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FOREWORD

In obtaining a copy of this report, it is reasonable for us to assume that you, the

reader, have an interest in noise abatement and control. It is also reasonuble for us to

ossume that you expect to learn something of the extent and nature of the noise problem

in America and what, if any thing can be done about it. With these assumptions in mind,

we thought it would be beneficial to state at the outset what we intended for you ta derive

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

The major purpose of this study was to identify future technology requirements

for source noise control of highway vehicles, Obviously, the results of any study deal-

ing with the future are highly dependent on the assumptions we make about the future.

The following are among the more important factors to be considered:

The number and types of vehicles
Vehicle operations and resulting noise characteristics

The effectivenass of use and operational controls to reduce noise (which

in turn are dependent upon the willingness of the user to employ such means
and of the state and local governments fo exercise their authorities to
achieve compllance)

The application of other effective means of mitigating the adverse conse-
quences of the public's exposure to excessive noise (such os compatible land

use and the use of barriers).

These latter techniques, although not controlling nolse at the source, may have

a significant effect on the extent of the source control applications because they can be

tmplemented in relatively shorter time periods, and the noise reductions are odditive to

whatever reductions con be achieved through source control technology .

Because of the uncertainties associated with precisely predicting the future, the

sensitivity of the findings to the assumptions employed was examined. It is the Environ-

mental Protection Agency's Intention to develop a series of these "future technology"
Y P ay
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o studies, covering other noise sources. We are hopeful that those charged with the problem ‘
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Metric Conversions

Much of the source data used in this study, obtained from regional and federal
government agencies, was available only in English units. To permit this study to be
directly keyed to these source data, calculations were performed without conversion to
metric units. All major results are presented in metric and English units, however, as
are common quantities such as speed and distance. Use of dual notation in the entire
text would have been awkward, so that some intermediate calculations are presented
In English units enly. The following conversion factors may be used to convert these

to metric wnits:

0,305 meters (m)
1.609 kilometers (km)
2.589 square km
0.454 kilograms (kg)

il

1 foot
T mile

1}

1

1 square mile

)

1 pound (mass)
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1.0 INTRODUCTION

The noise from highway traffic s a major noise source dominating most outdoor
noise environments. The overall noise s made up of contributions from individual vehicles
within the traffic flow, so that g fundamental approach to reducing highway noise expo~
sure on a national scale consists of modifying the noise produced by these vehicles. This
noise con be reduced by the impasition of noise standards to new vehicles, to existing
vehicles, by modifying vehicle operation, or by o combination of all three. An optimum
strategy can be defined by evaluating the effectiveness of different scenarios containing
one or mare of these methods. In this study, the nationwide exposure to highway nolse
is computed through the year 2000 and the effectiveness of various optlens for reducing
this exposure is evaluated, The results of this study will help to define future research

and development requirements in vehicle noise control,

A key feature of the present study is that growth of motor vehicle usage and
population is included in the exposure calculation for future years, The boseline case
of no chenges in vehicle levels exhibits growth in exposure with time, This permits an
evaluation of nolse control options with respect to abselute changes In exposure as well
as relative comparisons. Inclusion of growth also places perspective on the importonce
of timing for potential strategies which connot be implemented immediately or whose effec~

tiveness takes time.

The evaluation of vehicle noise abatement options can be divided into two parts.
First, the noise exposure is computed as a function of the individual vehicle noise levels.
The goals of exposure reduction can then be restaled as goals of vehicle nolse reduction.
The second part is the evaluation of options, or camhinations of options, in achieving
these vehicle noise reduction gools. Cne alternative depends upon regulatory actions
which are stated in terms of some limitation on vehicle operation or design. The direct
effect of a regulation is to change the statistical distribution of the nolse levels of vehicles
operating on the highway . The change in the average nolse level con be calculated on
the basis of the chenge to the distribution. For a given scenario, this change is generally
time dependent. The kinds of regulations and the required noise control technology needed

to achieve desired abatement goals may then be determined.

WYLE LARBORATORIES
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The basic options considered in this siudy are those related to vehicle source con=
trol, because these provide benefits wherever the vehicle operates. A comprehensive
national strategy should alse include opplications of local measures such as traffic monage~
ment and barriers. These measures are implemented fo provide obatement to areas which
are exposed to noise significantly above the nationol average. Appendix A contains an
analysis of the patential national benefit of one local measure, barriers. The two opproaches
supplement each other, in that vehicle controls reduce national averoge exposure, while
local measures mitigate worst cases relative to average. Bacause of this supplementary

relation, it Is not reasonable to consider trade-offs between the two.

Most of the elements required for this study are already established, Reference 1
provides both a highway noise medel which clearly defines the relation between highway
and vehicle levels, and a model for computing the change to overage vehicle level as o
function of noise abatement scenarios, These two models are reviewed briefly in Sections
1.1 and 1.2, For the present study, the highway noise mode! is modified and combined
with population Information to give community exposure in the present and the future. The
calculation approach, discussion of assumptions and dota used, and caleulations for saveral
baseline scenarios, are presented in Section 2.0, A discussion of vehicle noise gools

required to achieve given exposure reductions is contained in Section 3.0,

Although the computational elements required for this study were already estab=
lished, it was necessary to develop new computer programs to perform the calculations.
Because of the nature of the calculations, the final computational package consisted of
o system of several programs. The function of each program, and their interrelationships,

are discussed in Appendix B,

1.3 Highway Noise us a Function of Vehicle Noise Level

When a single vehicle moves aleng a highway, the resulting noise level at a
receiver Jocation near the highway is a function of the vehicle noise characteristics,
time and the distance of the receiver from the vehicle. The most common representation

of the noise level produced by a single vehicle Is the moximum A=weighted sound pressure

WYLE LADORATORIES
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level™ observed as the vehicle passes a microphone ot o reference distance of 50 fect

(15 meters). To compute the time history, it is generally assumed that source character~
istics are omnidirectional « o reasonable assumption for many vehicles (see directional
data in Reference 2, for example). Even for vehicles with non-symmetric source patterns,
where the maximum level does not correspond to the vehicle being nearest the measure~
ment point, a symmetric effective source can often he assumed with respect to the time

of maximum level.

For traffic flow with many vehicles, the noise level at a given time is the com=~
bination of instantaneous levels from all vehicles. To compute the energy-equivalent
noise level, Le ; the noise contribution from each vehicle is expressed in terms of jis
energy-average value and then summed over all vehicles. [t is shown in Reference 1 that

the value of Leq at a distance d for a single lane of vehicles with pass-by level | Is:

frd2 Q

= -2
Leq = L + 10[0910 Vi {1

where do is the distance at which the reference vehicle noise level L is measured,
Q s the number of vehicles passing per unit time, and V 1s the vehicle speed. Propa-

gation losses, other than geometrical spreading, are not included in this expression,

Real traffic contains o varlety of vehicles with different pass-by levels, Figure |
shows a typical statistical distribution of truck noise levels obtained from roadside meas-
urements at 50 f'eel‘ft To aceount for the distribution of vehicie noise level, the quantity
L in Equation (1) is replaced by the energy-average noise fevel of the distribution, denoted

by L%9.** This formulation also permits several vehicle classes to be handled, as shown
in Section 2.2.1,
The modeling of highway noise must olso include propagation losses, speed varia=~

tlons and different lanes or separate roads, Incorporating propagation foss in the form of

power law excess urtenuarion,l the expression for Leq far a single lane of vehicles tray=

elling at a single speed becomes:

* Al sound levels discussed in this report are A-weighted values in dB re: 20 HPA,

** In this study, L®9 represents the fleet energy~average of the maximum pass-by levels
at 50 feet, 5
WYLE LADGRATORIES
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Maximum Pass=by Level, dB
Less Than 35 mph (56 kmh), Based on Data in

Reference 4,

75
Figure 1. Noise Level Distribution of Trucks in Speed Zones

70

1 1 £ 1 1 ] t 1 1 [} 1 1 1
o o o o o p—
@ =R 28 8§ 8 2 = ald ™ 0

95~
0 =

99
98 -

[3497 uan19 o Butpsaoxy syant] jo abojuanisg

S G A G e Y e T e A G TS 0t S o T G TR et IR IR m...»r.h 171 271 T

LTI I ar e ST M e, L) T AT e e i s ey .
S T e T T L A B R R LT A e el BRI TS vy Lt Y A e ni SR i et i e o Py R R e —tem— :



ATPRI T T

O

-'J

2.2

]

i

R Jey

L

[

.

eq ndoQ do
Leq =L+ lOloglo v + 'IOKIc:g]0 - G (K} {2)

where K is a propugation constant with a value hetween 1 and 3, and G (K} is a func=
tion of K with o value between 0 and 3 dB. G (K) accounts for propagation losses from
distant road elements, and is derived in Reference 1, For typical ground surfaces adjucent

to highways (short grass, dirt), K = 1,5 and G{K) = 1.2dB.

Cases of varying speeds, multiple lanes and multiple roads are handled by com~
puting Le separately for each speed and lane, ond then combining the levels. For the
present purpose of calculating total highway noise exposure and evaluating scurce obate-
ment options, Equation (2) contains the essentials of the noise prediction model. The
most significant result indicated by Equation (2) is that the quantity Leq is directly pro=
portional to L%9, The quantity L®% is thus used fo represent the average source strength

of all vehicles at a given speed by means of a single numher.

For an evaluation of noise exposure, the number of people expaosed to various
levels (Leq' or Ldn if the day/night split is known) is caleulated, If the traffic flow,
road length and paopulation density data are availcble, the number of people exposed to
various levels can be determined by solving Equation (2) for d to give the distance to a
given L contour. The exposure may then be described as a statistical distribution of

population vs. exposure level, as in Reference 5,

The formulaHen of this approach and the assumptions made are presented in Sec~
tlon 2.0. The telation between exposed population and L% is a one-to-one functien,
so that o calculation of exposure in a given year can be made for various changes to L9,
The evaluation of options then requires only the calculation of L%9 as a function of time

for o given source control scenatio.

1.2 Vehicle Noise Level as a Function of Abatement Procedures

Motor vehicles on the highway have rather heterogeneous noise characteristics,
Figure 1 illustrates this in a form related to the cumulative probability distribution for
medium and heavy trucks at low speeds:1 As noted above, the level corresponding to
the average vehicle intensity weighted over the vehicle population is designated by L%,

Mathematically this is written:
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L9 = 10 log, U;(L) 1010 dL] )

where p(L) is the vehicie population probability density function (infinitesimal fraction
of vehicles exhikiting a level within the interval dL about L}, normalized so that
fp(L) dl = 1. The quantity p{l) 101710 proportional to the distribution aof acoustic
energy among the vehicle population. Figure 2 shows the population and energy distri-
butions for the sume vehicles as Figure 1. The population distribution shows the fraction
of vehicles exhibiting a particular level. The energy distribution shows the fraction of
acoustic energy associated with vehicles at that level. The ratio between the two dis-
tributions [s the acoustic energy per vehicle, Since the louder vehicles have proportion-
ately greater contribution to L°, regulations should obviously be aimed initially at

eliminating the noisy extreme of the population.

Two basic regulation types can accomplish this goal of eliminating the noisiest

vehicles, These ara:

¢  Operational limits, where existing vehicles would not be pemitted to
exceed certain pass=by levels, Vehicles below these levels would not be
affected while those exceeding the limits would be brought into compliance
by repair, retrofit, or elimination. An operating limit in principle elimine
ates the noisy end of the distribution in an ideal way. In practice, it is
expected that repaired/retrofitted vehicles would be somewhat elustered
just below the limit, Also, o certain degree of non-compliance must be
expacted, Figure 3 illustrates what the distribution of Figure 2 might look
like after establishment of an cperational limit of 88 dB.

o New vehicle standords, where new vehicles would be required to meet noise

standards. Figure 4 illustrates what the noise lavel distribution of new vehicles

* Speciflcation of a nolse limit carries some ambiguity due to variations between vehicles,
If a specified limit is an chsolule limit, then vehicle design must be aimed at o lower
value. A second approach is to specify a limit to design to, and allow o reasondble
tolerance for enforcement purpeses. This second convention is adopted in the present
study, so that Flgure 3 shows some complying vehicles above the limit although the
average level of retrofit vehicles is within compliance. The quantitative treatment
of this convention is discussed in Section 3.3, 1,

6
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might be ofter the establishment of a new vehicle standard. Nolsy vehicles
manufacturerd before the standard would be eliminated from the total popule-

tion by atirition over a period of years.

An effective control plan might consist of combinations of the hwo regulation types.
The regulations could be applied in different years and periodically be mode more stringent.
For a given regulatory plan, the vehicle distribution changes yearly with a corresponding
change to L%9. A computer progrem (HINCSAM) is presented in Reference 1 which per-
forms this calculation for any arbitrary scenario of these two regulation types. HINCSAM

Isused in Section 3.0 to evaluate various types of regulation scenarios.

A third type of abatement through regulations Is the intreduction of reduced speed
limits . Vehicle noise levels generally increose with speed; reducing speed can therefore
be upplied as a local measure as well as a national regulation. Applied nationaliy, it
would shift the entire noise distribution downward, offecting quiet vehicles as much as nofsy
ones. It is atractive, howaver, because no vehicle modifications are needed, Becouse it
is a promising upproﬁch te local control, and its effect can be computed as an effective
source reduction, a reduced urban truck speed limit (45 mph} is included in the scenarios

considered in Section 2.7.
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2.0 NATIONAL EXPOSURE TO HIGHWAY NOISE

2.1 Calculation Approach

Cualeulation of highway noise exposure in a given region requires the following

steps:
o  Gathering of traffic flow information for all roads in the region.

o  Caolculation of the distance fram the road te various noise level contours,

then multiplication by road segment lengths to obtain areas exposed.
s  Gathering of population density data far the region.

s Cumulative summation of the product of exposed areas with population

density to obtain the total number of people exposed,

For a specific city this procedute is straightforward., The computational model is described
in Section 2.2, For the calculation of national exposure, it is not practical to compute
noise for every street in the country, A statistical approach must be taken, with national
exposure projected from calculations based on a representative sample of reliable local
data. The approach taken in this study was to calculate actual exposure in @ number of
selected cities of various sizes, then apply fractions exposed to the total populations of
all cities in these size categories, This represents a practicol adaptation of a generl
approach bosed an cbtaining joint distributions of traffic, highway mileage, and popula-
tlon for the entire nation.. The distribution of U.S, population and the selection of cities
are diseussed in Section 2,3, together with projection to future years. The growth of
vehicle use in the future is discussed in Section 2,4, Present and future vehicle noise
levels are discussed In Section 2.5. Baseline noise exposure in urban and rural areas is
presented in Sectfon 2.6, and future noise exposure for several abatement scenarios is

presented in Section 2,7,

2,2 Computational Mode]

2,2,1 Madel Formulation

A calculation procedure has been developed to compute noise exposure in a given

city. The noise calculation is based on Equation (2). The assumptions inherent in this

model are:

i :
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s Freely flowing taffic except near traffic lights

s Simplified carrection for stop-and~-go traffic near lights

]

e Single=lane approximation

| e Straight~road model

H

These approximations, except for the stop-and~go correction, are discussed in

detail in References 1 and 3 and are reasanable for the present study. The stop-and-go

i

model| employed is discussed in Appendix C.

i

'3 Equation (2} is solved for d to give distance to a given Leq contour as a function
of Leq’ propagation constant K, traffic volume, and speed. A computer program has

G been written which accepts this information together with population data for a city, The
city is divided into tracts, areas over which populution density are assumed constant, For
u D each tract, the following data are required:

[..4 e Area of tract

_ ; e Population of tract

3
'y

Propagation censtant, K

Road and traffic information. The highway system is divided into elements

3
.

for which traffic conditiens are constant. For each element, the program

g | requires:

i

' - Average daily traffic
(]

. {f = Percentage of trucks

~  Traffic speed
«  Length of road

= Number of traffic lights per mile

i

i: -

A clity may be divided into any number of tracts. Roods within a tract may be

: divided into as many elements as necessary to describe accurately traffic conditions. In

ix

practice, road elements are defined In as much detail as available traffic flow maps provide.

Two classes of vehicles are considered: automobiles and trucks. These are the

[

major types of vehicles on the highway. Other vehicle types do not exist in sufficient

12
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numbers so as to affect significantly the nationwide exposure expressed as Leq. For

simplicity, buses are included in the truck category.

If fleet energy-average automobile and truck noise levels are given by L;‘q and

Leq’ respectively, it fotlows from Equation (3) that:
T resp y q

. Ly/10 L1310

159 = 10log,, (i ~n) 10 + 710 )
where n is the fraction of trucks. The program thus caleulates exposure as a function of
qu and L?rq ¢ permitting separate evalvation of automobile and truck noise abatement.
The program can be extended easily to allow other vehicle classes, if this refinement is

ever considered to be necessary.

Although the program permits unlimited varlations in vehicle speed, numbers of
traffic lights for each road element, and tract-by=tract varlations of the propagation cons
stant, limited availobility of data requires the following three assumptions:

o K = 1.5 everywhere, Thisis a typical value observed in roadside measure~
ments over clear terrain,]‘a and is the value most often used in highway noise
design guides.

¢ Only two road speeds are considered: 55 mph (88 kmh) and 35 mph (56 kmh).
Actual speeds are known only In specialized cases. Freeways, rural roads,
and major arterials in lightly populated arecs are considered to be high speed,
55 mph (88 kmh). Utban streets and secondary suburban roads are considered
to be low speed, 35 mph {56 kmh),

o  Threa troffic lights per mile (1.9 per kilometer) in all utban arecs, based on

data summarized in Appendix C.

2.2.2 Model Caleulation

The noise model performs the following calculations:

e  For each road element, distances to Leq contours of 55, 60, 65, 70, 75, and
80 dB are computed.

13
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e Distances between successive contours are multiplied by road element length
to give area exposed to Le bands of 55-60, 60-63, 65-70, 70-75, and
75-80 dB. It is assumed that there is a 50-foot (15 meters) setback with no
population, so that areas less than 50 feet (15 meters) from the road are not

counted,

e Areas formed between pairs of adjacent Leq contours are added over all road
elements within each tract and multiplied by population density of that tract

to give people exposed.

s The numbers of people exposed to each Leq band for each tract are then

summed over all tracts to give the total exposed in the city.

2,2,3 Representation of Exposure

The kasic output of the program is the total number of people living within the
five Le bands noted above. This is integrated to give the cumulative distribution of

people exposed to levels greater than a particular Leq' the format of exposure in Reference 5.

Representation of exposure in terms of day-night equivalent level Ldn requires cal=
culation of day and nightlevels. Traffic flow data used in this study generally gave anly
24-hour averages. Some day-night splits were available from specific fraffic-counting
stafions. These data fall in the range 86 percent day/14 percent night to 8% percent day/
11 percent night. Assuming on 87/13 split {the most typical value) for both automobiles
and trucks, L dn is simply related to the enérgy-averuge over 24 hours, Leq(24) . by

L

dn = Loq@4) + 3,348 (5)

Exposure in terms of L, may be obtained by shifting appropriately the axes of the Leq

distrlbutions.

As a basis for general comparisons, it is useful to represent exposure by a single
number, rather than the complete distribution. Within this study, besic discussions of
exposure are in terms of the number of people exposed to L dn = &5 dB. This is a reason=
able selection of a jevel ubove which adverse noise reaction would be expected, For

example, Tt corresponds approximately to NEF > 30 used for aircraft noise analysis.

14
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The use of by 2 65 dB should not be taken here as a selection of a criterion, however,
but as an example. Porallel calculations for the number of people exposed to Ldn 2 60,

70 and 75 dB are presented in Appendix D.

2.3 Population Mode| \
2.3.1 Population in 1970

Table 1, bosed on data in Reference 6, shows the distribution of the 1970 U.5, i

urban population living in places of 2,500 people or more, This table covers 133,500,000 E
people of a total 1970 wban population of 149,400,000, The distribution is arranged %
according to total size and average population for each place. Eoch city has sections f
!

i

where population density varies considerably from the mean.

The approach taken in the present study is to select sample cities of various size
and density, compute exposure based on local troffie and pepulation data, and use Table '
fo project this to the total urban population. Rural exposure is estimated separately, as .

discussed in Section 2.6.2, and Is negligible in comparison to urhan exposure.

Table 1 represents a joint distribution of city size and average city-wide popula-
tlon density. It was desired that sample cities be selected which give o good represen= ;
tation of the distribution of city size and local populatian density. Local density was !
considered to be Important because of the microscale nature of the exposure caleulation. =

City size is important because it can have an overall effect on local conditions, e.g., one

city with a population of 200, 000 weuld not necessarily have the same local conditions
as ten cities each with a population of 20,000 and similar average density. Withina
given city.rhere is o distribution of local population densities. It was therefore decided
to select cities of various size whose average densities were average among cities of that

size. The varialion of total size, and the tract~to~truct variations of density, would thus

provide the desired distribution.

A list of candidate cities wos selected partly on this basis, and partly by using ;

eriteria similar to those used in Reference 7 to select a "typical® medium city” Table 2

* The criteria defined in Reference 7 were that a city have the highest number of
median values of parometers assumed to Influence indirectly community noise (i.e.,
population density, vehicle ownership, transportation industry activity, etc.).

15 :
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Table 1

Approximate Percent Distribution 1970 Population in Urban Places*
With Population Over 2500 as @ Function of Population Density

1
Density Per Square Mile ‘

Population | <1000 | 1-2000 | 2-3000 | 3-4000 | 4-¢C00 | 6-10,000 | 10-15,600 | 15-20,000 | >20,800 | Tota! %=
>1 Mitlien ' 6.9 2.0 (@1 (e 5.7 13.4
r_.- o— —— — — p— — —— r—— — aa— —— —— o — — — ——— ———— ———
500,080 ~ 0.5 1.5 2.6 1.0 2.4 1.5 0.5 - 10,2

1 millien ) @

250,000 - 0.8 0.8 2.0 1.8 1.5 0.2 0.5 - 7.7
| 000 | L e | |

100,000 ~ 0.8 2.8 {9 2.2 3.4 1.5 0.4 0.2 - 1.5

259,000 @)

%)

50,000 ~ 0.2 1. 2.7 1.9 2.9 2.7 0.6 0.2 0.1 12.4

100, 800 ‘

25,000~ | 0.6 2.3 3,0 1(0)2.3 2.7 1.8 0.5 0.1 0.1 13.4

50,000 < . :

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 | 27 | 2.3 1. 1.0 | 0.6 0.1 <0.1 <0.) 9.4

10,000

2,500 - 1.6 2.0.| 1.3 0.5 0.3 0.1 <0.1 <0, <0,1 5.9

5,000

Totel** 6.2 | 13.3 | 18.2 15.9 | 15.6 14.3 5.1 5.5 5.9 100%

{1) Chicago, Iil.
{2) Detrait, Mich.

ke 1

i et bt

(6) Lexington, Ky. *
{7} Spokane, Wash,

(3) Milwaukee, Wis. (8) Jackson, Miss, ww
(4) Columbus, Ohie
{5) Rochester, N.Y. {10) Bismarck, N.D.

(?) Paducah, Ky.

As defined in "Population of Places of 2,500 or More: 1970
and 1960", PC(51)-26, U.S. Bureou of Census,

Total of 133,5 x 106 living in 6,435 places considered in
PC{s1)-26.

*** Numbers corresponding to sample cities are graphically
located, with rows and column headings treated as approximate
coordinote axes,
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lists the final selection of ten cities which were used in this study. They were grouped
into four size categories noted in Table 2. The size and density ranges for the cities are
also noted in Teble 1. The numbers in parentheses are located graphically on Table 1

with row and column headings treated as approximate coordinate axes, Llocal traffic

authorities were contacted in candidate cities to ebtain traffic flow maps and volume

data. Population data were obtained from 1970 Census Bureau tract re:pm'f:i.8

Table 2

Sample Cities and 1970 Population Statistics

. . . Papulation | Population Density
Size Category | Population Range City (Thousands) | (People Per Sq.Mi.)
& Chieage, Il 3,367 15,100
Very Large >10 Detroit, Mich, 1,511 11, 000
6 Milwaukee, Wis. N7 7,500
Large 250K = 10 Columbus, Ohio 540 4,000
Rochester, N.Y, 296 8,100
Lexington, Ky, 108 4,700
Medium 50K - 250K Spokane, Wash. 170 3,400
Jackson, Miss, 154 3,100
Paducah, Ky, 32 2,700
Smal| < 50K Bismarck, N.D. 35 3,200

WYLE LARBORATORIES



TATAR aperms e

PSP

e g s o

T A T i

S i e LAY

|-

wi
e

g

i £33

i
e &

t

—

r

4
———

—

U

Table 3 shows the distribution of the U.S. population (1970 census) according to
the four cily sizes defined here plus rural population. The noise exposure for the entire
nation is obiained by multiplying the fraction of people exposed in cities of each size

category by the population totals in Table 3.

Table 3
Total 1970 Urban™ and Rural Populations
Category Population Total %
Veryglare Clty | 20,2 x 10° 10.0
Large City 6
ook 10 26.6 x 10 13.1
pedium City 6
e o 35,6 x 10 17.6
Small City ]
<50K 66,3 x 10 32.7
Rural 53.8 x 108 26.6
TOTAL 203 x 10° 100.0

* Includes the 133.5 x 10° tobulated in Table 1 plus
population living in urban areas not considered fo be
places or which have a population of less than 2,500,
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2.3.2 Population in Future Years

In years beyond 1970, the population of the U,S. will change in two ways:
first, there will be an overall growth; second, there will be a shift in city size and

density, so that the distribution will chonge from that shown in Teble 1.

The approach taken in this study for future years was to retain the city size cate~
gories as defined in the first column of Table 3, and to develop growth factors for each
size category. The demographic dota for each of the sample cities are unchanged, with
the viewpoint thal they were chosen as examples of a particular size and density, and
not for their own soke. For example, IF population were to double, there would be twice
as many cities in the medium=size range, so that the exposure calculated for Lexington,
Spokane, and Jackson in 1970 would be projected to twice as many pecple. The 1970
demographic properties of these three cities are assumed to correspond to the future prop=

erties of whatever cities are then typical in this size category.

This approach carries with it the assumption that the correlation between density

and eity size does not change significantly in future years,

To develop future populations for the city size categories, population projections
through 1990 made by the U.5. Department of Commerce9 were used, These projections
were based on demographic and economic analysis of Census Bureau data, The overall
growth is keyed to the Census Bureau's series "E" national population projection, which
assumes a fertility rate in 1990 roughly the same as the current rate. The projections in
Reference 9 give future populations for the nation as a whole and in each of 253 Standard
Metropoliten Statistical Areas (SMSA). The SMSA's are individually defined to include
complete metropelitan areas, not just the area within a city's boundary. For an essen=
tially self-contained city such as New York City, the SMSA includes a relatively small
area outside the city boundary. For a city with extensive adjocent suburban arees, such
as Washingten, D.C., the SM5A includes a regional population several times greater
than the city itseif. It is typical for an SMSA to have twice the population of the city

it contains.,

Figure 5 shows the distribution of present and future SMSA sizes. The figure shows
the fraction of total U.S, population living in SM3A's of a given size or greater in 1971,

19
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1980, and 1990. These distributions were developed directly from the data of Reference 9,

and correspond to the years given therein® The distributions are quite similar, and fall
close to a log normal distribution, The departure at small sizes is because the SMSA's
do not represent a complete sampling of smaller cities. The consistent behavior of the
SMSA size distribution supports the assumption that the city size/density relationship of

Table 1 will not significantly change in character as total national population increases.

Growth factors for the four clty size categories were obtained from growth of
similar categories of the SMS5A's, Table 4 lists the city size categories and the corres~
ponding SM3A size ranges. The SMSA size ranges were determined by grouping SM5A's
according to the 1970 population of the central city of each, so that these groupings

reprasent approximately the same cities as the original city size categories,

Note that the distributions in Figure 5 show more people in each size category
than Table 3 shows. This is because the SM5A's contain surrounding suburban areas as
well as the core cities. In the present study, the SMSA data are used only to obtain

growth rates, and it is assumed that the growth rate of a city is the same as for the SM5A.

Future growth factors were determined from the total population of SMSA's with
future populations within the four size ranges. Growth factors were determined for the

intervals 1971-1980 and 1980-19%0, correspending to the years reported in Reference 9,

Table 4

Centra! City and SMSA Population Ranges
for City Size Categories

Size Category City Population SMSA Population
Very Large >10% >3 x 10
Large 250K - 100 500K -3 x 105
Medium 50K ~ 250K 100K - 500K
Small < 50K < 100K

2]

* Reference 9 contains population data for 1950, 1969, 1971, 1980, and 1990.
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Intermediate years were calculated using an exponential interpolation; years from 1990~
2000 were calculated using an exponential extrapolation at the some growth rate as the
1980-1990 interval, Because the SMSA's did not contain an adequate sampling of smal!
cities, growth of these was assumed fo be the same as for medium cities. This may have
resulted in an underprediction of small city population, Noise exposure in small cities
is relatively small (see Section 2.6), however, so that the total national exposure would

not be greatly affected,

Table 5 lists the population in each category, plus total U.S, population for 1970,
1980, 1990, and 2000,

Table 5
Estimated Distribution of U,S, Papulotion by City Size Category
Population (Millions)

Size Category 1970 1980 1990 2000
Very large 20.2 23.0 26.2 29.9
large 26.6 29.7 34.1 3.1
Medium 35.6 36.8 38.0 3%.2
Small 66.3 68.6 70.8 73.1
Rural 53.8 64.9 76.9 90.1
Total U.S. 203 223 246 27

2,4  Future Motor Vehicie Utilization

. Estimates of future motor vehicle utilization, in temms of vehicle mileage, were
obtained from two recent interagency reports .]O’ n These reports represent the most recent
projections for future motor vehicles, and form the basis for fuel consumption estimates.
Some aspects of future-use projection in these two reports may not be entirely satisfactory
when opplied to the present study . This is far outweighed, however, by the benefit of

being consistent with other studies which utilize this data baose.

22
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2.4,1 Automobi les

Future projections in "The Report by the Federal Task Force on Motor Vehicle

Goals Beyond 1980“]0 assume a 2-percent-per=year growth rate for new car sales, Total

fleet size and vehicle miles travelled increase at slightly faster rates. This is for the

baseline cuse of autemobiles essentially unchanged in design from the present. Several

alternative scenarios of fuel-efficient and improved safety automobiles are considered.

An economic analysis waos used fo estimate automobile use for these scenarios, rolative to

the baseline scenario, The alternate scenarios, which all include better fuel economy,

result in greater vehicle use than baseline, The most extreme scenario results in opprox-~

imately 15 percent greater automobile vehicle miles in the year 2000 thun for the baseline

case. In thé present study, a Zepercent-per-year increase in automobile vehicle mileage

is used for the baseline case.

2.4.2 Trucks and Buses

Future projections in "Interagency Study of Post-1980 Goals for Commercial Motor

Vehicles"” are based on a combination of historic trends, projections of freight move~

ment needs, and economic analysis. The truck fleet is divided into six weight categories,

summarized in Table 6. Truck and bus fleet size and annual vehicle mileage for 1973 are

shown,

Table 4

Truck Size Categories, and 1973 Truck and Bus Fleet Size & Mileage

" Annual Vehicle

Size Category GWW (Pounds) Fleet Sizo Miles (Millions)
HI-V 10,001-19, 500 1,595,000 15,200
Vi 19,501 -26,000 2,143,000 18,400
Vit 26,001-33,000 424,000 2,900
Vill over 33,000 1,134,000 60,900
Busas - 467,000 5,700
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Reference 11 placed emphasis on Categery VI and VI trucks, so that future
projections for these are more reliable than for the other categories. This emphasis was
taken because these two calegories account for the majority of truck fuel consumption,
which was a major consideration of Reference 11, This emphasis is consistent with the
needs of the present study, Categories HI-V include many non-commercial vehicles,
and future use of these is not expected to Increase significantly relative to the other
categories, These are also the quietest of trucks, with noise levels much closer'fo those
of automobiles than to those of heavy trucksf" 12 It is usual to consider only categories

VI, VIl and VIII (GVW > 19,501 pounds) as trucks when predicting roadside noise Ievels.]

Of these three categories, VI and VIII account for almost 90 percent of the vehicle mileage .

Reference 11 provides present and future mileage projections for local, short=haul
and long=haul use of each category of truck. Trends in use (e.g., Category VIII for
intercity hauling and VI for local deliveries) are discussed. It should, in principle, be
passible to estimate future growth of each categery separately for urban and rural areas.
In practice, however, not enough detail is presented in Reference 11, Data for long and
short havl are not subdivided according ta rural or urban, Long=haul trucks also include

some mileage through urban areas.

For use in the present study, a truck mileage growth rate of 2,4 percent per year
has been assumed, This is consistent with the overall {all trucks plus buses) growth in
Figure I-7 of Reference 11, The growth of Category VIII trucks alone is approximately
2.2 percent per year; of Categories VI, VII, and VIII trucks together it is 2.9 percent,
The potential error involved comparing the range 2,2 percent to 2.9 percent with the
value of 2.4 percent used here is equivalent to about a 1/2 dB or less difference in road-

side noise levels,

2.5  Vehicle Noise Levels

2.5.1 Existing Vehicle Noise Levels

Besed on roadside measurements of automebile noise, the existing 1%9 for auto-

mobiles is given by

L3 = 71,4 dB + 32 log, , (V/55) ©
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where V is vehicle speed in mph. This is based on data reparted in Reference 13,

and is consistent with data from o variety of sources summarized in Reference 14,
Based on roadside measurements of truck ns:ui.r.e:jr L%9 for medium and heavy trucks,

prior to the introduction of the Interstate Motor Carrier Regulations, is given by

87.5dB + 20 log, - (V/55), V > 35mph
189 = 10 @)
T 83.6dB , V < 35 mph :

Equivalent levels neat traffic lights are discussed in Appendix C,

2,5,2 Component Noise Levels

An important objactive of the present study is to identify needed technology —
in terms of component source noise fevels — required to achieve specific goals. There
are a humber of component noise sources an motor vehicles, Most vehicle noise sources
are part of the driveline (engine, fan, exhaust, etc.), however, and their inferrelation-
ship is reasonably well understood, e.g., for trucks from the DOT quiet truck program .‘5
Similar information for automobiles will soon be available from current automobile noise
technology studies sponsored by EPA, Tires are the one major noise component which
cannot be grouped with driveline companents. It is therefore necessary to consider only

two source components for each vehicle type, i.e., tires and driveline.

Comprehensive data of the type used to develop Equations (6) and (7) are not
available for tires and drivelines separately, However, it is well established that tire
noise has o 40 logl0 \4 dependence,lé while the speed dependence of driveline noise
is substantially less. I the relative contribution of tire and driveline noise is known at
some speed, then Equations (6} and {7) could each be decomposed into a tire noise rela-
tion with this speed dependence, and o driveline noise relation comprising the rest of

the tofal,

Cne such decomposition is

Automobiles:
Lgf: = 69.3 + 40log,, (V/55) , tires o
Li?:] = 67.3 + 23.7 log; (V/55) , driveline
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Trucks (V2 35 mph):

eq = H .
LTt 85.2 + 40 |c>g]0 (V/55) , tires o
L%-: = 83.6 + 6 Iogw (V/55) , driveline

These relations are shown in Figure 6. [t should be noted that Equations (8) and (%) are
consistent with (6) and (7) only at 35 mph and 55 mph, Points between are opproximated

with straight lines on a semi-log plot of noise leve! and speed.

It should also be noted that Equations {8} and (%), and Figure 6, are somewhat
athitrary, since Equations (8) and (7) and the 40 Ic:g]0 V speed relation are not sufficient
to detlve source decomposition, The decomposition given here should be treated as an

example. Howaever, the decomposition must fall within the constraints that:

e  Neither compenent may exceed the total within the speed range shown,
s Noise at high speeds is dominated by tires,

¢ Noise af low speeds is'dominated by driveline.

Within these constraints, any source decomposition must lie within approximately

+ 2 dB of that presented here.

2.5.3 Future Noise Levels

Because of the growing shortages of fossil fuels, it is expected that there will be
changes in the configuration of motor vehicles. The major reason for the studies reported
in References 10 and 11 was, in fact, to assess these chonges from a viewpolnt of improved
fuel economy. It is possible that vehicle configuration changes due to improved fuel
economy may result in changes to noise levels. Any ossessment of future noise impact

must include an evaluation of these changes.

Future Automobile Noise Levels

. . . & P
Automabile noise levels, In terms of LA?’ may change in two ways:

s Shift in fleet mix to different size cars, which have different naoise

characteristics,

e  Change in noise due to different technology, e.g., Diesel engines instead

of Otto, 24
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Recent measurements of noise from 1977 medel t:tutc:mt:obiles17 indicate that current
small automobiles are 5 to & dB lovder than large when operated under 0,159 accelera-
tion, while there is no consistent correlation with size under cruise conditions. Limited
data for Diesel-engined qutornobiles17 indicate that they are approximately 5 dB louder
than Otto~engined automobiles under cruise and acceleration conditions. An increase of
5 to 10 dB in automobile noise is thus possible if the automobile fleet were to become pre-

dominantly small with a large fraction of Diesels,

This kind of shift is not expected, however. Reference 10 considers projections
thraugh 1995 for several alternative fleet mix scenarios, defining cutomobiles as large
{6 passenger}, medium (5 passenger), and small {4 passenger). The present automabile
fleet consists of 50 percent large, 25 percent medium, and 25 percent small. In the base-
line case, with automobiies as today, the new cutomobile fleet will cansist of 60 percent
large, 25 percent medium, and 15 percent small (Figure 7«8 of Reference 10). Projections
for other scenarios result in new autamobtle fleets of 50 to 60 percent large, 25 to 35 per-
cent medium, and 15 to 25 percent small. Any shift in mix withir these limits would
result in L:iq changing by less than 1 dB, If a great shift to small automohiles occurred,
Liq would increase by 5 to 6 dB under acceleration. Acceleration accounts for less than
one~third of the operating condition on low=speed roads (see Appendix A), so that the

increase to L;q averaged over operating modes would probably be no more than 2 to 3 dB,

A change in engine type could result in higher levels. Since Diesels are about
5 B louder than Otto-engined automobiles, Liq would increase 5 dB If o complete switch
to Diesels occurs, Again, this is not fikely, Reference 10 does not provide a firm basis
for estimating potenticl changeover to Diesels, but it is consistent with Reference 10 to
assume 25 percent of the fleet could be Diesel powered by 2000, This estimate would
result in L;q increasing by about 2 dB,

From the above discussion it appears that there will be an increase of less than
1 dB due to fuel economy considerations, unless there is g substantial shift to small auto-
mobiles and/or Diesels. In either of these cases, LZq may increase by about 2 dB, The
baseline impact caleulations in the present study therefore assume no changes in L7,

with the effect of u 2 dB Inctease in the year 2000 calculated as an alternate scenario,

28

WYLE LADORATORIES

e e o et s



LT T e e b R

AT T s i

i}

iz

£ TN fmm Sy e ST

e L L L ey —p——

O R WO |

3

[

3

I

.23

3

.

Future Truck Noise Levels

The shift in truck fleet mix, in terms of data on vehicle mileage discussed in
Section 2.4.2, is not substantial enough to affect Le.F‘ significantly. There will, how~
ever, be a shift to more Diesel engines. Table 7 shows the percentage of vehicle miles
associated with Diesel-powered trucks in 1973 and 1990 for each size categery, and for
all trucks. The change to Diesels would result in less than a 1 dB increase in L?I.q even
if Otto engine truck noise were negligible compared to Diesel noise. Even this slight.
increase in noise is not expecfed to occur, however, because Diesel trucks are and will
be subject to noise regulations. These regulations will be felt mest on new trucks, so
that new Diesels will not be significantly louder than Otta trucks, The change in future
Le.l.cl will then be almost entirely due to current and proposed truck noise regulations.

Table 7

Percentage of Truck Mileage Due to Diesels*

Truck Size Category™*

H=y { VI viIL | vl | All

1973 0 7 49 84 55
1990 0 65 21 98 82

%  Based on data in Figure 1«7 of Reference 11,

** See Table 6 for definitions,

2.6 Baseline (1970) Noise Exposure

" Noise exposure has been computed using 1970 (the year of the last complete
census) as the baseline, The general character of the exposure, including exposure s

a function of city size and rural exposure, is discussed here for the baseline year.

2,6,1 Urban Noise Exposure

Table 8 shows the calculated results for the four city sizes in terms of the fraction

of population exposed to vatious ranges of L dn® Naote thaot the percentage of popuiation
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exposed o a given level increases with city size. One~third of the total urban population
expased to Ldn > 65 dB is in very large cities which account for only 13,6 percent of
the urban population. Also note that the total fraction exposed to Lin 2 55dB for very
large cities is greater than one, while exposure to Ldn = 60 dB is almost one. This result
occurs because the assumption of exposure o only one road at a time is invalid in large

densely populated cities at low noise levels. In such cities, the residual noise level

“(which represents general background neise from many streets) is often 55 to 60 dB er more

so that some people are counted more than onee. It is consistent that the present calcula-
tion "saturates” at these levels, since the assumption that a glven individual is exposed
to noise from only one street is no longer valid, The predicted exposure to higher levels

Is not affected by this, however,

Table 8

Baseline Urban Population
Exposed to Highway Noise (1970)

City Size Fraction Expasure to Ly, Range™
55-60 [60-65 | 65-70 [70-75 | 75-80
\f%é‘"’ge 0.071)t| (0.497)+| 0.229 | 0.084 | 0.019
ore o6 | (0.640) 0297 | 0.13¢ | 0.044 | 0.009
it ok | 0419 | 0194 | 0.0 | 0.025 | 0.005
Small 0.200 | 0.093 | 0.032 | 0.003 *
A"‘"f}grga‘:f o1 0450 | 0.200 | 0.0%0 | 0.07 | o0.005

* Based on population totals given in Table 3.
** Less than 0,001,

t Calculated exposure not reliable due to non=linearities at
high population density and low noise level.
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2,6.2 Rural Exposure

Calculation of rural highway noise exposure in the same manner as urban exposure
would require traffic and population dato from a farge number of locations. An estimate
of rural exposure may be made, however, on the basis of available statistical data of rural
travel. Reference 18 presents statistical distributions of traffic volumes on all federally
funded highways in 1970, In rural areas, this constitutes the majority of traffic, Table 9
shows these data in the form of the number of miles of road with various traffic velumes,

Truck percentages are taken as 9 percent, the national average,

Table 10 shows the caleulated rural exposure, The areas exposed to various levels
are computed directly frem the traffic volume data in Table 2, assuming o 50=foot {15-meter)
setback. The population exposed is obtalned by assuming a density of 56 people/rniz, the
total U.S. population divided by the total area.

The rural exposure is small compared to urban exposure, and is prabably less than

the accuracy of the urban calculation, Rurel exposure is therefore neglected.

2,6,3 Boseline Exposure

The nationul exposure to highway noise is given by the values in Table 8, A more
useful s;spresentation of noise distribution is the cumulative distribution, i.e., numbers
of people exposed to noise exceeding a given level, This is shown in Figure 7 for 1970,
In addition to total exposure, Figure 7 shows exposura from high-speed (55 mph) and low-
speed (35 mph) roads separately. Exposure to nolse environments Ldn < 70 dB is primarily

due to low~speed roads, while mast exposure to Ldn > 70dB is due to high=speed roads,

The importance of stop-ond~-go traffic is also seen in Figure 7, Shown are expo-
sure distributions for no traffic lights, Low-speed exposure Ldn 2 65 db is about 20

percent tower if lights are neglected, with the difference greater ot higher noise levels,

The relative importance of autemobiles and trucks is shown in Figure 8. The
exposure distributions have been computed for automobiles and trucks separately. Note

that trucks are the dominant noise source for exposure to both high and low noise fevels.
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Table 9
Traffic Flow on Federally Funded Rural Highways, 1970
Average Daily Miles

]('z:g.;.; Interstate | Primary Total

<400 230 9,086 9,316

400 - 1K 769 36,453 37,122

1K « 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

5K « 10K 10,804 | 27,802 | 38,606

10K - 15K 5,131 9,164 14,295

15K ~ 20K 2,340 3,453 5,793

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

30K = 40K 234 353 587

> 40K 209 265 424

Table 10
Calculated Rural Population
Exposed to Highway Noise (1970)
Ldr! Range
55-60 | 60-65 | 6570 | 70-75 | 75 -80 Total
Aren (miz) 23,400 | 10,700 4,300 1,200 150 39,750
Pecple (millions) ‘
(56 noap o, /ml’}) 1.310 0.59? 0.241 | 0.067 | 0.008 2,225
Fraction of Rural | '6.0244 | 0.0112 | 0.00449 [0.00125 [ 1.6 10| 0.0415
opulution
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2.7  Exposure to the Year 2000

Exposure has been calculated for the period from 1970 to 2000 for several
alternative scenarios:

@ Novehicle regulations, This shows the growth of exposure due to population

and vehicle~use increases, if vehicle noise levels had remained unchanged,

e  Existing truck regulations, These are the regulations promulgated by EPA:
the Interstate Motor Carrier Regulation of 86 and 90 dB operating limits at
low and high speeds, respactively, effective in 1975, and the low=speed
new fruck standerds of 83 dB in 1978 and 80 dB in 1982,

o  Existing truck regulations, plus a 75 dB new truck standard Tn 1985,

o A 45 mph (72 kmh) urban truck speéd limit, in oddition to the two truck

noise regulation scenarios.

e A hypothetical improved Interstate Motor Carrler Regulation of 83 and 86 dB

at low and high speeds, respectively, efiective in 1985,

The effect of L:q increasing by 2 dB in 2000 is shown for the first three scenarios noted
above.

These calculations used vehicle and pepulation projections through 2000, The
reduced vehicle levels used for the truck regulatory scenarios were computed using
HINCSAM, which was discussed in Section 1.2, Specific features of the HINCSAM
calculation are discussed in Section 3.3, which contains a comprehensive discussion
of the effect of regulations on L9,

Figure 9 shows calculated exposure, expressed as number of people exposed to
Ldn 265dB, to 2000, Figure 10 shows exposure from high- and low=speed roads.
Table 11 summarizes the exposure for 1970, 1977, and 2000,

There are a number of specific features to be noted in these results:

1. With no change to vehicle levels, the number of pecple exposed would have
nearly doubled from 1970 to 2000. The fraction of the population exposed

would have increased by about 50 percent,
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Figure 9. Effect of Truck Nolse Regulations on Expasure to Lgn® 65 db
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Table 11
Summary of Exposure to Ldn > 65 dB for Several Scenarios
1970 1977 2000
Regulation Milllons of | Percent of Milllons of Percent of Millions of Percent of
Scenario People Population People Population People Population
[ —

No Regulations 17.6 8.7 20,8 2.4 34,6 12.8

Autos +2 dB in 2000 " - - — 37.7 13.9
Existing Regulations - - 17.8 8.2 21,6 8.0

Autos +2 dB in 2000 - -——— - —_—— 25,2 2.3
Existing'plus 75 dB New _— .
Truck Standard in 1985 - 17.8 8.2 17.8 6.6

Autos +2 dB in 2000 - ——— - -—— 21.5 7.9
Existing plus 45 mph
Urban Truck Speed Limit - ——— 17.0 7.8 20,5 7.6
Existing plus 83/B6
Cperating Limits in -- ——— 17.8 8.2 18.8 7.0
1985
Existing plus 83/86
Operating Limits plus - - 17.8 8.2 14.2. 5.3
75 dB New in 1985
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2. With existing truck regulations, the number of pecple exposed will increase
by 23 percent, while the fraction of total population exposed will decrease
slightly.

3. Adoption of a 75 dB new truck standard in 1985 would result in future num=
bers exposed being about the same as 1970, with a decrease in the fraction

exposed ,

4, The benefit from existing and proposed truck regulations is primarily at low

speeds, The existing motor carrier regulation reduces high speed exposure
by about 10 percent. A 45 mph urban truck speed limit would have a similar
edditional benefit,

5. Adoption of reduced in-use operating limits would give an immediate benefit

over the short term, After a number of yeers, a new vehicle standard (which

can specify a lower level) would provide still further reduction to exposure,

6. To fully realize the benefits of reduced truck noise levels, automobile noise
levels should not be permitted to increase. A 2 dB increase in qu in 2000 :

would negate the benefit of a 75 dB new truck stendard,

In addition to these specific features, the overall nature of thls projection is :

significant. Inelusion of growth in the present caleulation shows the change in exposure

[

to be a dynamic process, Abatement schemes must be dynamic as well, While the scen=
arios computed above show varlous degrees of short- and long-term chatement, after some
point they all display increasing exposure. To maintain some given exposure level,

vehicle noise limits must periodically be reduced. Because achievable vehicle noise

levels are always limited by available technalogy, there is a need for a continuing i

program of research and development in vehicle noise reduction technology.
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3.0  REDUCTION OF HIGHWAY NOISE EXPOSURE

31 Exposure for Reduced Vehicle Levels

The number of pecpie exposed to Ldn 2 65 dB in 2000 has been computed as a
function of vehicle noise level reduction. This is shown for low= and high-speed roads
in Figures 11 and 12, respectively. The quantities AL®Y are the difference between
assumed 1°9 ‘and baseline {1970) L9, Indicated on the figures are the number of people
exposed in 1970, and the three baseline cases of no regulations, existing regulations,

existing plus improved motor carrier, and existing plus 75 dB new truck standard.

Figures 11 and 12 show the relative significance of automobiles and trucks,
respectively, and the interrelationship of reducing the noise from each. From the no-
regulation case, reducing qu alone would give very little benefit, After LFf].q is reduced,
however, the AL;q curves become more widely spread, so that a significont benefit can
then be achieved by quieting automobiles. The Aqu =0 curve levels off at farge reduc-

tions to lf].q, so that exposure reduction is limited at some point if only trucks are quieted,

For an objective of reducing exposure fo a given number of people, the required
combination of vehicle noise reduction may be identified from Figures 11 and 12, For
example, o low speed exposure of less than 106 people could be achieved with the combin~

ation ALZY = =15 dB and LT =8 db, or with ALZY = =10 dB and ALY = -9 dB, ete.

The concept of altemate combinations of reductions between the two sources,
and limits of benefit of reducing only one, may be seen more clearly in Figures 13 and 14,
These are cross-plots from Figures 11 and 12, and show combinations of Aqu and AL?rq
required fo reduce exposure in 2000 to a given percentage of 1970 exposure, Shown for
reference on these and following figures are L\qu and ALE;' calculated for the year 2000
for threescenarios. The relation between a specific regulatory limit and L% is discussed
In Section 3.3. Note that the curves become parallel to the axes at large AL®Y; this
represents the condition where noise is dominated by one vehicle type, so that further
quieting of the other has no henefit. Note that quieting automobiles alone cannct make
the exposure in 2000 equal to or less than half of the 1970 exposure. Also, omong the
curves shown, high speed exposure cannot be reduced to 50 percent of 1970 and low speed

to 20 percent unless automobile noise, as well as truck noise, is reduced,
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3.2 Component Noise and Required Technology

A limiting situation similar to that seen in Figures 13 and 14 exists for vehicle
levels when the separate sources of tires and driveline are considered, If drivaline noise

were completely eliminated, vehicle levels would be given by the tire component of

Equations (8) and (?}); if tire noise were eliminated, driveline noise would remoin. Table 12.

summarizes the vehicle noise reduction, al®d , which could be achieved if noise from
only one of these two sources is reduced, based on the example source decomposition of
Equations (8) and (?). Shown for reference In Table 12 are the values of AL™9 expected
in 2000 due to existing regulations, without regard to how these are achieved with regard
to tires and/or drivetine, 1t is straightforward to note these values of AL op Figures 11
through 14 to see the limitations on impact reduction if only one source component is

reduced. Figures 15 and 16 show these limits on the same plots as Figures 13 and 14,

Table 12

Vehicle Nolse Reduction
Eliminating One Source Component Oniy

AL® (dp)

Component Low Speed High Speed
Eliminated Vehicle Type {35 mph) {55 mph)

Trucks - -2
Driveline

Automobiles -4 -2

Trucks -] -4
Tires

Automobiles -2 -4

Expected from | Trucks ~4.2 ~0.6

Existing
Regulations Automobiles —— -
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It is seen on Figures 15 and 16 that if driveline noise alone were eliminated,
low speed exposure in the year 2000 can be reduced to ahout half of the 1970 exposure,
while high speed exposure will still increase as population and traffic grow with time,
This kind of behavior is inherent in current and passible future truck regulations, which
essentially are limited to driveline noise, and is seen in Figures 11 and 12. To achieve
substantial reduction in exposure, i.e., reduce it to less than half of the 1970 expesure,

tire noise reduction will be required,

Tire noise generation mechanisms are not yet well understood, Measurement

studies, such as Reference 16, have determined the nolse levels of various existing tire

. types, and have established certain scaling laws such as the 40 Ic:g]0 YV relation, and

the effect of load and air pressure, A qualitative understanding of desirable and unde-
sirable tread designs have been achieved, and it is possible to identify the quietest
existing design. Beyond this empirical work, however, little understanding of tire noise
has been achleved, Several theories, based on conflicting assumptions, it the available
data equally weli. Until such time as tire noise generation mechanisms are better under=
stood, vehicle noise reduction will be limited by tire noise. There is a strong need for
basic tire noise research, ond this need will grow as reductions in driveline noise result

in tire nolse being more dominant.

3.3  Nolse Reduction’ Options

The general concepts of vehicle noise reduction controls were discussed in Sec-
tion 1.2. Beginning with an existing population of vehicles such as shown in Figure 2,
noisy vehicles at the extreme of the distribution could be eliminated and/or quieted. This:
could be dene either immediately {in principle) through an operating regulation, or over a
periad of time with a new vehicle standard. The final effect is described in terms of L%9,
computed from the vehicle histogram resulting from vehicle regulations. The mathematical
development of this calculation is presented in Reference 1, together with a computer

program which performs the colculation for o given scenario.

In this section, the assumptions used in the calculation are reviewed, and generallzed

results are presented for the two types of regulation.
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3.3.1 OQperating Regulations

The principle of an operating regulation is that vehicles will not be permitted
to emit noise over a specified limit, Vehicles over the limit may be brought inte com-
pliance by retrofit or repair, or they may be replaced. A retrofitted vehicle would be
expected to be brought just into compliance, because retrofit kits would be specifically
designed for this 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 com=
plying, and is an enforcement problem. The second would be the case of an cperator
making repairs to a normally quiet vehicle even theugh it is not in vielation {e.g., re-
placing a deteriorating muffler before it actually exceeds the regulatory limit), or an

operator with a positive attitude tawards doing more than 1s required,

Except for vehicles which are retrofitied and those which are left alone, it Is not
possible fo estimate realistically changes to the distribution. To handle those which are
left alone, 1t is necessary to assume a compliance rate, Vehicles which are replaced or
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 greater, because a realistic
operating limit would usually be set at a level which could be met reasonably, but not

at one which could be bettered easily by many vehicles,
For purposes of this study, the effect of an operating regulation is computed on
the following basis:
"o Vehicles below the limit are not affected,

s A percentage of those above the limit are assumed to be modified by retrofit,
The remainder abave the limit are left alone, with o reduced distribution
proportional to the original shape.

s Retrofitted vehicles are brought approximately into compiiance, forming a

smal! distribution above the limit. For a noise limit of L, it is assumed
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that 50 percent fall in the range L ~14dB ta L, and 25 percent sach in
the ranges L ~2dB to L~1dB and L to L + dB.

Figures 17 and 18 show L% as a function of operating limits, for various degrees
of compliance, for trucks operating at low and high speeds, using measured noise distri-
butions from Reference 4. The original L% {i.e., before any regulation) is indicated by
the dashed lines, The percent complionce refers to the percentoge of those vehicles

originally above the operating limit which are retrofitted,
Several key features are apparent in Figures 17 and 18:

e The resultant L9 s not necessarily equal fo the operating limit, but depends
on the degree of complionce, and alse on the relationship between the oper-
ating limit and the distribution, If most vehicles are below the limit they

will ot be affected by it. In such cases L°9 is usually less than the limit.

o L5 approximately equal to the limit when most of the otiginal distribution
is above the limit (so that most vehicles are modified to meet the limit) and

thera is 100 percent compiiance,

e  Compliance becomes increasingly more important as more stringent operating

limits are introduced.

3.3.2 New Vehicle Standards

The effect of a new vehicle standard Is that since the L1 of new vehicles is less
than that of old, the total fleet L5V diminishes as old vehicles are replaced with new,
The distribution of new vehicles Is, within the present study, computed on the fallowing

basis:

e  There Is a population of new vehicles below the limit which is distributed

the same way as the existing vehicles below the limit, This follows from

* It is expected that there will be some spread in the noise levels of retrofitted vehicles,
although there is no data available as to the actual distribution. The distribution used
here was chosen somewhat arbitrarily, based on the assumptions that retrofit measures
will be intended to achieve the operating limit, that there will be some spread, and
that some tolerance for measurement error will be permitted.
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the steady~state assumption that if there were no regulations the new

vehicle distribution would be the same as the existing one,

e  New vehicles which would have been above the limit are modified in
design so as to be brought into complionce, These vehicles are assumed
to form a 25 percent=50 percent=25 percent distribution about the fimit,

just as with an operating limit,

Figure 19 shows the effect of this distribution change on L?rq at Jow speeds for
the truck noise distribution shown in Figure 1. Shown is the value for new vehicles,
denoted L9 , as a function of the new vehicle limit. Note that %9 in general

new new

does not equal the new vehicle limit, but is usually somewhat less.,

The noise of the vehicle fleet in use is reduced in time as quieter new vehicles
replace old. Figure 20 shows o generalized representation of this time-dependent reduc=
tion. Shown is ALY versus time {in years) for Lﬁ:w being less than the boseline 1.59 by
various amounts. The time-dependent calculation shown in Figure 20 is based on annual
new vehicle sales baing 10 percent of existing fleet size, This is consistent with historleal

experience for trucks,‘ %20 and with autemobile sales projections in Reference 10,

Consider a new vehlcle standard of 80 dB for trucks at low speed, From Figure 19,
L73 =78.9.dB. The new vehicle L°7 re: baseline 1s ~4.7 dB; this case is shown In
Figure 20, After 5 years, Li.q is reduced by slightly more than 1 dB. A reduction of
3 dB takes about 15 years,

The main feature seen in Figure 20 is that new vehicle standards take time to have
on effect, Even after 30 years, L9 falls somewhat short of the new vehicle L%, Even
for unreasonably large reductions (i.e., the &L:gw = =50 dB curve), a 3 dB reduction
would be seen anly after half the existing fleet ratired, which takes 6 to 7 years. Coupled
with the growth noted in Section 2,0, it is clear that new vehicle standards, {F required,

must be implemented with as little delay as possible.

3.3.3 Combined Regulations

Any actual regulation scenario will consist of a combination of operating limits
and new vehicle standards, Operating limits can provide immediate benefits IF reason=-

able and if enforced; new vehicle standards provide for introduction of that new technology
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WYLE LABORATORIES




"
gl g
RS ™
ﬂu. ®
© o 0
L [ ] T T a8 =
2 o
- 3 ; :
& <
_ ; :
el
[ @ o 3
—Tn © »
=4
m 3
o 8 =
3
o ]
o Z
| 4z ¢ 5
o o
2 g,
- s £ §
o -
2 ::
- P e
12 s 5
& by
S a
— == M I
e g
]
>
| ~®2 m
‘s
= ~
2
At
Al
| _lee
_ R :
o
t ! | ) i 1 P v e g
= ) -~ o o
o~ @ 3 0 o @ =~ = ~ ~ ~ =
Mau

I IO S VS N AT S |

e e T4 k1S Bl o TR

{3

73 7%

AP ]

L B S S S B vt By S s S e BN vy B et |

R T T S LSRR s A TR S L S T Bty W LT o 25 S T M a6 £ B A A S 88 A A ot be T PR ot

i
i

1
£



P A D e e A e Rt o ATt TP L

T e e e e e e e et e st g i RS 1T £ L N R e i ST 1 5 g 8y P

[} 1 1
o
[
= o
[ =
- o=
Iy
o 3 1
>
E )
er
Z
2
/

=4.7

!

)

=10
-15
=20

=50

30

20

10

L
e T

1 |
o 3
B i

Lo 1 8 1= e

1
5 v

]
auyf

AT S e e s L A S A L S L L A K R e Y T P T Sl SRR Dy 1

t i 4 i ]
0 P [++] o —
i I 1 r e pa

[ [
asog sar ] (maN smd PIO) 1334 amyng

77 ¢ prE oITEr O3IT® oSTR orvp

SRS

-12 -

-ld p

Years After Start

Figure 20, Effectivencss of New Viehicle Standard, With New Vehicle

Sales Equalling 10 Percent of Fleet Size.

55

i
]
L
1
3
4
!
i
t
1

WYLE LABORATORIES

i
i



P,

e o

TSI A T s el 2 R e e e

T ame e

.

(=Rt
.-

A e
-

=

R i 2]

| s

I.x 1

LMt aSET L 3 e s A e e g tt
i_,_A-

which may not be amenable to retrofit of existing vehicles, but take o long time to chow
an effect. A combined contrel plan, which must be dynomic in nature as noted earlier,
would include systematically lower limits, New vehicle standards would be periodically
lowered as available technology improves. Operating limits would also be periodically
lowered to provide a basis for ensuring that orfginally quiet vehicles do not deteriorate
and to take advantage of technology advancements suitable for retrofit, and also to help
eliminate the last few old noisy vehicles after @ new vehicle standard has been in effect

for some time,

The specific effects of the two regulation types may be seen in Figure 9, where
each regulation scenario contains both types, There is an immediate henefit in 1974-1975
when the mator carrier regulations took effect, and in 1985 for the assumed Improved
Motor Carrler scenario. The new vehicle standards, effective in 1978, 1982, and 1985,
serve to reduce the growth rate of exposure. There is a change in slope of the regulation

scenarios at these years. More complex examples are shown in Reference 1, with several

stages of each regulation type,
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4,0  CONCLUSIONS

A study of road noise exposure and vehicle noise reduction optians has been
conducted. Noise exposure wos computed on the basis of actual traffic and population
dafa in ten sample cities, projected to naticnal totals, Pepulation and vehicle growth
were included, so thot the study provides predictions for the peried from 1970 through

2000, The follewing conclusions have been reached:

1. In 1970 (baseline year for this study) 17.6 million people were exposed to
urben road truffic noise levels of Ldn 265 dB.

2, Most exposure to highway noise in 1970 Ldn £70dB is from low~speed
urban roads, ond is deminated by truck noise. Most exposure to Ldn 270 da
is due to high-speed urban roods. Expesure [s greatest in large cities; rural
exposure in 1970 is very small compared to the national total; this is expected

to be the case in 2000,

3. With existing EPA truck noise regulation, the number of people exposed to
Ldn 265dB in 2000 will be 23 percent greater than in 1970, The percentage
of total population exposed will diminish slightly. Without regulations, the

number of people exposed would have nearly doubled.

4. If a 75 dB (low speed) new truck standard is adopted in 1985, the number
of people exposed o L dn 265 dB in 2000 will be obout the same as in 1970,

The percentage of total population exposed will decrease by 24 percent,

5. Driveline svurce controls alone have thelr greatest effect at low speeds;

benefit at high speeds is minimal because of tre noise.

. 6, The existing Motor Carrier regulations will reduce population exposed to
Ldn 265 dB from high-speed utban traffic by obout 10 percent {relative to
no regulation), and the total exposure by less than 5 percent. A 45 mph

truck speed limit in utban areas would provide a similar benefit.

7. The potential benefit of automebile noise reduction depends on truck noise
levels, As trucks become quieter, the relative importance of automobiles

will increase. With current truck levels, quieting automobiles would have
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little benefit. In the year 2000, assuming only current truck regulations,
exposure to Ldn 265 dB from low=speed roads can he approximately halved
{relative to exposure if automobiles stay s they are) if automobiles were to

be completely silenced.

To realize a significant portion of the benefits from truck regulations, aute=~

mobile noise levels must not be allowed to increase, A 2 dB increase in

automobile noise levels {which could result from a shift to small cars, including

diesels) in 2000 would negate the benefit of a 75 dB new truck standard,

Operating limits give an immediate reduction to noise exposure, but must be
petiodically lowered if exposure is not to increase subsequently in a growing
traffic system. Enforcement con be a mujor factor in determining the effec-
tiveness of an operating limit, New vehicle standards (which can specify o
lower level than feasible for on operating limit) show an effect only after

some time.

If significant reduction to traffic nolse exposure is desired (e.g., reduce the
exposure by half or more from the 1970 exposure), then automobile noise
levels must be reduced, in addition to the truck noise regulations considered
in this study. For a given goal, there are limited trade-offs between auto-
mobile and truck noise reductions. To achieve significant reductions in high-
speed noise exposure, tire noise must be reduced. Exposure from high-speed
roads, in particular, will increase if tire nolse tevels remain os they presently

are,

Continued reductions in both driveline and tire noise are required to prevent

reescalation of nojse exposure as both population and fleet size increase.
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APPENDIX A

Barriers as a Noise Abatement Techniqus

In addition to vehicle source reduction aos discussed in the body of this report,
highway noise control can in principle be achieved by traffic management, adjustment
of roadway location, land-use planning, etc. Very often the only method feasible in
o given case is to construct borriers, Design procedures have been widely circulated by
FHWA, and federal funding is available for approved projects, Barriers are currently

being constructed near nolse~sensitive areus ¢long federally funded highway projects.

In arder to evaluate the potential effectiveness of barriers to reduce the natlonal
exposure to highway noise, a calculation hos been performed of the noise exposure from
federally funded highways, and of the potential benefits of using barriers alone as an
abatement technique. The caleulation s limited to federal-ald highways because these
are the ones for which funding is generally available. Vehicle noise limits are not
included in this calculation. As shown in the bedy of this report, existing regulations
have very little benefit at high speeds; the roads considered inthis Appendix are primarily
high speed,

The calculations in this Appendix are based on actual distributions of road mileage
and treffic volume, but do not utilize the detuiled population model described in the body
of this report. The criteria used to select the ten somple cilies did not include systematic
representation with regard to federal-aid highways. Collection of additional population
data for an appropriate sample was not warranted, however, in view of the somewhat qual-
itative nature of the present calculation. A single average urben population density has

been used. This density is based on the median of the population distribution of urban areas,

A.1  Traffic on Federally Funded Highways

Table A=1 shows the truffic on federally funded highways, in terms of the numbers
of miles of highway with a given average daily traffic (ADT), There are four main systems:
urban interstate, urban primary, rural interstate, and rural primary. Date for ADT up to
40,000 are from Reference A~1; distributions above this value are extrapolated within
the constraint that total road and vehicle mileage are consistent with values given in
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Table A~]
Traffic on Federal-Ald Highways ( 1974)A“]
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Miles of Road
ADT Urban Urban fumal Rural
(Thousands) Interstate Primary® Interstate Primary *
<0.4 38 242 83 8,610
0.4=1 2 223 448 32,259
1-2 23 858 1,756 50,386
2-3 3) 1,267 2,51 33,911
3-4 B2 1,573 2,788 21,084
4=5 137 1,520 3,075 12,895
5-10 902 7,556 N, 077 21,15
10-15: 1,076 5,391 6,364 4,373
15-20 1,093 3,424 2,834 1,318
20-30 1,742 3,253 2,059 705
30-40 1,129 1,109 472 122
40-60 1,100 660 204 48
40-80 840 450 - -
80-100 600 335 - e
100-120 125 -- - -
120-150 70 - -- -

*
Excluding Interstate.
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Table A=2
Read and Traffic Parameters

Urban Urban Rural Rural
Interstate { Primary | Interstate { Primary
Speed (mph) 55 35 55 55
Percent Trucks 8.7 3.4 15.6 8.2
Number of Lanes 8 4 4 2
MedianWidth (feet) * 0 0 50 0

* Median strip widths estimated here are the minimum which would
normally be found on each type highway.
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Reference A-1, Table A-2 gives roadway configuration, speed and the percentage of
medium and heavy trucks for each type read, Truck percentages are from Reference A-2;

other data in Tabie A~2 are assumed values typical of each type of road.

Teaffic predictions for future years were aiso made. Table A-3 shows predicted
traffic distributions for 2000, Future predictions in this analysis were made on the
following basis:

e Total traffic (vehicle miles) increoses at a rate of 2,3 percent per year,

This is o composite value between the annual growths of 2,4 percent for
trucks and 2,0 percent for automobiles used in the body of this repert, and
is consistent with estimates in References A=3 and A~4, It is appropriate

to use a growth factor weighted toward trucks because they are the dominant
noise source,

e  Volume (ADT) on rural interstates increases at a rate of 3.8 percent per year,

while rocd mileage remains approximately fixed. This is based on data in

Table =1 of Reference A-3,

s Total volume and road mileage of rural primeries increase at approximately
0.5 percent per year, This is bosed on the "full needs" case in Tobie I-1 of

Raference A~3,

e Mileage of urban primary roads is assumed to increase af a rate of 1 percent
per year, the rate of growth of the population. This is consistent with the

growth model used in the body of this report,
e  Urbon interstate mileage is fixed ot approximately 9,000 miles,

o Traffic mix Is the sume as present,

A.2  Noise Exposure From Federally Funded Highways

The nofse exposure from these highways has been computed an the following basis:

s Distance to Ldn = &0, 65, 70, and 75 dB cantours were computed for each
ADT range using the method of Reference A«5, This medel inciuvdes lane=~

hy=~lane detail which is important for barrier calculation,
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Table A~3

Projected Traffic on Federal ~Aid Highways in 2000
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Miles of Road
ADT Urban Urben Rural Rural
(Thousands) Interstate Primary* Interstate Primary*
<0.4 7 224 31 9,802
0.4-1 6 24] 47 36,726
1-2 14 614 284 59,639
23 12 869 421 38,606
3«4 17 1,172 665 23,981
4=5 24 1,398 665 14,680
5-10 290 7,035 4,874 24,039
10-15 494 4,588 5,177 4,978
15=20 528 4,986 4,196 1,500
20-30 1,164 6,033 7,106 803
30-40 1,138 3,009 4,714 139
40=50 1,827 2,169 3,267 55
60+80 1,102 611 1,574 —
80-100 1,167 333 i.358 -
100~120 591 374 100 -
120150 545 308 - -
150-200 173 - - --
200-300 &7 - - -~

T Ay T, =TT e I A I L T T R LT A ot et e F e g e fa b e T et 4 e e s e e oenen . ‘

SR
——— i....._.‘.

A SERST R

T%
Excluding Interstate .

AS
WYLE LABORATORIES




T T e

g

—w BT .

¥

-

I

o The distance to each contour, less an assumed 50-foot (15-meter) sethack
distance, was multiplied by the number of miles of road carrying each ADT,

then by two, to obtain area exposed on .both sides of the road.

e The number of people exposed was then obtained by multiplying the area by
4,500 people per square mile (1,737 per square km) in urban areas {this is
the median value of density in Table 1) and 56 people per square mile (22 per
square km) in rural areas (total U,S. population divided by totol U.S. area).

Table A-4 summarizes the calculated exposure for 1974 for the four road types.
Note that the total exposure Is much less than the national total calculated from the ten=-
city madel (see Figure 10 and Appendix D). This is because most urban primary roads are
not federal aid. The urban interstate exposure accounts for most of the urban high-speed
noise. An exact comparison between the two calculations is not possible, however,
because this calculation uses a representation of population greatly simplified as com=
pared to that used in the body of this report. This simplified calculation would tend to
underpredict exposure to high levels,

Table A~5 shows the exposure in 2000 for the four systems, Figure A-2 shows
exposure to Ldn > 60, 65, 70, and 75 dB as a function of time for the urbun interstate
system. The growth characteristics of exposure are similar to those discussed in general

in the body of this report.

A3  Barriers on Urban Interstate Highways

The noise abatement potential of barriers has been evoluated by caleuloting
reduced exposure for several scenarios. The calculations are limited to urban interstates.
Rural highways are not included because their total exposure is small compared to urban,
Urban primary roads ate not included because barriers are rarely practical on them due

to cross-streets, need for access, etc,

Tables A=6 and A=7 shaw the distribution of noise exposure in 1974 and 2000 for
no harriers and for 10-foot (3-meter), 15=foot {4,5-meter}, and 20~foot-high (6~-meter)

" The most recent year for which traffic and highway statistics were available at the
time of this caleulation,

Ab

WYLE LABORATORIES



D ey e

e e s e e s

| -

—-d

t

L

Table A-4

Area (Square Miles) and People* {Millions) Exposed to Noise
From Federally Funded Highways in 1974

L, Exceeded
n

d
60 65 70 75
Rood System Area People | Area | People | Arec | People | Area | People
Utban Interstate 3,023 13.6 1,214 5.5 337 | 1.5 79 0.26
Urban Primary** 1,590 7.2 431 1.94 54 | 0,24 i 0.005
Rural Interstate 5,130 -0,29 | 2,238 0.13 565 | 0.032 | 51 0.003
Rural Primary ** 8,871 0.50 | 2,255 0.13; 344 | 0.020 ) i4 0.001

*
Pecple impacted based on 4500 people/mi2 in urbon areas and 56 pe:ople/mi2 in rural

areos.

L1
Excluding interstate.

Table A-5

Area (Square Miles) and Pecple* (Millions) Exposed to Noise
From Federally Funded Highways In 2000

L, Exceeded
dn

60 65 70 75
Road System Ared People | Area | People | Area | People | Area | People
Urban Interstate 4,682 21. 1,964 8.8 69 { 3.4 197 | 0.87
Urban Primary** | 2,814 12.7 809 | 3.6 136 | 0.6l 12 | 0.05
Rural Inferstate 13,154 0.74 | 5,724 | 0.32 [1,954 | 0.1 488 | 0.03
Rural Primary** | 10,174 0.57 | 2,487 | 0.14| 418 0.023| 16 | 0.00

*People impacted bosed on 4500 }::f,-c:ople/ml2 in urban areos end 56 penple/mi‘2 in rural areas,
*

Excluding Interstate.
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Table A-é

Distribution of Areas Exposed to Noise from Urban Interstates
in 1974 for Several Barrier.Heights

Apcrase Ouer ane 1o Ly Contour ¥ Expoied Area, Souora Miles
Traffic Miles Neo Barrier No Barrier 10 It (3m} Borrier 15 ft (4.5m) Bamier 20 ft (6m) Borrier
(ADT) aof Roed &0 &5 70 | 75 40 63 70 + 75 60 45 170 75 40 45 | 70 |75 | &0 165 70 (75
<400 a8 — —— m———] - 0 0 0 o 0 of o0 0 ¢] 0|0 4] o| 0 1] 0
A00-1K 2 — — wen [ anm [+] 0 [+} 0 4] a1 0 [¢] 0 ofjo 0 [ ] 0 0
142K 22 84 e anu | wea 0.3 1] 0 0 0 [ 0 0 0|¢ 0 A 0 0
2-3K <H 138 n ann | —e 1 0 0 o Q [} 0 0 00 0 o 0 1] a
34K g2 180 70 e | - 4 0.6 0 0 2.3 of o 0 1] 010 0 [ ] 0 0
45K 137 219 80 anm [ a-. 8.8 1.6 o] 0 8. 0ot o 4] 0 |0 0 00 0 [+
% ) S~10K _.902 310 135 === | w== | 8B 29 o 4 71.3 0]l 0 0 0 01lg 0 0] 0 [+] 0
10-13K | 1,076 450 195 72 | »=~ [ 143 59 8 0|15 280 0 14.6 o0{0 4] o0i o o 0
15-20K {1,093 &00 245 93 | ==w | 227 80 17 0 | 227 53| 0 0 33 clo 1] H|lo 0 )]
20-30K | 1,742 800 325 125 | 50 [494 181 49 0 | 494 Mo 0 92 3|0 0 92,0 0 [
300K | 1,129 1,050 430 1721 48 (427 162 52 7 | 427 148 (18 0 24 12 10 0 67| 0 +] 0
40-40K | 1,100 1,350 590 20 | 94 {541 225 75 |18 | 541 223 141 0 137 3z | o 0 108 :13 Q 0
40-80K 840 1,450 740 300 | 120 | 509 219 79 1 22 | 509 219 | 62 0 141 B0 ¢ 120 | 21 0 0
B8C«100K oo 1,800 880 350 | 150 | 397 188 68 | 22 { 397 188 {54 0 13 37 [1.8]0 99 124 o] 0
100=120K 125 2,300 | 1,000 420 1 135 (106 44 17 105 44 |15 2,5 32 I3]0 27| 5 +] 0
120-150K 70 - 2,800 {1,100 520 | 220 { &7 27 12 4 12 27 {26 [ 10 20 6 |1.5]0 181 4.7 I 040
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Table A-7

Distribution of Areas Exposed to Noise from Urban Interstates
in 2000 for Several Barrier Heights

s || e ) P G oo s, e i
Dl | pttes NoBorriar No Sarrier 10 ft (3m) Barrior 15 ft (4,5m) Barrler 20 1t (6m) Barrier

(ADT) loffood | 60 | &5 | 70 | 75 | 60 | &5 | 70 | 751 &0 | e5 |70 |75 | & | & | 70 |75 | &0 | &5 ] 70 |75

<400 P2 [ T U R 0 o | o] o 0 olo] o o |o |o! o | o]0 |e

400.1K 6 | mn | e || -] 0 0 0. | o] o 0 olo| o [ o o {of| o | o]0 |o

12K 14 84 | aee e | emn| 0.2] 0 o | o] o 0 ofo] o Jo |o o] ¢ {o|o |o

2-3K 12 | 138 | e [ae ] == 08| 0 o [ ol o 0 oo o |o o |e] o | ofo [0

34K 7 | 10| 7 [a=| -] 08| o01] o | 0! 05| o 0lo| o |o |o o] o | oo |o

4a5K 2 | 29| 80 |-=| | 15| 03] 0 | 0| o0s| o olo| o |o |o jof o | o]0 |o

S0k | 200 310 | 135 |wm | mem [ 285) 93| 0 0| 2 0 oo | o 0 0 |0 0 alo (o

o | 105K | aa | a0 | 15 | 72| e |7 | o2 41 o e | 129] ojo| e7jo |0 {of o | o] lo

= | 1520k | m8 | e00 | 25| w3l -aino | B o mno | 27| ojofl e [0 |0 |e] s8] 0olo |o

2000k 1,064 | 800 | a25 {125 sofase |12 | 33 | o |33 | o4 olo| & |25|0 |ola | oo |o

30-40k (1,138 | 1,050 | 40 (w2 sslan [1&2 | s2 | 7 am o [e|o| e |12 |0 [o] e | o]0 {o

4060k [1,827 | 1,350 | s0 [230| e4fere |32 |24 |20 [ew {0 |es|o |22z {m {o |o|w |20 |o

60-80K |1,002 | 1,650 | 740 |300 | 120 [e67 | 287 |10s |29 {ee7 [2a7 {e2| 0 1es 40 |0 |0 |z fralo |o

BO-100K {1,167 | 1,800 | 880 1350 ) 150 [773 | 336 | 132 |44 | 773 |3es |w0s| o |220 |73 | 350|193 |asio o

¢ | 100-1208 | w1 | 2,300 00 40 | les|sa (212 | sz [0 |sw |22 |nfn 1w le |e3lo i [z fo

¢ | 120150k | m5 | 2,600 {1,000 |50 | 20 [s26 | me | 97 |35 |s2e |26 | 220|157 |48 |vefo fus |36 | 290

n | 1so-zook | 173 {3,500 | 1,600 |eso | a2 |00 | @ 15228 {ro0 sl s ez les|o| ss [22]36]0.

200-300K | &7 | 4500 |2,000 |8a0 |aso(nz | 49 | 20 | 7{nz | 4 |20|e| 2 |2 {ae|lo| 2 [ |aso
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barriers* Barriers higher than 20 feet (6 meters) would give little or no additional benefit,
Shown for each AD range are the distances to the Ldn =60, 65, 70, and 75 dB contouts
with no barriers, and the areas exposed for no barriers and for the three height barriers,
The barrier calculations were performed using the method of Reference A~6, assuming

level terrain and placing barriers 25 feet (7.5 meters) to each side of the road,

Four barrier-use scenarios have been considered, aach with the goal of eliminating

(where feasible) exposure to Ldn chove g given value, These are:

e  Eliminate exposure to L, > 75 dB. This requires construction of 15~foot
barriers where ADT > 100K, and 10-foot barriers where 30K < ADT < 100K,

e Eliminate exposure to Ldn 270 dB. This requires 20-foot borriers where
ADT > 80K, 15-foot barriers where 30K < ADT < 80K, and 10-foot barriers
where 10K < ADT < 30K,

e Eliminate exposure to L 265 dB. This requires 20-foot barriers where
ADT > 20K, 15-foot barriers where 10K < ADT < 20K, and 10~foot barriers

where 3K < ADT < 10K.

» Eliminate exposure to L, 260 dB. This requires 20=foot barriers where
ADT > 10K, 15~foot barriers where 3K < ADT < 10K, and 10~foot barriers
where 1K < ADT < 3K,

Tables A=8 and A~? show the number of miles of each height barrier, ond the
exposure for each seenario, in 1974 and 2000, Note that the goal of each scenario is
not necessarily achieved because of the limit of effectiveness of barriers limited to a prac-
tical height of no more than 20 feet, The goals might more properly be stated "eliminate

to the extent feasibie", rather than "eliminate".

Figure A=2 shows the 1974 exposure data from Table A-8 in graphical form, The
first application of barriers (Scenaric A) has its greatest effect at high-noise levels. The
other scenarios, with more extensive barriers, tend to shift the distribution downward,

with a residual tail at high levels which cannct be eliminated with barriers.,

* Only these three heights were considered In the calculations and in the ensuing dis-
cusslon. Equivalent reduction te exposure could be achieved in some cases with
lower barriers, e.g., 15-foot barriers are assumed here in places where ones greater

than 10 feet but less than 15 feet would suffice.
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Table A-8

Noise Exposure From Urban Interstates in 1974

for Several Barrier Scenarios

Miles of Barriers Pecple Exp&?ﬂit:ns?renter Ldn
Scenario 10! 15 20! 60dB | 65dB | 70dB | 75dB
Baseline = No Barrier 0 0 0 13.6 | 5.5 1.5 0.36
A = Eliminate Ldn 275d8 7,338 3%0 0 13.1 | 8.1 1.1 0
B = Eliminate Ly, 27048 7,822 | 6,138 | 1,590 6.7 | 1.7 0.002* | 0
C = Eliminate Ldn 265db 2,242 14,338 |11,212 3.0 | 0,31* | 0,002 0
D - Eliminate Ly, 260dB 108 | 2,242 | 15,550 2.,5* | 0,31 | 0,002 0

* Not feasible to eliminate completely expeosure with barriers,

Table A9

Noise Exposure From Urban Interstates in 2000

For Several Barrier Scenarios

People Exposed to Greater

Ldn

Miles of Barriers (Millions)
Scenario 10 15 20 60dB | 65dB | 70dB | 75dB
Baseline — No Barriers 0 0 o 21,1 8.8 3.1 0.87
A — Eliminate Ldn 27548 10,468 | 2,752 0 16,7 | 7.0 1.6 4]
B — Eliminate Ldn 270dB 4,372 | 8,134 5,086 7.2 1.8 0.045% | 0
C ~ Eliminate L, 2654 662 | 2,044 | 15,548 4.8 | 0,79*| 0,045 1 O
D = Eliminate Ly, 260dD 52 662 | 17,592 4,6* | 0,79 | 0,045 | O

* Not feasible to eliminate completely exposure with barriers.
Al2
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for Four Barrier Scenaries,

Baseline

SCENARIO (See Table A-8)
Figura A-2, Changes in Nolse Exposure fram Urhan Intorstates in 1974
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Figure A~3 shows the effect of barriers on the tolal notional exposure as computed
in the body of this report, Shown are the total naticnal exposure (in 1974), the exposure
from low-speed roads alone, and reduced total exposure associated with the four barrier
scenarios, The reduced exposures were obtained by applying the reductions shown in
Figure A=2 to the "Total Baseline" distribution shown in Figure A-3. The overall effect
of barriers on total highwoy nolse exposure is seen. The barrlers cause the distribution
of exposure fo shift from the original total toward the low=speed-only distribution, The

transition takes place more at high noise levels than at low,

It should be noted from Tables A~B and A~% that the application of barriers con-
sidered here is extensive, Scenario A, the least extensive application, involves barriers
on both sides of nearly half the urban Interstates in 1974 and nearly three—quarters in 2000,
A practical application of barriers would have an effect between "Baseline” and "A" as
shown in Figure A=2, The benefit of barriers (considered on o national scale) is limited

to worst~case situations as o reolistic alternative to source control or use restriction, and

has little effect on the national exposure,

Al4
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Figure A-3, Changes in Total National Nofise Exposure in 1974 for
Four Barrier Scenarios on Urban Interstates,
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APPENDIX B

Computer Programs

The impact of future traffic noise presented in this study was accomplished
using a system of three computer programs. The divisions among the three were at
natural points indicated in the body of this report, and permitted significant economy
of calculation for alternate scenarios. The three programs are described in the following

subsections. Thelr interrelationship is shown in Figure B~1, and is discussed in Section B.4.

B.1 Ten=-City Noise Impact Model (TECNIM)

This program performs the detailed calculation discussed in Sections 1.1 and 2.2,
Basic input data consist of that listed in Section 2.2.1. Altered vehicle noise levels
are specified as AL®*9, For a given set of ALY (automobiles and trucks, low and high
speed), TECNIM computes the number and fraction of people exposed to the Leq bands
of 55-60, 60-65, 65-70, 70-75 and 75-80 dB. Distributions of exposure to Ldn are
cbtained by shifting the distributions by 3.3 dB, as discussed in Section 2.2.3.

TECNIM is written in general fom, so that impact may be computed in any eity
for which traffic and population data have been prepared. For the present study, dimen~
stons ond input/output are keyed to the ten sample cities. A loop structure is incorporated
to obtain impact calculations for ALY from 43 to ~15 dB, ond AL?-q from +3 to =16 dB.

A
The impact distributions are written on a data file which is then read by REGIM.

B.2  Regulation Impact Madel (REGIM)

This program reads the impact vs. AL®9 data prepared by TECNIM, and opplies
the population statistics discussed in Section 2.3, ond vehicle-use data discussed in
Section 2.4, to obtain future impact, User inputs to the program are the year and the
four al%s, REGIM contains all growth factors. Vehicle-use growth is treated as an
equivalent increase to L°9, For example, adoubling of per capita vehicle mileage is
equivalent to AL®T = +3 dB. The program combines this "growth" aL®? with the input
AL%9 to an effective net value for computational purposes, Output is the distribution

of noise impact, as discussed earller,
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REGIM is operated conversationally on the IBM 370 CMS system, Input

parameters may be specified on a case~hy-case bosis, or may be read from a data file

prepared by HINCSAM,

B.3  Highway Noise Control Strategy Assessment Mode| (HINCSAM)

This program, described fully in Reference B~1, performs the calculations
deseribed in Sections 1,2 and 3.3, Inputs are the existing vehicle distribution and

a sequence of regulations, Output is L% a5 a function of time for the specified regu-

lation scenarios.

B.4  Combination of Madels

Figure B~1 shows the relationship among the medels in the complete software
package. REGIM accepts the impact vs, AL%? data created by TECNIM, growth data,
and ALY 1o provide national noise impact, The AL may be specified arbitrarily
in order to obtain results as shown in Figures 10 through 13, or from a HINCSAM cal-

culation to obtain a time history of impact for a given regulation scenario, as shown

in Figures 8 and 9,

REFERENCE FOR APPENDIX B
B~1. Plotkin, K.J., "A Model for the Prediction of Highway Neise and Assessment

of Strategies for its Abatement Through Vehicle Noise Cantrol”, Wyle Research
Report WR 74=5, September 1974.
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APPENDIX C
Estimate of Noise Levels Near Traffic Lights

The freely flawling assumptions of constant speed and constant vehicle noise
source level are not valid near traffic lights. During deceleration from cruise
speed, noise levels are generally lower than cnise levels. During acceleration to
cruise speed, levels can be higher. During both phases, time duration is increased
because the speed is less than cruise speed. Furthemore, noise contours will no
lenger be pamllel to the road, but will have a curved shape dependent on specific
vehicle behavior,

Calculation of actual noise contour shape near traffic lights requires detailed
vehicle and traffic data not available at this time, For the:pumposes of the present
study, an estimate of the effect of traffic lights has been made bused on the following
assumptions:

& Change in vehicle noise source level Is combined with duration change

to give an equivalent vehicle L°9 near traffic lights.,

e  Equivalent stop/go %9 is averaged {on an energy basis) over the dumtion

of the approach and departure from the truffic lights.

e  Assuming that one=half the vehicles stop and the other half flow freely

(50/50 split of light eycle), an average equivalent %9 15 obtained.

a  Noise contours in the vicinity of traffic lights are computed using this
average equivalent L%%, The contours are parllel to the road, along a
length based on constant acceleration to cruise speed,

e The number of truffic lights permile is estimated on the basis of overall
statistics of numbers of traffic lights and highway miles.

Quantitativa details of the calculation of increased vehicle levels and tmaffic

light oceurrence are given in the following sections,

<l
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G.t. Vehicle Levels
If a vehicle undergoing typical ‘acceleration exhibits noise level L{V) as a

function of speed, then the average source level is given by

T
w = wlogm.‘fj]o'-(")/"’dr (G-1)
(]

‘where T is the time period of the acceleration. The level L(V) is a function of accel-

eration rate and vehicle type,

Application of the quantity {Ly-as given by Equation (C=1) to the highway noise mode|
requires using the average speed during the acceleration. If accelertion is constant
between zero and cruise, then the average speed is half the cruise-speed. If %9 in
Equation (1) is replaced by {L) as given by Equation (G=1), then the speed term
10 Iog]o V becomes 10 fog]0 chise + 3 dB. The dumtion correction may be com=-
bined with {L), so that the affective level of stop and go traffic is

)
L) g5 =3B + lOIoglo-_]F flol‘(v)/wdt (6-2)
o]

Assuming a traffic signal has @ 50/50 timing split, half the teaffic stops and half the

traffic cruises through the signal. For traffic near lights, then;. the appropriate average

equivalent lovel is

107
%% ¢ = 10leg o 4 Eo"eq/"’ + 10 Pse/ ] (G-3)

where L°% is the cruise lavel and (L)SG is as given by Equation {C-2).

Automobiles
Table C=1 gives speed dependent noise levels for automobilés undergoing ryﬁlcul
deceleration to and acceleration from ras.r.c'l The levels are relative to 35 mph cruise

levels:for the same vehicles. Based upan data presented in References C2 and G3, the

typical acceleration rate from rest is 0.15g°and the. typical deceleration rate to rest is 017g.

Applylng these rates and the levels in Table G=1 to Equations (G=2)and (C~3) overa full
stop/start cycle from 35 mph (86 km/h) cruise gives

c2
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Table G=1

Autemobile Noise Levels

for Acceleration and Deceleration

Level Re: Cruise at 35 mph (56 km/h)

Low HP/Wt Medium HP/Wt High HP/Wt
Speed Range
(mph) Accel. | Decel, Accel. | Decel. Accel. | Decel.
(0 =i5 ~5.5 -11,0 -8.2 -13.2 -5.6 -2.1
5«10 «3.6 -9.7 -4.8 -11.6 -3.3 ~2.1
10-135 42.0 -7.9 ~1.7 ~9.4 ~1.1 -9.1
15-20 +4.6 =6.1 +2.5 -7.2 2,9 =9.1
20-25 8.2 -4.4 +5.9 =5.2 3.9 -5.6
25-30 +10.5 -2.5 +8.3 =3.1 15,1 ~3.3
30-35 +13.5 -0.8 +2.9 -1.0 .9 -0.8
c3
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2.6 dB, high HP/wi
(‘L‘X])se = ?c? + 14.0dB, . medium HRfwh (G-4)
6.2 ClB, low HP/W{‘

For the purpose of this study, the average value of 4.5dB . increase in level has been
used, The total distance covered ot the deceleration and acceleration rates noted above

is 507 feet, The increased noise levels are applied over this distance,on low-speed roadsonly

Truck nolse measurements indicate that peak pass=by levels at low speeds are
independent of speed, so that the second temm of Equation (C~2) equals L%I.q. The adjust~
ment for trucks is thus Jimited ta the first tem, the 3 dB duration correction. Applying

\ -

this to half the traffic, as above,
eq = (€9 .
L = L7 + 1.8dBA (G~5)

This is applied over the some distance as for automobiles.

c.2 Traffic Light Cecurrence

Statistical dataC4 indicates there is one Haffic light per 900 people in
urban arews, In theiurban areas represented in this study. there are thus 165,000
traffic lights.

The total low speed road mileage considered in the ten sample cities projects
to 75,000 miles, This is a small fraction of the municipal total of 631,229 miles
given in Reference C5. However, the total number of vehlcle miles per year projected
from the present study is approximately 10 percent less than the totai urban vehicle~mile
usage given in Reference G5. The 75,000 road miles treated by the data base thus
accounts for 90 percent of urban traffic. The remainder is on local sireets with low traffic
volumeswhich do not contribute significantly te noise impact.

If it is assumed that all traffic lights are located atintarsectionsof two of the major
steeats considered, there are an average of four lights per mile, If all lights are locatedat
intersections of a major street with a minor street, there would be twe lights per mile,

For the present study, a value of three lights per mile (1.9 lights per km) has been assumed

C4
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on low~speed roads. It should be noted that this represents an overall order of magnitude

estimate which must be refined by a systematic review of traffic light usage as a function

of population, road and teffic conditions,

Gl.

G3,

G4n

G5.
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APPENDIX D

Exposure to L, 260, 70, and 75 dB

The noise exposure celeulations presented in the body of this report are primarily
for exposure to Ldn 265 dB. This Appandix contains parallel caleulations for exposure
above three other levels. The formats for figures In this Appendix are the same as for
similar figures in the body. For clarity in using the figures, the annotution has been

shortened, Curves may be identified by comparing with the fuily annotated figures in

the main text. The correspondence between the two are summarized balow,

Appendix Figures:

Dal, D=6, D-11
D-2, D=7, D12
D-3, D=8, D-13
D-4, D~9, D~14
D-5, D-10, D15

D1

Format Same as
Main Text Figure:

9,10
n
12
13
14
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Figure D-1. 'Exposurota L, 260 dB for Truck Nolsa Regulations
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Figure D=2, Exposure to Ldn 260 dB From Low~Speed Rouds in 2000
For Various Reductions to Vehicle Levels
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Figure D=3, Exposure to L dn 2 60 dB From High=Speed Roads in 2000
For Various Reductions to Vehicle Levals
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