
,, ,o/__ ,,c,>__o/

,,_ EPA 55019-82-405

z
A METHODFORASSESSINGAUTOMOBILENOISE

/ MARCH 1982

e_

! Preparedfor:

il U.S. ENVIRONMENTALPROTECTIONAGENCY
il Officeof NoiseAbatementand Control

il Washington,D.C. 20460

_i Under ContractNo. 6B-01-3869

The contentsof this reportreflectthe viewsof
the contractor,who is responsiblefor the facts
and the accuracyof the datapresentedherein.
This reportdoes not necessarilyreflectthe
officialviews or policyof EPA. This report
does not constitutea standard,specification,
or regulation.

i



,/,;s; 76"- o/

=.:,0=, Yf-:A"
EPl 55019-12-405

Jdne 1980 (Prepared)

iA Methodfor AssessingAutomobileNoise

N.P.Miller ReportNo.4570

Bolt, Beranekand Ne_nan,Inc. !
EO Mou]tonStreet i_,co_c_ _._.-_

Cambridge,MA 02238 IEPAContractNo.68-01-3869

12, _PON_ORI_G AGENCY NA_,I_ AND A(_DRE$S i 13' Tvl 1¢. _F _EIIOFIT .I,_O _ERIOCI COVE_C)

EnvironmentalProtectionAgency _._._ ::me
Office of Noise Abatement and Control

Washington,D.C.20460 EPAONA

1_, SUPPL_%11_NTA_Y NOTES

16, ABSTRACT

This studypresentsa methodsthatcan be used to examineand quantifyeachfactor
contributingto motorvehiclenoise producedby automobileacceleratingon city/
suburbanstreets. It is base_on datacollectedin sixdifferentjurisdictions

r-_. subjectto a range of noisecontrolprogramsand was d_velopedto assistState/Ioca]
jurisdictionsto formulateor refinemotorvehiclenoisecontrolprograms.

17, KEY WORldS ._NO _O_UM_NT ,INAL.'t 51S

D[SCRIp'roRs i

AssessingHotor V_hcileNoise

I

£,iA Filrm _210.I II°73}



Report No. 4370 Bolt Beranek and Newman Inc.

TABLE OF CONTENTS

page

LIST OF FIGURES ......................................... vi

LIST OF TABLES .......................................... viii

SECTION i. INTRODUCTION ............................. 1

i.i Assessment of Motor Vehicle
Noise .............................. 1

1,2 Analysis of Factors Affecting
Motor Vehicle Noise ................ 3

SECTION 2. METHODS .................................. 5

2.1 Data Acquisition ................... 5

2.2 Data Reduction ..................... 14

SECTION 3. ANALYSIS AND RESULTS ..................... 30

3.1 Factors Affecting Motor Vehicle

Noise .............................. 30
3,2 Assessment of Motor Vehicle Noise .. 42

SECTION 4. CONTROL OF MOTOR VEHICLE NOISE ........... 55

4.1 Site Specific Factors .............. 56

4.2 Noise Control Program Components ... 56

4.3 Defectlve/Modlfied Exhaust Systems
v8 Vehicle Operation ............... 59

' SECTION 5. RECOMMENDATIONS FOR FURTHER WORK .... 62

_ APPENDIX A, DATA COLLECTION FORM
GAUSSIAN CUMULATIVE DISTRIBUTION GRAPH
PAPER .................................... A-I

APPENDIX B. CALCULATION OF ENERGY-AVERAGE VEHICLE

LEVEL, Lav e .............................. B-I

APPENDIX C. COMPUTER-REDUCED DATA .................... C-I

APPENDIX D. MOTOR VEHICLE NOISE ASSESSMENT WORKSHEET.. D-!

V



Report No. 4370 Bolt Beranek and Newman Inc.

. !
t

LIST OF FIGURES -'

J
page

!

Figure i. Idealized vehicle passby sound level as a i
function of the time after start of

accelera$ion, as measured at the microphone

location in Fig. 2 ........................ 6 1
+

2. Schematic of typical vehicle passby noise
measurement site .......................... 7

3. Histogram showing numbers cf 8- and 6-
cylinder U.S.-manufactured automobiles

producing different maximum passby sound l
levels, as measured in speed zones of f
35 mph or less ............................ }7

4. Cumulative dlstribltlon of data shown -1
in Fig. 3 ................................. 19 I

5. Histogram showing numbers of 8- and 6-
cylinder U.S.-manufactured automobiles, ]
measured in speed zones of 35 mph or less,
that were Judged to have audibly defective/
modified exhaust systems .................. 21 P"

t
6, Hlstogram of data of Fig. 5, but with

expanded vertical scale ................... 22

7. Camulatlve distribution of data shown in

Fig. 3 and in Fig. 5 or 6 ................. 23

8. Histogram showing numbers of 8- and 6-
cylinder U.S.-manufaetured automobiles, I
measured in speed zones of 35 mph or less,

J

that were Judged ,o_ $o have audibly

defee_Ive/modlfied exhaust systems ........ 24 I

9. Cumulative distributions comparing all 8- J
and 6-cyllnder U.S.-manufactured auto-
mobiles, 8- and 6-cylinder automobiles i
Judged d_fective/mod.ified, and 8- and 6-
cylinder automobiles Judged no_ defective/
modified,as measuredin speedzonesof ]
35 mph or less ............................ 26 I

lO. Cumulative distributions for all 8- and

6-cyllnder automobiles, all Volkswagen
Beetles, and all motorcycles, as measured
in speed zones of 40 mph and 45 mph ....... 32

vi



Report No. 4370 Bolt Beranek and Newman Inc.

LIST OF FIGURES (Oont.)

page

Figure ll. Cumulative distributions for all 8- and
6-cylinder automobiles, all 8- and 6-
cylinder automobiles plus BUGs, all 8-
and 6-cylinder automobiles plus BUGs and
M/Cs, as measured in speed zones of 40
mph and 45 mph ............................ 33

12. Cumulative distributions comparing all 8-
and 6-cyllnder U.S.-manufactured automo-
biles, 8- and 6-cylinder automobiles
Judged defective/modifled, and 8- and 6-
cylinder automobiles Judged not defective/
modified, as measured in speed zones of
40 mph and 45 mph ......................... 35

13. Cumulative distributions ccmparlng nondefec-
tire/modified 8- and 6-cylinder automobiles,
as measured at site C2 (a 30 mph site) and
El (a 40 mph site) ....................... 40

i_'_' 14. 8- and 6-cylinder automobiles: difference
between audibly defective/modlfled vehicle

Lav e and audibly nondefective/modified
vehicle Lave, as a function of nondefectlve/

i modified vehicle Ls0 ...................... 48

15. 8- and 6-cylinder automobiles: difference
between all vehicle Lav e and audibly non-
defective/modified vehicle Lave, as a func-
tion of the nondefective/modified vehicle

Ls0 ....................................... 49

16. 4-cylinder automobiles: difference between
audlbly defective/modlfied vehicle Lav e
and She audibly nondefeetive/modlfied

vehicle Lave, as a function Of the non-

defective/modlfled vehicle L_ ............ 50

17. 4-cylinder automobiles: difference between
all vehicle LAv e and audibly nondefective/
modified vehicle Lave, as a function of the
nondefective/modlfied vehicle Ls0 ......... 51

vii



Report No. 4370 Bolt.Beranek and Nevman Inc.

LIST OF TABLES

page I

Table l. Vehicle passby noise measurement sites -!
summarized ................................. 9

2. Vehicle category descriptions .............. 15

3. Energy-average vehicle sound levels, Lave, "I
.based on data measured at 25 fb from the J

cenberline of the lane of travel along high-

speed and low-speed roads .................. 37 ']
4. Combined effects of Volkswagen Beetles,

motorcycles, and defectlve/modified 8- and
6-cyllnder automobiles on Lave that result "_
from 8- and 6-cyllnder automobiles ......... 39 !

5. Percent audibly defective/modifled by I

vehicle category, by site .................. 44 |

6. Approximate 1978 on-road vehicle population

mix by vehicle category .................... 45 I

r"

J

1

viii



Report No. 4370 Bolt Beranek and Newman Inc.

I. INTRODUCTION

This study has two goals:

Develop a practical method for assesslng the noise of

motor vehicles

Provide an analysis of the factors that affect motor

vehicle noise.

1,1 Assessment of Motor Vehicle Noise

Many state and local Jurisdictions are faced with complaints

about noisy motor vehicles. Understandably, these Jurisdictions

would llke to implement an effective program for minimizing

motor vehicle noise. The primary goal of this study is to

develop a method that will not only tell a Jurisdiction how loud

its motor vehicles are, but will also suggest why the vehicles

{(r_ are loud. Consequently, the study will suggest
how the vehicles

L can be quieted most effectively.

There are many reasons why citizens may Judge motor vehicles

in their neighborhoods to be noisy. Nearby roads may carry large

volumes of traffic. A major truck route may run near or through

their neighborhood. An unusually high number of "hot-fodders"

may "orulse" nearby streets. 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 to high motor vehicle noise levels, and, con-

sequently, each must be identified and addressed if a Jurisdic-

tion hopes to reduce motor vehicle noise levels.

This study presents a method that can be used to examine

separately and quantify each factor contributing to motor

1
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vehlele noise. Once quantifled, the relative importance of the

contributing factors can be Judged, and a Jurisdiction can

formulate a program to control the most important factor or

factors. ,i

Specifically, the method presented here is developed for

Judging the noise produced by automobiles accelerating on city/ i

suburban streets. Using fairly simple measurement procedures l

and simple (though somewhat tedious) computations, a Jurisdiction i

can use the information in this report to judge whether its
I

automobiles are noisier or quieter than "average." If the I

vehicles are noisier, the Jurisdiction can Judge'whether the

vehicles are noisy because they have audibly defectlve/modlfied I
. i

exhaust systems or because drivers tend to accelerate more

rapidlythan"average." 1

Thus, the method presented here for assessing motor vehicle ,._..
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-

tion. The method of assessment depends upon collecting noise

measurement data on a specified vehicle type operating in a i
J

specified mode. These data are then combined to yield "average"

relationships for the vehicle type/mode of operation. This

study uses automobiles accelerating cn city/suburban streets.

However, once the method for determining the "average" relation-

ships is understood, similar relationships for any vehicle type/

operating mode can be derived, provided that the corresponding

noise measurement data are first collected.

2
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1.2 Analysis of Factors Affecting Motor Vehicle Noise

In the process of developing and presenting the method for

assessing motor vehicle noise, a secondary goal will be achieved:

to analyze the four baslo factors that determine how much noise

motor vehicles make. The noise made by a motor vehicle depends

upon

Basic vehicle design

Whether the vehicle'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 Jurisdictions must address the

latter three factors, since state and local jurisdictions can

i/_, conceivably some over defectlve/modified
exercise control exhaust

systems and over vehicle driver behavior. The first factor,

! the basic way the vehicle is designed, may be less amenable to

state/local control, but will also be analyzed here. This

factor is analyzed not only because it plays an important role

im determining resultant levels of noise produced by me,or

vehicles, but also because the data gathered for this study

and the method developed for motor vehicle noise assessment

permit its analysis.

The following four sections and at$aehed appendices

document the s_udy. Section 2 describes the methods used to

collect and reduce the motor vehicle sound level data. Section

3 presents a detailed analysis of the reduced data and a dis-

cussion of the results. Section 4 dlsousses bow a Jurisdlctlon's

3
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J

motor vehicle noise control program might be structured to

target most effectively the primary factors that contribute to !

motor vehicle noise. Section 5 outlines recommendations for
I

further work. Finally, the appendices present data collection !

and reduction forms and the reduced data format to help Juris-

dictions understand/duplicate the data collection and analysis "!•

procedures for their own motor vehicles.

i
]
]
.1

I

./

J

4
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2. METHODS

2.1 Data Acquisition

2.1.1 Genera]

Flgure 1 shows, in idealized form, how the noise produced

by a motor vehicle changes as the vehicle accelerates past an

observer who is 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 Lma x in

Fig. 1. That is, all data presented and analyzed in this study

are the maximum A-welghted sound levels measured at a point

25 ft from the centerllne of the lane of travel and at approxl-

mately 120 ft "downstream" from the start of acceleration.

}'_ 2.1.2 Equipment setup

Figure 2 shows a sehematlc representation of a typlcal

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 micro-

phone or the vehicle path at its point closest to the micro-

phone. The microphone height was adjusted to approximately

_i 4-i/2 f_ above the pavement surface. All measurements were
,,q

made with the same digital readout sound level meter conforming

to ANSI SI.4-19ZI, Type SIA, using the "fast" meter response

and the "maximum hold" feature.

The microphone was placed on a tripod and connected to

the sound level meter with a 60-ft cable. The person making the

_leasurements attempted to sit unobtrusively, either on Che ground

©
5
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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 Jurisdictions around

the country. The objective was to measure motor vehicles subject

to as wide a range of noise control programs/laws as possible.

Table i lists the Jurisdictions alphabetically, briefly de- "I"
scribes the type of motor vehicle noise control program/law

for automobiles, identlfles the measurement site location and "1J
dates measured, and gives the total number of automobiles

measured and the speed limit for the road along which measure- I
mente were taken. Note that the site identifiers will be used

throughout this study when referring to a specific site. The 1
following paragraphs briefly summarize each Jurlsdiotlon's 1

approach to motor vehicle noise control. _1

Birmingham, A£

Birmingham has the basle nonquantltat!ve Uniform Vehicle Code

type language !n its law requiring _ha_ the vehicle be equipped

at all Limes w!th a muffler in good working order to prevent

exeeselve or unusual noise. The law also prohibits the use of

a muffler cutout, bypass, or a muffler wltheu_ baffles. In

1979, approximately 200 citations that imposed a fine were

issued by _be City of Birmlngham, There is no periodic motor

vehicle inspection.

Color=do Spr_._ej O0

Colorado Sprlnge seeks to control motor vehicle noise in

at least three different ways. Officers use a patrol ear-mounted

B
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i

microphone, while parked along city streets, to enforce the

maximum permitted A-weighted sound level of 80 dB as measured at

25 ft or more from the vehicle passing by. Second, officers issue

citations for illegal exhaust system modifications. Third,

warning letters are sent to registrants of vehicles that citizens

have alleged are excessively noisy. These letters generally

result in voluntary submission to a vehicle noise compliance

teat and subsequent remedial action. (For more detail about

the Colorado Springs program, see ErA report "Colorado Springs,

Colorado, Case History of s Municipal Noise Control Program.")

As of September 1979, approximately 800 summonses and 200 to

300 warnings had been issued for that year.

Eugene, OR 1

The Eugene police enforce motor vehicle noise control

through citations for unnecessary noise, and by stationary {-_

testing of vehicles that are subjectively identified as likely

_o be in violation. The stationary test is made by measuring at

20 inJ from the exhaust pipe outlet during specified engine rpm.

The maximum permitted A-welghted sound levels are 95 dB for front

engine automobiles, and 97 dB for rear engine automobiles. Eugene

police have also attempted to encourage compliance by extensive

public education through television, local papers, programs

at area high schools, and noise cllnica (voluntary testing).

At the time of data collection (August 1978), the program had

been actively enforced for three months, and about 200 cltations

had been issued.

N_ns_s C_y, MO

Missouri requires a safety inepectlon of all motor vehicles

at licensed inspection stations. Vehicles are inspected at least

10
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once each year or whenever ownership of the vehicle is trans-

ferred. As part of the inspection, the exhaust system is

examined to determine if it is properly mounted, if it has

any leaks, whether the system has a muffler, if the muffler is

located so that it might burn a person who enters or leaves

the passenger compartment, and if exhaust discharge is properly

directed. In 1977, from a test sample of 271,193 vehicles,

about 6 percent had faulty exhaust systems.

Southern Oa_iforni_*

In unincorporated areas around San Diego, the California

Highway Patrol (Border Division) measures maximum passby noise

levels of vehicles in speed zones of over 35 mph to enforce, for

automobiles, a maximum permitted A-weighted sound level of 82 dB

as measured at a distance of 50 ft from the centerllne of the lane

• _ of travel. In 1977, over 6000 citations were issued by the

Border Division to vehicles that exceeded the maximum permitted

levels.

fro_wood, OH

Trotwood police, though occasionally using a patrol car-

mounted microphone for enforcing the maximum permitted passby A-

weighted sound level of 80 dB a_ measurement distances of 15 ft

or more from the motor vehicle, rely heavily on public awareness

and voluntary motor vehicle noise testing. Testing schedules

UCallfornla Highway Patrol enforcement of the motor vehicle
noise control program was discontinued in mid 1979. Noise
measurements were made, however, during the fall of 1978 when
the program was still actively enforced.

ll
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are publlcized, and car window identifying stickers are given to --:

owners of vehicles that are tested and that pass the test. Owners

of vehicles that do not pass are informally cautioned that their
I

vehicle may be in violation of the Trotwood motor vehicle noise

control ordinance and that they could be cited during regular

roadside enforcement procedures. The police regularly conduct I'

tests at the high school so that students can measure their

own cars and become familiar wlth the ordinance, ii/

2.1.4 Data collection "]
)

As each vehicle pulled away from the stop slgn and ac-

celerated past the microphone location, three primary pieces ilJof data were noted on a data sheet:

l
vehiclecategory I

whether the vehicle looked or sounded defective/ _-

modified .J

maximum A-welghted passby sound level. W

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

Oa_e_o_iee

Engine size (number of cylinders) was the primary deter-

minant of vehicle category. Vehicle noise characteristics

*Originally, there was interest In noting the elapsed tlme (ET)
requlred for the vehicle to accelerate some specified distance, I
and In noting whether the vehicle was operating with wide-open
throttle (_40T) (maximum acceleration). However, wlth simple J
equipment (a stopwatch), the elapsed tlme could not be deter-
mined accurately enough to be meaningful, and measurement ]
personnel felt that they could not reliably Judge whether a J
vehicle was operating wlth wide-open throttle.

12
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should be closely related to the engine size. Thus, if vehicles

are categorized by engine size, the noise data for a given

category should be comparable from measurement site to measure-

ment site.

A primary objective of this study is to determine if

vehicle noise levels vary from site to site, and if they vary,

why. Suppose the measured vehicle noise levels were not cate-

gorized.by vehicle (engine) type. Some locations (Jurisdictions)

might have more 4-cylinder cars than others. If vehicle noise

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, eight different vehicle categories

were selected, and they are described in Table 2.

D_f,_ve/Mod_fied

Ae each vehicle was measured, the person making the measure-

ments noted hls/her Judgment of whether or not the vehicle sounded

as though it had a defective and/or modified exhaust system. In

general, the sound produced by a defectlve/modlfled exhaust system

was thought to be easily identifiable; It had the characteristic

engine firing sound or "popping" that one associates with a poorly

functioning system. Such subjective Judgments may sometimes be

in error and could conceivably result in systematic error.

However, the measurement experiences suggested that if any

sys_ematlo error existed, it would probably be in the identifica-

tion of the quieter defective/modifled vehicle. These quieter

vehicles should not significantly affect overall study results

13
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since the easy-to-ldentify, noisier, defective/modlfied vehicles

create most of the total roadside sound enerEY. In other words,

misidentiflcation of some of the quieter vehicles should not

affect the general conclusions of this study.

Per two categories, the FNT and BUG categories Of Table 2, ')

Judgment of defectlve/modified exhaust systems was not easy to

make and is considered unreliable. In these two categories, _}
Jeither unusually large numbers of vehicles had defective/modified

systems, or ncndefective/modlfied systems sounded almost She

same as defectlve/modified systems. In other words, measurement "(_

personnel could net identify significant audible differences;

almost all vehicles sounded somewhat defective/modified. "I
.J

Measurement personnel noted on the data forms whether each )

vehicle was visibly defective/modlfled (they circled VIS, see

Appendix A), and/or audibly defective/modifled (they circled _,.
AUD).

Maximum A.Wei_h_ed Paseby Soand L_w_

The sound level meter was set to "hold," on its digital

display, the maximum A-welghted sound level that Occurred as

the vehicle 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 aubomobile maximum passby sound levels at ii

different sites. Development of a method for assessing mober "

vehicle noise and motor vehicle noise control programs then

became a pmoblem of determining how these data could be reduced

14
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TABLE2, VEHICLECATEGORYDESCRIPTIONS.

Category I Abbreviation Oescrlptlon

Io%_ a1_o,_ ex_l_ively vt,_ _he V-S e_glns o_ion;

}'O_'AL*_L_),(_oesnot i=elude "CM," ':e_cles.)

cylinder engineopt+.on,or wdt_ _ :mixo_ the 6-_yllnde_
and V-_ enS¢:_e o_ti_n_; exhales: _(C ?acer, _.uick
_/hswk, Do_e Al_en, Pord MUe_ IY.

_._delYear 197_, 19T_, CAL OenersJ._t_rs-_anuf_c;t_redE- and C-body (nev +.__.9T7

to _cs_i_iF a s_nd_rd vehicle .*or"c_llbr_t+.n_"
each site,

a_at excl_ivei7 "ei__._-cM1&.'.deren_i_e_; ex_plea:
_he_le_ Cbevette, _od(e _C_, _ter:_ Car.. (.e.o.e

l_%dbu|e$

a_ob_el, =odel| _ba_ do not _i_ +._o a_y _ther ca_e_cr'l;
e_._plei: ChevTo_e_ C=+'_e_;e, _a_sun 2_0, SIercede|

15



Report No. 4370 Belt,Beranekand Newman Inc.

(e.g., mathematically combined or manipulated) to an under-

standable form. The following section describes how the data

were reduced, and it attempts to relate the reduced form of ]
the paseby data to an intuitive understanding of motor vehicle

noise and motor vehicle operation. "]
1

2.2.1 Histograms
• I

Perhaps the first question that might be asked about the I

motor vehicle passby sound level data is: How loud are the

vehicles? Obviously, at different accelerations, vehicles will j
generally make different amounts of noise. A few will be very

loud, a few will be very quiet, and most will produce inter- "!

mediate sound levels --neither as quiet as the quietest, nor

as loud as the loudest, l
..J

One way to present this intuitive observation graphically _"-,

is wish a histogram. Figure 3'is a histogram constructed from ..!
some of the measured passby sound level data. Specifically,

it combines all the measured passby levels produced by U.S.-

manufactured passenger automobiles having 8- or 6-eyllnder

engines, as measured along roads with speed limits of 35 mph

or lees. _ The figure shows how many 8- and 6-cylinder auto-

mobiles were measured as producing a given maximum passby A-

weighted sound level. For example, 551 B- and 6-cylinder auto-

mobiles produced a maximum passby A-weighted sound level that was

between 67 dB and 68 de, or 51 vehicles had measured passby levels

between 61 dB and 62 dB.
T
J

"It includes all vehicles in the V-8, COM, and CAL categories
measured at sites BI, C!, C2, E2, El, T!, and T2.

I
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J

Figure 3 shows clearly how most 8- and 6-cyllnder auto-

mobiles produce maximum passby levels that fall between 60 dB

and 75 dB (as measured at 25 ft from the centerllne of the
"!

lane of travel), but how a few automobiles produce levels well

above this range. In other words, the histogram appears to

have a "normal" or "Gausslan" distribution, that is, it shows -I
J

the familiar bell-shaped distribution, except for the few

noisy 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 _um_Zat_ue distributes, of the data 3

answers this question, and Fig. 4 presents the cumulative dis- i
tribution of the data shown in Fig. 3. J

The cumulative distribution in Fig. 4 is showm by the series I

of dots, and location of each dot 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 a total of 3,936 vehicles were measured, 1.6 percent

produced levels equal to or greater than 80 dB. J

The dots of Fig. 4 are plotted on a special type of graph

paper. _ The percent scale ks "st_e_oh=d" or expanded for high

and low percentages, and compressed for the middle percentages.

This expansion and compression has two results. First, it means

that data that have a normal or Gaussian distribution will plot

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

*A copy of this graph paper is provided in Appendix A.

--L

18



Report No. 4370 Bolt Beranek and Newman Inc.

90..q9

99,9
90.8

99

90

g 90

0 90

90

7o60
So

: _ SO

.f'_ _ 1o ,+ \
0 2 L •

_,.o \ I f
0.1 r _ -

0.01 t
90 62 64 90 da 70 T2 74 70 70 80 82 04 80 90 90 92 94 90 90 100

MAXIMUMPA.%'_YSOUNDLEV§LAT 2Sft, dO(A)

FIB. 4. CU_IULATIVEDISTRIBUTIONOF OATA SHOWN IN FIG. 3.

19



Report No. 4370 Bolt Beranek and Newman Inc.

few vehicles above approximately 75 dB, the distribution is

close to Gaussian; that is, it forms a bell,shaped curve on the

histogram and produces a straight llne on the special graph

paper of Fig. 4. The dashed straight line in Fig. 4 is drawn !
J

for comparison.

Second, the expansion of the percent scale permits easy 1

examination of the "tails," or the low and high ends, of the

dis_rlbution. Figure 4 permits quick and accurate determination

of how many vehicles exceed any specific high (or low) passby

level. For example, if a maximum permitted pessby sound level I
i

of 80 dB (at 25 ft) were imposed by law, 1.6 percent of all

the U.S.-manufactured 8- and 6-cylinder automobiles measured "I

in speed zones of 35 mph or less would be in violation. .3

Cu/_ulatlve distributions permit quick comparison of dif- 1

ferent distributions (different vehicle populations). Figure 5
f-.

presents a histogram of the 8- and 6-cylinder automobiles, _ !

measured in speed zones of 35 mph Or less, that were subjectively

Judged to have audibly defective/modified exhaust systems, i

For ease of comparison, it is plotted on a scale Identieal..to

that of Fig. 3. (Note that the data of Fig. 3 ineZ_de the data I

of Fig. 5.) To clarify the shape of this distribution of I

defective/modifled vehicles, it is rep!otted in Fig. 6, but

with an expanded vertical scale. Figure 7 shows the cumulative

distributions of both Fig. 3 and Fig. 5 or 6. These cumulative

distributions clearly demonstrate that the entire distribution }

of defective/modified vehicles tends to be, on average, 2 dB

to B dB louder than the total vehicle population.

A somewhat more meaningful comparison of defective/modifled

and nondefective/modifled vehicles can be made. Figure 8 shows

the histogram of all 8- and 6-cylinder automobiles Judged not

2O
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FIG.7, CUMULATIVEDISTRIBUTIONSOF DATASHOWNINFIG.3 AND IN FIG.
BORB.
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audibly defective/modlfled. (IS Is the histogram of Fig. 3

minus the hietogram of Fig. 5 or 6.) Clearly, though there are

still a few noisy vehicles, most of the louder vehicles were the

audibly defectlve/modifled vehicles of Fig. 5 or 6.

Figure 9 gives the cumulative distributions for all 8- and

6-cylinder vehicles (data of Fig. 3), for defectlve/modified

8- and 6-cylinder vehicles (Fig. 5 or 6), and for nondefective/

modified 8- and 6-cyllnder vehicles (Fig. 8). These cumulative

distributions demonstrate at least three important points.

St is not easy to "catch" defective/modlfled vehicles

simply by enforcement of a maximum permitted passby

sound level. For example, a maximum permitted level

of 80 dB (at 25 ft) would be exceeded by only 12

percent of the measured defectlve/modified vehicles

I--, (54 vehicles).

Nondefectlve/modlfied vehicles are mot always quieter

than defectlve/modifled vehicles. (A corollary to the

preceding point.) This conclusion is dependent on the

Judgment of which vehicles sound defective/modlfied and

which do not, However, it would appear (and the data

suggest) that nondefectlve/modified vehicles can be

operated in a way that makes them as loud or louder

than many defectlve/modifled vehicles. For example,

though approximately half of the defective/modified

vehicles produce levels less than 72 dB, five percent

of the nondefeotlve/moddfled vehicles produce levels

greater than 72 dB.

Removal of all defectlve/modifled vehicles affects

primarily the upper tall of the total vehicle dis-

trlbu_ion. That is, if all defectlve/modlfled vehicles

25
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were repaired, or ellminatd, the main effect would

be a reduction in the number of very noisy vehicles. _.

Cumulative distributions can thus provide some insight -

into motmr vehicle noise and into the effects of various regu-

latory controls. They will be used throughout this report to

develop the method for Judging motor vehicle noise and for

identifying approaches to controlling motor vehicle noise.

Two other forms of data reduction will be used to develop

the method of motor vehicle noise assessment. One, called here

the "median vehicle level" or Lsa, is derived directly from the

; cumulative distribution; while the other, the "energy-average

vehicle level" or Lave, is computed from the histogram.

2.2.3 Median vehicle level, Lsa

"-'_ The median vehiQle level is simply the maximum passby A-

weighted sound level that is exceeded by 50 percent of all

vehicles. From Fig. 9, the following is derived.

Type of 8- and 6-CylinderAutomobiles Lso,dB at 25 ft

All 6?.5

NonCefec¢ive/Modified 67

Defec_iveR._odified 72.5

Clearly, though Ls0 of the defective/modified vehicle popu-

lation is significantly higher than L_0 of the total vehicle

population, the presence mr absence of defectlve/modifled

vehicles has little effect on total vehicle population L_Q.

In other words, Ls0 of the nondefective/modified vehicle popu-

lation should be a good baseline site descriptor; it can be

.._wI
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used to characterize the general "noisiness" of the nonmodlfled/ 'i
defective vehicles at a site. Section 3, Analysis and Results,

looks further at the use of nonmodified/defeet±ve vehicle Ls0. -]
I

2.2.4 Energy-average vehicle level. Lav e

-']The energy-average vehicle level is the average maximum

passby A-weighted sound level that accounts for all sound energy

produced by a given vehicle population. If all vehicles in a "*I

population were to produce a maximum passby level equal to Lave, 9

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 vehicle population, For example, assume "i

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 vehicles ",÷
all accelerate past an observer. Next, assume that all vehicles

produce their actual measured maximum passby level and again /_"
'I

accelerate past the observer. For both cases, the observer is

exposed to the same total sound energy. i,

J
How is Lave computed? Appendix B gives a simple computation

method that requires only a calculator that adds, subtracts, I
multiplies, and divides. More directly, the computational formula

is:

Lave = l0 log _ ni

where

Li = maximum passby sound level of the ith interval .I
of the histogram,

ni = number of vehicles with measured maximum passby i
sound levels in the Ith interval,

N = total number of vehicles measured = _ ni.
i r ,
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From Figs. 3, 5 or 6, and 8, the following values are

computed:

Type of 8- and 6-CylinderAutomobiles Laye,dB at 25 ft

All 71.2

Nondefective/Modified 68.6

Defective/Modified 77.7

The defective/modified energy-average vehicle level is approxi-

mately 9 dB louder than the nondefective/modlfied vehicle level,

and the total vehicle population energy-average vehicle level

will be reduced about 2.5 dB if all defective modified vehicles

were eliminated.

The energy-average vehicle level is important because it

is related directly to the widely used motor vehicle noise
:,/'h

-, descriptors of hourly equivalent sound level, Leq , and day-

night sound level, Ldn. All things being equal, a

given change in Lav e will produce the same change in Leq or

Ldn for roadside locations exposed to the noise of accelerating
vehicles. Thus, if all defective/modified vehicles of Fig. 3

were fixed or eliminated from the vehicle population, Leq or

Ldn due to these accelerating vehicles should be reduced
about 2.5 dB.

©
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3. ANALYSIS AND RESULTS

Section 3 analyses and draws conclusions from the collected,

reduced maximum paseby sound level data. Section 3.1 examines
I

the data and draws conclusions about the factors that determine

how noisy motor vehicles are. Results of this examination are

then used in Sac. 3.2 to develop fully the method for assesslng 1

the relative noisiness of a Jurisdicblon's motor vehicles.*

-i
3.1 Factors Affecting Motor Vehicle Noise '

Section 3.1 examines the four factors that influence the ]

noise levels produced by motor vehicles:

I

Basicvehicledesign -,

Defectiveexhaustsystems

Modified exhaust systems --W'_i
Vehicleoperation.

Analysis is based on the cumulative dlsCributlon, the Lave, and
the Ls0 values. By comparing the cumulative distributions, the

Lave, and the Ls0 values for different vehicle populations, the
_elative importance of these factors can be quantified and !

understood.

3.1.1 Basic vehicle design

Vehicle design can be important not only because it deter-

mines how loud a vehicle will be when it is in good, nondefeotlve,

/

*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 ll individual measurement sites.

3O
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r-,

nonmodlfled condition, hut also because design may determine

how readily an exhaust system becomes defective, how difficult

repair of the exhaust system is, and how easily an exhaust

system can be modified. Though vehlole design and its noise-

related effects may nob be readily amenable to state/local 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 be separately analyzed• Figure 10 presents the

cumula$1ve distributions of vehicles measured along roads with

speed llmits of 40 mph and _5 mph (at sites B2, El, K_, SI).

The figure shows the distributions for all 8- and 6-cyllnder

U.S.-manufaetured passenger automobiles (includes all auto-

mobiles in the V-B, COM, and CAL categories), all Volkswagen

i_'-_, Beetles (BUG category), and all motorcycles (M/C category).
It also gives the n_nber of vehicles measured, N, and the

, energy-average vehicle level, Lave, for each distribution,
i Both the BUG and M/C distributions are shifted 7 dB to I_ dB

to the right of (louder than) the 8- and"_'cylinder distribution.

However, the numbers of BUGs and N/is are relatively small

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 of

the combined populations? Figure Ii shows the cumulative dis-

tributlons that result if first the BUGs and then the me,or-

cycles are combined with the 8- and 6-cylinder vehicles.

CleaYly, _he distribution shifts only slightly.

3Z
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FIG. 11. CUMULATIVEDISTRIBUTIONSFOR ALL B- AND B-CYLINDERAUTOMOBILES,
ALL B- AND E-CYLINDERAUTOMOBILESPLUS BUGs,ALL 8- AND 6-CYLINDER
AUTOMOBILESPLUSBUGsAND M/Cs, AS MEASUREBIN SPEED ZONESOF
40 mph AND 45 mph.
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Does the slight shift of the cumulative distribution

suggest that the vehicle categories of BUG and M/C are unlm- I

pcrtant? Probably not. Motorcycles are generally recognized

as a major 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 "i
J

become, a significant contributor to community annoyance.

f
The implication is that from time to time vehicle manu-

facturers may design and produce a vehicle type that for one

reason or another is, or becomes with age, unusually noisy. _}•
The data presented here suggest that such vehicle types can

occur and that, even If the numbers of these unusual i
J

vehicles on the road are relatively small, the effects on

communityannoyancemay be significant, l

3.1.2 Defective/modified vehicles _,_;

See_lon 2.2 presented data showing how elimination of

vehicles Judged to be audibly defective/modlfled could shift
r

downward the u_per tail of the cumulative disCrlbution. Figure ._
9 presented the cumulative distributions for 8- and 6-cylinder

automobiles measured in speed zones of 35 mph or less. Figure

12 presents comparable data for measurements made in speed

zones of 40 mph and 45 mph (sites B2, El, K2, SI). Both

Figs. 9 and 12 show bow the number of loud vehicles Is reduced

in the nondefect!ve/mod!fled vehicle population. That is, if

all defectlve/modified vehicles could be eliminated, the number

of vehicles exceeding the higher levels would be reduced, and

the hlgh level tall of the cumulative dlstrlbutlcn would be -"

shifted to the left.
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FiG. 12. CUMULATIVEDISTRIBUTIONSCOMPARINGALL 8- AND G-CYLINDERU.S.-
MANUFACTUREDAUTOMOBILES,B- AND 6-CYLINDERAUTOMOBILESJUDGED
DEFECTIVE/MODIFIED,AND 8- AND B-CYLINDERAUTOMOBILESJUDGED
NOT DEFECTIVE/MODIFIED,AS MEASUREDIN SPEED ZONESOF 40 mph
AND 45 mph.

35



Report No. 4370 Bolt Beranek and Newman Inc.

!

In addition to shifting the tail of the distribution,

defective/modlfied vehicles affect the energy-average vehicle

level, Lave . Values of Lav e are given in Fig. 12 for the high- -!
speed site data, and Table 3 repeats these values as well as

presenting the low-speed site data Lave, If all defective/ _..
modified vehicles could be eliminated, it is apparent that

energy-average sound levels would be reduced by 2.5 dB to 3 dB.

Table 3 also shows that the Lav e for defectlve/modified

vehicles is 9 dB to i0 dB higher than the Lave for nondefectlve/ I

modified vehicles. Lave can thus be used in two ways as an
I

indicator of the effects of defective/modlfied vehicles:
F
I

The difference between Lave for _ZZ vehicles (see

Table 3) and Lav e for nondefeeC_ve/modlfied vehicles i
is a measure of the benefit to be derived from

eliminating all defective/modified vehicles. _'i
i

The difference between Lave for defectivemodified
vehicles and for nondef_at_ua/modificd vehicles is

a good measure of how loud the defectlve/modifled -_

vehicles are. I
J

3.1,3 Cembtned effects of vehtcle destgn and defective/modified
vehleles

It is .now possible to make an observation about the im-

portant role played by vehicle design. The previous discussion

of vehicle design showed that Volkswagen Beetles and motorcycles

increase Lave by 1 dB to 2 dB (see Fig. 1). What, however, are
the combined effects of these vehicle design types and the

defective/modlfied vehicles?
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TABLE 3. ENERGY-AVERAGE VEHICLE SOUND LEVELS, Lave, 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 High-Speed Data* Low-Speed Datat

6-Cylinder Automobiles N** Lave, dB N** Lave, dB

All 2,848 73.1 3,936 71.2

Nondefective/Modified 2,_80 70.8 3,486 68.6

Defective/Modified 268 80.1 450 77.7

*Data measured along roads having speed limits of 40 mph and _5 mph.

TDa_a measured along roads having speed limits of 35 mph or less.

, i: **N = total number of 8- and 6-cylinder vehicles measured of the specified
type.

r_--h
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i

l

The contributions of various types of vehicles are most
I

easily determined by examining the effects the types have on

Lave . By beginning with Lave for a combined vehicle 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 8- and 6-cy!inder automobiles, (

all Volkswagen Beetles, and all motorcycles (as measured at

hlgh-speed sites), the two progressions of Table 4 are computed. "I

In the Swo center columns, this table shows the values of Lave "J

for the total vehicle population and, moving downward, shows -:1

resulting values of Lav e as different vehicle types are eliminated i
from the population. To achieve the full possible 4-dB reduc- 3

'i

tion of Lave, all defectlve/modlfied 8- and 6-cylinder automobiles,
all Beetles, and all motorcycles have to be eliminated, it is

clear that each vehicle type contributes significantly to the I

total Lave, and shat elimination of only one of the noisy types _r_iprovides less than half of She total possible reduction in

decibels. •

3.1.4 Vehicle operation

The way an operator accelerates hls/her vehicle certainly

affects the noise level generated by the vehicle. Even for

vehicles with no audlbly defect!ve/modlfled exhaust system,

operation must affect noise level. The data gathered in this

study suggest that rates of acceleration, as indicated by

maximum passby sound level distributions, vary from site to

site, wish sites in higher speed limit zones tending to have

higher (louder) acceleration rates.

Figume 13 compares the cumulative distributions of non-

defective/modifled 8- and 6-cylinder automobiles as measured

J p
k--.
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r_

TABLE 4. COMBINEDEFFECTSOFVOLKSWAGENBEETLES,MOTORCYCLES,AND DEFECTIVE/
MODIFIEDB-AND 6-CYLINDERAUTOMOBILESON LaveTHAT RESULTSFROM
B- AND B-CYLINDERAUTOMOBILES.BASEDON DATA MEASUREDAT 2B ft
FROM CENTERLINEOF LANEOF TRAVEL IN SPEED ZONESOF 40 mph AND
4B mph.

Resulting
Vehicle PopulationMix Lave, dB Vehicle Population Mix

i

All Vehleles* 74.8 T4.B All Vehicles_

Defective/Madlfied 73.6 74.0 VolkswaGenBeetles
Eliminated Eliminated

VolkswagenBeetles 72.3 73.i Motorcycles
Eliminated Eliminated

Motorcycles 70.8 70.8 Defeetive/Modifled
: Eliminated Eliminated

*Includesall vehiclesin v-B, C0_4,CAL,BUG, and M/C

: /_'h categoriesmeasuredat sites B2, El, K2, Bl.
E -

J
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FIG. 13. CUMULATIVEDISTRIBUTIONSCOMPARINGNONDEFECTIVE/MODIFIEDB- AND i
B-CYLINDERAUTOMOBILES,AS MEASUREDAT SITE.CZ (A 30 mphSITE) ._
AND El (A40 mph SITE).

"4
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at Site C2, where the speed limit was 30 mph, and at Site El,

where the speed limit was 40 mph. Since both distributions

contain only the nondefeetive/modifled 8- and 6-cylinder auto-

.... mobiles, it seems reasonable to assume that the clear 4-dB to

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

tion. The on-site observations of measurement personnel tend

to confirm this assumed difference in acceleration rate.

Figure 13 also gives the values of Ls0 that correspond to

the distributions. Values of Lb_, as mentioned earlier, are

affected only slightly by the presence o_ defectlve/modlfled

vehicles. In other words, Ls0 does nob depend upon an observer's

Judgment of which vehicles are defective/modifled, and which

are not. Further, the value of Ls0, for measurements of several

hundred vehicles, is known with a high degree of precision;

that is, the estimate of its value is likely to be correct to

/'_ within approximately 1 dB. Since Ls0 does not depend upon the

observer's Judgment and does nob depend upon which or how many

vehicles are defective/modified, it should depend primarily upon

the vehicle category measured and on the way those vehicles are

operated. For a given category'of vehicle, Lb0 should be

directly related to how rapidly vehicles are accelerated. Thus,

from site to Bite, for a given vehicle category, Ls0 should be

a measure of the rate of acceleration at each site; the larger

Ls0 is, the higher the rate Of acceleration is.*

eTo confirm that vehicle operation (rate of acceleration) plays
an important role in determining the maximum passby sound level,
a nondefeotive/modified Chevrolet Caprice was driven through
a typical measurement site (llke the site pictured 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 to 79 dB. Acceleration noise thus seems to
be a sensitive function of driver operation.
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3.2 Assessment of Motor Vehicle Roise

By collecting and reducing data in accordance with the

procedures described in Sec. 2, a Jurisdiction can use the

information provided in this subsection to assess how noisy its

motor vehicles are, and whether they are noisy because they

are defective/modified cr because they are operated at high "!•
rates of acceleration. Additionally, Jurisdictions will be

able to estimate approximately how much benefit can be derived

from limiting the numbers of defective/modified vehicles or

from controllingvehicleoperation. "_
;

Generally, a Jurisdiction must collect maximum passby

sound level data, reduce the data to yield values of Ls0 and i
J

Lave, and compare these values with figures provided in this

subsection. The following paragraphs describe the procedure I
J

step by step.

qlp

3.2.1 Collect data.

Using the method cf Sec. 2.1, collect maximum passby A- i
°

weighted sound levels by vehicle category. Use a form similar

tc that cf Appendix A, but not all eight vehicle cat.egories need I

be used. The assessment method will use only the 8- and 6- i

cylinder category and the IMP category (see Table 2),* but data

should also be collected for the motorcycle, BUG, and MSC .,

categories. Be certain to note whether or not each vehicle is

audibly defective/modifled.

J

*Recall that the 8- and 6-cyllnder category comprises the V-8,
COM, CAL categories described in Table 2.
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The reliability of the assessment depends primarily on the

number of audibly defectlve/modified vehicles measured. The

number of these vehicles measured depends on the time spent

measuring and on the number of audibly defective/modlfled

vehicles that are present in the population. Now, the number

present in the population depends upon vehicle categories.

There will be many more defectlve/modified 8- and 6-cylinder

i vehicles than defectlve/modified 4-cylinder vehicles (IMP

category) simply because there are more 8- and 6-oyllnder

vehicles on the road. Thus, for a given reliability, a far

larger total sample is required for assessment of the 4-cyllnder

category than is required for assessment of the 8- and 6-

cylinder category.

i Tables 5 and 6 present percentages that can be used to

i__ estimate required total sample size. Table 5 presents, by
! site and category, the percent Judged to be audibly defective/

modified. Table 6 shows how the total on-road vehicle popula-

tion is divided by vehicle category. Table 5 shows that, on'i
average, I0.6 percent of all 8- and 6-cylinder vehicles and

6.2 percent of all _-eylinder vehicles are Judged audibly

defectlve/modlfied.

If we assume that about 30 to 50 audibly defectlve/modified

vehicles need to be measured, then, to Judge the 8- and 6-

cylinder vehicles, a total of 400 to 700 vehicles of all cate-

gories need to be measured.* To assess slmila_ly the 4-cyllnder

_The number of vehicles measured determines the statistical con-
fidence which in turn depends upon the distribution of the data.
See the appendix to Chapter 3 of "Fundamentals and Abatement of
Highway Traffic Noise," available from the Federal Highway Ad-
ministration, for a method to determine confidence limits.
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TABLE 5. PERCENT AUDIBLY DEFECTIVE/MODIFIED BY VEHICLE CATEGORY, BY SITE, ':

MeasurementSite VehicleCategory PercentAudiblyDefective/Modified_ _'I

B1 8- and 6-cyllnder 6.3 -J
IMP(h-cylinder) 7.7

l32 8- and 6-cyllnder 8.7
IMP (h-cylinder) b.8

el B-and6-cylinder 17.0 _'I
IMP (h-cylinder) .....

02 8-and6-cy!Inder 13.1 ;

(4-cyllnder) h.3 I

E1 8-and6-cylinder 8.5

L_P (h-cylinder) 3.9 _I

E2 8- and 6-cylinder 3.7
IMP(h-cylinder) 8.0

1El 8- and 6-cylinder 8.6

(h-cyllnder) 8.0 _-_!
E2 8- and 6-cylinder 6.7

IMp (h-cyllnder) 6.3 -_

S1 B- and 6-cylinder 12.1 |
IMP (h-cylinder) 5.3 J

ITI B- and 6-cylinder 13.8
IMP (h-cyllnder) 3.9

T2 8- and 6-cylinder 18.2
IMP (h-cyllnder) 9.8 i

Average of All B- and 6-cylinder 10.6
_ites IMP (h-cylinder) 6.2

*Please note that these percentages do not reflect a need or lack of need
for motor vehicle noise control. It is not this percent that dcter_ines
need, but rather the noise generated by these vehicles. A large percent
n_y be audibly defective/modified, but they may be relative!y quiet.
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TABLE 6, APPROXIMATE1978 ON-ROADVEHICLEPOPULATIONMIX BY VEHICLECATEGORY.
BASEDON 6,400 VEHICLESMEASUREDIN BIRMINGHAM,AL; EUGENE,OR;
KANSASCITY,MO; AND SOUTHERNCALIFORNIA.

.. ,.,

VehicleCategory* Percentof TotalPopulation

B- and 6-cyllndert Tl

PNT 5

BUG

IMP 16

M/C l

MSC B

*Categoriesdescribedin Table 2.

TIncludesTable2 categories: v-B. COM.CAL.

(

4
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vehicles, a total of 3,000 to 5,000 vehicles of all categories
I

need to be measured, Stated another way, if every vehicle that J

passes by the microphone is measured, 400 to 700 vehicles must

pass by before 30 to 50 audibly defeetive/modifled 8- and 6- -!I

cylinder vehicles are measured; 3,000 to 5,000 vehicles must

pass by before 30 to 50 defective/modifled 4-cyllnder vehicles -I
J

are measured.

3.2.2 Reduce data "J

Perform the following steps, first using the data collected "]

for the 8- and 6-cylinder vehicle category, and "then using the
.]

data collected for the 4-cylinder vehicle category. _]
-J

A. Constructthreehlstograms: 1
i. Forallvehicles

2. For audibly defectlve/modified vehicles _r'_"i&

3. For audibly nondefeetlve/modified vehicles.

B. Using the histogram constructed in A.3, determine

Ls0. "This can be done by plotting a cumulative

distribution on the paper provided in Appendix A. .!
}

C. Using the histograms of A, above, and the worksheet

of Appendix B, compute Lave for each histogram; I

chat is, compute Lave for all vehicles (histogram
of A.I), for audibly defective/modifled vehicles '_

(histogram o'fA.2), and for audibly nondefectlve/

modified vehicles (histogram of A.3). I

D. Using the Motor Vehicle Noise Assessment Worksheet

of Appendix D, write down the values of Lso and Lave
as indicated, and perform the two subtractions

required by lines 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.

Figure 14: Plot the point determined by the

worksheet values on lines 1 and 2.3.

Figure 15: Plot the point determined by the

worksheet values on lines i and 3.3.

F. 4-Cylinder Vehicles: Plot the values of the

Appendix D worksheet on Figs. 16 and 17.

Figure 16: Plot the point determined by the

worksheet values on lines 1 and 2.3.

Figure l?: Plot the point determined by the

worksheet values on lines i and 3.3.

3.2.3 Assess motor vehicle noise

i[ _ Each point plotted, using the steps in the preceding sub-

section, represents motor vehicle noise data gathered at a

! specific roadside site. These points permit a determination

of whether the motor vehleles 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 sits are loud. The plotted points also show

how much benefit can be derived from controlling motor vehicle

noise at a specific site and whether this benefit is more or

leas than average, as compared to the vehicles measured for

this study. In other words, the motor vehicles measured for

th!s study provide a baseline estimate of motor vehicle noise,

and Flgs. 14 through 17 allow any Jurisdiction to compare its

motor vehicles against this baseline. The following paragraphs

tell how to make these comparisons.
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Figures 14 and 16

These figures show how much noisier the audibly defective/

modified vehicles are than the audibly nondefective/modified

higher a plotted point is on the vertical scale, __
vehicles. The

the noisier are the audibly defectlve/modified vehicles at the

site represented by the polnt. -_

These figures also show how noisily vehicles accelerate.
,-!

The farther to the right a plotted point is, the louder is the i

resulting noise that is due to high acceleration rates at the

site. "]

The shaded area, enclosed by the "95 percent confidence I

limits" is the region where the plotted points would usually

lle. Thus, a plotted point that lles at the top of or above

this shaded area implies that audibly defective/modified vehicles j

at the site are unusually _oud and/or unusually numerous. Con- _

versely, plotted points located at the bottom of or below the _i

shaded area imply that audibly defective/modified vehicles 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 idenDificaticn/iocatien of each side.) Thus, in Fig. 14

for example, sites K1, T1, and K2 seem to have unusually loud

and/or numerous audibly defective/modifled vehicles, and sites

E2, C1, T2, and S1 have unusually quiet and/or few audibly

defectlve/modified vehicles.

Figures 14 and 16 also permit Judgments of whether or not .j

d

vehicles at a site are accelerating more rapidly than average.

52



Report No. 4370 Bolt Beranek and Newman Inc.

_'_

Vehicles accelerate more rapidly in high-speed zones (40 mph

and 45 mph speed limits) than in low-speed zones (speed limits

of B5 mph or less). Thus, each figure has a low-speed/high-speed

dividing llne. The location of this line is determined from

the measurement data of this study. Low-speed sites should

generally result in points that plot to the left of the llnej

and hlgh-speed site points will generally plot to the right of

the llne. If a low-speed site plots close to this llne or to

the right of it, then the vehicles at this site are accelerating

unusually rapidly, and consequently are unusually loud. Con-

versely, if a hlgh-speed site plots close to this llne or to the

left of it, then the vehicles at the site are accelerating

unusually slowly, and are unusually quiet for a hlgh-speed zone.

Thus, in Fig. 14, vehicles at sites $1 and C2 are ac-

i,_ celerating at unusually slow rases for their respective speed
zones. On the other hand, vehicles at sites T2 and E1 are

accelerating at unusually high rates for their speed zones.

Fiffu_se 15 and 17

These figures tell how much benefit can be expected if

the number of audibly defective/modified vehicles is reduced.

The higher a plotted point is in the vertical direction, the

more benefit can be expected. For example, if all audibly

defectlve/modlfied vehicles could be eliminated at site K2,

approximately 3.5-dB to 4-dB reduction of Lav e would

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 Fig. 15, for example, site T1 will benefit more

than average, but site E2 will benefit less than average.
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Figures 15 and 17 also show how much benefit can be derived

by modifying driver behavior, that Is, by causing vehicle

operators to accelerate less rapidly. The benefit possible

depends upon how far to the right the plotted point lies, and "I

upon the speed zones at the site. For hlgh-speed zones,

acceleration rates result, on average, in Ls0 (NON) (audibly _

nondefeotlve/modified Lsa) of 69 dB to 70 dB. Thus, in

Fig. 15 for example, drivers at site E1 tend to accelerate at ]

a somewhat faster rate than usual, and a 0.5-dB to 1.5-dB

benefit might reasonably be achieved if drivers could be on- I

couraged to accelerate less rapidly." J

'I

It should be noted that the benefits from elimination of 1

audibly defectlve/modified vehicles and from modifying driver

behavior are additive. For example, at site E1 in Fig. 15, 1

a 2-d_ benefit should result from elimination of audibly J
_.

defect!ve/modlfled vehicles, and a 1-dB benefit should be pro- I

dueed by modifying driver behavior, for a total expected 3-dB i

benefit. I
J

"Note that though this benefit is in terms of reduction in LsQ
for audibly nondefective/modlfied vehicles, Lsa (NON), approxi-
mately the same benefit in Lave (ALL) would also result. That
is, though is0 and Lave for any vehicle population certainly
are not equal, they vary proportionately: a reduction of 1 dB
in is0 corresponds co a reduction of approximately i dB in
Lave.

v,
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4. CONTROL OF MOTOR VEHICLE NOISE

Having identified the important factor or factors that con-

tribute to motor vehicle noise at specific sites, and having

quantified the benefib that can be achieved by controlling motor

vehicle noise, a Jurisdiction should be in a better position to

develop or refine its motor vehicle noise control program. Sec-

tion 4 discusses the basic components of motor vehicle noise

control programs and attempts to relate theme components to the

factors (defectlve/modlfled exhaust systems, operator behavior)

that affect motor vehicle noise.

The concepts expressed here do not offer a quick, easy fix

for motor vehicle noise problems. Conversations with many dif-

ferent motor vehicle noise control officials have led to the

same conclusions: motor vehicle noise 4s a cause of annoyance

,_'_. for many Deople; motor vehicle noise control is a complex problem

requiring dedicated personnel, innovative approaches, and hard

work.

The results of this study do, in fact, reaffirm the notion

that motor vehicle noise control is a complex problem. Figures

14 through 17 show that Jurisdictions with no real motor vehicle

noise control program (B1, B2) can have vehicles that are no

noisier than the vehicles of Jurisdictions with active programs,

and that, even within a single jurisdiction, motor vehicles at

different sites can produce widely differing noise levels (gl_

E2).

Thus, the following paragraphs are not expected to provide

revolutionamy new approaches to motor vehicle noise control, but

rather to provide or encourage approaches that are logically

developed and are based on a Jurlsdimticn's needs and capabilities.

,,_

55



Report No. 4370 Bolt Berenek and Newman Inc.

4.1 Site Specific Factors

The analysis method helps a Jurisdiction identify needs on J

a site-by-site basis. Generally, community complaints will also -}
perform this function, but the analysis method will help identify

the main factors contributing to the noise problem. Thus the

basic noise control program components of public education and

enforcement can be targeted for locations with greatest need.

Simply spending a day or two at a site in order to make mea-

surements can provide insight into the problem. Do noisy vehicles -'I
seem to pass by at a specific time of day? Are many of the noisy

vehicles driven past Just after the high school day ends? Do r

the noisy vehicles pass by mostly during the morning rush hour I

as people hurry to work?

}
4.2 Noise Control Program Components _-.,

A motor vehicle noise control program has at least two basic ..I

components:

Publiceducation .i

Enforcement.

4.2.1 Education

Education of the public can almost always play a useful role.

The public needs _o be educated about:

Any motor vehicle noise control laws that they must comply

with and the consequences of noncompliance. For noise

problems that result from modified vehicles, some Jurisdic-

tions have run special workshops at high schools. Use of

radio, television, and newspaper coverage helps educate the

public at large.
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The casts of not complying with the motor vehicle noise

control laws. Often, people drive with a defective exhaust

system because having it repaired takes time. Make sure

they know that this neglect may result in an even greater

loss of their time (and a loss of money?) if they are

cited for noncompliance.

The effects of motor vehlcle noise on the community. Make

people aware that the noise produced by motor vehicles does

affect people. It is useful if actual complaint data can

be presented, but avoid depicting the people who complain

as chronic complainers. They generally are not. They are

simply people who often have their activities disrupted by

noise and who, in fact, generally represent (unknowingly)

many other people who are annoyed but who do not complain.

if "_ 4.2.2 Enforcement
L

It is likely that education will not be very effective

unless the public also perceives a threat of enforcement.

People must be convinced that there is a chance they will be

cited if they drive vehicles with defectlve/modlfled exhaust

systems, or if they accelerate too fast.

Probably the best method to convince people is by actually

enforcing the law and giving citations. Mote that it is important

for enforcement action to include a final check of compliance.

Simply levying a fine is generally not adequate. Courts, appeal

boards, or selectmen, etc., _eem unwilling to approve adequately

high fines for noise offenses. It can be of little use to levy

a fine that is lees than the cost to repair/replace a defective/

modified exhaust system. Offenders may choose to pay such a

fine if 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 vehicles 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 J

on enforcement, while still maintaining the threat of enforce-
I

ment, is the patrol oar-mounted microphone. If people have been

educated to know what the microphone looks like, the microphone's

constant presence on patrol cars; even when it is not in use, may I
i

provide the necessary threat of enforcement.

Modified _h_us_ S_s_ems "11

The importance of the enforcement component probably varies i

depending upon whether the program objective is to reduce the

number of modified vehicles, reduce the number of defective I

vehicles, or control operator behavior. Once a vehicle has been I

modified, an enforcement officer will have many opportunities to ("_',

cite its operator. The vehicle has been modified because the i

owner wants it that way, and it will probably stay modified until

he has been caught. To encourage correction of modified systems, .I

a fairly high chance of being cited is probably necessary.

Dafee_,_ve _hcuat S_e_ems

On the other hand, an owner does not necessarily want to

drive a defective vehicle. It becomes defective as it ages,

and it will probably be repaired sooner or later depending upon

the owner's view of the time and money required for repair.

Thus, the objective is generally not to make the owner 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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Veh_a_e Opsr=¢ion

Modifying vehicle operator characteristics is likely to be

the moot difficult factor to address. The offense is temporary,

and in order for the operator to be cited, the offense must be

observed. Thus, a fairly large amount of enforcement time giving

warnings/citations is probably necessary to encourage vehicle

operators to accelerate less rapldly:.

4.3 Defective/Modified Exhaust Systems u8 Vehicle Operation

As suggested by See. 4.2, motor vehicle noise control program

components will vary somewhat depending upon whether the program

is targeted primarily at defective/modified exhaust Systems or

at vehicle operation. Section 4.3 further ou$11nes some of these

variations.

I_'_' 4.3.1 Defective exhaust systems

Defective systems can be identified audibly and by visual

inspection. For enforcement purposes, an officer can easily

pick out, by ea:., those vehicles likely to have defective systems.

A quick visual inspection will then reveal holes in the muffler,

broken exhaust/tall pipes, etc., and (assuming the Jurisdiction

has the appropriate motor vehicle equipment law) a warning/

citation can be written. Thus, for corre0tion of most defective

systems, no detailed noise law with quantitative sound level

provisions is, in theory, necessary.

In prae$1ee, however, sound level provisions may make chal-

lenges in court less likely or less successful. An officer may

need a specific, obJeobive reason for inspecting a vehicle.

rb
v

59



Report No. 4370 Bolt Beranek and Newman Ins.

Exceedance of some specified sound level limit can provide the

necessamy Justification. If this Justification is needed, i

however, the cost of enforcement is increased. The Imerease is

caused not only by sound measurement equipment and training ")'
costs, but by the need for additional hours of enforcement to

achieve a given number of vehicles cited, i

4.3.2 Modified exhaust systems 1
I

Some types of modlf!cat!ons can be !dentlf!ed audibly and

by vlsual inspection; for example, muffler cutouts or bypasses lj
are easily cited if the law prohibits them. Often, though,

modifications san be simply the use of "less effective" mufflers

or exhaust systems. FoP identification of these types of modi- I

ficatlons, a quantitative sound level limit and sound measure- 3

ment procedure are probably necessary. I

The owners who modify their vehicles are generally, how- _

dyer, a small percentage of all vehicle owners, and they may be

relatively easy to reach through public education. These i

people a_e often well aw_,e of the motor vehicle laws, since

pursuing their interest in modified vehicles may (and frequently

does) put them in conflict wIDh these laws. They often have an

interest in modification to the limit of the law. This interest,

when combined with the pleasure they derive from working on their

vehicles, may make them reachable through motor vehicle noise-

testing workshops. A workshop that gives them the opportunity

to measure the noise of their own vehicles and to determine

whether or not the vehicles are in compliance with the law may

attract a significant portion of the modified vehicle owners

in a community. They will learn that an objective measuring

Instrument can plak out violators.

J
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4.3.3 Vsht¢le operation

Affecting the way people accelerate their vehicles probably

requires aggressive public education and enforcement. First,

the people who accelerate too rapidly form no easily identifi-

able group that can be targeted for education. Thus, public

education may have to be widespread and dispersed - through

television_ radio, and newspaper coverage.

Second, enforcement will require some legally Justified

sound leve_ limit and corresponding roadside measurement pro-

eedure. The relationship between the enforced roadside sound

level limit and resultant cumulative distribution is not well

understood and may have be be developed on a Jurisdiction-by-

Jurisdiction basis.

,_ Finally, vehicle operation will be difficult to modify per-
manently. Vehicle operators can always be expected to modify

their behavior when they drive past a parked patrol car, but

when the patrol car is absent, the behavior returns to "normal."
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5. RECOMMENDATIONS FOR FURTHER WORK

This report has attempted to provide a basic method for the .j

assessment of motor vehicle noise, in theory, the method is

generally applicable. Practically, however, the method is limited

because it deals with only the two vehicle types (8- and 6-

cylinder vehicles and 4-cyllnder vehicles), it is based on mea-

surements at only eleven sites in six Jurisdictions, and it

depends upon subjective determinations of which vehicles are _

defective/modlfled. I

"-I

To be more useful, the method should account for other I

vehicle types and the relative numbers of each type. To be more
i

reliable, data for additional sites/Jurisdictions need to be
.i

included.

The energy-average vehicle level, Lave, could be used to

account for and Judge the relative Importance of each vehicle _'t

'type. (See, for example, Table 4.) Worksheets could be developed

from existing data to permit such Judgments.

Figures 14 through !7 show shaded areas surrounded by 95

percent confidence limits. The wide separation of these limits l
is due to the scatter or the eleven (or ten) data points. These )

confidence limits can be narrowed, and the reliability of the

meDhod i_creased, if data were gathered from more sites/

Jurisdictions.

The mebhod of assessment depends primarily on subjective

Judgments of which vehicles have (audibly) defective/modlfied

exhaust systems and which do not. Though measurement personnel

believed such Judgments could be made reliably, no real proof

can yet be given that such Judgments are correct. Are vehicles

62
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that sound defective/modified, really defectlve/modified? How

amenable to noise control are such audibly defective/modifled

vehicles? If they all had new, original equipment exhaust

systems installed, would they be noisier than the audibly

nondefective/modifled vehicles?

Finally, the data gathered here represent She motor vehicle

noise levels at a specific time and cannot show changes in noise

levels with time. If, for example, Kansas City pursues a

program of motor vehicle noise control, returning to sites K1

and to E2 would be useful after the program has been in effect

and, perhaps, after various noise control approaches have been

tried, to determine if there has been a measurable change in

vehicle noise.

r

©
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APPENDIX A. DATA COLLECTION FORM
GAUSSIAN CUMULATIVE DISTRIBUTION GRAPH PAPER
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APPENDIXB. CALCULATIONOF ENERGY-AVERAGEVEHICLELEVEL,Lave.
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APPENDIX C. COMPUTER-REDUCED DATA

This appendix 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: (Prom left to right)

ZCA): Maximum A-welghted passby level as measured at 25 ft
from oenterllne of lane of travel. No_e that levels

are shown as one-half _B ranges.

A7.7.Of;herCo_un_s: The remaining columns show percentage of vehicles
having a measured maximum A-welghted passby level
that falls within or above the level range shown in
the first column, L(A). Each column shows these
percentages for a different portion of the vehicle
population.

8_6
AZZ: This sol_mn gives the percentages for all measured

U.S.-manufactured autos with either 8-oyllnder or
6-eyllnder eaglne_.

8_6 Gives percentages for only the 8- and 6-eyllnder
A_B: U.S. autos that were Judg_ to have audibly modified

_. or defective muffler/exhaust systems. (A = Audibly
modifled/defective; B - Both audibly and visually
modified/defective.)

846 Percentages for only the 8- and 6-cylinder U.S. autos
N_V: that were _ judged to have audibly modified or

defective systems. (N • Neither audibly nor visually
modified/defective; V = Visually modified/defective
only. )

/MP: Coltmus headed with "LMP" give the same information
aS is given by columns headed with "8&6", but for
autos with 4-cyllnders (imports) only.

PI_T: Percentages for all Pintos and Vegas measured.

_UG: Percentages for all Volkswagen "Beetles" and buses.

i
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J

ROWS: At the bottom of each page _re four rows giving the -
following information.

_le S_ne: NUmber of vehicles meaBured for that column. _-

M_a_ _(A): Arithmetic mean A-weighted level for all vehicles
measured for that columu,

S?.2_, Des.: St_ud_d deviation of measured levels about the mean. =_

Z._vQ: Energy-average maximum A-welghted passby level, or

Lay e '
L]

: :J
J

_s

i.l

I I
_!
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Low-Speed Sites
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; < P:4ILu.._>_I.RcS.I :4on l_-'.pc-_Z I:ITPM ._G_ 1

BIRI411(G,IA!41ALSITE i 3_!4PH _!

2

, _ , *rPERCENTAGE OF VEHICLES WITHIN OR ABOVE A GIVPN SOUND LEVEL INT:.R(._

8&6 8&6 B&8 IMP IMP IMP PNT dUG E,Cu ._L(A) ALL A&B N&V ALr. A_B N ALL ALL E_G
j

99,0- 9).4 _I._ 8.9 Z.0 _.0 _I.0 _}.0 Z.Z ,_.) @.2

98.5- 9_.9 0.2 0.0 0.0 B.@ 0.@ 0._ B.@ B._ _.0 7];
3

97.5- 97.9 _.fl _._ fl.3 _._ O.fl _.0 _.fl 0._ fl._
97._- 97.4 _.@ _.9 _._ _._ _.Z 0.0 _.8 8.0 _._ r_

..J

94.5- 94.9 B.B _.Z 0.0 Zo0 .']._ _.0 Z.0 _.0 _.2 -/

93.@- 93._1 O.kl _.0 Z.*I ,%0 _.-" " " _.'J _..,_ _." I

91.5- 91.9 B.@ B._ 8.0 0.@ _.0 _.0 _.Z Z.a _. _ |

9i_.S- 90.9 B.0 @.0 I_.0 _.0 0.0 O.l_ _I.i) _._ '3.,3 f""

89.5- 89.9 S._ S.a _.0 a.@ a._ S.a 0.Z _._ _.7 -}
89. '_- 39.4 _.E_ _l.@ _.0 0.C) 0.0 _),,0 0.0 3.0 _.O

! 88.5- 38.9 i)._) 0.0 _).0 ,)._I _.8 iiI.B 8.0 0.0 C_._i ")
88.0- Bd.4 B._ _.0 0.0 _._ 0.0 _o_ _._ _.9 _._
d_._- _7._ _.B 0.8 B.0 0.0 0.0 _,,0 0.0 5.9 0.4

o7. 00 00
8_.5- 86.9 0.@ @.0 @.0 _.0 @.0 0,,9 0.0 5.9 _.4 J
_6._- d_.4 0.3 _.0 0.0 _.g _._ 0.0 0._ 5.9 _.4
85.5- _5.9 _.0 _._ _.0 Z._ _._ _.0 0.0 5.9 _".4
_5._- 85.4 _.2 3.8 9.0 _.0 _._ 0.0 0.0 5.9 Z.5

84.0- 84.4 @._ 3.8 _._ _.0 Z.0 Z.0 0°0 17.5 I..c
83.5- _3.9 _.2 3.8 Z._ _._ 0.@ @.0 Z._ 17.6 1.3
83._- _3.4 B.2 3,_ 3.9 8.0 Z°0 _.`3 _._ 17.6 l.z
_2.5- 82.9 @.2 3.8 9.S Z.{I 0.3 (_.0 0.;_ tT.S 1._
_2.0- 82.4 _.2 3.8 9.9 _._ D.O _._ 9.0 17.6 I. _ I

J
81.0- _1.4 @.2 3.8 Z.0 0.0 0.8 _I.Z 0.Z t7.6 I.:_
80.5- SZ.9 _.2 3.8 @._ @.0 _.Z 0.Z 0.0 17.6 i..?
_0._- 80,4 '_,7 11.5 8,_ 2.b 33°._ _.0 _._ 17.6 i.-_
79.5- 79.9 t°@ 15.4 Z.Z 2.6 33.3 _.0 Z.O _3.8 i.f
79._- 79..{ l._ 15._ 0.5 5.1 65.7 0.0 _.0 23.5 2.7
78.5- 78.9 1.5 15.4 0.5 3.I 66.7 _._ _._ 35.3 3.i
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; <NPH_LLER>BI.RES;2 Wed ll-Jun-8_ I_:5_A_4 P_GE 1 _
J

•B[RMZNGffA_4tA_.STTE i 30HPH (CgNT) i_'-
U

PERCENTAGE OF V_HICL_S _ITHI,_ DR 18aVE A GIVEN SOOND LEVEL INT'_RVAL

H/C

tCA) ALL D99°5- 99.9 9.0
99._- 99.4 0._
98.5- 98.9 0°9 _
98°0- 98,4 0.0
97.5- 97.9 9.0
97°0- 97.4 0.0 ?7
_6.5- 96.9 g._ J
96._* 96.4 9.0
95.5- 95.9 0._
9r'.0 - 9"_.4 0.0 I I
94.5- 94,9 _,9
94._- _4.4 _,_
93.8- 93.9 _,9 "_
93.9- 93,4 0.g

! 92.5- 92.9 9.9
: 92,9- 92,4 ;_,0
, 91.8- 91.9 _,9
J 91,_- _I._ 0,0

9e,5- 90.9 0,0
I 9_,_- 99,4 _,0

89*5- 89.9 _.'_ _-.
89,9- c19.4 _.0
88.5- 88.9 0,_ :'_
88.0- 88.4 0.0 J
87*8" 87.9 28.0
B7,0- a7.,4 2"_.0 "_
86.5- a6.9 25._
86.0- 86.'_ 25,9
85.5- 85,9 25._
_8.0- 8_.4 25,0 |
84.8- 84.9 25,0 _J

84.0- 84.4 28.0
83.5- 83.9 25,0 1
83,_- 83,4 2;'.0 .J
82.5- 82.9 25._
82.9- 82.4' 28.0
81.8- ._1,9 25._ I

8_,_- _c_.9 25._ Ie_.o- (_o.4 2s.o
79.5- ?9.9 28.0 ....'
79.t]- 79.4 2"_.9
78.5-78.9 25.0
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; <NP_ILL_R>CI._ES;I H_n 1_-A)r-8_ I:IHPq PIGE 1 1
J

COLORADO SPR_JGSICO SIT3 1 3S'aPH _
f

PERCgNTA_E OF 7EHICL_S MIT_IN DR ABOVE A GIVEN SDUNO Lg_EL I_IT_RV_L [j

8&o B&6 6_6 IMP IMP IMP PNT dUG

L(A) ALL A&B _&V ALL A&3 PI&V ALL ALL _
99.5- 99.9 B.0 B,6 0.@ 0.3****** 0.0 3.6 0.0
99.0- 99.4 _._ 6,0 6.6 0._"***** 0._ _.0 0.3
98.5- 9_,9 0,3 8.6 3.0 0.0"***** 0.0 _.6 _.0
98.0- 98.4 6.0 3.9 3.0 0._****"* 0._ 3.6 3.0
97.5- 97.9 0.0 6.6 _.6 0.0"***** @.@ 3.0 0.0
97.0- 97.4 6.3 9.3 6o0 0._****** 0._ 0.0 3.0
96.5- _6.9 3.3 0.0 0.0 6.6 *+*+_" 0.0 _.0 0.0
96°fl- 96.4 6,0 0._ 3°_ 6.0 *'***+ 6.B _.6 3,0
95,5- 9d,9 0,0 3,6 3°_ _,B *=**** 0,0 3.0 0.0 _:
95.0- 95,4 0._ 0.6 #.6 0.0 *'_**" 0,0 3._ _.0
94.5- 94.9 0._ 3.@ 6°0 B.J"'**'* 6.B 3.0 0.0
94._- 94,_ @.3 3.9 6.0 0.0****'* _.0 3.0 0.0
93.5- 93.9 0.0 _._ 0._ _._*'**** 9._ _.6 0.0
93. g- 9_.4 0._ 6.6 6._ _-_'***_* g.g g.g 3.3 hJ
92.5- 92.9 O.J 0.0 0.Z +.0 "+**'" _._ 3._ _.+

92,B- 92.4 S.3 0.0 0.3 0.0''"*** 0.3 3.0 3._
91,5" 91.9 0+3 3,@ 3,6 do6****** 0.@ 3°_ 0.3
91.6- 91.4 _.g 6.0 6°+ 0._**'*** 0,0 _oa 6.0
9_.5- 9_.9 _.3 8.3 3.6 J.3"***** 6.6 3.6 0._ (_"

i 9_+6- 90.4 0o_ 6,0 @.0 0.0''**** @,0 _.g 0*0
89*5- 89,9 0.0 0._ 0.6 0.0"***** 6._ _°Z 3.0

i 89.0- 89.4 0._ 0.3 0.3 _.0""**"* 6.6 3.3 _.0

I 88.5- 8_.9 _._ 3.0 6.6 J._**'*** 0.0 0.0 0.3
! 88._" 88.4 g.Z 3.@ 3.0 _._"****_ @.6 6.0 0.3
: 87.5- 87.9 8.0 6.9 0.0 6.6 *****+ 0.0 3.0 0.3

! 87.6- 67.4 6.0 0.3 3.3 6.0"***** 6.0 0.3 3.@
i 86°5" _6.9 _._ 3.6 0.6 6.3""*'"" 6.0 0.3 0.0 :+

86.0- 86.4 0.6 @o6 0°0 6.0""***" 6.0 0.3 _.3
85._- 6_,9 6._ 6.6 6._ 6,_*"**** 6.6 @.3 0.6 -,

: 85.@" 85.4 _.9 3, g 1.1 _._'_"*" 9.0 _._ 9.1 _
84-5- 84,9 0,9 6.6 1. i 6. 3"**'** ¢.9 0.0 9.1
@4.6- 8_._ 0.9 6,6 1.I 0.6"***"" 8.6 6._ 9.1
03.5- 83,9 0.9 3.6 1.1 _,0"***'" 0.6 S.3 9.1
83.9- 83.4 8.9 9.0 1.1 _.0"**''* 8.6 a._ 9.1
a2.d- 62.9 1,6 _.3 1.i 0.6""'*'' _.J 6._ ).1

82.3- 02.4 _.8 5.3 1.1 6.0"*'''" +.0 0._ 9.1 J:]81.5- _1.9 1.6 5,3 1.1 6.0""***" _.0 g. 3 9.1
81.6- 81.4 1.8 _.3 I.i g._"""*** 0o_ 6°_ ).I
86.5- _0.9 1,8 5.3 1.% _.3''**** 6.0 0.0 9.1
83.0- 8_,4 1.8 5.3 I.I _.g_'*'*_ 0.0 0.g _.1
79.8" 79.9 2.7 10.8 I.i g.0 "_**** O.J _._ 9.1

79.@-.7_.4 _.5 21.1 l.l g.0*'**"* g°0 0.0 9.1 ,
78.5- 7h.9 5.q 26.3 i.I _.0"'"'** 0.3 0.3 27.3
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; <NP.MILLE�>E2.RE$;I Hon lq-Apr-82 I:21P.H PASE I . I

E[{GENEtOR SZTE$ 2/4 i
25 MPd J

_D

_ERCENTAGE oF VE_ICLES WITHIN OR ABOVE A GIVEN SOUND L_VEL Ir{TEEV_L !.J

a&6 a&6 a&6 IMP IMP 1'4P PNT mUG FI
L(A) ALG A&B N&V An[. A&B _&V ALL ALL ']'

99.5- 99.9 ¢., 2.2 0. t_ 0.'0 0.0 3.9 IJ. 3 2._ ".?
99.0- 99.4 0.3 0..g g._ 3.3 i_.3 3.8 0.3 J.J _.,.
98.5- 98.7 _.3 _.9 3._ 3.0 0.3 2.0 g.l_ _{.i_ _.( I{
98.2- 98.4 0.._ 0. t) 2._ ._.0 3.8 0.2 8., 0.3 g._ kJ

97.5- 97.9 0.0 g. 9 0.¢ 3.8 I/{.0 3.3 0.3 8.g _.,3
97.2- 9"1.4 9.3 0.9 3.0 3.3 0.0 3.0 0., 0.0 .'].3
96.5- 96.9 ¢_.3 2.9 8. g _.0 0. g 0._ 0.3 0.0 3._1 d
96.9- 96.4 0.3 9.0 8., 3.0 0.8 _._ _., 0.3 _.,
95.5- 90._ 8._ 0.9 9.0 3.0 _.3 3.0 _.3 ,.J ,.' ',__
95.,- 95.4 2., a. 2 2., _.0 3., 0.0 0.3 3., _.,, 3°.3 ,.8 9., 3.2 0.0 3.3 8.,=.0 2.2 0.0 0., 8.8 9.3 2., 0.0
93.5- 93.9 2._ 2.0 0.2 3.k; 3.2 0.0 2., 0.8 _'.J U
93.0- 93.4 g.*l 2.2 8.0 3._ 8.8 0.0 9._ 0._ _.i'
92._- 92.9 8.8 0.2 0.2 @._ g.Z d.O 2.d 2.d J.,]

92.9- 92.4 2.0 9.2 2.2 ,.0 8.8 0.0 2., 0.@ C._? "I
91.5- 91.9 _.2 0.3 0.0 ,.2 3.2 J.2 2.3 0.@ C._ .J

91.9- 91.4 0.8 9.@ g.@ _.0 0.2 0.3 2., 0.J 2.U /-.
90.5- 90.9 2.0 0.9 3.0 3.0 g.0 0.3 9.0 0.3 3._ I

99.0- 90.4 2.3 0.2 9._ 3. a 3.0 8.3 8.3 3.0 _.,';
89.5- 89.9 _l 2 _. e _. J g. e JlS d._ gig _l _ _1 _

89.0- 89.4 _.8 9.2 2.0 0.0 0.0 0._ g.3 o.3 _._ :_
88.5- 88.9 0.2 8.2 0.3 _.5 14.3 0.8 9.3 i]..] _.3
88.0- 88.4 g.£{ 2.9 0._ 3.5 14.3 0.5 _._ 3.8 _.8
87. _,- :17.9 2.2 2.2 0.0 3.5 14.3 9.5 0., _.g J.l'
89.0- 87.4 8._ 2.0 0.3 g.8 14.3 2.5 i_.3 2.3 3.6 I
86.5- 86.9 [0.2 2.2 8.0 0.5 14.3 2.5 9.3 _._ 3.6 J
86.0- _b. _, 8.8 2.0 0.0 /_.5 14.3 _.5 8.3 _._I 3.5

85.5- 85.9 9.9 2.9 3.3 1.1 14.3 1.1 2.6 3.3 3.= l_" }

85.9- 85.4 8.9 0.9 9.3 i.I Id.3 I.I 2.6 8.'J 3.5 .]
a4.=- a_._ a.2 3.% 8.3 i.i 14.3 i.I 2.6 2.3 3..i
84.0- 04.4 3.2 0._ 3.0 I.i 14.3 I.I 0.6 2.3 3.5 ._

83.5- 83.9 B°B 0. B 3.3 1.1 14.3 1.1 0.6 0.11 7.1 _,
83.0- 33.,i ._.3 _._ 3.3 I.I 14.3 i.I 8.6 0._ 7.1
82.5- 82.9 9.3 3.0 3.3 1.1 14.3 1.1 t_.6 9._ 1.07

82.8- 82.4 8.3 3.0 3.3 i.i 14.3 I.I g.6 _;._ 1;..7 (J81.5- 81,9 _g.3 0-_ _.3 i.i I'1.3 i.i 2.6 0.3 I=.3
81.ff- 81.4 0.3 _.0 3.3 1.8 14.3 1.6 I.I _.3 14."
89.5" 82.9 8.3 O.l_ 3.3 2.1 14.3 2.1 1.7 21._ 14.3
80.2- 88.4 8.3 0.g _.3 2.7 I_.3 2.7 2.2 U.Z 17._ ..,
79.5- 79.9 9.3 3._ 3.3 3.2 14.3 3.2 2.8 "_._ _1..:
79._- 79.4 0.5 3.4 IL3 3.2 1-t.3 3.2 2.8 _._! 21., I
78.5- 7_.9 0.6 3.4 3.3 3.7 28.6 3.7 2.d 2._ 23.. )
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; <oP..ILL_KI.RE_,I :4_n 14-._Z I:22PH PAGE 1

KANSAS CITYs ,"I(3S[T_ i 25 HPH _i

PERCE3TAG?, OF V_AICL_S _ITHIS{ OR ABOV_ A GIVEN SOUND LEVEL I.t..,.'.?_'r_"'...." :_.J

8&6 8&6 8&6 IMP IHP IHP P,_T BUG C"l
L(A) ALL A&B N&V ALL A&B N&V ALL ALL L.!

99.5- 99.9 0,_ B._ g.O _.g #.@ _.,0 _.B _.'J
99.0- 99.4 9.8 3,9 3.9 B.3 3.9 8.9 8.8 3.3 r_
98°5- 9_.9 Z.9 @.9 3.9 _.0 9.3 9.9 9,3 @._] U
98.9- 98.4 '_,;{ _.;] 3.Z 0.3 3.3 S.Z I{.0 9.3
97°5- 97.9 ;_,0 _.@ _.Z 3,3 3.9 _.3 3.8 3._
97. i]- 97.4 3,_ 3._ Z,9 3.0 3,_ 9.;] ;].0 _.9 ,_
96.5- 96.9 3._] 3.3 3.9 3.3 _.;_ 0._ 0.;_ 3.3
96.Z- 9o._ 9.:3 3._ _.9 3.3 _.3 9.g g._ 3._
95._-95.3 _.r_ 3.9 3.9 _._ _.0 _._ _._ _.3
95°3- 95°4 J,8 3._ _.3 3,_ g,_ 3.;] 9.0 3.3 [
9_._-91._ 9._ 3.g B.9 3.3 _._ 3.3 s.3 3._

94.9- 94.4 0°;] 3.9 3.0 9.3 3,@ 3.0 3,_ 3._ ,_I
93°5- 9_,3 @._] 3,_ 3.9 3,9 3,{} 3,0 @°0 3,_ L;
93,9- 93._ _._ 3._ @,n 3.3 3._ 3.3 0.'_ _.3
92.5- 92.9 3.1 1.2 g.0 3.9 3.3 9.;_ 0.3 3.3
92,g- 92.4 _).I 1.2 3.9 ;{.3 _._ 3.3 _,;] 3.;_ :-_

! 91,5- 91.9 9°i 1.2 ;_._] _].9 3,,] 3.3 @.Z 3.3 LJ
91.9- 91.4 3.2 2.4 _._ 3._ 0._ (_._ 9.3 3.3
91),5- 9e.9 3.2 2.4 g.9 9,3 g._ 3.3 _,g _.3

! 9_, ;_- 90,4 _).2 2.4 0,_ _.9 3°_ 3.3 0._ ;{,,) [_
_9.5- ,_9.9 ;_.2 2.4 @.9 3.9 3._ _.g _.0 S.Z

: 89._- 89.4 P.2 2.4 B.9 3. B 3.0 3.3 9,_ 0,@ "l{
I 88°5- dt_.9 _.2 2.4 3,_ 3.;] _].3 3,9 g.¢ 2,9 ]

8¢1• 9- dd,4 3,2 2.4 B._ 3,1_ S,_ 0.9 _,Z 2.9
; 87,5- _'/.9 3.3 3o7 3.9 _._ 3.3 g.g 9.g 2.9
I 87,fl- 67.4 0.3 3.7 3°_ 3,0 0,9 g, 9 fl,fl 5.7 _]

_]'_• 5- _0,9 g.3 3.7 0.3 1.1 14.3 _.9 3.;_ 5.7 J

86.e- 8_.4 _.3 3.7 0.3 1.1 14,3 3,S a.9 5.7
85.5- 85.9 3,4 4.9 9,g 1.1 14,3 g._ _.3 5.7 )
85.2- 8'_.4 I_.5 6.1 _.3 1.1 14.3 _.0 ,_.9 5,7 J
I{4,5- 84.9 3.8 8.5 _.I 1.1 14.3 3.3 1.8 5.7

84,_- 84.4 3.9 9._ 3,i 1.I 14.3 g. 3 l.B 5.7 1
83.5- _3.9 1.4 14.6 3.1 1.L I_.3 g._ 1,4 5.7 j
83.%- _3.4 i._ 14.6 9.1 _.I 14.3 3.3 1.8 5.7
82°5- _2.g 1.4 14.6 3.1 1.1 14.3 3.3 l.B 5-7 'i82,3- 82,_ 1.5 15.9 8.i 1.1 i_.3 a.@ i._ 5.7
81,5- 81,9 i,8 19.5 9. I 1,1 14.3 3.3 1.8 5,7 -_

• 81.g- _1,4 '2.3 19,5 a.3 3.4 2_,6 1.3 1.B 8.6
89.5- _.9 2.2 22,3 3.3 3.4 23.d 1,3 1._ _.6 ':
89.3- _9,4 2.3 23.2 3.3 4.6 42.9 1.3 1.6 11.4 -J
79.5- 79._ 2.7 2S.0 _.3 4.6 42.9 _.3 1.3 11.4

"/9,3- 79.4 2.7 28,;_ _.3 4,6 42.9 1.3 I,;_ Ii.-I I
7_._- 7_._ 2.9 33,S Z.3 5.7 57,1 1.3 1.3 11.4
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; <SF*',[LLSE>KI.K'S;I aon L,-'_._r-5_ i:227_ 2:,GE i:i

r_ 78.@- 78.4 3.3 32.9 0.5 5.7 57.1 1.3 1.8 1.1.3
77.5- 77.9 3.B 37.8 Z.6 0.7 87.1 1.3 1.3 14.3
77.@- 77.4 4.2 37.8 1.fl 5.9 57.1 2.5 1.8 17.1
76.5- 76.3 4.5 48.2 1.3 6.9 57.1 2.5 1.8 17.1
76._- 7_.4 5.@ 45.1 1.3 6.9 57.1 2.5 3.6 22.9
76.5- 7_.9 5.5 48.8 1.5 8._ 57.1 3.8 7.3 22.9
75.@- 78.4 6.1 51.2 1.8 9.2 57.1 5.0 7.3 22.9
74.5- 74.9 6.9 53.7 2.8 i_.3 71.4 5.fl 9.1 34.3
74.@- 7._._, d.1 58.3 3.2 12.6 d_.7 6.3 12.7 42.9
73.5- 73.9 9.4 6b.9 4.1 12.8 85.7 6.3 12.7 43.6
73. fl- 73.4 lfl.@ 67.1 4.6 12.6 88.7 6.3 12.7 48.8
72.D- 72.9 ii.I 6@.5 _.6 16.1 8_.7 i@._ 23.6 43.6
72.@- 72.4 12.4 78.2 6.7 23.7 88.7 15.fl 25.5 62._
71.5- 71.9 14.2 75.6 8.4 21.8 85.7 16.3 29.1 62.9
71. fl- 71.4 Io.l 89.5 IJ.H 23.d 35.7 17.'; 36.4 62.9
79.5- 73.'_ i8.d 82.9 12.7 23._ _5.7 17.8 43.6 68.6
7fl.0- 7_. I 23.2 $8.4 17.3 28.7 85.7 23.8 54.5 74.3
69.5- 69.9 27._ 57._ 22.2 33.3 8_.7 2_.3 60.@ 8_.fl
69.fl- _9.4 33.I 93.9 27.3 37.9 85.7 33.S 6_.5 85.7
68.5- 68.9 3o.3 96.3 32.3 4@.2 86.7 36.3 72.7 88.6
68.@- 6_.4 43._ 96.3 38.8 44.8 85.7 41.3 76.4 91. I
67._- o'l.J 49.8 97.6 48.4 56.3 85.7 53.8 78.2 94.3
67.@- 67.i 57.6 97.6 53.8 .64.& 3_.7 62.5 83.6 97.1
66.5- _6.9 d4.D 97.6 6_.8 67.8 10fl.,_ 65._ 87.3 I_,_.@
66.0- oo.{ 7_.I 98.8 57._ 77.@ i@@.fl 75.fl 87.3 13fl.a

_;_ 65.5- 65.9 78.2 98.B 73.fl 82._ 1_0._ 81.3 d7.3 I83._
65°@- 65.4 82.5 98.8 @ft.9 92._ lfl_.8 91.3 92.7 IS3. Z
64.5- 6_._ _d.q 9S.8 _7.4 94.5 1@fl.fl 93.d 94.6 1_.fl
64.8- 64._ _2.9 182.3 92.2 95.4 IZ_._ 95.3 94.5 I_._
63,5- 63.9 98.6 i_@.@ 95.2 96.6 Ig_.0 96.3 96.4 I@S._)
68.@- OJ.e 97.3 l_@.fl 97._ 93.9 Ig@.Z 93.fl iZ@.8 I_S._
62,5- 52.9 98.5 I@O.fl 98.4 98.9 I@@._ 98.8 IZ@._ l'_.@
62.0- 62.4 99.3 198.0 99.2 190.@ I80.@ lflg._ I@Z. 0 1@@.fl
61,5- 61._ 99._ l@@.fl 99._ l_flo@ I@_.@ I@@.@ I_@._ l_J.S
dl.@- 61.4 99.9 1_@.@ 99.g i@fl.flIZg.8 I@@.Z I_,_.@ I83.@
6g.o- 8_.9 99.9 I_.@ 99.9 190.@ Ig@._ l@fl.@ i@_._ I_Z.Z
8ft.,I-b@._ iJZ.fl IZ@-@ IZg.d i@@.@ I@_.0 I_0.0 l@@.J IJZ.J
59.5- 69.9 I90.3 I0_.@ Ig8.Z 100.0 I90.@ 189.@ IZZ.@ i'_S.3
59.D- 59.4 Idg.@ 190.8 IZfl.@ lfl@.@ lfl@.Z l_fl-@ IZ@.fl 189. Z
58.5- 88.9 Ig@.fl i@@.3 lflfl.gl@_.fl I_S.S lflS.@ l_@.J lOfl.O
58.fl- 58.4 I_.0 199.@ If@.@ lfl@.@ I@a._ lfl_.fl13_.@ I@a._
_7.b- 37,9 idM. O 1_0oS i@@.@ IZO.@ i@_.a IZ@.@ lfl@.8 19@.8
57. Z- 67.4 1_.@ l@_.fl 1_3.3 10@.@ 10g.3 izs.@ l_@.z lfl@._
$6.0- 5_.9 iJg.@ ig@.8 1@0. flI@3._ 13@.@ I_8.g 13_.fl _@_.@
56.8- 5_.4 iJZ.@ lfl_.fll@fl.fli0@.0 1_.8 18_.0 l@O.fl l_3.fl
55.5- 55.9 I0_.@ l_@.fl i90._ i@_.._ I93.Z Ig_.@ I_@.9 I_g._
55._- 5u.-* i@_._ l,g@._ i@0._ I@d. 8 I_]_I.8 l@S.fl I@fl.8 l_@.C

5A_4PLE SIZE _53 82 _71 87 7 88 33 35
MEAN L(A) 68.2 75.J 67._ 59._ 77.5 6_.2 7J.l 73.5
ST@. _2-','. 4.1 3.7 3.@ 4.4 8.9 3°3 3.8 5.S

I) LEa 72.2 8J.5 68._ 72._ 88.9 7_.3 72.4 77.8
(
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/-%
; (NP_ILLER>XI.RES;2 _ed 11-Ju%-83 l_:q31H PAGE 1:1

78.0- 76.4 3.2
77.5- 77.9 0.0
77.0- 77.4 0.0
76.5- 76.9 0.0
76.8- 76.4 0.3
75.5- 75.9 0.0
75.B- 75.4 0.0
74.5- 74.9 0.0
74.0- 74.4 0.0
73.5- 73.9 0._
73.0- 73.4 0,0
72.5- 72.9 33.3
72.0- 72,4 33.3
71.5- 71.9 66.7

: 71.0- 71.4 56.7
78.5- 7_.9 66.7

i 70.2- 70,4 66.7
69.5- 69.9 66.7
69.0- 69.4 66.7
68.5- 6_.9 100.3
58. J- 68.4 130.0
67,5- 67,9 100.0

_/_ 67.B- 67.4 100.2
'" 66.5- 66,9 120.0

66._- 66.4 100.0
65.5- 65.9 100.0
65.0- 65.4 i_0.0
64.5- 64,9 I00.0
64.0- 64,4 1_.0
63.5- 63.9 i_.0
53°0- 63,4 i@0.0
52.5- 62.9 130.Z
52.0- 52.4 I_0,0
51°5- 61.9 120,_
61._- 61.4 10J._
5_.5- 50.9 130.0
53.0- 60.4 130.0
59.5- 69.9 10@.J
59.0- 58.4 10_._
58.5- 58.9 100.0
58,0- 58,& 1_.0
57.5- 57._ I00.3
57._- 57.4 139.0
55,5- 56.9 180._
56.0- 56.4 1_0.0
55.5- _.9 1J3.3
55.0- 55.4 13_.0

SAMPLE SIZ_ 3
MKAN L(A) 71.Z
STD. DEV, 1.9
5ZQ 71.4
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<_PhILLEFOI'I.RES_I _1_n !_-_p=-3_ I:I_P!4 ?A_E i

TROT.OOO,Orlsire i(_) 254PH ,---LJ

PERCENTASE OF '.rEHI(?LESWF_IN OR ABOVE A GIVEN SOUND LEVEL I_,_R/_L

, 8&b d&6 _l&6 IMP [ .'a.9 IMP PF4T _LIG
L(A) ALL A&8 V&N kLL A&B _&V ALL _LL LJ

99,5- 99.9 _,g _,8 8._ 8. g _,8 _,8 _.8 _,3
99,0- 99,4 _]._ O.O B,0 @.g -1.0 0._ _.0 ',)._
98,5- 9_.9

97,5- 97,9 _._ ,:I.0 _,B _,0 0.0 8.@ 0.0 0.B
97,_- 97,4 _.O 9.(_ _,0 _._ O,_ 8.g _.0 0._
98,5- 96,9 ,_._ 0.0 8,_ i_,_ 2._ _.g O°_ _.0
96,0- 9614 0.0 @.8 _._ R,_I 0._ 0.@ _,_ 8.0

95. B- 95,4 a.O _,0 O.B _._] @.B kI.B 0,0 _I.O 'j
94,5- 94.9 _}.0 @,@ 'J,_ 8,0 g.O O.g 3,0 B._

93,5- 93,9 ,_._ 0._ _,_ _,O _._] 8.{] 0, "I _._ !(
93.@- 93.4 _.0 8.@ (I._ 'J._ @._ 8._ O.g _._
9_,_- 92.9 _._ 0,0 g._ _.0 9._ _._ 1,2 _.{)
92.B- 92.,4 g.0 0,_ B,@ B.P _,0 8.@ 1,2 g.g -I
91,";" 91.9 g.l 0,9 0,_ _,@ _,._ .]-_ 1,.2 g,B ,3

98,8- 9_,4 8,1 B.9 9,_ 0,_ O.{t 0._ 1,2 _,O
89.5- @9.9 _.I _.9 _,_ _.g ,)._1 _._ 2.,i g.g
89._- _9.1 _.I 8.9 8.g @.@ g.i_ 8._ 2.4 ;)._ r-1
,_8.5- ,_S.9 J.1 Z.9 B,_ 8.S 3.@ _._ 2.4 _.i_ U
87,5- 87,9 _.4 2,7 _,0 _,_ 3._ _.S 2.4 _].{_

87, S- ;_7,4 _1.5 3.5 9,@ '1,0 'J,@ _,8 2.4 _.(_ "]
86,5- 86,9 0.6 4.4 B,B @.@ Z._ Z._ 2.4 0._ _J
d6,Z- db,q O.o 4.4 g.@ _.S Z.Z i_.S 2.4 _I.Z

_5,5- a5.9 _.5 4.4 @,@ 3,@ Z. ° @,_ 3,6 Z.O ,"I
85,0- 85.4 0,7 5,3 _.O _,_ 0.0 '_,_ 3,6 B,_ 3
8'_._- _.9 8.7 5.3 _._ _)._ Z.@ 9.g 3.6 _._
84,g- ¢]q.4 (].7 5,3 @.i} W].,I g._ _.g 3,6 0,0

' 83.5" 83.9 _.8 6.2 _,_ 1.3 33.3 B.Z 3.6 0.{_
83,0- 8;3.-_ _.9 7,1 3.3 3.9 Lffg.O _,_ 3.8 _._
82,5" _2.9 @,9 7,1 g._ 3.9 IZg-_ _.9 4.a _.a
82,_- 82,4 1.1 8._ _.9 3.9 18'3._t ;_._ 4._ _]._ I

81.0- 81.4 1.3 9,7 _,9 3.9 19_,(_ _,_ 8.9 3.3
B_. '_- _i_.9 1.6 12,4 0._) 3.9 i_3,# _._ 6. g fa._
8_._- B_. _, 1.9 1",.2 0,_ 3.9 la_.3 ,_.@ 7.2 _._
79,5- 79,_ 2,1 15.9 0._ 3.9 13z.g 0.(] 7,2 3.3
79,@- 79,4 2,_ I@,o _._] 3,9 I0-3.3 _,g 9,6 3.6

78,5- 78.9 2,7 2J,4 Z,O ..),2IZJ,_I 1.4 I.).B 3.5 .!

C-22



+.3, - ,?.,; <...I_L..._>TI.=,:.S;I _n lq-_pr-_4 1:18P'! :_G '_ 1:1

78,@- 7d.4 3.g 23.9 @.@ 5.2 lO@.J 1.4 12.2 13.7
77.5- 77.9 3.3 24.8 0.2 5.2 100._ I.,I 12._ 17.9
77.Z- 71._ 3.5 24.8 _.3 3.2 I_.0 1.4 13.3 21._
76.5- 76.'9 4.@ 26.3 _.3 5.2 I@_.@ 1.4 13.3 25.J
76._- 76.4 4.7 32.7 0.4 5.2 1_Z._ 1.4 15.7 ,38.7
75.5- 75.9 4.8 32.7 9.= _.2 130._ 1.4 18.i 35,7
75.0- 75.4 5.3 36.3 0.8 6.5 t_3.@ 2.7 18.1 42.9
74.5- 74.9 5.7 44.2 0.9 9.1 i@@._ 5.4 20.5 42.9
74.8- 74.4 7.2 47.8 1.1 11.7 l@Z.J 8.1 21.7 5_._
73.5- 75.'3 _.3 54.0 1.9 14,3 IZO.J I@.8 24.1 5,_.0
73.0- 73.4 9.7 87.5 2.4 18.2 I_@._ 14.9 30.I 57.1
72.5- 72.9 11.Z 62.8 3.1 18.2 I_S.Z 14.9 32.5 64.3
7_.@- 7z.4 13.2 69.9 4.6 13.2 IZg.@ 14.9 33.7 67,9
71.5- 71.9 15._ 74.3 6.9 23.4 108.0 2_.3 37.3 67.9
71.0-71.4 IS.6 77._ 9.7 27.3 10@.0 24.3 38.6 57.9
70._- 7_}.9 22.= 79.0 13.9 23.6 IS@.@ 2_.7 40.8 92.1
7Z.Z- 7_J.4 25.2 82.3 17.5 29.9 I@_.0 27.9 51.8 g9.3
69.5- 69.9 32.1 86.7 23.8 35.1 IZZ._ 32.4 56.6 92°9
69.0- 6_.4 3_.3 _8.5 3_.7 37.7 I_._ 30.I 59.% 9o.4
68.5- 55.9 44.3 89.4 37.4 81.9 IZ�.J 80.S 69.9 I00._
68._- _.4 52.3 91.2 46.4 57.1 100._ 55.4 74.7 I@_.@
67._- o7._ Ol.l 96.5 _5.7 63.6 IZ_.J 52.2 3d.3 I@Z._
67._- 67.4 69.5 98.2 58.1 71.4 100.3 72.3 89.2 I@@.Z
_6.b- _5.9 75.9 88.2 72.5 73.3 I0@.Z 74.3 91.8 I@_.@
66.@- 6_.4 83.5 99.1 _1.2 _.4 IZ_._ 83.8 9_._ I@_.,"

_-'_, 65.5- 55.9 80.2 99.1 _6.5 89.6 I00._ 89.2 96.4 I@Z._
• " 65.Z- _5.4 _1.9 99.1 9'_.8 93.5 I0_._ 93.2 96.4 1@0.2
I 64.5- 64.9 94.9 99.1 94.2 96.1 l@J._ 9_.9 97.6 10'_.Z

_4.B- 54.4 97.3 99.1 97.@ 96.1 100.Z 98.9 9_.8 IZ@._

• _3.5- 63.9 90.4 99.1 98.3 96.1 10(_.J 95.9 99._ 19_.@
63.2- 63.4 99.1 I_._ 98.9 97.4 i_0._ 97.3 _O_.Z i@0._
62.5- 02.9 99.6 10_._ 99.8 I@_._ 100.0 1_Z.@ I@_.@ I0_.0
62._- 62.4 99.9 I@B.O 99.9 I0_._ 109.@ i@@._ I_.9 IZ_._
61.5- 61_9 IL,l@.S100._ l@L,l._;i_(_._ i_@.0 10_.@ 13(_.9 19,",.8
61.;_- 61.4 IJ8._ 10@.0 13B.9 I_@.Z 10_.,] I_._ l_Z.Z 10_.8
6_.5- 60.9 I_B._ i_q0.0 10_.Z I_.0 I_-_ lOB._ 130.@ I_._
6e.Z - 60.4 i'_._] IOZ._ I_3.0 i_0._ IB_I.B I00.@ i_0.8 130.?,

59.@- 59.4 100.J I@@._ 189._ I_.B l@_J,L,lI_@.0 IJ@.O I@_.9

58.@- 5o.4 I_S._ I'_@._ 1{19.0 IZd._ 109._] 13_.0 i_]0.(]I@_.,_
57.5- 57.9 i,_0._ IZ_.O l_{I.@ I_@.9 lea.@ I_._ 190._ l@e._I

56,8- 56.9 10_.@ IO@.Z 198._ 10_._l 1Z.:]._ 10_.@ 1_0._ 1;_.,",
56._- 56.4 1,]_.'3 100. B lfJO. O 1_._ 10_._ i@0.@ 1_,8.0 10_.,_

55.@- 85.4 1_'_.0 109.0 1@0.3 1RS._ 10@._l 130.9 1JC_.O 109.Z

SAMPLE SIZZ 856 113 743 77 3 74 d3 28
M"AN L(A} 6_._ 74._ 67.9 _9.3 33.4 63.7 71.5 73.5
STD. 3;.":• 3.6 _.I 2.3 _._ _,.2 3,_ 5.3 3.1

[_ hE4 72.@ 78.8 65.6 72.6 83.4 7_.1 77.7 74.9
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<N?_IILLER>T2.RE5;2 Wed ll-Jua-8S IZ:56A'4 PAGE 1:1

78.5- 78.9 188.Z

77.5- 77.9 I@8.%
77,_- 77.4 IgZ.Z
76.5" 76.9 I@@°0
76.9" 76.4 100.0
75°5- 75.9 I@8.Z
75.Z" 7=.4 1Z@.Z
74.5- 74.9 i@0.0
74.0" 74.4 I@@.0
73o5- 73.9 i%_.8
73._- 73.4 I_Z.Z

r 72.5- 72.9 100,Z
72.Z" 72.4 IZ8.0
71.5- 71.9 Ig_.@
71._- 71.4 IgZ.O
7@.5- 7_.9 I@0.@
7Z.Z- 78.4 18_.Z
69.5- 69.9 IZ8o8
59._- 69.4 18@.Z
68.5- 54.9 IZ@._
68._- 6S.4 lg@._

'( ] 67.5- 67,9 i_@.@
! ....57.g- 67.4 IZ_.O

85o5- 56.9 IZ_._
! 56°%- 66.4 I_._

85.5- 68.9 189._
65o_- 65.4 la_.0
54.5- 64.9 _.@
84._- 64.4 1_%.8
63.5- 63,9 I_0.0

li 52.5" 62.9 I@Z._
82o_" 62,4 I_Z.O

7 51o5- 61°9 I@_°0
51.Z- 61.4 i_@,_
6_.8" 60.9 I@@.@

59.5- 5_.9 ISZ._
i 59._- _9,4 1E%._

58°5- 5g.9 i_8._
58°S- 58.4 IZ@.@
57,5- 57.9 IZ_.%

,_ _7.0- _7._ i_._

56._- 56.4 ig_._
55.5- _5.9 1_._

(.,,__5.@- 5=.& l_@.g
V

9AMPLE SIZE 1
qEA:I L(A) 97.2
STO, Q{_. _._

LE_ 97.2 C-29
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} <:_'P_III,LZ_>E2.?ES;I M_n I_-A@c-3J 1:227'4 pIG-" 1

PERCEIITA3E 0=" VEHICLES W].T_IN QR AE"_TE A GIVEN S_U}ID LEVEL ].!;?"RV;L

8&6 8&6 @C6 IMP IHP IHP PNT 6UG
L(A) ALL A'&B N_,V ALL A&B :_£V ALL ALL

99.5- 99.9 ;J.3 _.0 _.0 3.0 0..3 3.0 0.3 @.,_
99.0- 99.', _.J 0..3 3.,] _.0 0,0 _.3 B._] 3.,]
98.5- 9d.9 0.3 0.0 g._ 0.0 0.0 ;].0 C_.0 0.3
98°3- 9B,4 0.3 _.0 0.0 3.0 0.'] 0. g 0. g _].P

97.5- 97.9 2.0 0._ _}.3 0.,] 0.'] 0.0 3.0 0.,]
97.0;- 97.4 0.0 0..3 0._ Z.0 0.3 0.0 _._ _.._
96.o- 96.9 .3._ .3.0 _.0 '].0 0.0 _.0 3.3 3._)
96.0- 9a.4 _.3 0.2 0._ 0._] ,].0 0.0 .3.0 ,]._J
95.5- 95.9 .3.0 .3.0 .3.0 3.(] 0.0 0.0 0.3 3.0
95.0- 95._ 0.3 0._] 0.;_I ,J.3 .3.0 0.0 0oZ 0.0
94.5- 94.9 .3.t] .3.0 0.3 '.]..J _.0 3.0 _.0 ,].3
9.1._- 9e.4 Z._J .3.0 0.0 S.g _..3 _.Z 0.Z _._
93.5- 93,9 _._ @.3 0.9 0.3 @.O Z.0 ;_.0 2.6
93.0- 93.4 .3._ Z._ 3.e 0.,._ .3.(I 0..3 0..3 2.6
92.0- 92._ 0._ 3.0 3.0 ,].._ 0.0 _.@ .3.3 2.5
92._- 92.4 0._ Z._] 3.0 3..3 0._ _].3 3.0 2.6
91.5- 91.9 0.1 .3.9 8..3 _._ g.O @.g _.0 2.6

[_ 91.i:- 91.4 .3.1 £].9 0.._ Z.'] 0.0 _.0 Z..3 2.090.5- 9H.9 .3.1 0.9 g.g 3.Z g.3 3.0 0..3 2.6
..... 90.0- 9_._ .3.1 .3.9 g.S ,].Z 3.'] 0..3 3..3 2.6

a�,_- _9.9 a.l 8,9 0.0 0.3 @._ Z.0 _._ 2.6
89._- 89.4 .3.1 _.9 0._ 3.0 C_.@ 0.3 S.O 2.5
88°5- 80.9 0.I _.9 0.Z (_.'_ 0._ 3.0 g.6 2.5
86°0- 88.4 0.2 1.9 3°@ ;]°'_ _.3 .3.0 _.0 _.].
87.5- 87.9 3.3 3.8 g._ Z.6 12.5 .3.0 P.Z 5.1
87.0- 87._ 0.3 3.8 0.0 0.6 12.5 0.g '].8 5.1
86,5- _6.9 .3,3 3,8 .3,_ 3,5 ].2,5 .3._ 3.Z '5.1
d6, _J- <_6.4 .3,3 3,_ 0,0 3,6 12.5 3,0 ,3.3 5.1
85.5- ._5.9 0.3 3.8 .3. g 3.6 12.5 0.0 .3._ 5.1
85. Z- (]5.4 3.4 4.7 .3.0 3.6 12.5 0._ 0.'] 7.7
_.i._- _,.9 3. '_ 6.6 ,_.3 3.6 12._ 0..3 0.3 7.7
84.3- _]4..I 0.7 8.5 0.0 _.6 12.5 g.0 g.0 i_.3
83.5- 83.9 _.7 8.5 Z._ 3.5 12.5 0. Z 0.3 1_.3
_13•_- _3.t _.7 _.5 0._" i_.6 12.o .3.0 ,].Z i_].3
82.5- _2.9 ;_.7 8.5 0.0 1.2 35.3 ,].0 ,1._ 12.L_
82- _'- 02.4 /_.8 9.4 _.0 1.8 37.5 _.0 0._ 17.9

81..3- {)1.4 1.7 19.3 3.._ 2.4 5_._ 0.0 .3.0 25.5
8.3.5- _,1.9 2._ 21.7 g.1 3.fl 62.5 0.3 0.,] 25.2
8_. _]- _i3.& 2.0 _2.6 0.1 3._J 62.5 ,].-_ I.o 2_.2
79.:3- 79.9 2.3 24.5 3.2 3._] 52.5 3.0 3.5 26.2
79.3- 79.:_ 2.6 28.3 _._ 3.{: 52.5 O.g 3.6 33-2
78.5- 7_.9 2.7 29.2 0.2 3._9 62.5 _.0 3.0 3;._

0
C-31
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; <r_P,_ILLEr'>_.I.-'ES;I _on i_-Apr-SJ 1:23P:_ PA,L_ i

_EOGE_;EtOR SITES 1/3 I_:4?.I

PERCE,_ITA3E OF V_HICL_;_ _ITHIN OR _53VE A GIVE:I SOU!_D LEt/EL I,T._,,,

8&6 8&6 £!4P [YP IMP P[iT BUG
L(A) d&SAL A&B _l&i ALL A&_ N&V ALL ALL

99.5- 99.9 0._ 0.(_ 3._ _.k] _._ _._ _._ 0._
99._- 99.4 3.0 _._ I)._) _.3 _.g O._ J.g Z.3
9d.5- 9d._ 3.0 J._ _._ _._ _.3 _._ _._ _._
98._- 98.4 3._ O. fl _._ 3._ O.g _._ _._ _._
97.5- 97.9 w]._ {).0 (}.0 0._ _._ g.g _]._ _._

96.5- 95.9 0._ 8.0 0.@ 3.[_ _.(_ _._ {_.@ 3.,3
96.Z- 95.4 Z.Z _.@ fl._ {]._ J.O @._ _,_ "._
95o5- 95.9 Z.Z _.Z @.@ a.,3 g.i_ 0.'3 z3._ O._
95.@- 95.I B.A 8.0 .I._ _].:3 _.J B._ 0._ ,_.3
9'_.5- 94.9 _.Z @.M @.Q 0._ ,3.;] 8._ a.@ a.o

: 94._- 94.4 _._ 0.;_ _.0 #.;] 0.3 _.3 0.0 _._
93.5- _3.=_ _.'3 9.0 ,3.0 3.;3 3._ g.(_ _J.B {'._
93.8- 93.4 .3._ _.B g.fl _.0 .3. J 0._ ,g._ 0._)

• 92.Z- 92., _I.3 @..l 3._ Z,,_ 3._ O.Z Z._ C_._
91.5" 91.9 k_.Zl @.C) _l.g J.Z d._ kl._ S.O _.J

,/--_ 91._- 91.4 ,J.'3 g._l @._ _._ _.d g._ Z._ _,,,,.
( 9_.5- 9_.9 Z.B _._ .3.2_ ,_.,,:3 '3,,@ _._ '3._ O.J

98. I_- 90.4 0.] O.g B.,_ 3.0 _l.g O.Z _._ 8._
89.8- 89.9 _].2 2.2 g.*3 _.J .J.@ @."_ _._ 3. Z
_9._- 89.4 2,4 4.3 C_._ _._ 3.0 Z.@ 2.3 5.3
88.5- dd._ 9.4 4.3 g.a @.8 {].0 _.g 2.3 8.3
88._- 66.4 3.4 4.3 _._ _.a ;_._ ,].c' 2.3 5.3
87.5"- 87.9 3., '=.3 _._ g.4, _._ _.R 2.3 -;.3
87.;I'-87.4 Z.4 4.3 _.g _.4 O.@ 0.5 2.3 5.3
c]6.5"._6.9 0.4 4.3 _I.0 8.4 _._ 3.5 2.3 7.9
86.'3- 86.4 1.1 I_.9 (}.2 1.3 _2.2 0.5 2.3 7.9
8=.=- ;_5.9 1.1 1_.9 3.2 1.3 22.2 _°5 2.3 7.9
85.8- 85. t 1.7 15.2 g.4 1.3 22.2 0.5 2.3 12.5

::_ 84.5- 84.9 2.J 19.6 g.4 2.2 33.3 a.9 2.3 i._.5
84._" _4.4 2.4 21.7 _).6 2.7 _4.4 _.9 2.3 15.8
83.5- 83.9 3.8 26.1 _.6 2.7 44.4 _),9 2.3 21.1

_; 83._- 83.4 3.1 28.3 _.5 2.7 44.4 .3.9 2.3 21.1
82.0'- 82.=, 3.3 3_.4 _.a 2.7 4_.',, 0.9 2.3 23.7i!
82.3" c]2.4 3.9 34.8 i._ 2.7 44.4 ,1.9 4.5 23.9
81.5" 81..9 4.4 39-1 1.2 3.1 55.5 .3.9 5.8 28.._

i: 81, O- 81.4 1.b 41.3 1.2 3.1 "_:.0 _.9 5.5 13.9
! 8_. 5" 8,_._ 5.@ 43.5 1.4 3.1 55.6 _.9 5.8 28.9

8(_.g" 3_.'_ 5.5 53.0 1.4 3.1 5.3.5 _.9 6.8 31-5
79.5" 79.9 o._ 56.5 2.2 ,.) 06.7 2.3 9.1 31.5

!! 79.0" 79.4 7.6 56.5 3._ 5.-1 56.7 2._ 9.1 31.6
7_.5" 7E.) 9.3 5_.9 3.4 5.3 6_.7 3.3 11.4 39.3

i c-35
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; <NP_ILLE_>EI.5]_S|2 Wed I|-.Iun-83 'I@:36AZ . PAG_ |
F_

EUGENE,02 S_TES 1,,3 4_9H [C0_I)

EEBCEH2AGE OE VEUICLES _IT_IH OE A6OVE A GIVEN SOUND LEVEL INTEBVAL

S/C
L [ A) ALL

99.5- 99.9 _._
99. _J- 99.q 6. g
58,,5- 98,,9 _1._
98._- 96.4 _._
97.5- 97.9 _.@

' 97. i_- 97.4 @.Z

' 96.5- 95.9 _.@
S6.O- 96.4 _).6
95.5- 95.9 6.B

i 95. _I- 95.4 6._
9U,.5 - 94.9 _.6
94°6- 94.4 8.Z
93°9- 93.9 Z.O
$3. ;]- 93.4 %._
92°5- 92.9 8.g
$2.Z- 92.4 6.6

/'_, 9|.5- 91°9 @,@
_" 91._]- 91.4 _._

:! _9._- 95.4 _.6
_0.5- 68.9 _._

i es._-66.4 4._
_ 67,5- 87.9 4°0
: 87. IJ- 67.4 q._
i
_: E6.5- 86.9 4.B
:_ 86° _]- 86.4 _.9

85.5- 85.6 4.g
85.6- 85._ 4._
_.5- 64.9 4°_

83=5- 83.9 12._
8,3. _I- 83.4 12.6
82.5- 82°9 12._
82._- 82.4 16._
_l.fi- 81.9 16.6
81._- 81.4 2_.9
_.5- 86.9 2q.B
8_._- 6_._ 2_._
?9.5- 79.9 36.0
79._- 79.4 4_._

[._j 78.5- 76.9 44._1
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; <L_=:I_LLER>_,2.AES;I '!on 14-A_r-ea 1:25 =" P_GE l

_KANSAS CITY,:4D SITE 2 43 _PH

PERCENTAG_ OF _.HICL:,S ;aITHIN OR ABOV-" ,%GIVEN SOUND L.w:L [NT_.RV_%

8&6 3&o a&6 IMP 14P _OID IMP PNT BUG
L(A) ALL A&B N&V ALL A&3 9_,V ALL ALL

99._- _9.9 a.'J a.a 3._ a.3 3.9 9.z Z.z @.3 3.,?
: 99.3- 99.4 @.3 @.a 3.z 3.3 J.J I].3 3.3 0.3 3._

98°5- 98.9 _.'_ 0.@ 0.0 @.0 0.Z 3.8 3.8 9.S 3.?
98.0- 9J.', 3._ 3.3 3.3 0. a a.# _].o a.a _.,:l ,o.3
97.5- 97.9 _.a 0.3 3.0 3.0 3.3 0.3 _._ 3.a a. _
97.3- 97.4 3.[4 8.3 0.3 J.3 3.# 3.3 g.3 3.3 3.J
96.5- _o.9 4.3 3.9 3.3 3.0 0.3 #.3 3._ o.a J._
96.3-96,4 3.3 9.3 3.3 3. Z J.@ g.a _1.3 0.3 _'. ",,
95.5- _5.9 ,J.J 0.3 3.3 0.3 3.3 J._ P.3 a.a %_._
9_.3- 90. t J._ J.O 3.0 iJ.3 J._] 3.3 g.*) Z.3 3.3
94.5- 94.9 ,I.@ 0.3 @._ 3.3 0.3 3.0 3.0 3.0 _].0
94.0- 94.4 3.3 0.0 _).3 J.Z 3.3 3._" a.a ._.o J.)
93.5- 93.9 _].J #.i_ 3.3 a.a o.a Z.,} a._} J.z .._,'
93._" 93.4 _.3 _.3 3.0 _.J 3.g ¢._ 3.g g.3 3,a
92.5- 92.9 _.4 5.3 0.3 3.3 3.J 3.3 3.3 a.0 ,_.."
92.0- 92.4 _.4 5.3 #.0 3.0 =.3 _.9 3._ 3. J a.,:
91.5- 91.9 _.7 13.5 @.El J.J g._ 3.3 _.# _1.3 _.."
91.3- 91.4 d.7 13.5 3.3 J.0 3.3 3.Z C,.3 J.J J.J

[_I _ 99.5- 90.9 3.7 19.5 3.3 3. Z, 3.'3 9.3 3.__ 0.3 q.}
93.3- 90.4 g.7 13.5 3.3 0.3 3._3 O.g @.3 3.3 5.. _
89.5- 89.9 0.7 10.5 g.3 3.3 _.0 3._ 3.# 3.3 _.;
89._- =J9.4 3.7 13.5 3.3 a._ ,]._ _.0 _.3 3.3 5.E
83.5- 0d.9 #.7 13.5 _.3 J.3 _.3 _._ 3.3 3.0 3.}
88._- _}.4 0.7 IJ.5 3.3 3.") 3.3 3.Z J.J 9._ 3._
87,,5- 87.9 _.7 13.5 3.3 3.3 3.3 3.3 3.3 3.3 5._
37.3- 87.4 3.7 13.5 3.J _.3 :).3 3._ 3.0 _.a o,O
85.5- _6.9 1.4 21.1 3.0 3.3 _.# 3.9 3.3 3.# 5.a
86.3- 36.4 1.4 21.1 0.3 3.3 _.@ 3.3 3.3 a.# 5.5
_5.5- _.9 1.4 21.1 a.z J.0 ,3.0 3.J 3.0 _.a _.5
85.3- d5.4 2.1 31.6 3.3 3.0 3.3 0.3 3.# @.0 5.6
_]4.5- _4.9 2.1 31.6 0.0 3.9 0.# 3.0 a.0 9.3 5.6
84.#- 84.:= 2.L 31.0 3.3 3.Z 3.0 a.3 3.*) J.# _.o
83.5- 53.9 2.5 36.3 3.3 3._ 3.a Z.3 9.@ 3.3 5.{
03.@- 03.4 2.3 _2.1 3.3 3.3 _.3 3.3 s.3 J.3 3.3
8_.5- 82.9 3.2 43. I _.4 Z.3 3.0 3.3 a.=] 3.3 &.5
82.3- _2.4 3.2 42.1 3.4 ,3.3 _.9 a.g _._3 0.0 5._
81.5- _1.9 3.5 q2.1 #.3 J.J J-J 3.a 3.3 3.0 ii.I
Bl.@- _1,4 3.5 42.1 9._ 2.1 33.3 33.3 3._) J.a ll.l
83.5- 3¢,.3 3.9 42.1 1.1 2. _. 33.3 33.3 3.0 3.3 11.1
_3.9- _.g.4 3.9 47.1 1. l 2.1 33.3 33.3 3.¢ 3.# =_..
79.5- 79.9 4._ 47.4 1.5 2.1 33.3 33.3 _.0 3.3 22.:
79.J- 7_._ _.3 _2.6 L.} _.2 66.7 _E..7 _._ 4.3 22.2
78.5- 7_.9 3.3 32.6 1.9 4.2 65.7 56.7 J.J 4.3 35.}

"h
_/
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_.S. CALIFO:_NII SIT_ t 4_ !4PH

P£RCENrAG_ OF VEHICLES .ITHIN OR A:_O_Z _ GI_N SOJHD LE4_L INT_r+

5&5 8&8 9_,6 VOID IqP I!_P PNT aUG I.
L(A) ALL A_.8 N&V IgP A&B ,a&V ALL ALL '

99.5- 99.9 0._1 ;t,3 3.3 a.3 3.=1 0.0 3.3 3.3 z._
99._- 99.4 0.0 3.0 0._] 0.3 3._ e. tl 0,.3 _.=1 3. n
98.5- 98.9 ;J.a 0.0 _Z.8 2.;) 0.0 e.0 0,3 0.0 2.Z
93.8- 93.4 o._3 8.:3 o.o o._ 3.3 o.=1 =1.a 3.3 ;.,,
9"]. 5- 97.9 9.3 r4.3 0.0 a.O _.3 3.0 0.0 ;3.0 a.J
97.0- 97.4 ,].¢ 3.3 Z. 9 3.=1 a.a 0.0 8._ 'd.S 2.3
96.5- 9b.9 0.3 3. d o.a =1.=1 3._ 0.0 3.a a._ J.a
98.0- 9_.4 '3.q 0._ 0.0 =1._ 3.a ;._.3 3.0 3.0 _._
95.:3- 95.9 3.=1 8.;_ 0.o ;_.J =1._1 0.0 aol] _.a @.3
98._- 95.4 a.3 3.0 _._ a.J 3.=1 a.0 3.0 _].3 _.3
94.5- 94.9 t1.3 0._ 3. a 3.2 3.0 3.0 O.O 'J._ O.;?
94.0- 9_.4 O.:) 8.0 0.0 3.:) _.0 0.0 0.0 _.a 0.;?
93.5- 93.9 3.=1 8.9 l].a _.3 3.3 ;).=1 0._ d._ J.D
93._- 93._ 0.3 a,3 Z.0 3.'3 .3.3 3.0 a.0 O.3 =1..q
92.8- 92.9 2.?_ 0._ O.3 _.4 3.2 J.a a.=1 3.d 3.9
9_.e- 92.4 3.3 0.0 ,3.3 d.] 9.0 2.0 3.0 3._ _..
91.5- 91.9 _.=1 0.@ I_.a 3.0 3.=1 0.3 3.3 "].9 0.2

i#--_ 91._- 91.4 _.=1 0.0 0.3 =1,=1 3.0 0.0 0.3 0.0 1.2.... 90.5- 90.9 0.,3 @.J 0.3 2,=1 0.=1 8._ _.3 i?.a 1.2
90.l}- 9g.& 0.3 0.0 0.3 a._ z1.4 ._.a 3.o 3.0 i.=
;_9.5- $9.9 ,3._ 0._ Z.,3 t).,] 3.0 =1.3 9.0 0.8 1.2
89._- 89. q 0.0 0.0 3.a =1.3 3.3 0.0 _.0 _.3 1.2
B@._- 8d.9 3oi i._ 0._ a.@ _._ 3.=1 O.J _.a 1.2

88._- 88.4 .9.3 2.1 _.0 =1,4 0.3 J.3 0.0 0.0 1.2
8_.5- d_.9 0.3 2.1 0.3 =1.0 0.3 ,].O _.,q 0.0 _.4
87.g- :3'l. 4 0.3 2.1 0._ 0.a J.O 3.3 a.o g.O 2.-,

' 88.5= ,_8.9 =1.3 2.1 0.0 =1.0 0.0 0.=1 0.0 _.O 3.5
06. ;t- 86.4 3.3 2.1 0. i_ _.3 0.0 3.3 3._' J.a 3.5
85.5- 8_.9 0.3 2.1 0._ 0,0 _.a 3.a a.e A._ 3._

:_ 85.e- _5.4 _.3 2.1 0.0 0.3 _.3 9.0 3.0 3.;_ _.7

:_ 84.5- 84.9 a.3 2.1 0._ O._ 0.a 3._ 3.3 a.j 4.7
84._- 84,4 e,3 2.1 0.0 a,d a.J 3.0 3._ a.3 4,7
83,51 5.3,9 _34 3,1 g,O 0.0 3,_ 0,_ 'J, _ 0,0 5°9

83._- 83,4 _.4 3.1 O._ a.8 0.:a 0._ 3.3 3.;_ 5.. _
82.5- _2.9 ._.5 3.1 _.1 =1.=1 a,_ 0.3 a._ J.a ,}.)
32.3- 82,4 ¢.0 4.i @.i 0.0 1,0 o.a J._ 3.0 8..
81.5" _1.9 3.5 4.1 0. I =1.'] 5.7 5.7 0.4 a.o 3.%
81. e" 81,4 0.9 5,2 0.i 0,7 6.7 6.7 .".4 _._ !,%5
88._- _._ i.i d.2 0.i _,7 6,7 6.7 0.4 1,3 II._
80.3- 8_,4 l.l _.2 0. i _.'/ 8.7 6.7 2.4 1.3 12.9
79.5- 79,9 1.3 9,3 0. i i,I t3.3 13.3 J.4 2,8 15.3
_9._- 79, _. I.o 12.4 a.l 1.4 13.3 13.3 J.7 2.0 15.o
78.5- 70._, 2.3 15.5 0.3 1.3 2_,_ 2_.0 0.7 2.5 21.2
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'F_,

; <_|PNILL_R>SloRZS;2 _ad ll-Jun-3_ I_:5_AM P_GE 1

So =ALI?ORNI_ SITE I 40_P_ (C_NT)

PEECE_A_E OF VEIiICL_8 WIr_I_ OR AB37E _ _I_g_ SOUt]D LEV_5 I_VAL

' M/¢
L(A) ALL

99,5- 99,9 _,_
99._- 99.4 @._
98.5- 98,9 _.3
98.0- 93.4 _.3
97.5- 97,9 _,_
97,0- 97,4 _,0
96,5- 96,9 9.2

95,5" 95,9 _,Z

94,5- 94°9 4,8

93.5- 93,_ 4.a
_3.B- 93._ 4.@

/'_'_ 92,5o 92.9 4.8

91.5- 91.9 19.3

9_.5- 9_,9 23,8

89.5- 89,9 23,8
89,_- 89,4 _3.@
88.5- 88.9 _3,8

_: 8_.5- Eq.9 _3.B
87.0- _7.4 23.a
86.5- 88.9 _3,B
db._- 86._ 28.5
@5.5= 85.9 28,8
85-_- 35,_ 28,&
84,5- 84.9 33,3
@_.B- 8_,4 33.3

* 83.5- 83,9 38.1
83._- 83.4 42.9
B2.5- 82,9 42,9

81.S- B1,9 47,5
; 81.a- 81.4 52.4

8_.5- 80,9 61,9

(._.} 79,_- 79,9 61,9

78.5- 78,9 61,9

C-_3



f--1
; <_?._ILL,-,R>SI,R_S;2 Wed 11-Ju_-81 ZS:5_A_! ?_G_ I;I

78,8- 70.4 66.7 _-
77.5- 77.9 66.7
77.$- 77.4 66.7
76.5- 76.9 66.7 I_
76._- 76.4 71.4
75,5- 75,9 71,4
75._- 75.4 76.2
74.5- 7-1.9 76.2 _J
74,_- 74.4 81,8
73,5- 73,9 85,7 ,'7
73,_- 73,4 85.7
72,5- 72,9 98.5

72,%- 72,4 98.5 iJ_'.
71.5- 71,9 98.5
71,_- 71,4 9_,5r

] 7Z.e- 7,_.4 95,2
69,5- _9,9 95,2
69._" 69.4 95,2
68.5- 58,9 128.'_
66. e- 6_.4 1'_8,_ U67.5" 57.9 la8,8

67._" 67,4 18e,8 _'-

i 66._- 56.4 18_.8
I 6_,50 65,9 1_,_
! 65,_- 65,4 188,8 [_
i 64.:- 5-',.9 1;}_._ U

_4,_- 64,4 1_,8
63,5- 63,9 188,_
63,_- 63,4 18_,_
62.5" 52._ 1_.8
62.;_" 62.4 la_,,8
61o5- 51.9 l_J,J J

;.J

59.5- 59.9 la_._ J
59. Q" 59.4 1_8.8

• " _6,,_- 5U,4 188,,B
57.5" 57,9 ,1_,_

1oo....- ..91oo.
55,_- 55,4 I_,_

.,,..4

SAMPLE $1_E 21 '.
_4£A_ L(A) 81.5 "-"
ST9, OEV. 7.5
L£Q dT._

0-4_



Report No, 4370 Bolt Beranek and Newman Inc.

APPENDIX D. HOTOR VEHICLE NOISE ASSESSHENT _ORKSHEET,

Site Description:

Vehicle Category:

1. No_defec_ive/.odifiedi5o- L,0(NON_-I I

2. ValuesNeededfor Flg,14 or 16:

2.1 Lave uf audibly defectlve/modlfled

• vehicles = Lave (D/M) -

2.2 Lave of audibly naedefectlve/

i modified vehicles - Lave (NON) -

2.3 Lave(D/M)- Lave(NON) "I I

3. Values Needed for Flg. 15 or 17:

3.1 Lav e of all vehicles - Lav e (AIL)-

_: 3.2 Lave of audibly nondefec_ive/

modified vehicles - Lav e (NON)

3.3 Lave(_L)- Lave(NON) - J ,JI

2_

,J

i,
©

I D-1 i
h


