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1. INTRODUCTION
This study has two goals:

*+ Develop a practical method for assessing the noilse of
moter vehleles

+ Provide an analysis of the factors that affect motor
vehlele noilse.

1.1 Assessment of Motor Vehicle Noise

Many state and local jurisdlctions are faced with complaints
about nolsy motor vehleles. Understandably, these Jurlisdictions
would like to implement an effective program for minimizing
motor vehicle noise. The primary goal of this study 1s to
develop & method that will not cnly tell a jurisdiction how loud
its motor vehlcles are, but wlll also suggest why the vehicles
are loud. Consequently, the study will suggest how the vehilcles
can be quieted most effectively.

There are many reasons why citizens may Judge motor vehicles
in thelr neighborhoods to be noisy. Nearby roads may carry large
volumes of traffic. 4 major truck route may run near or through
thelr neilghborhood. An unusually high number of "hoterodders”
may "eruise' nearby streetz. Many vehicles in the community may
have defective or modified exhaust systems. Drivers may use
"heavy foot" acceleration methods. Each of these circumstances
can contribute te high motor vehicle nelse levels, and, con-~
sequently, each must be identified and addressed if a Jurisdle-
tion hopes to reduce motor vehlcle nolse levels.

This study presents a method that can be used to examine
separately and gquantify each factor contributing to motor
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vehicle nolse. Once quantified, the relative lmportance of the
contributing factors can be Jjudged, and a jurisdletion can
formulate a program to control the most important factor or
factors.

Specifically, the method presented here 1s developed for
Judging the nolse produced by automoblles accelerating on clty/
suburban streets. Using fairly simple measurement procedures
and simple (though somewhat tedious) computations, a jurisdictien
can use the information in this report to Judge whether its
automobiles are noisler or quleter than "average." If the
vehicles are nolsier, the Jurisdiction can Judge  whether the
vehicles are nolsy because they have audibly defective/modified
exhaugt systems or because drivers tend to accelerate mere
raplidly than "average."

Thus, the method presented here for assessing motor vehlicle
noise applies specifically to automobiles accelerating on city/
suburban streets. In a general sense, however, the method is
applicable to any type of motor vehicle and any mode of opera-
ticn. The method of assessment depends upon collecting noise
measurement data on a specifiled vehlcle type operating in a
specified mode. These data are then combined to yield "average"
relationships for the vehicle type/mode of operation. This
study uses automoblles accelerating on city/suburban streets.
However, once the method for determining the "averzge" relation-
ships is understood, similar relationships for any vehicle type/
operating mecde can be deplved, provided that the corresponding
noise measurement data are first collected.
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1.2 Analysis of Factors Affecting Motor Vehfcle Noise

In the process of develeoping and presenting the method for
assessing motor vehicle nolse, a2 secondary goal will be achieved:
to analyze the four basle factors that determine how much noilse
motor vehicles make. The nolse made by a motor vehicle depends

upon

+ Basic vehicle design

*  Whether the vehlcle's exhaust system has become defective
with use

= Whether the vehicle's exhaust system has been modified

+ How the vehicle is operated.

The method developed for use by Jurisdictlons must address the
latter three factors, since state and local Jjurisdictlons can
concelvably exerclse some control over defective/modified exhaust
systems and over vehicle driver behavior. The first facter,

the bagic way the vehicle 1s designed, may be less amenable to
state/local control, but will also be analyzed heres. This
factor 1s analyzed not only because it plays an important role
in determining resultant levels of nolse produced by metor
vehicles, but also because the data gathered for this study

and the method developed feor motor vehicle nolse assessment

permit 1ts analysis,

The following four sections and attached appendlces
document the study. Section 2 describes the methods used %o
collect and reduce the motor vehicle sound level data. Sectilen
3 presents a detalled analysis of the reduced data and a dis-
cussion of the results. Section U4 discusses how a Jurisdiction's
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moter vehilcle noise control program might be struetured to
target moat effectively the primary factors that centribute to
motor vehicle nolse. Sectlon 5 outlines recommendations for
further work. Flnally, the appendlc¢es present data collection
and reduction forms and the reduced date format to help Juris-
dictions undeprstand/duplicate the data collection and analysis
procedures for their own motor vehicles.
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2. METHODS
2.1 Data Acquisition

2.1.1 General

Figure 1 shows, in idealized form, how the nolse produced
by a motor vehicle changes as the vehicle accelerates past an
observer who 1s located 25 ft to the side of the road and
approximately 120 ft down the road from where the vehicle begins
acceleration. The sound level that this study examines is
the maximum A-welghted passby sound level, shown as Lmax in
Fig. 1. That 1s, all data presented and analyzed in thls study
are the maximum A-weighted sound levels measured at a peoint
25 £+ from the centerline of the lane of travel and at approxi-~
mately 120 £t "downstream" from the start of acceleration.

2.1.2 Equipment setup

Figure 2 shows a schematic representation of a typical
measurement site. Sites were selected so that there were no
large acoustically reflective objects (parked cars, signs,
houses, solid walls, or fences) within 50 ft of either the miero-
phone or the vehicle path at its point closest to the mliero-
phone. The microphone helght was adjusted to approximately
4-1/2 Pt above the pavement surface. All measurements were
made with the same digital readout sound level meter conforming
to ANSI S1.4-1971, Type SlA, using the "fast" meter response
and the '"maximum hold" feature.

The microphone was placed on a triped and connected to
the sound level meter with a 60-ft cable., The perscn making the
neasurements attempted to sit unobtrusively, either on the ground

SR e - T P UL N T PR RN
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or in a parked car as far from the microphone as permitted by
the cable.

2.1.3 Measurement site location

Data were collected in six different jurisdietions around
the country. The objectlve was to measure motor vehicles subject
to a3 wide a range of nolse control programs/laws as possible.
Table 1 lists the jurisdictions alphahetieally, briefly de~
seribes the type of motor vehlele nolse contreol program/law
for automoblles, ldentifies the measurement site locatien and
dates measured, and glves the total number of automecblles
measured and the speed limit for the road along which measure-
ments were taken., Note that the slte ldentifiers will be used
throughout this study when referring to a specifie site. The
following paragraphs hriefly summarize each jurdsdiction's
approach to motor vehlicle noise control.

Birmingham, AL
Birmingham has the baslc nongquantitative Uniform Vehlele Code
type language in its law requlring that the vehicle be equipped

‘at all times with a muffler in good working order to prevent

excessive or unusual nolse. The law also prohibits the use ef
a muffler cutout, bypass, or a muffler without bhaffles. In
1979, approximately 200 citations that imposed a fine were
1asued by the City of Birmingham., There is no perlodlc motor
vehlele inspectien. '

Colorado Springs, CO

Colorado Springs seeks to control motor vehicle nolse in
at least three different ways. Officers use a patrol car-mounted
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microphone, while parked along cilty streets, to enforece the
maximum permitted A-welghted sound level of B0 dB as measured at
25 ft or more from the vehlcle passing by. Second, officers issue
cltations for 1llegal exhaust system modifications. Third,
warning letters are sent to registrants of vehiecles that citizens
nave alleged are excessively noisy. These letters generally
result in voluyntary submission to a vehicle noilse compllance

test and subsequent remedial action. (For more detail about

the Colorade Springs program, see EPA report "Colorado Springs,
Colorado, Case History of a Municlpal Nolse Control Program.")

As aof September 1979, approximately 500 summonses and 200 to

300 warnings had been i1ssued for that year.

Eugene, OR

The Eugene police enforce motor vehlele nolse control
through citations for unnecessary nolse, and by stationary
teating of vehicles that are subjectively identified as likely
to be In violation. The statlonary test is made by measuring at
20 in. from the exhaust pipe outlet during specifled engine rpm.
The maximum permitted A-weighted sound levels are 95 dB for front
englne automobiles, and 97 dB feor rear engine automobiles. Eugene
pollce have also attempted to encourage compllance by extensive
publle education through television, local papers, programs
at area high schools, and nolse elinies (voluntary testing).

At the time of data collection {August 1978}, the program had
been actively enforced for three months, and about 200 citations
had been 1lssued.

Kansae City, MO

Missourl requires a safety inspection of all motor vehlcles
at licensed inaspection stations. Vehicles are inspected at least
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once each year or whenever ownership of the vehlele 1s trans-
ferred. As part of the inspection, the exhaust system 1s
examined to determine if 1t 1s properly mounted, 1f 1t has

any leaks, whether the system has a muffler, i1f the muffler ls
located so that 1t might burn a person who enters or leaves

the passenger compartment, and i1 exhaust dlscharge 1s properly
directed. In 1977, from a test sample of 271,193 vehicles,
about £ percent had faulty exhaust systems.

Southern California*

In unincorporated areas around San Diego, the California
Highway Patrol (Border Division) measures maximum passby necise
levels of vehiecles in speed zones of over 35 mph to enfeorce, for
automebiles, a maximum permitted A-weighted sound level of 82 d3
as measured at a distance of 50 ft from the centerline of the lane

N of travel. 1In 1977, over 6000 ciltations were issued by the
- Border Division to vehicles that exceeded the maximum permitted

levels.

Tnotwood, OF

Trotwood pollice, though occasiocnally using a patrol car-
mounted microphone for enforcing the maximum permitted passby A~
weighted sound level of 80 dB at measurement distances of 15 It
or more from the motor vehicle, rely heavily on public awareness
and voluntary motor vehlcle noise testing. Testing schedules

#0alifornia Highway Patrel enforcement of the motor vehlcle
noise control program was discontinued in mid 1379. Noilse
measurements were made, however, during the fall of 1978 when
the program was still actively enforced.

11
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are publicizéd, and car window ildentifying stickers are glwven to
owners of vehicles that are tested and that pass the test. OQOwners
of vehlcles that do not pass are informally cautioned that their
vehicle may be in violation of the Trotwood motor vehlcle noise
contrel ordinance and that they could be cited durlng regular
roadside enforcement procedures. The pollce regularly conduct
tests at the high school so that students can measure their

own cars and become familiar with the ordinance.

2.1.4 Data collection

As each vehicle pulled away from the stop sign and ac-
celerated past the mierophone location, three primary pleces
of data were noted on a data sheet:

* vehlele category

* whether the vehicle looked or sounded defectlve/
modified '

+ maximum A-welghted passby sound level.®

Appendix A shows the form of the data sheets that were used.

Catagories

Engine size (number of cylinders) was the primary deter-
minant of vehiele category. Vehlcle noise charactaristics

#0riginally, there was interest in noting the elapsed time (ET)
required for the vehicle to accelerate some specifiled distance,
and in noting whather the vehlcle was operating with wlde-open
throttle (WOT) (maximum acceleraticn). However, with simple
equipment (a stopwatch), the elapsed time could not be deter-
nined accurately enocugh to be meaningful, and measurement
personnel felt that they could not reliably Judge whether a
vehicle was operating with wide-cpen threottle.

12°
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should be closely related to the engine slze. Thus, 1f vehicles
are categorized by engine size, the nolse data for a glven
category should be comparable from measurement site to measure-
ment site. ‘

A primary objective of thils study iIs to determine if
vehiecle nolse levels vary from site to site, and 1f they vary,
why. Suppese the measured vehlcle nolse levels were not cate-
gorized by vehicle {engine) type. Some locations {jurisdictions)
might have more H-cylinder cars than others. If vehlcle nolse
levels differed, it would be impossible to determine how much
of the difference was due, say, to different acceleration
rates, and how much was caused by the different mixes of large
and small cars. Accordingly, elght different vehicle categoriles
were selected, and they are described in Table 2.

Dafective/Modified

Az each vehlcle was measured, the person making the measure-
ments noted his/her judgment of whether or not the vehicle scunded
as though 1t had a defective and/or modified exhaust system. In
general, the sound produced by a defective/mediflied exhaust system
wasg thought to be easily identifiable; it had the characteristic
engine firing sound or "popping" that one assoclates with a poorly
funetionlng system. Such subjJective judgments may sometimes be
in error and could concelvably result in systematlec error.
However, the measurement experiences suggested that L1f any
systematle error existed, 1t would probably be in the Identlfica-
tion of the quieter defective/modified wvehicle. These quleter
vehlcles should not significantly affect overall study results

13
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since the easy-to-ldentify, noisler, defective/modifled vehicles
create most of the total roadside sound energy. In other words,
misidentification of some of the quieter vehlcles should not
affeet the general conclusions of this study.

For twe categories, the PNT and BUG categories of Table 2,
Judgment of defective/modified exhaust systems was not easy to
make and is considered unresliable. In these two categorles,
elther unusually large numbers of vehlcles had defective/modified
gystems, or nondefective/modified systems sounded 2lmost the
same as defective/modified systems, In other words, measurement
personnel could not identify significant azudible differences;
almost all vehlcles scunded somewhat defective/modifiled.

Measurement personnel noted on the data forms whether each
vehicle was visibly defective/medified (they circled VIS, see
Appendix A4), and/or audibly defective/modified (they circled
AUD), . .

Maztimum A-Weighted Paessby Sound Level .

The sound level meter was set to "hold," on its digital
display, the maximum A-welighted sound level that cccurred as
the vehlcle accelerated past. This level was noted to tenths
of a decibel on the data forms.

2.2 Data Reduction

The data acquisition procedures resulted in measurement
of over 9000 autoemoblle maximum passby sound levels at 1L
different sites. Development of a method for assessing motoer
vehicle noldse and motor vehicle nolse control programs then
became a problem of determining how these data could be reduced

14
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TABLE 2. VEHWICLE CATEGORY DESCRIPTIONS.
Category Abbreviatian fascription

Zaavy V=3 engines T=3 U.5.~mapufactured pasaenger automgblle models titat ave
s0ld almont exclusively with the V-3 engine optien;
exnmplen: Juick Century, Cndillasc Sarille, Chryslers,
Ford LTD. (Does not include “CAL" wabiicles,)

Light V-8 engines and ceM U.S.-manufactured ("compact") passenger automcbile

Qucylipder enginea models that are 2old almpat exclusively with the o-
eylindar engine aption, or with s mix of the Gecylinder
and V-3 engine options; exazples: AMC Pacer, Zulck
Siyhavk, Dodge Aspen, Tord Mustang II.

Vedel Year 1977, 1979, CAL Ganeral Motors-manufactured E- and C-Body (new fa 1977

1979 fullegize oM model year) fulleslize passenger autcmabilesy examples:
Auder Elestra, Chevrolet Caprice, Jldazobile iilzety
Eight, Pon%lac Bontteville. This category was Ldentified
to possibly sarve as a standard vehicle far “calibrasing”
each aite.

Ywgylinder engines pall ALl U.Z.= ind foreigne-manufaziured models thst are scli
alnost exclusivaly wlth beeylinder enzines; sxacples:
Chavrolet Chevette, Dodge Calt, Yersury Caprl (Zefove
1979), Plymourh Horizon, moat Datauns, wost Teyotas,

Flatas end Yegos ™Y ALl Ford Pintos, Mercury Zodeats, Cherrolac Vegas,
Pontiac Astres.

Yolitwagan "Raatles" sUG All rear snglise VYolkawagen "Seetles” and bus models,

and huses

Motoreycles /e ALl motureyclies,

All ather pasienger Ricied U.S.~ and foreign~asnufacsured passenger autccoblile

autotmoniles, =odels that do not f1it into any other categeryy
axampley: Chevrolet Carvetsa, Jatsun 260, Mepuedey
Zenz, Volre GL/GLE, Paugact Sdk,

B T S
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(e.2., mathematically combined or manipulated) to an under-
standable form. The following sectlon describes how the data
were reduced, and it attempts to relate the reduced form of
the passby data to an intultive understanding of motor vehicle
nelse and motor vehlecle operation.

2.2.1 Histograms

Perhaps the first question that might be asked about the
motor vehicle passby sound level data 1s: How loud are the
vehleles? Obviously, at different accelerations, vehicles will
generally make different amounts of noise. A few will be very
loud, a few will be very qulet, and most will produce inter-
mediate sound levels — neither as qulet as the guletest, ner
as loud as the loudest.

One way to present this intuiltive observation graphically
is with a histogram. Figure 3'is a histogram constructed from
some of the measured passhy sound level data., Specifically,
it combines all the measured passby levels produced by U.S.-
manufactured passenger automoblles having 8~ or 6-cylinder
engines, as measured along roads wilth speed limlts of 35 mph
or less.* The figure shows how many 8- and 6-cylinder auto-
moblles were measured as producing a given maximum passby A=
weighted sound level. For example, 551 8- and 6-cylinder auto-
mobiles produced a2 maximum passby A-weighted sound level that was
between 87 dB and 68 dB, or 51 vehicles had measured passby levels
betwaen 61 dB and 62 dB.

#It includes all vehicles in the V-8, COM, and CAL categories
measured at sites Bl, Cl, C2, E2, K1, Ti, and T2.

16
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Figure 3 shows clearly how most 8- and fecylinder auto-
moblles produce maximum passby levels that fall between 50 dB
and 75 4B (as measured at 25 ft from the centerline of the
lane of travel), but how a few automoblles produce levels well
above this range. In other words, the histogram appears to
have a "normal" or "Gaussian" distributilon, that 1s, it shows
the famillar bell-shaped distributlon, except for the few
nolsy vehicles above approximately 75 dB.

2.2.2 Cumulative distributions

A second question about the passby data becomes apparent:
What percentage of vehicles produce passby levels that exceed
any specific level? The cumulative distribution of the data
answers this question, and Fig. 4 presents the cumulative dis~
tribution of the data shown in Fig. 3.

The cumulative distribution in Fig. 4 1s shown by the series
of dots, and location of each deot can be determined directly
from the information in Fig. 3. For example, 64 vehicles pro-
duced maximum passby sound levels equal to or exceeding 80 dB.
Since & total of 3,936 vehicles were measured, 1.6 percent
produced levels equal to or greater than 80 dB.

The dots of Fig. Y are plotted on & speclal type of graph
paper.* fThe percent scale 15 "stretched" or expanded for high
and low percentages, and compressed for the middle percentages.
This expansion and compression has two results. First, 1t means
that data that have a normal or Gaussian distribution will plot

as a straight line. Thus, as suggested earlier, except for the

#4 copy of this grapn paper 1s provided in Appendix A,
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few vehicles above approximately 75 dB, the distribution is
close to Gausslan; that 1s, it forms a bell-shaped curve on the
histogram and produces a strailght line on the special graph
paper of Fig. 4. The dashed straight line in Fig. 4 1is drawn
for comparison.

Second, the expansion of the percent scale permits easy
examination of the "tails," or the low and high ends, of the
distribution. ¥Figure I permits quick and accurate determination
of how many vehicles exceed any specific high (or low) passby
level., For example, if a maximum permitted passby sound level
of 80 dB (at 25 ft) were imposed by law, 1.6 percent of all
the U.S.-manufactured 8- and 6-cylinder automoblles measured
in speed zones of 35 mph or less would be in violation.

Cumulative distributlons permit qulck compariscon of dif-
ferent distributions {different vehicle populations). Pigure §
presents a histogram of the 8= and 6-cylinder automoblles,
measured in apeed zones of 35 mph or less, that were subjectively
Jjudged te have audibly defective/modified exhaust systems.

For ease of comparison, it 1s plotted on a scale identical .to
that of Fig. 3. (Note that the data of Fig. 3 Znelude the data
of Pig. 5.} To clarify the shape of this distributicn of
defective/modified vehicles, it is replotted in Fig. 6, but
Wwith an expanded vertical scale. Filgure 7 shows the cumulative
distributions of both Fig. 3 and Pig. 5 or 6. These cumulative
distributions clearly demonstrate that the entire distributien
of defectlve/modified vehicles tends to be, on average, 2 4B

te 8 dB louder than the total vehicle population.

A somewhat more meaningful comparison of defective/modified
and nondefective/modified vehicles can be made, HFlgure 8 shows
the histogram of all 8- and 6-cylinder automobiles Jjudged not

20
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audibly defective/modified. (It 1s the histogram of Flg. 3
minus the histogram of Fig. 5 or 6.) Clearly, though there are
sti1ll a few nolsy vehiecles, most of the louder vehicles were the
audibly defective/modified vehicles of Filg. 5 or 6.

Figure 9 gives the cumulative distributions for all 8- and
6-cylinder vehicles {data of Fig. 3), for defective/modified
8- and 6-cylinder vehicles (Fig. 5 or 6), and for nondefective/
modified 8~ and 6~cylinder vehicles (Flg., 8). These cumulative
distributlons demonstrate at least three important points.

« It is not easy to "cateh'" defective/medified vehicles
simply by enforcement of a maximum permitted passby
gsound level. For example, a maximum permitted level
of B0 dB (at 25 ft) would be exceeded by only 12
percent of the measured defective/modified vehlcles
(54 vehlcles). ,

* Nondefective/modified vehicles are not always quieter
than defective/nodified vehicles., (A corollary to the
preceding point.) This conc¢lusion l1s dependent on the
Judgment of which vehlcles sound defective/modified and
which do not. However, it would appear (and the data
suggest) that nondefective/modified vehilcles can be
operated in a way that makes them as loud or louder
than many defective/modified vehicles. For example,
though approximately half of the deflective/medified
vehicles produce levels less than 72 dB, five percent
of the nondefective/modified vehlcles produce levels
greater than 72 dB.

« Removal of all defective/modified vehlicles affects

primarily the upper tail of the tetal vehicle dis-
tripution. That 13, 1f all defective/modiflied vehleles
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were repalred, or elimlnatd, the main effect would
be a reduction in the number of very noisy vehicles.

Cumulative distributlions can thus provide socme insight
into motor vehlicle noise and ilnto the effects of various regu-
latory controls. They will be used throughcut this report to
develop the method for judging motor wvehicle noise and for
identifying approaches to controlling motor vehicle nolse,

Two other forms of data reduction will be used to develop
the method of motor vehilcle nolse assessment.
the "median vehicle level" or Lsg, is derived directly from the
cumulative distribution; while the other, the "energy-average
is computed from the histogram.

)
vehicle level' or Lave’

2.2.3 Median vehicle level, Lsa

The median vehigle level 1s simply the maximum passby A-
welghted sound level that is exceeded by 50 percent of all

vehicles, From Flg. 9, the following 1s derived.

One, called here

Type of 8- and 6-Cylinder Automobiles

Leos dB at 25 ft

All 67.5
Yondefective /Modified 67
DefectiveModified 12.5

Clearly, though Lsa of the defective/modified vehlicle popu-

lation is signifiicantly higher than L of the total vehlcle
population, the presence or absence of defective/modifled
vehicles has little effect on total vehicle population Lsg.

In other words, Lsy of the nondefectlve/modifled vehicle popu-
lation should be & good baseline site descriptaor; It can be

27
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used to characterize the general "nolsiness" of the nonmodified/
defectlve vehlcles at a site. Section 3, Analysis and Results,
looks further at the use of nonmedified/defective vehlcle Lsyg.

2.2.4 Energy-average vehicle level, Lave

The energy-average vehlcle level 1s the average maximum
passby A-welghted sound level that accounts for all sound energy
produced by a glven vehicle pcpulation. If all vehicles in a
population were to produce a maximum passby level equal to Lave’
rather than their actual passby levels, a roadside observer
would still be exposed to the same total sound energy that he/she
receives from the actual wvshicle population., For example, assume
that all 3,936 vehicles of Fig. 3 produce a maximum passby sound
level equal to an Lave of 71.2 dB. Assume that these wvehlcles
all accelerate past an observer. Next, assume that all vehicles
produce theilr actual measured maximum passby level and again
accelerate past the observer., For both cases, the observer is
exposad t¢ the szame total scund energy.

How 1s Lave computed? Appendix B gives a simple computation
method that requlres only a caleulator that adds, subtracts,

multiplies, and divides. More directly, the computational formula

ia: .
1 Li/lo
Lyye = 10 108 Nh ny 10 ] ,
where
L1 = maximum passby sound level of the ith interval
of the histogram,
n, = number of vehlcles with measured maximum passby

sound levels in the ith interval,

N = total number of vehicles measured = E ny .

28
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From Figs. 3, 5 or 6, and 8, the following values are
computed:

Type of 8- and &-Cylinder Automobiles Layes dB at 25 ft

All TL.2
Nondefective/Modified 68.6
Dafective/Modified 7.7

The defective/modified energy-average vehlecle level 1s approxi-
mately 9 dB louder than the nendefective/modified vehlcle level,
and the total vehlcle population energy-average vehicle level

will be reduced about 2.5 dB 1If all defective modifled vehlcles

were eliminated.

The energy=-average vehlcle level 1s important because it
i3 related directly to the widely used motor vehicle nolse
degeriptors of hourly eguilvalent socund level, Leq’ and day-
night sound level, Ldn; All things belng equal, a
given change in Lave will produce the same change in Leq or
Ldn for roadside locations exposed to the noise of accelerating
vehicles., Thus, 1f all defective/modifled vehicles of Fig. 3
were flxed or eliminated from the vehilcle population, Leq or
Ldn due to these accelerating vehlcles should be reduced
about 2.5 dB.

29
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3.  ANALYSIS AND RESULTS

Sectileon 3 analyzes and draws conclusions from the collected,
reduced maximum passhy sound level data. Sectlon 3.1 examines
the data and draws conclusions about the factors that determine
how nolsy meotor vehlcles are. Results of thls examination are
then used in Se¢. 3.2 to develop fully the method for assessing
the relative noisiness of a Jurisdiction's moter vehicles.*

3.1 Factors Affecting Motor Vehicle Noise
Secetlon 3.1 examines the four facteors that influence the
nolsze levels produced by motor vehlcles:
+ Basic vehicle design
+ Defective exhaust systems
+ Modified exhaust systems

+ Vehicle operaticn.

Analysis 1s based on the cumulative distripution, the Lava' and
the Lsg values., By comparing the cumulative distributions, the
Lave’ and the Lsy values for different vehlcle populations, the
relative importance of these factors can be guantirfied and

understood.

3.1.1 Basic vehicle design

Vehicle deasign can be important not only because it deter-

mines how loud a vehicle wlll be when it 1is Iin good, nondefective,

*Appendix C contains all the reduced data used in these analyses.
The data were reduced by computer, and the computer output is
presented for each of the 11 individual measurement sites.
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nonmodlified condition, but alsc because deslgn may determine
how readily an exhaust system becomes defective, how difficult
repair of the exhaust system 13, and how easily an exhaust
system can be modifled. Though vehicle deslign and its nolse~
related effects may not bhe readilly amenable to state/loecal or
even Federal control, the data gathered for this study clearly
demonstrate the significance of particular design classes of
motor vehicles.

Specifically, the Volkswagen "Beetle," and motorcycles in
general, can he separately analyzed. Filgure 10 presents the
cunulative distributions of vehlcles measured along roads with

| speed limits of 80 mph and 45 mph (at sites B2, El, K2, S1).
The figure shows the distributions for all 8- and G-cyiinder
U.S,~manufactured passenger automobiles (includes all auto-
mobiles in the V-8, COM, and CAL categories), all Volkswagen

o Beetles (BUG category), and all motorcycles (M/C category).

It also glves the number of vehlcles measured, N, and the

energy-average Yehicle level, Lave’ for each distribution.

Both the BUG and M/C distributions are shifted 7 dB tc 14 dB

to the right of (louder than) the 8« and S-cylinder distribution.

However, the numbers of BUGs and M/Cs are relatively smzsll
with respect to the total 8« and 6-cylinder population. BUGs
constitute about 6 percent of the combined populations, and
motorcycles about 2 percent. What, therefore, is the effect
i of these two vehicle types on the cumulative distribution eof
v the combined populations? Figure 11 shows the cumulatlve dis-
tributions that result if first the BUGs and then the motor-
cycles are combined with the B- and &-cylinder vehicles.
Clearly, the distribution shifts only slightly.
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Does the slight shift of the cumulative distribution

- Buggest that the vehicle categories of BUG and M/C are unime-

portant? Probably net. Motoreycles are generally recognized
as a majJor contributor to community annoyance. A small shift
of the upper tail may thus be significant, and a single,
easily identifiable, noisy vehicle class may be, or could
become, a significant contributor to community annoyance.

The implication is that from time to time vehicle manu=-
facturers may design and produce a vehicle type that for one
reason or ancther 1s, or becomes with age, unusuzlly nocisy.
The data presented here suggest that such vehicle types can
occur and that, even 1f the npumbers of these unusual
vehicles on the road are relatively small, the effects on
community annoyance may be significant.

3.1.2 Defective/modified vehicles

Section 2.2 presented data showlng how elimination of
vehlcles Judged to be audibly defective/modified could shift

downward the upper tail of the cumulative distribution. Figure

9 presented the cumulative distributions for 8- and 6=-cylinder
automobiles measured in apeed zones of 35 mph or less. Figure
12 presents comparable data for measurements made in speed
zones of 4O mph and 45 mph (sites B2, El, K&, Sl1). BHoth

Pigs. 9 and 12 show how the number of loud vehicles 1s reduced
in the nondefective/modified vehicle population., That is, if

all defective/modified vehlecles could be eliminated, the numher

of vehicles exceeding the higher levels would be reduced, and
the high level tail of the cumulative distribution would be

shifted to the lefst.
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In addition to shifting the tail of the distribution,
defective/modifled vehlcles affect the energy-average vehicle
level, Lave' Values of Lave are given in Flg. 12 for the high=-
speed site data, and Table 3 repeats these values a3 well as
presenting the low-speed site data Lave' If all defective/
modified vehicles could be eliminated, it 1s apparent that
energy=average sound levels would be reduced by 2.5 dB to 3 dB.

Table 3 also shows that the L for defective/modifiled

ave
vehicles is 9 dB to 10 4B higher than the LaVe for nondefective/
modifled vehlcles, Lave can thus be used 1n two ways as an

indicator of the effects of defectlive/modified vehicles:

+ The difference hetween Lave for all vehicles (see
Table 3) and Lave for nondefective/modified vehleles
1s a measure of the beneflt to be derived from
eliminating 8ll defective/modified vehicles.

« The difference between Lave for defective/modified
vehicles and for nondefective/modified vehlcles 1is
a good measure of how loud the defective/modifled

vehiecles are.

3.1.3 Combined effects of vehicie design and defective/modified
vehicles
It 13 now possible to make an observation about the im-

portant role played by vehlcele design. The previous discussien
of vehlicle design showed that Volkswagen Beetles and motoreycles
increase Lave by 1 dB to 2 dB (see Fig. 1l). What, however, are
the combined effects of these vehlicle design types and the
defective/medified vehicles?
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TABLE 3. ENERGY-AVERAGE VEHICLE SOUND LEVELS, Laye, BASED ON DATA MEASURED
AT 25 ft FROM THE CENTERLINE OF THE LANE OF TRAVEL ALONG HIGH=-

SPEED AND LOW-SPEED ROADS.

Type of 8- and
6-Cylinder Automobiles

High-Speed Data*

Low-Speed Data™

N* T Lyyer dB

N**

Laye» dB

All
{ Nondefective/Modified
Defective/Modified

2,848
2,580
268

73.1
70.8
80.1

3,936
3,486
Lso

71.2
68.6
7.7

#Data measured along roads having speed limits of 40 mph and 45 mph.

type.

.

T Un P e s e =
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fData measured along roads having speed limits of 35 mph or less.
** 2 total number of 8- and 6-cyiinder vehicles measured of the specified
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The contributlons of variocus types of vehicles are most
easilly determined by examining the effects the types have on
Lave‘ By beginning with Lave for a combined vehilicle population
and then eliminating one vehicle type at a time, the relative
importance of the types may be demonstrated. Starting with a
vehicle population containing all B= and &-cylinder automobiles,
all Volkswagen Beetles, and all motoreycles (as measured at
high-speed sites), the twe progressions of Table 4 are computed.
In the two center columns, this table shows the values of Lave
for the total vehicle population and, moving downward, shows
resulting values of Lave as different vehicle types are eliminated
from the population. To achieve the full possible 4-dB reduc-
tien of Lave’ all defective/modified 8- and 6-cylinder automobiles,
all Beetles, and all motorcycles have to be eliminated. It 1=
clear that each vehicle type contributes significantly to the
total Lave’ and that elimination of only one of the nolsy types
provides less than half of the total possible reduction In

decibels.

3.1.4 Vehicle operation

The way an operator accelerates his/her vehicle certainly
affects the nolge level generated by the vehlcle. Even for
vehicles with no audibly defective/modilied exhaust system,
operation must affect noise level. The data gathered in this
study suggest that rates of acceleration, as indlcated by
maximum passby sound level distributions, vary from site to
site, with sites in higher speed limit 2zcnes tending to have
higher (louder) acceleration rates,

Flgure 13 compares the cumulative distrivutions of non-
defective/modified 8~ and 6-¢ylinder automoblles as measured

38
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B- AND 6-CYLINDER AUTOMOBILES.

801t Beranek and Newman Ing.

COMBINED EFFECTS OF VOLKSWAGEN BEFTLES, MOTORCYCLES, AND DEFECTIVE/

MODIFIED 8- AND 6-CYLINDER AUTOMOBILES ON Laye THAT RESULTS FROM
BASED ON DATA MEASURED AT 25 ft

FROM CENTERLINE OF LANE OF TRAVEL IN SPEED ZONES OF 40 mph AND

45 mph.
Resulting
Vehicle Population Mix [ L,q, dB Vehicle Population Mix
All Vehicles¥* 7L.8 | 74.8 All Vehicleg¥

Defective/Modified 73.6 | 7Th.0 | Volkswagen Beetles
Eliminated Eliminated

Volkswagen Beetles 72.3 | 73.1 | Motorcycles

Eliminated Eliminated

Motoreyeles T0.8 ! 70.8 | Defective/Modified
Eliminated Eliminated

#*Includes all vehicles in V-8, COM, CAL, BUG, and M/C
categories measured at sites B2, ElL, K2, S1.
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at 3lte C2, where the speed limit was 30 mph, and at Site EL,
where the speed limlt was 40 mph. Since both distributions
contaln only the nondefective/modified B~ and é-cylinder auto-
moblles, 1t seems reasonable to assume that the clear 4=dB to

" 5=dB difference is attributable to different rates of accelera-

tion. The on~gite observations of measurement personnel tend
to confirm thils assumed difference in acceleration rate.

Figure 13 also glves the values of Lsp that correspond to
the distribvutions. Values of Lse¢, as mentioned earlier, are
affected only slightly by the presence of defective/modified
vehicles. In other words, Lsy does not depend upon an observer's
Judgment of which vehicles are defective/medified, and which
are not. Further, the value of Lsp, for measuremenis of several
hundred vehleles, 1s known with a high degree of precision;
that 1s, the estimate of its value 1s likely to be correct to
within approximately 1 dB. Since Lsy does not depend upon the
ocbserver's Judgment and does not depend upon which or how many
vehicles are defective/modified, it should depend primarily upon
the vehlcle category measured and on the way those vehicles are
operated. For a given category of vehicle, Ly, should be
directly related to how rapldly vehicles are accelerated. Thus,
from site to site, for a given vehlcle category, Lsos should be
a measure of the rate of acceleration at each site; the larger
Lsyp 1s, the higher the rate of acceleration is.¥

¥Ty confirm that vehicle operation (rate of acceleration) plays
an important role in determining the maximum passby sound level,
a4 nondefective/modified Chevrolet Caprice was driven through

a typileal measurement site (like the site plctured schematically
in Fig. 2) 13 times at different rates of acceleration. The
measured maximum passby A-weighted sound levels covered a 15~dB
range, from 64 dB te 79 dB. Acceleration nolse thus seems to

be a sensitive function of driver operation.

41



|
|
{
'

| SRS Y TE et

Report No. 4370 . Bolt Beranek and Newman Inc.

3.2 Assessment of Motor Vehicle Nofse

By collecting and reducing data in accordance with the
procedures described in Sec., 2, a jurisdiction c¢an use the
information provided in this subsectlon to assess how nolsy its
motor vehleles are, and whether they are noisy because they
are defective/modified or because they are operated at high
rates of acc¢eleration. Additlonally, Jurlsdictions wiil be
able to estimate approximately how much benefit can be derlved
from limiting the numbers of defective/modifiled vehicles or
from controlling wvehicle operation.

Generally, a jurisdlctlon must collect maximum passby
sound level data, reduce the data to yield wvalues of Lse and
Lave‘ and compare these values with figures provided in this
subsection. The following paragraphs describe the procedure
step by step.

]

3.2.1 Collect data

Using the method of See. 2.1, collect maximum passby A-
welghted sound levels by vehlcle category. Use a form similar

to that of Appendix A, but not all elght vehlcle categories need

be used. The assessment method will use only the 8- and 6-
cylinder category and the IMP category (see Table 2),* but data
should also be collected for the motoreycle, BUG, and MSC
categories., Be certaln to note whether or not each vehlcle 1s

audibly defective/modified.

#Recall that the 8~ and S-cylinder category comprises the V-8,
COM, CAL categories described in Table 2.
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The rellabllity of the assessment depends primarily on the
number of audlbly defective/modified vehicles measured. The
number of these vehleles measured depénds on the time spent
measuring and on the number of audibly defective/modified
vehlcles that are present in the population. Now, the number
present in the population depends upon vehlcle categorles.
There will be many more defective/modified 8- and S-cylinder
vehicles than defective/modified 4-cylinder vehicles (IMP
category) simply because there are more 8- and 6-cylinder
vehicles on the road. Thus, for a given reliability, a far
larger total sample is required for assessment of the U-cylinder
category than is reculred for assessment of the 8- and 6-
¢ylinder cptegcry.

Tables 5 and § present percentages that can be used to
estimate required total sample size. Table 5 presents, by
site and category; the percent judged to be audlbly defective/
modified. Table 6 shows how the total an-road vehlcle popula-
tion 1s divided by vehicle category. Table 5 shows that, on
average, 10.6 percent of all 8- and 6-cylinder vehicles and
6.2 percent of all l=cylinder vehicles are judged audibly
defective/modified,

If we agsume that about 30 to 50 audibly defectlve/modified
vahicles need to be measured, then, to Judge the 8- and 6-
cylinder vehilcles, a total of U400 to 700 vehicles of all cate=
gories need to be measured® To assess similavrly the b-cylinder

#The number of vehicles measured determines the statlistical con=-
fidence which in turn depends upeon the distribution of the data.
See the appendix to Chapter 3 of "Fundamentals and Abatement of
Highway Traffic Noise," avallable from the Federal Highway Ad-
ministration, for a method to determine confldence limits,
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PERCENT AUDIBLY DEFECTIVE/MODIFIED BY VEHICLE CATEGORY, BY SITE.

Yehicle Category

Percent Audibly Defective/Modified*

8~ and B~cylinder
IMP (becylinder)

8- and 6-cylinder
IMP (4-cylinder)

8~ and 6-cylinder
IMP (L=cylinder}

8= and 6~cylinder
IMP (L-cylinder)

f
-1
(=]

.

-
= .
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8- and 6-cylinder
IMP (4=cylinder)

8- and 6-~cylinder
IMP {L~cylinder)
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8- and 6-cylinder
IMP (4-cylinder)

8« and B-cylinder
IMP (W-cylinder)
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8- and 6-cylinder
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8- and 6-cylinder
IMP {4=cylinder)

8- and 6-cylinder
IMP (La=cylinder)
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TABLE 5.
Measyrement Site

BL

B2

cl

cz

B

8l

Tl

T2
Average of All
Gites

8= and Be=cylinder
IMP (L-eylinder)

hO
. .
n o

*Please note that these percentages do not reflect a need or lack of need

for motor vehicle noise control.
need, but rather the noise generated by these vehicles.

It is not this percent that determines

A large percent

mey be audibly defective/modifisd, but they may be relatively quiet.
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TABLE 6. APPROXIMATE 1978 ON-ROAD VEHICLE POPULATION MIX BY VEHICLE CATEGORY.
BASED ON 6,400 VEHICLES MEASURED IN BIRMINGHAM, AL; EUGENE, OR;

KANSAS CITY, MD; AND SOUTHERN CALIFORNIA.

Vehicle Category*

Percent of Total Population

8- and S-cylinder+
PNT
BUG
IMP
M/C
MSC

Tl
5

16
i

AT TR sy

e ——— i A MR I Ca AR T T $ 72 i B A

()

b Aol s vt T et e A . L
P e b 1 e e it o e e 2R T 8

#Categories described in Table 2.
+Inc1udes Table 2 categories: V-8, COM, CAL,
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vehicles, a total of 3,000 to 5,000 vehicles of all categories

'need to be measured. Stated another way, 1f every vehicle that

paases by the microphone 1s measured, 400 to 700 vehleles must
pass by before 30 to 50 audibly defective/modified 8- and é-
e¢eylinder vehicles are measured; 3,000 to 5,000 vehlcles must
péss by before 30 to 50 defective/modified H-cylinder vehicles

are measured,

3.2.2 Reduce data

Perform the following steps, flrst using the data collected
for the 8~ and 6-cylinder vehicle category, and then using the
data collected for the ld-cylinder vehilcle category.

A, Construct three histograms:
1. PFor all vehicles
2. PFor audibly defective/modifled vehicles
3. For audlbly nondefective/modified vehicles.

B, Using the histogram constructed in A.3, determine
Lsg. "This can be done by plotting a cumulative
dlstributlon on the paper provided in Appendlx A.

C. Using the hlstograms of A, above, and the worksheet
of Appendix B, compute Lave for each histogram;
that 1s, compute L, . for all vehicles (histogram
of A.l), for audibly defective/modified vehicles
{histogram of A.2), and for audibly nondefective/

modifled vehicles (histogram of A.3).

D. Using the Motor Vehicle Nolse Assessment Worksheet
of Appendix D, write down the values of Lgp and Lave
as indicated, and perform the two subtractions
required by llnes 2.3 and 3.3 of that worksheet.
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E. 8« and 6-Cylinder Vehicles: Plot the values of the
Appendix D worksheet on Figs. 14 and 15.

+ FPFlgure l4: Plot the point determined by the
worksheet values on lines 1 and 2.3.

+ PFigure 15: Plot the point determined by the
worksheet values on lines 1 and 3.3.

F. U~Cylinder Vehicles: Plot the values of the
Appendix D worksheet on Figs. 16 and 17.

+ Figure 16: Plot the polnt determined by the
worksheet values on lines 1 and 2.3.

+ PFigure 17: Plot the point determined by the
worksheet values on lines 1 and 3.3.

3.2.3 Assess motor vehicle noise

Each point pleotted, using the steps in the preceding sub=-
sectlon, represents motor vehicle nolse data gathered at a
specific poadside site. These points permit a determinaticn
of whether the motor vehlcles measured at each site are louder
or quieter than the average of all vehicles measured for this
study, and the points provide an estimate of why the vehicles
measured at each site are loud. The plotted points also show
how much beneflt can be derived from controllling motor vehilcle
nolse at a speciflie site and whether thils benefit is more or
less than average, as compared o the vehicles measured for
this study. In other words, the motor vehicles measured for
this study provide a baseline estimate of motor vehicle noilse,
and Figs. 14 through 17 allow any Jurisdiction to compare its
motor vehicles against this baseline. The followling paragraphs
tell how to make these compariscns.
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Figures 14 and 16

These flgures show how much noisier the audibly defective/
modified vehicles are than the audibly nondefective/modified
vehlieles., The higher a plotted point is on the vertical scale,
the noisier are the audibly defective/modified vehicles at the
site represented by the point.

These flgures also show how noilsily vehicles accelerate.
The farther to the right 2 plotted point is, the louder is the
resulting nolse that is due to high acceleration rates at the

site,

The shaded area, enclosed by the "95 percent confidence
limits" is the region where the plotted points would usually
lie. Thus, a plotted point that lies at the top of or above
this shaded area implies that audibly defective/modified vehilcles
at the site are unusually loud and/or unusually numerous. Con=
versely, plotted points located at the bottom of or below the
shaded area imply that audibly defective/modified vehlcles at
the site are unusually quiet and/or unusually few in number,

The figures show the points that have been computed for
each of the measurement sites of this study. (See Table 1
for identificatiocn/locatlion of each site.} Thus, in Fig. 14
for example, sites K1, Tl, and K2 seem tc have unusually loud
and/or numerous audibly defective/modified vehlcles, and sites
E2, C1, T2, and S1 have unusually quiet and/or few audibly
defective/modified vehicles.

Figures 14 and 16 also permit Judgments of whether or not
vehicles at a site are accelerating more rapidly than average.
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Vehicles accelerate more rapidly in high-speed zones (40 mph

and 45 mph speed limits) than in low-speed zones (apeed limits
of 35 mph or less). Thus, each figure has a low-speed/high~speed
dividing line. The location of this 1line 1s determined from

the measurement data of this study. Low-speed sites should
generally result in points that plot to the left of the line,
and high-speed site points will generally plot to the right of
the line. If a low=speed site plots close to this line or to
the right of 1it, then the vehlcles at this site are accelerating
unusually rapidly, and censequently are unusually loud. Con-
versely, if a high-speed site plots close to this line or to the
left of it, then the vehlcles at the slte are accelerating
unusually slowly, and are unusually quiet for a high-speed zene.

Thus, in Fig. 14, vehicles at sltes S1 and C2 are ac-
celerating at unusuzlly slow rates for thelr respective speed
zenes. On the other hand, vehlcles at sites T2 and El are
accelerating at unusually high rates for thelr speed zcnes.

Figures 15§ and 17

These figures tell how much benefit can be expected 1f
the number of audibly defective/modifled vehicles 1s reduced.
The higher a plotted point is 1in the vertical dlrecticon, the
more benefit can be expected., For example, 1f all audibly
defective/modified vehicles could be eliminated at site X2,
approximately 3.5-dB to 4-dB reducticn of L, wculd
result., Sites that plot above or below the shaded area can
expect higher than average or lower than average reductions,
respectively, from elimination of audibly defectlve/modifled
vehicles, In Filg. 15, for example, site T1 wilill beneflt more
than average, but site E2 will benefilt less than average.
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Pigures 15 and 17 also show how much benefit can bhe derived
by modifying driver behavior, that 1s, by causing vehicle
operators teo accelerate less rapidly. The benefit possibhle
depends upon how far to the right the plotted point lies, and
upon the speed zones at the site. For high~speed zones,
acceleration rates result, on average, in Lso (NON) (audibly
nondefective/modifled Lgq) of 69 dB to 70 dB. Thus, in
Flg. 15 for example, drivers at site El tend to accelerate at
a somewhat faster rate than usual, and a 0.5-dB te 1.5-~dB
benefit might reasonably bte achieved if drivers could be en-
couraged to accelerate less rapidly.*

It should be noted that the benefits from elimination of
audibly defective/modiflied vehicles and from medifying driver
behavlior are additlve. For example, at site El in Fig. 15,

a 2-dB benefit should result from elimination of audibly
defective/modiflied vehicles, and a 1-dB benefit should be pro=-
duced by modifying drlver behavicr, for a total expected 3-dB
benefit.

#Note that though this benefit 13 in terms of reduction in Lsg
for audibly nondefective/modified vehlcles, Lsq (NON)}, approxi-
mately the same benefit in Lave (ALL) would also result. That
is, though Lsy and Lave for any vehilcle pepulation certainly
are not edqual, they vary proportiocnately: a reductlon of 1 dB
in Lsy corresponds to a reduction of approximately 1 4B in

Lave.
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4. CONTROL OF MOTOR VEHICLE NOISE

Having identifled the important factor or factors that con-
tribute to motor vehlele noise at specific sltes, and having
quantified the beneflt that can be achieved by controlling motor
vehicle noise, a Jurisdicticn should be in a better position to
develop or refine i1ts motor vehicle nolse control program. Sec-
tion U discusses the basic components of motor vehicle noise
contrel programs and attempts to relate these components to the
factors (defective/modified exhaust systems, operator behavior)
that affect motor vehlcle noise.

The concepts expressed here do not offer a quick, easy fix
for motor vehlcle nolse problems. Conversaticns with many dif-
ferent motor vehicle noise control officials have led to the
same conclusions: motoy vehlele nolse Zs & cause of annoyance
for many people; metor vehlele nolse control is a complex problem
requiring dedicated personnel, innovative approaches, and hard
work.

The results of thils study do, in fact, reaffirm the notion
that motor vehlele nolse control Is a complex problem. Figures
14 through 17 show that Jurisdictions with no real motor vehicle
noise control program (Bl, B2) can have vehlecles that are no
nolsier than the vehlcles of Jurisdictions with actlve programs,
and that, even within a single jurisdiction, motor vehicles at
different sites can produce widely differing noise levels (El,

E2).

Thus, the following paragraphs are not expected to provide
revolutlonary new approaches to motor vehicle nolse control, but
rather to provide or encourage approaches that are loglcally
developed and are based on a Jurisdiction’s needs and capabilities.

55




e e ¢

Report No. 4370 ' Bolt Beranek and Newman Inc.

4,1 35ite Specific Factors
The analysls method helps a Jurlsdictlon ldentify needs on

a slte~by-site basis. Generally, community complaints will alse

perform this function, but the analysis method will help identify
the main factors contributing to the nolse problem. Thus the
basic noilse control program components of public educatlon and
enforcement can be targeted for locations with greatest need.

Simply spending & day or two at a site in order to make mea-
surements can provide 1insight into the problem. Do nolsy vehilcles
seem to pass by at a specific time of day? Are many of the necisy
vehlcles drilven past Just after the high school day ends? Do
the nolsy vehleles pass by mostly during the morning rush hour
as people hurry to work?

4.2 Noise Cantrol Program Components

A motor vehicle noise control pragram has at least two basic
components :

+ Public education

+ Enforcement.

4.2.1 Education

Education of the public can almost always play a useful role.
The public needs to be educated about:

+ Any motor vehicle noise contrel laws that they must comply
with and the consequences of noncempliance. For noise
problems that result from medified vehleles, some jurisdic=-
tions have run specilal workshops at high schools. Use of
radlo, television, and newspaper coverage helps educate the

publle at large.
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N

+ The casts of not complying with the metor vehicle nolse
control laws. Often, people drive with a defective exhaust
system because having 1t repaired takes time. Make sure
they know that thils neglect may result in an even greater

! loss of thelr time (and a loss of money?) 1f they are
: ¢cited for nencomplilance.

+ The effects of motor vehlcle nolse on the community. Make
people aware that the nolse produced by motor vehicles does
affect people. It is useful If actual complaint data can
be presented, but avold depicting the people who complain

; as chronlc complailners., They generally are nct. They are
| simply pecple who often have thelr actlvities disrupted by
noise and whe, in fact, generally represent (unknowingly)
many other pecople who are annoyed but who do not complain.
HY 4.2.2 Enforcement
| It 1s likely that education will not be very effective
E unless the publlc also perceives a threat of enforcement.
; People must be convinced that there is a chance they will be
; cited if they drive vehicles with defective/modified exhaust
{ systems, or if they accelerate toc fast,
i Probably the best method to convince people is by actually
; enforcing the iaw and giving citations. Note that it 1s importang
;? for enforcement action to inelude a final check of complilance.
i Simply levying a fine is generally not adeguate. Courts, appeal
% boards, or selectmen, ete., seem unwilling to approve adeqguately
E high fines for noise offenses, It can be of little use to levy
3 a fine that 1s less than the cost to repalr/replace a defective/
i medified axhaust system., Offenders may cheoose to pay such a
fine 1f it means they will not have to submit to a final compli-
ance check.
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Enforcement, however, is expensive. To correct a signi~
ficant number of defective/modified vehilcles requires that an
enforcement officer spend hours on the street and in the courts.
One method that has been used to reduce the hours actually spent
an enforcement, while still maintaining the threat o¢f enforce-
ment, 1s the patrol car-mounted microphone. If pecple have been
educated to know what the miecrophone looks like, the microphone's
constant presence on patrol ears, even when it 1s not in use, may
provide the necessary threat of enforcement.

Modified Exhaust Systems

The importance of the enforcement component probably varies
depending upon whether the program objJective is to reduce the
number of modiflied vehicles, reduce the number of defective
vehicles, or control operator behavior. Once a vehlele has been
modlfied, an enforcement officer wlll have many oppertunities to
cite 1ts operator. The vehicle has been modified because the
awner wants it that way, and it willl probably stay modified until
ne has been caught. To encourage correction of medified systems,
a4 fairly high chance of being clted 1s probably necessary.

Dafeoctive Exhaust Syastems

On the other hand, an owner does not necessarlly want to
drive a defective vehilele., It becomes defective as 1t ages,
and 1t will probably be repaired sooner or later depending upon
the awner's view of the time and money required for repalr.
Thus, the objective is generally not to make the cowner take
an action (repair the exhaust sytem) he does not want to take,
but only to encourage him to take the action sooner. For most
owners, a fairly small chance of being cited is probably adequate
to encourage repair.
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Vehicle Operation

Modifying vehicle operator characteristilcs 1s likely to be
the mest difficult factor to address. The offense is temporary,
and in order for the operator to be cited, the offense must be
observed. Thus, a falrly large amount of enforcement time giving
warnings/citations 1ls probably necessary to encourage vehicle
operators to accelerate less rapidly.

4.3 Defective/Modified Exhaust Systems ve VehicTe Operation

As suggested by Sec. 4.2, motor vehicle noise control program
coemponents will vary somewhat depending upon whether the program
is targeted primarily at defective/modified exhaust systems or
at vehicle coperation. Section 4.3 further cutlines some of these

variations.

4.3,1 Defective exhaust systems

Defective systems can be identifled audibly and by visual
inspection. For enforcement purposes, an officer can easily
pick out, by ear, those vehlcles likely to have defective systems.
A quick visual inspection will then revezal holes in the muffler, _
broken exhaust/tall pipes, ete., and (assuming the Jjurisdietion ;
has the appropriate motor vehicle equipment law) a warning/ }
citatlion can be written., Thus, for correction of most defectlve
systems, no detalled nolse law with gquantitative sound level
provisiens is, in theory, necessary.

In practlce, however, sound level provisions may make chal-
lenges in court less likely or less successful., An officer may
need a specific, objective reason for inspecting a vehicle.

59



Report No., 4370 . Bolt Beranek and Newman Inc.

Exceedance of some specified sound level limit can provide the
necessary Justification. If this Justification 1s needed,
however, the cost of enforecement 1s increased. The increase 1s
caused not only by sound measurement equipment and training
costs, but by the need for additional hours ef enforcement to
achieve a given number of vehicles cited.

4.3.2 Modified exhaust systems

Some types of modificatliona c¢an be identified audibly and
by visual inspection; for example, muffler cutouts or hypasses
are easlly cilted if the law prohibits them. O0ften, though,
modificatlions can be gimply the use of "less effective™ mufflers
or exhaust systems. For identification of these types of modi-
fications, a quantitative sound level 1limit and sound measure-
ment procedure are probably necessary.

The owners who modify.their vehicles are generally, how-
ever, a amall percentage of all vehicle owners, and they may be
relatively easy Yo reach through publie education. These
people are often well aware of the motor wvehicle laws, since
pursuing their interest in modified vehicles may {(and frequently
does) put them in confliet with these laws., They often have an
interest in modification to the limit of the iaw. This interest,
when combined with the pleasure they derive from working on their
vehilcles, may make them reachable through motor vehicle noise=-
testing workshops. A workshop that gives them the opportunity
to measure the neolse of their own vehicles and tc determine
whether or not the vehlcles are in compliance with the law may
attract a significant portion of the medifled vehicle cwners
in 2 community. They will learn that an objective measuring
instrument can pick out viclators.
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4.3.3 Vehicle operation

Affecting the way people accelerate thelr vehicles probably
requires aggressive publle education and enforcement. Firsst,
the people who accelerate too rapidly form no easily identifi-
able group that can be targeted for educatlon. Thus, public
education may have to be widespread and dispersed — through
televislon, radio, and newspaper coverage.

Second, enforcement willl require some legally Jjustifiled
sound level 1limit and corresponding rocadside measurement pro-
cedure, The relationship between the enforced roadside sound
lavel limit and resultant cumulatilve dlstribution is not well
understood and may have to be developed on 2 Jurlsdiction-by-

Jurisdiction basis.

Finally, vehicle operation will be difficult to modify per-

’ manently. Vehicle operators can always be expected %o modify

thelr behavior when they drive past a parked patrol car, hut
when the patrol car 1s absent, the behavior returns to "normal."
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5. RECOMMENDATIONS FOGR FURTHER WORK

This report has attempted to provide a basic method for the
assessment of moteor vehlcle nolse. ZIn theory, the method is
generally applicable. Practically, however, the method 1s limited
because 1t deals with only the twe vehicle types (8~ and 6«
¢ylinder vehicles and UY-cylinder vehicles), it 1s based on meg-
surements at only eleven siltes in six Jurisdictions, azndéd 1t
depends upon subjective determinations of which vehicles are
defectlive/modified.

To be more useful, the methed should account for other
vehicle types and the relative numbers of each type. To be more
reliable, data for additional sites/jurisdictions need to be
included,

The energy-average vehicle level, L, yes could be used to
account for and judge the relative importance of each vehlcle
type. (8See, for example, Table 4.) Worksheets could be developed
from existing data to permit such judgments.

Figures 14 through 17 show shaded areas surrounded by 95
percent ccnfidence limits. The wide separation of these limits
is due to the scatter or the eleven (or ten) data points. These
confidence limits can be narrowed, and the reliability of the
method inereased, 1f data were gathered from more sites/
Jurdisdictions.

The method of assessment depends primarily on subjective
Judgments of which vehicles have {audibly) defective/modified
exhaust gystems and which do not. Though measurement peprsonnel
believed such Judgments could be made reliably, no real proof
can yet be gilven that such judgments are correct. Are vehicles
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that sound defective/modifled, really defective/modified? How
amenable to nolse control are such audibly defective/modified
vehicles? 1If they all had new, original equipment exhaust
systems installed, would they be nolsier than the audibly
nondefective/modifled vehicles?

Finally, the data gathered here represent the motor vehicle
nolse levels at a specific time and cannot show changes In nolse
levels with time. If, for example, Kansas Clty pursues a
program of motor vehicle nolse control, returning to sltes Kl
and to K2 would be useful after the program has been in effect
and, perhaps, after various noilse control apprcaches have been
tried, to determine 1f there has been a2 measurable change in
vehicle noise.

e atm o md s Tl et £ e



SRS R s gt ot Hi

T T

Report No. 4370 ) Bolt Beranek and Newman Inc.

APPENDIX A.

DATA COLLECTION FORM
GAUSSIAN CUMULATIVE DISTRIBUTION GRAPH PAPER
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Write munier of vehicles neesursd
io Colusn B for esch maxizum pasaby
sound lavel interval shown in
Cajuzh A,

Multiply asch oumbtar of vehicles
in Columg § by respetive values
in Column ¢} write resul: fo
Calume D,

Sum pumherd of vahisles, Column By
write total,

Sun sumbart ia Column Jj writs
total.

Pivide tetal in Coluen D by
tatal io Coludn B; writs résult,
X, talow;

Xw

Convert X to 10 log X, using
1cAle,

10 log X »

Lave * 60 +10 log X
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APPENDIX B. CALCULATION OF ENERGY-AVERAGE VEHICLE LEVEL, Lave'
A B ¢ 1}
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APPENDIX C. COMPUTER-REDUCED DATA

Thls appendlx presents the listings of all computer-reduced
maximum passby sound level data, by measurement site. The data
are divided by low-speed (speed limits of 35 mph or less) and

high-speed sites.

Columns:

L(4):

All Other Columa:
P 846
o All:

848
AdB:

a46
NEV:

PNT:
sua:

S
P

FENECPL R

AR

{From left to right)

Maxlmyn A-weighted passby level as messured at 25 ft
from centerline of lane of travel. Note that levels
are shown as one-half 4B ranges.

The remaining columns show percentage of vehicles
having a measured maximum A-weighted passby level
that falls within or above the level range shown in
the first colunn, L(A). Each column shows these
percentages for a different portion of the vehicle
population,

This column gives the percentages for all measured
U.S.-manufactured autos with either 8-cylinder or
f-cylinder engines.

Gives percantages for only the 8~ and 6-cylinder
U.S. sutos that were judged to have audibly modified
or defective muffler/exhaust systems. (A = Audibly
modified/defectiva; B = Both audibly and visually
modified/defective. )

Percentages for only the 8- and f-cylinder U.S. autos
that were not judged to nave audibly modified or
defective systems, (N = Meither audibly nor visually
modif%ed/defective; V = Pisually msdified/defective
only.

Columns headed with "IMP" give the same information
as 1s given by columns headed with "8&5", but for
autos with Y-cylinders (imports) only.

Percentages for all Pintos and Veges messured.

Persentages for all Volkswagen "Beetles" and buses.

< b
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Rows:

Sampls Stae:
Maan L(A):

Std. Dev.:
R LEQ:

Bolt Beranek and Newman Inc,

At the bottom of each page are four rows giving the
following information.

Kumber of vehicles measured for that column,

Arithmetic mean A-weighted level for all vehicles
measured for that column,

Standard deviation of measured levels sbout the mean.

Energy~average maximum A-weighted passby level, or
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Low-Speed Sites ;
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/

fﬂ\ 780“'

77- 5‘

77- A=

7645=

76.3‘

75-5'

15-5-

14.5-

744 0=

73.5-

73.6-

72.5=-

7209-

T1.5=

71-8*

78.5-

70- g"

5905“

69.5-

58a5~-

ﬁa. B-

é?.S‘

670~

8 66-5-
[ 664 0=
FaRiNL

L T §548=
' ' 64-5-
6‘;.3-

; 6305-
;’ 63- 2=
62.5-
6206‘
6lad~-
v 6l.id=
5@-5-
68.8-
59,5~
59- =
55-5'
53-3-
57 -5-
51-3-
5645~
56.9‘
55.5-
S5. 8=

SAMPLE
MEAN L
571C. ©

\J Lza

5 R bt e T Y

4

CNPMILLERDCZLFES; ]

¥on li~Apr-28y 112204

T4 1.9 11..3 As5 da 4 9.1 Al
773 2.8 12.2 g.5 Ba+ 9,1 2.3
17.4 2.4 13.9 g7 3.4 .1 d. 0
To.9 2.3 14.8 9.7 B, 4 9.1 B.3
T6a.4 2.7 16.5 8.7 e 4 9.1 d.9
5.9 2,7 16.5 3.7 g.4 9.1 2.0
JERE! 3.3 13.1 4.5 g.8 el .4
74.9 4,80 22.6 1.2 2.4 9.1 f.4
T4.4 4.8 25.2 1.7 1.2 3.1 g.8
73.9 3.3 27.8 2.1 2.4 Jel 2.4
73.4 5.5 28.7 2.4 .1 18.2 2.5
72.9 7.3 3.3 3.7 4.3 27.3 3.3
T2.4 B.6 34.8 d47 3.3 43545 3.7
T1.9 16.4 3%.1 5.8 7.1 354.5 4.9
7is4 1l.9 43.5 6.2 d.8 6led Gal
8.9 1242 +48.1 T.1 13.2 63.6 Ted
78.4 14,1 49.6 8.3 11.8 63.6 Jod
69!9 17.1 5‘1.5 11.4 13.3 63-6 1101
§9.4 21.5 63.9 15.6 15.5 63.6 14.3
6d.3 25,5 63.5 19.8 19.5 63.56 17.6
66.4 29.5 H9.6 23.4 24.7 6.5 23.0
87.9 34,2 75.7 28.3 39.2 63.6 28,7
Sl.n 49,2 4d@.7 34.3 37.3 72.7 35.7
56,9 46.4 83.5 42.8 43.1 72.7 41.3
66.4 S53.4 84.3 48.7 49.4 72.7 A4B8.4
62,9 &9.9 8%.6 58.2 53.+ 72.7 57.4
65.4 67.4 92.2 83.2 65.1 T2.7 64.3
64.9 T72.5 93.08 65%.4 69.4 T2.7 69.3
Ga.4 T77.3 93.9 T3.4 77,3 %9.3 76.6
53.9 82.9 954.8 31.2 382.4 93.9 82.48
£3.4 4B.1 96.5 B86.8 87.1 92.9 86.9
62.9 91.4 36.3 38.2 91.4 ldg.8 31.8
62.4 93.5 98.3 392.8 94.1 190.2 33.9
61.9 955.2 99.1 54.6 96.5 173d.3 96.3
6l.4 97.4 99,1 7.1 98.+4 ldd.2d 93.4
5.9 98.9 99.1 98,8 93.2 109.89 99.2
f.4 99.¢ 18d.8 69.9 14d.9 120.2 1240.9
59.9 99.9 13J.8 99.9 12¢.0 180.3 128.¢
S$9.4 99.9 1d4.9 99.9 160.9 183.9 109.4
5.9 9%.7 103.82 S9.9 122.9 1092.9 100.9
584 99.9 1230.8 99.9 1dd.9 102.9 130.0
37.9 39.% 192.0 99.9 134,90 192.3 193.8
57T.4 99.% 123.2 99.9 1¢0.9 133.8 100.9
56.9 9%.9 1008.@ 99,9 123.8 1J9.2 10.9
6.4 99.9 1l6d.0 39.9 130.08 1d4.9 175.6
53.9 399.9 1a9.2 99,9 192.3 133.2 124.49
S5.4 139.8 170.0 1990.9 182.F 120.3 102.0
§IZg 879 115 7164 253 11 244
(A) 6.7 71,9 65.1 65.3 7T8.5 6641
V. 3.4 5.3 3.1 3.2 5.7 2.9
62.7 7342 67.3 63.1 75.2 £7.1
C-11

[REEERR TS B

8 wd o3 ofr da B DD S
8 s o * » 2 % b s s

O3 00 o b0 0 00 2 b B PO DI

57.

128.1
138.3
133.9
1d3.8
14d.9

&

-

a3
» 7
l7
69.5%

97.8
129.3
133.23
19f8. 4
13z
123.9
18leu
13348
139.13
190 3
103.3
1g0.2



; <NPMILLERMC2.R2S5,2

ded 11-Jup-89 162334

COLIRADO SPRINGS,CO SITE 2 3g42H (CONT)

PERCINTAGE OF VEHICLES WITHIN OR ABIVE A GIVEN SOUND LEZVEL INT3RVAL

L(R)
99.5"
99.!‘
98.5-
93.9-
97-5'
97-5'
96.5-
gsoﬂ-
95.5‘
95.3‘
94.5‘
9405-
93-5"
93.9'
92-5-
32.ﬂ-
91-5‘
31.9=
3Pab=
Qﬁ.ﬂ-
39.5~
39-3'
88.5‘
38.6-
3705‘
878~
86-5-
36-“'
8545~
85.”'
84.5=-
d4.2-
63-5'
83.4-
32.5-
62.5-
8115'
8l.2-
59. 5-
83.%-
79-5-
79-3'
73-5-

99.9
99.4
98.9
Yd.d
97.9
97.4
9649
Joad
9549
9544
94.9
G4.4
93.9
93.4
92.9
92.4
91.9
91.4
§53.9
99.4
d49.9
89.4
88.9
a8.4
87.9
B7.4
B&.9
db.4
5.9
85.4

8419'

34.4
83.9
83.4
82.9
4244
31.9
3l.4
82.9
8.4
19,9
194
78.9

M/C
ALL
2.2

2.2
d.0

&EDEEU}U!E“SE;EI&!S!JN!BBBE

L I

sep
h L]
LEAENLWAUALADNEHEEIENDELDE DUV EDD RSO ME M KRS DS e

DG DLEDENOEDDD S 0SS
.

w
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~

# CNPMILLERDC2.1755;2

78.0-
7705'
77-“"
76.5‘
16.6‘
75.5~
75- 0=
74.5-
74.0"‘
7305'
13.5‘
7205"
72.3‘
Tie5~
71- H"
' 79-5"
! 72.6-
69-5"
69. L=
6&.:'
53-9'
67-5‘
: 67.5‘
; 3 5605-
! 56.0-
55-5“
65. 9=
54-5-
54-3‘
63.5'
63.0~
6.3~
62-3'
61.5-
61e 0=
§0a3~
66-9"
335~
59.57
55.3-
i8.0=
9745~
57;6“
55.5'
56-9"
55.5~-
55,0~

2 TR e

por R FHET, ST ITTS

T

TR s TSR A FA Y T e ST

Lig

Laewa,

18.4

77.9

T1.4
1649

764

75.9

EL
T4.9

74.4
13.9

7344
12.9
T2.4
1.9
71.4
T3
18.1
69.9
69.4
689
68.4
57.9
67.4
60.79
6644
65.9
65.4
Biad
64.4
63.5%
63.4
62.9
62.4
Bl.9
5l.4
6443
62.4
59.9
59.4
3d.49
ad.4
57.9
37.4
3047
56.4
5549
3544

i) SAMPLE SIZE
MEAN L(A)
STD. DEV.

L A S M s e

52.0
5.0
50.8
Sf.9
5.0
38.8
58.0
50.4
50.9
582
53.8
38.80
59.0
5¢.2
589
58.7
Sd.d
50.9
130.9
123.2
160. 9
136. 4
1g0. 6
134.9
133.8
129. 3
10d. 9
180.9
100.8
196.2
1.0
123.9
133. 9
130. 3
l33.2
139.49
102.¢8
100.4
134. 2
l129.9
158.98
108. 9
i39. ¢
123.2
148.0
133.49
1290. 8

2
71.9
1.6
73.2

ded 11=Jua-8P8 19:3354




;i  SHPMILLEA>Z2.2E5:1

EUGENE,OR SITES 2/4

25 Mpd

Mon ld=Apr~33 1:21PH

PAarn 1

! PERCENTAGE OF VEHICLES WITHIN 0OR ABOVE A GIVEN SO0UND LEVEL [HNTIRVAL

L{A)

99-5'
99-3-
98-5-
98.6-
97-5‘
9705‘
96.5-
96- g-
95-5-
95-5-
94, 5=
QQ.B-
93.5-
93. 8-
92.5-
92-”"
91.5-
9103-
903~
95.0-
89-5‘
8903-
§8.5=
BB.B-
a?-b-
87-9‘
864 5=
Béuﬂ-
85.5~
85. 2=
d4.2=
a&.ﬂ-
83.5-
83.6-
32.5-
82 8=
8le5-
31.3-
9deS=
89.4~
79.5-
79-3“
7845~

99.9
99.4
98.9
98.4
97.9
9.4
6.9
96.4
90.3
9%.4
$4.9
9d. 4
93.9
93.4
92.9
92.4
91.9
91.4
99.9
2.4
89.9
B%.4
88.9
B8.4
d7.9
87.4
86,9
d6. 4
85.9
85‘4
Bads
84.4
83.9
334
32.5
244
1.9
91.4
88.9
8d.4
79.9
794
T8.9

.
[ T T R e

3&d
ALL

2.8

TR NONNMEOEANLUEEEDEE R S m
« & & &

" F ¢ B & p B s & b BB s oo
R LWL LWWWU R EAR RN CEO SR U NN OO NOED MDD S n D @R wE D

L

DOEOEC QDD S D

2 # # B 8 & & 2 a & & &

356
ALB

3.0
)
2.2
g0
Pe
Bod
fa®
2.8
2.2
2o &
9. 2
g0
p. 0
2. B
.0
f. 9
B-a
Bad
v ?
d.9
da @

T

e 8
8.8

3&b
N&V

s ® & 8 8 8 & & B &
LDONMEUHRDANLWHNEASHNO AR LA R EWWD S

TomDDONTROo oo mBEamm

& 8 & p & B & @
Wi vl Wwis s B m m

SEm Rk mEmelen sy

I¥p
ALL

* a B & » * & 2 » ® 4 o»
el R Bl ol ol ol el ol el ol o R R R R R NS .- O I A S . A R e

&lﬁ&l&l&ﬂlﬁhEHEE.FEQEB&IQH&Q!&E:EIE

.« s 5 a b L ]

L L LD P B s b gt b Pt el b et s s B
»

IMp

A&B
]
fad
7.9

fed

Do mnpgTotiimam
4 & 8 8 & " s 3 s ¢ & o8 s
MO LEREIDED

14.3
14.3
14,3
14.3
14.3
14.3
14.3
4.3
14.3
14.3
14.3
1.;.3
14.3
14.3
1443
14,3
14.3
14.1
1423
14.3
28.6

C~14

SN mEMEm R R @D
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s LGPMILLER>EZ.RIS,1

18.@‘
71.5-
77-3"
76.5"
T6. 2=
75.5'
T5.8=-
74.5=
74.6-
73.5‘
73-3-
12+3=
72.9-
71.5‘
Tl.9-
72-5“
7d.d=
69.5=-
693~
68.5"
68- g=
67.-'3“
57.‘3-
§645-
S6.9-

;f’\ 69.5=-

6§5. d~
6‘*-:‘-
64.0=
53.5=
63-”‘
62.5-
62.0-
6led~
61.5'
6“.5‘
6@ 8~
59.5=
59. 3=
58-5‘
3d.0-
57-5‘
57 G
55.5-
5603‘
55¢5=
55.5‘

SAMPLE slIZg

73.4
77.9
TTadt
75.9
76.4
Ta.7
75-4
74.9
TH.4
73.9
73.4
72.9
72.4
71.3
71.4
T3.9
TAad
69.9
69.4
a9
6d. 4
87,9
67+
GdeY
30.4
63.9
65.4
54.7
64.4
63.9
63.4
62.9
62.4
6l.9
51.4
6daY
Gu.4d
54479
33.4
S8.9
dd-q
57.%
57.43
20,9
50.4%
§53.9
j:)o'ri

MEAN LCA)
STD- JE‘-

.“:‘) LE2

& & & & & » 8 & B 3 & 3 s a0

[Vl Wi~ AU N TN SRV IR A B N e )

b pes
O OO N WM - 0o

19.86
213.12
27.6
2.6
39.3
474”
33.3
531.3
61.“’
74«8
3ded
d3.5
59.3
93.0
5941
897.4
3d.3
93.5
39.4
109.49
194.9
lig.2
1d0.9
18,2
133.5%
139.9
1dd.9
1383
130.48
10v.2d

352
67.1
3.3
68.3 T1.4

19¢. @
1J8.¢
173.9
154, @
139.0
1d4.9
13g.0
124.2
139.8
132.9
129.9
102.4
138.9
1g2.8
139.0
144.9
lad.2

29
T2.9.
36

fon li-dpr=83 1:213v

[ A L

Lo P WEMWLWWLWNAR R = D
I U AR AR A eI O s s OO L0 L

W B B S e
[L - IR AR
L]

43.5
39.2
3347
55.2
71.8
78.17
34.4
88.5
33.1
35.3
3746
38.2
93,5
39.4
12¢.9
129.9
13d.3
1893.2
13¢.49
129.9
13a.9
138.4
13d.3
124.4
142.3

333
66.8
3.1
53.4

e e ¥y b vt

s 2 % 2 s & * ® a =

Rt AR AR e - TN G . SRR PL s T s

-
[ R Y. R Y, W LN TR N

22,3
20,6
34,9
33.4
4da 1
6.3
53.7
58!5
67'6
73.9
79.8
83.3
87.2
.4
92,49
92,3
93.46
95.3
97.3
98.9
8.9
99.3
99,5
13443
1233.2
14d. 4
130,49
184, 4
129, 3
184.4
120.4
193.3
184,90
143.9

6

N e AL
.

O L L

12.9
42.9
12.9
42.9
57.1
571
57.1
57.1
57.1
57.1
Tled
71.4
85.7
85.7
83.7
895.7
33.7
132.3
143.3
150.3
129.2
13d.4
lgz.;’
143.3
134.3
184.3
133.4
12¢.0
167. 3
1233.2
1343.3
189. 3
123.4d
122.4
193.9
194.8
153.3
130.53
103.3
13%.49
139. 4
173. 8
194.9
149. 4
103.4
1l33.4d

s ®
LS B oW W

et
WRL M-I N U L b

17.9
19.7
22.3
26.8
33.9
35.6
45-4
4543
53.7
58.5
57.6
75.8
79.8
33.3
37.2
9.4
32.4
92.6
93.6
36.3
57.3
98.9
33.9
96,5
99.%
108.9
199. 49
1dg.9
i0d.d
139.3
193.23
132.9
109.9
163.d
1902.49
132,98

« & 3 4 3 8 2 o2 s

P el o
W) e OO LU B e e L) L

LI ]
SNWOHGN @MU B DWW

o D
L= S 5
L]

-l -

33.7
33.7
1442
31.3
3649
06a3l
74.9
198
429
86a7
¥3a1
317
9243
93.4
36.1
97-2
3d.9
33.9
99.4
53.4
1J8.3
134.9
IJ‘]-G
idd.8
124.¢
132.2
133.6
192. 8
153.9
132.2
132.8

131
5344
3.3
714

a
P
o3
m
-

P’ ED e

O LU WD G L L0 T ra B3 6 T

8 & & & a & & s s * B 3 @
D i b \D 00 ON b 1 = b B0y Dy e O

ha L
[ = |
s =

46.9
160)
53.1
3l.1
52-3
63.3
T1.3
71.9
Tla3
Bi.4
87.3
33.3
G643
96.9
36.3
193,43
133.9
143.2
124.2
13%. 4
139.3
133.3
169. 3
180.3
129.2
139.8
18d. 3
l'r]ﬂ.J
133.4
13d.3
192.3

[
-

Cary 23 Wrg M LR B2 B Lo tu T8y 02 B

[CsT

-1 -y

3 OTS T T LR B e, O Mo o &7
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;3 <NPMILLIR>E2./323;2 ded 11=-Jun=~33 19:404M PaGE 1 j
SUGENE,OR SITES 2/4 25 ¥PH (CINT) [
i e
PERCENTAGE (OF VEHICLZS WITHIN OR ASJVE A GIVEH S0UND LEVEL INTERVAL L]
u/c
LCA) ALL U
9.5~ 99,9 d.08 -
9903" 99,4 g. 2 >
98.5= 98,9 3.0 i
93.5- 98-4 2.8 LJ
97«5~ 97.9 .9 -
97-9" 97.4 g f.‘)
98ed= G0.9 Bafl ) {‘_
96.9- 9614 2.2 )
95.5‘ 95.9 - 0.9 o
95.0~ 95.4 12.5 g}
94.5- 9‘5.9 12.5
94-3- 04,4 12-5 -
93-5‘ #3.9 12.5 J
93.0- 93.4 12.5 .
9215- 92.9 1205 r"'\
92.0~ 92.4 12.5 ,
9105‘ 91.% 12.5 'L.J
91.8- 91.4 12-5
92.5" ;Bog 12.5 N
93.08~ 9.4 12.5 !]
89.5~ 8549 1245
39.9- 3904 12:5
88,5~ 9.9 12.5 ]
EB.B- 53.4 1205 -
87.5' B?cg 1205
870”' 3704 1205 £
6605‘ 36.9 12.5 ;'J
B6.0= B6.4 12.5
855~ B5.9 12.5 1
850 0- 3504 12-5 N i
84.3~ 34.9 12.35 )
§ia.0=~ 84.4 12.5 .
83.5- 33.9 12.5 J
B3, 0= 83.4 12.5 -
BZa.4~ 32.9 12.35
82.0~ 32,4 12.5 { !
dl.5~ 51.9 12.5 i
81. A= 8114. 1205
5@.:- aﬂs9 12;5
Bd.8= 230,14 12.5
79-5" 19.5 12.5 !‘,....
79. g~ 79.4 25.5 Moo
73.5- 78'5 2503

P L b At e g T T2

C-16




h

78.2- 7d.4

175~ T7.9

77-6- 71."&

16-5" 70.9

76!3- 76-4

75.5= 75.9

75.3"‘ 75.“3

74-5" 74-9

14-3' 74-4

' 73.5‘ 73.9

' 73.B= 13.4
72.5= 72.9

! 12.8= 72.4
71-5" 71-9

11-9- 71.4

L 1“15“ 79.9
: T€e8~ T34
: ' 69-5" 69-9
i 59-3- D:’."l
; : 63'5- ﬁdag
. 8.0~ 6844
67-5" 67-9

"f'-\\' §7.0= 674

I e 56.5- 56.9
66-‘]‘ 6644

o 55-5" 55.9
*‘ ! §5.0= 62.4
é‘ ' 64.5" 64.9
;’i 64.%‘ 54-4
: ' 63-5- 5309
i 63.%2= 63.4
62.5= 52.9
62-3‘ 52-4
61.5= 51.9
61-2- 51.4
52o5' 68.9
5-6- éa.‘%
59.5- 59-9
59.5- 59.'}
58,5~ 58.9
55-’3- Sded
5715" 57.9
57-?4"' 57-"3
56-5" 55.9
S6al= 56.4
55-5- 55.9
3.0~ 83.%

ST T A TS

IRIMALE § RTEIT L Y

e AR

SAMPLE S1EZ3
MEAN L(a)
STDa wEW.
LIa

O

Eihorer eaeatan i P

L, CNPMILLER>Z2.RIS;2

25.8
25. @
23.8
25.9
25.2
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37.5
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126. 2
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TB. 8-
77-5-
77-5‘
76.5~
16. 8-
15.5"
750 a-
74.5-
7406-
73-5"
73. 8-
7205‘
7213‘
T1.5-
71.8-
75-5-
10.8-

! 69.5=

6G.0=

f 58e5=
! 68. 4~

61-3-
67.2-
66.5-
6648

™ 65.5~

g5 B
64.5-
64.0-
83,5~
61,8~
6245~
524 2=
51-5-
6l,80=
65.:-
55. A=
555~
59.0=-
58.5-
58.9~-
3T .0=
£7.0=-
5615‘
564 8=
55.5~
55.!""

SAMPLE SiiZ

7.4
77.9
TT.4
7643
Toad
79.9
75-'}
T4.9
Tias
73.9
T3.4
1243
12.4
Tie3
Tlax
73,7
731

59.9'

9.4
ad.%
6844
&1a3
674
36.9
[-F
9549
685+ 4
61.9
04.4
5349
83.4
52.9
62+ 4
6ls3
51.4
a9
bden
59.9
59.4
S8.9
58.4
5749
37.4
3842
35.4
§3.9
5:1."!

uZAN LCA)

o, STD.
k_) LEQ

.
LIv.

a3 L On L LU b e G L

T oebs D B OO U0 DO OO LS

Lol ol
-

12.4
14.2
1.1l
18.4d
23.2
27.4
33.1
35.3
43.8
CENY.
57.6
0‘4-;
?9.1
75.2
B2.5
dd.49
92.9
V9.8
7.3
985.5
59.3
9940
99.3
939
1leﬂ
194.3
148.2
1ud.2
133.4
149. 3
Iﬂa.g
ld9.8
a.a
103,43
13d.4

333
682
1

4.
72.2

lgg.d
1dd.9
129.4
123.2
140. 4
103. 2
199.8
129.2
133.9
130.2
lde.9
1#9.4¢
144.0
134d.89
19d.3

3
75
3
ad

gon la=Vzr=34 1lt22

4 &% ®» ® » B * 3 % " % g5 =
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38.8
1544
53.8
6346
57.14
13.4
Bi.9
37.4
92.2
95.2
37.8
98.4
99.2
3340
99.9
99.9

128.4
129,2
129.4
13d. 4
190.12
1g3.2

133.3

L3¢.q
laag.4

134.2

138.9

2
J
!

2

971
67.3
3.7
63.9

[reR TR SN - 0 FIN OO 7]

Land
&
E ]
VLS B R DG WD )

[y
[EEN
L] -
™o

12.6
15.1
23.7
21.4d
23,4
23.2
25.7
33.3
37.9
43,2
4i.8
55.3
- B4 4
7.8
77.9
82.8
92.9
9443
35. 4
96.6
93.3
98.9
13d.3
149.49
12a.9
ldv. ¢
14d.¢
192.¢
18d4.3
183.0
l1a3.¢%
lag.g
109,23
123.73
140.0
124, 7
104.0

57.1
37.1
57.1
37.1
57.1
57.1
57.1
1.4
gi.7
83.7
33.7
33.7
85.17
85.7
33.7
35.7
85.7
83.7
B5.7
85.17
85.7
85.7
3347
172.7
144.2
10¢.3
193.9
140.9
109.3
194.0
193.3
13d.3
100.2
123.9
121.0
18d.9
Lldd.d
199.9
122.3
103.8
123.2
139448
107.4
132.2
1e3.23
133.2
133.2

24

96.3
93.d
93.8
1pg.2
154.0
135.5
143. 2
lvd.?
154.2
1940.8
123.9
179.8
194d.¢2
1793.32
109.3

-

B R WD wd oY 0 b s s s
* » » - » » [ ] L ] - »
=1 J =Wt ONo @ L G

e
n
L ]

rJ
L
.

25.5
29.1
3044
13,95
54.5
87.49
53.5
7241
76.%
78.2
83.6
87.3
87.3
87.3
92.7
74.5
34.5
95,4
133.9
1J2.3
132.¢
lia.2
133,90
1dd.d
133.2
123.¢
138.0
100.4
129.8
laﬂ.g
1d5.3
123.8
139.4
150.9
139.8

" a2 » N

3
T3.1
5
12.4

Nl oy

Padl Ll

1'1-3
14.3
17.1
17.1
22.3
22.9
22.9
34.3
42.9
43.95
48.5
43.6
62.9
62.3
52.9
68.0
Tda3
8a.7
83.7
83.6
91.'*
94I3
9741
133.4
19244
122.3
133.2
1d2.3
123.4
1034
1349.2
134.3
173.4
132.3
1gd. 3
134. 8
1d3.4
133.3
12d.3
193.2
124.8
133.2
192.2
189,48
132.0
18
138.%

35
73.3
5.7
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4sc

L{A) ALL
99.5~ 99,9
99.0- 99-4
98,5~ 948.9
G8.0= 98.4
97.5- 97.9
97.8= Yla.4
96.5~ 96.9
96.9‘ 96-4
95,5~ 95.9
35.0~= 92.4
94.5‘ 94.9
94-0- 94,4
3.5~ 93.9
93.0= 9344
92.5- 92.9
92.0= 92.4
91.5- 91.9
91.08« 91.4
9d.5~ 9D.9
90.8= 3044
69.5- 8909
8900- d9%44
88.,5= BH.9
BR.2=~ Bd.4
8705- 57-9
a?.g- 37-4
6.5~ B6.9
BS.0~ Bbe4d
85.5- 8519
85.3- Boa.4
BQQS‘ 34.9
B4.0= 9444
83.5. 83-9
33.3- 3304
32.5— 52.9
92:5' 32-4
81-5” 81.9
aloﬁ“ dllﬁ
8@.5- 53.9
Eﬂ-ﬂ- 8504
19.5- 79-9
79.3‘ 79-4
78.5~ 7H.9
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T8+ 8-
77.5-
77-5-
76.5‘
76¢g-
75-5-
75.9-
74.5‘
74.5‘
?3-5"
13.0-
T25-
72.9-
71-5-
71¢ﬂ‘
78a5=
79.9-
69.5"
6§9.8~
68-5'
58.3-
57-5-
67.5‘

’ 56.5‘

664 =
55-5-
55-3’
64-5-
54.3-
53-5-
53.@"
52-5-
§2.08=
61.5-
6l.2-
8.5~
60a=
59.5"‘
5%.3=
5843~
53.5-
5?.5-
5?.5'
56e5=
55-5-
53.3-
55.9~

AMPLE S[ac

T8. 4
77.9
1.4
76.9
76.4
73.9
75.4
74,9
74. 4
13.3
73.4
2.9
72. 4
1.9
7.4
1.9
72,4
69.9
69,4
3.9
68,4
67.9
67.4
66.9
6.4
65.’
85.4
64,9
4.4
53.9
63. 4
62.9
6.4
61.9
6l.4
63.9
69.4
39.9
39.4
58.9
5.4
97.4
57.4
S6.3
5644
33.3
55.4

MEAN LX)
5TD. DEY.

Lea

* s & » & 3 2 2 o=

MR LRGN RS R @ e

L L
LWwmE Moo ol e

o O On
oo o
.

66.7

66,1

66.7
182.2
108,48
129.2
120.3
1d0.4
192.9
100.2
129.3
13842
128.3
12d.9
19d.2
192.3
1e3.0
1308.2
193.2
124.0
138.2
180.4
1399
180.2
130.4
154.2
129.49
122.4
139.7
122.2
128,.8
1.

1I
71,
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96.4
Fh.9
5544
3449
9.4
89.%
82.4
81.5- 31.9

98.5- 94.9
98.5" 9844
97.5- 97.9
97.2- 9?-4
95&5‘ 36.9
96.0-
940~ 4.
93.5- 93,9
93.8- 93.4
92.3= 32.3
92.“‘ 92-4
91.5= 91.9
. 91.89= 314
99.5~ Fit.Y
89-9- 39.1
d8.5- dd.y
88.0— HH.4
87.5= 87.9
97.3- 31.4
86.5~ B86.9
86-0- db.Q
as.s- 35-9
85.8~ 95.4
84.5-'51.9
84.9= 34.4
83-5- 83.9
8300- 83-*
8215‘ 32.9
8l.0= dl.4
30.5- d72.9
aﬂ.ﬂ- aﬁ)--'l
79-5- 79.;
79.9‘ 79.4
7805- 18-9

9543~
95.3-
94,5~
99-3'
89.5=-
824 0=

c=-22
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™ T78.3- Td.4 3.2 23.2 3.3 5.2 1083.9 1.4 12.2 13.7
T7+3= 1749 3.3 24.8 ge O 5.2 149.72 led 12.¢ 17.9
77.6‘ 17.* 3-3 24-6 J.a 502 136-9 l.% 1303 21-4
75-5‘ ?6-9 4,8 25.3 3.3 S¢2 197.49 1-4 13.3 25-3
75-3- 76.4 4.7 32-7 2.4 502 lﬂﬂlg 1-4 15-7 35-7
75.5=- 75.9 4.8 32.7 Ze2 542 129.2 lod 13.1 335.7
75.8- 754+ 5.3 36.3 ga5 6,5 193.9 2.7 18.1 42.9
T4.5- Td.9 ba7 4.2 8.9 9.1 1988 5.4 29.5 42.9
T4.0= Taed 7.2 47.8 1.1 11.7 183.3 8.1 21.7 S52.2
T3a35= 739 3.3 §54.4 l.9 14,3 122.3 12.3 24.1 53.4¢
73.0= 73.4 9.7 57.5 2.4 13.2 194.3 14.9 3d.1 357.1
72.5- 72.9 1l.8 62.8 3.1 18.2 190.2 14.9 32.5 64,3

: Tz.0= Téed 13,2 63.9 4.6 13,2 189.7 14.9 33.7 587.9

; 71.5" 71.9 19.4 74.3 6.9 23.4 190.9 20.3 37.3 6709
T1.8= Tlad 15.6 778 .7 27.3 163.8, 24.3 38.6 67.9
783 Thay 22,5 79.6 3.3 24.6 198.3 253.7 44.3 92.1
76-3- ?"J-4 2b.2 82.3 17-5 29.9 133.3 27-0 51.8 39-3
63+45= 6%.9 32.1 8647 23.8 35.1 122.2 JZ.4 56.86 9.9
6548= d79.4 3443 48.3 3.7 37.7 1l8d.d 33.1 33.3 Go.d

68.5~ 58,9 44,3 59.4 37.4 351.7 193.d 538.3 63.9 120.3
68+~ bds 4 92.3 91.2 46. 4 57.1 122.49 83«4 T4.7 194.3
6?.3' d?oi dl-l 96-5 55-7 63.5 lﬂJ.U 52.2 3%-3 ldﬁ.ﬁ
67.9=~ 67.4 63,5 98.2 65,1 7T1.4 149.28 7T3.3 89.2 1393.¢
66-5‘ 65-9 75-9 96!2 72.5 75-3 103.5 ?4.3 91.5 13da 3
' 66.= 6644 B35S 99.1 31,2 3J4.4 130.90 33.3 31.3 13042
R 65.5~ 85.9 39,2 99.1 86.5 89.6 19d.9 B9.2 G6.4 12d.2
oo 65ed= 65.4 9143 9941 34.3 93.35 104.7 93.2 96.4 134.0
: 64.5= 54.9 4.9 9941 54.2 9641 104,80 95.2 37.6 18J.4
6448~ 5444 97,3 99,1 3§57.3 936.1 183.9 §3.3 33.8 133.3
6345~ 63.9 58.¢ 39.1 8.3 96.1 139.F 95.9 493.3 199.4
6309~ 63.4 Y9.1 158.9 38.9 97.4 1ed.d 97,3 18J.2 130.2
625~ 02.7 99,5 190.8 99,6 13J.98 1A0.9 183.¢ 13C.% 134.0
62.“’ 62.4 99.9 lﬂgoo 99.9 lﬁﬂ.ﬂ lﬁﬁ-d 139.9 133-9 135.3
6l.5= 0l.:3 193.9 129.4 1234,9 104,92 1982.8 1978.0 139.2 12¢.7
6l.9- 61.4 1J0.9 120.9 129.2 1<3.2 182.9 124,99 152.3 182.90
6fa5= 64,9 130.2 178.9 102.2 124.9 1908.0 100.8 1233.@ 134.2
6C.2= 5244 1u3.9 100.3 163.9 1¢@.9 100.3 193,53 19¢.8 123.7
S9.5- 55.9 109,92 1908.8 1I09.9 149,09 103.3 102.8 138.9 172.4
59.8« S9.4 100.J 140.2 199.0 195.8 10J.0 129.84 1J3.0 108d.3
93.5= 5d.9 lud.¥ 19de0 183.0 149.0 1l230.0 188.8 1dd.9 13d.7
58.0~ 3.4 189,37 199.0 149.4 134.0 199.0 129.9 1846.9 127,49
57+5= 57.9 130.3 122.9 120.9 132.9 1€4.2 1l00.49 120.3 132.4
57ai= 2%e 149,32 1008.3 120, 199,0 194d.49 190.23 133.3 194.35
56,3~ 50.% 173.8 197.9 149,98 147.0 13J.0 172.2 130.8 140,72
5608~ 3844 14649 1200 100.0 140. 0 100.2 138,30 126. 0 133,20
5543~ 354 loded 1489 128.9 194,20 123.3 133.8 132.% 123.9
55.0= 95,4 179d,9 124%.4 128,37 129,72 132.4 189.2 133.9 193.¢

SAMPLE SiiZ 656 113 743 EN) 3 74 53 28
MEZAN L{A) 43.3 Ti.3 6743 03.3 33.4 063.7 Tl.5 73.3

_ 3TD. 22V, 3.5 5.1 2.3 1.2 7.2 1.1 Sed 7.1
f:3 Lia 728 78.5 65.6 T2.6 83.4 Ta.1 T7.7 74.9
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TROTWOOD,0H SITE l1(A) 2542H (ZONT) ﬂ
PERCENTAGE OF VEHICLZS AITHIN DR ASJIVE A GIVEN 5JUND LIVIL INTERVAL B
M/ i
L{A) ALL .
99.3- 99,9 L
95.2~ 35.4 e I
98.5- 95.9 B.3 J
93.9- gaa‘; HQH
97.5- 97.9 fed .
97.0- 97.4 8.3 ?]
96,5~ 96.9 De 3 =
96-9" gbq"‘. ﬂ.ﬂ
95!5' 95.7 d.3 ']
95.08« 95.4 Bed 4
94.5" 94.9 Blﬂ .
9":.3- Faad dad "1
9305"' 93.9 303 i
93-8" 9304 Py )
92-5- 92.9 A8 ‘ .
92.8~ 92.4 B3 (f?
91.5= 51,9 ga.8 -
91.0= 91.4 g.0 ~
90e5~ 98,9 .8 1
0P~ 9.4 [+ ) —t
8945~ 49.9 2.8
89«8= 89.4 9.9 M
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APPENDIX D. MOTOR VEHICLE NOISE ASSESSMENT WORKSHEET,
) Site Description:
. Vehicle Catagory:
. 1. Nondefective/Modified Lso = Lsg (NON) =
i 2. Values Keeded for Fig. 14 or 16:
' 2.1 Laye of audibly defective/modified
vehicles = Laye (D/M) =
, 2.2 Lgve of audibly nondefective/
. modified vehicles = Laye (NON) =
2.3 Laye (D/M) = Lave (NOW) "’ w
3. Values Needed for Fig. 15 or 17:
T
D7 3.1 Lgye of all vehicles = Lgye (ALL) ™
' 3.2 Llave of audibly nondefective/
. : modified vahicles = Laye (NON) =
3-3 Lave (ALL) - Lave (NON) 'll
]
e
1 -
g D=1
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