


o
e
HS
r
i

o
i
i
i
R
i

POLLUTION OF MICHIGAN URBAN ATMOS PHERES
BY HIGHWAY-GENERATED NOISE

A Highway Planning and
Research Investigation Conducted by the
Michigan Department of State Highways in
Cooperation with the US Department of Transportation
Federal Highway Administration

Research Laboratory Section
_Testing and Research Division
~ Research Project 68 G-162
Research Report No. R-828

Michigan State Highway Commission
E. V. Erickson, Chairman; Charles H. Hewitt,
Vice-Chairman, Claude J. Tobin, Peter B. Fletcher
Langing, February 1973




ACKNOWLEDGEMENTS

The authors wish to express their appreciation for the assistance and
advice sofreely given, both directly and indirectly, by Dr. William J, Gal-
loway and B. Andrew Kugler of Bolt Beranek and Newman, Inc. The fre-
quent reference to, and reliance on, the workof BBN throughout this report

testifies to the high esteem held for the work of these indjviduals and their
company. ‘

No authors have been listed for this report because of the cooperative
nature of itg preparation, and the significant quantity of material drawn
from theliterature and other sources. The principal Michigan contributors
to the report, however, were L. E. DeFrain, Paul Milliman, G. H. Grove
and P, G. Gray.

Others whose contributions must be acknowledged include Professor
T. M. Allen, Michigan State Universify, engineer-psycologist consultant
to the project; L. F. Holbrookand C. D. Church, research statisticiang of
the Research Laboratory's Statistics and Data Processing Unit; and cer-
tainly to the members of the Instrumentation and Data Systems Group for
their study and efforts over and above normal work demands, to achieve
competence in g new and unfamiliar work area--highway noise.




I,

ITL.

Iv,

CONTENTS

INTRODUCTION « . & v v v o v v v o n s s s s s o v s 0 = o o s
REVIEW OF PROJECT PROGRESS . . . . « « v « v o v o 0 v s

DEVELOPMENT OF INSTRUMENTATION AND MEASURE-
MENT TECHNIQUES . . + « v« ¢« « = 4 ¢ s s s s o ¢ 0 s o o
Noise Measurement Using Modified Loudness Analyzer
(Zwicker) . . v v v v v e e e e e e e e e e e
Development of EDP Techniques for Data Reduction , .

COMPUTER IMPLEMENTATION OF THE NOISE PREDICTION
METHOD OF NCHRP REPORT NO. 117 ., . . . . . « . . ..
Example of Program Use . . . . .« « v v o« = v v o

HIGHWAY NOISE BARRIERS . . .+ . « ¢ ¢ o « ¢ ¢« o s o s s
Use of Walls for Noise Barriers . . . .« « « « « « « «
Earth Walls. . . . .« & 0 0 v s v e s o s s o 0 v v e
Concrete Block walls . . . . . e e e e e e e e e e s
Modular Type Walls . . . . . . e e e e e e e e e e
Other TYPES + ¢ v v o v v v o o o s s s o s v s 0 0 = o s
Trees and Shrubs . . . . v v« v & « o v o s = o o 0 s
Summary of Barrier Types and Materials . . . . . . .
Conclusion . « v v v o v v v o v + & e e e e e e e e e e

SURVEY OF RESPONSE TO A MINIMAL NOISE BARRIER. . .

MICHIGAN PARTICIPATION IN THE 1970 SAE TRUCK TIRE
NOISE STUDY & ¢ v o v v s v v 0 a s o o o 4 o s v o s o v s s

PARTICIPATION IN THE MICHIGAN PHASE OF NCHRP PRO-
JECT 3=7 &+ v o v v v s vt v s v s s e 6 4 o v s o s o a0 o

NON-PROGRAMMED NOISE PROBLEM ACTIVITIES . . . . .

1. Project Planning. . . . « .+ « « ¢ ¢« s ¢ v o 0 v o
Environmental Impact Studies. . . . . « + o« v 4
Vehicle Noise Control Legislation. . . . . . . « ..
Citizen Noise Complaints . . . .+ + « = s « v+«
Public Service Activities . . . . .« ¢« ¢ o o o o o

T o W N

'RATIONALE FOR CANCELLING PROJECT OBJECTIVES, . .

Page

17
19

25
27

30

31
35
36
37
38
41
42
42
45

45

49

51

57
57
58
60
67
71

75




V. CONCLUSIONS AND OBSERVATIONS . . . . . .« « ¢ o v v o 85
REFERENCES. « ¢« v v i v v v e o 6 v s e e e s s e o s o e e a v 87

APPENDIX A - PROPOSED MICHIGAN VEHICLE NOISE CONTROL
LEGISLATION » v v v v 4 v v s s s o o v s s o o v o v = v 0 4 o . 91

APPENDIX B - COMPUTER PROGRAM FOR THE NOISE PREDIC-
TION METHOD FOR NCHRP REPORT NO, 117, . . . .« « . . . 111




SECTION I

INTRODUCTION




INTRODUCTION

This report describes the first year's progress and experience on a
programmed three-year Highway Planning and Research Investigation con-
ducted by the Michigan Department of State Highways in cooperation with
the US Department of Transportation ~ Federal Highway Administration.

The Michigan study described is titled, ''Pollution of Michigan Urban
Atmospheres by Highway-Generated Noise.' The specific objectives of
that study, quoted from the Project Proposal, are as follows:

"The broad objectives of this study are to secure information on
the Highway-Generated noise problem as it now exists in Michi-
gan, and to determine methods which will facilitate the control
and abatement of this noise in the future.

Specific objectives are as follows:

1. Toassemble acomprehensivebibliography, with abstracts
of all studies pertinent to the highway noise problem.

2. Determine and characterize the sound spectra of the vari-
ous types of vehicles in the traffic stream.

3. Determine and characterize the composite sound spectra
radiating from different highway sites carrying various mixtures
of private and commercial vehicles. ‘

4. Develop a computer program of verified accuracy which
will predict the noise spectrum that will radiate from a highway
under any given set of known conditions.

5. To conduct experiments aimed at validating the reputed
correlation between the Zwicker Method (1) and human subjective
response (perception only). If it is verified that the Zwicker Meth-
od does reflect subjective perception of highway noise with good
fidelity then it will be possible to estimate the perceptual effects
of various noise situations without the need for difficult and com-
plicated human response studies. Simultaneously with the res-
ponse - Zwicker studies, A-scale weighteddecibel readings (dbA)
will be taken to determine their correlation with subjective res-
ponse as at least one report (2) has indicated a good dbA - res-
ponse relationship. B




6. To determine, through experimentati_oh:, a practical and
economical combination of available materials and configuration
forbarring or absorbing the noise radiating from any highway site
thereby preventing it from eritering the areas adjacent to the high-
way. " ) Co

The reader will find that this report not only describes the progress
to date but in addition reflects the conceptual and attitudinal changes which
have evolved in the researcher's visualization of the highway noise pro-
blem. Certainly Michigan's highway noise study team has learned much
since first considering an attack on the problem in 1967. As a logical re-
sult of extensive and continuing experience with highway noise problems,
study of the work of other noise researchers, and work on the suhject pro-
ject, the Michigan team is now much more noise-gophisticated and, there-
by, better equipped to reevaluate and reconsider their original study plan.

Later sections of this report will make it evident to the reader that the
authors and their fellow scientists and engineers see the problem in a dif-
ferent light than when the original study proposal was prepared and submit-
ted.

Atthat time an inventory of highway noise information needs was taken
to facilitate preparation of a study proposal directing efforts towards high
priority areas. Scrutiny of the publically available information disclosed
only a meager quantity of completed studies pertinent to the highway noise

. problem. Having no practical avenues to determine that the inventory re-
sults were not valid it was assumed that there was an apparent dearth of
information and the study proposal was prepared accordingly.

Ithas evolved, however, since receiving proposal approval and initiat-
ingwork onthe study, that averitable flood of highway related noise studies
have surfaced. These include studies that were in progress or completed;
in university, industry or governmental files; inacoustical consultant files;
inperiodical files; and in various organizations in foreign countries. Such
works literally seemed to appear from every direction once the need for
them was established.

This occurrence is important here because many of the reports from
those studies contain answers which the Michigan study had set out to det-
ermine; thereby eliminating the need for much of the proposed Michigan
work. This, then, raised questions as to the proper future course of the
Michigan study.




The alternatives available include: 1) continue with the study as pro-
posed despite the probable redundancy of much of the work; 2) recommend
cancellation of the project; or 3) proceed with the study after revising the
goals and specific objectives.

In logical development the report sections which follow describe the
progress to date on the HPR study, the many other non-project Michigan
activities related tothe highway noise problem, and a rationale for deleting
the original project objectives, and cancelling further work on the project.

One of the primary purposes of this report is to provide other states
with information concerning noise abatement researchprograms. As Michi-
gan's researchers gotfurther into the problem of highway-generated noise,
itbecame evident that many aspects--originally viewed as side issues--he-
came of primary importance. OQur staff became more involved in the pro-
blems of the Planning Division, Environmenial Liaison group, and the De-
sign Division, answering requests for evaluative studies at certain sites
for both proposed and existing roadways. Since it is inevitable that all the
other states will become involved in such issues, it is our feeling that per-
haps the publicationof the results of our own experience will expose otherq
to the sorts of problem areas that might arise in the near future.
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REVIEW OF PROJECT PROGRESS

Michigan, as most other states, is experiencing a great increase in
both public and private concern with environmental noise, and particularly
80 with respect tohighway noise. Development of the tools, techniques and
knowledge needed to deal with this new problem and the resulting expanded
work load is taxing the facilities and personnel of highway testing and re-
search organizations throughout the nation, and particularly so in Michigan,

This expansion of this work in Michigan coupled with the developmental
problems characteristic of new disciplines, and further compounded by the
imminent or already accomplished redundance of earlier planned project
objectives, has resulted in a failure to achieve some of the project's sche-
duled goals. Other non-scheduled accomplishments, however, are believed
to offset any deficiencies in the original schedule programmed in the pro-
ject proposgal.

Inthe following review of project accomplishments the reader will re-
cognize that some parts of the original objectives have been achieved and
that, in addition, a number of non-scheduled accomplishments have also
been achieved.

DEVELOPMENT OF INSTRUMENTATION AND
MEASUREMENT TECHNIQUES

Instrumentationfornoise analysis is necessarily afunction of the equip-
ment and desired output information. An equipment complement for noise
measurement can be elaborate or simple depending upon the planned degree
of involvement.

Ifone is only interested in measuring noise levels, a soundlevel meter,
properly calibrated, is sufficient., Meters having A, B, C, and D weight-
ing networks will allow the user to obtain a measure of the frequency con-
tent of the sound inaddition tothe sound pressure level (unweighted C scale).
The noise sources must be stationary inorder to allow time to record mea-
surements on each of the scales. A cursory determination of "L" levels™
can alsobe obtained by manually recording levels at a predetermined sam-
ple rate. For example, a reading can be taken every five seconds for a
ten-minute interval oruntil ten events are noted for a given db level. This

(") Thatlevel exceeded aspecific percentage of the time, e.g., Lyip equals
that level exceeded 10 percent of the time.
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procedure can be repeated several times to determine if the noise is non-
. stationary or to obtain a more valid measure of the nature of the sound.

If noise levels areto be monitored at more than one study site location
simultaneously, or if a more complete analysis is desired, it will be neces-
sary to record the data.

Magnetic tape instruments for recording highway noise should have a
uniform frequency response characteristic within 2 db between 100 and
12,000 Hz, a V-Umeter foreach channel, and a revolution counter for ease
of data location. A four to seven-channel unit should fulfill most require-
ments. It is recommended that instruments having more than four data
channelsuse 1/2-in. tape. This will allow for adequate channel separation
to eliminate cross-channel noise.

Some acousticians have found that several single-channel units are moxre
satisfactory. These have the advantage of being battery powered and easily
transported. They do, however, require some means of syncronizing for
subsequent analysis.

Multi-channe! recorders for field use are usually powered by d-c to
a-c inverters. Careful selection of these inverters is necessary to insure
that high level transients, inherent in most square-wave inverters, do not
distort the recorded data.

The authors have used two recorders for their noise studies. An Am-
pex Model SP300 seven~-channel, FM or direct recorder for multi-channel
applications; and for studies utilizing one or two inputs, an Ampex Model
2100 two-channe!, four-track deck using 1/4-in. tape. This latter unit is
easily transported and incorporates preamplifiers for ease of recording
and tape editing. '

Since microphones areusually placed at some distance from the record-
er, preamplifiers are required to drive the signals over the 100 to 300-ft
cables. The gain of each amplifier must be adjusted to prevent distortion
at maximum anticipated signal level.

Preamplifiers were designed and constructed to meet the requirements
of each recorder and the dynamic range of the anticipated noise. Signal
levels from ceramic microphones located near the source require consid-
erably less amplification than distant positions.

Figure 1 shows anexterior and interior viewof a typical Michigan buiit
preamplifier. Figures 2 and 3 give the schematic diagrams for amplifiers

-11-
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having gains of 41 and54 db respectlvely Tbeseumts use elght 1-1/2 volt,
penlight batteries.

The dvhamic range of noise near a highway sometimes varies as much
as from 50 to 105 db or a range of 55 db. Since most recorders have only
a 20 or 30db range, the researcher must determine what portionof the total
sound is of interest. Specifically, 50 to80 dbhor 75 to 105 db. The authors
have recorded the total dynamic range on some occasions by usingtwo mic-
rophones at the same observerdistance, each havinga different signal gain.
Analysis is performed by appropriate real-time computer techniques.

The 1-in. ceramic microphones were mounted on three different types
of ‘stands depending upon the desired microphone height and site charac-
teristics. © The three types are shown in Figure 4. The two larger stands
are capable of supportmg the microphenes at heights up to 25 ft.

The recordmg procedure used at each site was necessarﬂy a functlon
of the site geometrics, the length of the recording, and the type of analysis
to be performed. During some test series, recordings were made over a
12-hr period. The recorder was controlledby a timer to record for a two-
qminute interval every 10 minutes, or 20 percent of the time. Control.isig-
nals for subsequent computer control were recorded simultaneously on other
channels. At othér sites, four microphones were used. They were placed
at distances of 50, 100, 200, and 400 ft from the center of the nearest lane
of travel. This technique was used to obtain noise levels for verification
of computer simulation models. While recordings were being made, traf-
fic counts were obtained for each lane of travel and vehicle types were clas—
sified according to passenger car or truck. Ceo

Signal'leve'ls from each microphone preamplifier were adjusted to pro-
vide maximum gain at the highest experimentally determined noise level
present.at each location. A sound level calibrator was modified in order
that variable calibration levels, at 1,000 Hz, could be recorded for each
microphone‘position.' wind screens were mounted over the microphones
after calibration.

A calibration device such as a piston phone should be used to check
the operation of sound level meters and recording systems, and to provide
a calibrated signal level for recordings. These calibrators are supplied
with a fixed output level of 94, 114, or 124 db depending upon manufacturer
and model. Some of the devices provide the output level al one frequency
only, while others have several selectable frequencies.

The authors have found these calibrators tobe somewhat unsatisfactory
since most recorders have no provision for fixed attenuation levels and only

~15-




have a dynamic range of approximately 25 db. If a microphone is placed
some distance from the roadway the levels may not exceed 90 db and the
calibrator cannot be used. Therefore, it was found necessary to modify the
calibrator to provide a range of output levels. The calibration procedure
used is as follows:

1) Adjust calibrator to fixed or normal output (114 db at 1,000 Hz).

2} Mount calibrator on sound level meter microphone to check opera-
tion of both instruments.

3) Switch calibrator to variable output position and adjust signal out-
put potentiometer until sound level meter indicates desired level.

4) Place pre-adjusted calibrator on observer microphone for recor;d—
ing of known signal level. ‘

Some sound level meters are provided with a low impedance output for
direct connection to a recorder without a preamplifier. This option signi-
ficantly reduces the complexity of instrumentation and calibration. How-
ever, one sound level meter is required for each microphone position., It
should alsobe notedthat the range of the output signal is independent of the
selectable secale setting. A 50 db level on the 50 db scale would produce
the same output signal level as a 70 db level at the 70 db scale. Thus, one
must note the scale setting for each recording and each time it is changed.
The range of this outputlevel is limited to the dial setting + 10 db, to -6 db
for adynamic range of 16 db. On other instruments the range is +10 db to
~eo , The latter instrument is more desirable for direct connection to a
recorder,

. In the laboratory, a more complete analysis of sound recordings can
be made. Frequency analysis can be performed using octave or 1/3-octave
. filters. Noise levels at each observation point can be plotted. These ana-
log traces may then be digitized and Lj through Lgg values computed. The
sampling rate is usually determined by available reduction equipment and
time intervalof data. Computers having analog~to-digital conversion cap-
abilities and priority interrupts or sense lines can be used for on-line pro-
cessing of the L levels., A procedure for performing this operation is given
in a later section describing EDP techniques for data reduction.

Another instrument, a so-called "Loudness Analyzer' has been used
to obtain a measure of human subjective response to noise, and also a spec-
tral decomposition of impulsive sounds and continuous noise. The instru-
ment incorporates the method developed by Zwicker to weight rms values

-16-
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of noise (band loudness density) according to subjective band width fbarks)
and intensity (phons). The effccts of masking due to adjacent frequencies
ig also incorporated.

It has been found necessary to generate loud noises for evaluation of
noise harriers and related structures. This requirement was attempted by
procuring anaudio signal generator, two 100-watt audio amplifiers and two
100-watt speakers. Unfortunately, this equipment has been found to pro-
duce inadequate noise levels for areas close to highways. The generated
levels are barely discernable above the roadway noise levels.

A random noise generator was also purchased for use in field and labo-
ratory work. Random noise generated by the speaker system has been re-
corded and subsequently’analyzed todetermine the effectiveness of barriers
as a function of frequency. The generator is also used to insure correct
instrumentation and system response of laboratory data reduction te chniques.

Noise Measurement Using Modified Loudness Analyzer (Zwicker)

It was intended to conduct experiments aimed at validating the reputed
correlation between the Zwicker Method (ISO Recommendation 532) and
human subjective response (Objective 5). After reviewingthe research con-
ducted by Mills and Robinson (2) it was decided that this objective had been
sufficiently attained. However, equipment capable of determining a real-
time measure of loudness us'ing Zwicker's method had already been pur-
chased. This loudness analyzer (Fig. 5)has many unique features for sound
analysis. It provides data which correspond closely to the subjective sensa-
tion of loudness, makes a continuous analysis of sound inputs from micro-~
phone or tape recorder, displays the resulting Zwicker diagram ona cathode
ray tube and a meter indicates the continuous sone loudness values. A new
plot is made every 25 milliseconds sothat transientsounds can be analyzed.

The instrument consists of 20 filters~--2 octave bands, 1-2/3 octave and
17-1/3 octave bandwidth filters encompassing the center frequency bands
from 43 to 12,500 Hz.

To expand the capability of the loudness analyzer, it has been modified
sothat inaddition tothe above capabilities it also provides real-time spec-
tral decomposition of noise recordings. This modification was achieved
in the following manner:

1) The pulse that controls the display time of each filter was diode-
coupled to an output connector and used to control the sample rate of an
analog-to-digital converter,

-17-
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Loudness Analyzer (Zwicker Method).
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2) The masking circuitry of the instrument was disabled to eliminate
the masking effect of low level, high frequency energy by high level, low
frequency energy. The circuitry can be optionally enabled or disabled by
a switch on the instrument's rear panel. The effects of this on the output
spectra can be seen in Figure 6. '

3) Thefront bezel of the instrument was modified in order that an os-
cilloscope camera could be used to record the displayed spectra.

This modified instrument, in conjunction with a small compulﬁer eind
digital tape recorder, allows continuous analysis of noise. The system is
shown pictorially and schematically in Figure 7 and 8, respectively.

The recorderoutput is in-put through an A-weighted filter (optional) to
the Loudness Analyzer. Control signals indicating the position of the ve-
hicle are located on another tape channel and are in-put to computer sense
lines. Control pulses from the Analyzer inform the computer when to sam-

' ple the CRT analog input. The appropriate control signhals assure that each
of the twenty filter output levels are sampled every 25 milliseconds or 800
spectral points per second. This information is stored in computer mem-
ory and periodically transferred to digital magnetic tape. Subsequent to
this operation, the digital tape is processed ona Burroughs B5500 computer,

~which functions as follows:

The amplitude of the horizontal portion of each filter output amplifier
(band loudness density) is weighted to approximate the response of the hu-
man ear (ISO Recommendation 226). This subjective weighting function,
however, is removed in the computer program to obtain an objective mea-
sure of the spectral content at the noise source. The mean, standard de-
viation and amplitude histogram, for each frequency and for each event,
results from this process.

This technique can be used to characterize impulsive as well as con-
tinuous events. The Doppler effects associated with the pass-by of a single
vehicle can be studied. This information can also be used for a more pre-
cise representation of vehicles in noise prediction models using statistical
techniques. :

Development of EDP Technigues for Data Reduction

Highway noise recordings in Michigah are usually analyzed in the labo-
ratory. Spectral content and amplitude distributions are determined for
each microphone position used during a field study.

~19-~
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Spectral content is obtained th‘rdurgh the loudness an“a"l:yzer as described
carlier and since recordings are made using a flat response (no weighting)
they can be in-put directly to the analyzer.

Reduction of noise data to obtain L levels requires some weighting of
the recorded signals. The procedure used to obtain thig statistic is shown
in Figure 9. -

The recorded noise signal is firstfilteredby three cascaded first-order
filters to obtain an approximated A weighting. These filters consist of two
high-pass, and one low-pass, having break points at 114 Hz, 700 Hz, and
6.8 KHz. The frequency response of this transfer functionwas implemented
ona TR10analog computer and the resulting frequency response character-
istic was well within the tolerances of ANSI 81.4-1961. The output of cach
of these active filters, one for each channel of data, is rectified in a full-
wave bridge and smoothed with a 10 Hz low-pass filter.

The circuil diagram and response function are given in Figure 10.

The design transfer function is:

TS TsS K

1+ 18~ T * To g8

T{5) = (

The potentiometer settings were determined as follows:

A=1/T, =27 (114)==+ 716 (10%
B=1/T;= 2T (T00)=2 - 440(10%

C=1/T3=27TF (6800)== - 396{10°)
D= K/ Tz 613(10%)

An assembly language program was written for the XDS-92 computer
to obtain these L levels. This program controls the operation of the tape
recorder, multiplexer, and analog-to-digital (A-D) converter. The sam-
pling time is controlled by an external clocking pulse, at a rate of three
times persecond foreach channel. Control signals located on another tape
channeldetermine the data to be processed. These signals can be record-
ed in the field, but usually are added subsequently in the laboratory.

The program is designed to count the number of times the input voltage
(calibrated in decibels) attains any given level. These voltages and cor-
responding event counts are printed for each channel at the termination of
a sample period. These data are then processed on the B5500 computer.
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This procedure has been imp'rokred to obtain the 1, levels directly. A
PDP 8/e¢ mini~computer with floating point software is now being used to
implement this procedure., ‘ ‘

COMPUTER IMPLEMEN"'I“‘ATION OF THE NOISE
PREDICTION METHOD OF NCHRP RE PORT NO. 117

The Michigan Department of State Highways has updated its computer
program of the so-called ""Complete Method' of Bolt Beranekand Newman's
NCHRP Report No. 117, (5) titled: "Highway Noise - A Design Guide for
Highway Engineers. " :

The program was written with a view towards ease of use on a time-
share computer terminal. It allows the user to rapidly determine Lgq and
Ljo noise levels at any specified distances from the highway for any com-
binations of the design options available-~pavement elevation variables,
barrier variables, surface types, grades, etc.

The changes tothe original program are the results of: 1) Bolt Beranek
and Newman's Report 2209 (Final Draft; March, 1972) titled: '"Highway
Noise - A Field Evaluation of Traffic Noise Reduction Measures, ' and 2)
refinements by the authors and comments from the various users in the
State Highway Departments and consulting firms across the United States.

The program (complete listing in Appendix B) represents the entire
"Complete Method' with one exception - it willhandle 1 to 8 lanes per lane
group. Other choices of '"Number of lanes' can be achieved by program
modification, if desired.

Potential users are strongly urged to carefully study Reports No.
117 and 2209 prior to using the program and, more importantly,
before making judgements from the resulting decibel values.

After printing outthe predicted Lo and 1.1 values for a given configu-
ration the computer will offer the user four options:

1. Continue atthe same site for different observerdistances, different
barrier heights or locations, or different barrier included angles

2. Iterate on observer distance to achieve a selected 1o dbA level
{only for single roadway element and one or two lane group geometries, at
present}

3. Set up for a new site location
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4. Terminate the program.

Option 2 (Iterate Mode) is an addition to the original program. After
an Lz and 1qg have been calculated for a given configuration, 'Iterate'
canbe specified whereby the operator willbe asked to input the desired Ly
dbA level in which he is interested (such as 70 dbA for land use Category
B for residences in PPM 90-2) and the program will determine the distance
DN for that dbA level. Additional dbA levels for that site geometry can be
found by re-specifying '"Tterate’ and the desired Ly level.

Presently the '"lterate Mode" can be used only for single roadway ele-
ment (NRE = 1) and one or two lane group (N = 1 or 2) geometries. Further

expansion of this capahility will be completed ag time permits.

Example of Program Use

The physical configuratibn of the roadway selected for this example is
such that it is best approximated by a single finite length element with two
lane groups each (Fig. 11).

Each lane group consists of four lanes, separated by a 26-ft median,
depressed 10 ft with less than 2 percent grade and a rough surface.

Traffic data consistof a two-way, evenly divided ADT of 100,000 veh/
day, 8.33 percent ADT, 10 percent truck mix, 55 mph truck and 65 mph
car speeds freely flowing.

There is a 100-ft observer distance, 5-ft observer height, 64-ft cut
distance and roadway element angle of 50 degrees.

The objective isto findthe Lynoise level af the observer point for the
givengeometry and traffic data. I this L, exceeds 70 dbA, then determine
the observer distances for the 70 dbA and 60 dbA limits.

This problem would be set up as shown on the data sheet (Fig. 12) and
solved as shown on the facsimile of the computer printout (Fig. 13).

The answer was found to be:

Lig (dbA) Observer distance, ft
78.2 100.0
70,0 178.1
60.0 403.1
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Figure 13. Facisimile of computer printout for example problem.
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COMPUTERIZED STATISTICAL METHOD OF NOISE SIMULATION

Bolt Beranek and Newman In NCHRP Report 78 (3) have developed a
computer simulation model that allows the engineer, designer, or researcher
to predict--under fixed conditions of vehicle speeds, truck mix, vehicular
volume, and distance from the highway--the vehicle noise levels for any
existing or planned highway situation with freely flowing traffic. This pro-
gramutilizes random number generators, probability funetions, and statis-
tical techniques to determine the dbA level and frequency distributions of
noise levels radiatingfrom the roadway. The three-dimensional center line
roadway coordinates and vehicle spectral information can be specified.

After modifying andde-bugging this simulation model on the B5500, the
next degree of sophistication was accomplished by adding the attenuation
calculations due to an earth mound or wall-type barrier,

Appendix C of NCHRP Report No, 78 provides a detailed description
of the simulation program except for the subroutines which compose the
barrier calculations. The interface flow chartof Figure 14 shows the inter-
comnection of subroutines required in the barrier attenuation equations.

Only the two most dominant effects, namely diffraction and ground re-
flection are considered in the barrier attenuation calculations. This is
based on Maekawa's method (4). ‘

All required input data describing the barrier position and its charac-
teristics appear onone computer card underthe (I1, 6Al, 2X, 10¥7.1) for-
mat, as usedfor all other input data. The following is the required barrier
data card setup:

14 | BARLOC |¥W | HB | HR | uD | B1 | BL | H2 | H3

where: HB - Barrier heights; ft
HR - Receiver height, ft
HD - Road level to receiver level elevation, ft
Bl - Barrier to receiver distance, ft
BL - Barrier length (1. =% , 2, = semi= , 3. = finite)
H2 - Barrier length to left of receiver, ft

H3 - Barrier length to right of receiver, ft
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Figure 14. Interface flow chart showing interconnection of
subroutines for barrier attenuation calculations.

Asimulation runprovides as results, a setof 8 octave band noise spec-
tra {for two cases, with and without a barrier) corresponding to momentary
samples (snapshots), in time, of noise from the total contributing traffic.
Summary measures {dbA and db() are also providedfor eachsnapshot noise
spectrum, including minimum, maximum, mean, and standard deviation,

. Aninput data card format, typical output listing and complete FORTRAN
IV program listing {for Burroughs B5500 computer}) are given in Appendix
C.

HIGHWAY NOISE BARRIERS
It is the intent of the authorsto provide the readerwith abrief summary
of the characteristics and effectiveness of barriersused to reduce the pene-

tration of highwayv noise into adjacent land areas. The material presented
isbased on research performed by many acousticians. It is hoped that the
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highway engineer will find this information beneficial in considering and
gselecting proposed barrier types.

Sound in a homogeneous space propagates outward from the source uni-
formly. The sound pressure produced by a point source decreases by 6 db
for every doubling of the distance. Noise radiating from a highway, how-
ever, approximates a line source and decreases at only 3 db per doubling
of distance. This noise is a non-homogeneous time-varying function. The
bandwidth of interest is considered to be {rom 60 Hz to 8, 000 Hz, but with
principal concern for the lower frequencies.

If one ignores the effects of temperature gradient, wind turbulence, re-
flections and refractions, then it can be said that sound travels in a straight
line emanating from the source. In our everday world, however, this con-
dition never exists, and the transmigsion of sound is affected by the cited
factors.

In Figure 15 the relationship between A-weighted Ljg sound pressure
levels and observer distance are given for three discrete traffic densities.
The values given were obtained from methods developed by BBN in NCHRP
Report No. 117 (5). Effects of wind, temperature gradient, reflection and
refraction on the observer have not been included.

The wind has several effects upon sound trangsmission, Some research-
ers have found that the mean level of the sound is little affected; but that the
deviation of the levels about the mean will increase by 10 to 20 dbA. It is
also known that the wind tends tobend the sound waves down in the downwind
direction and up in the upwind direction.

Temperature also affects sound transmission. Temperature gradients
where the air is cool near the ground tend to bend sound waves downward
while temperature inversions cause an upward bending of the sound waves.
The bending of low frequency sound waves (diffraction) is more pronounced,
thus low frequency sound is essentially non-directional in nature.

The significance of these factors also change as a function of observer
distance. High frequency noise energy is absorbed by air molecules leav-
Ing only frequencies below 500 Hz at distances beyond 1,000 ft {(§). Tem-
perature gradients, relative humidity, and wind become more significant
as the observerdistance is increased. Reflective and refractive properties
of highway noise are significant at locations near to the roadway where
levels are higher and where the noise contains directional high frequency
energy.
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Figure 15. Lq, noise levels versus distance for three
traffic volumes., ‘

At the present time there are é limited number of methods available to
the highway engineer for the reduction of noise radiating from the highway.

1) Reduce the noise generated by individual vehicles. This goal can
be achievedthrough legislative action and enforcement. The establishment
of practical effective limits of noise emission for vehicles using the road-
way will provide the best solution,

2) Depress or elevate the roadway. This alternative places a shadow
zone between the source andthe receiver. Thus, those who are in this zone
receive less sound energy. Tigure 16 shows the effects of depressing or
elevating the roadway.
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Figure 16. Lqq noise levels versus distance for elevated
or depressed roadways.

3) Place a barrier between the source and observer. This method
will reflect a portion of the sound back at the source. At the same time,
some of the energy will be absorbed by the barrier. The amount reflected
or absorbed is dependent on the barrier length and heights, its location re-
lative to the noise source, the material and configuration of construction
and the porosity or texture of the wall surface. Some of the radiated noise
will be transmitted over and around the wall, reducing its effectiveness.

4) Pavement surface textures. Noise levels emitted from a highway
may be reduced by use of smooth wear surfaces. Highway noise levels for
such surfaces will be 5 to 10 dbA lower than for rough textured surfaces.

5) Other attenuations. Further noise reduction may be achieved by
eliminating intersections, ramps, and grade changes.
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Use of Walls for Neoise Barriers

There are many conditions that may preclude the depression of a road-
way. Subsurface geologic, hydrologic, or soil conditions may be unfavor-
able, or urban area utilities may present serious problems. Often, how-
ever, the critical determining factor will be the extremely high costs as-
sociated with depressingand toa certaindegree with elevating, In weighing
the alternatives it will most frequently be concluded that the only feasible
solution is to construct abarrier between the highway and the noise sensitive
area: Also, cost and right of-way limitations musthe considered in barrier

“design because maximum effectiveness of barrier walls is .achieved when

the wall is close to either the source or observer.

- Materials suitable f'orfabricating intonoise barrier walls, and capable
of withstanding the highway environmentare verylimited. One requirement
for an effective barrier material is that the sound transmission loas atall
frequenciés in the vehicle noise spectrum be sufficiently high that sound

“transmitted through the barrier can be neglected in comparison to that dif-

fracted over and around the barrier edges. For this reason, there should
be no air paths through or under the barrier and the weight per square foot
of surface should be at least 10Kg/m?2 (2.0 lIbs/sq fty depending upon its

~ heights and length. Figure 17 gives the attenuation theoretically realizable

as a function of wall density, in those cases where no sound paths over or
around the wall exist, ' '

60

55

50 — —1— —

45—— : ‘
40 ‘ . . e
15 | 7

- | . "

25 /

20

INSULATION VALUE 4B
AVERAGED OVER FREQUENCY RANGE 100-3200 HZ

15

25 5 P - 2 3 4.5 10 20 30 40 50 100 200
' - WEIGHT OF BARRIER, LBS PER SQ FT :

Figure 17. Imsulation value versus barrier welght per sq It
("Mass Law" of Sound Insulatlon)
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Barrier materials must withstand the summer heat, winter salts, wind
forces, and ultraviolet radiation ‘which tends to deteriorate organic mate-
rials. Provisions should be made for snow removal and dramage Barrier
walls constructed in West Germany were provided wlth emergency escape
doors for vehicle occupants in distress.

Barrier efficiency is also effected by wind COIldlthIlS Wlnd velocritles
above 4 to 7 mph, blowing towards the observer, will reduce barrier effec-
tiveness by 2 to 3 dbA. Winds traveling towards the source can increase

the barriereffectiveness by an even greater margin. Winds, however, are

turbulentby nature and thus, the meanlevel of barrier attenuation is rarely
affected over one or two hour time periods. However, the deviation of the
sound pressure level atdistances beyond 100 ft is increased by 4 to 20 dbA.

Barrier design should consider the safety of the driver. Sharp, dark,

shadows resulting from walls may obscure vision. Sun glare off the barrier.

surface or edges must be considered. Long walls located close to the road-
way may produce a hypnotic effect. A retaining or guard rail should be
placed in front of the wall to protect both the wall and nearby pedestrians
from impinging vehicleg.

In densely populated areas, the reflective characteristics of the wall
may merely redirect the noise to adjacent areas and also back at the dri-
vers. Using a material with a surface which absorbs sound will reduce
- these effects. A surface having a 100 percent absorption factor cantheo~
retically increase the barrier effectiveness by 3 db.

The physical parameters of barrierheight and length and their psycho-~
logical effect upon residents should also be considered. A barrier which
is not esthetically pleasing may be equally as anmoying as the noise.

Earth walls

One of the most attractive possibilities for barriers is the earthen wall
because of its low construction cost. Such earth mounds can be made plea-
sing inappearance by covering with grass and shrubs, and the root systems
of these plantings will retard erosion. The main disadvantage is the right-
of-way required. Wallslopesof 1on 3tol on1-1/2 are feasible, depending
on soils available and other factors. This could mean that a 10 ft high bar-
rier would need a minimum width of 60 ft. Additional barrier height could
be obtained by constructing a wall on top of the earth mound.

The Maryland State Road Commission (7) reported a.noise abatement
project in which an earth mound was constructed. Results were stated to
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be sosuccessful that the high frequency noige from hlghway trafflc was re-
duced to the p01nt that it was masked by normal conversatlon

In Figure 18 the effectiveness of an earth wall is given'as a function of
height. The length of the wall as with all noise barriers should be such that ’
the distance between the noise sensitive area and the’ end of wall is three to
five times the perpendicular distance to the barrler

85
80 -
75 |-
NO BARRIER
70
~ 65
4
% .
~ 60 [
=
- 55 L
5 100, 000 ADT - Free Flow e,
‘ o 10% ADT (Selecied perlod hourly volume)
5% Commercial
45 - 70 mph Cars
‘ 60 mph Trucks
Infinite Roadway Element -
40 — 4 Lane Non-Divided
No Grade or Surface Correction o

0 200 400 600 . 800 1000
OBSERVER TO NEAR LANE & DISTANCE, DN (FT)

Figure 18, L, noise levels versus dlstance for various
height earth mound barrlers

Concrete Block Walls

Concrete wallq have the advantage of requ1r1ng 11ttle land space and
minimal malntenance Among their dlsadvantages are appearance, con-
struction costs, and creation of sharp shadows as with other wall type bar-
riers. The wall, depending on its placement, may need to he protected by
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aretaining or guard rail. Noise attenuation for a concrete wall close"ly“apw
proximates thatof a earth mound. The ordinary concrete block wall, how-
ever, has low noise absorption, and therefore occasions may arise where
the reflected energy will cause disturbance in regions other than that pro-
tected by the barrier. A commercial product called "Soundblox™ (8) has a
patented cavity-slot construction whichwill absorb partof the striking sound
energy. ‘This productshouldbe evaluated for its performance and durability
inthe highway environment., TFigure i9illustrates bothstandard and 'Sound-
blox" constructionand the average transmissionloss characteristic of each.
Other "Soundblox' cavity-slot configurations are available.

T0
o
o
2 60
0‘
!
z
o
wn S0
Y
=
%’ NOTE: 8*X 8°X 16" HOLLOW CONCRETE
< 40 BLOCKS
ol B A= STANDARD BLOCK
- 2ILBSPERSQFT
o 8= "SOUNDBLOX " WITH PATENTED
> CAVITY-SLOT CONSTRUCTION
8 30} {30% WAYL[TE - 50% SAND)
) A
i
2
= 20
S
Y
i 1 | i | }
125 250 500 {000 2000 4000

FREQUENCY, Hz

Figure 19. Sound transmissionloss for walls of standard concrete
blocks and for blocks of cavity-slot construction--Soundblox (8).
(Losses measured when no paths exist around wall.)

Modular Type Walls

Reinhold and Burger (9) of West Germany have constructed a number

of noise barriers having different types of absorptive claddings. Figure 20"

shows the surface appearance of two of these units. In each case the bhar-
rier is fabricated of steel-framed modular sections for erection at various
heights and lengths. The barrier cross-section consists of perforated plas-
tic exterior facings, enclosing anair space and afilm covered mineral fiber
panel., The air space improves absorption at lower frequencies while the
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mineral fiber panel attenuates higher frequencies.  Typical tr‘aﬂic noisc
attenuation achieved with such units is given in Flg‘lil() 21.
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Figure 21. L-levels w1th and without 4 meter high harricr
using absorptive claddings. (9)

Rucker and Gluck (10) also reported on the use of absorhing clements
on concrete surfaces for reducing sound reflection. Thev tabulated the
acoustical and physical properties of four different sound ahsorhing wall
cladding elements. Their conclusion was thata noticeable decrease of sound
level, particularly atthe higher frequencies, could be obtained at the sireect
level and in the neighborhood by the application of sound absorbing elements
to concrete wall surfaces.

Other Types

The Ontario Department of Highways {11) has hsted other poss1b1e types
of barriers; their findings are glven in Table 1.
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The differences in transmission logs of each barrier material appear
to be insignificant. The designer, howcver, should be aware of the maxi-
mim attenuation possible fora given weight per sq [t. Beranck, Rettinger,
Moore, and Mackawa cite 25 db as amaximum attenuation for anyv: practical
barrier. Bolt Beranek and Newman (5) suggest a maximum of only 15 db
because of diffraction of sound e%nergj'z\'el' the top of the barrier. In gen-
eral, most barrier types provide attenuation over the entire band of fre-
quencies inherent in vehicle noise. There are however some materials
which have "acoustical holeg ™ (littte oxr no atlenuation) at some l'a‘otjm-n('ips.
Thin plastic or metal panels have this characteristic,

Rucker and Gluck tested structures with jalousies (louvers) that redire et

the sound energy. Although these might have merit in special sitwitions,
they do not appear to be generally applicable to highway noise.

Trees and Shrubs

The use of trees and shrubs as noise barriers is often mentioned, and
in some instances may have application to a highway. Cook and Vaniiaver-
beke (12) reported obtaining attenuation levels of 5 to 10 dbA, from a site
having 10 to 45-ft high trees, 10 ft apartand 100 ft deep. Deciduous varie-
ties would only be effective when in full leaf. Practically, the time to matu-
rity, and land arearequired for this type of barrier considerably limits its
use.

Beaton and Bburget (13) are particularly critical of the use of plantings

indicating that their real merit is to improve appearance and to provide
some '"psychological shielding. "

Summary of Barrier Types and Materials

At this time it is difficult to get anything into print on highway noisc
barriers that is not "dated'' before it can be circulated. The impencing
{July, 1972) highway noise "standards” resulting from Section 136 (b) of the
Federal-Aid Highway Act of 1970, have caused great noise awareness in
the State and Federal agencies responsible for implementation of highways.
To obtain Federal-Aid for their new highway projects, states must show
inclusion of noise consideration in all phases; planning, location, and de-

sign. '
These considerations mustbe suchas to insure that any proposed high-

way willnot radiate noise levels exceeding those permitted by the standard.
Achieving this, in many instances, will be possible only by placing noise
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barriers between the highway and the area being protected. And it is be- .

cause of this that many acousticians, engineers, planners, designers, etc.,

have become barrier conscious, and have initiated studies on all of the many
aspects of highway noise barriers.

In support of this increasing awareness and activity a brief listing of
the current highway noise barrier methods may be of value. Therefore,
the following summary tabulation is presented. It includesbarrier methods
and materials now in use, under consideration, or feasible for use.

1. Depression of highway.

2. Elevation of highway.

3. Earth mound walls,

4. Concrete block walls; including both standard blocks, lightweight
blocks, and those with cavity~-slot construction for noise absorption.

5. Concrete walls; including poured-in-place and precast, both stan-
dard or lightweight concrete.

6. Concrete or concrete block walls atop earth walls.

7. Concrete or steel retaining walls. These walls are essentially one-
half an earth mound faced with a vertieal wall, they are more economical
of land area and also lend themselves better to esthetic treatment, ‘

8. Modularpanel walls. Thisis the type of wall showing most promisc
for future development. They can be pre-constructed for various heights
and made of steel, aluminum, plastic, or wood; single membrane or lami-
nates with perforated, shaped, louvered, or flat surfaces and containing
layered air spaces, mineral fibers, lead sheet, expanded plastics, ete.

9. Brick walls. This component can be used singly or as a facing for
concretle or block walls. Considerably more expensive than most other
types but lends itself well to improved esthetics.

10. Wood walls: can be used as timbers, planks, or sheets; single
layer, laminates, louvers, honeycombs or other. Ease of fabrication and
installation is at least partially offset by maintenance requirements and
lower strength of wall structure.

11. Touvered walls: can be fabricated of metal, wood, or plastic and
has the potential for improved estheties. TLimited experiments have shown
reasonahle noise atienuations despite the presence of directional air paths.

12. Trees, shrubs and ground cover. Suchbarriers are only effective
when present indepths of 250 to 300 ft and to heights of 45 ft. Not practical
to install because of time to maturity, but worthy of consideration in route
location where such stands are in fully developed existence.

13. Claddings. This is a subject area in itself for application to pro-
posed walls or to existing walls (retaining walls in depressions); used to
absorb sound energy and prevent back and forth reflections across road-
way or into adjacent areas.
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Coneclusion

In the literature, the thesis continually appears that the noise problem
can be congidered in three parts: 1) source, 2) transmission path, and 3)
receiver.  The barrier is concerned with the transmission path as an im-
pediment to the transmitting of the noise energy from source to receiver.
Therefore any discussion of barriers should include a cons ideration of pos-
- sible reduction in noise source emission and sound insulation for the re-
ceiver, or possible removal orprevention of undesirable types of receivers
such as residential areas, hosptials, or schools. Zoning and route loca-
tion are thereby important. In priority, barrier would appear to be lowest,
and used only as a last resort.

Esthetic and driver behavior effects must be considered despite hav-
ing been given minimal attention in the literature. Reinhold and Burger
have reported some measurements to determine driver reaction to a bar-
rier, but more investigation appears to be needed.

SURVEY OF RESPONSE TO A MINIMAL NOISE BARRIER

In past years, the Michigan Department of State Highways rarely re-
ceived complaints of excessive noise from highway vehicles. This, how-
ever, changed drastically in 1968. As a result of feature newspaper and
magazine articles on noise, people became sensitized to the problem and
complaints suddenly increased. Currently, the Department receives a new
noise-related problem at least every month. One of the resulting investi-
gations was particularly interestingand is elaborated upon here in the hope
that it may be of benefit to other highway engineers.

In July, 1968 a petition signedby property owners living in singie family
dwellings at a Detroit location adjacent to Interstate 75, was re ceived. An
aerial pliotograph of the site is shown in Figure 22. Traffic counts for the
six lane divided pavement were:

ADT: _ 45,800
DHV: 7,350
Percent Commercial: 30

Sound level measurements taken at the site showed that the residents
were being subjected to average noise levels between 70 and 80 dbA, with
peaks frequently exceeding 90 dbA.

" While at the site, laboratory personnel were approached by a group of
housewives from the neighborhood. In conversations which ensued, they
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made it clear that they were very unhappy about the highway noise, -claim-
ing it prevented them from using their yards, being able to sleep, and for-
cedthem to keep their windows and doors closed while using their radio or
television receivers. '

In response to these problems, a cedar post fence 1,100 ft in length,
varying in height from 6-to 8 ft was installed by the Department in March
of 1969. Although an earth or solid concrete block wall was warranted, it
was not installed due to excessive materials and construction costs. Also,
such a barrier could establish a precedent for other problem areas.

Subsequent to the fence installation, additional measurements were
made. A controlled sound source consisting of a signal generator, a ran-
dom noise generator, two L00-watt amplifiers and speakers were used to
produce the appropriate signals. Spectral level measurements were made
usinga fixed microphone placed on the traffic side of the fence and a second
located at various distances and heights behind the fence. As expected, no
significant attenuation couldbe attributed to the cedar fence. Considerable
difficulty was experienced in taking the measurements since the traffic noise
almost obliterated the levels produced by the speaker system. Figure 23
shows the completed fence andthe see-through openings which almost com-~
bletely reduced its effectiveness.

Although no measureable difference in the noise levels could be detec-
ted, the researchers were interested in determining the subjective response
of the neighborhood to the fence and in general to the highway. Therefore,
inMay 1970, questionnaires were distributed to each home in the first block
from the highway and to seiected households located in the second block.
Of the 100 questionnaires delivered, 48 were returned or 48 percent res-
ponse. Virtually all respondents owned their own home, and had lived there

14 years on the average. The highway, however, had been there for only
the last seven years.

Figure 24 is asample questionnaire. It includes the overall percentage
responses to each alternative indicated. The number of responses is en-
closedby parentheses. Each bercentage is based onthe number of responses

. to a particular question or alternative per the total (48) responses and not

per the total responses to that specific question. This manner of summari-
zing was chosen since it was felt that otherwise some percentages might be
misleadingly high. In this way one is forced to consider the statistics in
the context of total responses including those that were not bothered by high-

way noise in the first place. Relative comparisons as between yes and no
can be made in any event.
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It is quite evident from the responses that the residents are bothered
by highway noise. Suprisingly, vibration is the next most annoying aspect.
It should be noted at this point that éxperience has shown that if a question-
naire ig sponsoredby a government?é,gency, responses may be exaggerated
hoping to influence regulations. More honest and open responses are eli-
cited if sponsorship is identified as a university or non-profit group.

About the only benefit which the majority gained from the wooden noise
barrier fence was a reduction in headlight glare.

Question 10 shows a large differentation between the various activities
affected by the intrusion of highway noise. Supposedly, reaction to inter-
ference from sleep, rest, ete. is different quantitatively from conversa-
tion, use of TV, etc. No such differences are apparent in the responses to
this question; however, all activities were equally affected according to one
third of the respondents.

The comments that accompanied many of the questionnaires indicate a
feeling of hoplessness on the part of the respondents.

MICHIGAN PARTICIPATION IN THE 1970 SAE TRUCK TIRE NOISE STUDY

Inlate August 1970, the Department assisted the SAE Subcommittee on
Truck Tire Noise in a study aimed at determining the relationship between
subjective and objective evaluations of truck tire noise. The study’s goal
was to develop an objective test method having a known relationshipto human
subjective response. Once developed, the method would aid manufacturers
to evaluate their efforts at producing quieter tires--a very worthwhile ob-
jective.

The Department provided a site on an in-service, Interstate highway;
and handled the traffic control associated with test vehicle entry, exit, and
test performance (Fig. 25). 'The Department also furnished four jurors
(including two researchstatisticians wholater analyzedthe datafor Depart-
ment information) for the 24 member subjective evaluation panel, plus an
engineer-psychologist consultant to observe the experiment.

Department instrumentation, in parallel with that used by the subcom-~
mittee, made recordings of the noise signals from each test run; and at the
completion of the experiment copies of the subjective responses of the eva-
luation panel were turned over to the Department for its own study. Natu-
rally, this information is the property of the SAE and its release to this
Department was on the basis of its remaining confidential. That provision
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has been respected and none of the data or results are presented here, or
elsewhere, by the Department.

Although this entire test Program was planned, controlled and perform-
ed by the SAE, the Department's participation and subsequent study of the
results has proven to be a valuable learning experience. Subjective res-
ponse studies are difficult at best, and in the area of response to highway
vehicle noise there is the added difficulty that few earlier studies exist to
be drawn upon for guidance. Department analysis of the test procedures
and data brought out the fact that determining subjective response to noise
" is equally asdifficult as other types of human response studies. The selec-
tion of panel members, the charge given tothem, the site location and char-
acteristics, the type and order of noise stimulus presentation—-all these
are very important factors which must be carefully planned and controlled
if valid results are to be obtained.

" .. 'In summary, this test program was very interesting and informative
and the:Department's participation was a worthwhile experience. '

PARTICIPATION IN THE MICHIGAN PHASE OF NCHRP PROJECT 3-7

~ In September 1971, Michigan researchers a‘ssisted personnel of Bolt
. Beranek and Newman, Inc., in the Michigan phase of their continuation of
'~ NCHRP Project 3-7. This continuation of aproject which has already pro-
duced the two excellent highway noise studies reported in NCHRP Reports
Nos. 78 and 117, is aimed at further validation of the Highway Noise Pre-
diction Method of Report No. 117. Particular attention is being given in
this work to validating the noise attenuation of various types of highway
noise barriers, a subject of critical importance to highway departments
throughout the country.

In mid-1971, in response to a request from BBN, several highway sites

having barrier-like characteristics were suggested for possible inclusion
in the study. TUltimately, one of the sites, on Michigan's 1 94, was selec-
ted for study. The site (Fig. 26) selected is typical of many areas adja-
cent to urban interstate roadways--a residential neighborhood immediate-
ly adjacent tothe right-of-way of-ahigh speed, high traffic volume express-.
way.

The purpose of the measurement program was to determine the barrier
effect of 4 row of houses paralleling the roadway, a short distance away.
Knowledge of this effect, and its related variables, will ultimately be of
value to highway department decision-makers in those instances where it
is proposed to remove a row of houses to facilitate widening or other type
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roadway construction. Such aprocedure maybe found to create an extreme-
Iy serious impact on the row of houses immediately behind the row being
removed. Consequently, the decision-maker should be armed with fore-
knowledge of such potential impacts to assist him in resolving the problem.

Involvement in this and otherstudies peripheral to the HPR project have
contributed significantly to the growth of experience and knowledge of Michi-
gan's highway noise researchers. This increasing sophistication relative
to noise is producing benefits across the whole spectrum of the State's ef-
forts at finding solutions to the noise problem. Consequently, such coopera-
tive endeavors, although not directly applicable to the principal Michigan
noise study, are deemed fully justified.

-53-

i
b
L
b




SECTION III

NON-PROGRAMMED NOISE PROBLEM ACTIVITIES
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NON-PROGRAMMED NOISE PROBLEM ACTIVITIES

This section of the report has been included on the assumption that
highway noise problem activity in Michigan is not unique but rather is typ-
ical of what is happening in other states, or will happen in the near future.
If that assumption is correct then a review of the Michigan activities could
prove of value to the FHWA and to the other states as an indication of the
specific problems thatshould be anticipated and included in future plans for
noise abatement. It is very important that every state make liberal pro-
vigionin any planned noise studies or activities for a great amount of forced
time consumption by non-programmed, noise related activities. This has
been the experience in Michigan andit is reasonable toexpect that the same
problem will occur elsewhere. These unplanned expenditures of time have
resulted in serious problems in maintaining the proposed schedule of the
HPR study being reported in thig paper.

If Michigan's experience is typical, then the reader canexpect his state
to be required tofunction in at least five distinct areas. It can also be ex-
pected that the bulk of this functioning will fall, in the early stages of devel-
opment, to the state's noise specialists or more likely to those designated
tobecome specialists. In the evolution of the treatment of noise problems,
planning, route location, and design groups can be expected to play an in-
creasing role; but not in the beginning

The five distinct types of activity encountered in Michigan, and that
can most likely be anticipated elsewhere, are titled: 1) Project Planning;
2) Environmental Impact Studies; 3} Vehicle Noise Control Legislation; 4)
Citizen Noise Complaints and 5) Public Service Activities and Consultations.
Each is described in the following:

1. Project Planning

The type of activity required in this category in Michigan is distinct
from that of the formal environmental impact study. It has included studies
to determine, in advance, the noigse effects to be expected as a result of
various highway department operations; and in other cases evaluation of
noise effects which have already occurred as a result of location, geomet-
rics, or other physical changes.

Included have beenstudies of: the comparative noise effects of proposed
alternate roadway routes; proposed route changes which would result in
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significant changes in traffic volumes or patterns; road widening projects;
projects where significant amounts of vegetation (trees, shrubs, and ground
cover} were to be removed from the arca between the noise source and re-
ceivers; non-Federal participation projects where an environmental impact
statement was not required; the noise generation results of non-skid surface
treatments; plus the noise effects of other similar activities.

'The project planning category as used here also includes activities
necessary to implementa computer noise simulation model (or models) and
then to train planning, location, and design personnel in its use. Other
states are advised to conduct such training programs and initiate them as
soon as feasible to ease the pressure on the research, development, or
other type personnel who must carry the noise workload inthe early stages.

Algo, the noise specialists can expect to be called upon to meet with
citizen and municipal groups to discuss, predict, reassure, refute, etc.,
all questions or charges relative to the noise problem under consideration.

In this capacity he will be expected to be conversant with the highway
noise effects of grades, interchanges, 'intersections, pavement surface
types, distance, vegetation, barriers, elevation, depression, vehicle
speeds, vehicle types, wind effects, temperature effects, etc.--the whole
gpectrum of the highway noise problem. ‘

2, Environmental Impact Studies

In time, this category of noise work will probably consume more high-
way department personnel time thanall othernoise problem activities com-
bined. Hopefully, however, by the time any department reaches the point
where all projects being planned require E-1 Statements, training progrdms
will have spread the necessary know-how to planning, location, and design
enpgineers. Thus, the work will be distributed among many people in dif-
ferent functional groups, thereby relieving the early workers and at the
same time bringing the work to the appropriate operational personnel.

Environmental impact studies conducted to date in Michigan, as in
other states, have essentially been conducted without guidance or prece-
dent. Michigan studies have all followed the same general pattern, and all
have been performed for projects in the route location phase.

The procedure used has approximated the following:

a) Study the proposed route to locate and identify all potentially noise sen-
gitive areas. These will include such areas as residential, recreational,
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religious, eduéa,tional,. health service facilities, entertainment, certain
business and oceupational facilities, animal habitats, and possibly others.

b) After identifying the potentially sensitive areas, make field measure~
ments to determine the existing noise levels in these areas--probably the
most man-hour consuming phase of the study. Depending on the nature of
the area, and the variability of its characteristic existing noise pattern, it
may be necessary torecord and analyze many hours of samples taken over
a period of days or weeks to insure a valid sample.

Michigan's analysis of such samples is directed to determining Lig
and L50 (dbA levels exceeded 10 percent and 50 percent of the time, res-
pectively) as introduced in the Bolt Beranck and Newman NCHRP Report
No. 117.

c) Havingideuntified the sensitive areas and determined their existing noise
levels, the nextstep isto estimate the noise levels whichthe proposed high-
way will produce in these areas should it be built. Michigan has obtained
these estimates (predictions) by use of acomputerized version of the Com-
plete Design Method presented in NCHRP Report No, 117 (this is the com-
puter program discussed at length earlier in this report).

d) Compare predicted noise levels with existing levels, and with design
criteria. Although these comparigons will, and should, form the basis for
assessingthe noise impact on areas adjacent to any proposed highway they
have been only qualitatively applied to date in Michigan.

BBN (5) have suggested a quantitative definition of acceptable impact
in terms of existing vs. predicted noise levels, and predicted vs. design
criteria noise levels, and Michigan has no serious objections to their de-
finitions. The use of these impact determinants, however, has been pre-
vented by the fact that the appropriate highway department divisions are not
yetgeared to handle the problem; but this deficiency will soonbe eliminated.

The computer implementation of the BBEN noise design method discussed
earlier has been completed and a series of lectures for planning, route lo-
cation, and design engineers has been scheduled. This lecture series has
beendesignedto give the attending engineers knowledge of the fundamentals
of noise, its effects, measurement procedures, methods of control, pre-
diction techniques (shared-time computer terminal in each division) and
quantitative methods for determining the noise impact of proposed highways.

Completion of this educational program should equip Michigan's engi-
neers with the tools necessary to evaluate the noise consequences of their

=-H0w




designs and to modify those designs accordingly. It is anticipated that this
educational program will be completed in March 1972,

3. Vehicle Noise Control Legislation

Efforts towards statutory control of highway vehicle noise in Michigan
have not been successful as of this writing; and experience to date in this
regard is not such as togenerate optimism with respect to the eventual re-
sult. Despite this, such efforts must be initiated and continued here and in
the other states. Without some control over highway noise sources the task
of the highway technologist, attempting to reduce environmental noise, will
be extremely difficuit if not impossible.

For the benefit of those state highway departments not yet fully com-
mitted to the attaining of vehicle noise limits the following dissertation is
presented. It is a summing up of Michigan's approach to this problem and
the assumptions and philosophy underlying the efforts.

Highway technologists newly involved in the problem of highway noise
goonbecome convinced of one salient fact with respect to their noige attenu-
ation efforts; i.e., it is absolutely essential that statutory limitations on
maximum permissible vehicle noise be established. It is more sensible,
both environmentally and economically, to moderate noise at the vehicle
source than to spend hundreds of thousands of dollars per mile trying to
contain and absorb it along the roadway boundaries. Especially when the
latter solution means that the millions of roadway users must travel in cor-
ridors of ever increasing, ear shattering, stress and fatigue producing

notse.

Even with statutory limits some containment and absorption may still
be required along roadways adjacent to densely populated residential areas,
but certainly nothing on the scale that will be requircd should vehicles be
allowed to continue producing currentnoise levels and the higherlevels pre-
dicted for future, higher power, higher volume traffic.

Such legislation should establish statutory upper limits for the maxi-
mum nojse allowable from motorcylces, automobiles, trucks and all other
types of vehicles, powered or drawn, using the highways. It should make
allowances for the problem of correcting existing noisy vehicles and should
apply more stringent requirements to new vehicles. '

Early in the highway noise reduction process it becomes evident that
the highway scientist or engineer is the most appropriate initiator of vehi-
cle noige control legislation. He is clogest to the problem, has more ex-
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perience with it and is, therefore, more aware of the realities and difficul-
ties of its solution. Early in his work he will recognize the four principal
facets of the solution: ; .

1) Locating the highway to minimize noise impact,

Designing the highway to minimize noise radiation.
3y Controlling vehicle noise sources, _
4) Contrelling land use adjacent to highways.

Hewill also recognize his inability todeal with the last two except with
the assistance of agencies outside his highway organization. The difficulties
inherent in effecting Iand use control are of such magnitude that the highway
engineer will realize that his most productive outside effort is likely to be
in the area of vehicle noise control and will, therefore, concentrate his
early effort in this area. '

The firstorder ofbusiness inworking towards vehiele noise legislation
is awareness of the principles and factors that form the basis for such leg-
islation. In Michigan the principles and factors assumed were:

a) Every citizen has a right to a quiet environment and quiet should
not be a purchasable privilege.

b) Modernhighways are the most pervasive source of noise in our en-
vironment; that is, the noise radiating fromthem affeets more people, more
of the time, than any other noise source. '

¢) The driver of the vehicle in the traffic stream has as much right
to quiet as does the citizen living or working adjacent to the highway; thus,
containment of noise within the highway boundaries is only a temporary ex-
pedient.

d) The adverse effects on humans of noise, while not fully quantified,
are well identified qualitatively. They include hearing loss, speech inter-
ference, sleep interferenee, general annoyance and its associated elevated
stress levels, and an overall degradation of the quality of life.

e} While moderately highdaytime levels of noise from human activity
are tolerable to the human organism, quiet for nighttime sleep is an abso-
lute necessity for continued physical and psy chological health--human beings
cannot continue to live and function without restful sleep.

fy Highwaydepartments will not be able to properly respond to citizen
noise complaints orto the demands of environmental impact attenuation re-
quirements without some control over highway noise sources.

g) The noise radiating from highways is produced by vehicles, not by
the highway. There are certain features of highways which affect the ra-
diated noise levels, These features: grades, curves, skid resistant sur-
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faces, location, elevation, depression,‘;_etc_‘.., are being studied Lo‘llea.r‘n:f,
ways of moderating their effects. b : TR

h} The number of highway vehlcles is mcreasmg at a mgmfmant rate
and the penctration of this increasing vehicle population into urban and sub-
urban areas is also increasing. Hence, more and more people are be_ing
subjected to highway noise. :

i) TItis the vehicle manufacturer's respon31b111ty to produce qulet w,hl—
cles. The methods employed to achieve quiet operatlon are not approprlate
to legislative establishment and therefore legislation should not specify the
configuration, materials, ordesign of any vehlcle component, device, struc—
ture or system.

j} It is the vehicle user's responsibility to maintain his vehicle m a
quiet operating condition, and to operaie it in a quiet manner.

k) Thatbecause ofthe costs involved, vehicle manufacturers and users
will never make a concerted effort to reduce vehicle noise without the im-
petus of statute and enforcement.

1) Thelimits in any proposed bill should be realistic and attainable—-
neitherunreasonably harsh norexcessively lenient. Until very recent times
legislation onmotor vehicle noise has been vague; employing such terms as
"excessive or unusual' as in Michigan's present Section 257, 707 of Act 300,
P. A. 1949, These ambiguous terms led to difficulty in the courts and the
statutes became, for the most part, unenforceable. Consequently, realis-
tic, quantitative statutes are essential.

m} Vehicle noise statutes should include an "operational' section hav-
ing application to existing vehicles, and a "new vehicle' section whose limits
must be met by any vehicle offered for sale for the first time.

n) Limits should be given in A-weighted decibels (dbA) as this is the
most practical, quantitative unit commensurate with the current state-of-
the~art of noise measurement. It correlates well with human subjective
response and is relatively easy to measure, Co

0} Onlytotal noise radiating from a vehicle should be considerea, with-
out any attempt at restricting specific noise sources such as engine, muff-
lex, tires, ete. ‘

p} The levels and measurement methods set forth in any noise control
bill should not be based upon any industry standard. Such standards are
subjectto changes over which the state has no control and, therefore, should.
. be avoided. : .

gq) The provisions of the vehicle noise statutes of California, New York,
and other governmental entities, and their experiences in enforcing their
bills, should be considered inarriving atthe conditions and limits contained
in any proposed bill.

r) Reducing highway-generated noise though statutory limits will be
greatly enhanced if special noise law enforcement teams and their suppor
equipment are also legislatively provided.
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As stated earlier, it is of critical importance to the credibility and
acceptance of vehicle noise legislation that the highway technologist pro-
pose levels that are feasible, attainable, and economically sensible. It is
in this last area, economics, that he can expect the principal challenges to
any proposed stringent levels. Opponents will present the familiar argu-
ments that trucking companies, in particular the small operators, will be
driven out of business. The same arguments that were presented in years
past in opposition to truck load limits, size limits, speed restrictions,
seasonal restrictions, driving time limitations on truck drivers, etc.

It will be argued thatthe expense of installing mufflers, replacing cer-
tain tire types, covering open engines, ete. will bankrupt many operators.
But this argument is a gross overstatement and cannot be the controlling
criteria when considering the contribution made by noisy vehicles to a de~
graded quality of life for millions of American citizens.

Inweighing the arguments of cost to vehicle operators one should com-
pare those costs againstthe alternative costs of achieving acceptable com-
munity noise levels by modifying the highways or by erecting noise barriers
between the highway and the community. Too often in the past, legislative
committees considering controls on vehicle noise have tended to consider
only the potential cost of vehicle modification, ignoring the significantly
more expensive alternative of modifying the highway system.

It will be up to-the highway engineer to refute such arguments, and
failure on his part to do so will result in statutory limits so high as to be
meaningless. Allowing trucks to legally generate 92 dbA is an example of
suchmisguided considerations (legal limit of 90 dbA plus a 2 dbA tolerance
for measurement gite and instrument VariationS).

Prior toestablishing goal noise limits each state should determine the
distributions of existing vehicle noise sources on its highways. Such dis-
tributions will indicate the number, or percentage, of vehicles tobe affected
by any proposed levels and thereby help to insure the recommendation of
realistic, attainable limits.

Subsequent to determining the vehicle noise distribution on his high-
ways the engineer is advised to confer with vehicle users and manufacturers,
with his law enforcement agencies, with the authors of current highway
noise studies (or intensively study their reports), with acoustical consul-
tants when indicated, with local environmentalists, with lawyers experien-
ced in environmental matters, and with highway representatives from states
already having vehicle noise statutes.
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These measures should provide the highway technologist with the ability

to prepare and support realistic, meaningful, and defensible vehicle noise -
legislation--noise limits which if enforced will effect a significant reduc--

tion in the noise impact being experienced by the citizens of his state.

Bringing the highway noise problem, as itpresently exists, under con-
trol requires that legislation be separated into two distinct sections. The
first called the "Operational Section™ to limit the noise radiation of existing
vehicles; and the second, a '"New Vehicle Section, " to limit and progres-
gively reduce the permissible noise from new vehicles.

Certainly the costs and feasibility of technologically reducing noise
fromnew vehicles are much easier determinations than for the millions of
existing vehicles. Despite this, the operational or existing vehicle section
should not be considered of lesser importance. Of the millions of vehicles
on the highway today, the commercial units which are normally the worst
noise offenders are also the longest lived, and therefore their importance
to future noise abatement efforts should not be minimized.

To give the reader a feel for noise reductions that are feasible, the
following reductions obtained ({14) under laboratory or field test conditions
are gquoted:

13-15 dbA reduction through emplacement of muffler on unmuffled.
truck.

2-5 dbA incremental reduction through addition of second muffler
and tail pipe.

10 dbA reduction in diesel engine noise through redesign of the
engine structure to reduce vibration,

7-15 dbA reduction through modification of engine enclosures and
addition of second muftfler and tail pipe.

7-20 dbA reduction from the use of new rib tires rather than new
retread tires. '

These reductions are, of course, not directly additive.

It has also been shown that the manner in which a vehicle is operated
cansignificantly affect its noise radiation (14). ‘Under normal acceleration,
vehicle noise levels will increase by about 6§ dbA, while under maximum
acceleration (irresponsible driver mode) they can increase by as much ag
156-20 dbA over steady speed driving conditions.
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“The’ pomt is that through proper vehicle malntenance, or mlnor modl—
fication, 'plus sensible operatlon very mgmflrant Vehicle b noise level re—'
ductions can be achieved. - Consequently, ‘the enactmenﬁ of velicle opéra-
tionalnoise limits well below present vehiclelevels“is justified and reason*
able.

The operational limits proposed by the Michigan Department of State
Highways to its Legislature are as follows:

(B} NO MOTORVEHICLE SHALLBE OPERATED OR DRIVEN UPON THE
HIGHWAYS OF THE STATE IN A CONDITION OR MANNER CAUSING IT TO
PRODUCE NOISE EXCEEDING THE FOLLOWING NOISE LIMITS:

POSTED SPEED POSTED SPEED
LIMIT OF 35 - LIMIT OF OVER
MILES PER HOUR 35 MILES PER
OR LESS HOUR

(1) A MOTOR VEHICLE WITH A
MANUFACTURER'S GROSS VEHI-
CLE RATING OF 6,000 POUNDS
OR MORE, SINGLE OR TOWING
ANY SEMITRAILER, POLE TRAI-
LER OR COMBINATION THERE-
OF. 82 dbA 84 dbA

(2) A MOTORCYCLE, OTHER
THAN A MOTOR DRIVEN CYCLE, 78 dbA 82 dbA

(3) ANYOTHER MOTOR VEHICLE

AND ANY COMBINATION OF VEHI~

CLES TOWED BY A MOTOR VEHI- S |

CLE, * 74 doA ~78dbaA

Those who might feel that these limits are unrealistically low shouid
be advised that the problems of measuring over-the-road vehicle noise levels
dictate the use of a 2 dbA tolerance on readings. Therefore, in actual en-
forcement practice each of the proposed bill's categories would be in vio-
lation only if that category's stated limit is exceeded by 2 dbA or more.
Most existing bills have been written without recognizing this requirement
and consequently their limits are ineffective in reducing highway noise.

Progressive reduction of the maximum permissible noise from new
vehicles is a moredifficult determination. The capability, motivation, and
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eventuai accornphshment of vehicle manufacturers in.reducing the noise
emissions of their products are still unknown quantities. ‘Because the prob-»
lem is both technological and economic, plotting. its future resolution (pro-
gressive noise reduction) is a doubly difficult task. - Consequently, what is
the logical course for highway departments to pursue ?

Michigan's proposed phasing down of permissible new vehicle maxi-
mum noise levels isbased on achieving a current ideal maximum in a rea-
sonable number of years. The New Vehicle section of the highway depart-
ment's proposed bill is as follows:

(C) NOMOTOR VEHICLE MANUFACTURED OR ALTERED AFTER THE
FOLLOWING DATES SHALL PRODUCE NOISE WHICH EXCEEDS THE
FOLLOWING NOISE LIMITS:

(1) AMOTOR VEHICLE WITH A GVW RATING OF 6,000 POUNDS OR MORE

(a) Manufactured after July 1, 1972 and before Julv 1, 1974 88 dbA
(p). Manufactured after July 1, 1974 and before July 1, 1976 86 dbA
(c} Manufactured after July 1, 1976 and before July 1, 1978 83 dhA
- {d) Manufactured after July 1, 1978. 80 dbA

(2) A MOTORCYCLE, OTHER THAN A MOTOR DRIVEN CYCLE

(a) Manufactured after July 1, 1972 and before July i, 1974 88 dhA
(b) Manufactured after July 1, 1974 and before July 1, 1976 84 dbA
{(c) Manufactured after July 1, 1976 and before July 1, 1978 80 dbA
(d} Manufactured after July 1, 1978. 756 dbA

(3) ANY OTHER MOTOR VEHICLE

Manutactured after July 1, 1972 and before July 1, 1974 86 dbA

(a)

(b) Manufactured after July 1, 1974 and before July 1, 1976 84 dbA
(c) Manufactured after July 1, 1976 and before July 1, 1978 80 dbA
(d}

Manufactured after July 1, 1978, 75 dbA

Achieving these limits, especially those in éffect after July 1, 1978,
will probably require some vehicle redesign., Admittedly this could require
a major effort by the manufacturers and also have major financial implica~
tions. However, the alternatives in terms of ever increasing noise impacts .
onthe citizens indicate that vehicle redeszgn is by far the more acceptable
of the two choices. :

Having prepared his proposed vehicle noise control bill, the highway
noise technologist thenhas the problem of getting it enacted. This will re=.
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quire much effort on his part and he would do well to prepare for it in ad-
vance. The many individuals and committees related to the introduction,
study, and passage of such a bill will have to be advised, informed, and
educated on the specifics of highway noise.

In addition to the many definitions, graphs, charts, etc., supplied to
management, legislators, and legislative study committees, magnetic tape
recordings of highway noise should prove very beneficial. These tapes as
prepared in Michigan included recordings of individual highway trucks,
cars, motorcycles, and various traffic stream conditions. Recordings
were made for individual vehicles at levels established in other states and
cities and these were then audibly compared to the levels proposed for
Michigan.

In most states the highway engineer-scientist workingfor vehicle noise
control will be the principal proponent of such legislation. He can expect
toencounter little or no public opposition and will probably find his efforts
being supported by educators, engineers, scientists, municipal officers,
various environmental groups, homeowner groups and various others. He
should cooperate with, and develop this support to the utmost to insure the
eventual enactment of truly rational and effective laws for controlling and
reducing highway vehicle noise.

4, (itizen Noise Complaints

Investigating and responding to citizen noise complaints has proven to
be one of the most time consuming functions that Michigan’s highway noise
scientists have been called on to perform. Many of the Michigan com-
plaints are partially aresult of publicity givento this HPR study but, in the
main, despite this impetus to complaints, most are legitimate protests
from citizens living inareas beingheavily impacted by noise from adjacent
highways.

Most such complaints have come directly to the highway department
from the citizens affected; however, many others have come indirectly
through the Governor's office, through State and Federal legislators, through
municipal officials, and in one instance through the Federal Highway Ad-

ministration.

It has been the policy from the beginning of this problem that all such
complaints are acknowledged and answered. For the many non-specific
noise complaints, a form letter answer (Fig. 27) has normally been used.
TFor more specific protests a response appropriate to the nature of the prob-
lem is effected.
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~ Such response usually consists of an inspection and measurement sur-
vey of the subject area todetermine the quantitative magnitude of the prob-
lem (almost without exception it is a residential area close to a highway
which has a high truck population). This may be followed by discussions
or correspondence with the area residents, with their spokesmen, with
local officials, or in some cases with their state legislators.

The purpose of these communications is to reassure the residents that
their problem is recognized and that in conjunction with many others it is
under consideration.” The continuingefforts by the Department toward leg-
iglative reduction of vehicle noise levels is explained. The relationship
of their problem to the Michigan noise study, and the many other studies
now in progress across the country, is emphasized to again reassure them
that in addition to recognizing their noigse problem many people and agencies
are actively seeking methods for its solution.

Invariably, the citizens raise the question of noise barriers. This re-
quires explaining the problem of funding such structures, and that barriers
for highwaynoise are still in the experimental stage. Also, that questions
of barrier performance, durability, safety, esthetics, etc., are as yet un-
answered. This, in turn, usually leads to another predictable reaction: a
request by the residents that an experimental barrier be installed between
the highway and their area. In angwerto this request it is necessary to ex-
plain that experiments, to be productive of new knowledge, must be very
carefully controlled. Specifically, that barrier dimensions and other pro-
perties mustbe varied, the noise sources mustbe under control and repeat-
able, the measurement areas must meet many requirements, etc. An old
story to researchers but one that is sometimes difficult to explain to lay-
men.

This procedure, despite its inherent truth and sincerity, does not solve
highwaynoise problems. Because of this the Department has been accused
of "sitting on its hands, " of trying to "talk the problem away, "or "stalling, "
or being "unresponsive, "' and in one instance of even having threatened a
group spokesman with retaliation for complaints--all untrue charges.

Actually, this whole procedure is an attempt to convince the citizens
that:

a) Their problem is recognized and acknowledged.

b) That statutory reduction of permissible noise from vehicles will
soon be realized. : '

¢) That the knowledge needed to resolve highway noise problems is
being actively sought but is not yet fully attained.
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d) That means of funding these certam to—be -expensive solutmns are: ;-
being sought. -

e} That the noise problem, as with the other env lronmental problems :
is the subject of intensive national and 1nternat10nal study and will be solved.

It will, however, require time which inturn requires the support and under--- .

standing patience of all citizens.

In addition to this essentially verbal procedure, more concrete steps -
have been taken in three separate problem cases. The first was the instal-.-
lation of the stockade type fence discussed earlier in conjunction with the
subjective questionnaire.

The second and third instances are in the design proposal stage at this
writing. One will constitute a recommendation for a 2,000 ft, corrugated
steel barrier of height varying from 6 ft to 12 ft. Esthetics, safety, and
cost, as well as noise attenuation, are being emphasized in the design. The
gite is a very high traffic volume expressway with 30 percent commercial
vehicles, most of which are diesel trucks. The roadway is slightly elevated
above the adjacent residential area and many of the homes in the area are
less than 200 ft from the pavement edge. At one end of the installation the =
barrier will be carried up a bridge approach and then at reduced height,
behind the railing, onto the first six spans of the bridge.

This barrier must be protected by guardrail as it will be erected ap- "
proximately 17 ft from the roadway edge in a very narrow right-of-way.
Also, the problem of noise reflection from the barrier surface to the op-
posite side of the roadway is not important because thal area containsg only
a water treatment plant which is set back some 600 or more feet from the
expressway.

The third case involves a school located 280 ft from the pavement edge
of another high traffic volume expressway which has 19 percent commer-
cial vehicles again consisting of mostly diesel trucks. The school and road-
way are on essentially flat terrain, both at the same elevation, and with no
intervening structures to provide shielding.

The barrier to be erected will be a 10 ft high earth mound with 1 on 2
slopes and approximately 1,850 ft in length. This structure should lower
the present L.jg of 71 dbA and Lsg of 66 dbA, to 59 dbA and 54 dbA, res-
pectively.

The earth to be used in constructing the mound will be taken from one

of the quadrants of a nearby cloverleaf interchange where its removal will
solve a sight distance problem for vehicles entering the expressway.
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A really important aspect of this whole area of noise complaints for
the highwaynoise workerto recognize is the vast amount of time and effort
that he will be called upon to expend. Certainly this has been Michigan's
experience. Hundreds of man-hours have been expended in the past year
alone, and the portent for the future is for more time and effort to be re-
quired, rather than less.

5. Public S8ervice Activities and Consultations

Because of the relative scarcity of technologists experienced in the
highway noise subject area, engineers and scientists in the various state
highway departments who become involved in, and familiar with the prob-
lem, should anticipate many requests for service and advice over and above
their routine work assignments.

Complying with these requests in Michigan has led to membership on
county environmental planningboards; membership on national and regional
noise advisory committees; advisory services to individuals and committees
of the state legislature; participationin local school environmental science
classes; advisory service to the Governor's Council for Environmental
Quality; interviews by local newspapers, television stations and other news
media, and similar activities.

In addition, although it has not yet happened in Michigan, the highway
noise specialist would be wise to prepare for involvement as an expert wit-
ness in litigation relative to noise problems. This possibility has already
become fact for the personnel of some states and it should not be lightly
dismissed as being a remote possibility.

Again, as with the other non-programmed activities associated with
the highway noise problem specifically, and community noise problems in
general, the conflict for the highway noise te chnologist becomes one of find-
ing time to accomplish all of the important and necessary aforementioned
services.

Activity todate inthe consultation category has not been extensive. In
the main it has consisted of phone discussions and written correspondence

with personnel of other State of Michigan departments, of highway depart-

ments in other states, with municipal officials, with private citizens, and
with representatives of commercial organizations.

In one instance, however, the Department advised ona residential area

noise problem resulting from operation of a nearby sand mine. It was nec-
essary to make sound level measurements in the residential area, and in
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and around the mine; plus an inspectionand evaluation of the mine operation
procedures with respect to the noise ramifications of those procedures.

The problem was satisfactorily resolved by.adoption, by the mining
firm, of recommendations for some minor changes in sand removal pro-
cedures and erection of two sand mound noise barriers.
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SECTION IV

RATIONALE FOR CANCELLING PROJECT OBJECTIVES
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RATIONALE FOR CANCELLING PROJECT OBJECTIVES

As stated earlier, the situation with respect to highway vehicle noise
inthe United States has undergone significant change since the proposal for
the Michigan study was first prepared in 1967. These changes are such as
to dictate an in-depth reevaluation of the overall problem.

The basic test of eachoriginal objective in this evaluation was its abi-
lity to affirmatively answer the question, 'Will its achievement make a
gignificant contribution towards resolution of the highway noise problem ? "

In the following text each original objective is considered separately
in response to this question.

OBJECTIVE 1

"To assemble a comprehensive bibliography W1th abstracts of all
studies pertinent to the highway noise problem. '’

This objective congtituted the opening phase of the study and efforts
had proceeded to the point where some 100 reports had been studied, ab-
gtracted and cataloged. At this time the Department of Transportation,
through the Highway Research Board, initiated the Transportation Noise
Research Information Service (TNRIS) and by so doing obviated any need for
Michigan to continue with its work. TNRIS, at last count, has accumulated
approximately 4,500 references and was in the process of abstracting, cata-
loging and publigshing them. The TNRIS Development Noise Bulletin con-
taining about 500 abstracts was published in March 1971, the second issue
in October 1971, and subsequent issues will be forthcoming on a regular
basis. Thus, efforts in the literature compilation area have been termi-
nated in Michigan.

OBJECTIVE 2

"Dete rmine and characterize the sound spectra of the various types
of velficles in the traffic stream. '

Studies published in the near past provide a plethora of such spectra.
Samplings of Michigan vehicle spectra show them to be, as expected, very
similar to the frequency and amplitude distributions found by others, in
other areas. '
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Againno gsignificant contribution canbe foreseenby further efforts and,
therefore, vehicle spectra characterization hag been terminated.

OBJECTIVE 3

"Determine and characterize the composite sound spectra radi-
ating from different highway sites carrying various mixtures of
private and commercial vehicles. "

Numerous techniques are currently available for characterizing the
noise radiation from highway sites. Of these the L. system used by Bolt
Beranek and Newman appears to have widest acceptance and use. This
method characterizes noise on the basis of A-weighted decibels rather than
on any differentiated spectral band information.

This is appropriate, at this time, as characterizations based on human
subjective response to noise are not well developed in relation to octave or
1/3-octave bands. In addition, the response work that has been done in-
dicates that the significant extra effort required to utilize the Zwicker or
Stevens methods is not worthwhile in light of the very small improvement
achieved.

These findings, and the ease of use of A-weighted decibels, have pro-
bably been the principal determining factors leading to the development and
use of dbA-based characterization methods. Certainly these havebeen the
determinants whichled Michigan's workers to adopt and use the dbA meth-
ods.

For maximum utility and value any highway noise characterization
method should be independent of gite and traffic variables. Ideally, it is
simply a method for arriving at a statistic which appropriately and validly
characterizes a continuous, intermittent, or mixed continuous-intermittent
noise impinging on a selected obgerver point. '

The L method meets these utility and validity requirements and conse-
quently has received wide acceptance by highway noise workers, including
those here in Michigan.

In normal use, and in application to established noise design criteria,
as presented in NCHRP Report No. 117, it hasbeen customary to determine
Lio and Lsg levels (levels exceeding 10 percent and 50 percent of the time,
respectively). In addition to these two statistics, Michigan has found it of
value to also determine Lgg levels (background) and 1 levels (peak).
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In summary, Michigan is extensively utilizing the L level method for
all types of noise studies, including those for environmental impact studies,
and finds it ‘a very satisfactory tool for such work. Further, in view of
this finding it is difficult to rationalize the expenditure of research funds
and scientific manpower in attempts to evolve some possibly better system.

Certainly, this is not to imply that the L method is the ultimate in
characterization techniques; but at this point in the development of noise
measurement and specification methodology it appears an excellent present
solution to a part of the problem. Because of its adequacy and the.serious
deficiencies in other areas of the noise problem, efforts and funds would be
more justifiably expended in those other areas of need.

There is a needfor the development of a more time-dependent charac—
terization method; one which provides a statistic or statistics related to the
impact of various noise levels, over time, on various noise sensitive hu-

“man activities. The development of sucha characterization will, however,

require a study of major proportions; one beyond the personnel and facility
capabilities of Michigan's small noise research team,

OBJECTIVE 4

"Develop a computer program of verified accuracy which will pre-
dict the noise spectrumthat will radiate from a highway under any
given set of known conditions. "

In 1967, when the proposal for this study was inpreparation, there was
no known computer program available for predicting highway-generated
noise. Because of the obvious impending need for such capability, its de-
velopment was included as one of the objectives of the study.

Since that time, however, at least five known computer programs have
come into being; and three of these programs are now available for use by
highway departments. These programs are:

1. The "Statistical Noise Computer Simulation' developed by Bolt Ver-
anek and Newman in their NCHRP Project 3-7 (Report No. 78).

This simulation model is discussed earlier in this report and an ex-
panded version has keen included here in total as Appendix C.

2. The Michigan computer implementation of the so-called '"Complete

Method' of BBN's "Highway Noise - A Design Guide for Engineers, " NCHRP
Report No. 117 (Appendix B).
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In their report BBN have presented two 'cookbook’ methods enabling
non-acousticians (highway designers and planners) to obtain .estimates’ of
noise radiating from highways on the bagis of the types of information readily
available to highway personnel. These two methods, called the "Complete
Method' and the "Short Method' are intended to supplement each other.

The short method allows the rapid calculation of Ljg and Lgg values
for any given site. The method's simplieity and ease of use make It an
ideal toolfor locating trouble spots (potentially high noise areas) and justi-
fying the elimination from further consideration of other unaffected loca~
tions.

The short method, however, is a first approximation, and usually re-
sults in higher Lo and Lsg levels than the complete method. For this rea-
son BBN recommends that subsequent to using the short method for screen-
ing out non-critical observer points, the complete method be applied to ob-
tain more accurate levels for indicated high noise areas.

To simplify the complete method procedure even further for its de-
signers and planners, Michiganhas computer-implemented it for time share
terminals.

3. The "HINOI: Adigital Computer Program to Aid Highway Noise De-
sign Calculations"” by A. Lavin and F. G. Haag, July 1971, is an attempt
at implementing BBN's NCHRP Report No. 17, It, however, appears in-
efficient due to its method of programming. Most of BBN's graphs can be
approximated by a single function of several variables and should be im-
plemented as such instead of as a collection of up tosix equations per graph.

4, Serendipity, Inc. of Arlington, Virginia under contract DOT-0S-
A9-018 withthe Office of Noise Abatement, U.S. Department of Transbor-
tation, in aseries of reports {1-6} has developed noise prediction computer
programs for all modes of transportation, including highways.

The reports of Serendipity’'s workhave only recently been made avail-
able to highway departments so no further comment can be made on this
system at this time, except that it appears to be very detailed and et.com-
passing. Noise workers, however, can look to this system as another tool
to aid in their efforts at noise reduction and control.

5. Environmental Systems Laboratory, Inc. of California is reported
to have mathematically modeled the highway noise problem, and from that
model to have implemented a FORTRAN computer program for predicting
highway noise. The program, also reported to have been field validated,
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is purportedly capable of producing continuous noise contours, or noise
maps, of any highway site.

This reference to the ESL system is qualified by the words, 'is re-
ported to' and, '"purportedly' because Michigan has no first hand knowledge
or experience with the program. The little information that is given rela-
tive tothe program's existence, and to its capabilities, was gained from a
telephone discussion with ESL's Dr. Michael Hogan in March 1971. There
is nointent here to imply any questioning of Dr. Hogan's system descrip-
tion. Rather, the qualifiers are inserted simply becauge Michigan's only
exposure to the system has been that verbal description.

On the basis of the existence of the computerized version of BBN's
Complete Method noise predictor of NCHRP No. 117, their statistical noise
computer simulation of NCHRP No. 78, the DOT noise program, and the
plethora of both public and private programs that are sure to be developed
in the near future; it has been concluded that for Michigan to expend its
personnel and resources developing an additional, new computer program
would be an unproductive effort. Objective 4, is therefore recommended
for deletion.

OBJECTIVE 5

""To conduct experiments aimed at validating the reputed corre-
lation between the Zwicker Method and human subjective response
(perception only). If it is verified that the Zwicker Method does
reflect subjective perception of highway noise with good fidelity
thenit willbe possible to estimate the perceptual effects of various
noise situations without the need for difficult and complicated hu-
man response studies. Simultaneously with the response - Zwicker
studies, A-scale weighted decibel readings (dbA} will be taken to
determine their correlation with subjective response as at least
one report (2) has indicated a good dbA - response relationship. "

Atthe time of proposal preparation the authors were of the opinion that .
subjective response would be found to correlate much better with Zwicker
sones than with dbA or any of the other objective measures. Consequently
this objective was included in the proposal to test that hypothesis. The ob-
jective statement also included reference to performing correlations with
dbA as at least one study (1967) had shown a good relationship between sub-
jective response and that measure. Again, however, on the basis of studies
performed by others, Michigan has concluded that such a study program
would be redundant. The cost and effort required would be considerable
and, because of work by others, the results predictable.
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It would be superfluous in this short report to repeat the two excellent
existing rationales for the use of dbA as the currently superior measure
for highway vehicle noise. These two rationales, which in turn reference
numerous studies, are that of D. C. Lavender, ”In'terpretat'ion of Noise
Measurements, ' Journal of Sound and Vibration {1971), 15(1), pp. 1-9, and
that of Galloway, Clark and Kerrick, Highway Noise - Measurement, Simu-
lation, and Mixed Reactions, NCHRP Report No. 78 (1969), pp. 22-29.
Review of these two papers by interested readers should convince them that
dbA ig the best, practical objective measure of highway noise at this time--
it ig accepted by Michigan as such. This acceptance then raised the ques-
tion of future Michigan progress in the subjective area. Should the objec-
tive be deleted or should further efforts be directed towards some other
problem aspect of the subjective response ?

In an intensive effort to determine a human response study program
which would "make asignificant contribution towards resolution of the high~
way noise problem, "scores of hours of meetings anddiscussions were con-
ducted. Disciplines representedby the attendees at these meetings included
physics, electrical engineering, researchstatistics, pgychology, mechani-
cal engineering, and systems science. Despite this congiderable array of
scientific manpower the meetings produced no feasible alternatives to the
original objective. At least none which would accomplish more than to
simply provide support for response knowledge or correlation already de-
termined and published in the literature.

OBJECTIVE 8

"T'o determine, through experimentation, a practical and econ-
omical combination of available materials and configurations for
barring or absorbing the noise radiating from any highway site
thereby preventing it from entering the areas adjacent to the high-
way. "

Many of the problems and particulars of highway noise barriers are
discussed in some detail earlier in this report. It is obvious, however,
from review ofthat material that the experimental barriers originally plan-
ned for construction and performance evaluation during this study were not.
completed.

The reasons forthis deficiency are numerous; the principals being in-
sufficient knowledge of the subject at the time of study proposal preparation
which, in turn, resulted in a gross underestimate of the funds required.

Table 2, taken from the proposal, shows the factorial barrier experi-
ment as it was originally planned. FExamination now discloses certain in-
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adequacies in the design, namely: {a) the "Source Type'" categories listed
are all point sources while to properly evaluate a barrier one should also
use a line source (acoustic power assumed to be evenly distributed along
the roadway--highdensity traffic flow); (b) the heights of 5, 7, and 9 ft are
not sufficiently characteristic of practical heights for highway noigse, 12 and
15 ft should also be included; (c) the Barrier-to-Sensor distances of 50,
100, and 200 ft are inadequate and should also include 400, 600, 800, and
1,000-ft increments. These changes would increase the gcope of afull fac-
torial experiment, with reasonable repetitions, to 12,000 to 15,000 mea~-
surements.

The principal problem, however, is not one of number of measure-
ments, but rather one of cost. Consider that a barrier adequate to meet
the knowledge needs of noise shielding from point and line sources would

~ have to be onthe order of 2,000 ft long. In addition, it would be of adjust-

able height upto 15 ft; and if the factorial experiment design was tobe liter-
ally followed, three harrier configurations, constructed in three different
materials each, would be required--a total of nine barriers, each 15 ft high
and 2,000 ft long,

The cost implications of such a program are immediately obvious, with
the total possibly exceeding $1,500,000. In addition, the logistics of such
an experiment would be a major expense in itself. And including the cost
of land if the experiment were performed at an isolated site, could add
significantly to the already excessive cost estimated above.

Assuming, however, that the costs in effort, time, and money were
acceptable, is the experiment indicated by the current national and inter-
national situation with respect to highway noise barriers? The authors of
this paper think not.

At least six barrier types constructed by the Province of Ontario and
City of Toronto are now under test. These include standard and lightweight
concrete walls, using poured-in-place and precast techniques; concrete
block walls; aluminum modular walls; rock filled cribs; and earth mound
walls. The State of California is known to have erected and tested a num-
ber of barriers of significant lengths along its expressways. In addition,
other states are experimenting with various barrier types, materials, and
configurations. This activity plus that going on in Europe and elsewhere
indicates that a great deal of information on all aspects of barriers will be
entering the literature in the near future.

Giventhis situationas a starting point would make it difficult to design
an appropriate (non-redundant) barrier material and configuration study.
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"By the time a design guidance survey could be completed; an experiment
initiated, completed, analyzed and reported the probablhty is. hlfrh that. it
would be redundant information. T e e

In the light of this accelerating activity and in view of -the projected
costs, the experiment as proposed is not deemed justified and, therefore,
it is sugpested for cancellation. -

TABLE 2
DESIGN OF NOISE BARRIER STUDY
ht
Variables Number Of.ea_c 1 yPe,
of variable
Source Type White Noise, Car, Sporfs Car; 'Cycie,
Diesel Truck, Truck

Barrier Heights, ft 5, 7,9
Barrier Material 2 1, 2, 3
Barrier Configuration? 1,2, 3
Distance (Source to Barrier), f: 25, 75, 125
Distance (Barrier to Sensor), ft 50, 100, 200
Distance (Sensor to Ground), ft 5, 50

; A full factorial experiment will require 2,916 measurements.

Specific materials or configurations are, as yet, undetermined.
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SECTION V

CONCLUSIONS AND OBSERVATIONS
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CONCLUSIONS AND OBSERVATIONS

As a result of the work on this project and in related areas, certain
conclusions and observations are indicated. They relate to both current
and future development of the highway noise problem and its resolution.
Unfortunately, as with most studies relative to new areas of concern, this
program terminates with recommendations for further. study.

1) In addition to its other content, this report contains a request for
FHWA approval to terminate the study on receipt of this report. Section
IV contains a rationale for deleting each of the original project objectives,
and Section III gives a description of those many noise-related activities
thathave pre-empted work on the project. Of mostsignificance, of course,
were the rationales for not attempting to achieve the originalobjectives.
The reason being, in almost every instance, that the objective has already
been achieved by other workers in the field. Coupling this with the great
amount of required activity onnon-project noise work, plus the limited staff
and facilities available, indicates that the most realistic and reasonable
way to proceed is to terminate the project. This termination would permit
the personnel now involved to direct their efforts to other, more produc-
tive, aspects of Michigan's highway noise problem.

2) Probably the greatest accomplishment of this project relates to the
educationand training of certain Michigan researchers. Prior to the pro-
ject, this staff had devoted themselves to the many highway problems of a
structural, material, or operational nature; but had not been called on to
study the problem of noise. Now, however, these technologists are experi-
enced and well versed on the subject and shotild, with administrative sup-
port, be able to proceed towards resolution of the highway noise problem
as it exists in this State. Experience and knowledge has been gained on
most aspects of the problem including: source characteristics and variables .
transmission path variables including effects of interposed obstacles {bar-
riers), receiver or observer characteristics (subjective response), mea-
surement, analysis and characterization techniques, computer modeling
and simulation procedures, and many other facets of the problem.

Ifnothing other than this training and knowledge has been accomplished,
the project has been extremely worthwhile. There is no question that the
major obstacle to solution of the nation's highway noise problem, has been
a glaring highway noise information deficiency throughout the technical
community, arnd particularly with highway technologists. Studies such as
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thig with their inherent educational content will provide long-term benefits
to the transportation industry and thereby to the citizens served.

3) Michigan's experience in this field should serve as a lesson and a
warning to other states to exercise great care in planning noise studies.
The primary error here was the failure to foresee and plan for the great
increase inall aspects of the highway noise problem. These many perfor-
mance areas, detailed in the body of the report, would probably not be ap-
propriate for inclusion in such a study, but because of their priority, fre-
quency and short-time deadlines they consumed much time and effort that
had been programmed for the study. Once the noise problem fully descends
. upon astate agency it shouldbe very pessimistic with respect to being able
to assign large amounts of time for the careful, detailed analytical type
field and laboratory performance required for research programs.

4) The project has been successful from the Michigan viewpoint des-
pite the fact that all objectives were not completed. The principal accom-
plishment, as stated earlier, was the realization of an equipped'and noise-
sophisticated staff of technologists who are already being applied to Michi-
gan's noise problem. In the process of gaining experience ‘and knowledge
the staff has made certain accomplishments that would be of value to n01se
workers in other states, 1nclud1ng

a, Developmentof field measurement techniques, equipment, and pro-
cedures. o

b. Development of data reduction and analysis procedurcs and equ1p-—
ment.

¢. Computer implementation of the manual noise prediction method of
NCHRP Report No. 117, to facilitate its use by rese‘areh', planning, and
" design personnel. ‘ '

d. Additionof the barrier model to the computerized statistical noise
simulation method of NCHRP Report No. 78; plus other lesser changes and
improvements to the program.

e. Confirmation of the spectral noise characteristics of hlghwav ve-
hicles--essentially identical to those found elsewhere. '

f. An experiment to determine "psychological" shielding effects of a
minimal noise barrier. - '

g. The detailed requirements and difficulties of achieving state-wide
vehicle noise control legislation. '

5) Tinally, the work has disclosed or confirmed the need for further
efforts on certain parts of the overall problem. These include: subjective
response to time-varying noise; field validation of computer program pre-
dictions; development of a noise characterization method more universal
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and appropriate than the present I methods; and the evaluation of barrier
materials as a function of initial costs, maintenance, and effectiveness.
In addition, a comprehengive study is needed todetermine the technical and

economic trade-offs associated with various proposed statutory vehicle
noise limits, '

The opinions, findings, and conclusions expressed in this publication are
those of the authors and not necessarily those of the Federal Highway Ad-
ministration,
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APPENDIX A
PROPOSED MICHIGAN VEHICLE NOISE CONTROL LEGISLATION

Primarily through the efforts of the Michigan Department of State High-
ways, acting in turn upon a request from the Governor's Office, vehicle
noige bills have been introduced inboth houses of the Michigan State Legis-
lature. Amendments have been submitted to the bills in hoth House and
Senate, but none of the original bills, or their amendments, are considered
satisfactory by the Department of State Highways. Consequently, efforts
by the Department are continuing in an attempt to have its vehicle noise bill
introduced and hopefully enacted--a bill significantly more stringent than
any of those already introduced. '

The three subject bills, their proposed amendments and the Michigan
Department of State Highways bill are included in this appendix. Specifi-
cally included, and in the order presented, are: )

1. Department of Highways Proposed Bill.
a) Proposed Enforcement Teams
b} Proposed Violation Penalty Clause

2. Senate Bill No. 1017
3. House Bill No. 4115
4. Amendment to 4115
5. House Bill No. 4200
6. Amendment to 4200

MICHIGAN DEPARTMENT OF STATE HIGHWAYS PROPOSED BILL
SECTION 707

(A) NO MOTORVEHICLE SHALLBE OPERATED OR DRIVEN UPON THE
HIGHWAYS OF THESTATE UNLESS AT ALL TIMES EQUIPPED WITH AN
ENGINE EXHAUST MUFFLING SYSTEM IN CONSTANT OPERATION AND
PROPERLY MAINTAINED TO PREVENT THE ESCAPE OF UNUSUAL OR
EXCESSIVE NOISE AND NO SUCH SYSTEM SHALL BE EQUIPPED WITH
A CUTOUT, BYPASS ORSIMILAR DEVICE, NO MUFFLINGSYSTEM ORI-
GINALLY INSTALLED ON A VEHICLE SHALL BE MODIFIED IN A MAN-
NER WHICH WILL AMPLIFY OR INCREASE THE EMITTED NOISE TO A
LEVEL ABOVE THAT EMITTED BY THE ORIGINAI. SYSTEM AND ALL
SUCH ORIGINAL SYSTEMS SHALL COMPLY WITH THE REQUIREMENTS
OF THIS SECTION.
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(B)] NOMOTOR VEHICLE SHALL BE OPERATED ORDRIVEN UPON THE
HIGHWAYS OF THE STATE INA CONDITION OR MANNER CAUSING IT TO
PRODUCE NOISE EXCEEDING THE FOLLOWING NOISE LIMITS:

- POSTED SPEED POSTED SPEED

LIMIT OF 35 LIMIT OF OVER

MILES PER HOUR 35 MILES PER
OR LESS HOUR

(1) A MOTOR VEHICLE WITH A

MANUFACTURER'S GROSS VEHI-

CLE RATING OF 6,000 POUNDS

OR MORE, SINGLY OR TOWING

ANY SEMITRAILER, POLE TRAI- .
LER OR COMBINATION. 82 dbA : 84 dbA

(2) A MOTORCYCLE, OTHER .
THAN A MOTOR DRIVEN CYCLE. 78 dbA . 82 dbA

(3) ANY OTHER MOTOR VEHICLE
AND ANY COMBINATION OF VEHI-
CLESTOWED BY A MOTOR VEHI-
CLE. 74 dbA 78 dbA

(C)2 NOMOTOR VEHICLE MANUFACTURED OR ALTERED AFTER THE
FOLLOWING DATESSHALL PRODUCE NOISE WHICH EXCEEDS THE FOL-
LOWING NOISE LIMITS:

(1} AMOTOR VEHICLE WITH A GVW RATING OF 6,000 POUNDS OR MORE

(a) Manufactured after July 1, 1972 and before July 1, 1974 ‘88 dbA
(b) Manufactured after July 1, 1974 and before July 1, 1976 86 dbA
(c) Manufactured after July 1, 1976 and before July 1, 1978 83 dbA
{d) Manufactured after July 1, 1978. 80 dbA

! (OPERATIONAL LIMITS ~ Directed towards existing vehicles. Called op-
erational because compliance withthis section is highly dependent upon pro-
per operation. Many vehicles in this category could exceed limits if not
operated properly).

? (NEW VEHICLE LIMITS - These differ from operation limits in that they

‘cannot legally be exceeded by a vehicle even inits maximum noise producing
mode of operation).
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{2) A MOTORCYCLE, OTHER THAN A MOTOR DRIVEN CYCLE

(a) Manufactured after July 1, 1972 and before July 1, 1974
(b) Manufactured after July 1, 1974 and before July 1, 1976
{c) Manufactured after July 1, 1976 and before July 1, 1978
(d) Manufactured after July 1, 1978, '

(3) ANY OTHER MOTOR VEHICLE

(a2) Manufactured after July 1, 1972 and before July 1, 1974
{(b) Manufactured after July 1, 1974 and before July 1, 1976
(c) Manufactured after July 1, 1976 and before July 1, 1978
(d) Manufactured after July 1, 1978. :

88 dbA
84 dbA
80 db A
75 dbA

86 dbA
84 dbA
80 dhA
75 dbA

(D) THE NOISE LEVEL SHALL BE MEASURED WITH "A" WEIGHTING
AT A DISTANCE OF NOT LESS THAN 50 FEET FROM THE:CENTER OF
THE LANE OF TRAVEL, PURSUANT TORULES PROMULGATED BY THE
DEPARTMENT OF STATE POLICE AND THE STATE HIGHWAY COMMIS-

SION.

(E) THISSECTIONSHALLNOT APPLY TO WARNINGDEVICES ON AUTH-
ORIZED EMERGENCY VEHICLES OR TO VEHICLES MOVING UNDER A

SPECIAL PERMIT.

PROPOSED NOISE ENFORCEMENT TEAMS

Each team should consist of one Measurement Unit and two Pursuit

Units, constituted and operating as follows:

Measurement Unit consisting of one officer in a vehicle equipped
with two-way radio, sound level meter, meter calibrator, and tri-
pod mounted microphone.

This unit would be placed at any selected highway site to monitor
noise levels of passing vehicles. When a vehicle is detected hav-
ing a noise level exceeding the statutory limit the unit operator
will log the level and vehicle identification and radio ahead to a
pursuit unit.

Pursuit Unit will be located down the traffic stream from the mea-

surement unit. It will consist of a radio equipped vehicle manned
by one officer. No special equipment is necessary.
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Pursuit Units will be responsible for stopping and citing, as neces-
sary, those overloud vehicles detected by the Measurement Unit.

v

A complete team consisting of one measurement unit and two pursuit
units would have a first year cost_of approximately $55,000, as follows: -
A. Officer salaries (3) ) ‘ 39,000
B. Three radio equipped vehicles . ‘ . :+ 10,500
C. Sound measurement equipment? o - -, 11,500 .
D. Supplies and miscellaneous 1, 4,000
355,000 .
PROPOSED NOISE VIOLATION PENALTY CLAUSE
Penalty

Any person convicted of a violation of any of the provision of this sec-
tiondeclared to constitute a misdemeanor, except for the different penalty
expressly provided below for exceedinga noise limit of (B) or (C) shall be
punished by a fine of not more than $100 or by imprisonment for not more
than 90 days, or by both such fine and imprisonment. '

(1) Anyperson convicted of exceeding a noise limit of this section
shall be fined ata rate of $40 for each dbA in excess of the speci-
fied limit but not to exceed $500.

{2) In addition to such fines as may be imposed, no person shall
operate, and no owner shall permit the operation of a cited vehi-
_ cle for more than 30 days after the violation unless said motor
; vehicle shall have been brought into compliance with the regula~
: tions of this section.

¥ All participating officers would receive a comprehensive training program
{probably one to two weeks) prior to beginning their enforcement activities
to ensure thorough familiarization with their equipments and procedures.
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SENATE BILL NO. 1017

Referred to Committee on Highways.

A bill to amend scction 707 of Act No. 300 of the Public
Acts of 1949, entitled as amended
"Michigan vehicle code,"
as amended by Act No. 134 of the Public Acts of 1969, being
section 257.707 of the Compiled Laws of 1948.
THE PEOPLE OF THE STATE OF MICHIGAN ENACT:
Section 1. Section 7Q7 of Act No. 300 of the Public
Acts of 1949, as amended by Act No. 134 of the Public Acts
of 1969, being section 257;707 of the Compiled Laws of 1948,
is amended to read as follows:
Sec. 707. (A) A MOTOR VEHICLE SHALL NOT BE OPERATED . .
UPON A HIGHWAY WHICH PRODUCES NOISE EXCEEDING THE FOLLOWING
NOISE LIMITS:
- SPEED LIMIT SPEED LIMIT
OF 35 MILES OF MORE THAN

PER HOUR OR 35 MILES PER
LESS. HOUR.

(1) A MOTOR VEHICLE WITH A MANU-
FACTURER'S GROSS VEHICLE
RATING OF 6,000 POUNDS OR
MORE TOWING ANY SEMITRAILER
POLE TRAILER OR TRAILER OR
COMBINATION THEREOF. 88 dbaA 90 dbaA

(2) A MOTOR VEHICLE WITH A MANU-
FACTURER'S GROSS VEHICLE
RATING OF MORE THAN 6,000
POUNDS. B6 dba 88 dba

(3) A MOTORCYCLE : 82 dba 86 dba
(4) ANY OTHER MOTOR VEHICLE AND

ANY COMBINATION OF VEHICLES
TOWED BY A MOTOR VEHICLE. 76 dba 82 dba
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(B) A MOTOR VEHICLE MANUFACTURED OR ALTERED AFTER THE
FOLLOWING DATES SHALL NOT PRODUCE NOISE WHICH EXCEEDS THE
FOLLOWING NOISE LIMITS: . S
(1) A MOTORCYCLE MANUFACTURED AFTER

JULY 1, 1971, AND BEFORE JULY 1, ‘ |
1973. - . 3 88 dbA

(2) A MOTORCYCLE MANUFACTURED AFTER : :

JULY 1, 1973. .86 dbA
(3) A MOTOR VEHICLE WITH A GROSS VEHI-

CLE RATING OF 6,000 POUNDS OR MORE

MANUFACTURED AFTER JULY 1, 1971, AND

BEFORE JULY 1, 1973, 88 dbA
(4) A MOTOR VEHICLE WITH A GROSS VEHI-

CLE WETGHT OF 6,000 POUNDS OR MORE

MANUFACTURED AFTER JULY 1, 1973. 84 dbaA

{5) ANY OTHER MOTOR VEHICLE MANUFAC- ,
TURED AFTER JULY 1, '1973. 84 dbA

(C) THE NOISE LEVEL SHALL BE MEASURED WITH "A"
WETGHTING AT A DISTANCE OF NOT LESS THAN 50 FEET FROM THE
CENTER OF THE LANE OF TRAVEL, PURSUANT TQ RULES PROMULGATED
BY THE DEPARTMENT OF STATE POLICE AND THE STATE HIGHWAY
COMMISSION. THIS SECTLON SHALL NOT APPLY TO WARNING DEVICES
ON AUTHORiZED EMERGENCY VEHICLES OR TO VEHICLES MOVING UNDER
A SPECIAL PERMIT.

(D) A PERSON SHALL NOT HAVE A CAUSE OF ACTION PURSUANT
TO THIS SECTLON AGAINST A MANUFACTURER OF A VEHICLE OR A
COMPONENT PART THEREOF BECAUSE OF A BREACH OF EXPRESS OR
IMPLTED WARRANTY UNLESS THE MANUFACTURER DTD NOT COMPLY WITH
NOISE LIMIT STANDARDS OF THIS ACT APPLTCABLE TO MANUFACTURERS
AND Iﬁ EFFECT AT THE TIME THE VEHICLE OR COHPONENT PARI WAS

FIRST SOLD FOR PURPOSES OTHER THAN RESALE.

:
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(E)' WHEN A PERSON IS CONVICTED OF VIOLATING THIS
SECTION WITHIN 1 YEAR OF PURCHASE OF A NEW VEHICLE, THE
SELLER SHALL REIMBURSE THE PERSON THE AMOUNT OF THE FINE

" AND COSTS IMPOSED AND SHALL CORRECT THE VIOLATION TC COMPLY

WITH THIS SECTION WITHIN 30'DAYS OF NOTIFICATION OR MAKE

FULL REFUND OF THE PURCHASE PRICE INCLUDING TAXES AND ALL

OTHER CHARGES OF THE VEHICLE.,
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HOUSE BILL NO. 4115

Referred to Committee on Comnservation and Recreation.
Che. S ) KR IERRR

kS

A bill to amend section 707 of Act No. 300 ofitﬁgiPuBlic
Acts of 1949, entitled as amended |
"Michigan vehicie code,"
as amended by Act No. 134 of the Public Acts of 1969, being
section 257.707 of the Compiled Laws of 1948.

THE PEOPLE OF THE STATE OF MICHIGAN ENACT:

Section 1. Section 707 of Act No. 300 of the Public
Acts of 1949, as amended by Act No. 134 of the Public Acts
of 1969, being section 257.707 of the Compiled Laws of
1948, 1s amended to read as follows:

Sec. 707. (a) Every ALL motor wehiele VEHICLES AND
MOTORIZED CONSTRUCTION EQUIPMENT,—iﬂeiu&iﬁgﬂevery~metefeyele
er-motor-driver-eyerey shall at all times be equipped with
a muffler in good working order and in constant operation
to prevent excessive or unusual noise and annoying smoke
&ﬁ&—ﬂe~pefseﬁ—sh&}}—femevey-éestfay—er—&&mage—&ﬁy-@r—al&
‘ef—the-baffles—eenEaiﬁeéniﬁ—sueh—muffkef;—ﬁerush&}l—&ﬁy
pefseﬁ—uae—a~muf£}ef—euteuE;-by—p&as;~er—simi}&f—éeviee"upeﬁ
a—meEefeyele-er—meEef—éfiveﬁ—eyele—eﬁ—&ﬁy—highw&y—effstfeetf

(B) AN EXHAUST SYSTEM CONSISTING OF 1 OR MORE PIPES
WITHOUT BAFFLES OR SOUND ABSORBING MEANS, WHETHER STRATIGHT
OR CURVED AND WHETHER OF CONSTANT OR VARYING CROSS SECTIOX,
SHALL BE DEEMED NOT TO CbNTAIN AN EFFECTIVE MUFFLER.

{C) IT IS UNLAWFUL TO HAVE ANY DEVICE ON A MUFFLER
WHICH PERMITS AN ADJUSTMENT TO BE MADE OF THE NOISE LEVEL

OR TYPE OF SOUND EMITTED
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(D) IT IS UNLAWFUL TO MODIFY OR REMOVE PARTS OF A
STANDARD MUFFLER, OR TO UTILIZE TRUMPET OR OTHER AMPLIFIERS
AS PART OF THE EXHAUST SYSTEM OF A MOTOR VEHICLE.

(E) 1IF NOISE IS IN EXCESS OF THE ACCEPTABLE SOUND
LEVEL, AS HEREIN DEFINED, AND SHALL EMANATE FROM A VEHICLE,
SUCH EVIDENCE SHALL CONSTITUTE AND BE ADMITTED AS PRESUMPTIVE
EVIDENCE THAT IT WAS PRODUCING EXCESSLVE NOISE.

(F) NO PERSON SHALL SELL, GIVE FOR USE UPON, INSTALL
OR USE ON ANY MOTOR VEHICLE OPERATED IN THIS STATE, ANY TYPE
OF MUPFLER THAT SHALL CAUSE THE NOISE EMITTED BY THE MOTOR
OF SUCH VEHIGLE TO BE ABOVE THE ACCEPTABLE SOUND LEVEL OR IN
VIOLATION OF THIS SECTION.

(G) AS USED IN THIS SECTION "ACCEPTABLE SOUND LEVEL"
REFERS TO A SOUND LEVEL WHICH HAS A VALUE OF 90 DECLBELS OR
LESS. SOUND LEVEL MEANS THE NOISE EMANATING FROM ANY MOTOR
VEHICLE AND MEASURED IN ACCORDANCE WITH THE LATEST STANDARDS
PUBLTSHED BY THE SOGCIETY OF AUTOMOTIVE ENGINEERS.

£+ (H) The engiqe and pﬁwer mechanism of every
motor vehicle shall be so equipped and adjusted as to

prevent the escape of excessive fumes or smoke.
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AMENDMENT TO HOUSE BILL NO. 4115

A bill to amend sectiom 707 of Aet No. 300 of the Public
Acts of 1949, entitled as amended

"Michigan vebhlcle code,"

as amended by Act No. 134 of the Public Acts of 1969,
being section 257.707 of the Compiled Laws of 1948,

THE PEOPLE OF THE STATE OF MICHIGAN ENACT:

Section 1. Section 707 of Act No. 300 of the PuElic
Acts of 1949, as amended by Act No. 134 -of the Public
Acts of 1969, being section 257.707 of the Compiled Laws

of 1948, is amended to read as follows:

Sec. 9a (1) "DECIBEL" MEANS A UNIT OF SOUND PRESSURE
LEVEL ON A LOGARITHMIC SCALE MEASURED RELATIVE TO THE
THRESHOLD OF SOUND PRESSURE NEEDED FOR HUMAN HEARING, OR
10-16 SCALE WATTS PER SQUARE CENTIMETER.

(2) "dbA" MEANS DECIBELS MEASURED ON THE A-WEIGHTED
SCALE.

Sec. 707. (a) Ewvery A PERSON SHALL NOT OPERATE A

motor vehicle, dnreiuding-every motorcycle, er motor driven
cycle, OR MOTORIZED CONSTRUCTION EQUIPMENT UNLESS IT IS
shelt-at-att-times-be equipped with a muffler in good

working order and in constant operation, AND UNLESS IT IS
EQUIPPED AND ADJUSTED to prevent excessive SMOKE or uwnusuel
noise IN EXCESS OF THE STANDARDS OF THTS SECTION. -end-asrney-
ing-smeker-and-ne A person shall NOT remove, destroy or

damage -eny-er-att-of-the~-baffiles A BAFFLE eenteined in sueh

THE muffler. smrer-shatt-any A person SHALL NOT use a
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mnuffler cutout, bypass or similar device upon a motorcycle
or motor driven cycle on amy A highway or street.

(b) ZThe-erpgine-and-pewer-meechanism-ef-every-meoter

vehiele-shati-be-se-equipped-—and-adjusted-as-te-prevent-the

ese&peneE—exeessive—fumes—er—smekeT A PERSON SHALL NOT SELL,

TRANSFER, INSTALL, CAUSE TO BE INSTALLED, OR ALTER UPON A
VEHICLE AN EXHAUST SYSTEM OR SOUND MUFFLING DEVICE, OR A
PART THEREOF, WHICH WILL PERMIT THE VEHICLE TO EMIT NOISE
OR SMOKE IN VIOLATION OF THE STANDARDS OF THIS SECTiON.

(C) A PERSON SHALL NOT OPERATE A MOTOR VEHICLE WITH
A MANUFACTURER'S GROSS WEIGHT RATINé OF 6,000 POUNDS OR
MORE IN A MANNER AS TO EXCEED 86 dbA AT A DISTANCE OF 50
FEET FROM THE CENTER OF THE LANE OF TRAVEL AT SPEEDS OF
35 MILES PER HOUR OR LESS, OR 88 dbA AT A DISTANCE OF 50
FEET FROM THE CENTER OF THE LANE OF TRAVEL AT SPEEDS OF
MORE THAN 35 MILES PER HOUR.

(D) A PERSON SHALL NOT OPERATE A MOTOR VEHICLE WITH
A MANUFACTURER'S GROSS WEIGHT RATING -OF LEéS THAN 6,000
POUNDS, A MOTORCYCLE OR A MOTOR DRIVEN CYCLE IN A MANNER
AS TO EXCEED 82 dbA AT A DISTANCE OF 50 FEET FROM THE
CENTER OF THE LANE OF TRAVEL AT SPEEDS OF 35 MILES PER
HOUR OR LESS, OR 86 dbA AT A DISTANCE OF 50 FEET FROM THE
CENTER OF THE LANE OF TRAVEL AT SPEEDS OF MORE THAN 35
MILES PER HOUR.

(E) A PERSON SHALL NOT OPERATE MOTORIZED CONSTRUCTION
EQUIPMENT IN A MANNER AS TO EXCEED'BB dbA AT ANY POINT ON

THE BOUNDARY OF THE CONSTRUCTION SITE.
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(F) A PERSON SHALL NOT SELL, TRANSFER OR OFFER FOR
SALE A MOTOR VEHICLE, MOTORCYCLE, MOTOR DRIVEN' CYCLE OR
MOTORIZED CONSTRUCTION EQUIPMENT'WHICH:PRODUCES NOLSE" .

GREATER THAN THE FOLLOWING LIMIT AT A DISTANCE OF 50 FEET

FROM THE CENTER OF THE LANE OF TRAVEL.
(1) MANUFACTURER'S GR0OSS WEIGHT RATING OF 6,000

POUNDS OR MORE:

(i) MANUFACTURED BEFORE JANUARY 1, 1973........ 86 dbA

(ii) MANUFACTURED ON OR AFTFER JANUARY 1, 1973..84 dbA

(2) MANUFACTURER'S GROSS WETGHT RATING OF LESS THAN

6,000 POUNDS:

(i) MANUFACTURED BEFORE JANUARY 1, 1970........88 dbA
(i1) MANUFACTURED ON OR AFTER JANUARY 1, 1970
AND BEFORE JANUARY L1, 10973 .cceueeecrenaeerens .86 dbA
(iii) MANUFACTURED ON OR AFTER JANUARY 1, 1973
AND BEFORE JANUARY 1, 1975..... e eeeeaeeaes84 dbA

(iv) MANUFACTURED ON OR AFTER JANUARY ‘1, 1975..82 dbA

(G) THE NOISE LIMITS PROVIDED IN THIS SECTION SHALL
INCLUDE. ALL ELEMERTS OF NOISE, SUCH AS ENGINE NOISE, TIRE
NOISE, AND ANY OTHER NOISE EMITTED BY A VEHICLE, EXCEPT THE

HORN. A HORN OR OTHER WARNING DEVICE SHALL NOT EXCEED NOISE

LIMITS ESTABLISHED BY RULE PURSUANT TO THIS SECTION.

(H) WHEN MORE THAN 1 VEHICLE IS COUPLED TOGETHER, OR

TRAILERS OR SIMILAR ATTACHMENTS ARE COUPLED TOGETHER, ALL

VEHICLES, TRAILERS OR ATTACHMENTS WHICH ARE COUPLED TOGETHER

CONSTITUTE 1 VEHICLE FOR THE PURPOSES OF THIS SECTION.

S
ES B
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(I) 1IN A PROSECUTION UNDER THIS SECTION, A SHOWING
THAT AN EXHAUST SYSTEM OR SOUND MUFFLING DEVICE DID NOT
MEET THE STANDARDS OF THIS SECTION WHEN INSTALLED BY
ANOTHER PERSON, AND THAT THE DEFENDANT DID NOT HAVE REASON
TO BELIEVE AT THE TIME OF INSTALLATION OR A SUBSEQUEKRT TIME
THAT THE SYSTEM OR DEVICE DID NOT MEET THE STANDARDS,
CONSTITUTES AN AFFIRMATIVE DEFENSE. |

(J) THE DEPARTMENT OF STATFE POLICE SHALL PROMULGATE
RULES FOR THE ENFORCEMENT OF THIS SECTION. WHERE NOISE
LTMITS HAVE BEEN PROVIDED FOR A MEASURING DISTANCE OF 50
FEET FROM THE CENTER OF THE LANE OF TRAVEL, THE DEPARTMENT
SHALL ESTABLISH A TABLE OF EQUIVALENTS, SO THAT THE ACTUAL
HEASUREMENT MAY BE TAKEN AT ANY DISTANCE. THE DEPARTMENT
SﬁALL REPORT TO THE GOVERNOR AND THE LEGISLATURE ANNUALLY

THﬁHSTATUS OF THE NOISE CONTROL PROGRAM, DEVELOPMENTS IN
ﬁbISE CONTROL TECHNOLOGY AND RECOMMENDATIONS FOR THE

IMPROVEMENT OF THE STANDARDS AND THETR ENFORCEMENT.
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HOUSE BILL NO. 4200

Referred to Committee on Conservation and Recreation.

A bill to amend section 707 of Act No. 300 of the Public
Acts of 1949, entit&edras amended
"Michigan vehicle code,"”
as amended by Act No. 134 of the PublicJActS'of'I969;
being section 257.707 of tﬁe Compiled Laws of 1948.
THE PEQPLE OF THE STATE OF MICHIGAN ENACT:

Section 1. Section 707 of Act No. 300 of the Public
Acts of 1949, as amended by Act No. 134 of the Public
Acts of 1969, being section 257.707 of the Compiled Laws
of 1948, is amended to réad as follows:

Sec. 707. (a) Bwery ALL motor vehiete VEHICLES,
including every motorcycle or motor driven cycle WHEN BEING
.OPERATED ON A HIGHWAY OR ROAD AND MOTORIZED CONSTRUCTION
EQUIPMENT, shall at all times be equipped with a muffler in
good workiﬁg order and in constantroperation.to prevent
excessive or unusual noise and annoying smoke,-and-ne
pefseﬂ—sh&}}—femevey—&esErey—er—é&mége—aﬂy—ef~&}1—e£—ehe
baffkes—eeﬂtaiﬂgd—iﬂ—suehamuffier;uﬁer—sh&}}—&ay—pefseﬁ
use—&-muffkef—euteut;—byp&ss—ef—simii&r—deviee~upeﬁ;&—mstef
eye}e~er—metef—&riveﬁueye}e—eﬂ—&ny"highw&y-ef—streeef

(B) AN EXHAUST SYSTEM CONSISTING OF 1 OR MORE PIPES
WITHOUT BAFFLES OR SOUND ABSORBING MEANS, WHETHER SfRAIGHT
OR CURVED AND WHETHER OF CONSTANT OR VARYING CROSS SECTION,

SHALL BE DEEMED NOT TO CONTAIN AN EFFECTIVE MUFFLER
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(c) IT IS UNLAWFUL TO HAVE ANY DEVICE ON A MUFFLER
WHICH PERMITS AN ADJUSTMENT TO BE MADE OF THE NOTSE LEVEL
OR TYPE OF SOUND EMITTED.

(D) IT IS UNLAWFUL TO MODIFY OR REMOVE PARTS OF A
STANDARD MUFFLER, OR TO UTILIZE TRUMPET OR OTHER AMPLIFIERS
AS PART OF THE EXHAUST SYSTEM OF A MOTOR VEHICLE.

(E) IF NOISE IS IN EXCESS OF THE ACCEPTABLE SOUND

LEVEL, AS HEREIN DEFINED, AND SHALL EMANATE FROM A VEHICLE,

SUCH EVIDENCE SHALL CONSTITUTE AND BE ADMITTED AS PRESUMPTIVE

EVIDENCE THAT IT WAS PRODUCING EXCESSIVE NOISE.

(F) NO PERSON SHALL SELL, GIVE FOR USE UPON, TNSTALL
OR USE ON ANY MOTOR VEHICLE OPERATED IN THIS STATE, ANY
TYPE OF MUFFLER THAT SHALL CAUSE THE NOISE EMITTED BY TgE
MOTOR OF SUCH VEHICLE TO BE ABOVE THE ACCEPTABLE SOUND
LEVEL OR TN VIOLATION OF THIS SECTION.

(G) AS USED IN THTS SECTION "ACCEPTABLE SOUND LEVEL"
REFERS TO A SOUND LEVEL WHICH HAS A VALUE OF 90 DECIBELS
OR LESS. SOUND LEVEL MEANS THE NOISE EMANATING FROM ANY
MOTOR VEHICLE AND ﬁEASURED IN ACCORDANCE WITH THE LATEST
STANDARDS PUBLISHED BY THE SOCIETY OF AUTOMOTIVE ENGINEERS.

€3> (H) The engine and power mechanism of every
motor vehicle shall be sé equipped and adjusted as to

prevent the escape of excessive fumes or smoke.
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AMENDMENT TO HOUSE BILL NO. 4200

Sec. 707. (A) NO PERSON SHALL OPERATE EITHER A MOTOR
VEHTCLE OR COMBINATION OF VEHICLES INCLUDING EVERY MOTOR=-

CYCLE OR MOTOR DRIVEN CYCLE WHEN BEING OPERATED ON A HIGHWAY

OR ROAD AND MOTORIZED CONSTRUCTION EQUIPMENT OF A TYPE SUB-
JECT TO REGISTRATION AT ANY TIME OR UNDER ANY CONDITION OF
GRADE, LOAD, ACCELERATION OR DECELERATTION IN SUCH A MANNER

AS TO EXCEED THE FOLLOWING NOISE LIMIT FOR THE CATEGORY OF

MOTOR VEHTICLE BASED ON A DISTANCE OF 50 FEET FROM THE CENTER

OF THE LANE OF TRAVEL WITHIN THE SPEED LIMITS SPECIFIED IN

THIS SECTION:

SPEED LIMIT SPEED LIMIT
OF 35 MPH OF MORE
OR LESS THAN 35 MPH
(1) ANY MOTOR VEHICLE WITH A
MANUFACTURER'S GROSS VEHICLE WEICHT
RATING OF 6,000 POUNDS OR MORE AND

ANY COMBINATION OF VEHICLES TOWED

BY SUCH MOTOR VEHICLE ON AND AFTER

JANUARY 1, 1973 .. ciiiiinnnnnennns . 86 dba 30 dbA
(2) ANY MOTORCYCLE OTHER THAN

A MOTOR DRIVEN CYCLE.....vuvuuennn 82 dbA 86 dbA

(3) ANY OTHER MOTOR VEHICLE

AND ANY COMBINATION OF VEHICLES

TOWED BY SUCH MOTOR VEHICLE AND

MOTORIZED CONSTRUCTION EQUIPMENT.. 76 dbA 82 dbA

(B) THE DEPARTMENT SHALL ADOPT RULES ESTABLTISHING THE

TEST PROCEDURES AND INSTRUMENTATION TO BE UTILIZED.
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(C) THIS SECTION APPLIES TO THE TOTAL NOISE FROM A
VEHICLE OR COMBINATION OF VEHICLES AND SHALL NOT BE CONSTRUED
J AS LIMITING OR PRECLUDING THE ENFORCEMENT OF ANY OTHER PRO-

T VISIONS OF THIS ACT RELATING TO MOTOR VEHICLE EXHAUST NOISE.

(D) FOR THE PURPOSE OF THIS SECTION, A TRUCK, TRUCK-
?ﬁ TRACTOR OR BUS THAT IS NOT EQUIPPED WITH AN IDENTIFICATION
“ PLATE OR MARKING BEARING THE‘MANUFAC$URER'S NAME AND MANU-
ji . FACTURER'S GROSS VEHICLE WEIGHT RATING SHALL BE CONSTDERED

5 AS HAVING A MANUFACTURER'S GROSS VEHICLE WEIGHT RATING OF

6,000 POUNDS OR MORE IF THE UNLADEN WEIGHT IS MORE THAN
5,000 POUNDS,

(E) NO PERSON SHALL HAVE A CAUSE OF ACTION RELATING
TO THE PROVISIONS OF THIS SECTION AGAINST A MANUFACTURER
OF A VEHICLE OR A COMPONENT PART THEREOF ON A THEORY BASED
UPON BREACH OF EXPRESS OR IMPLTED WARRANTY UNLESS IT IS
ALLEGED AND PROVED THAT SUCH MANUFACTURER DID NOT COMPLY
WITH NOISE LIMIT STANDARDS OF THIS ACT APPLICABLE TO MANU-

FACTURERS AND IN EFFECT AT THE TIME SUCH VEHICLE OR COM-

PONENT PART WAS FIRST SOLD FOR PURPOSES OTHER THAN RESALE.
Sec. 707A. (A) NO PERSON SHALL SELL OR OFFER FOR

SALE A NEW MOTOR VEHICLE WHICH PRODUCES A MAXIMUM NOISE

EXCEEDING THE FOLLOWING NOISE LIMIT AT A DISTANCE OF 50

FEET FROM THE CENTERLINE OF TRAVEL UNDER TEST PROCEDURES

ESTABLISHED BY THE DEPARTMENT:
(1) AXNY MOTORCYCLE MANUFACTURED BEFORE

N JANUARY 1, 1970....c00cvunn.. T T T T P 92 dbA
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(2) ANY MOTORCYCLE OTHER THAN A MOTOR DRIVEN
g O B R
CYCLE, MANUFACTURED ON OR AFTER JANUARY l 1970 o

AND BEFORE JANUARY 1, 1973.........ﬁ.............._ 88 dbA

(3) ANY MOTORCYCLE, OTHER THAN A MOTOR DRIVEN
CYCLE, MANUFACTURED ON OR AFTER JANUARY 1, 1973... 86 dba

(4) ANY MOTOR VEHICLE WITH A GROSS VEHICLE

WEIGHT RATING OF 6,000 POUNDS OR MORE MANUFACTURED
ON OR AFTER JANUARY 1, 1968, AND BEFORE JANUARY

1, 1973..........................}................‘ 88 dbA

(5) ANY MOTOR VEHICLE WITH A GROSS VEHICLE

WEIGHT RATING OF 6,000 POUNDS OR MORE MANUFACTURED

ON OR AFTER JANUARY 1, 1973 ... cuuenserenonennnnnn. 86 dba

(6) ANY OTHER MOTOR VEHICLE MANUFACTURED ON

OR AFTER JANUARY 1, 1968, AND BEFORE JANUARY 1,

1973...... T DR

(7) ANY OTHER MOTOR VEHICLE MANUFACTURED

AFTER JANUARY 1, 1973, . .0 iuuniiiveeenunnmnnneneee. 84 dbA

(B) TEST PROCEDURES FOR COMPLIANCE WITH THIS SECTION

SHALL BE ESTABLISHED BY THE DEPARTMENT, TAKING INTO CONSIDER-

ATION THE TEST PROCEDURES OF THE SOCIETY OF AUTCMOTIVE

ENGINEERS
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APPENDIX B

COMPUTER PROGRAM FOR THE NOISE
PREDICTION METHOD FOR NCHRP REPORT NO. 117
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COMPUTER PROGRAM FOR THE NOISE
PREDICTION METHOD OF NCHRP REPORT.NO, 117

Flow charts of the mainline program (Fig. 28) and the three subrou-
tines (Fig. 29) andthe entire program listing are included in this appendix.

Assuming that time share capability is not available to all users, the
program can be modified to run on batch prOCessing._

The WRITE and FORMAT statements which request the insertion of
certain data can be deleted for batch processing. Care should be taken
when deleting WRITE statements having line numbers which are addressed
from other parts of the program.

Also, the file statement at the beginning will need to be changed to the
proper card reader and printer numbers and the free field format (/) on the
READ statements must be modified.

Since this was written for a Burroughs B5500, other CPU's will re—
quire the usual changes to cover the few differences in the many versions
of FORTRAN IV that exist.

Inquiries regarding this program
should be directed to:

Highway Research Laboratory
735 East Saginaw Street

Lansing, Michigan 48906

Tel. 517-373-2730
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INETIALIZE

CALCULATE Lsg & Lig
FOR A PART!IGULAR ROADWAY
ELEMENT AND LANE GRCUFR

- !
THERE ONLY

YES

ONE LANE GROUP

IS THIS
THE 18T LANE
GROUP

dB SUM THIS
LANE GROUP'S Lsg & Lig
WITH PREVIOUS TOTALS

ANY
MORE LANE N0

GRCUPS

YES

STORE THIS LANE
GROUP'S Lo & Lio.

INCREMENT LANE
GRCOUP GOUNTER

1S
THERE ONLY

YES

GNE ROADWAY
ELEMENT

YES 15 THiS3 THE

12T RCADWAY
ELEMENT,

dB 5UM THIS ROADWAY
ELEMENT'S Lgg 8 Lyg
WITH PREVIOUS TOTALS

ANY
MORE, ROADWAY s, NO

ELEMENTS

- YES

STORE THIS ROADWAY
ELEMENT'S Lsg & L.

INCREMENT ROADWAY
ELEMENT CQUNTER

SIGN
OF CONTINUE
SNDICATOR

Figure 28.

Computer program flowdiagram for calculating 1. levelsby the

"Complete Method' of NCHRP Report No, 117.
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APPENDIX C
COMPUTER PROGRAM FOR THE STATISTICAL METHOD

OF NOISE SIMULATION OF NCHRP REPORT NO. 78
AS MODIFIED BY MICHIGAN DEPARTMENT OF STATE HIGHWAYS
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&« FF i ¢ NDITSE STHULATION LE L 1Y

HT1GHHRSEY TR
PATH POINT (X¢YsZ) = .0 100.0 0.0
PATH POINT {X»Ys2} = 0,0 2v0,0 C.0
PATH POINT (XsYsZ) = 0,0 3u0.0 0.0
PATH POINT {Xs¥aZ)} = 0,0 400,08 0.0
PATH POINT (X2YsZ} = 0,0 300.0 0.0
PATH POINT {Xs¥sZ) = 0,0 400,00 0.0
PATH PDINT {X»¥sZ} = 0.0 7UU,0 0.0
FATH POINT {X»¥sZ} = 0,0 800.0 0.0
PATH POINT (XrYsZ) = 0,0 500,0 040
PATH POINY (X#Ye2) = 9,0 1000.0 .0
PATH POINT (X»YrZ) = 0,0 1100.0 0.0
FATH POINT (XeY¥2Z) = 0,0 t200.0 040
PATH POENT (X%sYsl) = 0,0 1300.0 0,0
PATH POINT (X»¥s2} = 0.0 1400.0 0.0
PATH PDINT {KsYsl) n 0.0 1500.0 Cs0
PATH PDINT (X:Y¥sl) = 0.0 160040 0.0
PATH POINT (Xs¥s2) w 0,0 1700,.0 0.0
~PATH POINT (Xs¥sQ) = U,0 1800,0 0.0
PATH POINT (XsYsZ) = 0,0 1900.0 C.0
PATH POTNT (Xs¥r2) = 0,0 2000.0 ga.C
PATH POINT (Xs¥sZ) w 0.0 2i0C.0 [-1%)]
PATYH POINT {Xs¥sZ} m 0.0 22n0,0 0.0
PATH PDINT {XNs¥sZI} = 0,0 2300.0 0.0
PATH POINT (XoYsI} = 0,0 240040 a0
PATH POINY {XsY¥sI} = 0,0 2%00,0 0.0
PATH POINT {X»YsZ} w 0,0 2Z400,0 0.0
PATH POINT (XsYs2} = 0,0 27u0.0 Uen
PATH POINT {XaYs2} = 0,0 2800.0 0.0
PATH POINT (XaYsld a 0,9 2900.0 0.0
PATH POINT {(XsYsZ} = U.Q 3000.,0 0.0
PATH POINT (X»Ys2} = U,0 3100,0 0.0
PATH POINT. (XsYsZ3} = U0 3200.0 0.0
PATH POINT (X»Y22) m U,0 3300.0 0.0
PATH POINT (XsYs2) = U,0 35U0,0 0,0
PATH POINT {XsYr I} = 0.9 350040 0.0
PATH POINT (XrYsZ) = .0 3800.0 0.0
PATH POINT (X#+Ys2) = U0 3700.0 0,0
PATH PODINT (Xs¥2Z) 3 0,0 3c¢0.0 0.0
PATH POINT (Xs¥YsZ) = 0,0 3900,0- 0.0
PATH POENT (X»¥sZ) = 0,0 A0V0.0 0,0
PATH POINT (Xs¥sZ) » 0.0 41v0.0 0,0
PATH POEINT (X:Ys2) = 0,0 4200.0 0,0
PATH PODINT {%+Ys2) » 0.0 §300.40 0.0
PATH POINT (X»¥sZ) = 0.0 8400.0 0.0
PATH POINT (X:Ys2) = 0.0 4500.0 0,0
PATH POINT {(XsY22) ® 0,C 2600.,0 0.0
FATH POINT (XsYsZ) = 0.0 8700.0 0.0
PATH POINT (XsYsZ) m 0.0 4800.0 0,0
PATH POINT (XrYs2) = 0.0 4500.0 0.0
PATH POINT (XsY¥s2) = 0,0 5000.0 0.0
UBS. POINT (XsY¥s2) = 100.0 2a%0.0 0.9
LANE OFFSET (HsV) = 640 0,0
LANE OFFSET (Ha¥) w =4.0 L]
HB HR HO [:}! BARR LENGHY
11,0 4.0 0.0 7h.0 3.0 50,8 5040

AIR AYTEN,.» &3%B0QU RH7
2,00 2.00 Q+30 0460 .00 1.20 2,40 5,20

YEMTCLE CATAGORY 1SPECTAUMs 43%8000 HZ

47,00 48,00 4&5,0p 63.00 63.00 96,00 S0,00 482,00
HEF, DISY., (FT) = 50,9
REF, SPEED (WPK) = 50,00

VEHICLE CATAGORY 2SAECTRUM» &3=B000 HZ
78,00 B83.00 84.00 B0.00 79,00 72,00 43.00 5S4.00
REF, DIST. (FT) = S0.0
HEF, SPEED (WFH) = 0,00
HIX FOR LANE 1 80,00 20,00
HIX FOR LANE 2 80,00 20,00

SPEEQ IN MPH FOH LANES 1=NL
40,0 60,0

UGENSITY [N ¥PM FOR LANES 1=NL
100,00 100,00

SNAPSHOTS = 40

RUN = AUN

Output listing for the problem input.
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L R T T |

DBA pac BANDS &3 = 8000 HZ
.27 03,63 Tha03 7BeSH  T8.Q7 7T4.79  TZ:81 86,27 60,01 91+9% ND BARRIER
87,451 78431 73,87 Tda31 T1.90 49,20 5%.9% 32,74 41,49 30.48 BAHRIERA

VEHICLE POPULATION FOR LANES I = NL
1 18,0 11.0
Z a0 1.0

TRAFFIC SPAN (FT) FNR LANES 1 » NL
1098,3 B821.8

A A R R N S N R L T T LT e

0B AL BANDS 43 = 8000 HZ
Te.2% 845,80 TY+07 B0.568 HQ.¥6 77,280 73,68 T0.0) 41,45 93.07 NO BARRIEH
To.42 8g.92 3417 T7.03 73.02 68,44 61,77 55,33 43,%3 32,11 BAHRIER

YEHILLE POPULATION FOR EANES 1 = NL
1 13,0 0.0 -
2 1.0 2o

TRAFFIC SPAN (FT} FNR LANES 1 = NL
907.5 242.2

M R R N L R L R T L T T e

DAA bAC BANDS 463 = HOOD HZ
T7.15 8l.623 7517 78451 TB.04 . 75,04 T1.72 67499 59,44 91,13 NI HAMRIEN
87,29 78,15 T2e91 74426 T1.71 65,18 59,04 52.18 40,89 29,42 HARRIEH

YEHICLE POPULATLON ¢AR LANES 1 = K|
1 0.0 8.0
2 2.0 L

TRAFFIC SPAN (F¥) FOR LANES 1| = ML
604.8 38,1

""I"l.'l'l"""l-oll.lllll---l-'th!llll.-t.-ll!t'l-luocilI.l’-l-lol

NOTE:
"ONLY FIRST 3 AND LAST 2 SNAPSHOTS, OF TOTAL OF 40, ARE SHOWN. "

R I I

DEA DHC BAKDS &3 » HOGO HZ
B1.,45 88,05 TBa2h BY.BA 83,68 79,77 FU.06 T1.9F  63.1% 94,45 NO BARRIER
72,14 8z.52 76403 THTS 77,08 70459 82,83 56447 46,59 32,90 BARRIFR
YEHICLE POPULATIGN FOR LANES 1 = N
1 4,0 7.0
2 4.0 1.0

TRAFFIS SPAN (FY} FOR LANES | = NL
TTa.3 269.0

L R i

Dai 0BL BANDS 631 = 8000 WZ
80,46 B7.03 TTs58 B1.83 H2.92 78.67 T4,38 T1.0% 62.3) 53472 NO BARRIER
71,07 B1.54 75437 77474 75,89 69.10 61,84 55,48 43,74 32,16 BAHRIER
YEM]CEE POPULATIUN FOR LANES 1 = L18
1 £0,0 6.0
T2 2.0 2.0

TRAFFIC SPAR (FT} FNR LAKNES 1 = WL
416.5 457,9

LN

R A N T N R L T

HEAN® T9.18 B5.89

REYx 2.40 2,48
HIN= P2.28 TH.48
LT L 84.65 91.25

MEAN SPECTRUM FOR SNARSHOTS
Té.% 83.5 §0.3 T2 T3.5 69,9 b1 5340

OISTRIBUTION OF SNAPSHOT OBA VALUES

[ ] o 2,00
73 1 2,50
1L 1 2,50
4] 1 2,50
rs 5 12,50
144 4 10,00
78 7 £7,50
79 4 §7.,50
(1] 9 22,50
L1 2 5,00
Lk 1 2,50
83 0 0,00
L} i 2,50
83 ] 0,00

Output listing for the problem input (cont, ),
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