildings,andthe
wreckage,orassistanceprovidedthat usaof appropriatenolsaabatement
has thaeffectof restoringfacilities techniquesInthedesignof
substantiallyas theyexistedpriorto residentialstructureswithpotential
thedisaster, noiseproblems,

(4) HUDeupportfor exlsting
construction, Noiseexposureby
Itselfwignotresultin the denialof Existingconstruction
HUDsupportforthe resaleand meansunitswhichare
purchaseof otherwiseaoceptable eithermorethan1year
existingbuildings.However, oldor forwhich thisis
environmentalnoiselsa marketability thesecondor
factorwhichHUDwigconsiderin subsequentpurchaser.
determiningthe amountofInsurance
orotherassistancethai maybegiven,
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(8) Exteflornolsegoa/s, Itisa (41(ncaseawheretbeRegional
HUDgoal thatexteriornoiselevelsdo Administratordeterminesthatas
notexceeda day.nightaveragesound Importantbrecedentor Issueis
leverof55decibels.This)eve)_s Involved,suchoasesshallbe refelred
recommendedbythe Environmental with recommendations(othe
ProtestlonAgencyasa goalfor AssistantSecretaryforCommunity
outdoorsinresidentialareas.The Ptannlngand Ceve/epment.
levelsrecommendedbyEPAare not - (b) surveillance o/noise problem
standardsanddenot ta_ainto areas, Appropriatefiordstaff shall
accountcost orfeasibility.For.the TheNoiseControlActof maintainsurveillanceof potential
purposesof thisregulationandto 1972requiredEPAto noiseproblemareasandadviselocal"publishInformationonmeetotherprogramobectivee,sites officials,developers,andplanning
withaday-nightaveragesoundlevel the levelsof groupsof the unacceptabilityof altos
of 65_.ndbelowareacceptableand environmental becauseof noiseexposureat the
areallowable(seeStandardsin noise.,,which.,.are earliestpossibletime inthedecision
§51,103(c)). requisiteto protectthe process,Everyattemptshallbemade

(9) /nr,erlornoisegoals. It Isa HUD public hes_thendv_eltore to insurethatapplicants'sitechoices
goalthatthe interiorauditory withanadequatemargin areconsistentwiththe policyand
environmentsh_.LInotexceeda d_.y. of safety."EPAhas etend_,0dscents(nedhere(n,
nightaveragesoundlevelof45 Interpretedthisto mean (c) Noticeto applicants, Atthe
decibels.Attenuationmeasuresto that thelevelsshouldnot earliestpossiblestage,HUDprogram
meettheseInteriorgoalsshallbe reflecttechnical administratorsshall;
employedwherefeaslble,Emphasle feasibilityoreconomic (t) Oeterm(nethesuftabilityofthe
shallbegivento noisesensitive costs,"Healthand acoust{oalenvironmento(prepossd
interiorspacessuchasbedrooms, welfare"lsdefinedas prelects;
Minimumattenuationrequirements being"complete (2) Nor,lfyappllcantsofenyadvarse
areprescribedin§51.104_a). phye(cal,mentaland orquestlonablesituations;and

10) Acouatlca/privacyln socialwell-beingandnot (3) Assurethatprospecllve
multllam//ybu dings, HUDsha merelytheabsenceof appllcentsareapprieedofthestsnd-
requirethe useof buildingdesignand diseaseandInfirmity." aMscontainedhereinsothat future
acousticattreatmenttoafford sitechoiceswillbeconsistentwith
ooousticatprivacyInmultlfamity thesestandards.
buildingspursuef_tto requirementsof (d) Technicalasslsrrence,Technical
theMinimumPropertySlandards. assistanceinthemeasurement,

estimation,Interpretation,or
§51.102Rasponelblgtloe, p_dictton of noiseexposureis

(a} Author,fryto approve availablefromthe Olllce of
prelects, (1) Decisionsonproposed CommunityPlanningand
projectswithacceptablenoise DevelopmentandtheOfficeof Policy
exposuresshallbedelegatedto the DevelopmentandResearch.Field
programpersonnelwithin field office questionsshallbe forwarded
elfLose,Includingprelectswhere throughthe RegionalOfficeto the
increasednoiselevelsareconsidered AssistantSecretaryforCommunity
acceptablebecauseof non.acoustic Planningand Oevelopmentorhis
benelitsunder§51,195(a),Fieldoffice des]gnea,
programpersonnelmaysleoapprova _e}/nrerdeparr,menr,al
projectsIn normaltyunacceptable coordination. Regional
noiseexposedareaswhereadequate Administratorsshaftfoster.
soundattenuationIs providedand appropriatecoordinationbetween
wheretheprojectdoesnatrequirean fieldofficesandotherdepartments
EnvironmentalImpactStatement andagencies,particularlythe
under§51,104(b), EnvironmentalProtectionAgency,the

(2) Otherapprovalsinnormally Departmentof Transportation,
unacceptablenoiseexposedareas Departmentof Defense
requirethe concurrenceofthe representatives,andtheVeterans
RegionalAdministrator. Administration,HUDstaffshallutilize

(3) Requestsfor'approvalsof theaceept_billtystandardsin
projectsor portionsof projectswith commentingontheprospective
unacceptableneiseexposuressha_] impactsof transportationfacilities
Bereferredthrough theF_eglenal andothernoisegeneratorsIn the
OfficetotheAssistantSscreta_ for EnvironmentalImpactStatement
CommunityPlanningand reviewprocess,
Developmentforapprovalpursuantto
§51,104(b)+
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§51.103Crltndnand standards. Methodsforassessingthe
Thesestandardsapplytoall contributlnnofloudImpulsivesounds

programsas indicatedIn§61,101, today-nightaveragesoundlevelata
(a) Measumo/externn/nolae siteandmathematlcalexpressions

env/ronments.The magnitudeof the fordeterminingwhethera soundIs
externalnoiseenvironmentata site is classedan "loudimpulsive"are
determinedbythevalueof theday. providedIn theAppendix.
nightaveragesou_=dlevelproduced (o) Exteriorstandards. Thedegree
antheresultnfthe accumulationof of acceptablgtyofthe noise
noise fromall sources contributingto environmentatnsite isdeterminedby
theexternalnoiseenvironmental the thesoundlevelsexternal to buildings
site,Day.nightaveragesoundlevel, or ntherfacilitiescentainfngnoise
abbreviatedasDNL andsymbolized sensltiveuses.Thestandardsshall
asLdn,Is the24-houraveragesound usuallyapply ata location2meters ThisIs becausethe
level,Indecibels,obtainedafter (6.5feet)from thebuildinghousing reverberationoflestof
additionof 10denlbolntosound noisesensilfveactivitiesInthe
levelsInthenightfrom10p.m,to 7 directionof the predominantnoise soundwaveshillingthewallwill Increasethe
a.m,Mathematicalexpresslnnsfnr source.WherethebuildinglocationIn no_sorevelsat thnsite,
averagesoundlevelandday.night undetermined,thestandardsshall
averagesoundlevelarestatedinthe apply2meters(6.5feet)fromthe Youwon'tpickthisup
Appendix, buildingsetbacklinenearestto the unlessyoubacknff from

(b) LoudImpulsivesounds. Onan predominantnnlsesource.The thewall tomeasure.
Interimbasis,whenloudimpulsive standardsshallalsoapplyatother
sounds,suchasexploslnnsor seers locationswhereIt isdetermfnedthat
booms,areexperiencedata silo, the quietoutdoorspaceIs requiredInan
day.nightaveragesoundlevel areaancillarytoIheprincipaluseon
producedbytheloud Impulsive the site.
soundsatoneshallhaveEdecibels
addedto it inassessingthe The noiseenvironmentinsidea
acceptabilityofthesite (see buildingisconsideredacceptableif
Appendix).Alternatively,theC- (a)thenoiseenvlrnnmentexternalto
weightedday.eightaveragesound the buildingcompileswiththese
level(Lcen)maybe usedwithoutthe8 standards,and(b)the buffdlngin
denfbeladditlnn,as Indicatedin constructedIna mannercommonto
Section51.108[a)(3). the areaor, if of uncommon

construction,hasat least the
equivalentnoiseattenuation

I charactedstlcs.

Site AnneptabilityStandards

Day.night average sound
level(indecibels) Special

approvalsand
requirements

Acceptable Notexceeding65dB(1)__None
NormallyUnaseeptable _. Above 65 dB but nnt

exceeding75dB Special
Approvals(2)
Environmental
Review(3)
Attenuation(4)

Unacceptable Above75dB Special
Approvals(2)
Environmental
Review (3)
Attenuation (5)

Notes.--(1)Acceptablethreshold may be shifted to 70 dB In special
circumstancespursuantto Section51,105(a)

(2)SeeSection51,104(b)for requirements.
(3)SeeSection51.104(b)for requirements,
(4)5 dB additionalattenuatlnnrequired for sites above65 dB but not

exceeding70dBand 10dRaddltlanaiattnnuatfonrequiredfor sitesabove70
dB but nntexceeding75dB,(SeeSection51,104(a).)

(5)Attenuationmeasurnsto besubmittedto theAssistantSecretaryfor
CPD forapprovalon a case,by.casebasis,
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§51.104Specialrequirements,
(a) Noise attenuation, Noise

attenuationmeasuresare those
requiredinadditionto attenuation
providedbybuildingsas commonly
constructedInthe area,and
requiringopenwindowsfor
ventilation.Measuresthat reduce AssumptionIs that
externalnoiseat e site shaftbeused standardconstruotlon
whereverpracticablein preferenceto providesan averageof20 I..dnattenuation.At 65

Bermsand barriersare the Incorporationof additionalnoise L_,_or belowthisour first choicebecause attenuationIn buildings.Building
theyprovideptotentlon designsand constructiontechniques amountof attenuationwouldbe sufficientto
for yards,playgrounds, thatprovidemorenoiseattenuation meetInterior levelof 45
etc. Sinceoutdoor than typicalconstructionmay be Ldn,AdditionalactivityIs often very employedalsoto meetthe noise
Importantto residents attenuat{onrequirements, requiremenlsare
we wantto protectthe (1) NormallyUnacceptablenoise designedto meetthisoutdoorareasas much goalevenwhenexteriorzone. Approvalsinthis zonerequire
as possible, a minimumof 5 decibelsadditional noiselevelsarehigher.

soundaRenuaflonfor buildings
By definitione barrier havingnoise-sensitiveusesIf the
must be separatefrom day-nightaveragesoundlevelis
thebuildingorarea it is greaterthan65decibelsbut does
providingattenuation notexceed70decibels,ora
tar, Atler all barriersare minimumof 10decibelsof
preferredbecausethey additionalsoundattenuationif the
improveexterioras well day,nightaveragesoundlevelis
as interiorlevels.Non- greaterthan70 decibelsbutdoes
noisesensitivePulJdings notexceed75 decibels,
can,however,be used (2) Unacceptablenoise
asbarriersfor noise zone. Noiseattenuationmeasures
sensitivebuildingsor requiretheapprovalof the Assistant
exteriorareas. SecretaryforCommunityRannin9

and Development(See§51,104(b)(2).)
(b)Special Approvalsand

EnvironmentalReview
Requirements,Environmental

: clearancesshallbeconducted
pursuantlo the requirementsof
HUD'sDepartmentalPolicies,
ResponsfbldflesandProseduresfor
ProtectionandEnhancementof
EnvironmentalQuality(38 FR 19182

ss amended)or otherenvironmentalr0gulatlonswhichmay beIssuedby
I theDepartment.TheSpecial

I ClearanceandEnvironmentalimpact9talement(.=IS)threshold SuPer{lute
' requirementsare herebymodifiedfor Environmental

j all projectsproposedin the Normally Assessment(withECO
UnacceptableandUnacceptable coneurrencelwherever
noiseexposurezonesas follows: youseeSpecial

(1) Norma/lyUnacceptablenolae Clearance.
zone. (i) Allprojectslocatedinthe
NormallyUnacceptableNolseZone
requirea SpecialEnvironmental
ClearanceexceptanEISIs required
fora proposedprojectlocatedIna
largeJyundevelopedarea,orwhere
theHUDactionIs IlkeJytoencourage
theestablishmentof Incompatible
landuse in thisnoisezone.
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(11}Whensn EISIs required,the (6) Othersiteswhichare not
concurrenceof theRegional exposedtonoiseaboveLdn65and
Administratorisalso requiredbefore whichmeel programobjectivesare
a projectcan beapproved,Forthe genera)lynotavailable.
purposesof thisparagraph,anarea Theabovefactors,sha{Ihe
willbe consideredas largely documentedandmadepad of the
undevelopedunless theareawithin a Whentheareain pro_ectfile.
2-miteradl,._sof theprojectboundsry questionIsine small

communityoutsidean §51.108Implementation,Ismorethan50percentdevelopedfor SMSAandthe
urbanusesandinfrastructure (a) Useofavailabledata, HUDfield
(particularlywaterandsewers)is applicationof the 2mile staffshallmakemaximumuseof
availableandhascapacitytoser_e radiusrulewouldbe noisedatapreparedbyotherswhen
theproject, unreasonable,anarea suchdataaredeterminedtobe

(ill) All otherprojectsinthe canbe consideredlargely currentandadequatelyprojectedinto
NormalJyUnacceptablezonerequlma aevelopedif It is
SpecialEnvironmentalClearance, contiguousto existing thefutureandareIn termsof the

developmentand following:exceptwhereanEISis requiredfor (1) Sites fn the viclnlty of
othermasonspursuantto HUD infrastructureis available airports. Thenoiseenvironment
envlronmenta_policies, andhascapacityIo serve

(g) Unacceptablenolsezone. An theproject,TheAssislant aroundairportslsdeeedbed
EISis requiredprier to theapprovz,I of Seeratatywill review sometimesintermsc,fNoise
prelectswith enesceptablenoise themona case-by.case ExposureForecasts,abbrevlaledas
exposure,ProjectsJnor partiallyin an basis.Inallothercases NEFor,In theState of California,asGommunJlyNoiseEqulvaJentLevel,
Unaeceptab4eNoiseZoneshal_be the2 mils radius/g0% abbreviatedas CNEL.Thenoise
submittedthroughthe Regional rulestill applies, environmentfor sitesin thevicinityof
Administratortothe Assistant airportsfor whichday.nightaverage
Secretaryfor CommunityPlanning soundleveldataare nel availablemay
andDevelopmentforapproval.The beevaluatedfromNEFstCNEL
AssistantSecretarymaywaivethe Caution-every el/oH analysesusingthefolrowlng
EISrequirementIncaseswherenoise shouldbemade toget convers(onsto DNL:
is theonlyenvironmentalIssueand official DNL=,NEF+ 35
nooutdoorsensitiveactivitywill take contours--particularly DNL-,CNEL
placeon the site.in sucheases,a formilitaryinstallations (2}Sites in the vicinity of
SpecJaJEnvironmenta_ClearanceJs andlargeaircarrier highways. Highwayprojects
required, airportsratherthantrying receivingFederalaidaresubjectto

tousetheNoise noiseanalysesundertheprocedures
_ _51.105Exsopffons. AssessmentGuidelines. of theFederalHighway

re)Flexlbi/Ityfornot_.acoust/c Administration.
!i benefits. WhereIt Is determinedthat

programobjectivescannotbe Wheresuchanalysesareavailable
! achievedonsitesmeetingthe What thisreallymeansIs theymaybeusedto assessslles
i: acceptabilitystandardof 65des_hels, thattheSdbattenuation subjectto therequirementsofthis
i theAcceptableZonemaybeshifted requirementforthe65-70 standard.TheFederalHighway

to Ldn70ona ease.by.casebasisIf all LdnzoneIs waived. Administrationemploystwoalternate
the followingconditionsare satisfied: Pdmargy_ntendodfor soundleveldescriptors:(a)TheA.

(1} The projectdoesnot requirean urbanareaswhere weightedsoundlevelnot exceeded
EnvironmentalImpactStatement alternativesitesarenot morethan10percentof thetime for
underprovisionsofsection104(b)(1) available,Notethat all thehighwaydesJgnhour trafficflow,
andnoise isthe only environmental conditionsmustbemet. symbolizedas L 0;or (b)theequivalent
Issue, soundeve for the des gnhour,

2) Theproeel hasreceiveda symbolizedasLea.Theday.night
Speca EnvronmentalC earaneeand averagesoundlevelmaybeestimated
hasreceivedtheconcurrenceof the fromthedesignhourLoor Leqvalues
EnvironmentalClearanceOfficer. by hefol ow ng relatlonsh ps,

providedheavytrucksdo notexceed
(3) The projectmeetsother Theserequirementsare tOpercentof the lotal traffic,flowIn

programgoals toprovidehousingin veryImpedant.Becareful vehiclesper24hoursandthe traffic
proximitytoemployment,public withdesignhourvalues, flowbetween10p.m.and 7a,m.doesfacilitiesandtransportation. notexceed15percent of theaverage

dallytraffic flow in vehlcJesper24(4) The projectIs inconformance
withlocal goalsandmaintainsthe hours:
characterof the neighborhood, DNL==L_0(designhour)--Bdecibels

(5) The projectsponsorhas set DNL-=L (designhour)declhelsforthreasons,acceptableto Hue, as ._Wheretheauto/truckmixandtime
to why the noiseattenuation ofday[elaticnshipsas statedInthis
measuresthatwouldnormallybe Sectiondo notexist,theHUDNoise
requiredfor newconstructfenin the AssessmentGuidelinesorother
I..dn65to Ldr_70zonecannotbemet, noiseanalysisshallbe _,aed.
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(3) Sites in the vicinityel Requestsfor determinationonusage
lasts#aliens produclngloud of newor revisedareawldedatashag
impulsivesounds. Certain Includethefollowing:
Departmentof DefenseInstallations (I) Mapsshowingold,if applicable,
produceloud impu/eJyssounds from and newnoise conlours,along wgh
artilleryfiringandbombingpractice briefdescriptionofdatasourceand
ranges,Noiseanalysesfor these methodology.
faciJ]t]easometimesencompasssites .........pu,u| u _,.,._, ,g,:,,d
thatmaybesubjecttothe prospectiveurbanizedareasandon
requirementsof thisstandard.Where developmentactivity.
suchanalysesareavailabletheymay {lit) ImpactonHUD.assisted
beusedonan Interimbasisto projectscurrentlyIn processing.
establishtheacceptabilityof sites (iv) Impacton futureHUDprogram
underthisstandard, activity,Wherea fieldoffice has

TheDepartmentofDefenseuses determinedthatimmediateapproval
day.nightaveragesoundlevelbased of newareawidedatats necessary
onC-weightedsoundlevel, endwarrantedin limitedgeographic
symbolized EGos, (orIheanalysisof Contoursforfuturenoise areas,therequestfor approvalshould
loudImpulsivesounds,Wheresuch levelsbasedon new statethe circumstanceswarranting
analysesareprovided,the8 decibel construction,mission suchapproval.Actionsonproposed
additionspecifiedin51.103(b),is not changesetc.which prelectsshallsol beundertakenwhile
required,andthe samenumerical becomeavailableas part newsreawldenoisedataare being
valuesof day.nightaveragesound of theEnvironmental consideredforHUDuseexceptwhere
levelusedonan interimbasisto ImpactStatement theproposedlocationIs affected In
determinesite suitabilityfor non. processshallnotbe used thesamemannerunderboth theold
Impulsivesoundsapplyto the I.Cdn, untilthe NEPAprocessis and newnoisedata.

(4) Useof amaw/deacoustlcel completeand adecision (b) Site assessments,Compliance
data. HUDencouragesthe onthe proposedactionIs with thestandardscontainedIn
preparationanduseelareawlde made, §51.103(c)shall,wherenecessary,be
acoustlca(information,suchasnoise determinedusingnorseassessment
contoursfor airports,Wheresuch guidelines,handbooks,technical
newor revisedcontoursbecome documentsandproceduresissuedby
availableforairports(civilormilitary) theDepartment,
and militaryinstallationstheyshall (c) Variations tnsite noise
firstbereferredtotheRegionalOffice levels. InmanyInstancesthenoise
(EnvironmentalC(esresceOfficer)for environmentwidvaryacrossa sire,
review,evaluationanddecisionon withportionsof Ihe sitebeingInan
appropriatenessforuseby HUD.The Acceptablenoiseenvironmentand
RegionalOffice shallsubmit revised Whenneworrevised otherportions ina Normally
contoursto theAssistantSecretaryof contoursareapproved, Unacceptablenoiseenvironment.The
CommunityPlanningand makesureall interested standardsIn§51.103(c)shall applyto
Developmentfor review,evaluation peoplein localareaare theportionsof a buildingor buildings
anddeclsonwheneverthearea informedthatHUDwill usedfor resldengalpurposesandfor
affectedIschangedby2Dpercentor beusingdifferent ancillarynoisesensitiveopenspaces.
more,orwheneverltladatermlnsd contours.Makeaspecia] (d) Nolsemeasurements. Where
thatthenewcontourswillhavea efforttoInformthemost
significanteffectonHUDprograms, activedevelopersinarea thatn°lsetheaSSessmentSslteis bordedresultineorina finding
orwheneverthecontoursare net ordeveloperswhohave
providedIn a methodologyacceptable workedwithHUDbefore, questionable,oris controversial,noisemeasurementsmaybe
under§51.106(a)(1or Inother aeses performed.WhereIt Is determined
wharelhe Reg onalO eedetermlnes thatnolsemeaourementsare
thatHeadquartersreviewIs required,suchmeasurementswillbe
warranted.Forotherareawide conductedin accordancewith
acousticaldata,revlewis required ThisIsalsorequiredfor methodsandmeasurementcrlteda
onlywhereexistingsreawldedale are noisestudiesfor devel, establishedbytheDepartment.
beingutilizedandwheresuchdata opersbyconsultants, Locationsfornoisemeasurements
havebeenchangedtoreflect changes whethertoprovide willdependon theIocadon ofnoise
inthemeasurementmethodologyor originaldata,or to sensitiveusesthatarenearestto the
underlyingnoisesourceassumptions, contestexistingdataora predominantnoisesource(see

HUDanalysis,It Le §51.103(c}).
particularlyimportantto
makesurethesame
traffic,vehicleor
operationaldatawere
usedforeachstudy,
whenonestudyis being
contested.
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e) Projectionso/ noiseexposure,
naddtlontoassessingexisting

', exposure,futureconditionsshouldbe
projected.Totheextentpoas/ble,
noiseexposureshallbeprojectedto
berepresentativeof conditionsthat
are expectedtoexistat atime at least

10yearsbeyondthedateof the Whenprojectionsforprojectoractionunderreview.
if) Reductionofsite noiseby useo/ airportsarebaseclonnew

barmsandlorberders, If itis deter- construct/onorsimilar
minedbyadequateana)ys)ethala actionsthe likelihood
bermand/orbarrierwill reducenoise thatsuchmajoraction
ata housingsite,andif thebarrierIs willactuallytakeplace
exlstlngorthareareaseuraococlhat shouldbecarefully
Itwillbeinplacepriortooccupancy, evaluated,Thisis

Thisprovisionshouldbe theenvironmentalnoiseanalysisfor particularlyimportantif
ueec/withcaution.Very thesitemayreflectthe benefits localfundfngis required,
clearandstrongassur- affordedbythebermand/orbarrier. Cheekto see_fInitial
ancesthatberrnsor intheenvironmentalreview actlcnasuchasland
barriersWillbecon. processunder§51,104(b),the location purch_,ses,bondsetc.
s/rustedshouldbe heightanddesignof thebermand/or beentaken,Ifprojections
obtainedinwritingbefore bardershall b_evaluatedtodeter, arejustbasedon
approval, mineItseffectiveness,andImpacton expandedtrafficlevels

designandaestheticquality, makesuretheyare
Agalnalsonotothatby cfrculatlonandatherenvironmental reasonable/orthearaa.
datln_tlonabarriermast factors, Projectionsforsmaller
bephysicallyseparate communitiesareoften

:: from the buildingorares Appendixto SubpartB--doflnltlonof ovedyoptimistic.
!_ it is providingattenuation acousticalquantities_" for.i; "LSeundLavel. Thequantltyln
_; decibelsmeasuredwithan
_ TheNolseAssessment Instrumentsatisfyingrequlremenlsof

Guldell/_escontain AmericanNafionatStandard
proceduresforevaluating SpecificationforType1 SoundLevel
barriereffectiveness, Meters$1.4-1971.Fasttime-

averagingandA.frsquencyweighting
aretobeused,unlessothersare
specified.Thesoundlevelmeterwith
theA.welghtingIs progressivelyless
sensillveto soundsof frequency
belowf_O00hertz(cyclespersecond/,
somewhatasis theear.Withfasttime
averagingthesoundlevelmeter
respondspartleufartyto recant
soundsalrnostas quicklyas doesthe
ear injudgingtheloudnessof a
sound.

(2)AverageSoundLeve/, Average
soundlevel,Indecibels,Is the levelo/
themean.squareA.weightedsound
pressureduringthestatedtime
period,with referenceto thesquareof
thestandardreferencesound
pressureof 20micropascals.

I1 10 [LAit)+ 10]/10dtL,_.= 10 logic

+ 700 10 LA(t)/IOdt + 200 10 [LA(t)+IO]/10dt
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Chapter3 Questions andAnswers 2, Manysmall townsaren'tbig
enoughfora projecttomeet the

Major Policyand 1. Howvalidandusefularecivil definitionof infillcontainedinsection
ImplementationQuestions airport noiseprojections that show 51.104(b){1)(ll).However,a proJacl
Relatedto theNoise signlflcanlreductionsintheamount locatedIntheheartof towncanhardly

of landexposedtohighnoiselevels? beconsideredto beina largely
Regulation Shouldwebasuspicious? undevelopedarea.Mustan EISbe

Contoursthatshowsignificant prepared?
reductionsIntheareaexposedto Not necessarily.If thaJurisdiction
highnoiselevelsmayseem InwhichtheproJeotislocatedisnot

AsregulationsareappliedIn the field, questionable,but,accordingtothe partofastandardmetropolitanarea,a
it is Inevitablethatquestionswill EnvironmentalProtectionAgency, projectmaybaconsideredInfillif it is
arise.It is, afterall,verydifficult to theymaybequiteaccurate,TheEPA withinorcontiguoustothealready
anticipateeverysituationwhen doesexpecttoseesomes[gnllicant developedareaandinfrastructure
preparinga regulation.Sometimes reductionsInthenumberof people (partlculadywaterandsewer)is
thequestionsrelateto specificand exposedIs highlevelsof aimrett availableandhaslhecapacityto
uniquesituationsof limitedInterest noiseoverthe next15years.InIhelr servetheproject.Itmustalso beclear
toanyonebut theofficeinvolved, reportAviationNoise: TheNext thatthe projectwillnot encouragethe
Otherquestions,however,raise Twentyyears,EPAstatedthatthay establlshmentof olhsr incompatible
Issuesof moregeneralconcern.In expectedto seethe numberofpeople landusesIn thenormally
thissection we havebrought together exposedto levelsof65Ldn orgreater unacceptablenoisezone.
themost Importantand mostrelevant Is drop froma 1975figureof5,550,000 If youbelievea projectmeetsthese
questionsthat havearisensincethe to about2,550,000In theyear2O0O. criteria,submitdocumentationtotha
noise regulationwent Into effect in Muchof thisreductionwouldoccur Officeof Environmentand Energyfor
Augustof 1979.Wehaveuseda
questionand answerformat for your during theperiod1980-1985with their reviewanddetermination.
convenience, moremodestdecreasesthereafter.

The reductionsareexpectedtoresult

The followingare the topics included: Irom the FederalAviation 9. Whatcanwedo to reducethe
Administration'scurrentnoise proceduralburdenwhen,for avarlety

1. Noiseprojectionsfor civilalrpods certificationrequirements,evenwith of reasons,theDepadmentexpects
2. Definition of Infill forsmall towns up to 100%increasesinaircraft to be consideringa numberof
3. AreawldeEISwaivers operations.(Currentcertification projectsin anunacceptablenoise
4. Requirementsfor modernization requirementsare forall newaircraft zone? Mostof tha projectswould
and rehabilitationprojects to achievestagethree noiselevels probablyqualifyreran EISwaiver,but
5. Useof bermsand barriersas andall olderaircraft to achievestage howcanwe avoidfilling repetitive,
attenuationmeasures twolevelsby 1985.Progresshasbeen individualrequests?
6. Newand revisedairport noise good in meetingtheserequirements.) While thenumberofcases where
contours In generalthen,you shouldnotbe theDepartmentwouldbeseriously

surprisedtoseesignificant consideringa numberof projects
reductionsin contoursize if Ihe exposedtounacceptablenoise levels
followingconditionsaremet: in the samejurisdictionIs likelytobe

limited,thereis anallernativeto
• thadecreaseInsizeis nomorathan individualprocessinginthose
50%; situations.Thealternativeis to Issue
• the IncreaseinoparatlonsIsno anareawidewaiverforthe entire
morethan100%;and affectedjurlsdlotion.Sucha waiver
• FARstage3airaraft,suchasthe can beusefulwhentheunacceptable
B757andB767,areIncludedInthe noisezoneheavilyImpactsa
fleetmix,butnot tothe total substantiallydevelopedcommunity
exclusionofagotheralrcrafl, with limitedsitealternatives.(Inmost
Assumingthatthacontoursare caseswewouldexpectthat thenoise
otherwisetechnicallycorrect, sourcewouldbeaircraft,but Invary
significantlysmallercontoursshould smalltownsit is possiblethat a
beacceptable, heavilyusedrail linecouldcreatea

large unacceptablenoisezone.)
An areawidaEISwaiverwould,of

course,haveto haveamore delslled
environmentalassassment thanan
Individualprojectrequest,and there
areotherspecialprocessingsteps.
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Butif youhovessituationwhereyou 5, Weknowthat bermsandbarriers 6, Whatshouldwe bedoingoncewe
thinktheDepartmenthasa good are thepreferredtypeofnoise haveprocessednoworrevised
reasontoexpecttoprocessa number attenuationbecauseof theprotection aircraftnoisecontoursendtheyhave
of projectswithintheunacceptable theyprovidefor outdoorlivingareas, beenapprovedforass?
noisezone,thereIsanalternativeto butweneedsomefurtherguidanceon Themostimportantthingyoucan
individualEISwaivers.Contactthe whentheyare reallythebestchoice, do onceneworrevisedaircraftnoise
Officeof EnvironmentandEnergyfor Whilebarrierscanbeaneffective contourshavebeenapprovedforusa
detailsonhowtorequestthe noiseattenuationtechnique,they Is to tellthepeoplewhoaremost
aroawldewaiver, must,Indeed,beusedwithcaution likelyto beaffectedby thechange.If

andcommonsensebecausetheycan youhaveanewsletterthatyou
createmoreproblemsthantheysolve, regularlypublish,thatIsonewayto

4. Whatexactlyaretheprocessing Veryhighnoisebarrierscancreate get tirewordout,At theveryleastyou
requirementsandgeneralpoliciesfor significantaestheticandfinancial shouldspecificallynotifythsaffected
modernizationandrehabilitation problemsrelativeto thanoisebenefit jurisdictionsandthe
projects?Doesscotch51,104applyto to beachieved.Sardarecanblock builders/developerswhoareknownto
themaswell astonewconstruction? light,hindernaturalventilation,create beactivein Ihevicinityof thenoise
ThenoiseregulationIse bit confusing anunpleasantsenseof beingwalled impactedareas,Makesureyounotify
onthis. In,andcanbe varyunattractive,In buildersanddeveloperswhohave

Yes,thenoiseregulationIs sbit addition,barriersdorequire largescaleprojectsthatyouhave
confusingonthisquestion.Wehave continuingmaintenanceandcanbe beenprocessinginsections,Goback
seenseveral_netanceswherefield verycostlyto build, andcheckyourfliesto findthem.
officeshavemistakenlyappliedthe It is importantto rememberthat the Eventhoughyoushouldhavedonean
provisionsof Section51,104to noiseregulationsaysthat "measures overallenvironmentalreviewof the
modarnizagonandrehabilitation thatreduceexternalnoiseata_ite projectat thetimethe firstsection
projects,Webelievethatthishappens shallbeusedwhereverprocgoeble," wassubmitted,theapprovalof
becausesection51,104Is notas is itpracticableto proposea20foot IndividualsectionsIsdependenton
clearlytitled as_tm_ghthave been.tt highborderonly15 feetfromtherear thenoiselevelsat thetimethat
wouldbebetterIf itread"special of a two.storybuilding?Grantedit section Is submitted.
requirementsfornewconetruction" wouldcertainlyprotectthebuildingfrom noise, but whet about theratherthansimply"special
requirements", blockedfight,thereducedventilation,thevisualImpact,andthecost?TheTheonlypartsoftheregulationthat
applyto modernizationand purposeofa barrierisprimarilytoreducethenoiselevelsinthose
rehabilitationprojectsaresections
51,401(a)(5)andthedehnltloneof outdoorareasthat peopleuse.The

secondarypurposeis to reducethenormallyunacceptableend
unacceptablenoisezonescontained needforstructuralattenuation.
in the tableinsection51,103.Noneof Therefore,thebarriershouldonlybe
t haother proeeelngorpolicy ss highas Isnecessaryto protect
provisionsof thetableorof sections thoseareas,Struoturslattenuation
51.102and 51,104apply,Therefore: shouldberequiredforthepartsof the
• modernizationandrehabilitation buildingnotprotectedbythebarrier,
projectsareto beprocessedbythe Andif therearen'tanyoutdoorareas
fieldofficesregardlessofthe noise wherelownoiselevelsareimportant,
zone, barriersshouldn'tberequiredunless
• EIS'sarenotrequiredfor thaywouldbemorecosteffecilve
modernizationandrehabilitation thanbuildingattenuationreassures.
projectsunlessmondoledbyother
applicableenvironmentalregulations,

Youmusthowevercontinuato
encourageattenuationfeaturesin
modernizationandrehabilitation
projects,Inoccordaneewlththe
generalpolicystatedInseotlon
51.101(s)(5),
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Chapter 4 Whileit Isnot yourresponsibilityto Barrier Noise Reduction
providedetaileddesignassFstsnceto Concepts

Noise Attenuation thesponsorordeveloper,youshould
knowenoughabouttheattenuation (Thefollowing,withsomeeditingand
optionstogivehimorher a basic withsomaadditionalgraphics.Is
understandingof whatmustbedone, takenfromthe FederalHighway
In manycases,youmaybeable to Administration'sNoiseBarrierDesign

Igtroduoton reassurethesponsorordeveloper Handbook_)
thatthenecsssan/attenuationcanbe Whennoobstaclesarepresent

HUD'snoisepolicy(24CFR51B) achievedthroughtheuseof common between[a source]andadjoining
clearlyrequiresthatnoiseattenuation constructiontechniquesor materials, areas,soundtravelsbyadirectpath
measuresbeprovidedwhenproposed Oryoumaybeabletopoint outbowa fromthe "sources"...to [the]
projectsare to be locatedin high simplesitedesignchangecan "receivers"...,asshownfnFigure1,
noiseareas.Therequirementssetout achievethedesiredresultwithout Inlroduationof a barrierbetweenthe
inSection51.104(a)aredesignedto additionalcost, sourceandreceiverredistributesthe
Insurethat Interiorlevelsdo not Thefollowingsectionsare soundenergyIntoseveral(indlrectl
exceedthe 45Ldnlevelestablishedas designedtoprovideyouwiththe palhs:a diffracledpath.overthe lop
agoalInSection51.101(a)(9).Thus,in informationyouwillneedto fulfill of the barrier;a transmittedpath,

i effect. If theexteriornoiselevelIs 65 yourreaponsfblfitles.Each throughthebarrier;and areflected
i Ldnto70Ldn,25dbof noise attenuationapproachis discussed path,directedawayfromthereceiver.

atlenuatlon must beprovided;if the both in termsof basicconcepts andIn Thesepathsarealso Illustraled In
exteriornoise level isbetween70and termsof whatto look for in reviewing Figure 1.
75Ldn,then 30dbof attenuationis atlenuationproposals,The
required,Likewise,for projects discussiondoesassume that you
proposedfor areaswherenolse levels haveaworkingknowledgeof the
exceed75 Ldn,sufficient sttenuaton NoiseAssessmentGu]idelines. if you

f mustbeprovidedtobringinterior havenotworkedwiththe Guidelines

I levelsdown to 45Ldnorbelow, beforeornot recentlyyoumaywanttogo back and review them, particularly 1Nolseaatt/etOo=lgntlandbookusaep_nmenlo I
Thereare threebasicwaystoprovide the sectiononcalculatingthe effects Ttan_portalion,FederalHighwayAdnllnlSlxalton,

t the noiseattenuationrequired', ofbarriers. Februa__gre,(FHWA=Re-?0-58),

t 1. theuseof barriersor berms
1 2. sitedesign

3. acousticalconstruction Figure1
Altor_llon of Noise

Of these,only thefirst twoprovide Pnlh=h_,aSerf]or
anyImprovementinthe exterior
environment.BecauseHUDconsiders

a quietexteriorenvironmentto be Reflected_ / _,..O_..aimportant,we preferthe useof those
measuresthat reduceextedor levels /.>,:\'./ _;_ "_or_._

acousticalconstructionbyitself Is, _-_"
therefore,thefeast preferred
agernatlvesinceItonlyaffects the _r _-ns_lml Receiver

n interiorlevels,Whilewerecognize
: thatin manycasesbarriersor site
i designcannel provideall the
l attenuationnecessary,youshould
I combinethem withacoustical

I constructionwheneverpossible.

Yourresponsibilityas a HUDstaff
memberis to:
• makesurethe projectsponsoror source. _ect Path _ ........ d) Receiver
developeris awareof theattenuation ]requirementsfor theproject.
• makethe sponsorawareof the
optionsavailable
and
• reviewattenuationproposalsto
makesuretheyareadequate.
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BarrierDiffractionandAtlenuatlon R0uro2
g=ttder DIgractlon

Consideran Infinitelytong,infinitely
massivenoisebarrierplacedbetween

a highwayandthereceiver.Figure2 _/7'Illustratesa cross.sectlonthrough J/.
sucha configuration.[fn]this
example,theonlywaythatsoundcan
reachthereceiverIs bybendingover
thetop ofthebarrier;asshowninthe
figure.Thebendingofsoundwavesin
this manneroveranobstacleIs
knownasdiffraction.TheareaIn

barrierIsknownas the"shadow

zone,"Thestraight pathfromthe //.///f

sourceoverthetopof thebarrier
formsthe boundaryof thiszone.

All receiverslocatedIn theshadow
zonewlil experiencesomesound
attenuation;theamountof | _//Sh/ad_ Z_ne///_//
attenuationIs directlyrelatedto the
magnitudeof thediffractionangle_. IIIIIIIIIIHIIIIIIIIIIIIP/JJ/J/./L/7
As$ Increases,thebarrierattenuation
increases.Theangle_will Increaseif
the barrierheightIncreases,orif the
sourceorreceiverareplacedcloserto Route3
thebarrier.Clearlythenthebarrier PathLength
attenuationIs a functionof the Difference_=A+g- d
geometricalrelationshipbetweenthe

source,receiver,andbarrier.Oneway f_l__A''"

of relatingtheseparametersto the

bardcrattenuationlsto definethe A .f'J"

path.lengthdifferenoeasshownIn
Figure3. Thisparameteris the a
differenceindistancethatthesound \

musttravelindiffractingoverthe top +'J°'_" _ d "_"

of thebarrierratherthanpassing
directlythroughIt.

Inthe precedingdiscussionitwas j -'_/_j" '_Receiverassumedthat thebarrierwas I'---- ........."Infinite";I.e.,tongenoughto shield ........

thereca,verfromall soundsourcesup Source F//_/_
anddawn thehighway.Forshort Barrier
barriers,theattenuationcan be
seriouslylimitedbythesoundfrom
sectionsofhighwaybeyondthe
barrler'sends,whicham unshislded
fromthereceiver,asshownInFigure Figure4
4.Similarly,whentherearolargegaps Shon.clrcullolBt_ttlerAroundEnds
inthebarrier to permitaccess,for and'rilroughOpenings
exampe),sound rumthe unshleJded
sectionof highwayadjacentto the
gapcangreatlycompromisebarrier Plan Road
attenuatlon,especlallyforthose ------ _,,_ ",_ ! _ . f/ t f P _/ ------

receiversclosetotheopening. _'"--.. Barrier _"_•
R_d

Access Opening _'_

Receiver
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BarrierTransmission isst least1g dBabovetheattenuation BarrierReflections
valueresultingfromdiffractionover

In additionto thesoundthat travels thetopof thebarrier,thebarriernoise AsshownIn Figure1, soundenergy
overthetopofthebarrierto reachthe reductionwignotbesignificantly canbereflectedbya barrierwall,For
receiver,soundcantravelthroughthe aflectedbytransmissionthroughthe theconfigurationshown_nthat
barrierItself.Theamountofsound barrier(decreasedbylessthan0,5 figure,thereflectedenergydoesnot
"transmission"throughthebarrier dB).Formanycommonmaterials affectthereceiver,butmayaffect
dependsuponfactorsrelatingto the usedin barrierconstruction,suchas receiverslocatedto theleft ofthe
barriermamriai(suchuuits wa;u;',t concreteandmacon,",'blocks,TL highway.Howeverthe increasein
andstiffness),theangleof incidence valuesare usuallymorethan noiselevelfor thesereceiverswould
of thesound,andthe frequency adequate,For lessmassivematerials be lessthan 3dB,becausethissingle
spectrumof thesound,Oneway of suchas steel,aluminumand wood,TL reflection canat mostdoublethe
ratinga material'sability totransmit valuesmaynotbeadequate, soundenergy.(Rememberhowyou
noiseIs by ths useof aquantRy particularlyfor thosecaseswhere combinenoiselevels?The most you
knownas thetransmissionloss,TL, largeattenuationsare required,(See addIs3 dbwhenlevelsare thesame.)
TheTLIs relatedto theratioel the Table1 fora list of typicalTL.values,) Thesituationis entirely different,
Incident noiseenergyto the Evenif a barriermaterial Is massive however,whenadoublebarrier
transmitted noiseenergy, enoughtopreventsignificantsound situationis Invo]ved(referto Figure5).
Transmissionlossvaluesare transmission,the barriernoise Inadditionto theenergythat reaches
normallyexpressedIn decibelsand reduotlencanbeseverely thsrecelvsrbydiffracgonoverthetop
representtheamountnoise levelswill compromisedIf thereareholesor of the barrier,if the barrierwalls are
bereducedwhenthesoundwaves openlngsin thebarrier.For large reflective,additionalsoundenergy
passthroughthe material.The higher openings,soundenergyincidenton can reachthereceiverby a reflection
theTL valuethelessnoise thebarrierwill bedirectlytmnsmltted from the left wall as Illustratedinthe
transmittedthroughthe material, throughtheopeningto the receiver, figure.Thesamepdnclples apply
Typically, theTLvslue Improveswith Whenthe openingis small an whenthere isa vertlcalretainingwall
increasingsurfaceweightof the additionalphenomenonoccurs:upon oppositea noisebarrier;similarly,In a
material, strikingthebarrierwall the sound deepvertical cut the oppositewalls

The noisereductionprovidedby a pressurewill Increase,resultingInan will createmultiple reflections.
barriercan beseverelycompromised amplificationof the transmitted If thebarrierwagsare notperfectly
If theTLvalus of the material permits soundto the receiver.Thus, the reflectingbut absorbsomeof the
too muchnoiseto passthrough the presenceof openingsorholesmay soundenergy,thecontdbutonof each
barrier.This isdueto the fact that seriouslydegradethe noisereduction reflection Is decreasedby anamount
whenattenuationIsa functionof two providedbyolharwlseeffective that dependsupontheabsorptive
or morefactors,the noiselove1at the barriers, characteristicsof thebarrier,Forvery
measurementpointisactuallythe hard,reflectivesurfaces,the

:J combinationof thereducednoise absorptioncharacteristicsarevery
_ levelsresultingfromeachattenuation poor.Althoughassdousdegradation
:_ factor.Forexample,witha typical tnbarrierperformancemayresultfor

barrierthenoiselevelsere reducedby thedoublebarriersituation,useof
'_: (1)soundwavesbeingdiffractedover materialswithgoodabsorptionvalues

thebarrierand(g)soundwaves willusuallyrecoverallof thelost
; passingthroughthebarrier,The noise noisereduction.

levelat the receiverpoint is the Figure5
combinationof theattenuatedlevels RolloctlonaImman
resultingfromeachattenuationstep. OppmBngBarrier
If thestartingnoiselevelis65db and
thenoiselevelis reduced10dbwhen Receiver
thesoundwavespassthroughthe
barrierthentheattenuatedlevel
reachingthe reoeiveris55 rib. If the
attenuationprovidedbythesound _¢'
wavesbeingdiffractedoverthe _-
barrierIs also10dbthen the
attenuatedlevelreachingthe receiver
alongthat pathIs 55db aswell. Using _t,ReC_ __ = "1
thetable in theNoise Assessment

IGuidellneeto combinethe two
individualattenuatedlevels,one finds
that the combinedattenuatedlevelIs
actually58db,Thuseventhoughthe
attenuation valueof eachattenuation
stepwas 10db, theactualreduction
forthe receiveris only7 db.It is, |
however,a functionof thewaynoise
levelscombinethat if the difference
betweenlevelsis greaterthan10db It Barrier Source Barrier
doesnotaffectthe levels.Asa
gsneralrule,therefore,if the TLvalue
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It shouldbementionedtllatthe use Summary Therearefourthings tocheckwhen
of barrier wallswith slopedsides (From'.DesignGuide.National Bureau determiningthe adequacyof a
(forming anglesof graterthan10-15 of Standards_) proposedbarrier:
degreesfrom thevertical)will also 1. Is It highenough?
generallyeliminaternultlple In summary,the followingcan besaid 2. Is it longenough?
reflections.Useof earth berrnsIs aboutnoisebarriers. 3, Is It madeof theright materials?
particularlyappropriateto accomplish 4. Is it properlyconstructed?
this.SJopedbarderwalls will require • ft abarrierdoesnot block the line-
morematerialtoachisvea desired of.sightbetweenthesourceand Is it HighEnough?
heightthana verticalwall,while receiver,thebarrierwill providelittle
bermswin requiregreaterright-of-way or noattenuatlen. Inorderfor a barriertobeeffectiveIt
thana thinwall. • If a barrierisconstructedof a mustbeat least highenoughtobreak

materialwithasurfaceweightdensity thelineofsightbetweenthesource
GroundEffects groalerthan4 Iblh2and thereareno andthereceiver.In theNoise

openingsthroughthe barrier, AssessmentGuidelinesyouwillfind
Consideragainthedirect pathof transmittedsoundwigusuagybe theprocedurefordetermininghow
soundfromthesourcetoreceiveras negligible, muchattenuationIs providedbya
illustratedInFigureI intheabsence • II thereareopeningstotalingover barrierofa givenhelgtlL
of anyobstacles.Forsourcesand 10percentormoreof thebarrierarea, Ingeneral,barriersandbermsare
receiverslocatedcloseto theground, barflerattenuationwillbenegligible, mosteffective for oneandtwostory
in additionto thisdirectpalhsound • DiffractedsoundIs usuallythe buildingsbecausea relativelylow
energymayreachthe receiverby mostImportantaspectInestimating barriercan oftenprovidethe
reflectingoff thegrcund,Whenthe barrierattenuation, altenuationneeded.Theheightthat
terrainis relativelyhardandlist, such • ReflectedsoundcanbeImportant might be requiredto provide
a reflectionwigaddto the noisefrom forreceiversonthesourceside ofa attenuationfor muchtallerbuildings
the directpathto Increasethelevelat barrier,butItnormallyIsnota factor is often notfeasible for eithercost
thereceiver.However,whenthe for receiversonthesideopposite or aestheticreasons.However,even
groundIs soft,theremaybeaphase fromIhesource.Hencereflected If a barriercan notbe madehigh
reversaluponreflectionsuchthatthe soundIsusuallynotimportanttoyour enoughto attenuate theupperfloors
noisefromthegroundreflectionpath buildingandsite. of a muitistorybuilding.Itmaystill
willdestructivelyInterferewiththe • Transmissionof soundaroundthe beable to providesomeprotection
noisefromthe directpathresultingIn endsof the barriercan becritical If for outdoorrecreationalareas,
a significant reductionin noiselevels thebarrierIncludedangle is less than Beforediscardingthe barderIdea
at thereceiver. 170". checkforthis posslbldty.

This reductionIn level,knownas • Barderattenuationsgreaterthanan If you find that thebarrieras
ground-effectattenuation.Is in A-weightedsoundleveldifferenceof proposedIs tooshort to beeffective
excessof the3 dBperdoublingof 10dBaredifficult to obtain, but the sponsorordevelopertells
distancepropagationlossfora line * Fortwoor morebarriers"in you that he or she can notmakethe
sourceof noiseandoccursonlyabove serles,"conslderonly the"dominant" barrierany higher,therearesome
softabsorptiveground(suchas banler, alternativesyoucansuggest.There
normalearthandmost groundwith ,. Assumenoattenuationfor a are waysto get moreatlenuatlonout
vegetation).Overhardground(suchas receiverlocatedbeyondtheandof a of eachfoot of overallheight,
concrete,stoneandveryhard-packed barrier, As a generalrule, barrierswork
earth)theseeffectsdo natoccur, better the closer theyare Ic the
Theseeffectsaremost apparentfor Reviewing Barrier Proposals source.Figure6 showsa barrierthat
receiverson thegroundfloor,and doesnot blockthe line of sight at all
decreaserapldiyasreeelverhelght An effectivebarderIsonewhich when It Is located next tethe
aboveground Increases. reducesthenoiselevelbehindthe receiver,yet Is quite tall enough

Whilegroundabsorptioneffects barrierto65L.d_tor lower. Ifa barrier when locatednext to the source.
are notcompletelyunderstood,It is canreducetheexteriornoise levelto Thus,If the sponsoror developer
generallybelievedthat theseeffects 65Ldn,thenstandardconstruction can not make the barrieranytaller,
accountfor the4.5dB perdoublingof techniquesshould besufficient to perhapsheor she canmoveit closer
distancepropagationlossobserved insuraan interior levelof 45I,.dnor to the source.
oversoft ground,ascomparedto the below.Therefore,if youdetermine Anotherway to get more
3 dB propagationlossobservedover that a proposedbarrieris adequateto attenuationwithout Increasing
hardground.Theimplicationwith reducetheexteriornoise levelto65 overallbarrierheight is to bendthe
regardto barrierdesign Is that _ thennoadditionalattenuation top of the barrier towardsthe
placementof a barrieroversoft measuresshouldbenecessary, source.Figure 7 shows a casewhere
groundbetweensourceandreceiver a barrierbuiltperfectlystraight
will re-directthesoundoverthetopof provides8 dB of attenuation,A
the barrier,thusdestroyingthe barrierwith thesameoverallheight
groundreflectionandtheadditional butwitha 45degreebendtowards
1.5dB perdoubtingof distance the sourceprovides9,5 dBof
attenuation.Thus,thebarriermustbe attenuation.Thus if theproject
designedto providemorereduction sponsoror developerwantsto keep
thanwouldotherwisebe necessary, '_e_lg,Guidelott_educit_g the overallheight of thebarrier
to compensatefor the lost ground TronsportatienNoiseInansAroundBullel_gs,USDepanmenlofO(Jmmurce, down,he or she can still increase
effectsoverabsorpllveground. NalionalBureauofStandards,April1978. the attenuationprovidedsimplyby

[BullUlngSclenceSefles s4) bendingthetop.
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Figure 6 Thus, if your reviewof a proposed
Etlo¢IorMovingIheBarrier barrierShowsit to be tooshort, but
CloserIstheSource it can notbemadeany higher,

suggestthat the barrierbemoved
closer to Ihesourceor that It be

Roadway Barrier,,,,_"_ bentat the top,or bolh.

..._ _ _ Onceyou haveestabgshedhow

Iq_ 125' =J Receiver muchattenuationthebarrier" providesdue to its height,you must
determineif the lengthof thebarrier

_"_lF--1 I---1 I compromisesthat attenuationrevel,Roadway Barrier Again,the No/seAssessment

°.,+o,,°++o°o,oo°ooo.0o +,ocalculatingthe effectof barrier
. length,

L,_45-/,.__ Receiver rIyou findthat thebarrierIs tooshortbut that thereare limitations
on howlongit can be made,Ihere
are,as therewerewithbarrier
heights,somerecommendationsyou

Figure7 can make onhow to Improvethe
EBocIofBendingtheTopofthe effectivenessof the barrier,
anmorTowordltheSouse Again,if youbend theedgesof

the barrier, this time towards the
receivernotthesource,youwill

Barrier _ increasetheeffectivenessof the

bardsr'eeffectivenesscanbeimprovedbybendingtheedges.
-- -- - Youcan alsoimprovethe

Source Receiver effectivenessof the barrierby
, movingit closerto the receiver.

t!: aarrlerAaenuatlonValue:Sdb Figure9 showshow mucha herder's
h equalsa' effectivenesscanbe Increasedby
Requals45,5' movingit closerto therecoiver.Now
Dequals40.o obviously,thiscreatesa conflict

with whatwesaid earlierabout
_ movingthe barriercloser to the

Barrier. _ source.Clearlyeachcase willrequirea differentcompromise,Jf

__ _ I heightis not a l,mltingfactorbut
lengthIs,you mightrecommendto
theprojectsponsoror developerthat

-- - thebarrierbemovedcloser to
+ Source Receiver receiverand theheightfncreasedas

necessary.If the reverseIs true,you
earflerAtlenuatlonValue:a+5db wouldwant to recommendthe
hequals4' Opposite.If bothheightand length
Requals42.0' are limited,thenthesponsoror
Dequals43.5' developermustfindthatoptimum

pointwheretheeffeslvanessof both
thebarrierheightandthe barrier
lengthIs as high as possible,

25



Rguro8 Is It Madeof TheR]ghtMaterials?
EffectelBondingtheEdgesofBarrier
TowardsReceiver Even Ifa barrierIs high enoughand
(BothBarriershavePotentialValueoflOdb) long enough,Itseffectivenesscan

.i be severelyreducedif it is madeup
of lightweightmaterialsthat easily
transmit soundwaves,in the
precedingsectionon harrier

Roadway conceptswe talkedabout howIf the
transmissionlossvaluefor the
barrier material was not at least 10

, PropertyLine db higherthantheattenuationvalue

] _,_,_ Barrier f of thebarderbasedon lengthand
height therewouldbea s[gnEficant
reductionin theeffectivenessof the

barrier.Therefore,onceyouhave

[_ (_ calculatedthebaelcattenuation

Receiver potentialof thebarrier,youmust
check to makesure theproper
material Is beingusedto buildthe
barrier.Table1 liststhe
transmissionlosevaluesfor

AttenuationValue:5db materialscommonlyusedin harder
construction.Onceyouhave found
the transmissionlossvalueforthe
materialbeingused,go to Table2,
Read down the column with the
transmissionlossfor thematerialat
its topandacrossthe line that has

Roadway the attenuationpotentialfor thebarrierlisted,Wherethetwo
intersectyouwillfind the actual

, attenuationcapabilityof the barrier,
PropertyLine If youfind thatthe choiceof=

J B_rrler material hasseverelyreducedtheeffectivenessof Ihe barrier,you

I / I_- should recommendthat the sponsor
] -- or developerselectanothermaterial

[_ Receiver _ Is It ProperlyConstructed?

Holesoropeningscansubstanlially
reducethee|fectivenessof a barrier.
A barrierthathasopeningstotaling
50% or moreaf itstotalareawill

AttenuationValue:gdb Drovldenoattenuation,A barrierthat
has openingstotaling10%of itstotal
areahasamaximumattenuation
valueofapproximately4db.Thatis
4db nomatterhowhigh, howlongor
howthickthebarrier.Soyou cansee
that It isveryImportantthatthe
barrierIs madeof solidmaterialsand
that it Istightlyconstructed,in
generaltheIntendedopeningsina
barriershouldequalnomorethan1%
of totalareaandtheconstruction
specificationsshouldrequirethatall

,, joints aretightlysealed.
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FIBurog A Final Nolo
Et/8mal Movingnanlor
CIo=ortoBOcoI_r Onething should have become clear

to youas you have been reading this
section, and that is that inorder for
you to adequately review a project
sponsor or developer's proposed

Roadway barrieryou must ba given fairly
,qpec]flcInformation about the exact
dimensions of the proposed barrier,
the typeand thickness of the barrier
material, and the exact design of the

BarrierA Att0nuatlon barrier Including construction

[nformatlo0 you will be unable to do
anymore than a cursory evaluation,
an evaluation that could be far from
accurate. Make sure you make it clear
to the developer or sponsor what you
need to have,

BarrierB AimnusUon

Valu0:7,Sdb

Tn/snt
TrnnomlHIonLOanValLmforCommon
UdrrtBrMalodalo

"i311cknos8pTransmission
Matoriel (Inches) Loss,dSA(1)

WOOOS Concrale, Lamina 3/4 21-23
Masonry,etc, onPlywood

PlasllcFir 1i2 17
1 20 Light Laminaon 3,'4 21-23
2 24 Concrete 4 30 Particle

Pine 1/2 16 e 39 Board
1 19 Dense
2 23 Concrete 4 40

Redwooa 1/2 16 Concrele Miscellaneous
1 19 Block 4 32
2 23 6 36 Glass(SafetyCedar 1/2 15 CinderBlock 6 28
1 18 (HoLlowCore) Glass) 1/8 22
2 22 Brick 4 33 1/4 26

p_ywcxxI 1/2 20 Granite 4 40 Plexlglass(ghalterproof) 22-25
1 23 Masonite 1/2 20

Parncle Fiberglasst
Boar_ 1/2 20 Compoaims Resin 1/8 20

Stuccoon
Aluminum MetalLath 1 32

Metals Faced 3/4 21-23 Polyester
Plywood wLth 3 20-30

Aluminum 111g 23 Aluminum Aggregate
1/8 25 Faced 3/4 21-;_3 Surface
1/8 27 Particle

Steel 24 ga 18 Board
20 ga 22 Plastic tA.wolghtadTLbala_ongenerallz_:JtrUCk
16 ga 15 ipoct_m,Bouf_:Nollo BattlerDesign

: Load 1110 28 flan_ok, FHWA
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Acoustical Site Planning receivers. Playgrounds and parks are means, besides acoustical design and
Concepts not necessarily noise compatible construction, of reducing noise

activities, impacts. This is because it is needy
(This section, wllh some edlUng,is 3. Iocatlngbarder.typebulldlngs Impossible to provide physical
from TheAudlb/e Landscape, FHWA. _) parage] to the noise source or the shielding 1orthe h)gher stories from

highway; and adjacent noise.
The arrangement of buildings on a 4. orienting the residences away from

site can be used to minimize noise the noise. Noise Compatible Land Uses as
impacts. If incompatible land uses Buffers
aJreadyexist, or If a noise sensitive The implementation of many of the
activity is planned,acoustical site above site planning techniques can Noise protection can be achieved by
planning often provides a successful be combined through the useol locating noise.compatible land uses
technique for noiseimpact reduction, cluster and planned unit development belween the highway and residential

techniques, units. Whenever possible, compatible

Many site planningtechniques can be uses should be nearest the noise
employed to shield a residential Distance source. Figure 10 shows a proposed
development from noise. These can parking garage along two sides of a
include; Noise can be effectively reduced by development in Boston. Both the

increasing the distance between a
1. Increasing thedistance between resldenUal building and a Mghway.
the noise source and the receiver; Distance itself reduces sound:
2. placing noise compatible land doubltng the dlstanse from a noise 1TheAudibleLandscape.'AManual/orHighwayNoiseandLandUse,US
uses such as parking lots, source can reduce its intonsil y by as Departmeritel Transportalton,TheFederal
maintenance faclllUes, and utg[ty much as 3 dBA. In thecase of highrlee HighwayAdminlseallen.November1974.
areas between the source and the buildings, distance may be the cnly (GPOSlockNumber:5000-0_079.)

Figure10
Useof a parkingGarageto
Shielda RestdorltlalArea
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FitzgeraldExpresswayandthe because(a)thenoisepatterncanbe ClusterandPlannedUnit
entranceto theCallahanTunnel moreannoyinginperpendicular Development
whichareshownonthesiteplanare roomsand(b)windowson
majorandnoisytraffic routes,In perpendicularwaifsdo not reduce A clustersubdivisionisoneInwhich
additionto protectingtheres}dentlal noiseaseffectivelyasthoseon thedensitiesprescribedbythezoning
developmentfromthanoiseanddirt parallelwagsbecauseof theangleof ordinanceareadheredtobutinstead
of highwaytraffic,the parkinggarage thesound.Roadnoisecanbemore of applyingto eachindividualparcel,
providesneededfacilities for the annoy]ngin perpendicularrooms theyereaggregatedoverthe satire
residents, becauseit is moreextremewhenit site,andthe landisdevelopedasa

suddenlycomesInandoutof earshot slng_sentity. A ptsnn_dunit
Buildingsas NoiseShields as thetrafficpassesaroundtheside development,orP,U.D.,is similarbut

of thebuilding,ratherthanrisingand changesin landuseareIncluded,
AddltIonafnoiseprotectioncanbe fallingIna continuoussound,as it suchasapartmentsandcommercial

: achievedbyarrangingthesite planto wouldil theroomwereparallelto facilitiesinwhatwouldolherwlsebea
usebuildingsasnoisebarriers.A long passingvehicles, single.familydistrict, j
building,ora rowof buildingsparallel Whetherthenoiseimpactisgreater FromFigure11(tcan beseenhow ;
toa highwaycanshieldothermore on theperpendicularor theparallel theconventionalgridsubdivision
distancestructuresoropenareas wall willdependon thespecific affordsno noiseprotectionfromthe

i fromnoise, individualconditions,Oncethemost adjacenthighway.Thefirst rowof
ffthebuildingbeingusedasa severelyImpactedwallorwallsare housesbearsthe fullimpactof the

barrieris sensitiveto highwaynoise, determined,noiseImpactsmaybe noise.Incontrast,theclusterand
thebuildingItself mustfirstbe minimizedbyreducingoreliminating P.U,O,techniquesenableopenspecs
soundproofed.Thistechniquewas windowsfromthesewalls, andcommercialusesrespectivelyto
usedina housingprojectInEngland Buildingscanalsobeorientedona serveasnoisebuffers.Examplesof
wherea3,900foot long,18foot wide site insuchawayas toexploitthe thisareshownIn Figures12and13.A
and45-70 foot highwall (depending site's naturalfeatures.Withreference wordofcautionisnecessary:fna
onthe terrain)servesasboth to noise,naturaltopographycanbe clusterdevelopment,therequired
residenceanda soundshield.The explsitedandbuildingsplacedin low openspacecan be locatednearthe
wall/buildingwill contain387 noisepocketsIf theyexist,If no highwayto minimizenoisetothe
apartmentsinwhichthekitchensand naturalnoisepocketsexist,It is residences.However,manyrecreation
bathroomsareplacedtowardsthe possibletocreatethembyexcavating usesarenoisesensitive,andwhen
noise,andthebedroomsandliving pocketsforbuildingsandplgngup onetakesadvantageof theflexibility
roomsfaceawayfromthehighway, earth moundsbetweenthemandthe ofclusterdevelopmentto minimize
Thewall facingthe highwaywglbe noise.Sucha structurewould noise,caremustt_etakennet to use
soundproofedandwindows,when obstructthesoundpathsandreduce allof theavailableopenspacein
theyexist,aresealed,Substantial thenoiseimpactsonthe residences.
noisereductionseraexpected,

Orientation

Theorientationof buildingsor Figure12
actlvJtlosona site affectsthaimpact PlacementofNoiseCompatibleUsesNeara
of noise,andthe buildingoractivity HIghwaylnePUrl
areamaybeorientedInsucha wayas
toreducethisimpact,

NoiseImpactscanbeseverefor
roomsfacingthe roadwaysincethey
areclosestto thenoisesource.The
noiseimpactmayalsobegreatfor
roomsperpendiculartothe roadway

Figure11
ConventionalOddSubdivision

LJLUlT_II _ HHSIHIJ_]Z]IHH[XHH
f_L JI t IIZIJ HI JHHHJ H I_JJ]N HI HI

H_JHHHmJHHZ=

I,J_HHrHJJIHHHI

z-t II,HH_H_HHHJHHJ H]]H]HJJ
E}HII/T,fH HH _fH_rH [_fzTrl7ZHZl

,= ,,, ,,,
i =

30



buffer strips, thus depriving the being used as barriers contain noise between the receiver and the source,
development of a significant open sensitive activities, have the buildings Then determine if the building is long
space area, Where high noise levels been properly soundproofed,) enough, It is not necessary to check
exist, a combination of buffer strips In order to determine whelher the to make sure It Is made of the proper
and other techniques (such as berms proposed site plan changes will materials or that It is properly
and acoustical sound proofing) can be provideadequate separation between constructed since the building will be
employed, the source and the receiver, you inherently thick enough not to have

The [lexlbll_ly of Ihe clusler and simply go back to the Noise anyproblems,Again, however, if the
planned unit development techniques Assessment Guld/Inss procedures, buildingbeing proposed as a barrier
allows many of the above site Youcan use the Guidelees bolhto contains noise sensitive uses you
planning techniques to be realized determine If the proposed separation must first verify that It is properly
and effective noise reduction distance is sufficient or to determine soundproofed,(See the next section
achieved, thenecessary separation distance, for guidance on acoust Ical

You should at this point checkto construction.) If the building Is not
make sure that the uses beinglocated properly soundproofed then It can not

ReviewingSlte Plans In the "buffer zone" between the beused as a barrier for other
source and the receiver are Indeed buildings,

There are two main things to check noise compatible uses. If parksor As you review the site plan check to r
when reviewing site plan changes to playgroundsare located In thebuffer see that the buildinglocations will not I
determine if the revisedsite plan zone, make sure they are not theonly aggravate noise problems. Figure 14 I
provides adequate attenuation for the ones associated with the project, shows how building arrangement can
noise sensitive uses: To determine whether the no_se make the noise problem worse, i

compatible buildings being proposed
J

1, Is the separation between the as borders are adequate, yousimply i
source and the receiver great enough? use the procedures outlined Inthe i
2. If noise-compatible buildings are preceding section. Determine whether l
being used as barriers for other the building Is high enough to
buildlngs, aratheyadequatebarriers, propedy break the line of sighti,a., are they long enough and are they
high enough? (And, If the buildings

Figure 13
OpenSpacePlacedNeara HighwayIna
Clu.lorDevelopment
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Figure 14
Orlenlal[on of Buildingson Sites
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Acoustical Construction If ratedspecificallyfortransportation Walls
Concepts noisethedB reductionratfngmight

dropto34 dB,4Allthisreallymeans, Wallsprovidebuildingoccupantswith
(Thissection,withsomeeditingIs however,Isthatyoushouldusethe themostprotectionfromexterior
takenfromtheAudible Landscape, STCralingswitha bgofcautionand noise.Differentwallmatedalsand
FHWA._) remalnawareofthepos._lbleg-3dB designsvarygreatlyintheir sound

overstatingthatyoumaygetwith the Insulatingproperties.Figure15
Noisecanbe interceptedas it STCrating system.Througlloutthis providesavisualsummuryof some

passesthroughthewalls,floors, textwewillbetalkingin termsofSTC waysinwhichtheacoustical
windows,ceilings,anddoorsof a ratingsfor materielsandassemblies, propertiescanbeimproved:
building.Examplesofnoisereducing Increasethemassandstiffnessof
materialsandconstruction thewell.Ingeneral,thedenserthe
techniquesaredescribedinthepages wallmaterial,Ihemoreit will reduce
that follow, noise.Thus,concretewallsarebetter

To comparethe Insulation 1TheAudlbteLandscape:A Manual for insulatorsthanwoodwalls of equal
performanceof alternative H/ghwayNolseandLan_Use.US thickness.Increasingthethicknessof
constructions,theSound DeparlmentofTransportation, theFboeral awall Is anetherwayto increaseHighwayAdminlstrallon, November 1974.
TransmissionClass(STC)Isusedasa (GPOStock#5000-00079). massandimprovesoundinsulation.
measureofa material'sabilityto 2AcousticalandTherrnalPedormanceo! Doublingthethicknessof a partition
reducesound.SoundTransmission ExteHorRes/denr/alWafts,Doors,and canresultinasmuchasa 6 dB
Classis equaltothe numberof Windows,USDepartmentofCommerce, reductioninsound._However,the
decibelsa soundIs reducedas It NationalBureauofStandards,November COSTSofconstructiontend to limit the

1975.(NBS BuildingSclenc0 Series 77)page leaslbiNty of large Increases In wallpassesthrougha material.Thus,a 21. mass.hlghSTCratingindicatesa good 31bid.,p,29
insulatingmaterial.It takesInto _Deslgn Guidelot Reducing Therelativestiffnessof thewall
accountthe influenceofdifferent TransportationNolselnandAround materialcaninfluenceIts sound
frequenciesonsoundtranemiaelon, Bu/ldlnga, p. 137. attenuationvalue.Caremust betaken
butessentiallytheSTCIs the to avoidwallconstructionsthat can

i differencebetweenthesoundlevels vibrateataudiblefrequenciesand
on thesideof thepartitionwherethe transmitexteriorsounds.
noiseoriginatesandtheaidewhereIt
Is received.Forexample,if the
externalnoiselevelis8GdSandthe
desired Internal level is 45 dB, a
partitionof40STCisrequired.The 1R.K.CookeandP.Chrzanowskl,
Sound Transmission Class rating Is "Transmission el Noise ThroughWalls and
the official rating endorsed by the Floors," Cyril Harris, ed.,HandbOokof NoiseConUol,McGraw,Hill Book Company, Inc,
AmericanSocietyofTestingand (NowYork,1957).
Measurement.It canbeusedasa
guideindeterminingwhattypeof
construction Is needed to reduce
noise,

TheuseoftheSTCratingsystem Figure15
for transportationnoiseIs a subject TheAudible
of somedebate.TheSTCratingwas Landscape
originallyintendedprimarilyforuse
with Interiorpartitionsandrelatesto Factorswhichinflueacosoundaltenuanonor
the"subjectiveImpressionsofthe walls
soundinsulationprovidedagainstthe
soundsof speech,radio,television,
music,and similarsourcesofnoisein Lowersoundattenuation Highersoundattenuaton
officesanddwellings.''=However, , F i........ ,,, ,, ,, , , _Incraas0dmass
sinceIt remainstheonlywidelyused
noisereductionratingsystemfor ! '. I | Useofair8pace
materialstheSTCsystemIsvery I
often usedevenwithtransportatlon

noise.WhenSTCratingsareusedfor i | Increasedwidthofairspacetransportationnoiseyoushouldbe I .tawarethat theSTCratingsmaybea
fewdB toohigh,Forexample,theSTC _ . v Wideratingfora standardframe2 x 4wall spacing between studs

withexteriorsiding,andsheathing

andinter,orsheetrockmay be37dB.' _ I _ _) _ _g,aggeredstuds

 Osoo,res,,,on,o,,a°nmon,
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Use cavity paditions, A cavity wall Use resilient materials to hold the Figure 16 shows a sample of wall
is composed of two or more layers studs and panels together. Halls typesranging from the fewest to the
separated byan airspace,The severelyreducethewall'sabllityto highest sound Insulation values.
airspace makes the cavitywall a more reduce noise. Resilient layerssuch as Remember that the effectiveness of
effective sound Insulator than a fiber board and glass fiber board, bestwall construction will be
single wall of equal weight, leudEngto resilient clips, and semi.resilient substantially reduced if you permit
cost savings, attachments are relatively vents,mall slots or similar openings

Inoroaao the width of the alrspaco, inexpensive, simple to Insert,and can [n the walls, It vents are permitted tbe
A three inch airspace provides raise the STC rating by2-5 dB._ ducts must bespecially designed and
significant noise reduction,but Usa dlsabellar layers.If thelayers insulated to make sure nolse does not
increasing the spacing to six inches are made of different maledals and/or reach the inside.The best approach is
can reduce nolsa levels byan thickness, the sound reduction simply to eliminate all suchopenlngs
additional 5 dBA. Extremelywide qualities of the wall are Improved.2 on impacted wails.
airspaces are difficult to design. Add acoustical blankots. Also

Incroaee the spacingbotwoen known as isolation blankets, these
studs. Ina single stud wall, 24 inch can increase sound attenuation when
studspacing gives a 2-5 dB Increase placed inthe airspace. Made from
In STC over the common t6 Inch sound absorbing materials such as Ilbid,p.172
spacing.= " mineral or rock wool, fiberglass, hair 21bid,p.162

Use staggered studs. Sound felt or woodfibers, these can 3Docile . 204Unllod_latesGypsum,SoundCentre
transmission can be reducedby attenuate noise as much as 10 dB._ Construction,PrinciplesandPerformance
attaching each stud to only one panel They are mainly effectlva in relatively (Chicago,1972),p.66
and alternating between thetwo lightweight construction.
panels. Seal cracks and edges. If the sound

insulation of a high performance wall
is over to be realized, the wall must be
well sealed at the perimeter. Small
holes and cracks can badevastating

2LeslieT.Doono,Envlronm0ntalAcoustics to the Insulation vd/ue of a wall. Aone-
(NewYork,McGraw.HillBookCompany, Inch square hole or a 1116inch crack
1972),pp.232-233, 16 inches long will reduce a 50 STC

wall to 40.4

Flouro16
Walls

CommonSludWall" .'_r._." ._.._- ;"_-:_ .o _ _' _'.,._" T'ConcreteWall
sin=as .0.',:"2_,_,:_,_r_,- ._r'_cP_..-'O"N I STC=S2

_.._ ._ _ SlaggorOd St ue Wall
DTC=39 L.... _............. ,

DoubleBrickWall

_ _ _ 4"erlckWali _ STC--_
J.................................................. I

wilh Absorbonl elanket
STC = 43
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WJ|ldOws Rgure17
STC

Sound enters a building through its
acoustically weakest points, and
windows are one of the weakest parts
of a wall. An open or weak window wirl
severely negate the effect of a very
strong wall, Whenever windows are
going to be a part of the building
design, they should be given
acoustical consideration, Figure 17 ¢_
illustrates the effects of windows on "_
the sound transmission of walls. For o_
example, if a waif with an STC rating
of 45 contains a window with an STC o¢
rating of 26 covering 30% of Its area,
the overall STC of the composite "_
Pdartiflon will be 35, a reduati°n °f 10 _" i, 2%

B. "o
The following is a discussion of ._ 10o

techniques that can be used to reduce o_
noise ina building by means of its

cwindows. These techniques range
from a blocking of the principal paths "E
of noise entry to a blocking of the
most indirect paths,
Close windows. The first step in
reducing unwanted sound is to close cn
end seal the windows. The greatest
amount of sound insulation can be
achieved If windows are permanently
sealed. However, openable acoustical
windows have been developed which
are fairly effective In reducing sound, _
Whetheror not the sealing is t 2 3 5 10 2o go 5o t2o
permanent, keeping windows closed DecibelsIs besublractedfromSTCof wallto
necessitates the Installation el obtaineffocliveSTCel compositebarrier
mechanical ventilation systems. If
you are dealing with single family
houses and some of the windows ere In,treaSonsonuseof graph

facingawayfromallooiseeources, a Increase glass thickness. If ordinary 1. SubtracttbeSTCva_ueof thedoor,
whole house fan may be belier and windows are {nsufflclent In reducing windoworopeningfromtheSTCvalueel Ihewall.
cheaper then air conditioning. In noise impacts in spite of sealing 2. EnterIbe verticalaxlsof thegraphat the
rnultlfarnlly housinnor where all techniques, then thicker glasscan be polnlthaimalchesthevaluefromstep1.
windows are exposed to the noise Installed, Inaddition, this glasscan 3. RoadacrosstothecurveIhatrepresents
sources you will have to go with the be laminated with a tough transparent thepercontsgoofthetotalareaof thewall
air conditioning. If windows must be plastic which Is both noise and thatIstakenupbythedoor,window,or
openabte, epeslat seats areavailable shatter resistant. Glass reducesnoise opening,4. ReaddownIothehorizontalaxis.
which allow windows to be opened.2 by the mass principle; that is,the 5. SubtractthevalueonIbehorizontalaxis
Reduce _lndsw size, The smaller the thlckertheglaas, themorenolse frorntheoriginalSTCvalueofIhewall The
windows, the greater the resistant II will be. A ll2.inch thick resultisthecompositeSTCvalueel thewall
transrnission toss of the total glass has a maximum STC rsgng of andIhodoor,windowor opening.
partit ion of which the window is a 35 dBcompared to a 25 d Bratingfor
part, Reducing the window size is a ordinary 3/16 inch glass.
technique that is used because (a)tt
precludesthe cost of expensive
acoustical windows, and (b) It saves %.5. Departmentof HousingandUrban
money by cutting down the useof DevelopmenI,AStudyofTechniquesto
glass. The problems with this increasetbaSoundinsulationel Building
techniqueare(a)itlsnotveryeffective Elements,ReportNo.WR73-5, Washington,
in reducing noise; e.g,treducing the D.C.,Junelg73.=LosAngelesDepartmentofAirpOrts,
proportion of window to wall size from GuideIs theSoundproofingof Ex/sgng
50% to 20% reduces noEsebyonly 3 HornesAga/nstExterlorNolse.ReportNo.

: decibels; and (b) many building codes WRC70-2,Marcht 970,pp.9-11,22-30.In
require e minimum window to wall thisreport,l_ functionandperforms,coofa
size ratio, numberofoperablesealsaredesclibod.
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However,glassthicknessesareonly To furtherinsureIsolationof noise Roofs
practicaluptoa certainpoint,when betweendouble-glazedpanes,tha Acousticaltrestmenlof roofsIs not
STCincreasesbecometoo panescouldbeof dllfarent usuallynecessaryunlessthenoiseIs
insignificanttojustifythecoot,For thicknesses,dlfferentweights,and extremelysevereor thenoisesource
example,a 1/2Inchthickglasscan slightlynon-parellelto eachother. Is passingoverthebuilding,The
haveanSTCof35;Incmasin_the Thisprovantoacousticalcouplingand ordlnalyp[aslurceiling should
thicknessto 3/4Inchonlyraisesthe resonanceofsoundwaves, provideadsqual_snundInsulation
STCto 37,However,a doubleglass exceptInextremelyseverecases.An
acousticalwindowconsistingof two Doors acousticallyweakroofwhichIs likely
3/16inchthickpanesseparatedbyan Acoustically,doorsareevenweaker to requirefreatmentIsthebeamed
airspacewillhaveanSTCof 51and thanwindows,andmoredifficult to calling.3Beamedceilingsmaybe
cancost lessthaneithersolid treat.Anydoorwill reducethe modifiedbyIhoaddltfonofa layerof
window, insulalionvalueof thesurrounding fiberglassorsomaothernoise

In additiontothickness,proper wall,The common,hallowogrewood resistentmaterial,Suspended
sealingis crucialtothe successof doorhasanSTCratingof 17dB, ceilingsareIhemoateffeotlvenoise
thewindow.To preventsoundleaks, Taking upabout20% of thewall,this reducersbuttheyarealsoIhamost
singlewindowscanbemountedIn doorwill raduoea 48STCwall to24 e_penslve,
reslgentmaterialsuchasrubber, STC.To strengthenadooragainst
cork,or felt. noise,the hollowcoredoorcanbe
Install Double.GlazedWindows. replacedbya heaviersolidcorewood
Double-glazedwindowsare paired doorthatIs wellsealed_andis
panesseparatedbyanairspaceor relativelyinexpensive,A solidcore ID.E. BishopandP.W.Hlnle, '+Notesonthe
hungIna specialframe,Generally,the wooddoorwithvinylsealaroundthe SoundTransmissionLossofResidential-
performanceof thedouble-glazed edgesandcarpetingonthe floorwilt Type Windows ancfDoors," Jourhal of the
windowmay beincreasedwilh: reducethesame48STCwafttoonly Acoustical $oclelyof America, 43:4 (1968).
• increasedairspacewidth 33dB,2An Increasedsoundinsulation 2U,S.Gypsum,Sound Conlrol.., p. 100.
• increasedglassthickness valuecanbeashlevedif gasketed 31bidp.r5.

==properusaof aoallngs stopsor dropbarthresholdclosersslightlydissimilarthicknessesof are installedat thebottomedgeof the
thepanes door.(SeeFigure18)
• slightlynon-parallelpanes Thealternativesolutiontodoorsis

Ingeneraltheairspacebetweenthe to eliminatethemwheneverpossible
panesshouldnot belessthan2-4 from the severelyimpactedwallsand
inchesifan STCabove40Is desired, placethemInmoreshieldedwalls.
If thisis notpossible,a heavysingle. Inanycasenomailslotsorsimilar
glazedwindowcanbeused.Theuse openingsshouldbeallowedfn
ofslightlynon.parallelpanesIsa exterfordoors.
techniqueemployedwhenextremely
highsoundinsulationis required,
suchas Incontrolroomsof television Figure 18
studios.

Thethicknessof double-glazed
panesmayvaryfrom1/8 Io 1/4fnchor
moreperpane.AlthoughthicknessIs
Important,thefactorswhichmost
determinethenoiseresistanceof the
windowIstheuseofsealantandthe
widthof theairspace,

As inthecaseofallwindows,
propersealingIsextremelyimportant,
ToachieveanSTCabove43,double-
glazedwindowsshouldbesealed
permanently.If thewindowsmustbe
openabla,thereareavailablespecial
framesand sealersfor openable
windowswhich allow amaximum
STCof 43J

Permanentlysealeddouble.glazed
windowsof Ionrequireanair pressure
control systemto maintainaoonslant
air pressureand minimal moisturein
theairspace.Withoutthissystem,the
panesmaydeflect, and,In extremely
severeeases,popout of theframes.

Gasketeddoorslop Dropbarthresholdcloser

1Ibid.

36



Floors What to Look for When As you will recall from the previous

In thecase of highway noise, floors Reviewing Plans section, most walls provide pretty
would only require acoustical good attenuation bythemselves, It is
treatment If the highway were passing The number of possible combinations the presence of windows and doors
under the building. In this case, of the building materials that go into andopenings such as vents that
flooring would have to provide walls, ceilings, windows and doers, is, reduces the attenuation capability of
pratcctlcn agalnst structural no doubt, cc,nslderably shc,rt of th_ wall. Thus, aft_r you h_vedetermined whelher the basic wallvlbrallons as wag as airborne sound. Infinite. It Is however still a very large

Two ways to insulate a floor from number, largo enough that it would hA itself has a reasonable STC, you must
nolseare to Install a solid concrete Impossible to compile a list of all the review the Impact of the windows and
slab at least 6 inches thick or install a possible combinations. Therefore, do doers. You do this by using Figure 17.
floating floor, In general, the floating not expect to lind In this section, or First you determine the difference
floor gives the greatest amount of anywhere else for that matter, a neat between the STC ratings for the wall
sound and vibration insulation; table showing the STC ratings for all and thewindows. You enter the
however, it is extremely expensive, the types of construction you may radical axis of Figure 17 with that
Basically, a floating floor consists of encounter. In fact, it Is nol really your number. You read across until you
a wood orconcrete slab placed over responsibility to determine the intersect the line that represents the
the structural slab, but separated by a precise STC ratings for the walls, percentage of the wall taken up by the
resilient material. The resilient ceilings, windows and doors in the windows. Then you read down to the
material Isolates the surface slab projects you review. Your job Is horizontal axis where you wil find thevalue to be subtracted from the basic
from the structural slab and the simply to review the attenuation
surrounding walls, levels claimed by the STC value of the wall. The resultingnumber is the combined STC value forsponsor/developer and determine

whether or not they are reasonable, the wall. If the wall also contains a
To enable you to perform the above door. repeat the same procedure, only

described task, we have prepared a start out with the modified STC rating
list of the most common lypes of for the wall If the wall has doors only,
construction for which we have STC then obviously you start with the
ratings. By comparing the type of basic wall STC rating. Flnngy you
construction proposed to one of compare the number you have derived
these "model" types you should be with that listed by the
able to tell whether the claimed STC developer/sponsor. If they are fairly
rating Is reasonable. For example, the close, you need not pursue it further.
sponsor/developer submits a If there is a substantial difference,
description of his building stating you should ask for an explanation or
that a 2 x 6 stud wall wllh standard documentation from the developer.
sheathing, Insulation, wood siding, Once again, we caution you aboutborderline cases. If the attenuationand 1/2" gypsum board achievesa
STC rating of 48. You look at Table 3 required Is 30 dB and the STC rating
and find that the closest "model" wall for the proposed construction is
Is a 2 x 4 stud wall wLthwood siding, exactly 30 dB, you may want to ask
sheathing, Insulation. and 112" the developer to provide even moreattenuation. Remember that we
gypsum board. This wall has a STC discussed how the STC rating may

.. rallng of 39.An 9 dB difference Is overstate the actual attenuation
quite significant considering that the
walls are really quite similar. You provided by as much as 3 riB. If anadditional 3 dB can be achieved at
would probably want to go back to the minimum cost, we would strongly
developer/sponsorand ask for some
supporting data that proves that the urge that you seek it from the
2 x 6 wall he proposes will indeed developer/sponsor.
provide 48 dB of noise attenuation. Finally check to make sure the

In order to make il easier to review developer has provided some form of
mechanical ventgatlon. If it's a singlethe attenuation levels provided by the

proposed construction, we suggest family house and a whole house fan isthe means of ventilation beingthat you ask the developer/sponsor to
complete a form such as shown In provided make sure that there ere
Figure 19.Such a form will give you all operable windows on walls which do
the information you need in a properly not face the noise source(s) nor are
organized format that will facllilato perpendicular to the source(s).
your review, You could fgl in the first Otherwise the residents will have to
part and simply have the open windows on the exposed wall,
developer/sponsor fill out the second thus cancelling out much of the
part and return it with the developer attenuation achieved.
certi fiaatlon or ot her project
documents,
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Tab_e3

BTCReBngs for Typical
BuildingComponents1

Buildtng
Component Descdptlon STC Rating

FrameWall a. 5/8" x tO" Redwood Biding gg dB
b. 1t2" Insulation Board Shealhlng
c, 2x 4 sluds 16" o,c.
d. Fiberglass Building InsulaBon
e. 1Q" Gypsum Board atlached dkeclly to studs

Stucco/Frame
Wall a. 7/8" Slucco 4g

b, No. 15 felt Building Paper and 1" Wire Mesh
c, 2x 4 Studs 16" o.c.
d, Fiberglass Building InsulaBon
e. 1/2" Gypsum Board allached directly to studs

Brick Veneer Wall a. Face Brick 56
b, 1/2"Airspace with metal bes
c. 3/4" Insulation BoardSheathing
d. 2X 4 Studs fB" o.e.
e. Fiberglass Building Insulation
f. 1/2" Gypsum Boardatlached directly to studs

Masonw Wall a, 1" Stucco 4g
b. 8" thick HoBow Controls Block (estimated)
c. 1/g" Gypsum Board attached to furring sltlps

Windows Wood double hung, closed but unlocked, 23
single glazing

Aluminum sliding, latched, single glazing 24

Wood double hung, closed bul unlocked, 22
gl_zed wRh 7/16" insulating glass

Aluminum single hung, c_osed,glazed with 25
711B" Insulating glass

Wood, double hung,sealed, gl;zzedwith 35
7/fB" Insulating glass with single
gl_od storm sash-2 1/8" separation

Aluminum sliding, closed, single g_azed 22
with single glaZed storm sash. 1/8" aeparaBon

Exlodor Doors Wood, flush solid core, with brass 27
wealher stdpplng

Wood, flush solid core, plastic wealher 34
stdpplng, aluminum sierra door

Wood, French door, brass wealber 2B
stripping

Steel, flush, with urelhane loam co=a. 28
wBh magnetic wealher slrtpping

Roof Shingle Roof with attic, 1/2" gypsum 43
wall beardceiling frame(/independently (estimated)
of roof

tExceptas rioted,izllSTC ragnosare born;Acou=tlca/andTheqh_MPerfofmar_ceof Exte#or
Resldel)f/a!Walls,boot_ and Windowst NationalBureauot Slandalds,
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Figure 19
DescriptionofNolaeAtlOnu_tlonMouures
(A¢oulflcalCon.lrdcllorl)

Pa_l

Pro?eclName

Location

Sponsor/Developer

NoiseLevel(FromNAG) Attenual[or)Required

PrlmawNoiseSoume(s).

part II

1. ForWalls(s)faclngandparalloJtolhenolsesource{s)(orclosestloparallel):
a. DescrlplOnofwalltenetruction°

b. STCratingfor warl(raledfornowindowsordoors):

c. De_cripllOnof Windows:

d. STG rating for window type

e, Descriptionofdoors

f. STCratingfordoors

g. Percentageofwall(perwalt,perdwelJlngunll)compos_of
windows . anddoors

h. CombinedS1CratingforwalJcomponent

2. Forwallsperpendlculartofloisesoutce{s):
a. Descriptionel wallconslructiort"

b. STCratingforwall (ratedfornowindowsordoors)

c. Desorlptlotlofwindows

d. STCratingforwfndows

e, Descriptionofdoors
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f, STG rating for doors

g, Percentage o f w_ll (per wall, per dwelfl ng iJnl_) composed of
wlnt3ows and doors

h, Combined F-,TC rBlillg for wall compononl

3. Roofing component (If overhead attenuation Is required due Io alrcrafl rlolse):
a, Descriplion of roe f construclIon

• b. STC rating (rated as II no skyflghts or other openings)

c. Descdpton o f skylights or overhead windows

d, STCrating for skyllghlsor overheadwlndows

e, PercentageofroorcomposedofskyJIghtsorwlrtdows(perdwelllngunll)_

f. Percentageofroofcomposedorlargeuncappedopeningssuchaschimneys

g. CombinedSTCratingforroofcomponent

4. Description o f type o f mechar_lcal ver_tilat Ion provided

Preparad by,

Date:

•It wall8 contain vents or similar openings, a¢¢act_a description or duct arrangement and InaulaUon and
a =t_lomonl of how much the w,_ll $TC Is reduced by the presence of _hOvent,

,: ; !

i

i

!

i

i
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=
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Figure19
DBscdpllon of Noise Altonuatlon MDasures
(Acoustical Conslrucllon)

P_lrl I

L0calion _ V"r'o_Z._

$ponscr/Oovolopor_."]."*._.JV "_J")_" 'P" A<_<'J_. _rC)L_,

NolsoLe,olIF,on,AGI'73 A.o.u_.lo.Roqol,___

Pdma_No,soSoo,oolol/.tI¢I./_IAY
Part II

1. ForWalls(s)faclngandparalleitolhenols_source{sUorcloseslloparallel): . _
_. Descrlptonofwallconstructlon* _,_L_..._--_Z_ _;aZV_D____.

% -b. STC rating Ior wall (rated for nowindows or doors): _'

c. DoscrlptionofWindows: _/./3P=_ _:J,_L,t/'_L._ /-/t.J_,

d, STCratinglorwJndowtypo _- _"

o. Oescdp=_onofdoors..J,_u_"_:)_-_'--J,,J,ZE-H/__,.C,,i_OLtD_aR_"

[, STC_aflng fordoors -3"

g, Percenlage of wall(perwal_.per dwelling unit) composedof
windows / _ 0-/,._ anddools ._"_

h. Combined STC ratingIor wall componem _,_ _f/_

2. Forwallsperpendlcularlonolsesoulce(s): w_4A4 E _.._. ABaL,'_a, Descdpllon of wallconstruction '

b, STC rating for waft(rated for no windowsor doors) '_

C. Oescrlpflonofwln_ows -._IP_ _.._ 4_I_DM_

d, STC rating forwindows _.._

e, Descrlpllonofdoors /V"D _
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I, STC rating for doors _

g. Percentage of walllllgerwall,per dwelling unll) compo_udof
windows tO _l'p and doors

tt, Combined STC rallng forwall component ,_0

3. Rooflngcomponenl(ifoverhoadsttenuallorlisrequlj_dueloalrcrallnolse):
a, DescrJpllonof roofconslruclJon _pr./_

b. STC rating (ramd as If noskylighls or olher openings)

c, Descdplon of skylightsoroverhead windows, #__,

d. STC rating for skyflghls oroverhead windows

e, Percentage of roof compossdo f skyUghtsor wirldow_ (perdwelling un]l)

f, Percentage of roof composedo f Jargeuncappedopeningssuch as chimneys

g. Combined STC rating for_oofcompononl

4. Desc_ipllonof lyps of mechanicalventllallon provided__

Oo.d,"h'oO 0

Prepared by.

Date:

• If walls¢Onlainventsor similaropenings,atlaClla deSCription1ofducl arranoerrlonlandinsulation1and
a Stalemento_Ilowmuchthe wall8"rCIs_6ducodby Ihopros_r¢oel IhOvent.
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Quiz on Noise Attenuation

Questions

1. Whalarethethreebaslcwaysto 11, LIsf3waysfomakeabarriermore 21. Llsl5w_ystelmprovethe
providenoiseattenuation? effectivewithoutincreasingitsoverall attenuationcapabtlltyofa wall.
2. What aretheresponslbilitlesof length. 22. Windowsereoneoftbe

HUDpersonnelregardingnolso 12. Whatis themaximumpercentage acousticallyweakestcomponentsin
attenuation? of thetotalareaofa barrierthatcan awall, List3 waystoreducethe
3. Whenabarrieris introduced be madeupofopeningswithouta negativeeffectsofwindows.

betweena sourceanda receiverthe significanttossInbarrier 23. Whatisthe bestwayfo reduce
soundenergyisredistributedalong3 effectiveness? theeffectofdoors?
ledirectpaths.Whatarethesethree 13. List3 siteplanningtechniques
paths? thatareusedtoshieldresidential
4. Whatis "PathLengthDifference" developments.

andhowdoesIfaffect theattenuation 14. Whenareparksandplaygrounds
levelprovidedbya barrier? notnoisecompatibleusesthatcanbe
5. Whatare"TransmissionLoss employedasbuffers?

Values?" 15. Whatarethetwomainthingsto
6. Howdoesthetransmissionloss Iookforwhenrevlewlngeifeplan

valueofbarriermaterialaffectthe changes?
attenuaflonoapsbllityofthebarder? 16. Whataresomeof thebuilding
7. Asa generalrule,what orientationswhichcanaggravate

transmlea[onlossvaluesshouldyou noiseproblems?
lookfor? 17. Wllat istheSoundTransmission
8. It youhavemorethanonebarder Class(STC)retlng?

betweentbesourceandthareceiver 18. Whichis bettera highSTCora
Is theamountof attenuation towSTCrating?
Increasedsubstantially? 19. Whatkindsofconditionswere
9. Whatarethefourthingstocheck STCratingsorigtnagydevelopedfor?

whenreviewingaproposedbarrier? 20. Whatshouldyoudowhenusing
10. LIst3waysfomakeabarrlermere STCratlngslnatranspedaflonnolee
effestivewithoutIncreasingItsoverall situation?
height.
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Quiz on Noise Attenuation

Answers

1. a. barriersarberms 11. a. moveltclosertothereceiver 21. Anyofthe9below:
b. sltedeslgn b. bendtheendstowardthe a. Increasethemassand
c. acousticalconstruction receiver stiffness of thewall

2. a. tomakeeurethepmject c. deboth b. usecavltypartltlons
eponeor/developerlsswareof 12. lpement c. Incmaaethewidthofthe
theattenuationrequirements 13. Any3 of thebelew: airspace

b. pmvidssponsorldeveloper a. Incraaslngthedietance d. Incmasethespaclngbetween
withanoverviewofavailable betweenthesourceandthe studs
options receiver e. use staggeredstuds

c. mviewatlenuatlonpmposals b. plaelngnoleecompatlbleland f. use resllientmaterlalsto hold
to makesuretheyare usesbetweenthesourceand thestudsandfinishmaterials
adequate thereceiver together

3. a. Adlffractedpathoverlhetop c. Iocatingbarriertypebulldlnge g. useofdissimilarlayera
of thebarrier paralleltothe source (leaves)

b. AtransmItledpaththraugh d. orlentlngreeldencesawey h. addacoustIcalblankete
thebarrier fromthe noise I. sealcracksandedges

c. Amfleeledpathawayfromthe 14. whentheyamtheonlyonee 22. Anyofthe4below:
receiver associatedwiththe project a. close thewindowsand

4. "PathLengthDIfference"lsthe 15. a. istheseparatlonbetweenthe providemechanlcal
differenceIndistancethatsound sourceandreceivergreat ventilation
must traveldiffraat[ngoverthe enough b. reducewindowsize
barrierratherthanpaselng b. Ifanolseeompatiblebuildlng c. increaseglaesthlckness
directlythroughIt. Sinceseund Is beingusedasa barrierIs It d. Installdeubleglazedwindows
energydecreasesoverdistance, talland lengenough? 23. Elimlnatethemframseverely
thegreaterthepath length 16. Buildingorientationswhichtrap impactedwalls
distancethegreaterthe noiseandcauseit to reverberate
attenuation, off buildingwalls.Thiswould

5. "TransmissionLossValues" IncludeshapeswhereacourtIs
representtheamountnelselevels opentothesourceorwherea
will bereducedwhen Ihesound seriesofbuildingsare arranged
wavespassthrougha barrier, perpendiculartothe source.

6. Sincetheattenuationprevidedby 17. TheSTCratlngisequaltolhe
a barrierisafunctionofboththe numberof decibelsa soundis
soundenergythat goesoverthe reducedas Itpassesthrougha
topendtheenergythatgoes material.
throughthebarrier.If the 18. A highSTCratingIs better.
transmissionlossvalueIslow 19. TheSTCratingswereoriginally
thenthe effectivenessof the Intendedprimarilyforusewith
barrierwillbegreatlyreduced, interiorpartitionsand fornoise

7. If thetransmlselonleeevalueof suchasspeech,radioe,
thebarriermaterialIsat least television.
lOdBgreaterthan theattenuation 20. Recognizethatthe STCrating
levelprovidedbydiffraction(I.e. mayoverstateIheeffectiveness
barrierheight)thereshouldn'tbe of thematerialsby2-3db.
anyproblem,

8. Ne.Thecemblnedeffectof
multiplebarderadoesnot
normallyprovidesignificantly
greaterattenuationthanssingle
barrier.Fordeslgnpurposes,the
generalprocedureis teassume
the attenuellenof the most
effectivebarrier.

9. a. Islthighenough?
b. Is It Iongenough?
e. Islt madeofthe right

material?
d. Is itproperlyconstructed?

10. a. movethebarriercloserto the
source

b. bendthetopof thebarrier
towardsthesource

c. doboth
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Foreword

In choosing among alternativesitesfor
housing, potentialnoise problemsam
prominentamong the issuesthatmustbe
examined,These Nof;o Assessf_iu=ti
Gu[deflneswere developed Ioprovide
HUD flerdstall,Interested builders,
developers, and Jocalofficials withan
easy-to-use methodof evaluatingnoise
probremswftha mlnJmumof timeand
effort,

We believethat Ibis set of toolswill
simplify I/le processof balancingthegoal
of environmentalprotecllon withthese of
efficiencyand reduced housingcosts,We
hope youwill find themusefuJ,andInvite
your comments,

AcffngAselstanlSecretary for
PolfcyDevelopmentand Research

: StephenJ, Solllnger
AssistantSecretaryfor

=. CommunityPlanning and
: _ Development

I

I

i!
g

i
l

I
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Profaco

,/ The Departmentof Housingend Urban
Development,fn its effortstoprovide decect
housinganda sullabJelivingenvironment,is
conr,ern_d with noiseass major,_ourcoof
environmentalpollutionandhas IssuedSub*
partB on NoiseAbalsmentandConlrolto
Part 51 ofTills 24 of Ihe CodeofFederar
Regulations.

The policyestablishedbySubpartB em-
bodiesHUD ebjecllvesIo makethe assess•
meat of thesullablfltyof thenoiseenviron-
ment at a site:(1) easytoperform;(2)
uniformlyapplicableIo differentnoise
sources;and (3) asconsistentas possible
wilhthe assessmentpoliciesofotherFederal
departmenls andagencies.Infurtheranceel
theseobjectives,IheOfficeof PolicyDevel-
opment and Researchhassponsored
research Ioprovidesiloanalysistechniques,
These NolsuAssessmentGuMs/lees donot
conslituteestablishedpolicyofIhe Depart-

: meat but doprovidea methodctegywhose
use is encouragedbyHUDasbeingcon-
slstent withitsobjectives,TheGuidelines
provide a meansforassessingseparalely
the noise producedbyairport,highway,and
railroadeperagons,as wellas the moansfor
aggregating theircombinedeffectonthe
overafl noiseenvironmentata silo,

:i i

This booklel has been preparedby Boll
Beranek and NewmanInc.,underContract

• No. H-2243R for the U.S.Departmentof
;' Housingand UrbanDevelopmenl,It isa

revisionof an earlier editionpubrishedin
August1971. Withlheexceptionofchanges
made by theDepartment,Ihecontractoris
soleJyresponsibleforthe aCcuracyand
complelenessof Ihedataand information
containedheroin,

IV
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Introduction

These guidelinesarepresentedas panofa shouldassess thecondltionthatwillhavelhe noiseenvironmentacceptablemay bepro-
_, coctinuingeffbebylheDspedrnentofHous, mostsevereorrcostlastlngegectonlheuse htbiliveandtheouldcorenvironmentwoeld

I_lgand UrbanDevolopmonlloprovide ofthesfle. stiJ]be unacceplabJe,
deCenlhoe=singanda sullndforivingon- Whereverpossible,youshouldtP/to Whenmeasuringthedislancofromthesilo
vironrcent forallAmericans. assessnoise onvlrenmenlsexpecledatloast toanynoise source,measurefromthe

Theprocodumsdescribedherehavobeen Ionyearsin the future, sourcetothe nearestpointsonlhesilowhere
developed sothatpeoplewllhoutlechnJcal The degree ofaccoptabllgyof the noise buildingshavingnoise-sensitiveusesare
trainingwigbeablelo assesstheexposureof environmentat a site isdelorminedbyIho Iocaled,Thosepoinlsdefinethe Noise
a housingsite topresentandluturenoise outdcorday-nighlaveragesoundlever AssessrcenlLocationsfor Ihesilo. The
conditions.Inthisconlexl,thesitemay hold (DNL) indecibels (dB).Theassessmentel relevantreeasurercentlocationfor buildings
only one smaflbuilding,inwhichcasethe site acceptabilityispmsectedfirstas an is a point2 meters(6.5 foot) frorcthefacade.
colse sssossrcentis strelghgorward.Larger evaJualionofthesite'sexposureIothroe Ifatanypointduringthe assessmectthe
sitesmay hold largerbutJdlngs,or many maiorsourcesct noise- alrcralLroadways, site'sexposure Is noise is foundtobe
buildings,endthe noiselevelmay bedif- and ra_Jways.Theseare IhencombinedIo Unaccedtableor NormagyUnacoeplebte,
ferentatdifferentpods ollhosge (or build- assessthetotal noisesta site.Worksheels everyeftorlshouldbereade toimprovethe
log),Assessmentsoflhe noiseexposure are providedat the backottheseGuidelines condglon,e,g.,the locationof theproposed
should bemadeat repressnlalivelocations to use insurerearizingyourevaluations, dwellingscan bechangedor someshielding
around thesite whoresignificantnoiseis Thenoise envirenrcontata sitewillcorse can beprovidedto blockIbe noisefromthat
expected.Theseare designatedas"Noise underoneof three calegodos: source.
AssessmentLosslFons,"abbreviatedNAL in Aocoptoble (DNL nolexceeding65 deci- Wherequietouldoorspace isdesiredata
the fogowingtext. bels)Thenoise exposuremaybeofsome site,distancesshouldbe rceasumdfromIhe

The onlymaterialsrequitedam a mapof concernbutcommonbuildingconstructions ircporlsntnoisesourcesto theoutdoorarea
the area, a ruler(straightedge),a protractor wiflmakeIbe indoorenvironmentacceplable in questionandthecombinednoiseexpo-
and a pencil.Worksbectsandworking andtheoutdoorenvimnmenlwillbe lea- sureshouldbe assessed.
figuresare providedseparately, sonablypleasant forrecreationandplay. Frequently,theIcoaflonsofdwellingshave

All of the inlorrcagonyouneedcan be Normally Unacceptable (DNLabove65 but nol yetbeen specifiedatthe timethe noise
easily obtained- usuallybytelephone.For notexceeding75 decibels)Thenoiseexpo- aSSessmentol a silo ismade. InIheso
convenience, thisinformationis listedatthe sure issigniffcanllymoresevere;barriers instances,distancesusedinthenoise
beginningof each sectionunderheadings may benecessary betweenthesiteand asssssrcentshouldbe rceasuredas 2
that Indiecte themosHikelysource.While prercinenlnoisesourcestorcaketbeouldoer metorslesslbenthedJstancefromthebuild.
you are obtainingthisInformation,be sureto envlrenrsentacceptable;spectalbuilding ingsetbacklineIotbercajorsourcesofnoise.
ask aboutanyapprovedplansfor future constructionsmay benecessary1oensure
changesthatmay affectnolcalevelsatthe thatpeople fndoorc are sufficientlyprolecled
sge - for example: land-usechanges, fromoutdoornoise,
changesinalrpod runwayImllic,wideningof Unocooptablo (DNL above75 decibeJs)The
roads, andso fodh,Inallevaluagons,you noiseexposureat thesilois soseverethat

lhe conslructioncostIo rcake Ibeindoor

2
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Combining Sound Levels in Declbel8
i

The noise environmentat a site is dolor- Use the lubreby firstfindingthe numerical
mined bycombiningthecontributJonsof dlf- dllference In soundlevelbetweentwolevels
ferentnoisesources+IntheseGuidelines, being combined.EnlerJngthetablewiththis

i Workchartsamprovidedto estimatethe COne value, ll.d lie vulueIobeuddudto thelarger
i tdbutlonof aircraft,automobile,truck,and of the two levels, add thisvalue to the larger

train noise to thetotal day-nightaverage levelto determine IhetolaLWhere more than
sound level(DNL)at a site. TheDNL'conld- two levelsare tobecombined,usethesame
butionsfromeachsouse aree_pressedIn procedure to combineanytwolevels;then
declbeis andentered onWork.sheetA. The uco thissubtotalandcombineit withany
combinedDNL fromall the sourcesIs Ihe otherlevel, and soon.Fractionalnumerical
DNLfor thesite and isIhe valueusedto vsluesmay be intetpolctedfromthe table;
determinethe acceptabilitydf thenoise however, thefinal resullshouldbe rounded
environment• tothe nearest wholenumber.

SoundreveJsindecibelsarenot combined
by simple addition/The followingtable
showshowto combinesoundlevels:

: Table
Dillorencoin AddIo
SoundLovct LargerLovol

' 0 3.0
2,5J 2.1

4 _3 1.8
] 4 1.5
! _ 1.2
} 1.0

0.8

] + °°. 11.5
10 0.4
12 0.3
14 0.2

+ 16 O,t
gto_zterthan16 O

, • :i ¸ j

Example 1: In performinga siteevaluatJdn,
theseparate ONLvaruesfor airports,road
traffic,and railroadshave beenlistedon
WorksheetAas 56, 63, and 61 decibels.In

: ordertocomplete the finalevaluationofthe
site, these separsle DNL valuesmustbe

: combined.Thedifferencebetween63 and
56 is7; from thetableyoufindthat0.8 should

: be addedto 63, for a subtolalof63.8.The
differencebetween63,8 and 61 is 2•8;from

: thetableyou interpolatethaiapproximalely
1.9 shouldbeadded In 63.8 fora totalof65.7
or 86 dB when roundedInwhorenumbers,
Thisexampleshowshownoisefromdifferent
sourcesmaybeAcceplab]e,Indivlduslly,ata
site, butwhen combined,the totalnoiseen-
vimnmenl may exceed IheAcoepledteDNL
limitof 65 decibels, 3
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Aircraft

Necessary Information * Thenumberof nightltmejeloperations contoursoneithersideof IheNAL, If NEF

To evaluatt) a site'sexpc*suretoa_ror_,lt (10 p,m, - 7 a.m,) conlouraare used,estlmaleDNLbyadding
: noiae,youwiJfncodtoconslderaJlalrports *Thsnumberoldaytimejaloperations 35 decibels toIheNEFvalues.Note thai
• (clvJlandmifilary}wtthint5mllesofthesge, (7a,m, - 10 p,m.) contoursamususltyprovidedlnBdeclbef

ThelnformationrequiredforthisevaJuatfonJs * "Theflightpathsolthe major runways, increments,(See_xample 2 onpage 4.)
listedbetowunderheadingsthatInd)cotethe * Anyavailable informationaboutexpecled Whensuperaonlcalrcrahoperationsare

changesin alrporttragic,e.g,,willthenum. presenLDNL conloursaremqulred for lhe
most likelysource.Beforebeginningthe bar ofoperationsincreaseor decreasein assessment,
evaluaflon, youshouldrecordthefoJIowJng Ihenext 10 or 15years, IfDNLorNEFconloursarenotavailable,InlormationonWorksheetB:

From the FAAAreaOfficeortheMlJItary In makingyourevaluallon,usethedatafor theDNL at asilomaybeeslimatedtnseveraldifferenl ways:
AgencyInchargeof Ihoairport: the hsavlestair trafficcondition,whether *AnFAAHandbook(Referencel)canbe
• Are current DNLor NEF (NoiseExposure presenlor future, usedloestimaleDNLconlourslorsiteafn
Forecast)contoursavaifabJe?Noisecon. general aviationairportvicJnilies,General
toursare availablefor almostellmIJltaP/sir. Evaluation of $1leExposure
pods, These contourshave beendeveloped tO Aircraft Noise avialionairpodsexcludecommercialjettransports butmayincludebusinessjets.
and publishedas partof theAirInslallation IfcurrantDNL (orNEF) contoursareavail- * A handbookavailablefromEPA(Refer.
Compatible Use Zone(AICUZ)programof able{asJnFigurelpage4),Jccatethestleen ence2atlhebackofthisGuide)canbeused
IheDepartmentofOefenae, Thaconlours themapbyreferringtothemarkeddistance tocalculate DNL atindivldualpoints.
are pubUsbednormallyaspart ofanAICUZ scaJe,lftherearanoolhernoisosourcosin = Aprocedureforconstruclingapproximate
report.Noise contoursare alsoavailablefor theares,you do notneed todo anythingelse, DNL contoursforsitesnear commercfaljol
manycivil airports.Whenavailable,theyare If thereate olher noisesourcesaffecllngthe
superimposedona map withan approprl- silo, youwiltneedto linrt thepreciseDNL
alefymarked scole {seeFigure 1,page 4), value soyoucancombineItwilh Ihe other
• Anyavailable Informallonadoutapproved sources.Oblain theDNL atthe appropdale
plansfor runwayohanges(sxtensionsornew NAL on thesilo byinlerpolat_onbetweenthe
runways).

Flguro1
Fromthe FAAConlra,TowerorAlrpo. Ex,mp,. of DNLCOnlour=/ _ J / /Operations(If DNL or NEF contoursarenot

, _ NAL 2

Example 2:The illustrationIn Figura1 st the Example 3: The illustrationfnFigure2 at the
topof page4 shows IheNAL'Son_tmap thai bottomof page 5 showsan airport for which
has GNLcontours.We find thatNAL number DNLor NEF contoursarenot available,Toe
1 lies behveenthe65 and70 dBcontoursand a_rporthas 10 nighttimeand 125 daytimejet
that NALnumber2 lies outsidethe65 dB operations.
contour. Toconstructtheapproximateconlours,we

We flndtheDNLat NALnumber1 byinler, determine Iheeffectivenumberofoperations
pofalionfromthedistancesbelweenIheNAL as follows;

end the65 and70 dB contours, 10 (highland) x 10 = 100
By scalingoff themap, we findthallhe

distancefromthe NAL,measuredperpen- Add tothisthe actualnumberofdaytime
diculady tothe contours, ts800 feetto the65 operations:

dB contourand2400 feet Io the70 dB con- 100+ 125(daytime)=225
lout, Thedistancebetweenthe65and70dB
cOnloursis2400 + g00 =3200 feel We find To delermine thedistancesAandB in
the DNL at theNAL number I to be65 re,aliento the runway{seeFigure3, page 5),
deoibeisplus800/3200 x 5 decibels -- 66.3 enter Iheeffectivenumberel oporatJonson

4 decibels, thehorizontalscalesofthechartsinFigure3;
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airportswllhoutsupersonicaircraftisas distanceD2fr°rn theNAL tolhe flightpath,as Figure3
follows: InFigure2. ScalethedtstanceD1fromthe05 cfiartl forEibmallng

Determinethe"effective"numberofjet dBcontourtothefiightpalh. OivideD_byD1 DNLforAlrcrattOp_ra-lions
operations at Ihe airportby firstrnulgplying Rndenferthisvalueintothefollowingtcbloto
the numberof nlghftlrnejetoperationsby10, findtheapproximateDNL althe NAL,

Then add thenumberofdaylirnejetopera.

ttonetoobtalnanelfeclivetotal(seeExarnple Table2 Runway.--°- _.
Onamapollheueastlowlnglheprincipal _ dBDNL

runways,markthe [ocallonof thesile and, 1.00 651.12 64
usingthe diagramandchartsofFigure3 on 1.26 63
page5. constructapproxlmaleDNLcontours 1.41 62
of65, 70. and75 dB for Ihe majorrunways 1.58 61

1.78 60 _ q0,0_ ,=.=o
and Ilighlpathsmostlikelyto affectthesilo, 2.00 59 I A '
(see Figure2, page5.) 2.24 50 "6

2.51 57 _ =,_ f ,,0on
2.02 50 __ **0= ..0_AIIhoughasitemaybeAcceptabJefor 3.16 50 _

exposureto alrcrahnoise;exposuretoother _= ,,_ _°_b_ / J.=o
sourcesof noise,whencombinedwiththe < _+=x_ _ _-..-.__ -- _,=oaircraftnoise, may makeIhesiloUnaccept- _ ._-_

able.Thorefore, gnecessary.valuesofalr- _, =_ '_, .... ,_ ' ' ' '"_craftnoiseexposurelessthan05 d8canbe
estimatedfromTable2, Scaletheshortesl

Figure2 _ 70,0_B ' , , ,,,, , , ,,,/ _=._o
Exnm Ioof Approxtmato
DNL_olntourafaranNr" _ - ,o,_ _._/art with225 Etloctlvo J ,
_umberof Oporrnion= L_ _l _. Runways ._ _.=o _0+0o0

h"O I _o,_-

ThousandsofFeet 10,o_:

, on ,e,o2o o .....
ooo,,jjL,h - F,,.h,.

.__JJ1"/7- _,-----v

-iiill
readup In the DNL curves;read acrossthe Example 4o: The NALshownIn Figure2 Is Example 4b: We observeIhattheperpen-
chart tothe lefttoablaindistancesAandB outsidethe65 dB conlour.The dislanceD_ dlcolar distance(D2)fromNALnumber2

from thevertical soaJeson Ihecharts. IromtheNALtolhelllghtpalhJs970Ofeet. (Ftgure 1) Io the flightpalh Is moreIhaa 3
We findfromFigure3, forexample,thattar The distanceD_from Ihe65 dB conlourtolhe times thedistance(D) from the65 dBcon

225 effective operations,distanceAis4200 flightpath,measuredperpendicularlyfrom tourto thehightpath.FromTable2 we find
feel for Ihe65 dBconlourand2000 feet for thecontour,is 3700 feet. The ratioDZ/D'is that theconlributlonof theairporttothe DNL
Ihe75 dB contour.DlslanceBis31,000 feet 970g/3700 ==2,62. FromTable 2 wefindthe at NALnurnber2 Islessthan55 decibels.We
forthe 65 dB conlourand l'r,000 feet forIhe DNLfrorntheairporttobe56.6dB,Wedonol need notconsidertheairportfurtherin
75 dB contour, know whetherthe siteisAcceptableor not, accessingthe noiseenvironmentalthls sile,

however,since wemustalso assessthe
contribullonof roadwayandtrainnoiseto the
tolal DNLatthe site.

5
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Roadways

Necessary Information notpossibleIoseparatethe trucksIntoIhose uaffons,however,determinethe "effective

To evaluate a site'sexposureIo roadway thatareheawandthosethatarenot, treatat/ distance"toeachroadfromthedwellingortrucksas thoughIhey are"heavy." outdoorresldenllalaclivgy(the NAL'sfor Ihe
noise, yeuwigneed toconsldarallloads that Note: If the roadhasa gradientof2 per. site)byaveragingIhe distancestoIhe near-
mightcontributetothesilo'snoiseenviron- centofmore, recordthenumbersforuphill eatedgeof thenearestlaneand IoIhefarlh-
ment; roadsfadher awaythan 1000feet enddownhilltrafficseparatelysinceIhese •st edgeef Ihefadhestlaneof lraffic,(See
normallymay be ignored, figureswillbeneededlater;otherwise,sire- Example5, page6, andFigure4, page7.)

Beforebeginningtheevaluation,deter- plyrecord thetotal numberof trucks.Most Note: For roadswithIhesamenumberof
mine if roadwaynolse predictionsalready often youwglhave toassumethat Iheuphill lanesinbothdireclions,lheeffecffvedis.
exlalfarreads nearthesite,Alsoffyloobtain end downhilltrafficareequallysplit, tahoeIsthe distancetothecenter oRhe
allavailable Informationaboutapproved • The Iractlenof ADTIhat occursduring roadway(ormedianstrip,ifpresenl).
plans far roadwaychanges(e,g. widening nighttime(10p,m, Io7 a,m.), ff thisIs
exlsgngroadsor buildingnewroads)and unknown,assume0.15 forbothtrucksand Aurora•bile Traffic
about expectedchangesin roadtraffic(e.g., autos.
will the trafficonthisroad increaseor Workchart I wasderivedwiththe following
decr(3oseinthe next10 to 15years), assumplions:

ff noiseprediclionshavebeenmade,they Eveuatlon of Site Exposure • There isJtne-of.s]ghtexposurefromIhesite :
shouldbeavailablefromtheCity(County) to Roadway Noise to the road; i,e,,thereisnobarrierwhich
Highwayor TranspodatlonDepartment.Ifnot, TrafgcsurveysshowIhalthe amountof effectivelyshieldsthesilefmrnthe noiseof
recordthe followinginformationonpage1 of roadwaynots•dependsonlhepercentageof the road.
WorksheetC: trucksInIhe tolaltrafficvelume. Toaccount • There is nostopsignwghin600 leeroftho
= The distancesfromthe NAL'sforthesltelo for thiseffect, youmustevaluateautomobile site;trafficfightsdonotcountbecausethere
thenearedgeofthenearestlaneandthefar andtrucktrafficeeparatelyandthencombine isusuallytrafficmovingononestreetorlhe
edge erthe fadhest lane foreachtoad. theresubs, other.
• Distance tostopsigns. The noiseenvironmentateach sitedue Io • The averageaulemobiletrafficspeedis55
• Roadgradient, lf2percentorgrester, tralftcnoiseIs determinedby utilizinga series mph,
• Averagespeed, oIWorkchatls to definethecontributionel • The nighPmepodionof ADT is0,15.
• The totalnumberof aulomobllesforboth automobilesandtrucksIrom oneor If each roadmeetsthesefour conditions,
directionsduringan average24-hourday. moreroadsat thatsile.Eachnoisesource proceedto Workchaff1 forthe evaluation,
Traffic engineersrefer to thisas ADT,Aver- yieldsa separateDNLvalue, Enter thehoffzonlalaxiswiththe elf•clive
age DailyTraffic (er sometimesAAET, Workchart1 providesa graphforassess, distancefrom Iheroadwaylolhe NAL;drawa
meaning AnnualAverageDailyTraffic), fnga sitewith respectIo thenoisefrom auto- verticallineupwardfromthispaint. EnterIhe
• The numberof trucksduringanaverage mobiles, lightandmediumtrucks;Workchart verticalaxiswilhtheeffectiveautomobile
24-hour day Ineach dlrecl(on, 2 providesa similargraphfor assessmentof AOT;drawa horizontallineacrossfromflits

Ifpossible,separatetrucksinto"heavy heavy trucknoise,Thesevaluesarecorn. point.(The "effective"automobileADTis the
trucks"- thesewelghingmoreIhan26.000 binedforeach roadair•clingIhe noise sumel automobiles,lighttrucks,and 10 times
peundswith Ihreeor moreaxles - and environmenlat1hesiletoobtainthetotal thenumberof mediumtrucksIna 24-hour
•'medium trucks"- thosebetween10,000 contributionofroadwaynoise.Remember, day.) Readthe DNLvaluefromWorkchad1
and26,000 pounds,(EachmediumffuckIs thenoise fromaberaftandrailwaysmustalso where IhevedicalandhorizontallinesInter-
ceunled as equal to 10 automobiles.)Trucks beconsideredbeforedelerminingthesuit- sect. Recordthisvalueincolumn 16,Work-
underlO,OOOpoundsarecounledasauto- abilityof thissile's noiseenvironment, sheetC.

mobiles.CountbusescapableofcmryJng Effective Distance But:
morethan 15 seatedpassengersas**heavy"
trucks- elhers,as*'medlum"trucks.lfg Is Beforeproceedingwilhtheseseparateeval. If anyelthe fourcondilionsisdiffer•hi, make

Exarnp]e 5:The siteshowninFfgure4 Is tothe faredgeof RoadNo, 1is300 feet,plus
exposedto noisefromthreemajorroads: thenumberof lanestimesthelane widlh,
RoadNo. 1hasfourlanes,each 12feetwide, plusthewldlh ofIhemedianstrip.Thus,the
anda 30-feetwide medianstripwhich distanceto thefarthestedgeof the roadis:

accommodatesa railroadtrack,RoadNo. 2 300 + (4x 12) = 378 ff
hasfourlanes, each12feetwide.RoadHe.3
hassix lanes,each t 5 feel wide,anda The effectivedistanceis

medianstrip30 feetwide. 3 78 + 30=0_=33g tt
The distancefromNAL No. 1 tothenear 2

edgeofRoad No.1 Is 300 feet. Thedistance
This isthevaluetobe enle_edonline1c of

WorksheetC. Theeffectivedistancesfrom
theapproprlaleNAL'sIoRoadNo, 2 and
Road No.3 are foundbythesame method.

The distancesshowninFigure4 willbe
usedforall roadwayexamplesin Ihisbooklet.

6
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work throughthe examples.Afteryouhave
Figure4 become famiriarwilh IheGuidelines,youwillPlanViewof SiloshowingHowDistanceShould
BeMeasuredfromtheNoiseAs=mumentLocao be able Io work examplesdirecllyfromIho
lion(NAL)of theSwellingNearestto theSource worksheef_ withoutroford,'lgb_ci;tothe text,

NO'_".O SC_._ I_J-_ I To simplifyyourwork, all,haadjustment
IJ NAL f 1'°rp°r' factorsare summaflzedaflhe backof these

RaIway Guidelines,

210' I Adjustments forAutomobffn Traffic
Railway
No. 1 NAL Stop.and.Go Traffic:

z ifthere is e slopsign(nota Iraffissignal)
within600 feel of theNALso thaitheflowof
traffic iscompletelyInterruptedonIheroad

,_ r lo0' under consideration,findthe stop-and-go

I Effecnve Table 3. Enterthisvaluein column9 on
Distanceis Worksheel C,
174FT) ........................

- RoadNo, 1 RoadNm 3 Table3
(Elfestive {E{festive DistancefromNAL Automobile
DistanceJ= Distanceis toStopSign Sl..and,Go
339PT) 270FT) InFool AdjuslmontFaclor

0 0.10
100 0,25

thenecessaryadjustments(on page2, 200 0.40
Worksheetc) ltsledbelowand then use Figures 3o0 0.55UIo ofWorkcharlI ToEvaJunloAutomobile 400 0,70
Workchatt 1 forIhe finalevaluation. TrafficNoise 500 0,B5

First,a few generalwordsaboutadjust- AUTOS(55mgh) 600 1,00
mentsas they are appliedIntheseGuide- ,_= °"" " " " Average Traffic Speed:
lines.EachWorkchatt hasbeendedvedfora '="= "///'

(///.// Ifthe averageautomobilespeedisotherthan
baselinecondltionwhichisoffenfoundin ..,= r/ , 55 mpb, enter Iheapproprialeadjuslment............................. r,y.,2,,;_practicalcases,Where conditionsdfffor from j : :': ::;::. :'::'-_:.;,_, from Table 4 in column10of WorksheetC.
thebasaline,fheyereaccountedlotby, _,==,_ .... ;t,;,:_-_so, o,o,o°eormoroadtus,mentfac,ors' ::.......... 'V/I',;"/t/, •The ad uslmenl factorsare usedasmul. = ' , '" " ._. Average AutoSpeed
,pliers trees he ave age flumbero vehices t " ; JJ .//)_,.._,_'f'_'_._J._jl, ._,_ _ TrafficS.e, AdjustmentFacIor

operaffngdurlngag4-hourday, lfmoralhan • , . . , ,=, _ _ 20(mph) 0.13

Oneadjustment,srequ,red,it ,snot necss. !, =J--..,=J/fA/./,'_'_I_,_.h¢/_.l_,_' _ i 25 0.21

soryt,ateachbem°fflp,ed,lmesthebasso 0%
,raff,cf,ew.e.para,a,,:a,,ad,us,men,fao,ors_ :-_y_/_._.._I _ dO o0,are multipliedtogolher, and Ihem multiplied 450,830'67
limes theoriginaltraffic flowdata.Thiswilt [//d.v////;.'YZ/J:_//ll - It | t'f ':;::_"_ 55 1.00

becomecfearerasyouexemlnetheWork- =P'/_W///,I_,'J;_:IH_II-I-_ go ltOsheetsalthebackoflheseGufdelInesa.d ,=,_,/_ _r_ _1_III Ill/If, 765 1140

Examplog:RoadNo.ImeetsthefourCoRdI- Example ?:RoadNo,2hasastopslgna1390 Example gtSdpposethatthestopslgnon
lions lhatallow foran Immedfaleevaluation, feet from NALNo,g,TheaulomobileADTIs RoadNo.2werereplacedbyalrafficslgnal
inobtainingthe informationnecessaryfor repottedas being32,500 vehicles(line5c of for whichnostop-and.goadjuslmenlismade
Ihlsevaluation,it was foundthattheauto. Worksheet C), FromTable 3 wsinterpolate and that IheADT increasesto75,000
mobileADT ls 18,000 vehicles(Line5c of between300 and400 feetto findtheadjust- vehicles• In addition,assumeIhatthe aver.
WorksheetC), On Wotkchatt 1 we locateon moRt lacier forsI0p-SRd-gotraffictobe0.69. agespeed Is45 mphinsteadof 55 mph.You
the verticalscale tile pointrepresenting The adjusted trafficADT is adjust Ihe new automobileADT of75,000
18,000andon thehorizontalscale the point vehiclesby IheAutoSpeedAdjustment
representing339feat(seeFigure5),(Nole O.69x32,5OO=22,4E5veh/cfesperday Factorfrom Table 4
thai we mustestimate the locationof this and withan effectivedistanceof174feet
point.) Usinga straighl-edgewedrawlinesto fromNALNo, g, weflndfromWorkchartl O.67x75,000=50,250vehicles
conneclthese Iwovaluesand findthat the that Ihe approximatevalueof DNLIs64 dB. and atan effectivedistanceof 174feetfind
NAL exposure toaulomobile noisefromIhis from Workchett I thattheapproxlmalevalue
road Isa DNLof58 dB,as readfromthescale of DNL Is67 dB.
at the lopof the graph,

7
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Nightime Adjustment, Attenuation ofNoise by Barriers: necessaP/adjustment(s) listedbelowand

DNL values are affectedby Ihe propodlonof This ad}ustmentreduces thenoiseproduced then use Workcharl 2 for the evaluaPon.
trafficvorumethateccursdudng"daylime"(7 byautomobilosandtrucksonthesameroad,
o,m. to 10 p,m,)and"n:_htt_m_,"{ ig p.m, k_7 Insbuciiensforlhisadjustmen_appeataher FIgure6.Uaeof Workchart2 to
s.m.), The graphon Workchart1 assumes Ihe notes assessmenlfor trucktrafficbelow, EvalualeHoeW TruckNo[so
Ihst15 percent of IhetolalADToccuts dudng Truck Traffic HeavyTrucks(55mph)
nighlgme, ff adifferent propod[onohhe traffic =..
occursat eighl,findtheappropriatenightllme Whereverpossible,separatetheaverage
adjuslment factorfromTable 5. Recordyour daily volumeoftrucksintoheavytrucks
answer in column 11 ofWorksheelC, (more Ihan 26,000poundsvehicleweight

and threeor moreaxles);mediumtrucks
Tableg (less than26,000poundsbulgreater than
Nighltfme Ni hnime f 0,OO0p0unds),tighttrucks(countedas if
Fraction A_uslment Ihey are automobiles),You shoulda_ready
ofADT Factor have accountedformediumand Iighl trucks
0 0.43 tnyour automobileevaluation.Do not forget0.01 0,46
0.02 0.50 thaibusesthatcancarrymorethan15 seated
0.05 0.62 passengersarecountedas heavytrucks.
0,10 0.81
0,15 1,oo Heavy trucks(includingbuses)musl be
0,20 1.19 analyzedseparatelybecausethey have
026 1̀ 36 quite differentnoisecharacteristics.Itit isnot0.30 1.g7
0,35 1,77 possibletoseparatethe trucksinto Ihosethat
0.40 1.96 are heavy and1hosethat ate nol,treata//
O,500'45 2.342"15 Irucksasthoughlheyare"heavy." " _ '= " '" ,..,,.'_o_,'_,,'= '_ "= =

Workchart2,whichis usedtoevaluateIhe AdJuetmonlsfor Heavy Truck==
Ohceyou have selected •lithe appropriate site'sexposureIoheavy Irucknoise,was
adjustmentfacials andenlered themon dedved withthefollowingassumptions: Road Grad/ant:

page2 of WotksheelC, multiplyall1he • There isline-of-sightexposurefromthesite If thereisa gradientof2 percenlor mote,find
feelerstogelher, then multiplyby theaulo- tothe road; I.e,,thereis nobarrierwhich fheappropdateadjuslmentfactor, forheavy
mobileADT(columnt2)for24houts, found effectivelyshieldsthesitehomtheroad trucksgoinguphillonly,as showninTable 6.
onpage I of WorksheetC. The resulting noise. LIsl Ihisfeeler tncolumn 17 of WorksheefC,
adjustedADT shouldbeentered in column • The roadgradienlislessthan 2 percenh
13.ThisIs theADT valueIobe used,in * There isnostopsign (trafficsignalsare Table6
conjunctionwilh theeffectivedislancefrom permissible)within600 feetof Ihesite. Percenlof Adjustmenl
theNAL Io the road, tofindthe DNLvalue • The averageIrucktraffic speedis 55 rnph, Gradient Factor
fromWorkcharl 1. Enler thisDNLvaluein • The nighttimefractionof ADT Is0.15, 2 1.4
column14 of WorksheetC. Rememberthisls fflheroadmeetslhesefiveconditions, 3 1.7
the DNL from automobile(aswellas'tlghtand Woceed to workchad2 foranimmedia[e 64 2`32.0
mediumtruck)noise;youmuststill findthe evaluagonof Ihesile'sexposureto heavy 6ormore 2.5
DNL contribulton fromheavy trucknoisein truck noisefrom1hatread,
ordertoobtatnthetotal DNLproducedbythe
roadwayyou are assessing. But:

If any of thecondJlionsis different,make the

Exemple 90: RoadNO.3 is a limitedaccess Example gb: However,Irafficproiecdons Example 19:Road No. 1 onFigure4 meets
hlgtlwaywith noslop signsandthe average eslimate thatIn10yearstheADT witl thefourconditionsthatallowforan frame-
speedis 55 mph. Currenttrafficdata indicate Increase to 100,000vehlclesatanaverage diateevalualion.TheADTforheavyouek
anautomobgeADTof 40,000 vehiclesof speed of55 rnphandnighttimeusagewill flow is 1200vehicles.Werkchae2 showsIhat
which 15 percent occursduringn[ghblme Increase Io25 percent.For future traffic, you tt_eexposureIo Irucknoisefrom thisroadat
hours(10 p.m. to 7 a.m,). Withaneffective mustadjustthefulureADTof 10O,O00for Ihe aneffeclivedistanceof 339feel is a DNLof
distanceof270 feet to NALNo.2, Workchad effectofincreasednlghttimeuse.FromTable 63 dB al NALNo, 1,
1 isused to show thatIheDNL for exisling 5, youfind an adjustmentlacierof 1.30,The
automobiletrafficIsbetween63 and 64dE, adjustedADTis

Roundoff to 64 dB. 1.38 x 100,000 .=138,000

and atan effectivedistanceof270 feet you
find from Workchart1that Ihe DNL will
increase to g9dB;therefore,provisionfor
exile noise conttolmeasuresshouldbe
explored.We willexaminein Example13the
effectof terrainasa shieldingbarrierIhat

B providessoundaltenuagon.
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Average Traffic Speed: Table 8 trucksand enler it incolumn25. Subtract
lhese attenualionvaluesItem theDNL

Make this adjuslrnentff Ihe averagespeed HeavyTruck HeavyTruck
differs from 55 mph, If the averagetruck TrafficVolume Stop.and,Co values obtainedpreviously(columnst4

perDay AajustmenlFacior and 24),enteringthereducedONLvalues
speeddifferswithdirection,treattheuphill Lessthen1200 r.e m columns16 and 27.Combinethe
anddownhlfltrafficsepaJ'alely.Selectthe 1201to2400 2.0 automobile an_ he_w tr_ckDNLvalues,
appropriateadjuslrnenlfactorsfromTable 7 2401 to4600 2.3
below,enteringthernlncolurnnlgofWork- 460t io9600 2.8 reducedbylheattenuaflonprovidedbylhe

9601 to t9,200 3.8 barrier, to findIhe finalDNLproducedbythe
sheetO. More man19+200 4.5 roadway allhe site,
Table7 Nigttttime Adiustrnent Remember IocombineIheconlribuflonsIO

DNLofall roadsIhataffeclthenoiseenviron.
Avs_e Traffic HeawTruck AfferalJlheaboveadjuslmentsaremade, do
_pe_ Speed/_ _stmenr not forgel toadiustfor nighttimeoperationsit menl ateach NAL forIhesitetoobtainIheFacor total ONL from all roadways.EnterthisDNL
50or less 0.8t they are not15 percentoflhe IolalADT. 011bolh Worksheel C andthesurnrnary
55 1.00 using the laclorsobtainedItem Table5 ]usl Worksheet A.
60 1.17 as for automobiles.Enler thisvaluefncolumn
65 t .39 23 of WorksheetC. Attonuatlon of Noiseby Barriers

Once you havefoundthespeedadjust- At Ihispoint,multiplythe adjuslmentfac. Noisebarriersareusefulfor shieldingsensl.
rnenlfactor,youcancombinetheuphilland tars for nighlttmeandstop.and-goIrattic rive Jocationsfrom groundlevelnoise
downhill Iraffic, ForuphillIrattlc, mulliplyIhe limes the heavytrucktraffic volumein sources. For example,a barriermay beIhe
gradientfactor limesthe speedadjustment column 21 to findIhoadjustedheavyIruck best wayto deal withhousingsitesat which
factortimes uphilltrafficvolume (truckADT ADT, enleringthe product in column24, Use the noiseexposureisnotacceplablebe-
column19) (assumingone halfthetotal24- thisvalueeadlheeffecgvedlsfancefrornlhe causeofnearbyroadwayttafflc.
houraverage numberof trucksunless NAL Iothe roadto find Ihe duckDNL from A barriermay be lormed bytheroadpro.
specificinformaliontothe contraryexists), Workched2,enleringyour_nswerinco_urnn ftte, byasolidwallorembankment, bya
enlering the producttncolumn26. Multiply 25 of Worksheel C. tt no shieldingbarriers continuousrowofnoise-compatiblebuildings,
lhespeedadiuslrnentfacterfordownhitt are Is be considered,combine IheDNL from orbythe¢errainltsett. Toboaneffective
traffic limes the downhilltrafficvolume(truck heavy lruokswithIheDNL fromautornobttes shield, however, thebarriermustblockaJI
ADT/2 column19).Addthe valuesforuphllJ (column 14), Theresultis theDNL from Ihe residehliaJlevelsfrornfineofsighllolhe
aed downhitttraffic,enleringIhJssumIn roadbelngassessedaedshouldbeenlered road; il rnustnothave anygapsthaiwould
column21. You maynowcornplelethe onWorksheel C. allow noiseto leak Ihrough.

assessmentofheavytrucknoisewithout But: Some Preliminary Matters:regard to uphifland downhiflIraffic
separation, I{a shieldingbarrieristo be consideredfor in evaluating noisebarrierperformance,you

the site, makethe anarysisdescribedbelow will beworkingwilh dlfferenlkindsof*'dis-
Stop-and.Go Traffic: separately for automobilesand thanlot tances" betweenthe soundsource,the
ff lhere isa slop sign(remember,nota tragic heavyfrucksbsfomcombiningtheDNL observer,and the barrier,
signer)within600 feetofan NAL forthesite values. This stepisnecessarysincebarriers Actual Distance- the existingdistance
Onthe road beingassessed,findtheadjusl- are far more effectivefor autornobt_esthan that woulc/bemeasuredusinga lapemea.
meat factordelermtnedaccordingtoTable8. forheavy trucks.Onceyouhave foundthe sure withnocorrectionsoradjuslments.This
Enier =tin Column22 el Worksheel C. amountof affenuetionprovidedbytheborder maymeanoneoftwothings, dependingon

forautomobiles,enterit incolumn15. Find theapp/Icatlon;eitherthe:
the value ofbarderattenuationforheavy • slant distance - theaclualdislance,

Example 11: RoadNo.2 hasa slopsignal meat factorfor uphittiraffJcis2.0, We fIndthe Example 12a: Road No,3 isa depressed
390 feet Irom NALNo,2.Therels al_oa mad Iruckvofumeadjusledforgmdionlis highwayaed theprofileshieldsallresidenllal

gradientof 4 percent,No heavy I_cks are uphi//: 90 x 2.0 = 180 Jevelsof Ihe housingfrom lineofsighttoIhe
aflowedon thisroad,buta scheduleshows downhffi: = gO Iraffic, Theavarage lruckspeedis 5Omph,
an averageof12 targebuseapassaJongthe total(column21) = 27g vehfc/es The ADT for heavy lrucksls4400 vehicJes.
road per hour between?a,m. and10 p.m,, We adjust foraveragespeed (fromTable7)
allhough nobusesarescheduledduringthe From Table 8, wefind theadjustmentfactor 4400 x 0,81 = 3564
remainingnighttimeperiod.The busesam for stop-aed-go h,_fflctobe 1,8.
equaIJydividedineachdirectionalongthe We also mrnem;serIhatwe have nobuses and find fromWorkchart2 Ihat,withaneffec.
road, {Remember largebuses. Ihosethat in the nighttimeperiodand findIhefactorin tire dislance of 270 feet,theDNL fromtruck
carryover 15 seatedpassengers,countas Table 5 on page6 tarzero nighttimeopera- noise wouldbe 69 dB tt nobarder existed,
heavy trucks.) lions to be 0.43, We proceed foanalyze thebarrier
We findthe ADT for the"heavy trucks"(the Our fldal adjustedADT fs(column241 attenuation,
buses Inthiscase) bymuttipJylngtheaverage 1.gxO.43x2?O=2OgVahfc/es
number ofvehiclesperhourbylhe numberof
hoursbetween 7 a.m.andt0 p.m.ThatJs,12 FromWorkched 2, wllhan effeclivedistance
x15= lgO, or9Ovehlcteslneachdirecllon, oflT4feet, wefindaDNLof59dB.

We findfromTable6 tha[Ihegradionladjust- 9
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r,_easuredalongthelineofsightbetweentwo • dieseliecomolivesortrainsusieghomsor 2. EnleratthelopofWorkchart6wilhthe
points;orthe whislleeatgradecrossiegs- 15 feetabove value ofhon theJeff-handscale;mayaright
• map dtsbeee - the_ctu_tdis_arce, the rails, to ie{ersect_e curvecerrospondingtoR (or
measuredona horizontalplane,betweenthe D, whicheverissma//er).
two points,asona maporontheprojectplan. Figure7. 3, Movedown to intersectthecurvecarte-

For an obso_er highiean apartment SourceHeight=toBe spohdingto thevalue ofD/R (or R/D, which-
tower, thes_antdistanceto the roadm_ybe U_odIn RoadwayBarrierDo=lgn_ ever is smaller).
muchlongerthanthemapdistance, Source Trucks

Barriereffecftvenesn[sexpmssedinterms g' R_._---""_ooad.////_/Barrier 4, Moverightlointersectlheverticalssaletn

ofnoise attenuationindecibels(dS),deter- -- orderIofind thebarriershieldingvalueAin

mined with the aidol Werkchart6. This . /////_..7-..-_._ decibets.
numericalvalue IssublracledIrom the /[/_7"7 5. Inlerruptionofthelineofsightwithabarrier
previouslycalculatedDNLino_er Iolindthe _11 Autos betweenIhe noisesourceandan observer

resultantDNL atthe NoiseAssessment _//! reducesIheamountofsoundattenuation

Location. S_._rce 8._rr_Br providedby theground.Find Ihoamountof
thistoss Bfromthe labia onWorkchart6 by

Note: Anoisebarriercanbeconsideredas " R /I/I///_-'/-._-_a meansof protectingasitefromnoiseeven entering lbe lable withthe vafueol DIR. Find
Ifitcannol wraparound Ihesitetoshleld " ".'/.T" IhabarderattonualionvalueScormspond.

)ram viewpractlcattya_etthe sourceotnoise Got accuratevaluesfor theielfowing ingle an idealDarrierthaisompfelelyhides
atevery sensitiveIocalionon thesite. g must quantities:h, theshortestdistancefrom the Ibe noisesource fromviewbysubtractingB
bereoognlzed, howevar,lhatsuchabarber barriertop Io theJineofsighlfromsource Io Iremtbe valueofA obtainedie Step4,is much lesseffectiveIhanan Idealbarrier.
(See Workchart7 andStep6 below.) observer;R andD, theslantdistancesalong 6. g Ihe beeriere_iets_iengontya partel thethe IfneofsighlfromIhebarrierto the source roadsothat unehieldodsecllensel theroad

Sarriem of reasonableheightcannelbe andobserver, respectively(sseFigureg). would bevisiblefrom Ihesilo,thebarrieris
expecled toprotecthousingmore thana law
slofies above groundlevel,Barrierswill lesseffectiveIhanan idealbarrier.On a plan

FigureO. view ol thesite, tocate th_twoendso( the
generally protectthegroundand theIirsttwo GeneralizedGeometry
orlhreefleors, butnotlhehlgberlloors,g el AcoumlC_lB_rrler barrieranddraw linesfromthesepointsto
therearotobekequen{lyosoupledbalconies OaSEa_R h =Snee AMOUNT=V thoNoiseAsssssmentLocalion.Useapro-

=me. x.= =AMa,¢a tractor tomeasurethe angloformedatthe
ontheupperlevels, osssolufionlsiemove aN¢,_=TH(LINE'OF'SlOIfTNALbythetwofft_es.Entertbehodzor_l
the buildingfartherfromthenoisesourceand /-_p _
face the sensitiveareasawayfromIbe noise, scaleel Workchart7 withthevaluesofthis

UN¢'OF'__=J0mF_ angle;read uptoIhe curvehavingIhevalue

oas¢_R TOsou.c=: el S determinedfromSlap 5 (interpolatingifSlope to Evaluele a Barrier
_,o _s 'rK_ =._ _st_ necessaP/_,;readle_acrosstotbevedk:at

l.Fortheobserver,sposilien, usethemldo _o. so_.c¢ _ooaseRv[_
heightofthehighestresidenliellevel,Fortbe _c¢ findsealelabeled"actualbarflerpedormanco"rathevalue of FS to usefor theaclual
sourceposition,usethefollowingheights barrier{nquesllon.
(see Figure 7): Specllic_lty,RandO_¢ethetwosegments
•autos, mediumlrucks,raitwaycars-lhe in{owhichhbmaksthellneofslght.Nolelhat 7.SublractlhebarrierattsouationvalueS(or
road or railwaysurfaceheight hisnotthebeightoflhebarrierabevelhe FS ifadjustedfor finilebarrier lengthaccerd-

heaw Imcks- 8 feetaboveIbe road groundPutlhedislencelromtheberrierlop ing Io Workchart7) from thevalueofDNL
euflace tothe lineat sight. , previouslydeterminedIs reevaluateIhosite

with thenoise barrier in place.

Example 12b: (RelertoFigure9.)Sixstories Some peoplewgha technicalbackground
are plannedfor the housingwhore Ibe sue wilJbe able Io filIbe geomelrtcdiagramtothe
hasan elevalien of 130feel. Theeffectivo silo eitualionreadily, workingfromIheproject
stay=lien for thehigheslslaty isfoundby drawingsand a scratchsheet,
muftiplyiegthe numberofsloriesby10 feet, Eat ifyouare not confidantofyourgeom-
addingthe siteelevation,andsubtracting5 airy, Workcharl5 ge{syouthevaluesofR, D,
feet. and h fromthemap distancesandelevations

of Ihesite.We.illustratethatprocedureinIbis
(dx lO)+ 130*5= 185/eel example.
The barrier,whichin Ihiscaseisformed by First,artierthe elevationsof Ihe source(S),
theroad profile,hasno"height"other than the observer(O),and thetop el thebamer(H),
theelevationof Ihenaturalterrainabovelbe as wellas Ihemap dislancesfrom thebarrier
noisesourcestravelingon theroadway.The lethe source(R') _ndobserver(D'),atlholop
importantdimensionsare indicatedin rightof Workchart5. Then, followthe steps
Figure 9. on thatWorkchsrtIs derivethevaluesofh,R,

and D thatate needed inusingWorkchart6.
EnteringWorkchart 6 at Ihoupperleftwilh

I 0 the valueofh(5,5 feet),wemovehorizsolally
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Io the right unlil we meet the value of R or D, ExRmple 13: An alternative approach, which Ifwe carefully scale the dimensions
whichaverissmalfer:inth_sexample_R=62 issomewhatrnoredirect, lslllustratedhere direclly from Ibis skelch, we find Ihe following

feeLFromtMalpolntwedropvedicaflydown- forthenoiseofaulomobllesonRoadNa.3, values for h, R, and D:

warduntllwerneetthevRlueofRIDcrDIR, A prelimlnary step is to make an accurately R=631aet
whichever Is smaller: in thiscase, RID = scaled sketch of the general geomelry RID=0.3

0.29, From that point, move horizontally Io introduced on page 8. It musl Include the D=214 feet
the right to find the value for A = 9 de, Enler. positions of the source (Ibis time al the road h= I 1 feet
iREthe table for determining loss of ground surface), the observer, and Ihe lop of the
atte_uagon effecl due to the barrier with a barrier; and will show the d_stances h, R, and The barrier attenualion is found, by enler.

value for D/R of 3.5, the reduction In D. Such a sketch is shown superimposed on iRg Wotkohad 6 with these values, to be

aflenuatton (B) Is found to be 3 dB, the prolge of the _oadand ils neighborhood A= 12 de. d Is larger than Ihat found
Subslracting 3 aB from 9 d_ provides a net In Figure 12, for trucks because the noise source Is lower
attenuation of 6 de. With 6 dE_of attenuation, and is, therefore, baiter shielded by the

the o_igin al DNL of 69 dB (Example 12a) is barrier. The loss from ground attenuation is
reduced to 63 de, again g = 3 dB for a net atteRualion of 12 - 3 =

9 riB. In Example gb, we found that the DNL '

11
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Ftoura12,
8kotcb 5bowingOlmonslonsfar Enmple 13

, STxStory
Elevahons /Bu;[d_ng

190_:0' 0 20 40 60 80 100
0 = 185'4_J:_ll_'_-_ L--L__.L.L , , ,. I l._

t,,. D' = 2101 . '_" ;?=60t_l,J

Dimens;onsScaled _ D : 214s
from this Sketch _ R = 63Ih 11'

for the pro]actedtrafficvolumeel 100,000 Example 14:Wherenonaturalbarrierexisls, ofa givenheightwillprovidemoreanenua.
vehiclesper daywas 69 dBifno cohsidera- Watkchart ficanbeusedInreverseto esti- lionfor automobilesthanitwill 10rtrucks,ASa
tidewasgivenIheshieldingprovidedbythe metetheheightel a barrierneededtoobtain firststep inour analysis,we will findthe
terrain.6ubtracflngthegdBattenuationfrom a requiredattenuation,Ip examp{e9b we beighlel a wall thatwill_educethetruck
69. we findthe partialDNLforautomobilesis foundthat,wilhoutanyattenuaUonfromfar. nmseto justbelow65 dB,say64 dB,andthen
60 riB. reinor a barrier,theautomobiletrafficpro- findout whetherIheadditionalattenuallonil

tn order tofindthecombinedtruckand dusgde DNLof 69 dB,and inExample12a provides forautomobilenoise willbesufh.
automobilenoisefor RoadNO.3, wecorn- Ihe heavytruckIrafflcproduceda DNLof 69 ciont to reduceIhocombinedtruckand
Dineins 63 dBof trucknoise withthe60dB of dB. Whencombined,the Iotal DNLis 72 dB, aulomobilenoise Io lessthan65 dB,We
automobilenoiseusingTable 1,We lindthat SupposeIhe to,rainwere notrisingbelween beginbyfindingtheheightof wallIhatwill
1,8shouldbeeddedto63dB,for acembined NALand RoadNo,3, as shownin Figure 12, provide5 dBaltenuationfor Irucknoise.
DNL of 84,8 ciB,or 65 U6when roundedto but insteadwas levelbetweenthe NALand We estimateIhalthe ratioel R/Dis aboul
[he nearestWholenumber Iheedgeofthe road, asshowninFigure13. the same ssR'/D', theralio of horizontal

We wanttofindoulhowhigha wall,infinitein distance inFigure13,whichis equalto0.29.
length,wouldberequiredat theedgeof the BeforeemotingWorkchart6,we lindItem the
roadto reducethecombinedIruckandauto. lossof groundattenuationtablethatfor D/R
mobile noiseto lessthan 65 dB.We have = 3.4 we willlose 3 dBattenuahonfroman

12 found in thepreviousexamplesthata barrier ideal barrier.In order tohave a netattenua-
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Figure 13,
SketchShowingDimensionsforExample14

J

190_ , 0 20 40 60 80 100

Feet

°°13 S= 125' + 8' = 133'
125'

O' = 210' 'I_P'-R' = 60'

lion of 5 dB, wemust have anIdealbarrier calculaieHby usingthesimilartrianglerela- dB,The original69dB of automobilenoiseis
thatprovides5 + 3 = 5 dBatlenuaUon, gonshipsinFigure 13 todelermlnethat H is reducedto 69 - 9 =60 dB.

EnledngWorkchart 5 OhIhedghlside 19.1feet, Finally,wecombinetheheavyIrucknoise,
scale Aat 8 decibels,we moveacrossto the Now wemustfindhowmucha wall 19 feel altenuatedbyIhewallIo69 - 5 = 64 dB,with
diagonal lines,finding0,29 byInlerpolating highwillaaenuale aulomobilenoise. Iheautomobilenoisereducedto 60 riB,to
between the linesmarkedat02 and0,5. rememberingthatIhesourceheightfor finda combinedDNLof65.5dB,or 66 dB
Movingdirecllyuptoa pointmidwaybetween aulomobilesisattheroadsurfaceeJevaflon wben roundedupward.Remember,how.
the Rlines o150 and 70, wefindourestl- ol 125 feel,By scalingthedrawing,or by ever, that thisis foraninfinitewall.Futlher
mated Rel approximately60.Movingacross geometry,wedelermine thatthelineel sight adjustmentswouldhavelobe madeoncethe
tothe feltwe findthat thelineofsight betweentheobserverpositionandthe auto- actual lengthwasknown,
betweenIhe observerand [haIrucksource mobilesourceisbrokenbya valueofhthat is
height mustbe brokenbya valueofhequal approximately13 feet.EnteringWorkchad
to 4,5 feat. 6 at 13 feelwe find,forR=fOfeetand

WecandelerminethehelghlolthewallH RID=O.29.1hatthepolentialbartierattenu.
inseveral ways,By drawingh=4.5feet to ationis 12dB,We mustreducethisby3 d_t
scaleon Figure13,we canscal0thetotalwall for tossofgroundattenualiontofind the
heightH to beapproximately20feet.Those actualshieldingof automobilenoiseto be 9
who feelcomfortablewllhgoomotP/can 13
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Railways

Necessary Information tell the engineerto startblowingthehornor quiringprolongeduseoflhe train'shornor

To evaluate a site'sexposuretorailway whistle. Everygrade crossinghaswhislle whistle,
noise, youwillneed toconsiderallrapid postsand Iheyare listedon therailroad's lithe siluationmootsIhese conditions,
transitlines and railroadswf(hln3000 feet of "track charts,"If trafficon Ihe trackisone- proceedtoWorkchart3 for an immediale
the silo (exceptIotallycoveredsubways), way, thereWillbeonlyonewhisgepost,The uvaTuallul=el diusel_ocemotivenoise,
The InformalionrequiredlorIbisevaluationis grade cros,_ingilsalfisthe olher"whislle But:
lisled belowunderheadingsIhsttndicatethe post,"

Ifanyof lheconditionsisdifferent,makethe
mostlikelysource. ElectrifiedrapidtransilandcornmulorIrains necessaryadjustmentslistedbelowandthen

Balore beginningthe evaluation,you that do nolusedieselenginesshouldbe useWorkchart3 for Iheevaluation.
should recordthefollowingInformationon treated thesame as railwaycars,
Worksheet D: Note: Buildingscloserthan100feetIoa

From the area map and/or the(County) railroadtrackare ohonsubjectIoexcessive Figure14.UseofWorkchart3 toEvaluateDieSel
E,,lgJr/eer: vibrationtrsnsmittodthroughfile ground, LocomotiveNoise
• The distancefrom theapproprialeNAL on Construclionat suchsitesisdiscouraged. Railroads- DieselLocomotives

the site tothe centerof Ihorailwaytrack Evaluation of Site Exposureto
carPJingmostof the traffic, Railway Noise

From the Supervlsorof CustomerRe/attons Railway noiseis producedbythecombine-for the railway:
• The numberof diesel trainsandIhe lionel dieselenginenoiseandrailwaycar
numberof electrifiedtrainsinbothdireclions noise, TheseGuidelinesprovideforIho
duringan average24-hour day, separate svalua6onofdiesellocomotivesand railroadcars, and then Ihecombination• The fraclionof trains thatoperateduring
nighttime(10p.m,- 7 a,m.) Ifthisisunknown, of the two, Inorder IoobtaintheDNL from
assume 0.15. trains, When rapidtransitor eleclriliodIrains

. • Theaveragenumberofdiesellocomolives thatdonotusedieselenginesamtheonly
per train, If Ibis Isunknown,assume2. trainspassingnear a sitego direcllyto thesecond partofthe evalua6onsinc9Iheso• The average numberofrailwaycars per
diesel Irainand per electdfiedtrain,If this is Irains are IreatedinIhasamemanneras
unknown,assume 50 fordiece_tralnsand 8 railwaycars,
forelectrifiedtrains,
• The average trainspeed, IIthisis un- Diesel Locomotives
known,assume30 mph, Workchatt ;3was derivedwithIhafollowing
• Is Ihe track made fromweldedor bo6od assumptions;
rails? • Aclearlinoofs exislsbe_Neontho '= ="=_= _ t_,...,,=_-,_.)

From the Engineering Departmentof the railway trackand tile NoiseAssessment Adjustments forDiesel LocomotivesLocalion.
railway:
• Isthesffenearagradecrossinglhatre- • Thorearoiwodiesellocomotivosperlrain. NumberoiLocomoffves:
quires prolongeduseoflbe Iraia'shornor * The average Irainspeedts 30 mph, ff 1heaveragenumberofdiesellocomotives
whistle?ifso, whemerelhewhislleposls • Nightffm0operalionsareOASoltho24- perlrainisnotg, dividethe averagonumber
Iocaled?(Whistlepostsare signpostswhich hour tot_,L by2. Enter thisvalue incolumn9 ofWork-

= The silois not neara grade crossingm- sheetD,

Example 15a: The distancefromNAL num- Ihe contributionof dieselenginenoiseisa Example fSb: SupposeIhat a Iorecaslof
bar 1 to RsilwayNumber1 is339feel Two DNL of59 dE (see Figure14). tra=noperationsIorRmlwayI indicates
percentof the 35 dailyoperationsoccurat In ordertofind theIolalcontributionof Ihe thattherewillstillbe35 trainsperday,but
night;thorn is clearlineel sigh1betweenthe trains to Ihstotal DNL,wemustalso findIhe now50 percentollha operationswilloccural
tracksand the NAL, and nohornsorwhistles noise level producedby Ihe train'scars. night,Ihe average IrainwiUhave 4 engines
are used,No informagon is availableon train EnleringWorkchart4(aoeFigutefS)witht5 and75 cars,and Ihe averagespeedwillbe
sizeor speed, therefore wewillassume2 daily operationsanda distanceof 339feet, 50 mph.
engines pertrain and a speedof30mph, we find theDNL is below50 on Ihechart,or We lirst findtheconltibulionIoDNL made

Since Ihepercentageof nighltimeopera, more than10 decibelslowerIhanthenoise bydieselIocomolivesbyusingthe Iollowing
tionsIs differenl from 15 percent,wemust levelproducedby 1heengines,Basedonthe adjustmentlectors:
adjustlheactualnumberoldailyoperalions, chartfordecibeladdilinn,thecomblnationol • numberofenglnesadjuslrnent:2
mulliplyingby 0,50 accordingtoTable 5. the noise fromlhe enginesand Ihecars • speed adjustmenl:0,60

0.50xg5_17,5=10 adds less1ban0.5 decibelsto_hoDNL value • dsy/nighl adiustmenh2,34
for the enginesalone, 59 riB. We mulliply Ihese adjuslmentstogelher

Enledng Workchart 3 wilh16dailyopera- wilhIhe numberof trains:

tionsanda distanceof 339 feet,wefind that 2 X0,60 X 2,34 x 3_ = _t_

EnteringWorkchart3 (see Figure14)with
14 98 dailyoperalionsanda distanceof339
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Average Traln Speed: Railway Carsand Rapid Transit Systems Adjustments for RailwayCare end Rapid

lithe average trainspeed is differenlfrom30 Workchad4 wasderived wilhIhofollowing Transit Trains
mph, find Ihe appropriateadjustmentfactor assumptions: Number of Cars:

born Table 9 and list incolumn 10 ofWork- • Aclearlinoofsightexistsbetweenthe D;vldelheavefa_ei=umbetolcarsby._Oand
sheet D. railwayandtheNAL. enler thisnumberincolumn18of

• There are50 cars pertrain, WorkchadD.
Tab1%9 ........................ • Tile averagetrain speedis30 mph,

Speed • Nighgimeoperationsam 0,15 of the24- Average Speed;
AverageSpeed Adjustment hourIotal, Makethisadiustment,if theaveragespeedis
(mph) Factor • Rails arewoldedtogother, not30 mph, byselectingtheappropriate10 0.00 If thesitualionmeets theseconditions.20 1,50 valuefrom Table 10,enteringit incolumn19
00 t.00 proceedtoWorkchart4 Ioran immediate ofWorksheetD.
40 0.75 evaluationof railway carnoise.Again,if any
50 0.60 of theconditionsis different,make theacces-s0 0,50 Table10
70 0.43 sary adjuslmcotslisted belowandthenuse

Sp0ed
Horns or Whistles: Workchad4 forthe evalualton. AverageSpeed AdjustmonI

(mph) Factor
If theNAL isperpendiculartoanypointonthe Figure15. 10 031
trackbetweenthe whistleposts forths UseofWork¢hart4toEvaluatoRallwayCar 20 044Noise 30 1.CO
gradecrossing,enter the number10 in 40 1,78
column 11,Worksheet D. Railroads=Careand RupidTran=lt 50 2.78

60 4.C0
Nighttime Adjustment: ,_== _ _ J_ 70 5,44

,_o 80 7+11
Rememberto adjust for nightimeoperations, _,, 90 9,00
ifdilferenl from0.15 of thetolal,by selecting 100 ! l.t 1
the appropriateadjustmentfactorfromTable Bolted Rails:
5 onpage 8. Enterin column12,
WorksheetD. Enterthe number4 in column20 ofWork-

Multiplythe adjustmenl feelerstogelher, sheet D.
timeslhe numberof dieseltrainsperday(you Nighttime Adjustment:

have listedIbisnumberpreviouslyonfine 2a, EnterIhe appropriateadjustmentfactorfrompage 1, of WorksheolD, andshouldenter Table 5 incolumn21 ofWorksheetD.thisnumber againincolumn13)Io obtainthe
adjustednumberof trainsperday. Enlorthe
adjusted numberof diesel trainsper dayin
column14, Use thisvalue,inconjunctionwith
the distancefromtheNALto theIrack(line 1.
page 1, of WorkabeetD).tofind fromWork.
chart3 the DNL producedbydiesellocomo-
tives, List incolumn 15 el WorksheetD.

feet,we findthatIhesitehasanenginenoise Example 16:Thedistancefrom NALnumber Entedng Workchart3 (see Figure14)with
contributionto DNLof 66 dB, 2 to RailroadNumber2 is550 feel;there are 236 operationsala distanceof 550 feel,we

We nextobtainIheadjuslmentfactorsfor fog operationsper day, ofwhich30 percent findthe DNLcontributionfrom enginenoise
the noiseproducedby thecars: occurat night,A clear lineofsighlexlsls tobe 67 dB.
• number ofcarsadjustment:1.50 between Ihssiteand the raihoad,andno Next we gad Iheadjustmentfactorsforthe
• speedadjustmont_2.78 hems orwhistlesare usednearby,An railroad cars:
• day/nightadjustmenl:2.34 everagetralnonlhistrackuses4engines, • numberofcarsadjustment:2

Multiplyingtheadjuslment factorstimes has 1gocars,theaverage speedis 40miles • speed adjustment:1.78
the averagedaily numberof trains: per hour, andthetrack hasbolted,not • bolted trackedjustmenh4

1,5 X2,78 X2,34 X35 = 342 weJded,rails, • day/night adjustmenh1,57
We firslfind theadjustment factorsfor the Multiplyingthe adjustmentstogether,

EnteringWorkchad4 (see Figure15)wilh dieselengines: timesthe numberof trains:

342 operationsenda distanceof339 feel,we • numberofenginesadjustment:2 2XI,ZBX4X1,57XIOO=2236
lind the conlributionof thecars toIheDNL is • speed adjustment:0.75
60 dB, UsingTable 1for combininglevels,we • day/nighl adjustrnonl:1.57 EnteringWorkchart4 (seeFigure 15)with
lind that the 6 dB difference betweenengine MultiplyingIhe adjustmenls togelher,
noise at 68 andcar noise at 60 givesa corn. times the numberof trains:
blned DNL el 67 dB for these trains,

2 X0.75 X f.57X 100 = 23g (Contlnuednextpage) 15
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Rgum 10, Flguro17, Figure18,
5kolch 8howlnDDimonsIonsforExamplo16 Uaoof Workchart6InExnmplo16 UsoofWorkcharl7 inExample16

HAILW_ NO.:" i,,i NOISE BARRIER WU._CNA._° _'_

BARRIER-- "--'T'-" (de) I I I II

l
SARRtER $ • 20 dB

I I I
eARlIER 15

.550 */ 9001 \ /

N Io

-- !
- /

!2
_t u mire ,4 /

so' ! J
20 40 60 80 100 120 14S 160 18S 2,'10

ANGLEr oa SUI_IENOED I_y BARRIERAi'
01_SERVER_5 LOCATION

2236oparetionsala dletanceof550 feet,we not lenditselftodirectscalingof the We cannowuse thesenumberstoenter
findthe DNL conlrlbutlonfrem therailroad distances,) Workchad6tofindthepotenlla/barrierper.

carsIo be65 dB,CombiningIhe engine H = 180 feet (20'above the ground] refinance (thatIs,the barrieradiustment
soundlevelswiththecarsoundlevelswefind factor thatwouldapplyinIhecaseofanin-
the totalDNL fromthetrainstobe69 dB. S = 175 feet (15"above the track,see finitelylongbarrier).EnteringWo_kchart6 at

Itwouldbepossibletoerecta 20.footnoise page 19) h _-4 feet,with RID = 0.1, wefindthebasic

barrier,runningparallelto thetrackata dis- O=255feet(frornExamp/efTInfhesection attenuationof thebordertobe7.5 dB. How-
lance of50 feet;it couldstartat RoadNum- on roadway no/so) ever,wJlhD/R = 10,we findfromthetableofbet 2 and run g00 feelnorthtowardtheair- loss-of.ground.effectattenuationthatwe
port,as showninFigure16.Bolhtherailroad R' = 50 feet mustsubtract4 dBfromthe7,5. ora net
trackandthegroundlevelalthebarrierIoca- D' = 500 feet effectof3,5 de, However,thesituationis
tlon areat an elevallonof 160feet.Thus,we even worse,sincethebarrieris finitein
have thefoflowingvalueswithwhichtocalcu- We findfromWorksheet5 Ihatthevalues length.
fatethe potenl[_lreductiontnenglnu noise of R and D areno dilferent(withinIheaccu- Tofindthe actualattenuationIorthisfin#e
(usingWorkchad5), (Becausethedistances racyof 1hecalculation)ffom R*andD', a barrier,wemustfirstfind theanglesub.
involved are sounequal,thissituationdoes situation thatwill alwaysoccurwhenthe tendedbyIhebarriertothe NAL,Referring

differencesinelevallenare so muchsmaller to Figure16,wedrawtinesfrom the
than the distancesfromthe sitetothenoise NALeachendofthe barrier.With

16 source. The valueofhIs 4 feet;RID = 0.1

64



References

1, D.E. Bishep,A,P. Hays, *'Hendbookfor
DAveloplngI_JotseExposureConlou_ fs;
GeneralAviationAlrpods,'*FAA-AS-75.1,
December 1975(NTIS No. AD.A023429),

2. D.E.Bishop,ef el., "Calculationof Day-
NightLevels ResultingFrom CivilAircraft
Operations,"BBNReport3 t 57 for Environ°
menfal ProtectionAgency,March 1976

I (NTfSNo. PS 266165).
j 3. B.A,Kugler,D.E. Commlns,W.J.

Galloway,"HighwayNoise- ADesignGuide
I for PredictionandConbo[," NCHRP Report
; 174, TransportationResearchBoard,Na-

tionalResearchCouncil,1976.

: 4. T.J,Schultz,W.J. Galloway,"Noise
AssessmentGuidelines- TechnlcarBack-
ground,"Officeof PolicyDevelopmentand
Research,U,S. DepartmentofHousingand

I UrbenDevelopment," 1980.

! 5, M,A.Simpson,"Noise BarrierDesign

I Handbook,"FHWA.RD*76-5g,FederalHighwayAdministration.February1976
(NTISNo. PB 266 378).

a protraolorwe measuretheanglebetween
Ihe twolines tobe 77 degrees,Locatethe
curve on Workchart7 corFespondlngtothe
polenUalbarrierattenuationof 3,5 dB;it lies
midway betWeenthetWolowestcurves(see
Figure 1S).The point onthiscurvecorre-

• spending toa sub_endodangleof77 degrees
indicates that the actualbarderperformance
would be only 1,5 dB. Withonly1,5dB of
attenuagon, the barrierJsclearlynotcosl-
effective. Inorderto achievea usable
attenuation fromtrle barrier,itwouldhave to
be extended beyondtheolhersideof Road
Number2 toobleine largersubtendedangle,
This exlension, however,wouldstillnotbe
cast-effective unlessthehelghloflhe barrier
were increasedsubstantiafly.
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Summary of AdjustmentFactors

Combinationof SoundLoyola Railroads- SleaolEnglnos
NumborofEnglnosperTrain

• Table I Table 5 NiDhglmo (appl;@=Ioall =uur_aa) T;_e number of ungine_ divided by 2.
Difference in Add to Nighttime Nt hOIme
Sound Level LargerLevel Fraction A_uslment Table 9 Average Train Spoed

0 d.O efADT FaCtor speed
1 2,5 0 0.43 Average Speed Ad ustmenl
2 2.1 0,01 0,46 (mph) Fac or
3 1,5 0,02 0.50
4 1.5 0,05 0,62 10 3,00
5 1,2 0,10 0,91 20 1,50
5 1.0 0,15 1,00 30 1.00
7 0.5 0.20 1,19 40 0.75
5 0.6 0,25 1,55 50 0.60
9 0.5 0.30 1,57 50 0.50

10 0,4 0,35 1.78 70 0,45

12 0.2 0,40 1,99 Whistles or horns
14 0,2 0,45 2,15
16 0,1 0,50 2.34 Multiply number of trainsby I0,
greatertPan 16 O.

Aircraft MediumTrucks Railroads- CarsandRapidTransit
(tess than26,000 pounds,greater than Numbers of cars.

T_blo 2 DNL Outside d5 d_]Contour 10,000 pounds) Number el cars pertratndivldedby 50,

, Dl=dlalanceftom65dBconlourlogightpelh Mulliplypejuslod automobile Iraffi¢by 10. - ...................................
D2=dlstanco from site to ttlghlpath Table 10 Average Trotn SpOO0

Speed
02 DNL AverageSpeed Adjuslmerd
D1 dB HOdW Tru¢k9 (mph) Factor

1.9 65 Table 6 ROad Oredlent 10 0.11
1,12 64 20 0,44
1.25 53 percent of 30 1.00
1,41 62 Ad ustmanl 40 1,70

Grad_on 50 2.78
1.58 61 Factor 50 4.00
1.78 50

2,00 50 32 I',45070 7,115'44
2,24 50 _ 00 9,002.0
2.51 57 2,2 100 11,11
2,02 55 6ormore 2.5
3.16 55 Bolted Rails

...................... Mulgplynumber oftrainsby4,

Table 7 Avorago Speed Wh[llleo or Hem=

Avers e T¢affic TruckSpeed MuHiplynumbetofltainsbylO0,
Automobile Traffic Sede_q Ad ustment
Table 3 Stop.aed-go (mph) Facor
Distance item Site Automobile 50 or teas 0.81
Io StopSign Sled,and-go 55 1,00
loot AdiuslmentFactor 60 1.1755 1,30

0 0.10
100 0.25

200 0.40 Table 5 Stopzlnd..go300 0.55
400 O,TO Heavy Truck Heavy Truck
500 0,55 Trafgc Volume Stop-and-Go
500 1,00 pot Day Adjuctmenl Factor

Less than 1200 1,8
120Tto 2400 2,0

........................ 24011o4800 2,3
Table 4 Average Traffic Speed 4901 to 9500 2.8

Average 0601 to 19,200 3.9
Traffic Speed AdjustmentFactor Mote Ihan 19.200 4.5

20 (mph) 0,13
25 0,21
00 0,30
35 0.40
40 0.53
45 0.57
50 0.83
55 1.00
60 1,19
55 1.40
70 1,60

18 86



Workghart 1
Autos (55 mph)

DNL 75 70 65 60

5oo,ooo _, ,_,: :: ::,:::_<:, :_R-__F/i_J '_j_J
:2i i!_;!ii?!!!!ii!!![ii!:::i: " ...._ :'_' _ '-_ 'J '_ _

I _ili,iiii, ! ' . , { ..... _... :I i._

200,000:::I,.,..I.I....I:.I,,...I'._'I',,._V;_i_:Y,_v_I_._Z_ _q_!!l_._.=l

_IP100_000 i • , ; ;; ;;, h , _;1_/ #:/I #,;X,,_ _, #'_l_, lx,,_f-,,4-'A!_l/Ii#+,/t _T,_TTIT I I

_o,ooo_!_i t_iifl_lil!ili!i_ii_l_IA_iYlt_tV_ E_._Y, H_V.'-I/lz1__-_--:f._-_ _k_

20,000 .. I .. __', ..............

':!__' " _ ! ! T t ttT

6000 l-'-_'_:_ _,,_ v)_,),m_'i/,_./. )_ _ !)i_i i i_ ! !_. i_ _. ! ) fi_lil! _#7),l'{VIT!_{i_LJ"i:A:_',lulr_ill._i_4l.I'lt_Tll_'hr: _'l_ll ' ',', ]', _ _"j" 7]" _i _: :"

_l 4000 ,," ,_ • _ )" ,'_(,,ix ,._l.i_,_ ,r_14F, I#I+4,t-Wtl/iWt+ Iii; ++.... ihliil_l'lil'l')'i)'ll:)l:' ili Ii:l:_ :_

= I/__lTl_,'/_/,F_l!ii!:ti !i_! Acceptable::_! I $i_
.... , I I _ I I t_ 'll t ..... r --' ,-- _ " . r + •

........ :i _ ' :_ ÷ H
2000., ,,,_ ,..x t._/,,//:,)*,._ ,":_,,'._, _i I)'. " ,'_, _:i:_SEiL_21_'_IE INii{'ii_

-- :_ .... _ h .... IIf_ZPTIT"IT'P_I !, ',_t_lmllliYI_ ,_ h), )I,I,,,ltdll
; T! ' iT )I I I 1 _ - "I T" 11 q7ir!, ii ltq,,,,t ,"411;:1 :tltq,Ilt,Tt,t,,I,,ttttiriHml1000

l0 20 40 60 100 200 400 600 1000 2000 4000
Effective Distance (ft)

19

67



::
:I

::
:I

::
::

,-
"

:;
:_

!:
:

-
::

::
:

_:
:z

_:
_:

"

__
::

-:=
=

::
.

:=
=

==
::

:_
-

._

...
...

.
':-

I_
-_

...
.

--
"

'-
-

_
"

_
_

'"
°



Workchart 3
Railroads - Diesel Locomotives

D N/ 75 70 65 60 55
1000
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Workchart 4
Railroads - Cars and Rapid Transit

DNL 75 70 65 60 55
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Workchart5 Enter lhevaluesfor: '0_SE_VE'R'

To find R, I0 and h from Site Elovntfono H= --- R'=--

andOi,lanooll x./_/_ n_ I O{

Flff out tho followingworksheol __._s

(all quantiliosate tn feel): O= t,'_jr/HHHq/H, _,I,,H,HrIH#,'_SOURCE

1, EIovationofbarrierlopmlnuselevalionolsourco [H ] _ Is ] = [r ]

2.EIov,,tlooofo_oor.,o,m_ou,o,,,,,,,lonof,o,.o,,[0 ] _ IS ] = [2 ]
3. Mapdislancebotweonsourceandobserver (R' + D') [3 ]

4. Map distancebetween battlerand source(R') [4 ]

5. LIne2dlvidodbyline3 [2 ] + [3 ] = [5 ]

6. SquarelhequanlttyonltneS(I.e.,rnulllplyi{byitself); [5 ] X [5 ] = [6 ]
always posilive

7,40_'oo,,n°6 [ 0.4 X [" ] = [;' ]

g. Onemlnusllne7 [ 1.0 __ [, ] = [0 ]

9. Llno5|irnesline4(wtllbeoegalivelMne21snegatlve} [5 X [4 ] = [9 ]
i:

"_O. LJnelnl_nusltRog [1 _ [9 ] = [1o ]

' 11.LinelOI/meslino8 Ire X [o ] = lit ] = h

12, LinogtJnlesflnelo [5 X [1o ] = [12 ]

-' 13. Lino4dlvldedbyllneg [4 ._. [8 ] = [13 ]
i '

".. 14. LJno13pluslinef2 [13 J(. [12 ] = [r, ] = I_

• 15. Line3mJnusllno4 [3 ] -- [4 ] = [15 ]

_6.UnolS_I,Idodby,oo, [1_ ] + [. ]= [,_ ]
17. Line16mlnuo,ino12 [16 ] -- [12 ] = [17 ] =[3

, {NOte: Itw value on line 2 iTlay be ilogl_[l¥o, Irl Itrios 10, 14, a_ 17, that adcflng a negattve num- Round_olfRalldDIono_tosllnleger, hloone
which case so wlll Iho values on lines 5,9, and 12: borlslhesamoBSsublracling: docJmar place.
llnotmayaJsol:_sogallvo, RBmember, then, ln x + f-y) =x.y, And sublra_ing a negalivo number Is

likeadding:x.(-y)=x*y,

!
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Workchart 7

IN
f,.IR_

18

16

2

Oi

20 40 60 80 100 120 140 160 180 200

ANGLE, a, SUBTENDEDBY BARRIERAT
OBSERVERaSLOCATION

CorrectfonIobeappliedtobarrierpotenlialinordertof(ndtheactual
performanceof thebarrierof thesameconslructionbutoffinite
length,
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Workahoot A NoIIm Aluurramt OulOlilrmz
SiteEvaluation

Slle Location

Program

Pfoj(_ctNome

Locality ; _

File Number

i
Sponsors Name Phone

,c

Slreet A_clre_ City, Slate i!i
,?
:i

P,1ltllClatlfor !_Acc_pmbillly
Category DNL OperationsIn Your

1, Ronclwny Noise

2, Aircraft Noise

•3. Railway Noise

Value of DNL forallnoise sources:(soepage3io r i:
combination procedure)

Flnnl Site tvaluatten (circte one)

Acceplablo

Normally Unacceplabla

unacce_olablo

Signature Date

Clip Ibis w_rk_heet to the top of a pack_go
conlainlng Wotk,,heols B,E andWoxkcharts1-7
ftlat are used inthe site evalu_ions
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Workshoot B Nol=oAuogamerrtOuldollnol
Aircruft Noise

USlallairportsw;Ihln15milesbf thesite:

1.

2.

3.

Nocolm=atyfnfOhllotion: .M_ort t Afrport2 Aiq_ort3

1. AreDNL.NEFor CNRcantoursavailable?
(yes/no)

2. Anysupersonicaircraftope_at(ons?
• (yes/no)

3, EstimatingapproxlmalocontoursImmFigure3:
i •

n,numberofnightlimuJetoperations

b.numberofdaytimeletoperations

c, effectivenumberolopomttons
(lOtimesa + b)

!
d.distanceAfor65dS

F

e. d(stanceBfor65dg

I 70dB
75 dg

4. EsfimalingDNLfromTable2:

a. dlslancefrom65dSconlourto
fllghlpath,D1

b,distancefromNAL(oflight
path,D2

c. DgdividedbyD1

: d.DNL

5, OperationsproJeclodforwhatyest?

6. TotalDNLfromall airports

Signed Date

27
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Workoh_'_t C Page I NolH _nmant Guidelines
Ro_'dwoy Noloo

List(zllmajorr_ds within1000leelofthesite:

1,

2,

3.

4.

NCP_OOafyInformation Rood1 Road2 ROad3 Road4

1. DistancelilfeetfromtheNALto
Ihoodgoof theroad
a, nearestI_ne

b, farthestlane

c. Itveraga(ofloclJvadistance)

2, DIstabeotostopsign

3, Roadgradio;ltinp_rcont

4. Avaragespeedinmph

a. Automobiles

b,heavytrucks- uphill

c, he_w tNcks-downhill

5, 24 houraveragenumberofautomobiles
andmediumtrucksinbelhdirections(ADT)
a, automobiles

b,mediumtrucks

c.effectiveADT(a+ (lOxb))

6, 24houraveragenumberofheawtrucks

a, uphill

b,downhill

c,total

7. Fractionofr ghtllmeIraffle(10p,m,to7 a,m,)

B.TtMlicprojecisdforwhatyear?

28
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WorkBheot C Page 2 Noise Auenmont Guideline=

Roadway Noise

Adjustments for Aulomebllo Traffic

9 10 I1 12 13 14 15 16

and-gSt°Po Avers ora_q Night. AutoSpeuu Time ADT Adjuslod DNL Barrier Padial
Table 3 Table4 Table 5 (rina5c) AuloADT (Workchad 1) Aflonualion DNL

Road No. 1 X. X. X =_

RoadNo.2 X. X. x

Road No, 3 X._ X X __ _ -

Road No, 4 X. X- X

Adjustment= for Heavy Truck Tdd,c

17 18 19 20 2t 22 23 24 25 26 27
Averse Truck Sto Nighl. Adjusted DNL

Gradient Spe_:ig ADT ar_..go Time Track (Work- Ba_er Padlal
Table6 Tadle7 T TableB Table5 ADT chart2) Adn. DNL

f UphllJ X X __

Road No.t Add X __X_ _= __ -

DOWnhill -- X :

Upbirl --X X -

Rood No. 2 Add __ X -- X --

Downhill --X

Uphlll ---- X X =----

Rofld No. 3 Add ___ X --- X

Downhill --. X

Uphltl X X

Road NO, 4 Add __ X ___ X --_

Downhill ---- X --_ =

Comb/ned Automobile ._HO_W TrUckDNL

Taler DNL for
Road No. 1 Road No,2 Road No, 3 -- Road No.4 . All Roads

Slgnalum Dale

29
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Workahoot D Pago I NolsoAeeoumontGuldotIno.
Railway NoIQo

LISlAllRailwayswllhib30(]0fooloffhoslle:

1

2.

3.

NoconnnryInformation: RailwayNo,I RailwayNo,2 RaliwayNo.3

1. DisiallcaIn locifromtheNALtoIhe railwaytrack:.....

2, NumberoftrainsIn24hours:

a. ¢Jlosol

b,eloctrifIed

l 3, Fracllonofoperationsoccurlngatntght(1Qp.m.- 7 a.m.):

4. Numberoldiesellocomotivespottrain:

5, Numberofr811carsperlra_n:

a. dieseltralns ...................

b. eleclrifio_trains ................

6, AveragoIrainspeod: ...................

7. Istrackwelbedorboltod? ..........................

8. Arewhistlesorhornsroquimd ..........................
Iorgradecrossings?

3O
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Workshoot D Page 2 NolmoAooOoom0nlOuldollno8

Railway Noise

AdJuatmonll for OIoaoJLocomoUvos

9 10 11 12 13 14 f5 16 17
No. of Aveta o NIghl° No.of
Locomotlvos Spe_ Hams time Trains Ad.ll.No. DNL Barrl0r Parllal

2 Table 9 lenter 101 Table5 (lino 2a) of Opns. Workchart3 Atln. DNL

_allwayNo. 1 -- X----X __X X

Railway No. 2 X _--X --X .___ X +__ - _=

Railway No. 3 X X X -- X

AdJuolmonto for Railway Carsor Rapid TransitTrains

18 19 20 21 22 23 24 25 28
Number Averalge Baited Nighl- No. of DNL
ofcars Speed Rails lima Tralns(Une Adj.No. Work- Barrier ParlJal
-57 Table 1(] (antar 4) Tablo 5 2a or 2b) ofOpns. chart4 Atln. DNL

RallwayNo. 1 ........ X X _ X --X .... =

RailwayNo. 2 X X _. X X

RallwayNo. 3 -- X X _--X X _ ___ =

Comblnod Locomo,vo und flullway C.arDRL

Railway No. 1 RailwayNo. 2 _ __ Railway No. 3 Total DNL forallR_llway5

Slgnalum_ Dalo

31
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Chapter6 NoiseAssosomentGuidelinesWorkbook

A Workbookforthe Noise Problems
Assessment Guidelines ProblemsI Through7:SomblnlnsSoundLevelsin DcmlbCl0

CalculatetheCombinedSoundLevelfortheFollowingSets of IndividualLevels:

1.67 LDN 2, 53LDN 3. 51 LDN
introduction el LDN 63LDN 68 LSN

-- Combined --. Combined Combined
The following problems were Level Level Level
prepared to give you the opportunity 4, 62 LDN 5. 67LDN g. 59 LDN
to practice the calculations and 65 LDN 72LDN 83 LDN
procedures described in the Noise __Combined Combined 71 LDN
Assessment Guidelines. Because it Level Level CombinedLevel
is so rarely used, we have Rot 7.73 LDN
included any problems dealing with 72 LDN
the aircraft noise procedure. 81 LDN

We have not reproducedthe 67LDN
charts or tables from the Guidelines __Combined
so you will need to have It at hand to Level

do the problems. Problemss andg:CalculatingEIf_llvn DJalnncl

CalculalotheEffectiveDistancesfor IhoFogowlngRoads:

8. DistanceIn FootfromNALto:
NearEdgeof NearestLane 22 Feet
FarEdgeof FarthestLane 76 Feet
EBOeSveDistance

9. Distancein FeetfromNALto:
NearEdgeof NearestLane 60 Foot
FarEdgeof FarthestLane 84 Foot
EffectiveDistance

Problems10 Throughlg: AdJu=tmontFactors

LIStTheAdjustmentFactorsNecessaryforEachof the FollowingSituationsand the
NumericalValueforEachAdjustmentFactor.

10.A RoadwayWhoretheRoadGredlontIs 1%,theAverageSpeedfor BOthAutosand
TrucksIs30 MRHandtheFractionof NighttimeTraffic is 10%,

AdjustmentFeelersNeeded:

i
Value of Adjustment Factors:,

11.ARoadwayWhereThereIs A StopSign400Feetfrom theNAL TheGradientIs 1%,
theAverageSpeedfor Autosis 45 MPH(ThereAreNOTrucks)andtheFractionof
Nighttime Tralflo Is 15%,

AdjustmentFactorsNeeded:

ValueofAdJustmontFactore:
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12,A Roadway Where the Road Gradient Is 2% the Average Speed for Autos Is 50 MPH
and for Trucks (BOth Uph I and Oownh Is 50 MPH and the Fraction of N ghttlme
Traffic Is 10%,

Adjustment Factor. Needed:

Value of Adjustment Factors:

13,A Railroad Where the FraQtlon of Operations Occurring at Night Is 30%, the Average
Train Speed Is 40 MPH, Ihe Track Is Boiled and There Are No Whislle Or Horns
Required for Grade Crossings.

Adjustment Factors Needed:

Value of Adjustment Factors:,

14,A Railroad Where the Fraction of Operations Occurring at Night Is 5%, the Average
Train Speed Is 10 MPH, the Tracks Are Welded and There Ate No Whistles Or Horns
Required fopGrade Crossing.

Adjustment Fnctors Needed;

Value of Adjustment Factors:
I

15+A Railroad Where the Fraction of Oporallons Occurring at Ntghl Io 20%, the Average
Train Speed Is 30 MPH, the Track Is Boiled and No Whlsges or Horns Are R(_qulred
for Grade Crossings,

Adjustment Factors Needed:

Value of Adjustment Factors:
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Problemslg Through21:SomeBOlJ¢Probloml

Calculate1heCombinedNoiseLayersfor Eachof IheFollowingSituations:

16.A RoadwayWhere thedistanceIn Feetfrom fheNAL to theNearEdgeof theNearest
LaaeIs310Feet, theDistancetoIhaFar Edgeof IheFadhe_tLaneIs358 Feet.
ThereIsAStop Sign400 Feet fromthe NAL. TheGredfenfIs 1%.TheAvenge
Numberof AutomobilesIs 17,000,Ihe 24 HourAverageNumberof MediumTrucks Is
1,500,Ihc24 HourAverageNumberof HeavyTrucksIS400Total.TheFractionof
NlghglmeTrafficIs20¼.

TheCombinedNoiseLevelforThisRoadwayIs

17.ASile Exposedto NoisefromTwoReads,For RoadwayNumber1 theDistanceIn
Feetfromthe NALIo theNearEdgeof theNearestLaneIs 125Feet_IhsDIelanceto
the FarEdgeof theFarthestLanets 233 Feet.ThereIs A StopSign250 Feet from
theNALTheGradientIs 3%,Th_AverageSpeedfor BothAulosandTrucksIs 30
MPH,

The24Hou¢AverageNumberofAutosIs 22,000,Ihe24 HourAverageNumberof
MediumTrucksIs 2,0QO,The24 HourAverageNumberof HeavyTrucksIs 950Total,
TheFracllonof NlghtllmoTrafficIs10%.

ForRoadwayNumber2, the Distanceto the Ne_zrEdgeol IheNearestLaneis 45
Feet,theDistancetothe EarEdgeofthe FarthestLaneIs 93 Feet.Thereis A Slop
Sign100Feet fromtheNALandtheGradientIs 1%.TheAverageSpeedforBolh
AutosendHeavyTrucksIs 30 MPH.The24 HourAverageNumberof AuiemedllesIs
14,0(]0,lar MediumTrucks700,andfor HeavyTrucks600Total.TheFractionof
NightllmeTraffic Is 20%.

TheCombinedNoiseLevelforThisSiteIs.

lg, ASite Exposedto NoisefromTwoRailroads.ForRailroad1, theDJslancaIn Feet
fromtheNALto the RailwayTrackis 150 Feet.ThereAm 35DieselTrainsEvery24
Hour_,NoEleotdfledTrains.TheFracliorlof OperationsOccurringat NightIs 25%.
ThereAm3 DfeselLocomotivesPerTrainand70 CarsPerTrafn.TheAverageSpeed
Is gOMPHand theTrackts Bolted,NoWhistles Or HornsAreUsed.

For Fallropo2, the DistanceInFeetfrom the NALto the BogwayTrack is 310Feet.
ThereAre20 Dieseland2 EleclrllledTrainsEach24 Hours,TheFractionof
OperationsOccurringat NightIs 15%.ThereAre2 LocomollvesPerDieselTrainand
45CarslotEachDieselTrainand15Cars PerElectrifiedTrain.TheAverageTrain
SpeedIs40 MPH andtheTrackIsBolted.NoHornsOrWhistlesAre Used.

TheCombinedNoise Levelfor ThisSiteIs

lg, ASiteExpensedto Noisefrom TwoBolfroads,ForRailroad1,theDislanceinFeet
fromtheNALto the BollwayTrackIs 75 Feel. ThereAre34 DieselTrainsEvery24
Hours,NoElectrifiedTrains.TwentyPercentel Ihe OperationsOccurat Night.There
Are5 LocomollvesPerTrainoneI_ CarsPerTrain,TheAverageTrainSpe_dIs 35
MPHandtheTrack IsWelded,NoHemsOr WhJstles,

ForRailway2. the DistanceIn Feetfromthe NALto theRailwayTrackIs 120Feet.
ThereAref2 DieselTrainsJrt24 Hours,No ElectrifiedTraJns,Twenty.FivePercentof
theOperaltensOccurat Night,ThereAre4 LacomotlvesPerTrainand 40 CarsPer
Train,TheAverageTrainSpeedIs 20MPHandthe Tr=zckIs Bolted,No HornsOr
WhistlesAreUsed.

TheCombinedNoiseLevelforThisSiteIs

20,ASite Exposedto Noisefrom ThreeROads.For Road1. the DistanceInFeel from
theNALIotheNear Edgeof theNearestLaneIs 100Feet,totheFar Edgeof the
Fadhostlane,208 Feet.ThemIsNOStopSignand IheGradientIs 1%,TheAverage
SpeedtarAutosIs 55 MPH.(ThereAreNo TrucksAllowedOnThisRoad,)The24
HourAverageNumberofAutosIs 40,000.The Fractionof NlghtllmeTrafficIs 15%.

ForReed2,Ihe Distancefrom theNALto the NearEdgeof theNearestLaneIs 45
Feet,to theFar Edgeofthe FadhestLane75 Feet.ThereIs AStopSign175Feet
fromtheNALandthe RoadGredlentIs4%, TheaverageSpeedforBothAutosand
Trucksfs 40MPH,The24 HourAverageNumberof AutosIs f5,_O, for Medium
Trucks900and for HeavyTrucks320Total.TheFractionof NighttimeTrafficIs20%.

ForRoadg,the Distancefrom theNALto the NearEdgeof the NearestLaneIs 52
Feet,to theFar Edgeof theFarthestLane92 Feet.There]s ASlopSign400Feet
fromtheNALand theGradientfs 1%,TheAverageSpeedfor Bolh AutosandTrucks
Is25 MPH,The24 HourAverageNumberot AutosIs 5,000,for MediumTruckst,050
andfor HeavyTrucks175Total.TheFractionof NlghhlmaTrafficIs 20%.

TheCombinedNoiseLevelforThis$_leIs
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01.A Site ExposedIo NoisefromA Railroad.TheDistanceIromtheNAL Io IheRailroad
Is 110Feet.ThereAre30 DieselTrainsEve_24 Hours,No ElectrifiedTrains.Twenty
Percentof the OperationsOccurat Night.ThereAre3 LocomotivesPerTrainand50
Cars PerTrain,TheAverageTrainSpeedIs00 MPH,theTrackIs BoltedandThereIs
A GradeGrossingWhereHornsand WhistlesAre Used100Feet fromtheNAt..

TheCombinedNoiseLevelatThisSite Is,

Problem=22Through24:Bardere- IdonBlylngtheValuesforH, R, R', DandD'

IdentifytheValuesfer H, R, R', D endD' forEachof the FollowingBarriers:

r---1 r---I r---1
Barrier ._10 [ , ,l I I I ]

I I I
14 3o, = [- 15o, , I

H= t R= , R_= D= andD'=

23,

H,0,eelPo,n,ofH,,,

I I
Iq 70' ; J-" 5o' I-

H= , R= __. R'= __., D= andD'=__

Barrier 40' 10' 170' 80' 70'
HighestPolntofHill 30' 150' 8' 50'

40'

24,

r i
I _ I
{- 00' .I. 50' ,I

H= _ R= --, R' , D= andD'
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Problems 25 Through 27: Barrier CalculaBane Using Workclmll= O and 7,

Using Workcherte 6 and 7 Only, Calculate the Noise AtlenuaBon Provided by Iho
Sarrlers Illustrated in Problems 22 Through 24.Additional Bale on the Anglos
Subtended by the Ends of the Barriers and the NAL for Each Location is Provided.

25. Calculate Iho Noise Attenuation Provided by the Barrier Bascrlbed In Problem 22. The
Angle Subtended by Ihe Erlds of Ihe Barrier and the NAL Is 150 Degrees.

The Noise Atlenuation ProvidedIs. Baolbels.

26. Calculale the Noise Attenuation Provided by the Barrier Described In Problem 23. The
Angle Sublended by 111oEnds of the Barrier and the NAL Is 90 Degrees.

The Noise Attenuation Provided18 Decibels.

27. Calculate the Noise Attenuation Provided by the Barrier Described In Problem 24. The
Anglo Subtended by Ihe Ends of the Barrier and the NAL Io 130 Deglees.

The Noise Attenuation ProvidedIs Baclbels.

Problems 26 Throughgo: Border C_leul=Eons Using WoFkchorts5, 6 and ?

Calculate the ASerluet Ion Provided By the Barriers in the Following SituaEons. Use
Workcharts 5,6 and 7.

28. A Two Slow Building Is Exposed to Noise Levels of 68 LBN from Automobiles. The
Barrier Is 15 Feet High and Is Located 40 Feet Irom the Source and 20 Feet from
the Building. The Source. Barrier. and Building Are All On Level Ground. The Angle
Subtended by the Ends of the Barrier and Ibe Noise Assessment Location Is 110
Degrees.

The Noise Attenuation Providedby This Barrier Is Decibels.

Is This Sufficient?

29. A Three Stow Building Is Exposed to A Noise Level of 72 LDN from Diesel
Locomollvea and 60 LON from Railroad Cars. The Barrier Is 12 Feel High and Is
Located 40 Feet from the Source and B5 Feet from the Building. The Borderand
the Building Are on the Same Level, But the Track Is Depressed 25 Feet. The Angle
Subtended by the Ends Of the Barrier and the NAL Is 120 Degrees.

The NOLSeAttenuation Provided byThis Barrier Is Bacibels.

Is This Sulficlent?

30, A Three Stow Building Is Exposed to Noise Levels of 67 LDN from Aulomobgos
and 71 LSN from Trucks. The Sarrior Is 16 Feet High and Is Located 36 Feet flora
the Source and 56 Feet from the Bugdlng. The Source, the Barber and the Building
Are All At Ihe Same Level. The Anglo Subtended by the Border Ends and Ihe NAL Is
130 Deglees.

' The Noise Altenuation ProvLdedbyThis Barrier Is - Bacibels.

Is Tgls Sulflclent?

B5
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Noise Assessment Guidelines Workbook
Answors

FtoblQm
1, 68 LDN (67-61 = S Add ldS (From Table) to S?= 68 LDN)
2, 66 LDN (63-63 = 0, Add 3dB From TBble) to 63 = 66 LDN
3, 69 LDN (69-51 = 0_Add SdB to 69 = 69 LDN)
4. 67' LDN (05-62 = 2, Add 1.SdB t¢_65, Round Off Is Nearest Whole Number,

bS,B= 67 LON)
5, 72 LDN (72-65=5,Add 1.2=73,2--=73 LDN)
6, 72 LDN (83-59 = 4, Add 1.5 = 64.5, 71-64.5 = 8.5

Inlerpolate From Table:S = 1.o, 7= .S
b.5= .9) 7f + .9 = 71.g= 72 LDN)

7, 76 LDN (67-61 = 6 Add 1.O= 68, 72-68 = 4. Add 1.5= 73.5,
73,5-7.3 =.5, Interpo ate From Tab e,
Add 2,75 = 76.25 = 76 LDN)

8, 4S Feet (76+22=98-2=49)
9, 72 Feet (84 + 60 = f44 - 2 = 72)

10. Adjustment Faclor8 Needed: Speed and Night-Time Percentage

Value of Factors: Speed= Autos ,20
Trucks ,81

Nighttime
Percentage .81

Note--You Must HaveDifferent Speed Adjustmenls for Autos and Trucks,

11, Ad ustment Factors Needed: Speed and Stop and Go Traffic
V_luoo Factors: Speed .67

Stop and Go .70

12, Adjuslment Factors Needed: Gradient, Speed and Nighttime Percentage

Value of Factors: Gradient 1.4
Speed= Autos .3Q

Irucks .8f
Nighttime
Percentage .el

13, Adjustment Factors Needed: NIghlllme Percentage, Speed, Bolted Track

Value of Factors: Nighttime
Percentage 1.57.
Speed = Englrles ,75

Cars 1.78
BoltedTraGk 4

Note--You Must HaveDifferent Speed Adjustments far Engines and Cars.

14. Adjustment Faclors Needed: Nighttime Percenlage and Speed

Value of Factors: Nighttime
Fercenfage .62
Speed-- Engines 3.0

Cars ,11

15. Adjustment Factors Needed: Nighttime Percenlega and Solted Track

Value of Factors: NighfNme
Percentage 1.19
Soiled Track 4

$6



16, Combined Noise Level = 62 LDN (11 Your Answer Is Rus or Minus ldB gs OK -
Selween Rounding Off and the Largo Scale on Iho Nomographs, That's Close
Enough)

=

=_v_=.=,,_ *,p *4,00 . --

=el==+_=p._ )_ _,_+ " ='_J=2_°'IVT"_gZ_ ,;,g =/+lq .&q4 _'.O O .&O

t

I_fh*ctfvil DLltamC= (t_)
10 _0 40 60 I00 200 ,_O _O 10_O _OO

[_fKthli Oil ll11¢I (_J
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17. Combined Noise Level = 74 LDN (+ OR- 1 dB)
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18, Combined Noise Level= 71 LDN

Note--In Order Io ComploleColumn18 for Railway#2 You Musl FindtheAverage
Numberof CarsPerTrain,Multiplythe Numberof DieselTrainsTimestheNumber
of CarsPerTrain(20x 45= 900),MultiplytheNumberof EleotdlledTrainsTimes
the Number of Cars Pot Train (2 x 15 = 30), Add the Two Totals Togelher and Divide
By the Tolal Number of Trains (900 + 30 = 039 - 22 = 42),

ill t ni.kmL.i_

T_m ..........

_._,._ .JJ__N lAD_K----__, l,_Jg, 3S...7Z. T_ O .. 72-._.

i* _ _H n _L n

_._,_ .l___=J_O.,__._. /,39, a5 • ZTd t*'#. 0 .

19, CombinedNoiseLevel=76 LDN

P___..- ........=_,---- ,.,., _,,, ,.., ,,,.,., .'_ ¢,..., _

-- -- -- __° ....... . ...........
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20. Comblnod NoiseLovel -- 75 LDN

,.,i ,

_1 na ii nr i] I* It le
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21. Combined Noise Level= gl LDN

To Solve This Problem You Must Add Some More Lines Io the Workchart lot
Engines Because the Workchart as Sol up Does Nol Go High Enough. ThereAre A
Variety of Ways to Do This But O_e of the Easiest Is Io Take A Piece of Blank
Paper (A 3 x 5 Card Does Very Well) Place Iho Edge of the Paper AlonE EIIhar the
Top Or Bottom Edge of the Workchart and _lark Where Ihe LDN Lines Fall Along
the Edge of the Blank Papur. Thull Ofl_o YolJ Have DrawnYour Distance anti
Operalfons Lines on the Work Chart, You Take Your Paper wilh the Line Markings
and I.=y it along ihe Line far Aojusted Operations wllh the Mark Farlhest Io the
Right Lined up with the ;'5 LDN Line. Now Just Count over unlll You Reach Iha
Intersecllon of the OperaHons and Dlslanca Lines.



22. H= 10 Feet,R= 40 Feet, R' = 30 Feet,D= 170 Feet,D' = 150 Feet

23, H=8 Feet,R=90 Feet, R' = 70 Feet,O=40 Feet,D' =50 Feet
i

: HighestPolnt/___B,_/ofHilt _ A0'

, I
I

I
I I

D_I, i70_ _ 53'----'-

Nolo-The Lineof Sfght Une StartsA_oveIhe RoaaLevelBecauseel IheTrucks.

24, H=8 Feet,R=52 Feet,R' =50 Feet,D= 61 Feat,D' =60 Feet

- 63' 30' ,I
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26. The Noise Atlenuation Provided Is 3 Decibels

Note--When the Cu_'es ARe So Clo_e Together Don't Worry About Exlrapolatlng,
In This Cese You Couldn't Anyway, the 15 dB and 10 dB Gun/es Have Merged,

r _

84
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28, TheNoiseAttenuationProvidedbyThisBarrierIs4 dB,This Is Sull]clent

Note--Don1 ForgetThatthe Heightof theobssrvoris 5' LessThantheTotal
Heightof the Buildingand the Heightof thsBuildingIs 10 FoolTimesthe Number
ofStories,AndDidYouRememberto MakotheAdjustmentforGroundAttenuationLoss,
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30, The NoiseAttenuationProvidedbyThisBarrierfs3 dBfor Trucksand5 dB for
Autos,The CombtnodLovelResulUngIs 69 LDN,

This Is NotSufficient

Note--You MustCelculalethe BafflerEffectSeparatelyfor A,JtOSandTrucks
BecausetheSourceHeightIs D[fferenhThenRecombinelevels,

WorkchMtI Er,_N +M,_II_: _k;t*,

"'°'°"+.m=_o=qh,_u.=,,,=_, ..--tL .._..% .-

i=,+_.=.=_,=,_ P 25 ]+l + _??. ]-I' .27
• _*'"+"*"_"<".'_"°="_. P ,'Z? I x {, . Z7 ] - I' .O7

._-,,_--,¢...=.,_,-.,,-w_, l° ._7 ]xl' =¢_ I=l' R'.7
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._.,o,_.=., 1'°_3 ]xl ° o_7 ]-;l'&t -.
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Chapter7 While thereareclearly limitationson Obtaininggoodtraffic datacanbe
howfar into the future we can difficult.Youmayonlybeable to get

The Use of Noise reasonablyproject traffic levelsfor grossdatathat simplylists total
Measurements roads,railroadsandairports,we can vehicleswithoutmakingany

at least look5 to 10yearsahead, distinctionsbetweentrucksand
The HUD noiseregulation(24 CFR automobiles.Or youmay notbe able
51B)requiresthat "to theextent to getanyreliabledataon the
possible,noiseexposure shall be percenlageat tralllc betweenlu pm

NoiseCalculationsAre Best For projectedto be representativeof and7 am.While the Noise
HUD Use conditionsIhal are expectedto exist AssessmentGuidelines do contain

at a time at least 10yearsbeyond someassumptionsthat youcan use
There are two waysto determine the date of theprojectoraction whenyoudon'thaveall thedatayou
noiselevels for a site under review: underreview."It is veryeasy to need theremaybe instanceswhen
the noisecan be calculatedor it can maketheseprojectionsIf youuse you ustdon'tth nkthose
be measured.While one's first the Noise AssessmentGuidelines or assumptionswouldaccurately
reactionmight well be that It would a computermodelto determine portraytheproblem.
obviouslybe better to go out and noiselevels. Bythesametoken,thereare
actually measure thenoise levels at The secondreasonwhywe preler certainphysicalsituationsthat
the site, calculated noise levelsare that you calculatenoise levels is mathematicalmodelssuchasthe
reallymuch betterfor implementing thatthroughthe calculationprocess NolseAssessmentGuidelines
HUD's noise policy, you can use monthlyor yearlydata couldn'tanticipateandthereforedo

Calculatednoise levelsare to determinetraffic levels,Thusyou notreflectintheirformulas.For
developedusingmathematical comeup witha more typicalpicture example,theGuidelinessaythatyou
modelsthat containa varietyof of conditions.With noise don'tt]aveto calculatethenoise
assumptionsabout the processof measurementsthere is always the levels forundergroundtransitlines.
noisepropagationaswell as dataon possibgltythat thedayor evendays Wellwhatif the lineis underground
soundlevelsgeneratedby typical chosenfor measurementswill not be buttherearelargeairventsthat reach
sources(I.e. aircraftengines, typicaland thatthe measurements fromthebelowgmundtunnelstothe
automobiletires etc.).The modelcan mayoverorunderstatethe problem, surlaca?Agreatdealof noisecan
be a complexcomputermodelor It While theconscientiousmeasurer reachthesurfacethroughthesevents
can be a simple desktopmodelsuch will try to account forany unusual but theNoiseAssessmentGuMe/Ines
as theproceduresIn the Noise conditions,it Isn'talwayspossible, don'thaveanywaytotake It Into
Assessment Guidelines.The models Solongascost considerationslimit account.Youcouldn'ttreatIt as Ifthe
can also employa varietyof noise the numberof days that subwaylinewereaboveground
descriptors. (Seechapter 1 for s measurementscan be taken there becauseItisn't reallyand at least
discussionof noise descriptors.) will alwaysbe the problemof someof Ihenoiseis blocked.This
Most noise studiesdone for the unrepresentativedata,With wouldboacasewherea noise
Federal HighwayAdministration,for calculationsthis isn't a problem,The measurementwouldprobablybethe
example,use eithertile L_0or the computermodelthat generates bestwaytodeterminethenoise
Loqnoise descriptor,Manyaircraft contoursforairports,for example, levels.Bythesametoken,the
norsestudiesuse the NEF or CNEL usesan entireyearsdatato develop guidelinesdonotreallytakeInto
descriptor.All of thesedescriptors theaverageday.Certainlythe results accountthesometimessignificant
arecompatiblewith the L.clnnoise aremorelikelyto be representative amounlsof reflectednoise thatcan
descriptorsystemthat is preferred than the resultsthat would be occuraturbanSitessurroundedby
by HUDand Ihe HUDnoise derivedfrom Justa fewdays tall buildings,i.e.the canyoneffect.
regulationcontains Instructionsfor measurements.
convertingall of them Into L.dn. WhenNotto UseMeasurements
(sections51.106(a)(1)and (2)) WhenNoise MeasurementsAre

Whether producedby a Useful Onethingnoisemeasurements
sophisticatedcomputermodelor by shouldnotbeusedforis toconfirmor
the desktopNoiseAssessment While it is the preferredprocedureto refutecalculatednoiselevels,
Guidelines, calculatednoise levels calculatenoise levels,there are a especiallycomputergenerated
are more useful for HUD needsthan fewsituationswherethe noise alrcraflcontours,Ourexperiencewith
measured levels for two significant modelsmight not beaccurate and it boththeNoiseAssessment
reasons'.The first Is that with noise might be better to rely on Guidelinesand withcomputernoise
measurementsyou haveno good measurements.One Instancewould modelsIs thai botharequgeaccurate
way to take Into account future bewhen there is Insufficient or if doneproperly.If youare convinced
changes in the future noise inadequatetraffic data. Another case that thecalculationsweredone
environment. The houses we help might be whereyou havea unique correctly,and If youbelievethat the
build today aregoing to bearound physical situation that is not data usedweregood,youshould
for a long time and It is very accounted for In whatever stronglydlsceurageanyonewho
important that we determine,to the mathematicalmodel Is available, wants to takemeasurementsbecause
extent we can, the noise they think Ihat measurementsare
environment that will exist inherentlymoreaccuratethan
tllroughout the life of the buildings, calculations.Comparingmeasured

noise levelsto calculatedlevelsis like
comparingapplesandoranges.The
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calculatednoiselevelsshould include theseperiodsandnoise levelsmaybe consultantwhodoesn'tdo much
projectedtraffic levels,the measured significantlylower than normal.On noise workis unlikelyto haveone.
oneswillnot,Thecalculatedlevels theotherhand,holidayperiodsare Measurementprocedures:Detailed
willbebasedondailytraffic counts oftenpeaktravelperiodsforairlines proceduresfor makingsoundlevel
derivedbyaveragingmonthsof data, andmeasurementstakenaround measurementsarespelledoutInthe
themeasuredlevelswill,at best, airportsthenwouldshowunusually AmericanNationalStandards
reflectjustafewdays.(ThisIs highnoiselevels. Institute'sStandardMethodsANSI
padlculadytrue foraircraftnoise Whoeveris takingthe $1.2-1962(R1976)AmericanNational
conlours,Theday.to.dayoperations measurementsshouldalsocheckto 3tandardMethod/orthePhyslca/
of analrportcanvarysignificantly makesurethat therearen'tany MeasummentofSoundandANSI
dependinguponweatherconditions specialcircumstancesthatmight S1.13-1971(R1976)AmerlcanNatlonal
andanyoneor twodaysworthof affecttrafficlevels.Forexampleroad 3tandardMethods for the
measurementsareverylikelytoshow constructionor repairworkmight MeasuramentofSoundPmssum
different levelsfromIhosegenerated divertadditonaltraffic enid theroad Levels.
bya computermodelemployinga beingmeasured,or divert traffic away.
yearofdata toderiveanaverageday.) Inbothcasesthe noiselevels Someofthe basicproceduresthat

Ifyouhavedeterminedthat noise measuredwouldnot be should befollowed are:
measurementsareappropriate,you representative.
must make surethattheyare done Andfinally,noisemeasurements 1. Measurementsshouldnormallybe
properly,otherwisethedata will be shouldnotbe takenduringextreme madeovera continuous24hour
useless.Therearelourelementsto weatherconditionsbothbecauseof period.IIthis Is not possible,
propermeasurements:1)wherethe thepossibleeffectson trafficlevels measurementsmaybemadeovera
measurementsaretaken;2)when butalsobecausetheweather periodel days butslill must coverthe
theyaretaken;3)the typeof conditionscanexaggeratetheactual entire24hourpedod.The selection of
equipmentused;and4)theaclual noise levels, the daysbecomesevenmorecritical
measurementprocedure. Ideally,noisemeasurements so that Iheyareassimilaraspossible.

Wheremeasurementsshouldbe shouldbetakenoverseveraldays Samplingis notacceptable.
taken:Thelocationsfornoise spreadoverat leasta fewmonths.But 2. The soundlevelmetermustbe
measurementsshouldbeselected giventhat timeand moneywill .calibratedbeforeeachuse.
usingthesamecriteriayouwoulduse normallyprecludetillS,at leastmake 3. The soundlevelmetershouldbe
toselecta NoiseAssessment suretheoneor twodaysyoucanget providedwitha windscreen.
Locationfora NoiseAssessment areasclosetotypicalaspossible. 4. Careshouldbe takento insurethat
Guidelinescalculation.TheNoise Whatequipmentto use:Thereare therearenotemporaP/obstructions,
AssessmentGuidelinesrecommend manysoundlevelmetersonthe suchasparkedtrucks,betweenthe
that "assessmentsolthe noise markelwhicharesuitable fortaking meter andthesource,
exposureshouldbemadeat noisemeasurementsfor
representativelocationsaroundthe transportationsources,Theyneed TheNoiseStudy
sitewheresignificantnoiseis onlytomeettherequirementsof
expected."Further,theGuidelines AmericanNationalStandard Thenoisestudypreparedtodescribe
statethatwhenselecllngthese SpeclgcatlonforType1SoundLevel themeasurementresultsshould
locationsyoushouldconsiderthose Meters:$1.4-1971.Type1soundlevel containat leastthelollowing:
buildingscontainingnoisesensitive metersare "precision"melersend
useswhichareclosestlethe provldethemostaccurate 1. Amapshowlngwherethe
predominantnoisesources.Where measurements.Theyarealso,of measurementsweretaken
quietoutdoorspaceIsdesiredata course,themostexpensive,Fast g, Avicinitymapshowingthesileand
site,youshouldalsoselectpointsIn time-averagingandA frequency the maternoisesources
theoutdoorareaIn question, weightingaretobe used.Thesound 3. A chartIndicatingthedate,the
Specifically,the"relevant levelmeterwiththeA-weightingIs time,andweatherconditionswhen
measurementIocalionfor buildingsIs progressivelylesssensitivetosound measurementsweretakenateach
a point2 meters(6.5feet)fromthe withfrequenciesbelow1,000hertz, measurementlocation
facade."lftharearenobuildlngsyet somewhatasistheear.Wghfasttime 4. Thetypeofmlcrophoneused
themeasurementpointshouldbe2 averagingthesoundlevel meter 5, Any vadatlonsfrom ANSI
metersfrom thecloeeslpointsetback respondsparticularlyto recent procedures
requirementswouldallowa building soundsalmostasquicklyasdoesthe 6. The resultsof themeasurements
facade, earInjudgingthe loudnessof a in L_n foreach measurementlocation

Whenmeasurementsshouldbe sound.Fasttimeaveraginghasa time 7, Anyunusualconditionsthat
taken=Becausemeasurementsare constantof about1/8second, existedduringthemeasurement
onlygoingto be takenfor a fewdays Whilea soundlevelmeasuring perlod--i.e,constructionactivity,
at best,specialcareshouldbetaken systemthataveragesdecibel majortraffictleup,etc.
to makesurethai thedaysselected readoutsona short termbasissuch 8. If an Integratingsoundlevelmeter
are representativeofaveragetralflc as foreveryminuteor ever/hour Is wasnol used,the calculationsused
levels.Forhighways,avoidboth acceptable,It wouldbe farbetter if a to derivethe Ldnvalue,
Mondayand Friday,particularly systemthatactuallyprovidesa 24
beforeoraftera holiday.In fact hourIntegratedLunreadoutwere
holidayperiods,suchasthe used.Suchasystemeliminatesthe
Christmas/NewYearsseason,should needforcalculatingtheLdr_value,an
beavoidedentirely,Highwaytraffic, areawheremanyinexperienced
or rather rnereImportantly,truok consultantsgo astray.Thesesystems
traffic Islikelytobedownduring aremoreexpensivehowever,andthe
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LMAX = Peak loudness

N.QI.S.E. _
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Two equal sounds
happening at the same
time are SdB louder
than either one.

L1 + L 2 = L + 3dB

N.O.I.S.E.



You oan hear the

_ dlfferenoe between two

sounds if they are about
3.5 dB different.

N.QI.£E.



_i_/ A sound twioe as

far away will be
abou% half as loud.

N.QI.S.E.



dBA

A- Weighting. Uses
frequenoies that bother
humans most.

(800 - SO00 Hz)

N.QI.£E.
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,, , t '"t0 to
TIME

N.QI.S.E.



LEQ = Average Sound
Level

N.QI.£E



LDN = 24 hour average
noise level

- On an annual basis

- Double weight from
I0:00 p.m. to 7:00 a.m.

N.QI.S.E.



AIRCRAFT NOISE EVENT DESCRIPTORS

LA

I
I
!
I
I
I
I

THRESHOLD
I

J I I
I I I

tl t2 TIME

N.QI.S.E.



Aircraft Noise Measurements

Takeoff 6500 meters (21,300 ft.)
from brake release.

Approach 200 meters (6,500 ft)
from runway threshold.

Sideline 480 meters (1,800 ft.)
from runway oenterline.

N.QI.S.E.



AIRCRAFT NOISE LEVEL COHPARISONS:

T/O SIL RPPR. TOTAL

707-3_0B/C, JT3D-7, 333_600#:

112.1 102.'5 120.4 335.0 EPNDB

757-200_ RB-211-535E4j 240,000#:

84.8 93.1 95.0 272.9 EPNoB
(-27.3) (-9.4) (-25.4) (-62.1) oB

Z_7-200_ CF6-BOA2_ 35,1_000#:

90.9 9&.& i01.7 289.2 EPNDB
(-21.2) (-5.9) (-18.7) (-45.8) DB

N.QI.S.E.



I

N.O.I.S.E.



• t

RELATIVE IMPORTANCEOF AIRCRAFTNOISE
A5 A FACTORIN DISLIKING AREAOR WANTING
TO MOVE(HEATHROW Ill STUDY)

INCREASING MOST

60

i VIOO_iOU$

ACTION _,

• 50

_e I0 AND c_
THREATS OF' 40 _<

U

NONE _"kJ
30 _-

20
0
50 55 60 65 TO 75 O0
OUTDOORDAY/NIGHTSOUNDLEVEL(Ldn | IN dO RE 20 MICRO-

PASCAL5

SU/_IARYOFAI_NOYANCE
SURVEYANDCOMJ_UNIEY

REACTION RESULTS

N.O.I.S.E



oc
t

"o
_

_7
-o

O o 0
D C D 0

t J!

o,

Q
.-

D
a,

o
_ 3
_
m

_©
_"

g,
,

%
M

ar
ch

19
85

_"
*_

*
}

.U
D

-g
S

_C
P

D
o,

..,
o

,,,
_t

tB
_-

,=
_.

...
...

.


