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....: FOREWORD

-q
' In obtaining o copyof this report, it is reasonablefor us to assumethat you, tile

-'i reader, havean interest in noiseabatementandcontrol. It is also reasonablefor usto
I

_-_ assumethat you expect to learn somethingof the extent and nature of the noiseproblem

"- in America and what, if any thing can bedone aboutit. With theseassumptionsin mind,

'-' we thought it would be beneficial to stateat the outsetwhatwe intendedfor you to der've

i out of this report and othersof this type we plan to publish in the future.

Themajor purposeof thls studywasto identify future technologyrequirements

d for sourcenoise controlof highway vehicles. Obviously, the resultsof any studydeal-

ing with the future are highly dependentan the assumptionswe makeaboutthe future.

Followingare among more important toThe the factors be considered:

• The numberand typesof vehlcles
• Vehicle operationsandresulting noisecharacteristics

• The effectivenessof useand operoHonalcontrolsto reduce noise(which

;n turnare dependentuponthe willingnessof the user to employ suchmeans

and of the stateand local governmentsto exerc;se their authoritiesto

ochleve compliance)

• Theapplication of other effective meansof rnitlgoting the adverseconse-

quencesof the public's exposureta excessivenoise (suchas compatibleland

useand the useof barriers).

J I Theselatter techniques,although not controllingnolseat the source, may hove

a significant effect on the extent of the sourcecontrolapplications becausethey can be

P! Implementedin relatively shortertime periods, andthe noisereductionsare additive tor!

whatever reductionscan be achieved throughsourcecontrol technology.

Becauseof the uncertalntlesassociatedwith precisely predicting the future, the

,, sensitivity of the findingsto the assumptionsemployedwasexamined. It is the Environ-

!_ mental ProtecHonAgency's _ntentlonto develop a seriesof these"future technology"
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_'J studies, covering other noise sources. We are hopeful that thc_B chcsrged wlth the problem

of developing noise control technology will find someguidance for their programsfrom these

_'_ reports.

_' John C. Schettino, Director

• I_! Technology and Federal Programs Division

Office of Noise Abatement and Control
Environmental Protection Agency

/_ Washington, D.C.
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Metr;c Can:'e=ions

, Much of the sourcedata usedin this studyr obta;nedfrom regional and federal

I _'_ governmentagencies, wasavaiJableonly in Englishunits. Topermit th;s study to be

l_; directly keyed to thesesourcedata, calculationswere performedwithout conversionto
=

metric units. All major results are presentedin metricand Englishunits, however, as

are commonquantifies suchas speedanddistance. Useof dual notation in the entire

_ text would have been awkwardt sothat someintem_edlatecalculaHonsare presented

.L. in EnglTshunitsonly. The followingconversionfactors may be usedto convert these

l_ to metric units:
1 foot = 0.305 meters(m)

i l_ 1 mile = 1.609 kilometers(kin)

I squaremile = 2.589 square_n

Z I pound (mass)= 0.454 kilograms (kg)

1'
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1.0 INTRODUCTION

, Thenoise fromhighway traffic is a majornoise sourcedominatingmostoutdoor
+1

noise environments• 11_eoverall noise ismadeup of contributionsfromindividual vehicles

E within the traffic flow, sothat a fundamentalapproachto reducinghighway noise expo- !

sureon a national scale consistsof moclify;ng the noiseproducedby thesevehicles. This
e • ,noisecan be reducedby the ;mposittonof noisestandardsto newvehteles, to x sting

vehicles, by modifying vehicle operation, or by a combination of all three. An optimum

strategy can be defined by evaluating the effectivenessof different scenarioscontaining

one or moreof thesemethods. In this studyr the nationwide exposureto highway noise

j+_; is computedthroughthe year 2000 and the effectivenessof variousoptionsfor reducing
r

-- this exposureis evaluated. The resultsof this study will help to define future research .
anddevelopmentrequirementsin vehicle noisecontrol. "

,_. A key featureof the present studyis that growth of motorvehicle usageand

'_ population is included in the exposurecalculation for future years. The baseline case

+_ of no changesin vehicle levels exhibits growth in exposurewith time. This permits an

evaluation of noisecontrol optionswith respectto absolutechangesin exposureeswell

+;_ as relative comparisons. Inclusionof growthalso places perspectiveon the importance

L_ of timing for potentlal strategieswhich cannot be implementedimmediately or whoseeffec-

l_ tivenesstakestime.
IW

Theevaluation of vehicle noiseabatementoptionscan be divided into two parts•

!+I fkst, the noise exposureis computedas a function of the ;ndlvidual vehlclo noise levels.

The goalsof exposurereduction can then be restated asgoals ofvehlole noise reduction.
i.,i

,;, The secondpart is the evaluation of options, or comblnationsof options, in achieving

thesevehicle noisereducHongoals. One alternative dependsuponregulatory actions
J,I

which are stated in termsof somelimitation on vehicle operationor design, Thedirect
effect of"a regulation is to change the statistical distribution of the noise levels of vehicles

_ operating on the highway. The change in the overage noise level can be calculated on

the basis of the changeto the distribution. For a given scenario_ this change is generally

t"_ time dependent. The kinds of regulations and the required noisecontrol technology needed

toachieve desiredabatementgoalsmay then be determined.

I•_, 1
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:-" Thebasicoptionsconsideredin this sludyare thoserelated to vehicle sourcecon-

J trait becausethese provide benefits whereverthe vehicle operates• A comprehensive

national strategyshouldalso include applications of local measuressuchastraffic manage-

men, and barriers. Thesemeasuresare _mplementedto provlde abatement to areaswhich

are exposedto noisesJgnlfic ntly abovethe national average. Appendix A contoinsan

analysisof the potential national benefit of one local measure, barriers• Thetwo approaches

supplementeachother, in that veh;ale controlsreducenational averageexposure,while

"' local measuresmitigate worstcasesrelative to average. Becauseof"tills supplementary

relation, it isnot reasonableto considertrade-ells behveonthe two.

Most of"the elementsrequired for this studyare already established. Reference1

providesbotha highwaynoisemodel which clearly definesthe relation betweenhighway

• andvehicle levels, and a modelfor computingthe changeto average vehicle level asa

function of noiseabatementscenarios. Thesetwomodelsare reviewed briefly in Sections

1.1 and 1.2. For the presentstudy, the highwaynoisemodel ismodified and cemblned
t.=_l

... with population Informationto give communityexposurein the presentandthe future. The

..-. calculatlon approach, discussionof assumptionsanddata used, and calculations for several

... baselinescenarios,are presentedin Section 2.0. A discussionof vehicle noisegoals

required to achieve glv n exposurereduetlons is contained in Section 3.0.

"_ Although the computationalelementsrequlred for this studywere already estab-

'- lished, it wasnecessaryto develop newcomputerprogramsto perform the calculations.

Becauseof the natureof the calculations, the final computationalpackageconsistedof

s a systemof severalprograms. The funatlonof each programr and their interrelationships,

'- ore discussedinAppendix B.

_- 1.1 Highway Noise asa Function of Vehicle Noise Level

• e"_ Whena sJngl vehicle movesalonga highway_the resulting noise level at a

receiver location near the highwayis a functionof the vehlole noisecharacteristics,

i tlme and the distanceof the receiver from the vehicle. Themostcommonrepresentation

of the noise level producedby a single vehicle is the maximumA-weighted soundpressure

1NY'L £ LADORATORI _S



p--

Io

l , level* observedas thevehicle passesa microphoneat a referencedistance of 50 feet i

_" (15 meters). To computethe time history, it is generally assumedthat sourcecharacter-I,

i_ istlcs are omnidirectional-- a reasonableassumptionformany vehicles (seedlrectional

_= data in Reference2r for example). Evenfor vehicles wlth non-symmetricsourcepatterns,
i

*' where the maximumlevel doesnot correspondto thevehicle belng nearestthe measure-

P* ment point, a symmetriceffective sourcecan often he assumedwith respect to the time

of maximum level3 ',

I For traffic flow wlth manyvehicles, the nolse level at a given time is the corn- I
J I

bination of instantaneouslevels fromall vehicles. To computethe energy-equlvalent
p_

j__ noise level, Leq, the noisecontributionfrom each vehicle is expressedin termsof its
energy-average valueand then summedover all vehicles. It isshown in ReferenceI that

ii j:_ the value of keq at adistance d for osingle lane of vehicles with pass-by level L Is:

_d2

, Leq = k + 1010glo o• Vd fl)

I_ where d is the distanceat which the reference vehicle noise level L is measured,O

Q is the numberof vehiclespassingper unit Hmer and V is the vehicle speed. Propa-

I_ gatlon Iosses_other thangeometrical spreading,are not included inthis expression.

_, _ Realtraffic containsa var'etyofveh'oles wlth d'fferent pass-by levels. Figure l

i_ i:_ showsa typical statistical dlstribufion of truck noise levels obtainedfrom roadsidemeas-i i

t_m urementsat 50 feet4 Toaccount for the distributionof vehicle noiselevel, the quantity

L InEquation (1) is replacedby the energy-averagenoise level of the distribution, denoted

_:' by Leq. ** Thisformulationalsopermitsseveralvehicle classesto be handled_asshown

i_ inSection2.2.1.
i

' I ,_ Themodeling of highway noisemustelse include propagationlosses,speedvaria-

Hans anddifferent lanesor separateroads. Incorporatingpropagationlossin the formof

i I ! power law excessattenuation) the expressionfor L for a single lane of vehicles trav-

elllng at a slnglespeedbecomesi

* All soundlevels discussedin this reportare A-weighted valuesin dBre: 20 P-PA.
J

L

'- ** Inthls study, Leqrepresentsthe fleet energy-averageof the maximumpass-bylevels
at 50 feet.

I: 3
i
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i i

trd Q d

Leq = Leq + 101og10 o + 10Klog10 _ -- G(K) (2)_ v d
i I

where K _sa propagation constant with a value between 1 and 3, and G (K) is a tuna-

, F tion of K with a value between 0 and 3 dB. G (K) accounts for propagation lossesfrom

distant road elements, and is derived in Reference 1. For typical ground surfaces adjacent

to highways (short grass, dlrt)l K = 1.5 and G (K) = 1.2 dB.

Cases of varying speeds, multiple lanes and multlple roads are handled by com-

4_ putlng Leq separately far each speed and lane, and then combining the levels. For the
present purpose af calculating total highway noise exposure and evaluating source abate-

ment options, Equation (2) contains the essentials of the no_se predlatlon model. The

,_ most significant result indicated by Equation (2) is that the quantity Leq is directly pro-

_'_ portlonal to Leq. The quantity Leq is thus used to represent the average source strength

_._ of all vehicles at a given speed by meansof a single number.

For an evaluation of noise exposure, the number of people exposed to vafiou:

I=._ levels (Leq , or Ldn if the day/nlght split is known) is calculated. If the traffic flow,
road length and population density data are available, the number of people exposed to

various levels can be determlned by solving Equation (2) for d to give the distance to a

given k contour. 111eexposure may then be described as a statistical distribution of
._ eq
_ populaHon vs. exposure level, as in Reference 5.

The formulation of this approach and the assumptionsmade are presented in Sec-

tion 2.0. The relation between exposed populaflon and Leq is a one-to-one function,

so that a calculation of exposure in a given year can be made for various changes to Leq.

t., The evaluation of aptlons then requires only the calculation of Leq as a funeHon of time

i_ far a given source control seenar'a.

1.2 Vehicle Noise Level as a FuncHan of Abatement Procedures

,-.. Motor vehicles on the highway have rather heterogeneous noise characteristics.

1"7 Figure 1 illustrates this in a form related to the cumulative probability dlstributlon for

medium and heavy trucks at low speeds.4 As noted above, the level corresponding to

!1 the average vehicle intensity weighted over the vehicle population is designated by Leq.J ,

/Viathematically this is written:

'1 5
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i •

L°qo,0Iog,0 dL1 (3)
• where p(L) is the vehicle population probabiJitydensityfunction (infinitesimal fraction

of vehicles exhibiting a level within the _ntervaldL about L )1 normalizedsothat

._ rjp(L) dL = I. Thequantity p(L) 10L/10 isproportional to the d_stribut;onaf acoustic

energy amongthe vehicle population. Figure2 showsthe populationand energydistri-

butionsfor the samevehiclesas Figure 1. Thepopulationdistributionshowsthe fraction

_ of vehicles exhibiting a particular level. Theenergy distributionshowsthe fraction of

acousticenergy associatedwith vehiclesat that level. The ratio betweenthe two dis-

_ trlbut;onsis the acousticenergyper vehicle. Since the loudervehicles have proportion-

_. otely greater contribution to Leq, regulationsshouldobviouslybe aimed initially at

e;im;nafing the noisyextremeof the population.

Twobasic regulation typescan accomplishthis goal of elim;nating the noisiest

vehicles. Theseare:

• . e •= Operational limits, whereex=shngv hlcles would not be permitted to

._ exceed certain pass-by levels. Vehiclesbelow these levels wouldnat be

affected while theseexceedingthe limits wouldbe broughtinto compliance

,_ by repair, retrofitr or el'm'natlon. An operatinglimit in principle elJmin-

,-_ ares the noisyendof the distributionin an ideal way. in practice, it is

L.J expected that repaired/retrofitted vehicles wouldbe somewhatclustered

,.-, just below the J_mit. Also, a certain degreeof non-compllancemustbe

expected. Figure 3 illustrateswhat the distribution of Figure 2 might look

like after establishmentof an operational Hmit of 88 dE..*
I
" • New vehicle standards,wherenewvehicles wouldbe required to meet noise

.... standards. Figure 4 illustrateswhat the noiselevel distribution of newvehicles

"_ * SpecificationoFa noiselimit carriessomeambigu;tydue to variationsbetweenvehicles.
_' if a specified Iim;t is an absolutelimit, thenyah;ale designmustbe aimed at a lower

value. A secondapproach;s to specify a llmit to designto, end allow a reasonable
tLi toleranceForenforcementpurposes.Thissecondconventionisadopted in the present

study, so that Figure3 showssomecamplylngvehiclesabove the Hm;t althoughthe

i , average level of retrof't veh'cles "swithm compliance. Thequantltative treatment
,_ of this conventionis discussedin Section 3.3. ].
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; ' ' might be after the establishmentof a new vehicle standard. Noisy vehicles

manufacturerd before the standardwould be eliminated Fromthe total papule-,r!
J tion by attrition overa periodof years.

I An effective control plan might conslstof combinationsof the two regulation types.
). I..*

Theregulations could be applied in different yearsand periodically be mademorestringent.

i_ Fore given regulatory plant the vehicle distribution changesyearly with a corresponding

• change to Leq. A computerprogram(HINCSAM) is presented in Reference1 which per-
i

I._ formsthis calculation for any arbitrary scenario of thesetwo regulationtypes. HINCSAM

isused in Section 3.0 to evaluate varioustypesof regulation scenarios.

l..l A third type of abatement throughregulatlons is the introductionof reducedspeed

J_ limits. Vehicle noise levels generally increasewlth speed; reducingspeedcan thereforebeapplied asa local measureaswell asa national regulation..Applied natlanally_ it

would shift the entire noisedistribution downward_affecting quiet vehicles as muchasnolsy

_'_ ones. It is effective, however_ becauseno vehicle modifications areneeded, Becauseit

r_ is a promising approach to local controle and its effect can be computedas an effeetlve_
sourcereduction1 a reducedurban truck speed limit (45 mph) is includedin the scenarios

I_ considered ;n Section 2.7.

I: [
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: 2.0 NATIONAL EXPOSURETO HIGHWAY NOISE

2.1 CalculaHon Approach

Calculation of highway noise exposurein a given region requires the following

: : _ steps:

"" • Gathering of traffic flaw information for all roadsin the region.
I

• Calculation of the distance from the road to various noise level contours,

then multiplication by rood segmentlengths to obtain areasexposed.

• Gathering of population densitydata for the region.
I

• Cumu]atlve summationof the productof exposedareaswith population

! i density to obtain the total numberof people exposed.

Fora specific city this procedureis straightforward. The computationalmodelis described

I in Section 2.2. For the calculation of national exposure, it isnot practical to compute

noisefar every street in the country. A statistical approachmustbe taken, with national

exposureprojected from calculations basedon a representativesampleof reliable local

data. Theapproachtaken in this studywasto calculate actual exposurein a numberof

selectedcities of variouss'zes, then apply fractionsexposedto the total populationsaf

all cities in thosesize categories. Thisrepresentsa practical adaptationof a general

I_ approachbasedonobtainingjoint distributionsof traffic, hlghwoy mileage, and popula-

tion for the entire nation. 1t_edistribution of U.S. populationand the selection of cities

l'*_ arediscussedin Section 2.3, together wffh projection to future years. The growth of

vehicle usein the future is dlscussedin Section2,4. Presentand future vehlcla noise

levels are discussedIn Section2.5. Baselinenalse exposurein urbanand rural areas is

I J presentedin Section2,6, and future noiseexposurefor severalabatementscenariosis

presentedin Section 2.7.

i i ! 2.2 ComputationalNode]

2.2.1 Model FormulaHon

A calculation procedurehasbeen developedto computenoiseexposurein a given

_ city. 11_enoisecalculation is basedon EquaHon(2). Theassumptionsinherent in thisi
_ modelare:

; I I WYL[ LAI[JOnATORiI[5



. i
,_ • Freely flowing traffic except near traffic lights

• S'mpl'f'ed correcl on forstop-and-go traffic near lights

, • Single-tone approximation

-- • Straight-road model
. p

Theseapproximations,except for the stop.and-go correction, are discussed_n

detail in References1 and 3 and are reasonablefor the presentstudy. Thestop-and-go

"- modelemployedis discussedin Appendix C.
i

Equation(2) issolvedfor d to give distanceto a given L contourasa function
eq

-- of Leq, propagationconstantK, traffic volume, and speed. A computerprogramhas

,_ been written which acceptsthis ;nformafiontogether with population data for a city. The

c'ty ;sdiv;ded into tracts, areasover which populationdensity are assumedconstant. For

each tract, the following dataare required:

[7 = Area of tract
• Populationof tract

• Propagationconstant, K

• Roadand traffic ;nforrnat;on. Theh'ghway systemisd=videdinto elements
forwhich traffic conditionsare constant. Foreach element, theprogram

requires:
Average daily traffic

I_ - Percentageof trucks

- Traffic speed

"_ - Lengthof road

Numberof traffic lightsper m;leL:
A city may be dividedinto anynumberof tracts. Roadswithin a tract maybe

H divided into as manyelementsas necessaryto describeaccurately traffic conditions. In

=- practice, roadelementsaredefined in as muchdetail asavailable traffic flow mapsprovide.

t'
Twoclassesof vehiclesare considered=automobilesand trucks. Theseare the

imajor types of vehicles on the h ghw_. Other vehicle typesdonot exist in sufflcient

12
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numberssoas to affect slgnificantiy the naHonwlde exposureexpressedas L . Foreq

simplicity, busesare included in the truck aate0ory.

.... If fleet energy-average a_tomobi(eo_ truck no(se(eve(sare g_venby k_q and

i.:-- LTeq'respectively, it follows FromEquation(3) that:

kcq = 10 IOgl0 1 -_1) 10L_q/10 + rll0 (4)

where fl Is the fraction of trucks. Theprogram thuscalculates exposureasa function cf

end L , pen'nfffingseparateevaluation of autcomoh_leand truck noiseabatement.

Theprogramcan be extendedeasily toallow othervehicle classes_if thls refinement is

ever consideredto be necessary.

Although the programpermitsunlimited variations in vehicle speed, numbersof

!._ traffic lights for each road element, andtract-by-tract variationsof the propagationcon-

stant, Hrnited availability of data requffesthe following three assumptlans:
J)

• K = 1.5 everywhere. I111sIs a typical value observed in roadsidemeasure-

ments over clear terrain) 13and Is the value mostoften usedIn hlgl_way noise

designguldes.

_ • Only two roadspeedsareconsidered: 55 mph(88 kmh) and 35 rnph(56 kmh).
Actual speedsare knownonly in specialized cases. Freeways, rural roads,

and arteHals in consideredto be highmajor lightly populated areas are speed n

55 mph (88 kmh). UrbanSfl_etsandsecondarysuburbanroadsare considered

to be lowspeed, 35 mph(56kmh).

11 • Three traffic lights per mile(I .9 per kilometer) in all urbanareas, basedon
_, data summarizedin AppendixC.

2.2.2 Model CaleulaHon

i'_ The noisemddelperformsthe follow|ngcalculations:

• For each road element, distancesto L contoursof 55, 60, 65, 70, 75, and

80 dB are computed.

WYLI_ _*A S] OilATO ff I JES



=- * Distancesbetween successivecontoursare multiplied by road element length

_ to give areaexposedto L bandsof 55".60, 60-65, 65-70, 70-75, andeq
"- 75-80 dB. It is assumedthat there is a 50-foot (15 meters)setback with no

population, so that areas less than 50 feet (15 meters) fromthe road are not

counted.

,! _- • Areasformedbetween pairs of adjacent Leq contoursare added over all road
: ! elementswithin each tract and multiplied by population density of that tract

i ,._ to give people exposed.
I

_ * The numbersof peopleexposedto each Leq band for each tract are then
• _ summedover all tracts to give the total exposedin the city.

I {

2.2.3 Representationof Exposure

_ The _sic outputof the programis the total numberof people living withln the

five L bondsnoted above. Thisis integrated to give the cumulative distribullon of
eq

peopleexposedto levels greater theno particular keq,the format of exposurein Reference5.

Representationof exposurein termsof day-night equivalent level Ldn requirescal-
culaHonof dayand nightlevels. Traffic flow data usedin thisstudygenerallygave only

_ 24-hour averages. Sane day*n_ghtsplits wereavailable from specific traffic-counting
staHans. Thesedata fall in the range86 percent day/14 percent night to 89 percent day/

11percent night. Assumingan 87/13 split (the mosttypical value) for both automobiles

andtrucks, Ldnis simply related to the energy-average over 24 hours, Leq(24)t by

(5)
Ldn = Leq(24) + 3.3 d8

Exposurein termsof Ldnmay be obtained by shifHng appropriately the axes of the Leq

d_strlbuHons.
As a basisfor general comper{sonsrit is useful to representexposureby a single

r'! number,rather than the completedistribution. With'n th's study, basicdiscussionsof

exposureore in termsof the numberof peopleexposedto Ldn -> 65 dB. This is e reason-

able selectionofa level above whlch advemenoise reacHon would be expected. For
example, it correspondsapproximate/y to NEF _. 30 usedfor a_rcraft noise analysis.

14
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Tile useof Ldn 2 65 dBshouldnot be taken hare asa selection of a criterion, however,

but asan example. Parallel calculations for the numberof people exposedto Ldn _>60,
. 70 and 75 dB are presentedin Appendix D.

! 2.3 PopulationModel

2.3.1 Population in 1970

_'_ Table I, basedon data in Reference6, showsthe distributionof the 1970 U.S.

• _ urban population living in placesof 2,500 peopleor more. Thistable covers133,500,000

'_ people of a total 1970 urbanpopulation of 149,400,000. 111edistribution is arranged

i._ accordingto total size andaverage population for eachplace. Eachcity hassections
where populationdensityvaries considerablyfrom the mean.

!.j Theapproach taken in the presentstudy is to select samplecities of varioussize

anddensity, computeexposurebasedon local traffic andpopulationdata, and useTable,]

_ to project this to the total urbanpopulation. Ruralexposureis estimatedseparately, as

discussedin Section2.6.2, and Is negligible in comparisonto urbanexposure.
17
i_,. Table I representsa _oint d_strlbutionof city size andaverage clty-wlde popula-

tion denslty. It wasdesiredthat samplecltles be selectedwhich give a goodrepresen-
tation of the dlstribution ofcity size and local population density. Localdensitywas

1"I consideredto be Important becauseof the mlcroscalenature of the exposurecalculation.

"' City slze is important"becauseit canhave an overall effect on local conditions, e.g., one

,-' city with a population of 200,000 would not necessarilyhave the samelocal conditions

_" as ten cltles eachwith a populaHonof 20,000 andsimilar averagedensity. Within a

I_ given city there isa dtstributlon of local population densities. It wasthereforedecided
* *asto select cities of varioussize whoseaverage densitieswere averageamongclh of that

L_ size. Thevariation of total size, and the tract-to-tract variations of density, would thus
provide the desireddlstrlbutlon.

!! A llst of candidate cities wasselected partly on this baslst andpartly by using

criteria sTmilarto thoseusedin Reference7 to select a "typical" mediumcity.* Table 2

* The criteria defined in Reference7 were that a city have the highest numberof
' ' medianvaluesof parametersassumedto influence indirectly communitynoise (i .e.,
-- population denslty, vehicle ownership, transportationindustryactivity t etc.).

15
WYLI[ I.A BOllrATO n I I_



"_ _ _ J _ _ _ p i _ i i _ i _ .... i

Table 1

Approximate Percent Distribution 1970 Population in Urben Places*
With Population Over 2500 as a Function of Population Density

Density PerSquareMile )

Po_u,ot,oo<1.00011.200012._0001_.,000q_6000_.,0,000_015,00015_20,000,20,0oo] To,o,o,:-
>1 Million 0.9 | 2.0 (2.) 1.1 1(I)''3.9 5.7 13.6

500,000 - 0.5 1.5 2.6 1.0 (3)2.6 I .5 0.5 10.2I Million (4)

250,000 - 0.8 0.8 _.0 1.8 1.5 0.3 0.5 7.7
500,000

__ __ __ _-- __ __ _.(.s)
100,000- 0.8 2.8 (7) 2.2" 3.4 1.5 0.6 0.2 11.5
250,000 ' (8)

(6)
50,000 - 0.2 1.1 2.7 . I .9 2.9 2.7 0.6 0.2 0.1 12.4
100,000

25,000 - 0.6 2.3 3.0 (10)2.3 2.7 1.8 0.5 0.1 0.I '13.4
50,000 (9)

10,000 - 2.2 3.1 3.8 2,4 2.5 1.5 0.3 0.1 <0.1 15.9
25,000

5,000 - 1.6 2.7 2.3 I .1 1.0 0.6 O.1 <0.1 <0.1 9.4
I0,000

2,500- 1.6 2.0 • 1.3 0.5 0.3 0.1 <0.1 <0.1 <0.1 5.9
5,000

,, o.11o., . 11-115.oi5.15.5
I I 1 1

,_ (1) Chicago, ill. (6) Lexington, Ky. * As defined in "Population of Places oF 2,500 orMore: 1970
m (2) Detroit, Mich. (7) Spokane, Wash. and 1960", PC($1)-26, U.S. Bureau of"Census.
O (3) Milwaukee1 Wls. (8) Jackson, Miss.
Ig ** Total of 133,5 x 106 living in6,435 places considered in

(4) Columbus, Ohio (9) Paducah, Ky. PC($1)-26.
0 (5) Rochester, N.Y. (10) Bismarck, N.D.
Ig *** Numbem corresponding to sample cities am graph'eolly
m located, with rows and column headings treated as approximate

coordinate axes.



r

!i ! ; lists the final solecffon of ten cities which woreusedin this study. Theywore grouped

i' _ into Fourslze categoriesnotedin Table 2. Thesizeand densityrangesfor the c|ties are
i:i,_ alsonoted in Table I. The numbersin parenthesesare located graphically onTable 1

!_ with row and columnheadlngstreated asapproximatecoordinate axes. Local trafficauthorities were contacted in candidatecities to obtain traffic flow mapsandvolume

_ data. Populationdata were obtainedfrom 1970CensusBureautract reports.8

,... Table2

_=_ SampleCitles and 1970PopulationStatistics

Populatlon PopulationDensity
_,_ Size Category PopulatlonRange City (Thousands) (PeoplePerSq.Mi.)
CM

1_! Very Large >106 Chicago, 111. 3,367 15,100;: Detroit, Mich. 1,511 11,000

': Milwaukee, Wis. 717 7,500
_ Large 250K - 106 Columbus,Ohio 540 4,000

Rochester,N.Y. 296 8,100
kr

_, _ Lexington, Ky. 108 4,700; Medium 50K - 250K Spokane, Wash. 170 3,400
: Jackson, Niss. 154 31100
t

i2

' _ Paducah, Ky. 32 2t700
_: Small < 50K Bismarck, N.D. 35 3r200

: I , WYL r LABOnATOIII_5
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Table3 showsthe distributionof the U.S. population (1970 census)accordingto

: the four cltys_zes definedhereplusrural population. Theno_seexposurefor the entire

nation is obtainedby multiplying the fraction of peopleexposedin cities of each size

category bythe populationtotals in Table 3.

: Table3

= I Total 1970 Urban* and RuralPopulations

• Category Population Total %

i ,,,. Very LargeCity
i,_ >106 20.2 x 106 10.0

Large City

106 26.6 x 106 13.1
250K

r-_ Medium Cffy 35.6 x 106 17.6
iJ soK- 2 oK

Small City 66.3 x 106 32.7
[, <50K

Rural 53.8 x 106 26.6
t'I
_' TOTAL 203 x 106 100.0

* Includes the 133.5 x 106 tabulated in Table 1 plus
I,,* population living in urban areasnot consideredto be
_, places or which havea populationof lessthan2,500.

18
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F
2.3.2 Pppu.latlon!n Future.Years

i_ In years beyond1970, the population of the U.S. will change in two ways:
b.i

first, there will be an overall growth; second, there will be a shlft in city size and

density, sothat the distribution will change fromthat shownin Table 1.

The approachtaken in thls study for future years wasto retain the city size eate-

,_ gorlesasdefined in the first column of Table 3, and to develop growth factors for each

size eategoo,. Thedemographicdata for each of the samplecities are unchanged,with

,,.._ the vlewpotnt thai they were chosenasexamplesof a particular size and density, and

net for their own sake. Forexample, if population were to double, there would be twice

i_ asmany cities in the medium-slze range, so that the exposurecalculated for Lexington,

Spokane, and Jackson in ]970 would be projectedto twice asmany people. The 1970

_,,; demographicpropertiesof thesethree citles are assumedto correspondto the future prop-

erties of whatever cities are then typical in thlssi_:ecategory.

I_ This approach carrieswith it the assumptionthat the correlation between denslty

_* and city slze does not change significantly in future years.

Todevelop futurepopulationsfor the affy slze categories, populationprojections

[_ through 1990 madeby the U.S. Departmentof Commerce9 were used• Theseprojections
were basedon demographlcand economicanalysisof CensusBureaudata• Theoverall

_ growth is keyed to series population projection, whichthe CensusBureau's _lE#l netiona_

assumesa fertility rate in 1990 roughly the sameasthe current rate• Theprojections in

Reference9 give future populationsfor the nation asa whole and ineach of 2,53Standard
Metropolitan Statistical Areas (SMSA). The SMSA'sare individually definedto include

complete metropolitan areas, not just the area withln a cTty'sboundary. For an essen-

Hally self-contalned cffy such as New York City, the SMSAincludes a relatively small

U area outside the clty boundary. For a city with extensive adjacent suburbanareas, such
• Oas Washmgt n, D.C., the $MSA includesa regional populatlonseveral timesgreater

' than the city itself. It is typlcal for an SMSA to have twlce the population of the city

it contalns.

'_ Figure 5 showsthe distribuHcnof presentand future SMSAs_zes. The figure shows

_ the fraction of total U.S. populat|on living in SMSA'sof a given size or greater in 1971,

__, 19
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'_ 1980t and 1990. Thosedistributionswere,d_-vel_peddlme.fly frnm thn data of Reference9,

and correspondto the years given therein.* Thedistributionsare quite similar, and fall

close to a lognormal dlstrlbution. The departureat small sizesis becausethe SMSA's

_" donotrepresonta complefe samplingof smallerclties. Theconsistentbehavlorof the

SMSA size dlstributlonsupportsthe assumptionthat the city size/denslty relationshlpof

! _ Table I will not significantly change in character as total national populationincreases.

! Growthfactors for the fourcity size categorieswereobtainedfromgrowthof
! --

i similar categoriesof the SMSA's. Table4 lists the city size categoriesand the corres-

t pondlngSMSAsize ranges. TheSMSAsize rangeswere determinedby grouping5MSA%

;_! according to the 1970 populationof the central city of eacht so that thesegroupings
I representapproximately the samecities as the original city size categories.

! : I Note that the distributionsin Figure 5 showmore people in each size category

' _ than Table 3shows. Thisis becausethe SMSA%containsurroundingsuburbanareasas

,- well as the coe cltles. In the presentstudyt the SMSA data are usedonly to obtain

-- growth rates, and it is assumedthat the growth rate of a city _sthe sameasfor the SMSA.

'_ Futuregrowth factorsweredeterminedfromthe total populationof SMSA%with

future populationswlthln the fourstze ranges. Growth factorswere determined for the

intervals 1971-1980and I980-1990, correspondingto the yearsreportedin Reference9.

-- Table 4

'- Central Cffy and SMSA Population Ranges
•-' for City Size Categories

I Size Category City Population SMSAPopulation

,,, Very Large >106 >3 x 106

Large 250K - 106 5O0K - 3 x 106

[_] Medium 5OK - 25OK 1O0K- 50OK
-- Small < 50K < 100K

• ,

?

. . * Reference9 containspopulation data for 1950, 1969, 1971, 1980, and 1990.

.... 21r
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]ntermediate years were calculated usingan exponential interpolation;yearsfrom1990-

2000 were calculated usingan exponential extrapolation at the samegrowthrate asthe

': 1980-1990 interval. Becausethe SMSA'sdid not contain an adequatesamplingof small

cities, growth of thesewasassumedto be the sameas for mediumcities. Thismay have
L: resulted in an underprediotlonof smallclty population. Noise exposureinsmall oltles

"n is relatively small (seeSection2.6)s however, sothat the total national exposurewouldi

:,._l not be greatly affected.

Table 5 lists the populationin each category, plus total U.S. populationfor 1970,

1980, 1990, and 2000.

L_

Table 5

I,:_ EstimatedDistribution of U.S. Populationby City Size Category

,_. Population (Millions)
r_
_ Size Category 1970 1980 1990 2000

L_ Very Large 20.2 23.0 26.2 29.9
Large 26.6 29.7 34.1 39.1

_l_ Medium 35.6 36.8 38.0 39.2
k.

Small 66.3 68.6 70.8 73.1

)i r_ Rural 53.8 64.9 76.9 90.1

i Total U.S. 203 223 246 271
i

2.4 FutureMotorVehlole Utillzotlon

• Estimatesof futuremotorvehicle utilization, in termsof vehicle mileage, were

_ obtalned fromtwo recent " 10,11nreragencyreports. Thesereportsrepresentthe mastrecent

,_ projectlons for future motorvehicles, and Formthe basisfor fuel consumptionestimates.

! I Someaspectsof future-use projection in these two reportsmay not be entirely satisfactory

whenapplied to the presentstudy. Thisis far outweighed, however, by thebenefit of
I- l
'_ being consistentwith other studies whlch utilize this data base.

. i

L!
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,-, 2.4,] Automobiles

Future projectionsin "The Reportby the FederalTaskFarceon Motor Vehicle

' ' Goals Beyond1980"10 assumea 2-percent-per-year growth rate for new car sales. Total

_' fleet size andvehicle miles travailed increaseat slightly fasterrates. Thisis for theL!
baseline caseof automobilesessentially unchangedin designfromthe present. Several

'. alternative scenariosof fuel-eft crent and improvedsafetyautomoblesare considered.

An economicanalysiswasusedto estimateautomobileusefor thesescenarios, relative to

the baselinescenario. Thealternate scenarios,which ell includebetter fuel economy,
result in greater vehicle usethanbaseline. Themostextremescenarioresults in approx-

Pi imately 15percentgreater automobilevehicle miles _nthe year 2000 thanfor the baseline

case. in the presentstudy, a 2-percent-per-year increasein automobilevehicle mileage

[_ is usedfor the baseline
case.

2.4.2 TrucksandBuses
Futureprojectionsin "InteragencyStudyof Post-19B0Goals for CommercialMotor

_ Vehicles,11 are basedon a combinationof historic trends, project'onsof freight move-
ment needs, andeconomicanalysis. The truckfleet is divlded into six weight categories,

[_ summarizedin Table 6. Truckandbus size andannualvehicle mileage for 1973 arefleet

shown,

Table 6

Truck Size Categories, and 1973 Truckand BusFleet Size & Mileage

AnnualVehicle

[_ $!ze Category GVW (Pounds) Fleet Size Miles (Millions)

.I-v 10,001-19,5001,595,000 ,5,200
b=l

V! 19,501-26,000 2,143,000 18,400

I'! Vi! 26,001-33,000 424,000 9,900
VIII over 33,000 1,134,000 60,900

.a

i I Buses 467,000 5,700
. . .. ,

i!
E I
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i

' _ Reference 11 placedemphaslson Categor/VI andVIII trucks, so that future

projectionsfor theseare morereliable than for the other categories• Thisemphasiswas

taken because thesetwo categoriesaccount for the majority of h'uckfuel consumptlon,

which wasa major conslderafionof Reference11. Thisemphasisis consistentwith theneedsof the presentstudy. CategorlesIII-V include manynon-commercialvehicles,

"_ andfuture useof these isnotexpected to increasesignificantly relative to the other
LJ
"' categories. Theseare alsothe quietestof trucks! with nolselevelsmuchcloser'tothose

• 4,12
of outomob*lesthan to thoseof heavytrucks. It is usual to cons[tieronly categories

t_ Vie VII and VIII (GVW > 19,501 pounds)as truckswhen predictingroadsidenoiselevels.1

Of these three categories,VI andVIII account for almost90 percent of the vehicle mileage.
Reference11 providespresentand futuremileage projectionsfor local, short-haul

[-._ and long-haul useof eachcategoryof truck. Trendsin use(e.g., CategoryVIII for
intercity hauling andVI for local deliveries) are discussed. It should, in principle, be

estimate future of each for urbanandruralpossibleto growth categoryseparately areas.

In practloe, however, notenoughdetail is presentedin ReferenceI1. Data for long and

{i; shorthaul are notsubdividedaccordingto ruralor urban• Long-hau.trucksalso include
somemileage throughurbanareas.

l_ For usein the presentstudy, a truck mileagegrowthrate of 2.4 percent per year

_1 hasbeen assumed. This isconsistentwith the overall (all trucksplusbuses)growthin

ii! _ FigureI-7 of Reference11. Thegrowthof CategoryVIII trucksalone is approxlmately

_: _, 2.2 percent per year; of CategoriesVI, VII, andVIII truckstogetherit is 2.9 percent.

L_ Thepotential error involvedcomparingthe range2.2 percent to 2.9 percent with the

value of 2.4 percentusedhere is equlvalent to abouta 1/2 dB or lessdifference in road-

sidenoise levels.

2.5 Vehicle Noise Levels

2.5.1 ExlsfingVehicle No_seLevels
Basedon roadsidemeasurementsof automobilenoise, the exlsfing Laq for auto-

l_i mobilesis given by

Leq,_= 71.4 dB + 32 IOglo (V/55) (6)!:

d1 24
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bi where V is vehicle speedin rnph. This isbasedon data reportedin Reference 13,
and is _'consistentwith data froma variety of sourcessummarized_nReference14.7:r

I m_ 4
e q .Basedon roadside measurementsof truck noise," L for mediumand heavy trucks,

_' priorto the introductionof the InterstateMotor Carrier Regulations,isgiven byi r

187.5dB+ 20lOgio(V/55),V >35mph= (7)[ 83.6dB , V < 35mph

! i Equivalentlevels neartraffic lightsore discussedin AppendixC.

[_i 2.5.2 ComponentNoise Levels

An important objective of the presentstudyis to identify neededtechnology-

in termsof componentsource noiselevels-- requiredto achievespecific goals. There

ere a numberof componentnoisesourcesonmotorvehicles. Mostvehicle noisesources

are partof the drlveline (engine, fen, exhaust, etc.)t however, end their [nlerrelation-
15

ship is reasonablywell understood,e.g., for trucks from the DOT quiet truck program.

[_ Similar informationfor automobileswill soonbe available fromcurrentautomobilenoise

technologystudiessponsoredby EPA. Tiresare the one majornoisecomponentwhich

, _ cannotbe groupedwith drivaline components. It is thereforenecessaryto consideronly

! two sourcecomponentsfor each vehicle type, i.e., tires anddrlveHne.

.; Comprehensivedata of the type usedto developEquaHons(6) and(7) are not

'_: !_ available for tires anddrlvelines separately. However, it is well establishedthat tire
: _ 16 .
li noisehasa 40 [OglOV dependence, while the speeddependenceof driveline noisei i

is substantiallyless. If tbe relative contributionof tire and drlvellne noiseis knownat
? samespeed, then Equations(6) and (7) couldeach be decomposedinto a flre noiserela-

_t_l1| t[on wlth this speed dependence I and a driveline noise relation conlprising the rest of
:, thetotal.

, One suchdecomposltion;s

Automobiles: i
P-'!

!i L_q = 69.3 + 40 IOglo (V/55) tires ]

J (B)

Ii L_q'a= 67.3 + 23.7Iogi0 (V/55) , drlveline

' I 25
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T_cks (V ;_35 mph):

L_rq'r= 85.2 + 40 log10 (V/55) , tires, (9)

L_q = 83.6 + 6 Jog10 (V/55) , driveline

TheserelaHons are shown in Figure 6. It shouJdbe nctecl that Equations (8) and(9) are

consistent with (6) and (7) only at 35 mph and ,55mph. Points between ore approximated

-- wlth straight lines one sem;-lag plot of noise level andspeed.

" eIt shouldalso be notedthat Equations(8) and (9), and FLgur 6, are somewhat

j arbitrary, since Equations(6) and (7) and the 40 log10 V speedrelation arenot sufficient
e • • ,to derive sourcedecomposition. Th decomposlhongiven hereshouldbe treatedasan

example. However, the decompositionmustfall within the constraintsthat:

-- • Neither componentmay exceed the total wlthin the speedrangeshown.

• Noise at high speedsis dominated by tires.

.., • Noise at low speedsis'dominatedby driveline.

- Within theseconstraints, any sourcedecompositionmustlie wlthln approxlmately

±2 dB of that presentedhere.

.. 2.5.3 FutureNoise Levels

Becauseof the growingshortagesof fossil fuels, it is expected that therewill be

_'I changesin the configuration of motorvehicles. "llremajor reasonfor the studiesreported

in References10 and 11 was, in fach to assessthese changesfroma vlewpclnt of improved

"_ fuel economy, It Is posslblethat vehicle configurationchangesdue to improvedfuel

economymay result in changesto noise levels. Any assessmentof future noiseimpact
t= I

must Include an evaluotlan of these changes.
FutureAutomobileNoise Levels

Automobilenclse levels, in termsof LAq, may change in twoways:

_ • Shift in fleet m;x to different size cars, whTchhave different noise
character sties.

I i • Change in noisedueto different technology, e.g., Diesel engTnesinstead

: of Otto. 26
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Figure6. Automobile andTruck Nolse Levels, and Decompodtlon
Into Drlveline and Tire Components '

_"1 27
,_ _ WYI. g LADOnATOnlES



Recentmeasurementsof noise from 1977modelautomobiles]7 indicate that current

- small automobilesare 5 to 6 dBlouder than large when operatedvnder0,,159 accelem-

= '.... tion, while there is no consistentcorrelationwith size under cruiseconditions, Limited

data for D'esel-englned automobiles17 indicate that they are approximately5 dBlouder

'-; than Otto-englned automobilesunder cruiseand accelerahon cond't'ons. An increaseof

5 to 10 dB in automobilenoiseis thuspossibleif the automobileFleetwere to becomepre-

.... dominantly smallwith a large fraction of Diesels.

: ! This kindof shift is not expectedt however. Reference10 considersprojections

through1995 forseveral alternative fleet mix scenariostdefiningautomobilesaslarge

(6 passenger),medium(Spassenger),andsmall (4passenger). The presentautomobile

fleet consistsorS0 percent large, 25 percent medium, and 25 percent small, in the bose-
t'-

i I line aase_ w_thautomobilesas today, the new automobile fleet will consistof 60 percent

large, 25 percentmedium, and 1,5percent small (Figure 7-8 of Reference10). ProJections

I ! for other scenariosresult in new automobilefleets of 50 to 60 percent large_ 25 to 35 per-

cent medium, and15 to 25 percentsmall. Any shift in mix within theselimitswould

I_:' result in changingby lessthan 1 dB. If a greatshift to small automobilesoccurred_
eq

_** L_ would increaseby 5 to 6 dBunderacceleration. Acceleration accountsfor lessthan

i_ I,_ one-third of theoperating conditionon low-speedroads (seeAppendixA)t sothat thee
! increaseto L_claveragedover operatingmodeswouldprobablybe nomorethan 2 to 3 dB.
17

*.,_ A changein engine type couldresult in higherlevels. SinceDieselsare about
eq

, !_ 5 dBlouder thanOtto-engined automobiles, LA would increase5 dB if a completeswitch

I_ to Dieselsoccurs. Again, this is not likely. Reference10doesnot provide a firm basts
i

for estlmat_ngpotenHel changeoverto Diesels, but Tt is consistentwlth Reference10 to: assume25 percentof the fleet couldbe Dieselpoweredby 2000. Thisestimatewould

result in L_q increasingby about 2 dB.

Fromtheabove discussionit appearsthat there will be an increaseof lessthan

1 dBdue to fueleconomyconsiderations,unlessthere is a substantialshift to small auto-

mob=lesand/or D'esels. In either of thesecasest L_q may increaseby about2 dB. The

baseline impactcalculations in the presentstudy therefore assumeno changesIn ,
with the effect of a 2 dBIncreasein the year 2000 calculated ason alternate scenario.

"I
I
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FutureTruck Noise Levels

-- The shift in truck fleet mix, in termsoPdata on vehicle mileage discussedin

+ (_q • ,_ Section 2.4.2 t is not substantialenoughto affect L sign f contly. There willt how-

ever, be a shift to more Dieselengines. Table 7 showsthe percentageof vehicle miles
,._J

associatedwith Diesel-poweredtrucks in 1973and 1990for each slze category, and for

all trucks. The change to Dieselswouldresultin lessthan a I dBincreasein Leq even
/

if Otto engine truck noisewere negligible comparedto Diesel noise. Eventhis slight

increase in noiseis not expectedto occur, however, becauseDiesel trucksare andwill
'_ be subject to noiseregutafions. Theseregulationswill be felt moston new trucks, so

that new Dleselswill not be significantly louder than Otto trucks. Thechangein future

"+ LeTq will then be almostentirely due to currantand proposedtruck noiseregulations.

'J Table 7

Percentageof TruckMileage Due to Diesels*

TruckSize Category**
III-V VI VlI V[ll All

1973 0 7 49 84 55
[-

1990 0 65 9 ] 98 82

* Basedon data In Figure I-7 of Reference11.

** SeeTable 6 for definitions.

2.6 Baseline (1970) Nohe Exposure
M

,+. Noise exposurehasbeencomputedusing1970 (the year of the last complete

census)as the baseline. Thegeneral character of the exposure, including exposureas

a functionof clty size and rural exposure,isdiscussedhere for the baselineyear.

2.6.1 UrbanNoise Exposure

_ Table 8 showsthe calculated resultsfor the four city sizes in termsof the fractlon

T: of populotian exposedto variousrangesof kdn. Note that the percentageof population
i
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i

, _ exposedto a given level increaseswith city size. One-thffd of the tota_ urbanpopulation

,-_ exposedto Ldn > 65 dB is in very large cities whichaccount for only 13.6 percentof
. , i

'_ the urbanpopulation. Also note that the total fractionexposedto Ldn -> 55 dB for very

,_ large cities is greater thanone, while exposureto Ldn> 60 dB is almostone. This result
...._ occursbecausethe assumptionof exposureto only one road at a time is invalid in forge

,-] densely populatedcities at low noise levels. Tnsuchcities, the residual noise level
;_; (which representsgeneral backgroundnoisefrommanystreets)is often 55 to 60 dB or more

so that somepeople are countedmorethan once. it _sconsistentthat the presentcalcula-
'+'+ tlon "saturates"at theselevels, sincethe assumpHonthai"a given individual is exposed

to no_sefromon/y one street is no longervalid. ]he predicted exposureto higher levels
+" Zsnot affected by this, however.

J_"J Table 8

Baseline UrbanPopulationExposedto HighwayNolse (1970)

IIL: Fraction Exposureto Ldn Range*City Size i i

55-+0+0-+5+5-7070-7575-0
Very Large

_, [.T >106 0.070+ (0.+97)+ 0.229 0.08+ 0.019

Large 6 (0.640)t 0.297 0.134 0.044 0.009
':i._! 250K- 10

Medium
50K-25OKo.419 o.19+o.oe+0.025 0.005

I+! Sr.aJl
<50K 0.200 0.093 0.032 0.003 **

Average of all

!=i Urban 0.450 0.209 0.090 0,027 0.005
m

* Basedon populationtotalsgiven in Table3.

! i ** Lessthan 0.001.

f Calculated exposurenat tellable dueto non-linearlfies at
!-_ high population densityand lownoiselevel.
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, i 2.6.2 RuralExposure

_ Calculation of rural highway noise exposurein the samemannerasurbanexposureP r

would require traffic andpopulationdata from a large numberof locations. An estimate

of rural exposuremay be mode, however_on the basisof available statistical data of rural

travel. Reference18 presentsstatistical distributionsof traffic volumeson all federally

!_! fundedhlghwaysin 1970. In rural areas, this constitutesthe majority of traffic. Table 9
showsthesedata in the formof the numberof milesof read with various traffic volumes.

Truckpercentagesare taken as9 percent, the national average._

Table 10showsthe calculated rural exposure. Theareasexposedto various levels

are computeddirectly from the traffic volumedata in Table 9, assuminga 50-foot (15-meter)
S *setback. The populationexposedis obtainedby a sumrega densityof 56 people/mi 2, the

_,,_ total U.S. populationdivlded by the total area.

Therural exposureis small comparedto urban exposure,and is probably lessthan

the accuracy of the urbancalculation. Ruralexposureis thereforeneglected.

_'_' 2.6.3 BaselineExposure

i I The national exposureto highwaynoise isgiven by the values in Table 8. A more
|¢lut

usefulrepresentationof noised;strlbutlon is the cumulativedistribution, i.e. r numbers

of people exposedto noiseexceedinga given level This ;s shownin Figure 7 for 1970.
6

In addition to total exposure_Figure7 showsexposurefromhigh-speed (55 mph)and Iow-

I_ speed(35 mph) roadsseparately. Exposureto noiseenvironmentsLdn< 70 dB isprimarily$==,

due to low-speedroads, while mostexposureto Ldn> 70 dB is dueto high-speed roads.

I_= The importanceof stop-and-gotraffic is alsoseen in Figure7. Shownare expo-

I_ suredistributionsforno traffic lights. Low-speedexposure Ldn_>65 dB is about 20
percent lower if Jightsare neglected, wlth the difference greater at higher noise levels.

1,_ The relative importanceoFautomobilesand trucks isshownin Figure 8. The

exposuredistributionshave beencomputedfor automobilesand trucksseparately. Note

i'_ that trucksare the dominantnoise sourcefor exposureto both high and low noiselevels.

} !I
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.. Table 9

Traffic Flow on Federally FundedRuralHighways, 1970
, i

Miles
,_ Average Daily

hi TraFfic
(ADT) Interstate Primary Total

<400 230 9,086 9,316

400 - 1K 769 36,453 37, 122
m

IK - 2K 2,790 56,782 59,572

2K " 3K 3,567 38,418 41,985

"_ 3K - 4K 3,691 24, 188 27,879

4K - 5K 3,577 15,426 19,003

L.4 5K - IOK 10,804 27,802 38,606
IOK - 15K 5,131 9,164 14,295

I_ 15K -20K 2,340 3,453 5,793

20K -30K 1,362 1,868 3,230
iwJ

30K40K 234 353 587
> 40K 209 265 474

l,/i Table 10
Calculated RuralPopulation

i_i Exposedto Highway Noise(1970)

., LdnRange

_" 55 - 60 60 - 65 65 - 70 70 - 75 75 - 80 Total

"i Area (ml2) 23,400 10,700 4,300 1,200 150 39,750

I'! People(milllo%s)(56peaple/ml':) 1.310 0.599 O.241 O.067 O.008 2.225

.... Fractionof Rural 0.0244 0.0112 0.00449 0.00125 1.6 x 10.-4 0.0415
Population
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2.7 Exposureto the Year 2000

-- Exposurehas been calculated Forthe period from 1970to 2000 for several

alternative scenarios:

• No vehicle regulations. Thisshows the growth of exposuredueto population

-- and vehicle-use increases, if vehicle no_selevelshad remainedunchanged.

• Existing truck regulations. Theseare the regulationspromulgatedby EPA:

-- the Interstate Motor Carrier Regulation of 86 and 90 dBoperatinglimits at

.7. lowand high speeds,respectively, effective in 1975, and the low-speed

"" new truck standardsof 83 dB in 1978 and80 dB _n 1982.
r

• Existing truck regulations, plusa 75 dBnew truck standardin 1985.

,_, • A 45 mph (72 kmh) urban truck speed limit, in addition to the two truck
e "nolse r gulat onscenarios.

_ • A hypothetical improvedInterstate Motor Carrler Regulationof 83 and 06 dB

_'_ at low and high speeds, respectively, effective _n 1985.

Theeffect of LAqincreasing by 2 dBin 2000 is shownForthe First three scenarios noted

I_ above.

,. Thesecalculations usedvehicle and population pro_ectionsthrough2000. The

reducedvehicle levels usedFor the truck regulatory scenarioswere computedusing

.. H1NCSAM, which wasdlscussedin SecHon1.2. Specific features of the HINCSAM

-- calculation are discussedin Section 3.3, which contalnsa comprehanslvediscussion

t*_ of the effect of regulationson Leq.

E_gure9 showscalculated exposure,expressedasnumberof peopleexposedto

Ldn_.65 d8, to 2000• Figure 10 showsexposurefromhigh- and low-speedroads.
Table 11summarizesthe exposureFor1970, 1977, and 2000.

i.,e

Thereare a numberof specific featuresto be notedin these results:m

•-_ 1. With no change to vehicle levels, the numberof people exposedwould have:i
•- neaHy doubledfrom 1970 to 2000. "rimFractionof the populationexposed

._ wouldhave increasedby about50 percent.
i r
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Figure9. Effect of Truck Noise Regulationson ExposureI'o Ldn_ 65 dB
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Table 11

Summaryof"Expc_ureto Ldn>65 dB for Several Scenarios

1970 1977 2000

Regu{afien Milllons oF Percent of Milllons of Percent of MHl_onsof Percent of
Scenario people Population people Population People Population

=,.

No Regulations 17.6 8.7 20.8 9.6 34a6 12.8

Autos+2 cl8in 2000 ............ 37.7 13.9

co Existing Regulations -- 17.8 8.2 21o6 8.0

Autos +2 dB in 2000 .... 25.2 9.3

Exl_tlng'pl.us75 d8 New -- 17.8 8.2 17.8 6.6TruckStandard_n1985

Autos+2 dB in 2000 ....... 2I .5 7.9
=.

Existlngplus45 mph
UrbanTruck$_eedLimit ..... 17.0 7.8 20.5 7.6

< Existingplus 83/86
Operating Umlts in ..... 17.8 8.2 18.8 7.0
1985

nB m.= , ,

' Existlng plus83/86

Operating Limitsplus ..... 17.8 8.2 14.2. 5.3
D 75d8 New Fn1985
i



; 2. With existing truck regulationst the numberoFpeople exposedwill increase

_ by 23 percent, while the Fractionof total population exposedwill decrease
, [ *

. i shghtly.

!..j 3. Adoption of a 75 dBnew truck standardin 1985would result in Futurenum-
bers exposedbeing about the sameas 1970, with a decreasein the fraction

exposed.

4. The benefitfrom existingand proposedtruck regulations_sprimarilyat low

speeds. "ilmexisting motorcarrier regulation reduceshigh speedexposure,+,

by about 10percent. A 45 mph urbantruck speedlimit would havea similar

additional benefit.

5. Adoptionof reducedin-use operating limits would give an immediatebenefitover the shortterm. After a numberof years, a new vehlcle standard(which

_.I_ can spec{fya {ower{evel)wou{dprov{dest{{{Furtherreduofiontoexposure.
: 6. To Fully realize the benefits of reducedtruck noise levels, automobile noise

!i+_ levels shouldnot bepermitted to increase. A 2 dB increaseinL_q in 2000would negatethe benefit of a 75 dBnew truck standard.

I' Inaddition to these specific features, the overall nature of this projection is
s' 'f'c,gm, ant. Inclusionof growth in the presentcalculation showsthechange in exposure

i! to be a dynamicprocess. Abatement schemesmustbe dynamicaswe{{, Whl[e the scen-

arioscomputedaboveshowvarlousdegreesof short- and long-termabatement,after some+,I

!_ point they all display ;nareasingexposure. Tomaintain somegiven exposurelevel,

vehlcle nolse limits mustperiodically be reduced. Becauseach'evablevehicle nolseIW

i _ levels are always limited by available technology, there {sa needFora continuing

;i programof researchanddevelopmentinvehicle noisereductiontechnology.

i

;1!
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3.0 REDUCTION OF HIGHWAY NOISE EXPOSURE

"" 3.1 ExposureforReducedVehicle Levels
-i

-. Thenumber0f people exposedto Ldn->65 dBin 2000 has beencomputedas a
function of vehicle noiselevel reduction. Th_sis shownfor low- and high-speedroads

in Figures11 and 12r respectively. Thequantities ALeq are the differencebetween

; assumedLeq and baseline (1970) Leq . Indicated on the figures are the numberof people

exposedin 1970, andthe three baselinecasesof no regulations, existing regulations,

i,_ existing plusimprovedmotorcarrier, andexisting plus 75 dBnew truck standard.

.- Figures11 and12 showthe relative significance of automob'lesandtrucks,
- respectively, and theinterrelationship of reducingthe noise fromeach. Fromthe no-

regulationcase, reducing L_q alone wouldglve very Httle benefit. After LeTq is reduced,

!'_ howevert the AL_q curvesbecomemorewidely spread, sothat a significant benefit can

thenbe achieved byquieting automobiles. The ,_-L_q = 0 curve levelsoff at large reduc-

! eq so thatexposurereductionis limited at somepoint if only trucksare quieted." tions to LT ,

Foran objective of reducingexposureto o given numberof people, the required
combinationof vehicle nolse reductionmay be identified from Figures11 and12. For

[_ example, a low speedexposureof lessthan 106 peoplecouldbe achievedwith the combin-

ation AL_q= -15 dBand ,',LETq = _.8dB, or with ,*.L_q = -10 dB and _.L?= -9 dB, etc.

Theconceptof alternate combinationsof reductionsbetweenthe two sources,

and limHsof benefit of reducing onlyone, may be seenmoreclearly in Figures13 and 14.

k_ Theseare cross-plotsfrom Figures11and 12, andshowcombinationsof AL_q and ALeTq

required to reduceexposurein 2000 to a given percentageof 1970 exposure. Shownfor

. . eq ALe_referenceon these andfollowing figuresare ALA and calculated for the year 2000
for threeseenerlos. Therelation betweena specific regulatoryI;mlt and Leq is discussed

in Section3.3. Note that the curvesbecomeparallel to the axesat large _Leq; this

I ! representstile conditionwhere noise is dominatedby onevehicle type, sothat furtl_er
_', quieting of the other hasno benefit. Note that quieting automobilesalone cannotmake

I! the exposurein 2000equal to or lessthan half of the 1970 exposure. Also, amongthe

curvesshown,highspeedexposurecannotbe reducedto 50 percentof 1970and lowspeed

r i to 20 percentunlessautomobilenoise, aswell as truck noise, is reduced.

i_ 40
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'-: 3.2 Component Noiseand ReguiredTechnologT

i A limitlng situation similar to that seen in Figures 13 and 14 exists for vehicle
I+++

levels when the separate sources of tires and ddvellne are cmsiderad. If drlvellne noise

+ _ were completely eliminated, vehicle levels would be given by the tire component of
_+,'.

Equations (8) and (9); if tire nolse were eliminated, driveline noise would remain. Table 12

summarizes the veh'cle nmse reduction, A/eq, which could be achieved if no_sefrom
t,+l

only one of these two sources is reduced_ based on the example source decomposition of

Equations (8) and (9). Shown for reference in Table 12 are the values of ALeq expected

in 2000 due to existing regulat;ons, without regard to how these are achieved with regard

r i to tires and/or drlvellne. It is straightforward to note these values of ALeq on Figures 11

through 14 to see the limitations on impact reduction if only one source component is

I + reduced. Figures 1,5and 16show these limits on the same plots as Figures 13 and 14.

p ! Table 12
13:1

Vehicle Noise Reduction

_ Io_ EllmlnaHng One Source Component Only

_+, ALeq (dB)

1_ Component Low Speed High Speed
Eliminated Vehicle Type (35 mph) (55 mph)

i Trucks -6 -2lZ
Drlveline

Automobiles -4 -2

Trucks -I -4

I'_ Tires
=' Automobtles -2 -4

Expected from Trucks .-4.2 -0.6
Existing
Regulations Automobiles

t!

++i
, I
.J

+.1

+1 +5
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I00% 50% 20% 10% _Exposurere: Numbero£

people exposed ;n 19ZO

_J -14

-12

-10
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Drivellr
_, -6 Only

--2 --

IV + 75 dB New T Standard

0

0 -2 -8_q-I 0_L'_ -12 -14 -16

J_

F;gure 15. L'm tat on of Low-Speed Exposure Reduction ;n 2000 ;f One Source Com-
I_' ponenf Is Reduced.
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100% 50% 20o/0 10% _ Exposure
-16 k-- I _ re: Numbe_r

_ _of people
' _ \ _expose_d,!n

-14 ,19;70 --

_. -12

,,,! "_L,_q -I0

lq \Dnvelln(
Only Tires \

Ii 0 _×--r i \.J , r i r I r-2 -4 -6 -e -Io 12 -]4 -16

Figure 16. Lim;tation of High-Speed ExposureReducHonin 2000 IF One SourceCom-
ponent Is Reduced.
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it is seen on Figures15 and 16 that If driveline noisealonewere ellminated_

low speedexposureTnthe year 2000 can be reducedto abouthalf of the 1970exposure,

: ' while highspeedexposurewill still increaseaspopulation andtraffic growwith tlme.

i i This klndof behavior _sinherentIn currentand possiblefuture truck regulations, which
": essentiallyare limited to drlvellne noise, andis seen in Figures11 and 12. Toachieve

substantialreduction in exposure, i.e., reduce it to lessthan half of the 1970 exposure,
e_,t

tl re noisereduction wil I be requlred.

i Tire noise generation mechanismsare not yet well understood. Measurement

studies, suchas Reference16, havedeterminedthe noise levels of variousexisting tire=...

_,,di types, and have establishedcertain scaling lawssuchas the 40 IOglo V relation, and
the effect of load andair pressure. A qualitative understandingof desirableandunde-

[_ slrable treaddesignshave been achieved, andit ispossibleto identify the quietest

existing design. Beyondthis emp_rlcalwork, however, little understandingof tire noise

l*_I hasbeen achieved. Several theorles, basedon confllcfing assumptions,fit the available

data equally well. Until suchtime as tire noisegenerationmechanismsare better under-

:_ [5 stood, vehlcle noise reduction will be limited by tire noise. Thereis a strongneed for

bas'e fire nazseresearch, and thls need will growasreductions in dr'vellne norseresult

!i i:_ in tire nalsebeing more dominant.

' I_ 3.3 Noise Reduction'Optlons

Thegeneral conceptsai vehicle noisereduction controls were discussedin Sec-

tion ] .2. Beginningwith an existing population of vehicles suchas shownin F_gure2,

I _ noisyvehicles at"the extremeof the distribution couldbe eliminated and/or quieted. Thls_

k_ could be doneeither immedlately (_nprinciple) through an operating regulation, or over a

: u perlod of t_mewith a new vehicle standard. The final effect is describedin termsof keqt
.ocomputedfrom the vehicle histogramresulting from vehicle reguleh ns. Themathematical

_ developmentof thls calculation is presentedin Reference 1, together with a computer
! P hp "programwhlc erformsthe calculatian for a given scenario.L

I . In thissection, the assumptionsused_nthe calculation are reviewed, and generalized,i i
! '- resultsare presentedfor the two typesof regulation.

_. 48
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! 3.3.1 Operating Regulations

The principle of an operating regulation is that vehicles will not be permitted

to emlt noise over a specified limit. Vehicles over the limit may be brought into com-

pliance by retrofit or repalr, or they may be replaced. A retrofitted vehicle would be

expected to be brought.just into compliance, because retrofit klfs would be specifically

I deslgned for thls purpose. A repaired vehicle could be less than the limit in those cases

where the vehicle would normally be quiet.

._ Two other possibilities are noisy vehicles being left as they are, and vehicles

_- already below the limit being reduced further. The first is a matter of operators not cora-
l
_- plying, and is an enforcement problem. The second would be the case of an operator

making repairs to a normally quiet vehicle even though it is not in violation (e.g., ro-

ll placing a deteriorating muffler before it actually exceeds the regulatory limit), or an

operator with a positive attitude towards dolng more than is requlred.

Except for vehicles which are retrofitted and those whlch are left alone, it is not

I"7 possible to estimate reallsHcally changes to the dlstrlbutlon. To handle those which are

left alone, it is necessary to assume a oompllance rate. Vehicles which are replaced or

i l repaired may be brought below the regulated limit. If it is assumed that the only modi-
fication is retrofit, then a conservative result will be obtained which shows the minimum

expected benefit. Actual benefit would probably not be much because realisticgreater, a

operating limit would usually be set at a level which could be met reasonably, but not

,_ at whlch could be bettered vehicleseasily byone many

For purposes of this study, the effect of an operating regulation is computed on

l_i the following basis:

!i • Vehicles below the limit are not affected.

• A percentage of those above the limit are assumed to be modified by retrofit.

! The remainder above the limit are left alone, wlth a reduced distribution

proportional to the original shape.

_ • Retrofitted vehicles are brought approximately into compliance, formlng a

small distribution above the Hmlt. For a noise limit of L, it is assumed

'_ 49
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that 50 percent felt in the range L -I dB to L, and 25 percent each in

the ranges L-2dB to i-1 dB and L to L +1riB.*

Figures17and 18 showLeq asa function of operahng I'mlts, for various degrees

: i of compliance, for trucksoperatingat low and high speeds, usingmeasurednoisedistrl-

i butions frem Reference4. Theoriginal Leq (i.e., beforeany regulation) is indicated by

i ! the dashedlines. Thepercentcompliancerefers to the percentageof thosevehicles

i ,- originally abovethe operatinglimit which are retrofitted.

.... Several key features are apparent in Figures 17 and 18:

• Theresultant L q is not necessarilyequal to the operating limib but depends

on thedegree of compliance, andalsoon the relationshipbetween the eper-

I oflng limit and the distribution. If mostvehicles are below the limit they

will net be affected by it. In suchcasesLeq is usuallylessthan the limit.

f -
i_ • Leq isapproximately equal to the limit whenmostof the original dlstrlbution

is abovethe limit (sothat mostvehlalesare modified to meet the limit) and

[_ there is 100percent compliance.

1-_ • Compliancebecomesincreasinglymore impartan.tasmorestringentoperatingfimlts are introduced.

3.3.2 New Vehlcle Standards

l _1 e °

The effect of a new vehicle standardlsthat sincethe L q of newvehicles is less
than that of old, the total fleet Leq diminishesasold vehicles are replacedwith new.

1'_ The distribution of newvehicles is, within the presentstudy, computedon the following

basis:
JI

![
• There is a populationof newvehicles below the Iimlt which is distributed

}:D the samewayas the existing vehicles below the limit. Thisfollows from
/

im

it is expectedthat there will be somespread in the noise levelsof retrofitted vehicles,
¢r

Jl
-. although there is nodata available as to the aotual distribution. Thedistribution used

here waschosensomewhatarbltrarily, basedon the assumptionsthat retrofit measures
!_ will be intended to achieve the operating limit, that there will be somespread, andq r

that sometolerancefor measurementerror wlll be permitted.

' "_ 50
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J

' the steady-stateassumptionthat if there were no regulationsthe new

vehlcle distributionwould be thesameas the existing one.

• New vehicles which wouldhavebeen above the limit are modified in
r-_

: L designSOas to be broughtinto compilance. Thesevehicles ore assumed

to forma 25 percent-50 percent-25 percent distributionabout the limit,

just aswith an operating limit.

Figure ]9 showsthe effect of this distribution change on L_q at law speedsfor
,._ the truck noisedistributionshown'n F_gure1• Shownis the value for newvehicles,

_-. denoted Leq , asa functionof the new vehicle limit. Note that Leq In general
i I new new

.,_ doesnot equal the new vehicle limit, but isusually somewhatless.

, The noiseof the vehicle fleet in useisreduced in tlmeas quieter newvehicles
.J

replace old. Figure20 showsa generalized representationof this tlme-dependentreduc-

: _ ,ion. ShownIs &Leq versustime (h_years) far Lneeqwbeing lessthan the baseline Leq by
; variousamounts. '111etlme-dependentcalculation shownin Figure 20 is basedon annual

!! [_ new vehicle salesbeing 10percent of existing fleet size. Thisis consistentwith historical19,20
! experience for trucks, andwith automobilesalesprojectionsin Reference10.

Ell

_ Considera new vehicle standardof 80 dB for trucksat low speed. FromFigure19,

Leq = 78.9 dB. 1tie new vehicle Leq m: baseline is -4,7 dB; this caseis shownin
i,, now

Figure 20. After 5 years, k_q is reducedby slightly mare than 1 dB. A reduction of
3 dB takes about ]5 years.p_4

-- Themain feature seenin Figure20 is that newvehicle standardstake time to have

_"_ an effect. Evenafter 30 years, Leq falls somewhatshortof the newvehicle Leq. Even

=" for unreasonablylarge reductions(i.e., the ALneqw= -50 dB curve), a 3 dBreduction
J' would be seenonly after half the existing fleet retired, which takes 6 to 7 years. Coupledi!
" with the growth notedin Section2.0, it is clear that new vehicle standards,if required,

mustbe implementedwith as little delay as possible.

3.3.3 CombinedRegulations

-- Any actual regulationscenariowill consistof a combinationof operating llmlts

I i and new vehicle standards.OpenstTnglimits can provide immediatebenefits If reason-

able and if enforcedi new vehicle standardsprovide for introduction of that newtechnology
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' ' which maynot be amenableto retrofit of existing vehieles_but take a long time to :haw

an effect. A combined control plan, which mustbe dynamic in natureas noted earfierr

'_J would include systematically lower Iimils. New vehicle standardswould be periodically

"_ lowered asavailable technology improves. Operating limits would alsobe periodically

_ lowered to provide a basis far ensuring that orlglnally quiet vehicles donot deteriorate

and to take advantageof technologyadvancement_suitable for retrofit, and alsoto help

'_ eliminate the last fewold nolsyvehicles after a new vehicle standardhasbeen in effect

for sometime.

Thespecific effects of the two regulation typesmaybe seen in figure 9t where

each regulation scenario containsboth types. There is on immediatebenefit in 1974-1975

whenthe motorcarr;er regulationstook effect, and in 1985for the assumedimproved

Motor Carrler scenario. The newvehlele standardsteffective in 1978, 1982, and 1985r

serve to reducethe growth rate of exposure. "thereis a changein slopeof the regulation

seenarlosat these years. Mare complex examplesare shownin Reference1, with several

stagesof eachregulation type.
i

T

f_

m

Ii

I'I
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' 4.0 CONCLUSIONS

" A studyof road noise exposureand vehicle noise reducHonoptions hasbeenli
conducted. Noise exposurewascomputedon the basisof actual traffic andpopulation

_ data in ten sampleclt'es, prelected to national totals. Population and vehicle growth

were included, sothat the study providespredictions for the period from 1970through

!_ 2000. following have beenThe conclusions reached:

_, 1. In 1970(baseline year for this study) 17.6 million people were exposedto
I_
H urbanroad traffic na_selevels of Ldn_ 65 dB.

2. Most exposureto highway noise in 1970 kdn< 70 dB is from low-speed
urban roads, and is dominated by truck noise. Most exposureto Ldn_.70 dfi

1"_ is dueto high-speed urbanroads. Exposureis greatestin large e_tles;rural
;_: exposurein 1970 is very small comparedto the national total; this isexpected

to be the case In 2000.

3. With existing _:PAtruck noise regulation, the numberof peopleexposedto

I:_ Ldn2 65 dB in 2000 will be 23 percentgreater than in 1970, The percentage
of total populationexposedwill diminishslightly. Without regulations,the/JI

[_ numberof people exposedwould have nearly doubled.

I._ 4. If a 75 dB(low speed)new truck standardis adoptedin 1985, the number
of peopleexposedto Ldn_.65 dB in 2000 will be about the sameas In ]970.

The percentageof:total population exposedwill decreaseby 24 percent.
5. Drivel_nesourcecontrolsalone have thelr greatesteffect at low speedsl

benefit minimal becauseof t're no'so.at hlgh speeds IS

6. Theexistlng Motor Carrier regulations will reducepopulationexposedto
Ldn >65 dB from high-speed urban traffic by about 10 percent (relative to
no regulation), and the total exposureby lessthan 5 percent. A 45 mph

truck speedlimit in urbanareaswould providea similar benefit.

J'_' 7. The potential benefit of automobile noisereduction dependson truck noise

levels. As trucksbecomequieter, the relative Zmportanceof automobiles

' will increase. With current truck levelst quieting automobileswouldhave

l 57
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: little benefit. Inthe year 2000, assumlngonly current truck regulations,

exposureto Ldn_65 dB from Iow-c.peedroodscon h_ epprnxlmntely hrdvedi

• + (relative to exposure if automobilesstay as they are) if automobiles were to

-_ be completely silenced.

8. To realize a significant portion of the benefits from truck regulations, auto-

!.+1 mobile noise levels must not be allowed to increase. A 2 dB increase in
automobile noise levels (which could result froma shift to small cars, including

I+.] diesels) in 2000 would negate the benefit of a 75 dB new truck standard.

9. Operating limits g_vean immediate reduction to noiseexposure, but must be
;I
L_+ periodically lowered tf exposureis not to increasesubsequentlyin a growing

traffic system. Enforcementcan be a major factor in determining the effec-tivenessof an operating limit. New vehicle standards(whichcan specify a

lower level than feasible for an operating limit) showan effect only after
+_ sometime.

'_ _ 10. If significant reduction to traffic noTseexposureis deslred(e.g., reduce the

exposureby half or more fromthe 1970exposure),theneutomobile noise

I++_ levels mustbe reduced, in addlt_onto the truck noiseregulationsconsidered
in this study. For a given goal, there are limited trade-offs between auto-

!_ mobileand truck noisereductions. Toachieve slgnificant reductionsin hlgh-
L_e

speednoise exposure, tire noisemustbe reduced. Exposurefrom high-speed

U roads, in partlculor, will increaseif Hre noise levels remainas they presently
are.

i + 11• Continuedreducttonsin both drlveline and tire noise are requiredto prevent

reesealationof nolsoexposureasbothpopulationand fleet size increase.

l!

Il
T_

i+
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i APPENDIX A
,
! Barriersas a Noise Abatement Technique

'+4

i In addition to vehiab sourcereductionas discussedin the body of th|s report,
} '++
I •

highway noisecontrol can in principlebe achieved by traffic management,adjustment

i . of roadwaylocation, land-use plannlng, eta. Very often the only methodfeasible in

a given case is to constructbarriers. Designprocedureshave been widely circulated by

FHWA, and federal funding is available for approvedprojects. Barriersare currently

being constructednear noise-sensltlveareasalong federally fundedhighway proJecps.

In order to evaluate the potential effectivenessof barriers to reduce the national

exposure to highway noise, a calculation hasbeenperformedof the noise exposurefrom
'_' federally fundedhighways, andof thepotential benefits of usingbarriers alone asan

abatement technique. The aalculati0n is limited to federal-aid highwaysbecause these

L! are the onesfor which fundlng is generally available. Vehicle noise limits are not

r_. included in this calculation. As shownin the body ofthis report, existing regulations

_'_ have very little benefit at high speedslthe roadsconsideredInthis Appendix are primarily

+_ hlgh speed.
I _

! Thecalculations Jnthls Appendix are basedon actual distributionsof roadmileage

i _ and traffic volume, but do not utlHze the detailed population modeldescribedin the body
of this report. The crlterla usedto select the ten sampleaitles did not includesystematic

representation regardto highways, populationwlth federal.old Collectlon of od_tiona_

data for an appropriate samplewasnotwarranted, however, in vlew of the somewhatqual-

[_ itative of the calculation• A urban hasnature present single av_roge population density

been used. Thlsdensity is basedon themedlan of the populationdistribution of urbanareas.
II

A. 1 Traffic on Federally Funded.Highways

TableA-! showsthe traffic on federally fundedhighways, in termsof the numbers

of milesof highway wlth a given averagedaily traffic (ADT). There are fourmaln systems:
!+I

urban interstate, urban primary, rural interstate, and rural primary. Data for ADT up to

40,000 are from ReferenceA-l; dtstr|butlonsabovethls value are extrapolated within
I +

I I the constraint that total road and vehicle mileage are consistent wHh valuesglven in

_p A1
!, t
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TableA-1

TraFficon Federal-Aid Highways (1974)A'I

P l

Miles of Read
i

ADT Urban Urban Rural Rural
(Thousands) Interstate Primary* Interstate Primary*

i_I <0,4 38 242 83 8,610
0.4-1 2 223 448 321259

_i 1-2 23 858 I e756 50,386

2-3 31 11267 2t 511 33,911

i ! 3-4 82 ]t573 2t788 2],064

4"5 137 1,520 3,075 121895

5-10 902 7,556 1.1,077 21,115

]0-15 _ 1,076 5,39] 6,364 4,373

I_ 15-20 1t093 3,424 21834 ], 3]8

20-30 I, 742 3,253 2,059 705

i: 3o.4o ,,,2, ,,,°9
'_0-60 1, 100 660 204 48

! _ 6a-so e40 450 ....
80-'100 600 335 ....

• I_! 100-120 125 ......

120-150 70 ......
I! ''

_* Excluding Interstate.

/
I 41

i, I

_, A2
: I WYLI_ LADORATORI_S



b

," Table A-2,!
L-. Roadand Traffic Parameters

iJ
Urban Urban Rural Rural

interstate Primary Interstate Primary
J *Q

Speed(mph) 55 35 55 55

,, _, TracksA-2_, l i , Percent 8.7 3.4 15.6 8.2

NumberoF Lanes 8 4 4 2

i! [_ MedianWidth (feet)* 0 0 50 0
7r

_ * Medianstr|p w_dfhsestimated hereare the minimumwh_ohwould
i' normallybe foundon eachtype highway.

i]

:1

fl

ii__
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: ReferenceA-I. TableA-2 gives roadwayconfiguration, speedand the percentageof

mediumandheavy trucksfor each type road. Truckpercentagesare from ReferenceA-2;I

other data in Table A-2 ore assumedvaluestypical oPeach typeof road.

i Traffic predictions for future yearswerealso made. TableA-3 showspredicted

trafflc dlstr;butionsfor 2000. Futurepredictions;n thisanalysiswere madeon the

.._ following basis:

• Total traffic (vehicle miles) increasesat a rate of 2.3 percentper year.
Thisis a compositevalue betweenthe annualgrowthsof 2.4 percent for

trucksand2.0 percent for automobilesusedin the body of this report, and

+_ ;s consistentwith estimatesin _ferences A-3 andA-4. It is appropriate

to usea growthfactor weightedtowardtrucksbecausethey are the dominant
}ti noise source,

• (ADT) on interstates at a rate of percent peryear,Volume rural Increases 3.8

while road m;leage remainsappr0x;matelyfixed° This is basedon datatn
• 1jl,II, _ Table I-I of ReferenceA-3.

IN

t,.m • Total volumeand roadmileage of rural primariesincreaseat approximately

_ 0.5 percentper year. This is basedon the "full needs"case ;n TableI-1 of

I_ ReferenceA-3.ii
• Mileage of urbanprimaryroadsisassumedto increaseat a rate of 1 percent

*_ per year, the rate of growthof thepopulation. This is consistentwith the

growthmodelused in the bodyof this report.

• Urban interstatemileage ;s fixedat approximately9,000 miles.

_'t • Traffic mix Is the sameas present.

1_,_ A.2 Noise ExposureFromFederally FundedHighways
; +

The noiseexposurefrom thesehighwayshasbeencomputedan the followingbasis:
t+_ I

;_ • Distanceto Ldn = 60, 65, 70, and75 dB contourswere computedfor each
ADT rangeusing the methodof ReferenceA-5. Thismodel Includeslane-

)
by-lane detail which is importantfor barrier calculation.

P'I, A4
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"- Table A-3

Projected Traffic an Federal-Aid Highwaysin 2000
T
h.l

Miles oF Road
:1
'" ADT Urban Urban _uml Rural

(Thousands) Interstate Primary* Intestate Primary*
ii "'
.... <0.4 7 224 31 9,802

-- 0.4-1 6 241 47 36,726

'" 1-2 14 614 284 59,639

I_ 2-3 12 869 421 38,606
3-4 17 1,172 665 23,981

17 4-5 24 1,398 665 14,680
5-10 290 7,035 4,894 24,039

I",_ I0-15 494 6,588 5,177 4,978
15-20 528 4,986 4,196 ],500

- _ 20-30 I,]64 6,033 7,]06 803

30-40 1,138 3,009 _,714 139

_ 40"60 1,827 2,169 3,267 55
60_80_' 1,102 611 1,574 --

80-100 1,167 333 1.358 --
100-120 591 374 100 --

'_ 120-150 545 308 -- --

150-200 173 ......

:'l 2oo-3oo 67 ......

t'_
,., Excluding Interstate.

J_l

,j
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• Thedistance to each contour, lessan assumed50-foot (15-meter) setback

: _ distance, wasmultiplied by the numberof miles of roadcarrylngeach ADT,

_' then by two, to obtainarea exposedon.bothsidesof the road.

j • The numberof peopleexposedwasthen obtainedby multiplying the area by

4,500 people per squaremile (1,737 per squarekin) in urbanareas (this is

the medianvalue of density_n Table ]) and56 people per squaremile (22 per

squarekm) in rural areas (total U.S. populot_oadivided by total U.S. area).

i TableA-4 summarizesthe calculated exposurefor 1974" for the four road types.

Note that the total exposureismuchlessthan the national total calculated Fromthe ten-

_.i c_tymodel (seeFigure10 andAppendixD). Thisisbecausemosturbanprimaryroadsare

_., not federal aid. Theurban interstateexposureaccountsfor most of theurbanhigh-speed

,_, noise. An exact comparisonbetweenthe two oa)eulationsls not possible, however,

,_ becausethiscataulattonusesa representationof populationgreatly simplifiedas eom-

I,_ paredto thatused In the body of th_sreport. Thisslmplifiedcalculation wouldtend to

)_ uaderpredicfexposureto high levels.

TableA-5 showsthe exposurein 2000 for the four systems. FigureA-2 shows

I_K_ exposureto /dn _"60, 65, 70, and 75 dB ase function of time for the urbanTaterstate
system. 111egrowthcharacteristicsof exposuream similar to thosed_scussed_ngenera)

r:_ in the body of thls report.

_ A.3 BarrTersan UrbanInterstate Highways

Thenorseabatementpotential of barriershasbeenevaluated by calculating

t_ reducedexposurefor severalscenarios, The calculations ore limited to urban_nterstates.

Ruralhighwaysare not _ncludedbecausetheir total exposure_ssmall comparedto urban,

! _ Urbanprimary roadsare not fncludedbecausebarriersam rarely praeffcaf on them due

to cross-streets,needfor access, etc.
I

TablesA-d andA-7 shawthe distribution of noise exposurein 1974and 2000 for

H nobarriers and far 10-foot (3-meter), IS-foot (4.5-meter), and20-foot-hlgh (6-meter)

• " * Themost recent year for which traffic andhighwaystatistics were available at the
'- time of this calculation.

, , A6
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i

Table A-4

"- Area (SquareMiles)and People* (Millions) Exposedto Noise
. FromFederally FundedHighwaysin 1974

..._ kdn Exceeded

,._ 60 65 7O 75

RoadSystem Area People Area People Area People Area People

.... Urban Interstate 3,033 13.6 ],216 5.5 337 1.5 79 0.36

'_ UrbanPrimary** 1,590 7.2 431 1.94 54 0.24 1 0.005

i._ Rural Interstate 5,130 0.29 2,238 0.13 565 0.032 51 0.003

RuralPrimary** 8,871 0.50 2,255 0.13 364 0.020 14 0.001If

!J *People_mpaetedbasedon 4500 people/m;2 in urbanareasand 56 peeple/ml2 in rural
a reos,

Excluding Interstate.

!_ Table A-5

Area (SquareMiles) and People* (Millions) Exposedto Noise
FromFederally FundedHighways In 2000

Ldn Exceeded
i_ 60 65 70 75
tme

_ RoadSystem Area People Area People Area People Area People

_ Urban Interstate 4,682 21.1 1,964 8.8 696 3.1 197 0.87

_., Urban Prlmary** 2,814 12.7 809 3.6 136 0.61 12 0.05

' _ Rural Interstate 13,154 0.74 5,724 0.32 1,954 0.11 488 0.03

,.-_ RuralPrimary** 10,174 0.57 2,487 0.14 418 0.023 16 0.001

!

* people/ml2: '_'_ Peopleimpacted basedon 4500 in urbanareasand 56 people/mi2 in rural areas.p I

ExcludingInterstate.

4
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Table A-6

D_stHbutlon of Areas Exposed to Noise from Urban Interstates
in 1974 for Several Barrler.Heights

]
Dhtance(Feet)Fn0mCenterof IAverage

Daily OuterLaneto kdnContour,* ExposedArea, _uare Miles
I

TraFfic MTtes No Barrier No Barrier 1OIt (3m)Barrier 15 ft (4.5m)Barrier J 20 ft (Bin)Barrier

(ADT) of Road 60 65 70 75 60 65 70 75 60 65 70 75 60 65 70 J75 J 6B 65 J 70 I 75
/

...... 0 0 0 0 0 0 B 0 0 0 0 0 B I 0 0,c4tl 0 3B

40_-1K 2 0 B 0 0 0 0 0 0 0 0 0 B B 0 0

I-2K 23 84 0.3 0 0 0 B 0 O 0 0 0 B 0 B 0 0 0

2-3K 31 13B I 0 0 0 0 0 0 0 0 0 0 B B I B 0 0

3-4K 82 t80 70 ...... 4 0.6 0 0 2.3 0 0 B 0 0 0 0 0 0 0 0

4-BK 137 219 80 8.8 1.6 0 0 5.1 B B 0 0 0 0 B B B 0 0

5-10K 902 31B 135 B8 29 0 B 71.3 0 0 0 0 0 0 0 B 0 0 0

10-15K 1,076 450 195 72 --* 163 59 8 0 150 2B 0 0 14.6 0 B 0 B 0 0 0

15-20K I,093 600 245 93 --- 227 8B 17 0 227 53 0 0 33 0 B 0 14 0 0 O

20-BOK 1,742 800 325 125 50 494 181 49 0 494 141 0 0 92 3 0 B 92 0 0 0

OB-.40K t,129 1,050 430 172 68 427 162 52 7 427 14B 18 0 94 12 B 0 67 0 0 0

4B-6BK ' ltl00 1,350 590 230 94 541 225 75 18 541 223 41 0 137 32 0 B 108 13 0 0

6B-BBK 840 1,650 740 3BB 120 BB9 2]9 79 22 509 219 62 0 141 3B B B 120 21 0 0

BO-100K 600 1,800 880 35B 150 397 188 68 22 397 IBB 54 0 113 37 1.8 B 99 24 0 B

1B0-120K 125 2,BOO 1,000 420 185 1B6 44 17 6 t05 44 15 2.5 32 9 1.3 B 27 5 J 0 0

i

I

120-15BK 70 2,600 1,100 520 220 67 27 12 4 12 27 26 I0 20 6 l.B j B 18 4 7 I 0 4 B



Table A-7

Distribution of Areas Exposed to Noise from Urban fnterstates

;n 2000 For Several Barrier He;ghts

D;stanco(Feet)FromCenterof ExposedA.'_Q,SquareMiles
Averaga Outer [_r_eto LdnContour,

Daily No Barrier He Barrier 10 ft (3m)Barr;er 15 ft (4.5_n) Barrier 20 ft (6m) B_rrlerTraFfic _iles

(ADT) of Road 60 65 70 75 60 65 I 70 75 60 65 70 75 60 65 70 75 60 65 70 75
<400 7 --- 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0

400-IK 6 .... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O

I-2K 14 84 0.2 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0

2-3K 12 128 ......... I 0.4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O

3-4K 17 180 70 0.8 0.I 0 0 0.5 0 0 0 0 0 0 0 0 O 0 0

4-5K 24 219 80 1.5 0.3 0 0 0.9 0 0 0 0 O 0 0 0 O 0 0

5-IOK 290 310 125 ..... 28.5 9.3 0 0 23 O 0 0 0 0 0 O 0 0 0 0

I0-15K 494 450 195 72 --- 74 27 4.1 0 69 12.9 0 0 6.7 O 0 0 0 O 0 O

15-20K 528 600 245 93 --- II0 27 8.6 0 110 25.7 0 0 16 0 0 0 6.8 O 0 0

20..,?,0K 1_164 BgO 325 125 50 330 121 33 0 330 94 0 0 61 2.5 0 O 61 0 0 0

30-40K 1,138 1,050 430 172 68 431 163 52 7 4,31 150 18 0 94 12 0 0 68 0 0 0

40-'60K I1827 1_250 590 230 94. 899 273 124 30 899 570 68 0 227 53 0 0 179 22 0 O

60-80K 1,102 1,650 740 3CO 120 667 287 104 29 667 287 82 0 184 49 0 0 157 14 0 O

80-1QOK 1,167 1,8_0 BB0 350 150 773 336 132 44 773 365 106 0 220 73 2.5 0 195 46 0 O

I00-120K 591 2,300 ],000 420 185 503 212 fi2 30 503 212 70 II 151 42 6.3 0 127 23 0 : 0

120-150K 545 2,600 It100 520 220 526 216 97 35 526 216 21 20 157 48 11.4 0 145 36 2.9 0

150-200K 173 3,500 1,600 660 280 226 I01 39 15 226 I0l 29 11 65 62 6.6 0 65 22 2.6 0

200-2(_OK 67 4,500 2,000 840 360 112 49 20 7 112 49 20 6 29 26 3.9 0 29 13 3.4 0



i

: ' barriers.* Barriers higher than 20 feet (6 meters) would give little or no additional benefit.

5hewn for each AL)I range are the distances to the Ldn = 60 t 651 701 and 75 dO contours

"J with no barriers, and the areas exposed for no barriers and for the three height barriers.

S°The harrier calcuJaHans were performed u mg the method of Reference A-6, assuming

b_ leveJ terrain and p/acing barriers 25 Feet (7.5 meter_) to each s do of the road.

Four barrler-use scenarios have been considered, each with the goal of eliminating

(where feaslble) exposure to Ldn above a given value. These are:

_ • Eliminate exposure to Ldn> 75 dB, This requires construction of 15-foot

barriers where ADT > 100K, and 10-foot barriers where 30K < ADT < 100K.

• Eliminate exposure to Ldn > 70 dR. This requires 20-foot barriers where

ADT >80K, 15-foot barriers where 30K< ADT< 80K, and lO-foot barriers
'_ where ]0K < ADT < 30K.

l,i • Eliminate exposure to Ldn > 65 dB. This requires 20-foot barriers where

ADT > 20K, 15-foot barriers where 10K < ADT < 20K, and 10-foot barriers

where 3K< ADT < IOK.

i_ • Ellminate exposure to kdn P.60 dO, This requires 20-foot barr'ers whereADT > 10K, 15-foot barriers where 3K < ADT < 10K, and 10-foot barriers

,=, where 1K < ADT < 3K.

L

Tables A-B and A-9 show the number of miles of each halght barrier, and the

i_ exposure for each scenarlo, in 1974 and 2000. Note that the goal of each scenario is
not necessarily achieved because of the limit of effectiveness of barriers I'mited to a prac-

tical height of no more than 20 feet. The goals might more properly be stated "ehm'nate
to the extent feasible", rather than "eliminate".

I'!
Figure A-2 shows the 1974 exposure data from Table A-8 in graphlcal form. The

first application af barriers (Scenario A) has its greatest effect at high-nolse levels. The
};a

[ I other scenarios, with more extensive barriers, tend to shift the distribution downword_

with a residual tall at high levels which cannot be eliminated wlth harriers.

• Only these three heights were considered in the calculatlons and In the ensuing dis-
I! aussion. Equivalent reduction to exposure could be achieved in some caseswith
L; lower barriers, e.g., 15-foot harriers are assumed here in places where onesgreater

l than ]0 feet but less than 15 feet would suffice.

i _ Ai] wY,.= ,.A==O,,L'ro,J=:s
i



' Table A-8

! : Noise ExposureFromUrbanInterstatesin 1974
for Several Barrier Scenarios

People Exposedto Greater LdnMiles of Barriers (Millions)

Scenario 101 151 201 60 d8 65 dB 70 dB 75 dB

Baseline- No Barrier 0 0 0 13.6 5.5 1.5 0.36

A - Eliminate Ldn > 75 dB 7,338 390 0 13.1 5.1 1.1 O

B - Eliminate Ldn > 70 dB 7,822 6,138 1,590 6.7 1.7 0.002* 0

,_ C - Eliminate Ldn > 65 dB 2,242 4,338 11,212 3.0 0.31" 0.002 0

r_ D - Eliminate Ldn :> 60 dB 108 2,242 15,550 2.5* 0.31 0.002 0L;

* Not feasible to eliminate completely exposurewith barriers.

Table A-9

Noise ExposureFromUrban Interstates in 2000
ForSeveral BarrierScenarios

I_'_ Miles of Barriers PeopleExposedto Greater Ldn
_' (MI l llons)

_ Scenario 10' 15_ 20' 60 dB 65 dB 70 dB 75 dB

Baseline -- No Barriers 0 0 0 21.1 8.8 3.1 0.87
A -- Eliminate Ldn _.>75dB 10,468 2,752 0 16.7 7.0 1.6 0

I!
i.i! B -- Eliminate Ldn >70dB 4,372 8,134 5,086 7.2 1.8 0.045* 0

J-I C -- Eliminate Ldn >65 dB 662 2,044 15,548 4.8 0.79* 0.045 0

D -- Eliminate Ldn:>60 dB 52 662 17,592 4.6* 0.79 0.045 0

tf "hi I' p[ ]y 'thb, " * No eas_ e to e _minatecorn ote exposurew_ arrlers.
A12
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,H

FigureA-3 showsthe effect of barrierson the total national exposureas computed

; -- in the bodyof this report. Shownore the total national exposure(in 1974), the exposure
[h.!

fromlow.speedroadsalone, and reducedtotal exposureassociatedwith the four barrios i

scenari6s, Thereducedexposuresware obtained by applying the reductionsshownin I
FigureA-2 to the "Total Baseline" dlstHbut|onshown_n FigureA-3. The overall effect

-- of barrierson total highwaynoise exposure_sseen. Thebarrierscausethe distribution

of exposureto sh_ftfromthe oHg|nal total towardthe tow-speed-onlydistribution. The

transition takesplace moreat hlgh noiselevels than at low.

If shouldbe noted fromTablesA..8 and A-9 that the application of barrierscon-

,- s_deredhere is extensive. ScenarioA, the least extensiveapplication, involveshart'ors

onboth srdesof nearly half the urban Interstates in 1974andnearly three-.quartersin 2000.

A practical applioation of barrierswouldhave an effect between "Baseline"and "A" asfm_

shownin FigureA-2. Thebenefit of barr/ers (consideredon a national scale) is limffed

1_ to worst-casesltuatloasas a realistic alternative to sourcecontrolor userestrict'on, and

has little effect on the naHonolexposure.

!'T
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_. APPENDIX B

ComputerPrograms

L! Theimpact of future traffic noise presented_nthis studywasaccomplished
usinga systemof three computerprograms. Thedivisions amongthe three were at

_i_! natural pointsindicated in the bodyof this report, and permitted significant economy
! of calculahon for alternate scener'os, l_e threeprogramsare describedin the following

! subsections.Their interrelationshipis shownin FigureB-l, and is discussedin SectionB.4.

B.1 Ten-C_t/ Noise Impact Model (TECNIM)IJ
Thisprogramperformsthe detailed calculationdiscussedin Sections1.I and2.2.

Basic inputdata consistof that listed in Section 2.2.1. Altered vehicle noise levels
• i e

are specifiedas AL q. Fora given set of ALeq's(automobilesand trucks, low and high

_.ii speed), TECNIM computesthe numberand fractionof peopleexposedto the keq bands

i: of 55-60, 60-65, 65-70, 70-75 and75-80 dB. Distributionsof exposureto Ldnare

; obtainedby shifting the distributionsby 3.3 dB, asdiscussedin Section2.2.3.

i[ _ TECNIM _S written in general f°rm' s° th°t imp°at may be c°mputed in °nY °_tYfor which traffic andpopulation data have beenprepared. For the presentstudy, dimen-
F

i 17 slonsandinput/output are keyed to the ten samplecities. A loop structureis incorporated* . e

i " to obtain _mpaotcalculations for AL_q from +3 to -15 dB, endAL_q from+3 to -16 dB.
i

! _ The impactdistributionsare written on a data file which isthen readby REGIM.

B.2 RegulationImpactModel (REGIM)

Thisprogramreadsthe impactvs. ALecldatapreparedby TECNIM, and applies

_! the populationstatistics discussedin Section2.3, andvehlcle-use data discussedin

_1 Section 2.4, to obtain future impact. User inputsto the programare the year and the

it! four ALeq_s. REGiM containsall growth facton. Vehicle-use growthis treated asaneq
_-- equivalent increese to L . Forexample, a doublingof percapita vehicle mileage is

i_ equivalent to ALeq = +3 dB. Theprogramcombinesthis J_growth"ALeq with the input
i ALeq to aneffectlve net value for computatlono/purposes.Output is the distribution

i!i] of noise impact, asdiscussedearller.

:, B1
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[
_: REGIM is operatedconversationally on the IBM370 CMSsystem. Input

parametersmay be specified on a case-by-case basis, or may be readFroma data file
,_ preparedby HINCSAM.

I_ B.3 Highway Noise Control Strategy AssessmentModel (HINCSAM)

Thisprogram, descrlbedfully in ReferenceB-l, performsthe calculations
"~_ described in Sections1.2 and3.3. Inputsare the existingvehlcle distributionand

eqa sequenceof regulations. Output is L as a functionof time far the specified regu-

l.J lotion scenarios.

[_ B.4 Combinationof Models

Figure B-1 showsthe relationship among the modelsin the completesoftware
package. REGIM accepts the impact vs. _keq data afearedby T_:CNI/_I growthdatat

_ i_ and Akeqlsto providenational noise impact, The _keq_smay be specified arbitrarilyi

_ in orderto obtain resultsas shownin Figures 10 through 13_or froma HINCSAM cal-

_ culatlen to obtain a tlme history of impact for a given regulationsaenarlo_as shown

; in Figures8 and 9.

iii,=

!:

i B-1. Plotkin, K.J., "A Nodel for the Predictionof Highway Noise endAssessment

__ OfReportStrategleSwR74-5_f°ritSseptemberAbatement1974.ThroughVehlale Noise Central _'t Wyle Research

i:
_z

k

B2

IL_ WYLE LADOilATOR|I_"



i ;

L.J

I r

.Ce._usTreatDataJ -J T_CNIM

* Vehicle Growth Data _Sample C,ties, as I
_" _ . Functionof LOq's ]

I..] • Papulation Growth Data _.and Growth J

;I'r' I. _ HINCSAM Regu,a,,o.ImF°0tMode'

........ , I IHJghway Noise I

_i_=_ _ Control Strategy I

i _ Assessmen.tModelJ

i
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,: APPENDIXC

_ Estimateof Noise LevelsNear Traffic Lights
IJ

i ,

The freely flowing assumptionsof constant speedand constantvehicle noise

; _ sourcelevel are not valid near traffic lights. During deceleration from cruise

speed,noise levelsare generally lower than crulse levels. During acceleration to
l_i creisespeedl levels can be higher. Duringboth phases,time duration is increased

becausethe speed_slessthan cruisespeed. Furthermorel noisecontourswill no

longer be parallel to the roadt but wlll havea curved shapedependenton specific

vehicle behavior.

_ CalculaHen of actual noise contourshapenear traffic lights requlmsdetailed

_ vehicle andtraffic data nat available at this time, For the_purposesof"thepresent

_"_ studyt an estimate of the effect of traffic lights hasbeen madebasedon the fallawing

assumptions:
• Changein vehicle noisesourcelevel is combinedwith duration change

,:_ , to give an equivalent vehicle Leq near traffic lights.

i _-- • Equivalent stop/go keq is averaged (onan energy basis)over the duration
_1 _, I

_ of the approachand departurefrom the t_affic lights.

' I I • Assumingthat one-half the vehiclesstopand the other half flow freely
, _ (50/50 split of light cycle)t an average equivalent Leq is obtained, i

• Noise contoursin the vicinity of traffic lights are computedusingthis
i.w,*

. eq
averageequivalent L . Thecontoursare parallel to the road, along a

length basedon constantacceleration to cruisespeed.

i_ • The numberof traffic lightspermile ;sestimatedon the basisoFoverallstatisticsof numbersof traffic lights and highway miles.

_i ' Quantitative details of the calculation of increasedvehicle levels end traffic

light occurrenceare given in the followingsections,
I'

fl I C1
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i •

,. G.1. Vehicle Levels

! If a vehicle undergoingtyplcal'acceleration exhibits noiselevel L(V) asa

function of speed, then the averagesourceI.evel is given by
J

,..,. _L) = 10 log10 0L(V)/10 dt (E-l)

'_ where T is the time period of theacceleration. The level L(V) is a functionof accel-

eration rate and vehicle type.

Appllcatlon of thequantJty{l.)asgivenbyEquation(C-1) to the.hlghwaynoisemodel

/ _ requiresusingthe averagespeedduringtheacceleration, if acceleration is constant

betweenzero and crulse, thentheaverage speedis half the cruise.speed. IF Leq in

Equation(1) is replaced by {L) as givenby Equation(C-1)t then the speedterm

_, 10 log10 V becomes10 log10X/crulse + 3 dB. The durationcorrectionmay be cam-

i:L! blnedwith {L), so that the effective levelof stopandgoLtrafflc is

T ,.r=,, I 10L(V)/IO dt (G-2)
;__, (L) sG=3dB + 10 [Ogl0 T -o

! L_ Assuminga traffic signalhasa 50/50 timingsplite half the traffic stopsand half the

" traffic cruisesthroughthe signal. For traffic near lights, then,_;the appropriateaverage

_ equivalent level is

I'el

(Leq)SG 101egl0½ [10Leq/10 + I0(_')S_10] (G-3)

i_ whereLeq isthecruiseleveland ([L)SG isasgivenby Equation{C-2).

Automobiles

i L_ Table C-I givesspeeddependentnoise levelsfor automobilesundergoingty;lcal

i 'L_ deceleration to and accelerationfromrest.C 1 Tile levels are relatlve to 35 mph cruise
levels:for the samevehicles.. Basedupondata presentedin ReferencesC2 andG3t' the

.! _ typical acceleration rate fr'_ restis 0.15g'andthe.typlcal deceleration rata to rest.is0.17g.
Applylng theseratesand the levelsin Table_;-1 to Equations(E-2)and (C-3) overa full

H _ stop/start cycle from35 mph (56km/h) cruisegives
IBm

C2
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TableG-1
r

AutomobileNoise Levels

for Accelerationand Deceleration

i _ Level Re: Cruise at 35 mph(56 kin/h)

LowHP/Wt Medium HP/Wt High HP/Wt

Speed Range(mph) Accel. Decal. Accel. Decal. Acce/. I_ Decal,
I

f 0 -;5 ..6,5 -11.0 -8.2 -13.2 -5.6 -9.1
==' 5-10 -3.6 -9.7 -4.8 -11.6 -3.3 -9.1

10-15 +2.0 -7.9 -1.7 -9.4 -1.1 -9.115-20 -_4.6 -6.1 +2.5 -7.2 +2.9 -9.1

/_ 20-25 .t8.2 -4.4 +5.9 -5.2 +3.9 -5,625-30 +10.5 -2.5 +8.3 -3.1 +5.1 -3.3

,_' 30-35 +13.5 -0.8 +9.9 -1.0 +7.9 -0.8

i

1
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7
I ,

.... 2.6 dB, high HP/wt

-- <L_>sG = Le_ + /4,0dB,, medium IIP//wt (C-4)
i_ ,

16_.2dB, lowHP/wt

; i i For the purposeof this study, the average valueof4.5dB . 'ncreasem level hasbeen

; used. The total distance coveredat the deceleration and accelerationrates notedabove

: ,.,Ji is 507 feet. The increasednoiselevels areapplied ever thisdistance,on low-speedroadsonly.

: ,ru0k0
Truck noiserneasuremer_tsindicate that peak pass-bylevelsat low speedsare

,,1_ independent of speed, so that the secondterm or Equation (C-2) equalsLTq. The.adjust-
ment for trucks is thus'limited to the first term, the 3 dB durufion correction. Applying

I*! this to half the traffic, as above,

{_ (L?.rq)sG = L_rq+ i.8dBA (G-5)
Thisis applied over the samedistance as for automobiles.

:: [_11:! _i C.2 Traffic Light Occurrence

illli"_ Statlstical dataC4 indicates there is one traffic light per 900people in
_, urban areas, in the_urban areas representedin this study there are thus 165,000

hii:l_t' t J'_ f fi c lights.

! The total low speedroad mileage consideredin the ten samplecities projects

ii_ to 75,000 miles. This is a small fraction of the munlclpai total oF631,229 miles

!; given in ReferenceC5. However, the total numberof vehlcle milesperyear projected

_ from the presentstudy is approximately 10percent lessthan tile total urbanvehlcle.-mile

!; usagegiven in ReferenceE5. The 75,000 roadmiles treated by the database thus

"accounts for 90 percentof urbantraffic.. The remainder;s on local streetswith low traffic

volumeswhichdonotcontribute significantly to noiseimpact.

) If it ;sassumedthat all traffic lights are Iocatedat intersecfionsoFtweet the major
_t streetsconsidered, there are an averageof four lights per mlle. ]f all lights areIocatedat

_1_
' =" intersectionsoFa major streetwith a minor street, there would be two lights per mile.

_, For the presentstudysa value of three lightspermile (1.9 lightsperkin)hasbeenassumed

I-
!. CA
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I. i on low-speedroads. It shouldbe noted that this representsan overall orderof magnitude

estimate which mustbe refined by a systematicreview of traffic light usageasa function

' fp ' ..., o opulaHon, road and traff c condihans.

r_

"ili .
i

i"
_r
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' ' APPENDIX D* J

Exposureto Ldn >60, 70, and 75 dB

_ I i Thenoiseexposurecalculations presentedin the bodyof this reportare primarily

._ far exposureto Ldn2.65 dB. ThisAppendlx containsparallel calculations forexposure

above threeother levels. Theformatsfor figures in thls Appendix are the someas for
similar figuresin the body. Forclarify in usingthe figures, the annotationhasbeen

shortened. Curvosmaybe idontlfled by comparingwith the fullyannotatod figuresin
the maintext. The correspondencebetweenthe hvoare summarisedbelow.

_ FormatSameas

AppendixRguros: Main TextFlgure:
D-I, D-6, D-11 9, 10

l_ D-2, D-7, D-12 11
D-3, D-8, D-13 12

[_ D--4, D-9, D-14 13
D'Si D-101 D-15 14

I.
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_ WyL _' LADO nATO R I IltlJ



i

4

_-_ I I I I I

,!. I60

If =

_ _ 5o

_ 40

0_ 30

20 ._ "_ ""

I I f I I

I_ 1970 1975 1980 1985 1990 ]995 2000Year

FEguraD-1, Exposuroto Ldn,?.60dg for TruckNolso Regulatlons
D2

L_ WYLE LADOflATOIEII_S



o --A =0

"a z_L_q = -3°"0
^1

o
"10

'_ 8- _ = -10

_;L_
!_, _,_q=-,5

0., o' '-4 J_ -_ -_o

U
Figure D-2. Exposureto Ldn >60 dB FromLow-SpeedRoadsin 2000
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Figure D-8, Exposureto Ldn> 70 dBFromHigh-Speed Roadsin 2000
L_ For Various Reductionsto Vehicle Levels
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I_ _.o , , , , , J|, For 75 dB new truck standard, exposure beyond'1985
!_ 1.8 would be high speed only. Not shown is total exposure

il _ for speed Iirnlt scenario. Thls is almost the sameas

: _ ._ 1.6 h_gh speed alone.
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i'i Figure D-11. Effect of Truck Noise Regulations on Exposureto Ldn _'75 d8
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