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PREFACE

During recent vears there has undoubtedly been an increase in
environmental noise. In addition, evaryone has become more

aware of noise. Although the growth of noise may be a symbol

of growth in technology, the lncreased awareness of the public
toward noise has brought on a rapid response everywhere in

trying to abate noise. Highway traffic noise is one of the
identifiable problem areas; this has been caused by (1) increased
vehicular size and quantity, (2) greater concentration of traffic
on major highway routes, and (3) increased use of land near high-
ways to fill the residential and commercial needs of a growing .

population.

In recognition of this problem, on 26 April 1872, the Federal
Highway Administration. ("FHWA") of the U. §. Department of
Trangportion issued an’ advance copvy of its Policy and Procedure
Memorandum ("PPM"} 90-2 on "Interim Noise Standards and Pro=-
cedures for Implementing Section 109 (i) of Title 23, United
States Code."” This was updated by the 8 February 1973 final
versjon of PBM 90-2, entitled "Noise Standards and Procedures",
a copy of which is inecluded at the end of this textbock.

To agsist in the understanding and implementing of PPM 950-2,

the FHWA has made provision for conducting a one-week training
courge in the "Fundamentals and Abatement of Highway Traffic
Noilse.," This course is being given in 1973 in each of the Field
Regions of the FHWA and is availahle to qualified, selected
personnel from the various State highway agencies and the FHUWA
field offices, ‘The training course has been prepared and is
being given by the staff of Bolt Beranek and Mewman Inc.,
acoustical consultants., This manual serves as the textbook for

the training course,

The training course and the texthook are directed toward two
procedures that are in current use for preadiction and abatement
of highway noise: one procedure is bagsed on the methodology
given in Report 117 of the National Cooperative Highway Research
Program ("NCHRP"), and the other is essentially a computer method
devised by the Transportation Systems Center ("TSC"}. Both these
procedures have been approved by the FHWA,

Chapter 1 of this texthoock and the first day of the five-day
courge are devoted to Fundamentals of Sound. This includes

acoustic terminology, hasic ralationships of sound, outdoor

sound transmisgsion, and a brief review of certain aspects of
human response to noise.

Chapters 2 and 3 are covered in the second day of the c¢ourse.
Chapter 2 presents noise data of automobiles and trucks as
individual discrete sound sources, reviews hriefly the principal
components of truck noise, places autos and trucks into the
context of moving sound sources, and introduces a statistical
descriptor of highway noise, since highway noise is typically
made up of various guantities and mixtures of autos and trucks,
with each individual source emitting its own amount and type

of noise.



Chapter 3 is concerned with instrumentation and techniques for
making outdoor nolse meastrements, and contains susgestions

on the selaction of measurement times and locatiens in order

to evaluate ambient nolse levels of existing situations. Tape-
recorded samples of noises will be measured in the classroom
with the use of A-scale sound level meters.

Chapter 4 and the third day of the course are devoted to the
hasic features of highway noise prediction using the MNCHPP
Report 117 and TS procedures. This chapter draws on the basic
data of the sarlier chapterg and considers highway traffic noise
as a system: a mixture of autos and trucks; a multi-lane road~
way of varying lengths, or seqments of roads of various length
and directions: various distances from the highway to the
neighboring areas of interest, and the acoustic influence of

the intarvening region between the highway and the neighboring
areas.

Chapter 5 and the fourth day of the course include discussion
of the noise abatement treatments that are available for neise
contrel, both at the highway and off the highway. Principal
concern is given to evaluation of the attenuation (neise reduc-
tion} that can be achieved with acoustic barriers alongside the
road, since these treatments can fall within the desion and
jurisdiction of the highway engineer. Barrier designs are
reviewed from the point=-of-view of the NCHRP Report 117 and the
m3C Computer procedures, and a new nomograph 1s presented and
discugsed as a quick, useful tool for evaluating acoustic
barriers for a variety of applications.

The fifth day of the course is devoted to an interpretive
discussion of PPM 90-~2 by an PHWA representative from the
Office of Environmental Policy, and to discussions of Special
Urban Prohlems of highway noise and suggestions on the prepara-~
tion and content of the Noise Report of an Environmental Impact

Statement.

In reading the text, it may be helpful to realize that small
graphs, tables, and examples used to illustrate gpecific
details of the discussion are designated as "Sketches" and
MExhibits" and are contained within the Text material.
Graphs, charts or compilations of data of documentary or
reference value are designated as "Figures" and "Tables"

and appear at the end of each chapter in which they are used,

The principal authors of the textbook and speakers at the course
are Grant S. Anderson, Laymon N. Miller and Dr. John F. Shadley.
all of Bolt Beranek and Newman Ine. ("BBN"}. Technical
assistance for some of the texthook material has been provided
by B. Andrew Kugler, Carl J. Rosenberg, and Richard M. Schwartz.
Tn addition, Mr. Kugler will assist with some of the lectures.
Acknowledgment is gratefully given here for the BBY staff members
who helped produce this textbook: our Secretaries, Technical
Typists, Illustration and Printing Departments.

This project has been carried out under the supervision of
Harter M., Rupert of the Office of Environmental Policy, Federal
Highway Administration. Mr. Rupert or Jerry A, Reagan, also of
the Office of Environmental Policy, will speak at the training
course as the FHWA representative., fThe authors wish to express
their sincere appreciation for the direction and assistance

provided by Harter Rupert.

May, 1973
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CHAPTER 1
FUNDAMENTALS OF SOUND

In this opaning chapter, it is intaended to
provide the readar with an elementary undet-
standing of acoustics in gufficient detail
that he may be conversant with the terminology
and may underatand and appreciata tha hasic
factors involved with asund generation and
propagation as applied to highway traffic
floise. Time and space do not permit an ela-
borate acudemic development of much of the
material; textbooks or rafarence bocks in
acouatica may ba studied hy intaresated persons
for a more datailed discussion and technical
undaratanding of this subjact.

1.1 DECIBELS

Just as "feet" are umed to measure distance,
and "dagress ars usad to measurs temperatura,
"docibola" are uded to measure sound intensicy,
Tha aar is rosponasive to sounds having a tre-
mandoua spread in intensity variation: a
Ygtrong" sound, auch as a diessl truck, may
produca sound energy that is 1,000,000,000
times greater than that produced by a "weak"
aound such as & crickat, for example. Becauae
of thia large spread in everyday signal
strengths, and because the senaltivity of the
aar is more nearly logarithmic than linear in
ita rasponsa, Lt was determined long ago to
exprass sound lavals on a legaxichmic scale,
aince this can camprass the larga spread of
intongities into a more practical numarical
aystem. Thuas, "daecibels" are logarithmic -
unita, The decibal is abbraviated to "dB".

In it simplest form, a sound level in deci-
bals is expressed by the term

10 log (pi1/pa)?
whare pi and pe are two sound presaures,

Just as thera is, in concapt, at least, a
"grandard foot" that servas as a raference
length for distance measurementa, there is

a rafaranca sound prasgurd upon which the
decibal scale ia based._ This referefce is
0,0002 microbar or 2x10 * newton per square
meter, abbreviatad to "N/m*." (Both of .
thegs units, 0.0002 microbar and 2x10 * N/m?,
describa the sama prassure; they ara just
diffarant units in diffarent meagurement
systema.,) This refarence préssurs is the po
in the term: 10 log {(pi1/pe)’. Actually, this
reference base raprasents approximataly the
waakest sound that can be heard by the average
young, alert, undamaged ear in tha freguency

region of maximum sensitivity, The " 4a"
laval on the decibel scale rapresents this
waakest sound having the raference sound
prassura,

In acoustica, the word ilevel iz usad whenever
the quantity is axpregsed in decibala ralativae
to the raferenca valua, Thus, in the term

10 log (p;/pa)‘, PL and pg are pressures, and
(p1/Po) represants a presgure ratio relative to
the reference prassura ps, but 10 log [(pi/pel)?
becames A pressure level or sgund laval in
dacibals relative to tha referance preasure.
The aquaring of the pressurs ratlo, as ln
(p1/po)?, maintains the proper ralationship
betwaen pressurs, tntensiiy, and power in
acoustle tarminolegy, hut this is incidantal

to the discussion and should no% be a stumbl~
ing bloc¢k here. N reader interested in more
dapth in tha subject should refer to an
acouatlics textbook.

The faint rustling of the grass or of leaves
in the treas or a weak whisper mighe produce

a gound level of about 20 decibals, relative
to the standacd refarence value of 0.0002
microbar or 2x10° ' N/m®, HNarmal voige lavels
produce sound lavals of about 60 to 70 deci-
bels at close distance; an automobile might
also produce sound levels of about 64 to 70
dacibalsg, but at a distance of about 50 te 100
ft. B diesel truck might produce sound lavels
of 9% to 100 daclbels pear a roadway, Thesa
valuesa ara uged hare for illustyation purposes
only. Mora specific traffic noise level data
will be presented latar,

1.2 ADDITION OF DECIBELS

Since decibala are logarithmic units, sound
levels cannot be added by ordinary arithmetic
means. For axampla, if one truck produces a
sound level of 90 dB when it pamses, two trucks
would not produce 1B0 dB, Actually, two simi-
lar trucks, each at 90 dB, would combine to
produce 93 dB., Thia is almost obvious, when

it is recallad from earlier exposduras to math-~
ematics that the logarithm of 2 is 0.301, or

10 times the log of 2 would ba 1.01,

Supposa (p,/pe)? represents symbolically the
sound pressure of a truck, xelative to the
rafarancs pressure py. The sound pressura
of two exactly similar trucks would be
2{pi/pe)%. The sound preasure level of ona
vruck would be 10 leg (p/py}?, and tha

1-1
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gound prassure leval of two trucks would ha
10 log 2(p;/py) ?, each axpressed in decibals.
How, In mathematics, the logarithm of the pro-
duct of two quantities is squal to the sum of
the logarithm of each of the two gquantities,
Thus, the gound pressura level of two simi-
lar trucks may he treated as follows:

10 leg 2{p,/py) 2
= 10 log 2 + 1¢ log (p,/p,)?
= 3 + 10 log (p1/pel?

The second tarm is recognized as tha sound
prassura laval of cne truck. Thus, the sound
laval of two aqual sourcas i3 3 dB greater
than thea sound leval of just one source.

Of course, all sound sources are not agual

to one another, so a genaral mathod ls re-
quired that parmits addition of sound levals
of any value, A chart for adding sound lavels
quits accurately by “"decibael addition" is
given in RMigure l.1. This chart can be used
tae an accuracy of 0.1 dB, but most rsal=life
noige levals are not actually measured or
knaown to thia dagree of accuracy. A more
practicnl addition procadura for quickly estie
mating tha sum of two or more dacibel lavals
io given in the top of Table l.l. The ume of
this tabla will yield a sum that has an accu-
racy within 1 dB. This table is simple encugh
that it can ba memarized and used when any
quick, rough estimate is requirad. Most real=-
life noisa problems seldom justify accuracies
of haotter than 1 d8, but when desired for com-
putation purposas, an accuracy within 1/2 dB
can ba obktained by using the lower half of
Table 1.1. Where high accuracy is required
for spmcial calculations or special assump=
tiona {for arxampla, to show Amall differences
batwaon situations or to emphasize incra-
mental changes along a series of changing
aventa), the suma may he computed guite pre-
cigaly according to the chart of Pigure 1.1,
or with the usa of the lower portion of Table
1.1, but it should be realized that in prac-
tical tarms, noise levals are not really known
t0 that agcuracy. Whan computer programs, to
ba discussed lator, produce noise lavels tg
tantha of decibels, it is suggested that ac
the end of tha computation the sound levels
ba rounded off to the nearast whola numbar,

When thera are sevaral levals to ba added,

they should be added two at a time, starting
with the lower valuad lavels and cantinuing the
the addition procedure of two at a time until
only one value remains. To illustrata, sup-
poer it is desired to add the following five
sgund levels, using the summation procedure

of the uppaer portion of Table 1.1:

68 dB

= 76
75 dB::> = 81
79 dp

82 db
88 ds

=aRS5
=90 dp

Most of tha tima, the same five levela can be
added in any seguence and tha same sum will
ke obtained, as long as the lawer valued
lavela are added early:

68 dm
75 ana\ =80
0 =90 dB
79 dB::> ’/’/,4;:>

82 db

=89

a8 dB:> .
Since the upper part of Table l.1 invelves
some rounding off to whole numbers, occaslon-

ally tha addition sequence that is followed
may make a difference of as much as 1 dB in

tha total. For example
7-39 das

68 ds

75 ds il

9 dB\./’
a9

88 dB

In this last illustration, the sequenca was
selacted such that all the lowar valuad levels
ware added last and they becase negligible
comparad to the sum of the twe highest wvalues.
To minimize errors, it ia important ta com=
bine the lowar values early in the saguence.
Using Figure 1.1, for an accuracy of approxi=-
mately 0.1 dB, the sum of the above additions
becomas 8%.6 dB, So either 89 or 90 would be

an acceptable total.

When in doubt about tha sum, combine lavels
using the more accurate procadiras and then
round off the final total to the nearast inte-

ger,

Latar in the text some exceptions to this pro-
cedure will ba made in the additlen of cortain

kinds of noige levels,

wWhen considering large quantities of sasen=
tially equal noisa sourcas, it is useful to
be ahle to add them fastar than two at a time,
Again, since daclbels ara logarithmic quanti-
ties, the decibel sum of a number of aqual-
valued aound lavels is equal to the gound
leval of cne gource plus "10 log" timas the
total number of levels to he addad. This
approach is incorporated inte the following

table,

If there are several lavals of the same value
to be added together, add as follows:

Ne. of Equal Add to That
Lavels Leval
2 3 d8
3 5 da
4 6 dB
5 7 dB
6=7 8 ds
8 9 dB
9=10 10 4z
N 10 log b 4B

1-2
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For example, if one scund scurce produces a
lavel of 60 dB for a glven set of conditions,
then five similar sourcas undar the same con=
ditiond, would produco a lavel of

60 + 10 log 5
= 50 + 7
= 57 dB.

A table of "10 log N" values is given in
Table 1.2 for a uaaful ranga of values of N,
ineluding fractional valuam, This table has
usag beyond the gbwvious one of simply adding
a number of equal lavala, Suppose, £or ax-
ampla, that at a given position a sound level
of 70 db is produced by a traffic flow of
2000 automobiles per hour, and it ia desived
to know the approximate nolsa increase for a
traffic flow of 6500 automobiles par hous.
From Table 1.2, 10 log 6500 = 38 dB {appro=-
ximately) and 19 log 2000 « 33 dB. Thua, one
would expect about a 5 dB increase for the
largar flew. This anawer could bha obtained

another wayt

§33% = 3.28

10 log 3.25 = 5 4B

Thus,
70 + 5 = 75 4B for tha larger traffic flow.

As another exampls, suppose a particular
quantity of traffic producas a noise level

of 72 di for a peak hour condition, and it is
dasired to know approximately the noise level
roduction when the traffic is only J0% of
peak hour veluma, According to Table 1.2, a
value of 0,40 (or 40%) yields a reductlon of
4 dB. Thus, the lower traffic flow would
produce approximately 72 - 4 = 68 dB, Those
samplas are offered hera marely toc demon-
atrate the ganetral appllicability and versa-
tiliey of the "10 log N" values; the nodse
levels selacted are for illuatration only.

1.3 SOUND PRESSURE LEVEL

Tha ear is sensitive to sound preasura.

Sound wavas represent tiny ocscillations of
prossura in the air juat above and just balow
atmogpharic preasura. These pressure oacil-
lations impinge on the aar and "we hear tha
sound." The woakest audible soupds, menticned
earlier, having a pressura of 0.0002 microbar
or 2%10° Y N/m®, reprasent pressures af only
two=ten thousandths of a millionth of atmos~
pheric pressure {"microbar" = cne millionth
of barometric prassure).

A "sound level mater” is also sdensicive to
sound prassura, Whan a sound laval meter is
properly calibratad, it relates the sound
pressure of an jncidant gound wave to the
standard refarance pressure, and it gives a
reading in decibels ralative to that refer-

anca prossure.

A simple but expressive definiticn of "nolise"
is that it 1a "unwanted sound"; sc "nolse
level" is often used synonymously with sound
pregaurs level. Sound prassure laval is
somatimes abbreviated to "SPL" or "Lp".

There is in acouatics another somawhat simi-
lar term, "sound power lavel."” It is un-~
necassary to use sound peuwar in the highway
nolse procedures, so this guantity is not de-
fined here, The term is mentioned here cnly
to draw a distinction between sound pracaure
lavel and sound powaer level. Thay are not
the game quantity and must pot be used ingar-
changeably, It is beyond the scope of the
prasent work to become involved in scund
power data,

1.4 FREQUEKCY, HI AND CPS

With tha recent trend in U.5. and internation=
al standards to racognize the early men af
Scienca, many new names for old units are
being adopted. Tha traditional unit for fra=-
quancy in the U.S. has been "cycles per sag-
ond," abbreviated "eps". The new interna-
ticnal unit for frequency, now adopted by
U.5, standards groups, ls "Hertz", abbre-
viated “Hz", Throughout this text the naw
upit “H2" will be uzed; it has the same mean~
ing as “cycles par saecond.”

1.5 U"OVERALL" FREQUENCY RANGE AND OCTAVE
BANDS OF FREQUENCY

In order to represent properly the complata
noise characteristics of a noise source, it
is frequently nacessary to break the total
nolse down into its fregquency compenants:
chat is, to detaermine how much of the noige
is low fraeguency, how much high Erequency,
and how much is in the middle frequency range.
This is essential for any comprehensive atudy
of a noisa problem for three reaaons: - {l)
paople have differant hearing sensitivity
and different raactions to the varions fro-
quancy rangas of noise, (2) different noiae
sources have diffaring amounts of noise
across the full audio rangs of frequenciaas,
and (3} engineering solutions for reducing
or controlling noise are diffarent for low
and high frequency noise.

It is canventional practice in acoustics to
determine the fraquency distribution of a
noise by passing that noise successivaly
through saveral different filtars that sepa-
rate tha nolse into 8 or 9 "octaves" on a
frequency scale. Just ag with an "getave" on
a piano keyboard, an "octave" in sound analy-
ais represents the fragquency interval betwaen
a glven fraguency (such as 350 Hz) and twice
that fragquency {700 Hz in this illustraticn}.
The normal frequency range of hearing for mostc
paople axtends from a low frequency of about
20 Hz up to 4 high frequency of 10,000 te
15,000 Hz, or evan higher for some pagple,
Most current octave-band noisa analyzing
filters now cover the audio range of about
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22 Hz to about 1),200 Hz in nine octave fra-
quency bands. Thuse filtars are identified
by their goometric mean frequangies; hence
1000 Hz is tha label given to the octave fra-
quency band of 700-1400 Hz, The nine standard
octave bands are as follows {the numbers are
frequantly rounded off}:

Octave Gaomatric
Frequency Hean Freduency
Range of Band
{Hz) {Hz}
22-44 31
44~-88 63
B8=-175 125
175=-1340 250
350-700 500
700-1400 1000
1400-2000 200D
2800-5600 4000
5600-11,200 8000

The term “"ovarall" designates the full fre=-
quency coverage of all the octave hands,
hence 22-11,200 #z, or in some cases, 44-11,
200 Hz whan the 11 Hz band is omitred,

When a sound pressuyrs level includes all tha
audio ranga of frequency, the rasulting valua
1la called the "overall" leval. Whan thes
lavel refers to the sound in just one spaci-
£ic oeotave fraquency band, it is called an
Yoctave band level™ and the frequency band is
gither stated or clearly implied.

For some special situations, & nolse spectrum
may be studied in f£iner datall thap is pos-
sible with cctave frequency bands. In such
casea ana~third actave bands might be used.
Even narrowar f£ilter bands might he used, for
example to separate one particular frequency
from another one if it is desired to separate
the causas of a particular complex ncise.
The bandwidth and the identifying frequency
of tha band should always be specified. Such
detailed analyaes are not required for the
purposgs at hand, however,

1.6 WEIGHTING HETWORKS: A-, B-, AND C- SCALES
sound laval meters are usually equipped with
"weighting circuits" that tend to reprasent
the fraguancy tharacteristics of the average
human ear for various sound intenasitiea,
Eohica, readings are somotimas taken with "A-
scale* or "B=scale" or "C=gcala" sattings on
the metar, ‘The "A-scale" jetting of a sound
leval meter filtera out as much as 20 to 40
db of the sound below 100 Hz, while the
"Begcala" satting f£ilters put as much as §

to 20 dB of the sound balow L0Q Hz, The "C=
scale" setting is reasopnably "flat" with
frequency, i.e., it retains essentlally all
the scund signal over tha full "overall" fre-
quancy range. It is very important, when
reading A=, B~, oz C-sca*a sound levels, ko
posjtivaly identify the scale setting used.
Tha resulting valusa are called “"sound lavels"
and are fraguently identified as dBA, or dBB,
or dBC readings. Note that chese readings do

not represent true "sound pressure levels"
baecausa some of the actual signal has heen
removed by the waighting flltars,

For most acoustic appllcations the cctave
frequency band readings are the mast useful.
1t is always poasible to construct A-, B-,
or C-~scale readings from all the ogtava band
raadings, but it ias never possible to exactly
conatruct tha octave band readings from the
welghting scale readings,

1.7 A-SCALE SOUND LEVYELS

A plot of the frequency response of the A~
waighted network of a scund level meter is
shawn in Fiqure 1.2, This is taken from the
american National Standards Institute (“ANSI"}
Standard S1.4-1571 and is required te be met
by all seund lavel matera huilt ander these
standardsg, This is appraximately the fre-
guancy response of the average young ear when
ligtening to most ordinary, everyday sounds.
In many past studies, it has been found that
when people make relative judgments of the
*loudness” or "annoyance" or "disturbance” of
a noisa, thair judgments correlate gquite wall
with the A-scale sound levels of those noisas,
Thus, a sound level of 65 dBA for one noise
would typically be judged louder or more an-
noying than ancther noise of 60 dBA, when hketh
are condidered in a similar contoxt, This ls
due to tha fact that (1)} high freguency noise
{above about 500 Hz) is genarally more annoy-
ing than low frequency neise (of the same
sound pressure leval), apd (2) A-scale sound
levels essentially emphasize the high fre-
guency noise content, while rejecting some of
the low frequaency nolige content {just as the
ear does).

There are other waighting networks that have
been usad in these kinds of judgment tests;
same glve poor correlation with judgments,
while others, specially devised, may give
slightly batter correlation with the judg=-
mants of loudness or anpoyance or noisinesas.
The specially devisad weidhting networks werse
usually built around special problams or
spacial applications and those weightings do
not appear sufficiently supericr in their test
rosults to juatify conatruction, validation,
certifivation and use of sound meters having
those special welghtings for evaryday use,
Tha A~scale natwork has been ip existance fer
ovar 30 years and has been incorporated in
many U.S. seund level maters ovar that time.
Thus, it 15 an available instrument, of rela=-
tively low cost; and it has been found to
give reliable, reproducible correlation with
many jury-~typs subjective judgmants on the
noisiness of many different types of noisae.

A-scala sound levals are in current use in

many community and city neise ordlnances and
in saveral state and city highway or traffic
noise codes. Bacause of tha relatively long
apd extensive use of A-scale gound levels in
these kinds of applications, it has baen de-
cidad that A-scale sound lavels should be

-,
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uged in the procedures discussed in this taxt
and advogated by the FHNA,

It ip important to recognilze and use A-acale
sound lavels, and not to confuse them with
othar types of sound levels. Far example, a
diegal truck might pass by an gbservation
station and produce a peak noise lavel of

100 d& overall, The cverall laevel includes
all the noise over the full freguency range
of the inatrument (approximately 22-11,200 Hz
or highar). UNow, a diesel truck produces a
large amount of its total noise in the low
frequancy octave bands of 63, 125, and 250 Hz.
So, whan the noise of that truck is chaserved
on an A=gcala meter, tha A-scale filter re-
movas about 26 dB of signal strength at 63 Hz,
about 16 dB of signal strength at 125 Hz and
about 9 4B of signal strength at 250 Hz.
Thus, the A-scale sound leval of that truck
paasage might be only about 85 dBA becausa of
tha rejection of much of tha low fraquency
aighal. In ganeral, for most traffic roise
(but not all), the A-scale socund laval will
be several daclbals lowar than the overall
laval, or the "all pass" lavel or the C~-scale
laval, Whaen teading about nolse levels in
non-tachnical writings, it 1is nacessary to
raalize that the writer may have been unaware
of soma of thase diatinctions. Always axpress
nojse lavels correctly as to their walghting
scala, and be suspicious of all noise data
fap which proper defipition of the weighting
scala or the fraquency charactaristics of the
filtar ara not explicitly atated.

1.8 CALCULATED A-SCALE READING

Far this textbook, most original noise data
were obtaiped in all the octave frequency
bands and than ¢onvertad to egquivalant A-scale
readinga, so that the user could benefit from

this simpler one-number system. Within the
prosent scopc of the text and the immediate
applications envisaged by the FHWA, it is
expectad that only A-scale valuas will ba re-
quired. Howaver, for those users interested
in exploring noise data in more detall, the
method for converting octave band data teo A=
scale values i3 shown.

An mantioned in Section 1.7, ANSI Standard
$1.4=1971 gived the frequency response of the
A-gcale filtaer; this is reproducsd in the
table immediatsly below,

Octavae h=Scala
Praquency Freagquency
Band Rasponse
{Hz) (dB)
il -39
3] =26
125 -l6
250 =3
500 -3
1000 0
2000 +1
4000 +1
8000 =1

To calculate an A-scale valuas, apply the A-
scala frequency raesponse values to the known
octave band levals, band by band. Then, add
the resulting correctad band levele by "daci-
bal addition” to obtain the final A-dcale
summation.

To illustratse, suppose it is desired to cal-
culate tha A-scale sound level for a noise
made up of the octavae band sound pressure
leval (SPL) readings shown in Column 2 balow.
The A=scale correctlions are shown in Column
3, and the corrected octave hand values are
shown in Column 4, Tha Column 4 values are
then addad together by "decibel addition"
[Seaction 1.2) to obtain the resulting Bl dBA
sound level.

Calumn 1 Column 2 Column 3 Column 4
Nctave SPL In A=Scale Cerracted
Praquancy Octave Correction Rand
Band Rand Term Value
(H2) (dn) (dn) {dAR)
31 75 =39 36
83 T -26 52 Z_'_f; . 67
125 1 -16 & /> - 79
250 8 -4 = 79
500 a0 -3 17 ::=> \
1000 15 0 15 — 77 a §1 dBA
3000 a i = >oam
ooo + 65
g00n 55 -1 53 -
1=5
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1.9 SPEED AND WAVELENGTH 0OF SOURD IN AR

The apeed of sound in air i3 approximately
1100 ft per asecond for mest normal condi-
tions. Sound propagates &5 4 pressure
wava; sound is made up of vihrating air
particles sat into motion by a vibrating
solid body or by an oscillating sound
source; each air particle in the sound
wava oscillates hack and forth and strikas
its neighboring air particles. Thua, the
sound enargy is tranamitted by this
succassive tranafer of vibration from one
particle ta thes next. This “"wave train®
has a spaed of 1100 ft par second; yat
aach particle in the wave train may only
Tov; back and forth a few millionths of an
neh,

Assume,- for lllustrative purpoaes, that

an advancing sound wave can be simulated
by a very long "Slinky" spring. A quick
jerk on one end of the spring will start

a pressurs wave moving aleng the apring; a
briaf instant later another jerk will start
another pressureswave, and «o on., If
these jerka can be repeated uniformly and
periodically, a centinuing advancing wava
train can bhe ohsarved on the Slinky spring
aven though sach coll of the spring only
oscillatea back and forth a relatively
short distance. The periodic rates of
producing the jarks oh the soring might be
conalderad as the "frequency", and the
diastance hatwean successive pulses advanc-
ing along tha spring might be considared
ae the "wavelength". If the frequency of
the jerks is low, the dlatance hatween
advancing pulses on the spring is quite
larga, If the frequency of the jerks is
quite high, the distance hetween advancing
pulses on the spring ("wavelensth"} is-
duite short.

The same hagsic¢ mechaniasm exlsts in a asound
wave, where the frequency that excites the
wave and the resulting wavelength haetween
advancing pressura pulses ara related
through the valocity of sound in air,
Hence,

cm £} or A = co/f

whaere ¢ is tha veloclity of sound in air
{approximately 1100 ft/aec), £ Lls the fre-
auancy of tha sound, and ) is the re-
sulting wavelength of that freauency in
air. As examples, the following fre=-
quencles produce the following wavelengths
in air.

Fraquency Wavelength
{1z} {EE)
20 55
31 35
63 17.5
125 9
250 4.5
500 2.2
1406 1.1l
2000 .55
4000 +27
anoo 14 (=1.7 in.)
14000 .08 (w3.95 in.}

Thus, within the range of audic frequencies,
wavelenaths can range from about 50 ft to
#bout 1 in, Thias is a very large spread
and it accounts for many unusual effects

in acoustics. For axample, a sound source
1 ft in diamster is so small in terms of

a 55 ft wavelength at 20 Hz that it cannot
radiate enerqy wall at that frequency, and
the enerqy that it does radiate would have
no directivity (somewhat as a bare light
bulb radiates light in all directions).

on the other hand, a sound source 1 ft in
diametaer is gquite large for 14000 Kz sound;
it ia eoual to 12 wavelengths in diameter
and thia is large enough to radiate enerqy
efficlently and to produce a somewhat
gire$:1onal beam (aomewhat as a searchlight
aam} .

As another example, 1 in. thick acoustic
tile is =0 thin in terms of law frecuency
wavelenaths of sound that it has little
ahsorptive sffect for sounds having wave-
lengths of 10=-80 fe., PRuk, when the wave-
lenqth heains to approach the dimensions
of the acoustic tile, the material becomes
quite effactive. Acoustic tile may ahsorb
as much as 50=-90% of the incident sound |
enaray for frequencies of 5N0-50NN Hz, whose
wavaelenaths range from about 2 ft to 2 in.

A3 another axample (and this s the cne we
are really leading up to), wa may place a
barrier in front of a noise sourca, expec-
ting to provide a quiet "shadow zone®
behind the barrier. In the low frequency
reglon, a normal size barrier appears gquite
small c¢ompared to wavelengths of 10-50 ft,
so the barrler doas not provide very much
sound shieldina (it does not cast a very
gtrona "acoustic shadew"). However, for
high frecuency sound, the barrier appears
large in terms of 1 ft to 1 in, wave~
lengths and produces relatively doad
shielding.

1-6
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Whenever considering various acouatic pro-
pertias of sources, materials or sound
contral treatments, always think of the
davice in terma of wavelength dimensions.
Usually, most acoustical products will per=
form wall whan they are generally largs or
comparahle to wavelength dimenaions and
they will perform relatively poorly when
they are quite amall in tarms of wave-
length dimensiona.

1,10 SPUND LEVEL REDUCTION WITH NISTANCE

As a general rule, sound from an assen=
tially localized source spraads out uni-
formly am it travels away from the source,
and the sound level dropa off at the rate
of & dB for aach douhling of diatance.
Thia ia teferred to in acoustica as the
"inverse aquara law"., his effect is due
to apreading only, and this is an aeffect
common to all types of enerqy originating
from an easentially point source and frae
of any spacial focusaing or heam-control=-
ling devicas. This is {llustrated in
concept in Sketeh l.1 helow. Suppose X
represants a "point source" of nolse.
Suppose the noise radiates uniformly in
all directions, hut for this fllustracion
suppase we confine ocur interest to the
sound enargy that ls contained within the
s0lid andale bounded hy the four tadiating
lines shewn, At the diatance D from the
sourca, the area of the seament within
the radiating lines 1s &2 x h or A. If
we now move put to a distance 2D fram

the noisa gource, for the same solld angle
of sound propagation, each aide of the
new surface is doubled, i.e. a has in-
creased to 2a and h has increased to 2h.
The new surface area at 20 s thus 4 times
tha original area at N, or 4A. Since

the sama amount of sound energy passes
throuah both area A and araa 4A, wa gee
that the "energy per unit area" at dis-
tance 2N ig one-fourth what 1t is at
distanca N, "Energy per unit area” is
defined as

SKETCH 1.1

1-7

"intensity" of a sound signal and "intenaity"
i3 rolated to sound pressura. A reduc-

tion of a factor of 4 in intenalty is the
equivalent, then, of a 6 dB reduction in
sound level. (Recall that two equal

amounts of anerdqy produce a 3 dB ¢hange,

thus four equal amounts will produce two

3 dB changes, or & da).

Sketeh 1.1 illustrates "spherical spread-
ing" of sound from a point source. In
realitv, the small areas A and 4A are
actually only small segments of large
spharical (or hemispharical) shells that
in concept radiate out from the point
source Ln three dimensiona somewhat as
rioples radiaste cut in twoe dimensions from
a pebble dropped on the surface of a calm
pond of water,

Since a microphone, or a pearson's eapr, only
samplas a small area of aound level or sound
intensity, that microphone or ear will then
recelve a f dB lower signal for each doub-
ling of distance from the source. This i3
the easence of the "inverse scuare law",
which says that the sound pressure or
intenalty varies inversaly as the sgquare

of the distance; i.e., at twice the
distance, thé intensity decreases by a
factor of 4 (or ~f dR acveording to Tahle
1.2); at three times the distance, the
intensity daoreases by a factor of 9 (or
=-5.5 dR}; at four times the distance,
intensity decreases hy a factor of 16 {or
=12 dR}, etc.

The "inverse square law" ls reduced to tahu-
lar form in Tahle 1.3. The "starting dis-
tance” in Tahle 1.2 i3 50 ft, since this
is a distance that has heen used widely in
vehicular noise studies as a reference
distance. ™is tahle abplies to A=-zcale
aound level drop-off from a "point source",
and it takes Into account that alr

ahsorhs a certain amount of high fregquency
energy due to "molecular ahsorption' over
relatively long distances [(greater than a
few hundraed feet). Sincae A=-scale sound
lavels emphasize high fracuency noise
compenents, this "molecular absorption”
increases the rate of drop-off with dis-
tanca slightly graater than tha "lnverse
sguare law" would provide alcne. The
A-scale reduction with distance also

takes into account the approximate fre=-
dquency spectrum shape of typical vahicular
traffic noise, The loss due to this
effect has heen calculated for a few
representative distances, and lt averaqes
approximately 1 dBA per 1000 ft, starting
heyond the first 2000 ft distance. There
is alse a dmall amount of acoustic energy
loss due to sound transmissien in the
prasance of a variety of amall hut typical
atmospheric effects (discussed briefly in
Saction 1.11), These are here assicned the
falrly reasonahle value of 1 dBA per

mnn £t, starting beyond the flrast 1000 ft
distance.
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These two extraordinary effects aasoclated
with the A-scale rate of sound level reduc-
tion are most noticeable at large distances
(say ovaer 2000 ft) and are nagligible at
short distances (say undar 1000 ft). Since
most serious highway noise problems usually
arise due to clase distances to tha road-
way, the departure of A-scale levels from -
true inverams aquare law that occurs at tha
larger distances is not of major concern.
Nevertheless, these effacts are includaed
in Table 1,3 (and also in Tables 1.4 and
1.5 which are presentad latar), ‘The
mathematical conatructicn of Table 1.1 is
described approximately by the following
formalas

dBA Raduction

- 20 1og 3_3_+ D=1000 | . o-zonol
for for
B>1000 n>200Q

where D ls distance in feet,

Although Table 1.3 represents fairly accur-
ately the average rate of drop-off of A-
scale sound lavels with distance from a
single vehicle, this drop=off rate is not
raealized for moat high-traffic-density
roads becauaa an obaerver seldom hears juat
a single vehicle. Rather, an abserver near
3 welletravelled road uvaually is within
hearing range of several vahlelea, In the
limiting case, a long continuous line of
vehiclaa along a roadway becomas a "line
agurce" (as opposed to a "point source"),
And tha rate af sound level drop-off

with distanca approaches "cylindrical
spreading” which producas a 3 dB drop-off
rate for cach doublinae of distanca.*

A serles of charts (Figures 1,3-1,9) ls used
to 1llustrate a gqradual change~ovar from a
point dource to a line source. For each
chart, suppose that each aound soutds pro=-
duces a sound level of 80 dBA at a refars
ence distance of 50 ft, It iz desired ro
show in each chart the total sound lavel
at observer points A, B, C, D, and E at
diastances of 50, 140, 200, 400, and 800 Ft
reapactivaly, due to tha sound sourcss
positioned aleng & line perpandicular to
the line of cbasrver points.

" Erplrlically=dorived and analytically-

derived models demonstrating this rate of
drop=off for relatively high wraffic flow
conditiona are described in the National
Cooperative Highway Research Program
{"NCHRP") Report 78, entitled "Highway
Noise == Maazurement, Simulation, and Miged
Reactions”, 1969, and NCHRP Report 117,
antitled "Highway Noise == A Design Guide
for Highway Engineers”, 1371.

In the first chart, Figure 1.3, only a
singla sound source ls used, and its sound
reduction follews the inverse asquare law
drop-off of Table 1., producing the
axpactad 6§ dB] reduction for each doubling
of alatance frum the sopurce to the obsarver
points A, B, C, D, and E.

Figure 1.4 shows three sound squrces spaced
at 400 £t distances along the 800-ft source
line parpendicular to the observer points.
Each individual source radiatas hemispheri-
cally as a point source, but the three
sources combine to produce the lavels shown
at points A, B, C, D, and E. Notice that
the drop=-off rate (shown in the Difference
2olumn) atarts at 5.7 dBA for the first
distance doubling, then drops to 5.0 and
4.5, and then begina to rise again to 4.9
dBp per double distance ("PD") for the outer
distance doubling. totice alsc that at
point A, the presence of the nearhy source
1 produces B0 dBA, while the more remaote
sources 2 and J increase the tatal to only
80,2 dBA. Yet, at point E,; remote from all
sources, scurce 1 produces a lavel of

56 dBA while scurces 2 and 3 combine to pro-
duce 58 dBA, to gilve a total of 40.1 dBA,
(Aecuracies of 0.1 dB are used in these
charts to indicate small differaences.)

Five sources are placed at 200 ft gepara-
tion along the 400-ft source line in FPigure
1.5. Now, the drop-off rate with diatance
starts at 4,8 dBA/DD, drops to 4.1 and 4.2
and then rises to 5.1 dBA/DD. MNotlce that
sources 2-5 gt£ill produce only a small
changa (0.6 dB) on the original level pro-
duced by source ! at the closest ohserver
point A. At point E, howaver, tha §
sources produce 6.4 di higher leavel than
that produced by scurce 1 alona [Erom
Pigurs 1.3). [Question: if all 5 sources
had been located at source 1, what would
be the sound level at Peint E? At peint

A?l.

In Figure L.6, nine sources at 100 ft
spacing are distrihuted along the 800-ft
scurce line; and in Figure 1.7, seventeen
sources at 50 ft spacing are distributed
along the line. Between points A and 8,
the drop-off rate im dewn to 3.8 dBA/DD in
Figure 1.6 and down to 3.3 dBA/bH in
Figure 1.7. This shows that at relatively
clase distances to the line of sources,
many nearby sources are required to app-
reach the 3 dRA/DD value, Batwaesn the
more remote pointa €, D and E, the drop=
off rate riges into the region of 4 to §
dBA/DD in both Pigures 1.4 and l.7.

Flgure 1.8 is similar to Figure 1.6, except
that the source line has been lengthened.

i
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In Pigure 1.8, twenty-one sound sources are
uniformly distributed (at 100 ft distancas)
over a longer line, hera 2000 £t leong. Now,
the drop-off rate falla in the range of 3.4~
1.6 dBA/DD for distances out to 400 £t,

but incraases to 4.4 dBA/DD for the 800 £t
distanca.

The final c¢hart in this sequence is Figure
1.9, which doubles the length of the source
line of Plqura 1.8, For this 4000 ft line
of point sources at 100 £t spacing, it is
seen that the drop-off rate starts at 3.5
dBA/DD for the closa cbsarver points, then
drops to J.1 and then increasss to 3.5

and 3.8 dBA/DD for tha outer cbserver
points. Tha contributiona of various groupa
of thesa aources may also be seen in the
levels tabulated in Plgure 1.9, The
cantral 9 sources, for example, strongly
control the total sound level at Points A
and B, whila the More remote sourcea
gradually add more noticeably to the sound
levals at the mora ramote obsarvar points.
At Point £, all sources beyond the cantral
9 sourcaen actually produce a slightly lar-
ger total contrihution than do the 9
cantral sources.

The aignificance of this point will be
amphasizad later as we discuss nolse
control in highway design. Howaver, it
becomas obvious at this point, perhaps,
that if we should hope to achilava extenaive
noise reduction for a group of raesidences
800 £t from a long, straight, f£flat highway,
we cannot simply limit our concern to the
nearest 800 ft length of traffic (con-
tained within the central 9 sources of
FPigure 1.9), hecause other sources all
along the source line combine to produce
just aa much nolde as the relativaly few
nearest sourcea.

It ina probably apparent that additional
£1lling of the line with acund sonrces
would continua to bring the drop-off rate
down to the ultimate ] dsp per double
distanca. The significance of this
lengthly davelopment is that when we later
consider actual highway layouts and near=
by residential neighbors, we shall selact
some raazonabls value of drop-~off rate to
agaist in the estimaticn of nolse lavels
along the highway richte-of-way, We can
surmigse from Pigures 1.1-1.9, that
quantity af traffic flow and distance

from the roadway are factors that Influence
the neise drop=off either side of the high-
way, All discusaion up to this point
assumes clear lina=of-sight batweesn noise
gsources and chaservation points and no
interfarenca with sound tranamiasien; this
alose amgumas that the sound sources are
omni=diractional, that i3, each source
radiates sound uniformly in all directions.

The Difference column {(the drop~aff rate) in
Fiqures 1.4=1.Y shows a variaticn that
typically starts with a gqiven value at
close distance, which then decreases for the
medium distances, and then increases for the
qreater distances. The variatlen is not
randem, Lt actually followa a predictable
pattern. Assume it Sketeh 1.2 an array of
point sources and observer locations, some-
Yhat similar to the arrays of Figures l.4-
9.

[ Totsl Line Length “L*° J———
SGT'EE' i o - r—

Line L_
Spacin
dyeasn p"l' i

dpnb/m
Nhasryver
Linn
SKETCH 1.2

It has been shown* that for ohserver
distances d; (%o the line source) less than
a/n, the drop-off rate approaches 6 dB per
double distance; at ghserver distances
batwean d1 and d; (i.e. between a/n and
L/m), the drop-off rate approaches 3dB par
double diatance; and at observer distances
d; beyond L/, the drop-off rate approaches
6§ dB per double distance, The geometry

for this condition reguires equal spacing
"a" of the point sources, a limited line
length "L", and at least 3 sourcas in the
array, The darivation gives Jjustification
for the variations shown in Figures 1.4-1.9
aven though the values nevar guite raach the
limiting values of 3 and 6 dB. 1In effect,
this approximation tells us that at very
¢lose distances, we see {or hear) essen~
tially enly one seurce at a time, and at
very large distances the limited length of
the line of sources bewins to resemble a
point source.

* "Noilse and Vihration Control," edited by
Leo L. Beranek {McGraw-Hill Bocok Company,
1971) pages l66~168,
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For the intermadiate cbserver distances, the
array of sources behaves epproximately as a
line source, depending on the density of
sources, Actually, in Figure 1.4, the
closest cbserver points A and B are within
the distance a/m (= 400/7 = 127 ft), and we
see that the 5.7 4B/DD drop-off rate does
approximate the agtimated 6 dB rate. 1In
Figura 1.7, ohserver points A, B, and ¢ are
graater than a/v (16 £t} and less than L/T7
(254 f£t), and we see that the 3.3 and 3.9
dBA/DD drop-off rates approach the estimated
3 d8 rate. In Figure 1.7, chsaerver points

b and F are beyond L/t (254 £t), and we see
that the 5.3] 4BA/DD drop~off rate approaches
the estimated 6 4R rate. In summary, all
tha configurations of Pilgures 1,4-1,9
generally tend to agree with this eatima=
tion procedure: in the close=-in region
(less than a/1) only Pigure 1.4 providaes
data {rate 5.7 dB/DD); in tha intermediace
ragicn, drop-off rates range between 3.1

and 4.1 in Pigures 1.5-1.9%; and for the
remote reglen (greater than L./7), drop-aff
rates range betwsen 4.8 and 5.3 in Pigures
1.4=1, 7, All of this might be simply
summarized as follows, when applied to
high=denalty highway situationa. For a
line of sources of length L, the drop-off
rate will approximate 3 - 4.5 dB/DD for
cbservar distances leas than L/3 and it will
approximate 4.5 « 6 dB/DD for observer
dintances greater than L/3. For most high-
way situations, the very close-in conditien
(inside a/m in Sketch 1,2) will not ba
appropriate, because vehicles do not main-
tain fixed spacing and because housing
arsas or other occupant uses would not

take place at such cloge distances to
highways.

In thia discussion of the sound level drop-
off with distance, the concept of spharical
{actually "hemispherical"} apreading at

6§ dB per double distance and eylindrical
{actually "semi~eylindrical®) spreading

at 3 dB per double distance has bean
digqusmsod. In actual uae this is an awkward
method for desceribing the various rates of
drop=aff that can exist hetwean the two
limiting condlitions of 3 48 and 6 dB per
double distance. 8o, there is need for a
simpler method for describing a drop-off
rate mathematically. In Sketch 1.1 on

page 1-7, only a small segment of a
hemispherical shell was shown at diastance D
from the socund source*. The area of the
complete hemispherical shell would be 2rD?.

% THamlspherical' because the sound source
is assumed to be located onh the earth's
surface, such as a vehicle on a highway,
and sound radiates into the air around the
source hut not into the earth balow,

Since we place so much data lnto terms that
are aagily converted to decihela, and since
dacibela_are logarithmie units, the guan-
tity 2un? can be exprassed in logarithmic
terms as 10 log 2wD*. Recall from earliar
exposures to mathematics that

16 log p? = 20 leg D.

The term 20 log D provides a means for
simply describing the & dB drop-off rate
for each doubling of distance. For
example, lat Dy = 100 ft and D; = 200 £,
From the logarithmic functions in Table
1.2, we gee that

10 log 100 = 20 dp
10 log 200 = 23 @B

Then,
20 log 100 = 40 4B
20 log 200 = 46 4B

Thug, the difference batween the sound
lavals at lo0 and 200 £t is 46~40 = 6 dB,
in aceordance with the "inverse sguare law"
for polnt seurce radiatien.

How, for cylindrical spreadinag from a line
sourca, the function 10 log D ig suffi-
cient to produce the 3 48 per double
distance drop-off rate. From above,

10 log 100 = 20 4B
10 leg 200 = 23 4B,

This gives a 3 dB change for the distance
change from 100 to 200 Ft.

In highway practice, there is seldom an
infinitely long line of an infinite number
of vehleular sound sources, so the i{deal=
ized line gsource and its ultimate 3 dB -
drop=-off rate ("10 ley D" function) is
naver quite realized. Also, with buay
highways there is seldom such low traffic
densities that only single sources ("20
log 0" function} control the design. We
now have, however, the ability to select
any numher between 10 and 20 to apply to
the "log D" function to express any
deajred drop-off rate, In NCHRP Rapart
78, considerable evidence 13 given in
support of 15 lag O ag the function for
ralatina sound levels to distance,
Checking the example at 100 and 200 ft
distancas,

15 log 100 = 1,5 x 20 = 30 dB
15 log 200 = 1.5 x 23 = 34.5 dB.

This term gives a 4.5 dR per double dig-
tance drop-off rate. This rate would
apply approximately to the situation
charted in Flgure 1.5 whers five sound
gources are spaced at 200 #t¢ intarvals.

£
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A function "12 leg D" would provids a
drop=off rate of 1.6 4R per double dio-
tance which would approximately describe
the conditions of Figure 1.9 with 41
sound sources at 100 £t intervals.

In general, any deaired drop-off rate
can he cbtained as follows: multiply
tha 10 log D function by a multiplier
which ia one-~third the desired drop-off
rate, l.e.,

Dasired Rata x (10 log D).
The follewing table indicates tha method
for obtalining a faw of thase drop-off
rates, including the samples usmed in the
above illustratiaons.

Deaired Rate

{dBA per DD) Multipliar Log Function
5.0 6,0/3 =» 2,0 20 leg D
4.5 4,5/3 = 1.5 15 log D
4.0 4.0/ = 1,213 13,3 log D
3.6 3,6/1 = 1,2 12 lag D
i.0 3.0/31 = 1,0 10 loeg b

Thia procedure will hold for A+acale
sound levels over short distances {say
cut to 1000 ft}. For longer distances,
an mentioned earlier, the molecular ab-
sorption of high frequency sound and
varicus atmospheric effecta tend to re-
duce A-scale lavels slightly faster than
thesa fixed rates would suggest,

™o of these dropecff rates are in current
use in highway noise evaluation procaedutres.
The 3 dBA/DD rate is used in the Traffic
Noise Prediction Computer Program of the
Transportation Systems Center (herain-
after raferrad to as tha "TSC Computer
Praogram"*), The 4.5 dBA/DD rate is usaed
in NCHRP Report 117. The enclosed Tables
1.4 and 1.5 provide sound level reductions
as a function of distance for these two
drop-off rates, using 50 ft as the start~
ing distanca, Tahle 1,4 is constructed
around the 3 dBA/DD drop-off rate, and

it aldo includas the influence of mole-
eular absorption on the highery fraguency
portion of A-acale levsls and the addi-
ticnal amall loss due to atmospheric
affects. The formula for constructing
Table 1.4 is approximately:

¥ Trattic Nolse Prediction Model MoD 2
referenced and described {n "Manual for
Highway Nolse Prediction” (in three
volumen), Reports No. DOT=-TSC=-FHWA=72-1
and 2, of the Transportation Systems
gggga:, 55 Broadway, Cambridge, Mass.

2,

dBA Reductlon

D D=1000 p=2000

= 10 log xp + l-iﬁﬁa—l + I*I335—|
far for
D>1000 p»2000

where D lg distanca expressed in ft.

Table 1.5 is constructed around a 4.5
dBA/DD drop-off rate and alse includes
the axtra losses mentioned earlier, The
formula for constructing this table is
approximately:

dBA Raduction

- 15 log g2 + Jn-loou, . ln-zgao,
for for
D>1000 0>2000

One goncluding remark should be made here
regarding the drop-off rate. In typlcal
high=-denaity highway traffic, including
both automobiles and large trucks, there
are usually such a large number of auto-
mobilea that the highway hecomes a line
gource for autocmobiles and the nolse
drops off at a rate approaching 1 dBA/DD.
However, typlcally, the large trucks are
fewer in number, but nolsier than auto-
mobiles, and the highway truck noise

may appear as an array of randomly-
digrributad polnt sources that do not
have ehough continulity to achieva full
line-source status, Thus, the nolse of
these strongar sources may propagate
with a variabla drop-off rate acmewhere
betwaen 6 dABA/DD and 3 dBA/DD depending
oh the quantity of trucks. The total
affect of the highway, then, is that of
a line source attributable to aute-
mobiles and a mixed source {pointa and
short lins segmenta) attributable to
trucka. This must ke handled as a
statistical mix of sources with a re-
sulting compromise drop=-off rate that
attampts to reprasent reasonably correc-
tly the real-life highway nolse problanm.

1.91 EFFECT OF ATHOSPHERICS

Pracipitation, wind fluctuaticns, wind grad=~
ients (with altitude), temperaturs, tempera-
ture gradients (with altituds), and relative
humidity are possible atmospheric factors in
sound tranamisalon.**

»*»For a more detailed summary of atmoaspheric
effects on sound prupagation, the readar may
rafer to "Noise and Vibration Contrel," edited
by Leo L. Beranek, McGraw-Hill Book Company
(1971}, pp. 169-174,



Rain, mist, fog, hail, sleat and snow are the
various forms of precipitation to consalder.
Thesge have not been studied extsnsivelv in
thair natural stats so thare are no represen-
tative values of excasa scupd attenuation to
be assigned to them. Genarally, various forms
of precipitation may cause a spesd reduction
in traffic flow and this may tend to reduce
tha noise slightly, Wet road surfaces, on the
other hand, will increase the high frequency
contelt of tire nolsa. Rain, hail and sleet
may change the background noise levels in
residences along a roadway and thus provide
goma maaxing of the traffiic nolsa. A thick
blanket of snow provides an absorhent ground
cover far gound traveling at grazing inscidenca
near tha grounhd, In practica, of coursa,
thaan various forms of preeipitation are in-
tecmittont, tamporary and of relatively short
total duration, and they can not be counted
on for steady~state sound contrel, even if
thay ahould offer noticeable attanuation.
Also, since windows are usually closed during
precipitation, any change Ln aocuxce ncise or
in background noise due to pracipitation 18
ganarally of secondary lmportanca.

A gteady, smooth flow of wind, egual at all
altitudaes, would have no noticeablo effact on
scund tranominsion. In practice, however, wind
speudn ara slightly highar above tha ground
than at the gtound, and the resulting wind
gpeed gradients tend to "hend" sound waves
ovar large distances., Sound traveling with
the wind is bent down to esarth, while sound
traveling against the wind ia bent wpward

above tha ground, Thaere is little or no in=-
crease in sound levels due to the sound waves
being bant dewn; in fact, there is additional
loas at tha higher frequencias and at the great=
ar distancea, Thera can he noticeable reducs
tion of sound levela (somecimes up to 20-30
dBA) at relatively long diastances (beyond a
faw hundred yards) whan tha sound wavag ate
bant upward, for sound traveliny againat the
wind {for 10-20 mph wind specda),

Irregular, turbulent or guaty wind provides
fluctuationa in sound transmission over large
digtances. The net effsct of these fluctua=
tions may be an average raduction of a faw
docibels {say up to 4=6 dBA) per 100 yd for
guaty wind with speeds of 15-30 mph, but the
short=term inmtantanecus fluctuations may be

even greatar than thesc average losses,*
However, gquaty wind or mixed wind direection
cannot ba counted on for noise control over
the lifatime of a highway.

o the Effect of Atmospheric Turbulence on
sound Propagated over Ground,” Uno Ingard and
George C. Maling, J, Agousr., Seo, of America,
vol. 35, pp. l056=1057, {(July 1963).

Conatant temperature with altitude produces
no effect on sound transmission, but tempera-
tura gradients can produce bending in much the
dame wWay as wind gradients do, Alr tempara-~
ture above tha ground is normally cooler than
at the ground, and the denser air above tends
to bend sound waves upward. For normal temp-
srature distributions thera is little or no
increana, but there may be a significant de~-
crease in tranamitted sound levels at large
distances (highly variable, but up to 10~20
dbh over a l000-2000 fv diastance), With
"tomperature inverslons® the warm air above
tha surface baends the scund waves down to
aarth. These affects are nagllgible at

short distances but they can produce soma
increase in sound lavals at ground elevaw~
tion at largye distances {(over a half-mila)
for somo geomstries and thermal structures.
Generally, temperature gradilents will not
conalotantly increaae or decreasae nolse
levals from highways at the close distances
whera sansitlve nelghbors may live,

Since wind speeds and tempaerature varia-

tions £for a hoeight of up to 50 £t above the
aarth's surface are not known and are not
readily measured, this is considered out-

aida thn field of interest of the highway
anginear while making highway noise evalua-
tiona. Thus, rather than attempt to obtain
detailed micro-meteorclogleal data and attempt
to correlate it with podsible effacts on soundg
transmissfon, it is cautioned that atmospharic
variations can influance short-tarm sound
transmiasion aven though they cannot ba

ralied upon for long-term nolae reduction,
Thus, when amhient noise readings are baing
taken for various nolse sources lacated more
than a few hundred feet from tha measurement
poasiticon, these atmospheric effacts may
produce artificially lew noise levels at

any particular time.

"Molecular absorption" ls a mechanism involv=
ed in the physiecs of sound in air that can
actually absorb some sound energy for rela-
tively long distance sound transmission, This
effect ls most noticeable at high frequency
and it is depondent on temperature and rela-
tive humidity of the air, The table below
gives the approximate sound absorpticn as

a function of frequency for the conditions

of 60°~70° F. and 60=-70% relative humidity.

Absorption Rate *¥

Octave Frequency
(dB per Y000 ft)

Band (Hz)

31-250 0
500 0.7
1009 1.4
2000 3.0
4000 1.7
Bogo 14,4

**igeandard Values of Atmospheric Abscrptiecn

ag a Function of Temporature and Humidity for
use in Evaluating Adrcraft Flyover MNoisge,”
ARP B6G, Augugt 31, 1964, Soclaty of Automo=-
figfvﬁnginen:a, 485 Lexington Avenue, New York
a .
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A-scale sound levels for typical truck spectra
have been calculated for several distances

out to 4000 ft making use of these average ab-
‘rorption rates., Out tc 2000 £+, the dominant

low~ and mid-frequency of the truck noise
controls the A-sacale reading sufficiently,
that the influence of absorption cn the higher
frequency nolse is negligikla, Beyond 2000 £%,
and out to 4000 £t, the absorption baginas to
influence tha rate of drop-off alightly, about
1 dBA par 1000 £t. Thus, Tablaes 1.3, 1,4, and
1,5 have boen conatructed to include an addi-
tional 1 dBA loms per 1000 ft, starting at
2000 ££, attributable to tha molecular abgorp-
tion effect on truck ncise. The same rate is
taken as applicable to the noige spectra of
automebiles, although this ils not exactly
correds, Tha 8light arror in applying this
fame rate to suto noise ls probably no greater
than 1 dBA at 1000-2000 £t, and at thase dis~
tances truck nolsa ia generally the controll-~
ing noise in moat highway situations. Inside
1000 £t diatance, the influenge of malecular
abgorption is negligible for all highway traf-
fic for moat reasonable values of temperiture
and relative humidity,

Very low valuas of relative humidity produce
unugsuadl effacts. In the temparature range
of §0°=100° F,, relative humidity in the
range of 10«20% increases dramatically the
affect of molacular absorption, Thesa low
values of relative humidity are not found in
moat inhabited areas, but when they dc occur
in arid regions they can dacrease notlceably
the vary high frequency content of noise,
particularly in the 4000 and 8000 Hz2 octave
banda, for sound transmisaion ovar long dis=-
tances (greatar than 1000 f£t}. This still
doea not significantly affect the A-acale
levael of traffic noisae, because much of the
neise enargy of concern falls in the 250-
1000 Hz £requency region. An intersesting,
but pet particularly useful, affect of molae-
cular absorption is that at low relative
humidlty (10-20%) and very low temperatures
{balow about 20°F), the molecular absorp-
tion At high fraquency almost vanishes.
Curing theaa conditions, high frequency
asounds are heard much better than under
morae normal temperature conditiops. Far
examnple, eon dry, low-tewrperature days (near
0°F}, the high frequency sounds of aircraft
£lyover nolse are dramatically ephanced, 7This
is an interesting acoustic phenomencen, but of
little practical value in meost highway nolse
analyses.

In gunmary, there are atrmospherie effocts
which would seldom increase but could signi-
ficantly decreafe sound levels at large dis=
tances from a source. These decroases are
usually of an intermittent, short-time dura-
tion and they are usually beneficial to the
raceivar (in giving temporaty noise reduction)
when they oceur, but it is best not to rely on
them for long-timme benefits in terms of noise
control desjign., Because some amount of wind

and thermal gradlents are almost always pre-
sent, a small token amount of attenuation of
gound is augeested for leng distance sound
transmission. This 18 assigned a value of 1
dBA per 1000 ft starting after the first 1000
ft. - This amount is contained in the data of
Tables 1.3, 1.4, and 1.5, and approximataly
thls amgunt of attenuatdon is included in the
TSC Computer Program.

A final reminder ls given relative to the
influence of atmospheric effects on sound pro-
pagation., Just am wind and thermal gradients
can reduce noise transmission from highways
under cartain conditions (greater than the

1 dB per 1000 £t just mentioned), these grad-
iants can also peduce ambient or background
nalse lavels arising Ezom certain sources,
guch 2o rempote street traffic, city noisa,

or industrial nofse. This can result in
temporarily and artificially lowar background
nolse (sometimes by as much as 20-30 dBA) and
this can lead to an unrealistic picture of

the ambient nolse conditions at a measurement
site. For this reason it is good practice,
when making community background noise measure=
ments, to make a faw repeat measurements at a
few locations at one or two later time perlods
{a few days or wecka later, if poasiblel.

This at least offers the opportunity for a
differant set of atmospheric conditions to
prevall, The effact of non-typical ambient
readings will ba mentioned in Chapter 3 on
raisae measurements.,

Ancther weather-related influence on back=
ground measurements ia the high frequency
sound of crickets, peepers, katydids or other
chirping wild~life, and the sound of leaves
rustling in even a slight breeza. These high
frequency sounds strongly influence A-scale
background readings in rural and suhurban
areas and can preduce falsely high values,
Alternative time parioda or measurement posi=~
tlons should be selscted when thase noigas
saurces pravail in an area.

1.12  EFFECT OF PLANTINGS, WOODS, AND VEGETATION

Heavy dense growths of woods provide a small
but useful amount of attenuation. NCHRP

Report 117 suggests the use of 5 dBA attenua=-
tion for a 100 £t depth of woods of sufficient
density that no visual path exists through

this 100 ft depth, The woods should extend

at least 15 £t akove any line-of-sight between
highway traffic sourcees and all porticns of

the neighboring bulldings to be protected.

For an additional depth of woods of 100 ft or
more, an additicnal 5 4BA attenuation can ke
agsumed, bur the total attenuation claimed for
all such plantings should not exceed 10 dBA in
any configuration. To be effective in both
winter and summer, there should Le a reasonablas
mixture of both deciduous and evergreen trees,
Alsa, the underbrush or ground cover should be
sufficiently dense and tall te provide attenua-
tionh of sound pasaing under the tree growth.



For low~density growth, a tokon amount of
attenuation, such as 2 or 3 dnA per 100 ft
depth, might be parmissible, but this is left
to the judgement of the user. Again, the :
total attenuation for such plantings should
not exceed 10 dBA. The raason for impesing
the 10 dBA Limitation on any type of natural
growth is that some sound patha are passing
over the top of the trees and are fracquently
scattered or bent back down to aarth beyond
the. tree growth by various mixtures of wind
and. temperature gradients or wind turbulenca,
These patha of gound ("sky waves') will limit
the total sound redugtion that can be achleved
by treas or other tall, dense natural growth
at the earth's surface.

occasional trees and hedges have aesthatic
and psychological value as partial visual
barriers of highway activity, but thay pro-
vide negligible attenuation of sound. Do
not destroy them, but do not axpect them to
have significant acoustic value.

Extengive fields of tall cropa, auch as cern,
cana and whoat, and tall grasa, weeds or other
ground covar, and even frashly plowed #£ields
can' providae sound absorption for sound paths
at “grazing incldence” (parallael to the earth's
surfaco, pasaing just along the top of these
absorptive surfaces). IHowaver, this is not
entiraly reliable as a parmanent attenuator
for the same reason as given above for treest
sound passing above the grazing incidonce paths
and returning to earth or arriving at the re-
caiver by scattered. or bent gound waves doas
not raceive the full attenuation affects of the
abgorptive aurface, During calm, atable at-
mospharic conditions, absorption effects of
ground surface and veogetation can be experience
ad and measured and found to be significant*;
but during the lifetime of a highway, such
ideal conditions are a rarity, and more often
the flanking paths of tha "aky waves” of scund
will control. Thus, no acoustic credit should
ba given for thia type of plant growth, Wa
recommand that tha attenuation value for tall
grass and shrubbery contalned in the TSC Com-
puter Program not be uged. It greatly over-
astimates the benafit derived, In addition,
for this type of attenuation to be at all
aphlicable, tha ground cover would hava to ax-
tend.over larga distances in order to offer
abgorption over all thea paths from a long ax-
posed length of highway te a receiver area,

*#Nolgs Reduction by Vegetation and Ground,"
bonaly Aylor, J. Acouge. Soe, of amariea, vol.
51, pp. 197-205 (Jan. 1972); alsc, “Sound
Transmission Through Vegetation in Relation teo
Leaf Atea Dansity, Leaf Width, and Breadth of
Canopy," Donald Aylor, J. Acouat. Soa. of
Amaries, vol. 51, pp. 412=-414 (Jan. 1872).

1.13 EFFECT OF BARRIERS™

A wall, a building, an earth berm, a hill ox
some other type of solid structure, 1f large
enough, ¢an serve as a partial barrier to

sound and can provide a moderate amount of
aound reductlon to an area located within the

" ghadow zona" providad by the barrier., Sound
barriers do not caat as sharply defined shadows
as light barriers do, because wavelengths of .
sound are usually somewhat comparable to the ;
dimensions of the barrier, whereas with light,

the dimensiona of a barrier are many, many

times larger than the wavelength of light.

sketch 1.3 below helps explain the mechanism —_
of a sound barrier. .

S

L -
Sound

Barciar Receiver

SKETCH 1.3 "

Suppose that sound radiates unifornmly in all —
diractions frem the sound source, which we will
consider hera to be a point source. Among the
many paths of sound radlating from the source,
we are primarily lnterested in the sound path
that follows the line drawn to the top of the —
wall, The scund in this path would continue in
the straight line if sound wavelengths were as
small as light wavalengths. Since they are not,
some of the sound "bends" over the top of the
wall (this is called "diffraction"]). In the -
skatch, che portion of the diffracted sound is o

shewn following the line drawn to the “receiver" bt
of the sound. This particular sound beam has

been deflected by an angle o frem the original —
path direction. Thus, aven though the receiver

appears to be located in the shadow zone of the —

wall, and aven though the receivar cannot sege

the sound source, soma scund may be heard in

this shadow zone, It is a fundanental fact of .
acougtics, heowever, that the larger the anale a,

the less sound will bs heard at the receiver o
location. Thus, if we want to design an effeec-
tive sound barrier, it is essential to provide
a larga height or a large area for the barrier v
dg the daflaction angle n is as large as

possible. il

Naow, lat us consider the same idea of a barrier
wall, but let us modify che sketch in order to
add some dimepsions that are invelved in aesti-
mating the effactivenass of the wall as a

sound barrier.

i

i

**Seg P, 14 of NCHRP Report 117 for a brief dis-
cusalon and list of a few referencas on
barriers. See alge "Sound and Vibration Centrol," 1}
L. L. Beranek, pp. 174-~180.
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SKETLH V.4

In Sketch 1,4, first draw a stralght line {the
*lina~af-gight") from the source to ths re-
cediver, Next, draw a perpondicular line from
the "line-of-sight" to tha topmest point of
tha barriar, The length of this line is
labeled H in the sketch, This is the "effea=
tive halght" of the harrisr. A barriar must
interrupt the line~of=sight to be affective,
and the larger the valuo K beyond the Line-of-
dight, the bettar the barrior, The lise-of-
sight car now be divided into its two gegments
R and D, WHaxt, draw lines from the top of the
barrier to the sound gource and to the sosnd
receiver. These ars labeled X and ¥ in the
sketech., It is obvious, according to the
thhaq?run theorem for right triangles, that
R* + H' = % and D* » ' = ¥3, from which

X a /RT + B: and ¥ = /A7 + HE.

It has boan found that a simple way to express
the effactivencss of a barrier is in terms of
tha difference bestweon the line-of-sight dis-
tance Lrom the Bource to tha racelver {R + D
in Skateh 1.4) and the total sound path dige-
tance caused by placing the wall in the path
{l.@., X + ¥ in the aketch), In conjunction
with the Eirat Sketch 1.3 of a barrietr wall,
it was stated that large values of tha angle
o yield larga values of barvier attenuation,
In Sketch 1.4, it follows then that larga
values of the path length

(X +¥) « (R +D}

may be related to larde values of o, which

in turn may produce larga values of barrler
attonuation. These path leagth differances
land themsolves to simple sketchea and calcou=
iations, When the poth lengsh difference,
identified by the notation § ("delta®), is
determined, the barrier attenuation can be

vead from a curva, #Hinge the path length
differances fraguently are vary small distances,
it i imporetant that all distances be estimat-
ad closely and that the skstch of the layout
really repregont the correct iayont, If a
slapnt digtance {a involved, estimate the true
slant distance, do not ude an approximate hori-
sontsl or projected dlaeance instead. Al3so,
slide tule acruracy may not be geocd ehough in
the calgulaticn of sguare roots.

The procadure given hers 18 similar to and
cangiatant with the procedure given in NCHRP
Raport 117, but the form is different. The
procedure is summarized in Figure 1,10, This
procedure ia applicable to only a single source

of a4 slogt portion of a lino source. A later
procedure will take inte aceount long line
gourcesd and multiple receiver pesitiens, Also,
the dimensions involved in this procedure are
constructed argund A-scale spectra of vehicle
noise. Thus, without adjustment, tha Figure
1.10 material should not be applied to just
any type of sound source.

Vaing the procedure cutlined in Flgure 1.10,
the attenuation of a sample barrier is now
calculated. Suppose a barrier wall is buflt
to intrude beyond the line-of~sight by 15 It
{f.e., It = 15 £t), Suppose the wall is locat-
ad 60 £t from the gound gource {R = &0 ft) and
o Ft from the regeiver (D = 300 ft), Al=-
though these dimensions readily permit calcula-
tien of the hypotenuse of the two right tri-
anglaes using the Pythagorus theorem, lat us
follow the procedure of Step J in Figure 1.l0.

H/R ® 15/60 & .28
H/D = 15/300 = .05

For thia small value of H/D, dn can ba caleu=
lated Erom

by = 1/2 H3/D = 1/2 x 225/300 = .38 fr

For the larger value of H/R, 6“ cah be detec-
mined by using Chart A:

for H/R = .25,
Than, dp = MR = .03 x 60 = 1,8 £t
Tha tatal path length differance

M= 03

¢mdp + dp =18+ .28 - 22108
Then, from Chart B, for § = 2.2, the barrier
attenuaticn is approximately 17 dBA.

Cnder {deal conditions, for the dimensions
indicated and for a fairly localized sound
seurce and receiver, this barrier could achieve
an attenuation ¢f approximately 17 dBA {fer
noise having a spectrum shape similar to that
of highway traffic}, Fer actual highway appli-
cations, of course, the source might be a long
line of traffic, the barrier would be of ex~
tended length to cover the line cf trafiie,

and the receiver might represent a number

of hotses in a resideptial area. For those
real-life conditicns, the atteauation might

not achieve the full L7 dBA value. Latar

in the course, barriars will ke considered

for axtended scurces. Some of the factors

that must be considered in actual barriaer
degigns and udes are mentioned here in pre-
paration for the later detailed traatment.

In Section 1,10 it was peinted out that the
distant ands of long lines of vehicular noiase
gources influence the sound levels recaived

at areas somewhat remota from a highway. This
ls illustrated in Figure 1.8 whers it may be
8aen thar noise souyces 1000~2000 £t from the
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catitral cluatar of sourcss preoduce Noige levela
that are within 5-7 4B of those produced by

the contral sources when haard 600 ft away
from the roadway, In conmection with that dia-
cussion, it was streassad that complete nolae
control of a highway must tharefore include
considaration of lonyg langths of the highway,
aven though the romote ends of the highway
would appsar far enough away to be of no con-
carn.

Lat ug illustrate thig point with an example,
In Skatch 1.5 agoume a simpla array of three
nolese sources along the source line, and
aupposs wa are concearned with the noise levals
recalved at tho indicated observer position
400 £t from the mcurca line.

Source 2 3
Line

00 Fe

HDT 70 SCALE

Observar
Pasician

SKETCH 1.5

The sound levals at this obsarver poaltien
ware c¢alculated in Figures 1.3, 1.4, and 1.5,
Lf wa will agsume that theas sound scurces
produca §4 dbA at 50 £t distance. Thus, the
gound leval contributions to the observer are
ag follows, in dbA:

Sourga 1 Source 2 Source 3 Total
62.0 §1,0 5.0 65.6

Sgut'ca 2

Now suppope that a 200 £+ length of barrier
wall is built neat the road ta shield the ob-
gerver from Sourco L, but that nothing ls done
to reduce the levels of Sources 2 and 3, Sup-
poee that the barrier achieves 15 dBA reduction
for Source 1. The resulting sound level con-
tributions to the observar are as follows, in
dBaz

Source 1 Source 2 Source J Total
47.0 61,0 59.0 G3.2

Thus, the 200 ft wall only achieved a reduc-=
tlon of 2.4 dDA for the cbaarvar.

Next, suppose the wall is lengthensd to 300 £t
to shield Saurces 1 ond 2, and assume the
barriar reduces Ssurce 2 noiss by 15 dBA alao.

Source ¥ Source 2 Source 3 Total
47.0 46,0 59.0 59.4

Thua, the addiciepal length of wall reduced
the noise an additional 3,8 dBA for a total
raduction of 6.2 dBA.

To be complataly affective, the wall should

ba extendod again to chleld the noise from
Source 3, ‘Thus, for this limited asgment of
roadway, it 1a seen that a barrier wall aleng
tho full length of exposed road would be za~
quired to achleve the order of 15 dBA nolse
reduction. For longer lengths of axposed
roadway, longer lengths of barrier walls would
be required to achieve substantial noise ra~=
ducticn for the neighkors.

Haxt, considar che attcnuation of a long
barrier wall beside a long section of highway.
Copnsider the layout in plan shown 1n Sketch
1.6, Lot the dotted line repraosent a highway
lane, and let tho heavy solld line reprassnt
a barrier wall having H = 15 ft, Censider
Sourcaes 1 and 2 and thelr paths that transmit
sound to the observer. For scund Sourcs 1,

R w 60 ft and D = 100 £t, Actually, this ax-
ample ls the one first used on page 1=15 to

Source 1

Hlghway Lane

- e A e R L e M = A ek m— = =
&R = 180 £t

e R ® 60 ft

D = 500 £¢
SKETCH 1.6
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Barrier Wall, H = 15 ft

joem D = 300 £

»
Ohaarver

H

{=

-

- =
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illustrate use of Figure 1,10, The barrier
produces an estimated attenuatien of 17 dOA
for Sourca 1l a8 heard at the chsarver posi-
tion. Now, the sama barrier extends saveral
hundrad feet down the road and provides shield-
ing to the cbgerver for noise from Source 2,

For Source 2:
H/R = 15/180 = ,083
H/D = 15/900 = 017

§. % 1/2 Hi/R = L/2
6, m 172 H¥/D = 1/2
- .63+ ,12 = ,75 ft

225/1480 = .83 ft

R
L 225/900 = ,125 ft
§

Attenuation = 13 dBA

Becausa of the new combination of dimensions,
the path langth difference for Source 2 is
smalisr than it was for Sourca 1 and the atten-
uation is lesa, sven though the effective
barriar helght remains 15 £t for the entire
length.

Tha putpose of the Last two illustrationa is
to emphaaize that leng lines of barriers may
be required to achiave substantial nolse re-
duction from a highway, and that the barrier
attanuation changes for various portiens of
the roadway because of the various distances
involved, Actually, barrier designs can be
optimized such that for certain specific lay-
outs the barriaer attenuation can be nmade to
increasa or decroase in accordance with other
nocds of the problem.

A raal=life factor that does not show up in
the calculations is that for large values of

R and D there is more oppertunity for wind and
tharmal gradients to introduce additional bend-
iny of the dound waves diffracted over the

top of a barriler and this tends tp produce
lowar attenuation than that calculated.

Another lLimitation on the effectiveness of
barriers ia illudstrated in Sketch 1.7. Supposa
a barrier wall is bullt on the right side of
the roadway to protect neighbors on the right
side, For some other reason, suppose a wall
or raflecting surface is located on the left

SKETCH 1.7
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side of the road. For some gecnetries, the
laft side wall could actually reflect traffic
noige over the top of the right side barrier
and reduce its effectivenass.

It is because of these varicus limitations

and’ the sometimes hard-to-predict c¢r hard-to-
control geomaetrical considerations that high=
way barriers may not achieve the attenuation
values caleulated for them. OFf course, in a
complete analysis of barrier effectivenass,
both autemobiles and trucks must be considered.
Because of the higher elevation of the truck
noise source above the roadway, a barrier will
be less effective for truqk noiase than for
automobile noise.

A unified design approach for harriers is
given later; it will take into acaount some

of the woaknedses or limitatlions mentioned in
thig introductory discussich, Although walls
have boen used chiefly in the above illustra=~
tions of barriers, other forms such as earth
berms, hills, cuts, embankments or any other
typas of natural or gonstructed solid ctruc-
ture may serve as barrlers, The barrier must
have adequatc mass and soliditv to prevent
appreciable sound transmission through the
barrier itself. A surface weight of not less
than approximately 4 lb/sn £t will be suffi-
clent for most barrier walls. (This low waight
ahould neot be used in indoor gituations where
sound igolation from ona area to ancther is
required.) For berms or stepped slde walls or
thicl; structures, the "top" of the barrier,
for caleulatien purposes, should be the point
chat provides the greatest path length diff-
erance. Ffor long-lengeh highway rarriers,
this will have to be checked for many positicns
along the highway. When only short-length
barpiers are used to protect lecalized noise
sources or recedvers, che length Of the bare
rier should be sufficient to extend horizon=
tally beyond the line~of-sight from all parcs
orf the noise source to all parts cf the re=-
ceivar by a distance 2l at each end of the
barrier. It is algo imperative in any barrier
design to gonsider the tep-mest part of the
roise sources (such as the assumed averaga

B ft helght of the exhaust stack of diesel
trucks) and the top=most part of the regelver
{such as the saecond=-floor bedroem windows for
two~floor residences aleong the highway) in
setting up the H value for the wall., Some
aceaptableo barriler wall structures will he
discussed during the course,



1,14 DBARRIER EFFECT OF BUILDINGS

In buile=-up residential or commercial areas,
the Elrat row of bulld@ings along a highway
may provide some reduction of highway noise
to areas heayond that trow of buildings. In
turn, additional rows of buildings may glve
additional noise reduction te areas satill
farther Layond.

First, conaidering just the ratlo of open
area to closed area of a row of buildings
acting as batriers, it la possible to eatli-
mate approximately the reduction of highway
noise panotration through that row of bulld=-
ings. When the projected area of the firat
row of buildings repre#sants approximately
50% of the area along the rosdway, there is
justification For expacting approximately

a 3 dB reduction of noise to the next row

of huildings (from the earlier discussion

of decibel addition, reecall that one-half
the nolse reprosents a 1 dB reduction). If
the projectad area of the buildings repra-
sents approximately 00-90% of the area along
the roadway, one might axpect a noise reduc-
tion of about 7-10 dB, based on arsa con-
siderations alone (from Table 1.2, an
cpening of enly 10% area would represent
=10 4B and an opening of 20% area would
repredant -7 dB). Of course, i1f a lang
continuous sglid building occupies 100% of
the area, that building could be treated as
a barzier and lts effectivensss astimated
according to Section 1.13. wWhen buildings
in the firat row aleny the roadway occcupy
only about 10-20% of the area paralleling
the roadway, each individual building might
product a small lecalized barrier effect,
but tha combined effact of such sparsely
located buildings is negligible in preducing
noige reduction to the second or third row
of buildings.

Saveral studies have been carried out on
noise penetration into a community bordering
a holse source, and the findings are not very
precize nor consistent, pessibly due to
variations in geometry, house sizes, lot
aizes, house spacing, etc. It appears rea-
sonable, however, to follow the suggestion
offarad in NCHRP Report 117, where 5 d4BA is
used as the reduction provided by the first
row of bulldings and 10 dBA is used as the
maximum reduction provided by multiple rows
of buildings. These values assume rather
dense "packing" of the houses (posaibly 60«
40% house arsa and 20-40% cpen area} such

as to form an effactive visual bartier be-
tween the readway and the interier houses.
For noticeably leas dense packing of the
houses, it cap be left to the discretion of
the user te apply a slightly lower attenua-
tion rate, if degired,

It i3 to be understood, of course, that the
average haight of the £irst row of houses
must egual or exceed the averade haight of
the second row of houses for the noise reduc-
tion to be raalized. Strictly speaking, the
height of the protective row of houses must

produce essentlally a positive value of H
{sea Skatch 1.4) for the fellowing row of
houges. For E£lat, level ground, a row of
ong-f£loor buildings will provide little
protection to the second floor of a raw of
two-£loor bulldings.

1,15 OQUTDODR-TO-INDCOR MDISE REDUCTION
PROVIDED BY A BUILDING FACADE

Noise coming from an outdoor noise source or
by an outdoar nholse path may be heard hy a
peraon who is either indoors in his own
building or outdoors on his property. If

he is outdecors he may judge the noise against
the background noise dua to other sources

in tha area. If he is indoors, he may tend
to judge the nolse by whether it is audible
or identifiable or intrusive into his sur-~
roundings.

When outdoor noise enters inte a building it
suffera some nolse reduction, even if the
building has open windows, The actual amount
of noiae reduction depends on kuilding con-
struction, orientation, wall area, window
area, open windew ares, interior acoustic
absorption, ete, For practical purposes,
however, the approximate noise reduction
values provided by a few typical building
constructions are given on page B=l of PPM
90-~2, Thege are repeated in the accompanying
Table l1.6. S5ince tha cpen=window conditicn
provides the lowest value of noise reduction,
and since many buildings are characterized
by open windows much of the year, it should
be noted that the 10 dBA value assigned hy
PPM 90-2 represents an average of many con-
ditiopa and the user might wish to apply his
own value for certain situations. For
example, Eor a school room with a large
exterior wall area facing tha highway, with

a ralatively large openh-window area, and with
relatively little sound absorptive material
inside the room, the noise reduction may he
as low as 6=8 dBA. On the other hand, for

a bedroom having only one or twoe windows open
3-8 in, wide, and having a moderate amount of
acoustic absorptive material (bed, drapes,
carpet, clothes, upholatered furniture, otc.},
the nolise reduction may be as high as 15 dBA.
So, it Ls seen that the relative amount of
open window area and the intarior absorption
determinas the actual noise reduction value
for a building.

When the outdoor noise is known, in A-scale
sound levels, the noise lnside the building
can be estimated by meraly subtracting the
"noise reduction” value of the structure from
the outdoor level, where all levals are ex=
pressed in dBA, Actually, the "noise reduc-
tion" of a structure usually varies with
frequency ané the values given in PPM 90-2
apnd Table 1.6 raflect the fraeguency distri-
bution of traffic noise and the frequency
characteristics of typical building strue-
tures.

L
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If critical situaticns dictate, specific
detalls of a bullding may be required in
ocrder to caleulate more precisely the noise
reduction provided by the building. Typi-
cally, noise is excluded by selid surfaces
having high surface weight. Thus, an open
window is a poor Structure for excluding
noise, while a huilding of massize wall
construction and well-sealed heavy windows
iz a gooo structure for excluaing nolse.

Prevailing weathar conditions and the general
practices of the highway neighbora should
determine the selection of the window condi=-
ticn {(Erom Table 1.6) to be used in a poise
avaluation., Where a range of noise reduction
values appear applicable in a given study,
the lowar end of the range should be used for
consarvative design.

To illustrate the use of Tabkle 1,6, suppnse
that a group of residences have an outdoor
nojse level of 64 dBA dus to naarby traffic
activity. In tha wintar time, the houses
which are predominantly of frame constzucticn
are equipped with storm windowa; apd in the
summar timoe most of the housea are not air-
conditioned and have their windows cpen. The
inside noise levals due to highway traffic
would then be:

in tha winter time - 319 4BA
in the summer kime - 54 ABA.

1.16 HUMAN RESPOKSE 7O NOIUSE

If people were not bothered by neise, there
would be ne highway noise problem and this
course would be unhacessary. Since people
ars bothered by noise, it is helpful to know
{a) soma of the ways that people judge noise,
(b} aome of the known quantitative relation-
ships between nolse levels and noise intsr-
ference, and (c) the design goals for noise
cohtrol set forth by the FHWA,.

The degrae of disturbance or annoyanca of an
unwanted noise deponds aessentially on three
things: (1) the amount apd nature of the
intruding nolase, {(2) the amount of background
noise present befote the intruding noise, and
{3) the nature of the working or living
Actlvity of thae people ocoupying the area
where the nolsa is heard.

Each of thesae ltems deservas a brief explana-
tion. Ragarding the first item, the nature
of the neisa, three attributes of noise ara
significant factors:
froquancy distribution of the noise,
intgneity of the hoisge (noise leval), and
times pattern of the noise.

Concerning the first of theste three attri-
butes, humans hava better hearing sepnsitivity

in the high frequency region than in the low
Eraquency region, so it follows that high
frequency nolse will seem more proncunced
than low frequepcy noise to human listeners.
This is borne out by many rellable tests on
large numbers of pecple listening to many
typas of neigse. A3 menticned earlier (Sec-
tion L.7), the A=-scale frequency weighting
network emphasizes the high frequency contant
of nolse, and A-scale sound lavels corrulate
wall with human judgements of annoyance or
disturbance of noise, The second attribute
mentioned above {intensity, ot noise lavell
is probably obvious. Higher nolse levels
are more Intensive and more overpowering;
they may make it difficult or impassible
to hear things we want te hear. LIf they
are truly unwanted, and if there ls no reliaf
from them, we may become arcused to indigna=~
tion or anger Lf the noise persists, aspe-
cially if we can pin-point the cause and find
justification for blaming the nolse on some-
cne alaa, The time pattern of tha noise, the
third attributa mentioned above, can ke
related bath to tha time characteristics
of the noise source and the time ar which
the nolse {a heard. - In terma of tha time
characteristics of the noise, a amooth con~ _
tinuous flow of nolse [such as from a £an)
is more comfortable or agceptable than impul-
give noise (such as from a jack-hammer) or
Intermittent noise (sugh as fraom a passing
truckl, even though all of these noises
might be judged as unwanted. There is evi-
dence that noise lavels that change markedly ,
with time are more identifiable than noise :
levels that remain censtant, and noises that |
|
i

are more identifiable tend to be more annay-
ing. Related to traffic noiae, thls suggests

that a steady flow of traffic and a steady-

state c¢ontinuocus nolse level are less objec-

tionable to neighbors than intermjttanc £low

with time-varying noise levels. Still pursu- :
ing the "time pattern" of the neise, obvi- ;
cusly, the time at which the unwanted noise

ocours is a factor: an automobile horn in

your naighbor's driveway, that wakens you at

2:00 a.m. is more annoying than the same

sound 12 hours later,

The secend factor regarding disturbange or
anpoyance of noise is aszsoclated with the '
background noise. People tend to compare

an intruding noise with the background neise
that was present before the new noise came
into existence. If the new noisd haa dis-
tinctive scunds that make it readily identi-
fiable or if lts necise levels are considerably
higher than the backgroupnd or "ambient"
levels, it will be noticeable to tha reai-
dents and it might be considered ohjection~
able, On the ¢ther hand, if the new npoise
has a rather unidentifiable, unobtrusive

sound and its noise lavels blend into the
ambient levels, it will hardly bhe noticed

by the neighbors and it probably will not

ha considared objectionable, :
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The third factor involved in annoyance of
noise concerns the nature of tha working
or living activity of the people where the
noise is heard. People trying to sleep in
quiet suburban homes do not want very much
intruding noise; while office workers in a
busy mid-city office could have greater
amounts of nolse without even noticing it;
and factory workers in a coentinuously noisy
manufacturing space might not even hear a
nolsy nearby highway.

Of course, most of these factors are "rala-
tive", apnd it would be helpful to have asome
spocific quantitative relationships batween
noisa levels and interference or disturbance
of noise, Thare are a few ralaticnships that
can be identified and mentioned.

a) Interfsrence With Speach

NCHRP Report 117 summarizes conaiderable
effort on the study of interferetce of speaech
communication by intruding noise, Tables 7
and 8 on page 27 of NCHRP Raport 117 are
reproduced here as Table 1.7, The upper half
of Table l.7 indicates the maximum "Lgg A~
scale noise level" that will permit reason~
ably acceptable agaech comtiunication for the
volee lavels and lintanar distances shown.
The lower half of Table 1.7 indicates a
limiting conditign that almost pracludas
reliable speech communication; it gives the
maximum "Lipn A-scale noise levels" for barely
accaptabla speech communication. This mate-
rial ia based on automobile noise, essen-
tlally steady-state flow for the upper half
of the table and discrete events for the
lowar half of the tahle. The Lgg and Ly,
A=gcale nolse levels represant a way of
describing a fluctuating noise level, This
concept is used extensively in highway noise
avaluations; more discussion will be affered
later. For the praesent, Lgg ls simply
defined as the noise lavel that is exceeded
50% of the time, and Ly4 is the noise léval
that is exceeded 10% o} the time. To illua-
trace the use of Table 1.7, suppase two men
are standing 5 £t apart, Facing each other,
using a familiar vocabulary and speaking at
normal voice levels, They could just carry
on a reasonably rellable conversation Lf the
intorfering nolse does not exceed 52 dBA for
mora than 50% of the time or 58 dBA for meore
than 10% of the time, Conversely, when the
Lgg and Ljgq noise levels are known for a
given trn%gic conditlon, the apeach communi-
cation conditions can be estimated from Table
1,7. Altheugh the data ware derived for the
frequency distribution of auto nolise, the
findinga are reasonably applicabla to truck
noise apsctra alsc. Of course, trucks will
typically make more noise and make conversa-
tion mora difficult, as the table showa,

The quality of telephone usage can also be
approximated in terms of essentially steady=-
state interfering noise., This is summarized
briefly in Table 1.8.

b} Interference With Sleep

Although seme very interasting work on noise
interference with sleep has been undertaken,
it indicates mostly the need for continued
work to understand baetter the slesp mechaniam
in paogple. The work of Thiessen and Olson*
of the National Research Council in Cttawa,
Canada reveala that a tape recorded truck
passage wakened more than 50% of the test
subjects when the peak nolse reached S0 dBA,
while some subjects did not waken when the
paak reached 75 ABA. Farlier work of othar
experimenters showaed that more than 50% of
the subjects were wakened by a steady nolse
at 45 @B and that a range of 15 dB in noise
levels was required to waken all subjects.

Thase are nat definitive tests upon which we
can base raliable criteria for highway noise
Intrusion, although tha noise levels usad

and tha results noted seem falrly reasonable.

¢) Sound Level Differances

Undar controlled laboratory conditions, lLis-
tening to a ateady unwavering purse tone sound
that can be changed to slightly different
sound levels, a person can just barely detect
a2 sound leval change of approximately ona-—
half dacibel for sounds in the mid-frequancy
reglon. When real-life sounds or noises are
heapd, it is5 possible to just detect level
changes af 2~3 dB. A 5 dB change is readily
noticeable., A 10 dB change 1s judged by most
people as a doubling or a halving of the
lopudness of the sound. (Some ¢f these sound
leval differsnces will be presented in the
clagszoom with tape recorded events.) A 20
dd change is a dramatic change. A 40 48
change represents the difference between a
faintly audible sound and a very loud sound.
Each 10 dB step still carries the cenpotation
of a doubling or a halving of loudness regard-
lass of the levels at which the comparative
sounds are prasentad.

In terms of noise control, this means that a
2-3 dB reduction in necise from a highway will
hardly be notiwed. A 10 dB reduction in high-
way noise may be achleved at considerable
oxpense, yet the neighbors can 3till hear the
remaining nolse as though it were only half
a3 lcud a3 bafore, VYet, Tabla 1.2 showa that
50% of the noise enargy must be removed to
chtain a hardly perceptible ) dB reduction,
90% of the noise energy must be removed to
obtain a 10 dB reducticn, and, extrapclating
beyond the table limits, %9% of the noise
enpergy muat be removed to achieve a 20 dB
nolse reduction. This emphasizes the im~
mensity of the problem; yet, subjectively a
20 48 guiseter sound seemsa to be only ona-
fourth the leudness of the original sound,

as heard by the listeners.

Community Noise -- Surface Transportation" by
G.J, Thiessen and N, Olson, Sound and Vibra-
tion magazine, April 1968. Highlights aof
this work are summarlzed on page 27 aof
HCHRE Report 1l17.
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d) Recommended Noise Criteria and PPM 90-2
egign Noise Levals

In summary of the above factora and of many
other comprehensive studies on background
noises ln communitles and intruding noises

in communities, a table of recommendad design
eriteria i3 given in NCHRP Report 117, Table
1l on paga 30 of MNCHRP Report 117 ia repro-
duced here as Table 1.92. The inside and out-~
gide nolase levals listed in Table 1.9 are
intended ad desirable goalas for noise con~
trol, but the achievemant of these goals may
be technically difficult and economically
unEeasible in some situations,

The design noise lavels advanced in PPM 950-2
are raproduced here in Table 1.10, In sup~

port of thease design noise levels, Paragragh
5.2.47) of PPH 90-2 stages:

"Incotparation of Noise Abatemant Msa-

aures in Flans and Speciflcations.

For those projects to which the stan-
datds apply, the plana and specifica-
tionas for the highway section shall
incorporata nolhe abatement measures

to attain the deaign nojse levels in

the standards, except whera an exception
has bean granted." [Precedures for
requesting exceptlons are listed in the
standard and its Appendix.]

Although it represents a digression £rom the
discussion of human response to noise, tha
following excerpt ia addaed to illustrate the
extent to which the FHWA intenda to pursue
noise control In order to try to satlafy
highway naighbor needa. Paragraph 5.b. of
PPM 90-2 outlines the types of noise abate=-
ment treatments that are considered to fall
within the scope of this Standard: :

"{1} Shifts in allgnment and grade are
dasign measures which can be used to
raduce noige impacts. The following
noise abatement measures may also be
incorporatad in a project to reduce
highway-generatad noise impacts. The
costs of such measures may be included
in project costs,

{a} The acquisition of property rights
(aither in fee or a lesser interest)
for providing buffer zones or for
ipnatallation or conatructian of nodsge
‘abatement barriers or devices.

(b} ‘The installation or construction

of noisa barriers or devices, whather
within tha highway right-of-way or on
an aasement optained far that purpose.

{2} 1In dome specific cases there may be
compelling reasons to consider measuyres

to "sound-proof” structurea. Situations
of this kind may be considered on a case
by cade basis when they involve such
public or non-profit institutional
structures as achools, churcches,
libraries, hospitals, and auditoriums.
Proposals of this type, togather with
the State's recommendation for approval,
shall ba submitted to FHWA for consid-
aration. "

some of the introductory material earlier in
this chapter and much of the analysis detail
to follow In later chapters are aimed at
halping the highway enginecr design and
avaluate gsome of these noise abatemant treat-
ments,

a} Noise~Induced Hearing Danage

The Walsh-Healey Public Contracts Act of 1969
and tha Occupational safety and Health Act

of 1970 {"OSHA") establish the following
maximum permisaible noise exposuras for
persons working in noise environments:

furation per Socund level
day, hours dBA
g 90
[ 32
4 95
3 97
2 loo
1-1/2 lo2
1 105
172 110
1/4 or loss 115

Uninformed people sometimes interpret this to
mean that any noise lavel abave 90 dBA will
caude loss of hearing, regardless of expogure
time. It is assential that people or qroups
concerned with noisa and neoise control under=
stand the full implication of this table.

The table is intended to apply to industrial
arsas and workers and It is intended to pro-
tect the hearing of people exposed on a daily
basis for these noise levals and durations
over a life~time of employment. To experienca
continuous 90 dBA noise levels from highway
traffic, one would have to stand approximately
10-20 £t from a highway lane carrying approxi-
mately 1000 tyucks per hour. To approach the
OSHA exposure limits, one should ther remain
there beside the highway for 8 hrs per day

on a daily basis for many years. This iz a
rather unrealistiec situation. There is a
atrong posaibility that the OSHA table of
valuas will be reduced by 5 dBA in future
lagislation in order te provide greater hear-
ing protection for peupla exposed teo noise,
Even with this reduction it is unlikely that
rasidants near a highway ara receiving hearing
damage due to traffic noisa,
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1.17 OESCRIPTORS OF NOISE

Several procaduras have baen devised by vari-
ous acousticians to rate noises. “"Sones" and
"phons" are units used for axpressing loud-
ness and loudness level of sounds. "Per-
calved noise levelsa*, axprossed in PNAB and
naing "neys" as units of relative noisiness,
ware firat daveloped as a rating acheme for
comparison of tha subjective noiaineas of
jot aireraft and propeller aircraft. "NC'
curves (Noise Criteria curves) rapresaent

a family of curves that can be uged to de-
geriba tha relative levels and frequency
distripution of noise in buildings that is
considered acesptabla for various functicnal
uses of the buildinga., These various
daseripters of nolse have apecific applica-
tions, and thay probably could ba adapted to
use as indicatoras of traffic noiss, As
stated aarlier, however, A=-scale noime lavals
and subjective judgements of noise have been
tontod many times and found to give adequate
correlation.

Docause traffic noise contains fluctuations
in noiso levels and therefore the lavels must
bo atudied on a somewhat statistical basis,
savaral attempts have been made to intar-
relate various parcentile collections of
nolse levals to arrive at a raliable indi-
cator of the disturbance aor annoyance of
noise, Nolse lavels, such as Egg*r Lggr Lgge

Lene:gy meant Lyp and L, have been tried in

various combinations, TNI (Traffic Noise
Index} represents one approach and NPL (Hoise
Pollution Lavel) represents another method of
combining these statistical levels. HPL is
of special intereat because it suggests that
annoyance of nolse ias related to both the
enargy mean of the noise and some measure af
the fluctuatlions of ncise. .

After considering all of these noise evalua-
tion procedures, it was £inally determined by
the FHWA and interested assoclated groups
that the Lig and Lgg noise levels would be
uged as the princlpal noise descriptors for
highway design., The Ljg values provide an
indication of the noisiest pertion of highway
traffic and they reprasent an approximate
indicator of nolse level fluctuationas as a
facter in annoyance. The Lgp values ate used
inlthe procedure for arwiving at the Lpp
values.

In the next chapter, Chapter 2, information
wil) be summarized on the noise charactar-
istles of automobiles and trucks, leading
to the use of Lyp values as an indicator

af highway neisa. In Chapter 3, noiidn
measurements will be discugsed and a pro-
cadure will be given for obtaining a simple
manually-read determination of Ljg levels
for traffic and community background noise.

'ng = nolsa level exceeded 99% of the time.
Other levels Lgo, Lsu, etg, have similar

maanings in terms of parcentage distribution
of the npisa levels, usually expressed in
dBA or some other applicable untt.
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FIGURE 1.9

CALCULATED A-SCALE SOQUND LEVELS AT OBSERVER POINTS
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FIGURE 1. 10

PROCEDURE FOR ESTIMATING PATH LENGTH DIFFERENCE AND SOUND ATTENUATION

FOR A SIMPLE SOUND BARRIER

path Lenyth Diffaranca:
St & = (FRT#HZ + /ADTeHTY - (ReD)
D
Lt = {(/RIFIT = R) + {/B7+H7 - DJ

M §

Sourcs

Racaiver § = 5R + dn

where
S = /RIFRT ~ R,

Barrier

§g = Di+H? - D

Conatruct the two-dipansional plot as [adicated by the sketch akova,
bDatermine the distances R, D, and H in feet.

If the user is famillar with taking square roots, the total path
length difference can be determined directly from:

& = (/RI+H? + /D'+H?) = (R+D)

If the user cannot readily determine these square roots, use the
followlng procedure.

a, Determine H/R and H/D; H/R = 1 H/D = .
B3, If H/R ir betwsan 0.0 and 0.20:

dp = /2 ¥Y/R = 2/2 / - it.
"If H/D is between 0.0 apd 0.20:

& = 1/2 HE/D w 172 / - ft.
Then & = dR + 50 - + = ft,

c. 1f H/R or H/D is greater than 0.20, refer to chart A on the
following page:
{1) Enter graph at laft axls with value of H/R or H/Di
{2) Move horizentally to the right acress tha ghart to the curve;

{3) Drop vertically from that point of the curve to the axis at
th? bottom of the chart, and read the value of M (the multi-
plier),

(4} The partial path diffaerence dp or fp is determined by
multiplying M hy the value of R or D in feat, Thus,

GR = MR; 6D = MD

(This procedure is Eirst followed to obtain ér, using its
value of M and R, and ls then repeated to gbtain &p, using
its value of M and D, Each & may have a diffearent M value.}

d, Add &g and dp to obtain the total § in feet.

With the tetal path length diffsrence ¢ from steps 2 or 3 above,

a. Enter chart B on the following page with the wvalue of § at the
bottom axis of the graph;

b, Move vertically up from that point te the curve;

z. Now, move horizontally to the left across the thart to the left-
hand akis, and read the valua of Barrier Attenuatlcn in dBA,

Note: It is current practice, as recommended by NCHRP Report ll7, to use

a 15 dBR maximum value for automobile traffic and a 10 dBA maxi-
mum wvalue for truck traffie as the barrier attenuacion in traffic
noise analyses, hecause of variocus atmospheric, geometric, and
‘environmental limitations oh many practical barrier deslgns.

This should not be conatrued, howaver, to mean that a barrier
should be designed to only achiave these design values. Many
good barriers can be more effective than these limltations imply.

1-23

[

A

E7

i

1

| -



R T ST e v me

Ssas B

(-3 3

i

%

[

i

L.}

(]
~
b o
o
Q
as
~
o

BARRIER ATTENUATION (dBA)

1.2
1.1

1.0
0.9
0.8
0.7
0.8
0.5
0.4
0.3

e
O oo O »m O
]

C

O. 2 { | 1 L
002 003004 0.06 Q08010

o

FIGURE |.10 {CONTINUED)
CHARTS A AND B USED FOR ESTIMATING PATH LENGTH DIFFERENCE AND

SOUND ATTENUATION FOR A SIMPLE SOUND BARRIER

1 I L) ] I LR T

- CHART A

¥

d

"

L Il

o

L

1 L [l Ll

M

014 020

030 040

.60

l L llillll
CHART B

LI | Tyt

L~

By

L LN

o — Lt

1

!

0002 005 Q1 0.2

0.5

1

2

5 10 20

PATH LENGTH DIFFERENCE & (FT)

1=29

50



TABLE 1.1
RULES FOR COMBINING SCUND LEVELS BY "DECIBEL ADDITION"

A. For noise levels known or deaired to an accuracy of tl

decibel:
: Add the following
When two decibel amount to the
values differ by higher value
¢ or 1 dB 3 ds
2 or 3 dB 2 ds
4 to 9 4B 1l ds
10 dB or more 0 dB

B. For noise levels known or desired to an accuracy of tk

decibel:
Add the following

When two decibel amount to the
values differ by higher value

0 or % dn 3 dB

1 or 1k 48 2% dB

2 to 3 4B 2 dB

3% to 4% dr 14 dB

5 to 7 4R 1l dB

7% to 12 4R % dB

13 dp or mere ¢ dB

(For greater accuracy, refer to chart in Figure 1.1)
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] TABLE 1.2
B _ DECIBEL EQUIVALENTS OF NUMBERS

—E

fo 10 log N 10 log N 10 log N
P N (dB) N (dB) N {dB)
! .10 -10 2.24 3.5 250 24
A 112 -~ 9,5 2,51 4 320 25
.126 -9 2.82 4.5 400 26
= .141 - 8,5 3.16 5 500 27
: .158 -8 1,55 5.5 630 28
- .178 - 7.5 3,98 6 800 29
— .200 -7 4,47 6.5 1,000 30
| . .224 - 6.5 5.01 7 1,250 31
- " 251 -6 5,62 7.5 1,600 32
.282 - 5.5 6.31 8 2,000 33
] 316 -5 7.08 8.5 2,500 34
: . 355 - 4.5 7.94 9 3,200 35
.398 -4 8.91 9.5 4,000 36
~ L 447 - 3.5 10 10 5,000 37
{. .501 -3 12 11 6,300 38
~ .562 - 2.5 16 : 12 8,000 39
.631 -2 20 13 10,000 40
.708 - 1,5 25 14 12,500 41
fe .794 -1 32 15 16,000 42
.891 - 0.5 40 16 20,000 43
1.000 0.0 50 17 25,000 44
ﬂ 1.12 0.5 63 18 32,000 45
1.26 1 80 19 40,000 46
1,41 1.5 100 20 50,000 47
ﬂ 1.58 2 125 21 63,000 48
1.78 2.5 160 22 80,000 49
2,00 3 200 23 100,000 50

Note: By simply remembering the relationship that,

|
~ 10 log 1 = 0 dB
10 log 1.25 = 1 dB
7 10 log 1.6 = 2 dB
S 10 leg 2 = 3 dB

- the above table can be extended up or down to get "10 log" of

! any number desired. Note the simple sequence: £or each doubling
- of a quantity, there is an increase of 3 dB for "10 log" of that
. quantity, or each time a gquantity is changed by a factor of 10,

j there is a change of 10 dB for "1l0 log" of that gquantity.

!
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TABLE

1.3

REDUCTION OF A-SCALE SOUND LEVEL AT VARIOUS DISTANCES FROM A
VEHICULAR "POINT SOURCE"™, RELATIVE TO 50 FT DISTANCE, USING THE

DROP-OFF RATE OF 6 dBA PER DOUBLE DISTANCE

. D-QOOO‘
1000
for

1-32

“dBA REDUCTION = 20 LOG g + |E§%%%Ql
or
D>1000 D>2000
DISTANCE REDUCTION DISTANCE REDUCTION DISTANCE REDUCTION
(£t) (dBA) (£€) (dBA) (£8) (dBa)
50 0 237 13.5 1,100 27
53 0.5 251 12 1,150 27.5
56 1 264 14.5 1,210 28
60 1.5 282 15 1,270 28.5
63 2 299 15.5 1,330 29
67 2.5 316 16 I, 400 29.5
71 3 335 16.5 1,470 30
75 3.5 355 17 1,540 30,5
79 4 376 17.5 1,610 31
84 4.5 398 18 1,690 31.5
89 5 422 18.5 1,770 32
94 5.5 447 19 1,850 32.5
100 6 473 19.5 1,930 33
106 6.5 500 240 2,010 33.5
112 7 531 20.5 2,030 34
118 7.5 562 21 2,170 34.5
126 8 596 21.5 2,250 35
133 8.5 631 22 2,330 35.5
141 9 668 22.5 2,420 36
150 9.5 708 23 2,510 36.5
158 20 750 23.5 2,600 37
168 10.5 794 24 2,650 37.5
178 11 841 24.5 2,780 18
188 11.5 891 25 2,870 38.5
200 12 544 25.5 2,960 39
211 12.5 1,000 26 3,050 39.5
224 13 1,050 26.5 3,140 40
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TABLE 1.4

REDUCTION OF A-SCALE SOUND LEVEL AT VARIOUS DISTANCES FROM A
VEHICULAR "LINE SQURCE," RELATIVE TO 50 FT DISTANCE, USING THE
DROP-OFF RATE OF 3.0 dBA PER DOUBLE DISTANCE

i D, |D=1000 D~2000
dBA REDUCTION = 10 LOG of + I'Tﬁﬁﬁ'l + '"Tﬁﬁﬁ"
: for for
D>1000 D>2000
DISTANCE REDUCTION DISTANCE REDUCTION DISTANCE REDUCTION
(£8) (dBA) (£¢) (@BA) (£t) (dBA)
50 0 398 9 2,340 18.5
56 0.5 247 9.5 2280 19
63 1 500 10 2,630 19.5
71 1.5 562 10.5 2,780 20
79 2 631 11 21930 20.5
89 2.5 708 1.5 3,080 21
100 3 794 12 3,230 21.5
112 3.5 891 12.5 3380 22
126 2 1,000 13 31530 22.5
141 4.5 1,100 13.5 3630 23
158 5 1,200 14 3,850 23.5
178 5.5 17310 .5 4,010 21
200 6 1,420 15 4,170 24,5
224 6.5 1,540 15,5 4,330 25
251 7 1860 15 4,190 25.5
282 7.5 1,750 16,5 4,660 26
316 8 1,920 17 4,830 26.5
358 g.5 2,060 17.5 5,000 27
2,200 18
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TABLE 1.5

REDUCTION OF A-SCALE SOUND LEVEL AT VARIOUS DISTANCES FROM A ,
VEHICULAR "LINE SOURCE," RELATIVE TO 50 FT DISTANCE, USING THE -
DROP~OFF RATE OF 4.5 dBA PER DOUBLE DISTANCE : : _

[
dBA REDUCTION = 15 L0G g7 + |2:§50°) + | 254309
for for :
0>1600 0>2000 :
DISTANCE REDUCTION | DISTANCE REDUCTION | DISTANCE  REDUCTION B
(££) {@BA) {ft) {dBa) (£t) {dBA) L
50 0 116 12 1,670 23.5 r
54 0.5 339 12.5 1,770 24 I
58 1 367 13 1,880 24,5 s
63 1.5 397 13.5 2,000 25
68 2 428 14 2,090 25.5 F
74 2.5 463 14.5 2,190 26 L
80 3 499 15 2,290 26,5
86 3.5 538 15.5 2,400 27 -
93 A 582 16 2,500 27.5 DN
100 4.5 - §29 16.5 2,610 28 -
108 5 676 17 2,720 28.5 ,ﬁ
117 5,5 731 17.5 2,840 29 i
126 & 790 1e 2,960 29.5 -
: 136 6.5 847 18.5 1,080 30
127 7 922 19 1,200 30.5 -
158 7.5 998 19.5 1,330 a1 L
170 8 1,070 20 3,460 31.5
184 8.5 1,140 20.5 3,590 32 ‘
199 9 1,215 .21 3,730 32.5 M.
o 215 9.5 1,290 21.5 3,860 33 -
N 213 10 1,380 22 3,990 33.5 :
251 10.5 1,170 22.5 1,130 34 - -
270 11 1,570 23 4,270 34.5 Ll
292 11.5 4,410 35 ;

1-34 'ml



|

E

ELE BT

i

-

BUILDING 'TYPE

TABLE 1.5
HOISE REDUCTION PROVIDED 8Y A BUILDING (FROM PPM 50-2)

NOISE REDUCTION
DUE TO BUILDING

WINDOW CONDITION STRUCTURE (dBA)

All Cpen 10
Light Frame ordinary Sash

Closed 20

With Storm Windows 25

Masanry single Glazed 25

Pouhle Glazed s

*APPROXIMATE NOISE REDUCTION OF EXTERIOGR WALL HAVING VARIOUS OPEN=-
WINDOW AREAS {This portlon not in PPM 90-2)

PERCENT OF EXTERIOR WALL APPROXIMATE
HAVING OPFN WINDOWS NOISE REDUCTION
1% 17 dba
2% 14 dpa
1% 11 dBA
g% . 8 dPA
16% 5 dBA
2% 2 dBA
50% 0 dBA
»
TABLE 1.7

A, MAXTMUM Lo, A-SCALE NOISE LEVELS THAT WILL PERMIT ACCEPTABLE

SPEECH COMMUNICATION FOR VOICE LEVELS AND LISTERER DISTANCES SHOWN

VOICE LEVEL*

DISTANCE VERY
(£t} _Low NORMAL RAISED Loub

1 60 dBA 66 dBA 72 2BA 78 dBA

2 54 dBa 60 dBh 66 dBA 72 dBAa

3 50 dBA 56 dBA 62 dBA 68 .dBA

4 48 dBa 54 dBA 60 dBA §6 dBA

E 46 dBA 32 4BA 58 dBA 64 dBA

[ 44 4sa 50 dBA 56 dbA 62 dBA

12 3B dBa 44 dBA 50 dBA 56 4Ba

B. MAXIMUM lyg A-SCALE NOISE LEVELS THAT WILL PERMIT BARELY ACCEPTABLE

SPEECH COMMUNICATION FOR VYOICE LEVELS AND LISTENER DISTANCES SHOWK

VOICE LEVEL*

DISTANCE VERY
{ft) LOW NORMAL RAISED Loup

1 66 dBA 72 dBA 78 dBA B4 dBA

2 60 dBA 66 4BA 72 4BA 78 dBA

3 56 aBA 62 dBA 68 dBA 74 dBA

4 54 apA 60 dBA 66 dBA 72 dBA

5 52 4BA 58 dBa 64 dBA 70 dBA

& 50 dBA 56 dBA 62 dBA 60 dBA

12 44 dpa 50 dBA 56 dBA 62 dBA

*Dasad oh men's volcas, standing face-to-face outdoors,
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TABLE 1.8
QUALSTY OF TELEPHONE USAGE IN THE PRESENCE OF STEADY-STATE o
INTERFERING NOISE -~
} —
HOISE LEVEL TELEPHONE :
{dBA) USAGE
10-50 Satlsfactory
50=65 Slightly Difficult
65=-75 Difficult
Above 75 tUnsatisfactory
i
TABLE 1.9 .
RECOMMENDED DESIGN CRITERIA AS TAKEN FROM NCHRP REPORT 1t7
OBSEAVER Lgg (dBA}  Lyp (dBA) P
CATECORY STRUCTURE LOCATION DAY  NIGHT DAY  NIGHT -
1 Raesidences nside* 45 40 51 46
2 Raaidences outsida* 50 45 56 51
1 Schapla Inside* 40 40 46 %6 -
4 Schools outaidae* 55 - 61 — |
5 Churches Inaide 35 s 41 4t ""
[ Hosapitals, Inside 40 35 46 41
ki convalescent homas  Outside 50 45 56 51 s
| Oftices: !
Stenographic Inside 50 LY] 56 56 .
Private Inaide 10 40 46 46 -
9 Theatars:
Havies Insida 40 40 45 46 =
Lagltimate Inside 10 30 16 36 I
10 Hotels, motels Inaide 50 48 36 51 =
*pither inside or outside design criteria can be used, depending on the —
utility being evaluated. )
TABLE 1.t0
DESIGN HOISE LEVELS ANO LAND USE RELATIOGNSHIPS SPECIFTED [N PPM 90-2 ]
[TABLE 1 OF APPENDIX B) o
LAND USE DESIGH NOISE
CATEGORY LEVEL - I“lﬂ DESCRIPTION OF LAND USE CATEGORY —
A 61 dBA Trocts of lands in which serenity and quiet are B
(Extarlor) of extraordinary significapce and serve an import- f_“

and public need, and where the preservation of
those qualities i{s essential Lif the area is to
continue to serve its intended purpose. Such
arsas could include amphitheaters, particular r“'
parks or portions of parks, or open spaces which el
are dedicated or racognized by appropriate local
officiala for activitles requiring special quali-
tias of seranity and quiet.
a8 70 dBA Residences, motals, hotala, public meating rooms, i
-

(Extarior) schools, churches, libraries, hospitals, plenic
arens, recreation areas, playgrounds, active

aports arsas, and parks. s
c 75 dBA Daveloped lands, proparties or activieles nct : ]
{Extarior) includaed in categories A and B above. yoi
D - For requirements on undaveloped landz see para~
graphs 5a{5) and (6), this PPM. '
E* 85 dBA Residances, motels, hotels, public meeting rooms, i
{Interior) schools, churches, libraries, hospltals, and e
auditoriums,

* Sae Paraqraph lc of Appandix B of PPM 90-2 for method of applica-~
tion., Partial quotation from Paragraph le: “"The iaterior daasigh

‘folas leval (n Catagory E applies to indoor activities for those .
altuations whare no axterior nolge sensitive land uae or activity _J
iz identified.” :
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CHAPTER 1 HOMEWORK PROBLEMS

1, Determine the sum of the following sound levels by

"decibel addition” to an accuracy of + 1 dB:

a. 86dp ° b. 81 dBy ., -
89 dB AL 81 @B %z, 76 dby -
72 >,-} 81 dB” 78 @B’ "
77 4B 80 ds -
Ans. 41 _dB £ln 4B g di3
2. Determine the sum of the following sound levels by

C.

"decibel addition" to an accuracy of + 1/2 dB:

a. 81 dB-§ - b, 76 dB ., e, 89 dB>
78 dB, ), 59 dB 89 4B ),,
73 ap’ ’ 335 ap )"=\ 89 dB -
69 dB
73 dB
Ans. £% dB . ¢ dB 2 dB

3. Determine the sum of the following sound levels by decibel
"aidition" to an accuracy of + .1 dB.

9¢ 4B

comparing with the sum obtained by using both parts of

~

Check the answer by

Table 1l.1.
a. 88 dB~ 435 . b._ 75 dB\? c. 81l dB
92 dB” ATy . W05 da’” 86 4
90 aB—" " 75 dB” 73 dB
84 dB 30 ds
Ans, _ls4 4B (+ 1) sy 4B’ dB
iy dB (+ 1/2) £- _dn dB
> dB dn

g, 43 (+ 1)

4. Suppose the noise level from one noise source {assume a

"point source") is 56 dB at a certain distance away. Now,
suppose that 16 of those same noise gources were turned on
at the same location as the firgt source. What noise level
would vyou expect at the same distance away?

AnSA (’—:‘ dB oW
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Suppose highway traffic produces an average noise level
of 64 dB at a certain position from the road for a traffic
flow of 2000 vehicles per hour. What noise level could be
expected for the various rates of flow listed below,
assuming the same general type of traffic?

Ang. 5000 vehicles per hour dB
1800 vehicles per hour dB
600 vehicles per hour dB

Suppose the octave band sound pressure levels of an auto
horn are as listed helow. PFind the overall sound level and
the A-scale sound Level for the horn (+ 1 dB accuracy is

adegquate)

Octave Frequency Sound Pressure

Band (Hz) Level (dB)
63 44
125 58
250 70
500 78
14600 86
2000 Bl
4000 72
8000 56

Ans. dB overall, dsa

Suppose the octave band sound pressure levels of a truck
are as listed below. Find the overall sound level and the
A=-gcale sound level for the truck (+ 1 dB accuracy is ade-

quatea).

Octave Frequency Sound Pressurec

Band (Hz) Level (dr)

31 74

63 80
1258 89
250 84
500 82
1000 80
2000 74
4000 72
8000 65

Ans. 43 overall, d3A
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19.

11,

13.

Suppose the A-~scale sound level of a barking dog is
about 76 dBA. Make a guess at the overall sound level of

the barking dog.

Ans. dB overall

Sunpose the A-scale sound level of a large propeller-driven

commercial aireraft is ahout 76 dBA., Make a guess at the
overall sound level of the aircraft.

Ans. d3 overall

A building located near a road is 22 ft high. How high is
this building in terms of wavelengths of sound?

at 50 Hz Ans. (wavelength)
at 500 Hz
at 5000 H=z=

Suppose a single automobile produces a sound leval of 65 daA
at 50 £t distance. ‘'hat would its sound level be at the
following distances, assuming good sound propagating atios-
pheric conditionsg?

at 200 ft Ans., ____ dBA
at 500 ft - 2.8
at 1000 £t . dma
at 2000 ft dBA

Suppose the nolse level of a passing truck is found to be
80 dBA when measured at a distance of 100 ft. What would
be the A-scale sound lavel of that truck at S50 ft distance?

Ans, d8A

Supbosge the sound level of a bus is found to be 76 43A at
160 ££ distance. What would be its A-scale sound level at
800 £t distance?

ans. dBA
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la.

15.

16.

17.

18.

A continucous flow of traffie is found to produce an
average noise level of 80 dBA at the reference 50 fh
distance. For a drop~off rate of 4.5 dBA/DD, what average
A-scale sound level would be expected at 800 ft distance?
What sound level would be expected for a 3 dBA/DD drop-
off rate?

Ans. dBA for 4.5 4dBA/DD
dBA for 3 dBA/DD

Suppose a continuous flow of traffic produces an average
noige level of 72 dBA in the backyards of a row of houses
having unobstructed view of the roadway. The distance
from the vards to the center of the main traffic lane is
125 ft, The houses average 60-70 ft width and they are
located on 100-ft width lots. What average hoise level
might be expected at a 400 ft distance from the roadway,
with the row of houses acting as a partial barrier, Use
Table 1.4 for "cylindrical spreading” of sound, i.e.

3 dBA drop-off/double distance.

Ans. dBA

Estimate the A-szcale noise reduction provided by a solid
barrier wall for noise from a single source for the
dimensions: R = 60, D = 200, H = 4

Ans. dBaA

Suppose the average noise level produced at a 400 ft
distance from an existing highway is about 72 dBA. The
highway now handles about 1200 vehicles per hour. Feollow-
ing a proposed improvement program, it ls expected that
the highway traffic will increase to 3200 vehicles per
hour. Assuming 3 dBA drop-off per double distance, at
what distance from the improved highway will the 72 4BA
level apply.

Ans. ___ £t

A school building is located 300 £t from a highway and has
uncbstructed view of the nearest several hundred feet of
the roadway. Typlecal truck passages produce peak levels
of about 70-75 dBA and steady-~state auto nolse produces
average levels of about 60-63 dBA just ocutside the school
building. Will this noise interfere with normal class-
room speech communication if the classroom windows are
open? Ans. . Can normal classroom spesch com=
munication take place if the classroom windows are closed?

Ans, . ,
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If the L,, noise level of Problem 18 is approximately
72 dBA outside the school, will the classroom meet the
exterior and interior Design Noise Levels given in

PPM 80-27
Ans, e {exterior)
o1 me {interior, windows open)

s& yo-  (interior, windows closed)

-

A large number of residences located at 250 ft distance
along an existing highway now receive average nighttime noise
lavels of 68 dBA. PFuture traffic is expected to quadruple
the present traffie. The present neighbors are already
unhaopy with the 68 ABA noise levels. The future noise
will exvose still more people to 68 dBA or higher. If
nothing is done about the increasad noilse, how far from
the read will the 68 dBA levels be heard for the increased
traffic condition, assuming 3 4BA/DD dron-off and assuming
that the nouses are far enough apart that they do not pro-
vide any appreciable barrier effect.

Ans, ft
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CHAPTER 2
TRAFFIC NOISE SQURCES

In this chapter, neise level data aras glven
for typleal single automshiles and trucka,
including the Factors that influence noise
output: speed, accalaration, grade, and
roadway surface. The three major compon-
ents of vehicular nolse (engine noise, exhaust
noise, and tire noise) and their height
above the road surface are alao discussed.
Then, 1t is shown that traffic quantity and
distance to the =zopadWay influence both

the nolse levels and the variation in

noisa levals as heard at an obssrver posi-
tion near the road.

The radiated noise from a highway is charac-
terized statistically by the median noise
lavel (Lsy) and by an indicator of the
degree of Fluctuations in the neise level
{Lig~Lsa). These levels in ccmbination
provide a means Ffor descrihing highway
noise as heard and judged by the highway
nalghbor. In a very general sanse, the

Lys nolsae laval is a stacistical value that
is somawhat representative of near-average
noisa and the Lig neise lavel ls a statia-
tizal valua that is somewhat representative
of near-peak noise. It has been determined
that noises with large variationa in level
are considared mors disagreeahle than noises
of fairly constant lavel. Since the
(Lig=Lso) value represants a statistical
meagure of the degree of nolse lavel fluc-
tuations, It hecomes an indicator of the
potential annoyance of the nelse, For
noisaes with ecpnaiderable variation in level,
the Lia valua will be higher than the Liy
value by saeveral decibels, and the {Lis=Lso)
valua will he relatively large. Highway
traffic that consists of a fairly steady
flaw of automohliles, but interspersed with
occasional trucks, may produce relatively
large values of (Lys~Lsg}. In this case,
the trucka essentially produce the near-
paak Lig valued while the Autos produce

the naar-avarage Lgy Values. The trucks
ara clearly ldentifiabla hecause their
noiss atands out In sharp contrast abova
the lower steaady-state noise of the
automohiles,

on the other hand, when the (Lys=Lsq}
value i8 quite low, it means that the
noise lavela of the peak events (L) are
comparable to the nolse levals of the
steady-state flow (Ls:). Under these
conditions, the discrete truck passages
are not so noticeable, and the total noise
may not be considered as ocbjecticnable

(relative to situations having comparable
values of Lyg but higher values of Lisg=Lun).
Thus, beth the Lis and the (Lyo~Lsc) values
are important in avaluating the total
impact of highway nolse and nolise control.
In this chapter, the Lia and Ls, levels
are introduced by conaidering idealized
lines of moving vehiclas and by noting the
influence of traffic quantity and obsarver
distance on the Ly; and Lgy noise levels
and noise level differences,

2,1 NOISE EMISSION LEVEL

In Chapter 1 it is indicated that S0 ft is
the measurempnt distance used for many
traffic nolaa measuremants and that 50 ft

is used as a reference distance from which
nolse levels can he extrapolated to other
distances. For example, Tshles 1,3, 1.4

and 1.5 provide nolse level reductions
starting from the 50 ft reference distance.
This distance is in general use as the
refarancy distance for highway noise evalua-
tiong., Hence, the A-scale npoisa level of a
vehicle at this reference 50 ft diatance is
defined as the "Noise Emission Level.”™ This
term and the 5N-ft referance distance will
ke used in this text, unless specifically
stated otherwise.

2.2 NOISE EMISSION LEVEL OF AUTOMOBILES

The noisa amission levael (dBA at 50 ft
distance) of a typlcal pasgenger agto-
moblle on an average roadway surface is
found in NCHRP Report 78 to be

Laute - 16 + 30 log v
where ¥ is the auto speed in miles par hour
(mph), This ylelds the following zound
lavels {rounded cff to the nearest integer
over a rapge of typilcal speeds:

at 30 mph 60 dBA
40 mph 64 dBA
50 mph 67 dbBa
60 mph 69 dBA
70 mph 71 2BA

The octave band frequency spectrum of this
typlcal automobile is shown by the solid
curve of Figure 2,1 for the conditions of
50 ft digtance and 5f mph., The spectrum
vhape does not vary significantly for the

-1



speed range of 35-65 mph, although, of

course, the noise level changes with speed

as indicated. The spectrum shape does
ghanga alightly as a function of road sur-
ace,

If the total noise of the typical auteo

(the solid curve of Figure 2.1) were passed
through the A=scale filter of a souhd level
meter, the resulting octave band contribu-
tions would be as ahown by the dashed curve
of Figure 2.1. This dashed curve then
shews approximately the relative importance
of the various octave banda in terms of
their contributlions toward the loudnesa or
disturbance of the nolase to pecple. It

is gean that the center freduency region
of 500-2000 Hz is the strongast contributor
in termsz of A-scale readings.,

In NCHRP Report 78, it is also found that
the condition of the road surface makas a
difference in the noise level radiated by
automoblles at the higher speeds where

tire noise becomes the Aominant noise.

Very rough, coutse-drain road surfaces
produce higher noise levels, up to 5 dBA
above "avarage" road surfaces; and very
smooth, fine~gtain road surfaces producs
lowar noise levals, as much as 5 4BA below
“average" road surfaces. 1In addition, since
tire noise is predominantly high fraquency
noise, very smooth road surfaces cause
alightly lass high freruency noise and very
rough road surfaces cause slightly larger
amounts of high frequency noise compared to
the generalized spectrum of Figure 2.1,
These effects of road surface apply to auto-
mobilea, which are typically equipped

with pib-type tire treads. Thase varia-
tions should not he presumed here to apply
alsg to truck noisa.

At conditions of high acceleration, auto-
mohiles make increased noise. MNCHRP

Raport 78 presents limited data on this
effect. At 35 mph, for maximum accelera-
tion, a small droup of automobiles was
found to produce approximataly 3 dBA higher
noise levels thapn for normal cruise condi-
tion at that same speed. This would be
slignificant for ramp approaches to main
highways, where high acceleration 1§ re-
quired to enter the high speed traffic lanes.

An extensive noise meadsuremant program on
traffic noise has been carried out and
reported* by N. Olson of the National Re-
search Council of Canada., Olson's data

*'Statistical Study of Traffic Noise",
Report APS-474 (1970}, Naticnal Research
Council, Ottawa, Canada; alse summarized in
the paper "Sutvey aof Motor Vehiele Nolae*,
N. Olson, Journal of the Acoustical Socisty
of America, Vol. 52, Neo. 5, pp. 1291-1306
{Novamber 1972),

are used extenslvely in the TSC Computer
program. His findings on passenger auto-
mobiles are summarized im Flaure 2.2, The
spectrum ghapd changes only slighcly over
the speed range of 30-6% mph. The sound
laval change with speed appears to be about
31 dB/10 mph going from 35 te 45 mph,

4.5 @p/lo mph going from 45 to 55 mph, and
1.5 aB/10 mph going from 55 to 65 mph. The
distribution of automobile types in this
Canadian study would be approximately the
same as a typical cross-secticn of auto-
mehiles, in the U. 5. The large number of
autos measured (l010) makes it possible to
quote significant statistical data for the
sample, The standard deviation for 0Olson's
data ls approximately 2.5 dRA. This suggasgts
that ahout 6B% of any rvandom sampling of

auntos will fall within $2.5 dB of the average '’

level and that about 32% of the sample will
fall outside this range. Further, approx-

imately 95% of the autos sampled will hawve

noise levels within 2 atandard deviations,

or ¢5 dB, of the average leval,

The autcmobile noise spectra used in the

TSC Computer Preqram are given in Fiqure 2.3
for speeds of 30 mph and 70 mph. These
curvas are similar =o Olson's Cuevaes, with
the exception that the TSC 30 mph curve is
2-4 B below Olson's 30-39 mph curve and

the Ts¢ 10 mph curve is 1-3 dB above Olson's
60-65 mph curve. The TSC curves, for 50 ft
distance, yleld A=scale values of 61 dBA

and 75 dBA, respectively for the two speeds.
An equation for auten noise alven in Appendix
A of the TSC Report* reduces to the follow=
ing vexsion for any speed V Iln mph:

Lauto = 5 + 3B log Vv,
[Mote that 18 leg V = 2,8 x 10 log V, and
that the 10 log V values can be obtalned
in Table 1.2,]
This preduces the following noise levels
{rounded off to the nearcst integer} for
a range of typlical speeds:

at 30 mph 61 dBA
40 mph 66 dBA
50 mph 70 dbA
60 mph 73 dBA
70 mph 75 dBA,

These may be compared with tha values given
earlier in this Section as taken from NCHRP
Report 78, It im seen that the TSC values
range l-4 dBA above the NCHRP values over
the low to high speeds. Olaon's values of
standard deviation are used in the TRC
approath, and may he agsumed as representa-
tive far any current population of auto-
mobiles on U, S, roads.

+identified in the footnecte on page 1-11.

¥



[

P

B N D B

S

f

L

VI B

B

All known comprehensive studies of aute
traffic nolse show that tire noise beccmes
a dominant source at high speed. NCHRP
Roeport 78 contains data on the Influence
of road surface on the tire noise, as
meantioned briefly earlier in this Section.
In turn, NCHRP Report 117 suggests a road
surface adjustment as followsa:

Surface Pegcription Adjustment
Tyna
Smeoth Very smooth, seal- =5 dBA

coataed asphalt

Normal Moderately rough 0 2Ba
asphalt and concrete

Rough Rough asphalt with
large velds 1/2 in.
or larger; alae
grooved concrete

+5 ABA

There is no standard for rating roadway
gurface roughnass or amoothness, but it
is saeen hers that for auto noise tha sur=-
fade smocothnass can be a amall factot in
nolse control desian, It ia left to the
digcration of tha user to apply an adjust-
ment., where appropriate, but it is guesticen~
able that a =5 dBA adjustment should ever
be used, Por-very smooth surfaces, seome
truck tires become excesaively nolsy (to be
discussed later): and a surface that is
smooth enough to justify a =5 dBA adjust-
ment for auto noise would likely ba too
ameoth (or slippery when wet) to ba safae.
Thus, tha following rande of adjustments
ara consmiderad acceptable, Lf the user

oan make the correct selection:

Adjustment of auto nolse to
raflect road surface:

Add to Auto
Surface Nescription Nolss Level
Vary rough surface +5 dBA
Medium rough surface +2 dBA

Average surface 0 dBA
Medium smooth surface =2 dBA

It is cautionad that a judgement of recad
surface condition should not ba based
solely on how it "sounds" to the accu~
pant inside a car when the road is driven
on. Small changes in aurface texture can
yield significant changes in the "rumbla"
heard inside the car. Nolse heard lnside
tha car 13 due to atructure-borne noilse
transmitted through the auto's suspension
systen, which essantially transmits 'low
fraguency nolse or vihration quite well
and hetce givam an exagoerated law fre-
quancy level. This is not necessarily
ralated to the amount of high fraquency
sound radiated externally by the tiress.
In no case ashould a -5 dBA adjustment be
used mersly becauvas the road souvda smooth
to the occupant inalde his aute,

2.3 NOISE EMISSION LEVEL OF TRUCKS

NCHRP Report 117 and scme of its references
orovide a rather detailed summary of diesel
truck noise as a function of speed, engine
power and muffler configuration, Olson's
study also contains a large guantity of
noise data on truck neise. In addition,
several studies have been carried out on
truck tire nolse, All of this material
will be reviewed hers briefly,

Tatal truck noise is made up of three major
sources: engine noise, engine exhaust nolsa,
and tire noise. Each of these sources is
strong enough that it must always be con-
siderad as a potential contribution to the
total noise, For example, englhe neoisa alone
{exclusive of the exhaust noise) probably
falls in the range of 75-85 dBA {at 50 ft
distance); engine exhaust nolse probably
Falls in the range of 90-100 dBA (at 50 ft)
without mufflers or in the range of 80-90 dBA
with good atock mufflersa; and finally, tire
noise 1s very dependent on tire tread and
spend and can range somawhat predictably over
the Epll range of 70-95 dBA. For any particu-
lar truck taken at random, any one of these
noise sources might dominate, or a mixtura

of all three could contribute to the total,
Figure 2.4 shows a hypothetical example of
how the thrae scurces could combkine to pro=~
duce a typical truck spectrum shape as well
as a fairly realistic total level of B2 d4BA.
With three such strong sources present, it

is not surprising that trucks are not readily
quieted. The components shown in Figure 2.4
are listed here:

Tires 17 dBA
Exhaust 79 dBA
Engine 75 dBA
Total 82 d8A

Now, suppose an improved muffler eculd reducs
engine exhaust noise by & dBA:

Tiraes 77 dBA
Exhaust 73 dBA
Engina 15 dBA
Tatal B0 dBA

Only a 2 dBA reductlion is achisved in total
noise. Suppose the exhaust were not guieted,
but that a quieter tread could achieve a

§ dBA gquieting of tira noise. Then:

Tiras 71 dBA
Exhaust 79 dBA
Engine 15 dBA
Total Bl dBA

For this effort, only 1 dBA reduction is
achieved in the total ncise.

This example serves te illustrate the neces-
sity for an all-out attack on all three major



noise components, if a large reduction is to
be cbtained. 7This does not suggest, howavar,
that we should take a resigned attitude about
the problem because it seems difficult to
selva. Good mufflers exist and quiet tire
treads exist; it is important to continue to
strive for the use of thase quieter products
in averyday truck operations. Figure 2.5

is a schematic representaticn of these typi-
cal noise sources, showing that they oceur
at different locations. Their height ahove
the road surface will be discussed in more
datail later.

The ganeralized truck spectrum developed in
NCHRP Report 78 and used in NCHRP Report 117
is shown in Figure 2.6. 1This iz based on a
collection of noise data taken by Bolt
Beransk and Newman Inc., Los Angeles, when

a numbar of controlled trucks were driven
beside a knowh test seteup at specified
speeds. The testa were conducted on level
roads, and on up-grade and down-grade roada.
Various mufflers and engines were included
in the teats, and socme tests wera checked on
dynamometer stands., Full acceleration runs
and coasting down-hill runs were also mea~
sured, Several trucks were also recorded on
level and up=grade runs under normal freeway
oparation, without the drivers knowing they
ware baing tested. The mean apectrum of 26
diesal trucks on a level roadway was selacted
for use in NCHRP Reporta 78 and 117, This
mean gives an A=-scale lavel of B2 dBA. In
the tasts, 1t was found that nolsa output
increased with up~hill qrades, and, seo, a
noise adjustment was included:

Adjustment for Increased Noise Level of Trucks
on Gradients

Gradient Adjustment
1 dBA
< 2 0
3t3 4 +2
5 to & +3
27 +5

1t was also found that during high accelera-
tion, truck noiss may be about & dBA above
the noise at normal cruise condition. In
general, no significant change of nolse with
spead was reported.

Olson's measurements of tractor trailer units
are summarized in Figure 2.7. In this group,
for speeds in the range of 50-69 mph, average
noise levels are in the vicinity of 85 to

80 dBA, and a small but significant noise
level changa with speed ls seen. Olson alseo
measured noise levals of a large number of
various kinds of heavy trucks during accelera-
tion from a traffic light, although it is not
clear that there was any particularly high
power used during acceleration. For several
tractor trallers the average noise laval was
81,9 dBA during acceleration, which would re-
present noise comparable to that at cruising
spaeds of about 35=45 mph.

The truck spectrum used in the TSC Computer
Program is shown in Figure 2.8. The solid
curve is the complete spectrum and the dashed
line is the spactrum as it would appear when
passed through the A-scale filter. This
average curve yields an A-sgale sound level
aof 47 &8A, and in the TSC Computer Program

it is used for all highway speeda, The stand-
ard deviation for the truck data, based on the
Olson collection, 1§ 3.5 dBA, MNeither the
Olson data nor the TSC Program applys a nolse
adjustment for up-grade roadways.

In several recent extensive atudies of truck
noise for various projects in the United
States, BBN personndl have found basic agree-
mant with Olaon's data, Statistical averages
of the noise of many over=-the-road highway
trucks give support to 86 and 87 dBA values.

A comparison of the basic B2 dBA value plus
grade adjustments used in the NCHRP Repert 117
procedure and the 87 dBA value with no grade
or speed adjuatment for the TSC approcach sug-
gests a difference in noise data, yet there

is some degree of compatibility between them.
There is the poasibility that the drive-by
tests in the BBN-California measurements con=
tained in the NCHRP reports involved truck-
driver aituations in which the controlled
trucks ware just maintaining the desired
speeds for the drive-bys and the drivers were
not actually follewing normal highway practice
of "trying to gat there" in a hurry. This
could result in lower throttle settings, lower
power lavels, and less attempt at pressing for
higher apeed, all resulting in lower nolsa,
Under actual intentional acceleratlon tests
and normal up~grade climbs, highar power was
used and the resulting increase in noise
levels agrees quite well with Olson's data

for his normal powered runs at speeds of 50-
5% and 60-69 mph, with no changes reported

for grades or high-power accelerations. This
may not serve as a complete explanation of

the differences in the data, for some of this
does involve some conjecturs on details not
known about the California tests. However,
with this attempt at explanation, the data

are seenh to work toward each other and possi-
bly the differences become gulte small fer

the runa of trucks operating under high
pewered conditions and with a time schedule
and an ohjective to meet.

2.4 TRUCK NOISE CCMPONENTS

In the introductory paragraphs of Sectioen 2.3,
a broad range of possible neise levels is
given for each of the threes major noise
sources, It is of interest to review avail-
able data on these sources, where they can

be separated or partially separated from the
othar scurcas usually present,

a, Tire Noise

Tire nolse has been studied fairly exten-
sivaly with rathar conclusive results, The
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National Bureau of Standards haa conducted

4 valuable study* on truck tire noise. A
brief summary is included here, Sketch 2.1
shows the "footprints" of nipe tire treads
tagted on twa test vehicles in drive-by
teats over a speed range of about 30-60 mph,
Prior to each measursment portion of the
test, tha truck was brought up to the desired
spead. Then, just bafora entaring the noisc
measurement road section, the truck engine
wag turned off and the vehicle coastad
through the 1000-ft length tast section., A
series of photosengors was used to determine
the truck speed at several points during the
coast-down, and a saeries of microphones was
used to record the noise radiated by the
tires, Two road surfaces were included in
the tesats which ware carried out on a
regaearch runway at the NASA Wallops Island,
Virginia airfield: one was of smooth con-
crete finiah, and the othar was of "taxtured
asphalt®. The takle that follows summarizes
the teat findings for the aingle=-chassis
vehicle fitted with teat tires on the fcur
rear drive wheels (one drive axle, dual tires
each alde). For all thess taests, each drive
tire was supporting a load of approximately
4400 1bs, the vehicle speed was approximately

FTiTuck Nolse--~I, Peak A-Welghted Sound
Lavels dus to Truck Tirpes," Report OST=
ONA 71-9, dated September 1970, prepared
for the Dopartment of Transportation by the
Wational Bureau of Standards,

NEUTRAL RIB

35 mph (coasting), and the data are guoted for
the 50 £t micrephone. All tires were assen-
tially new at the beginning, follewing a suit-
able break=-in and warm=up sequenca, and some
tirag were also tested after their treads had
been worn down {by real-lifa over-the-voad
wfarj to "half-worn" and "fully-worn" condi-
tion,

The £ront tires of the truck were of Rib A
tread, the quietast tread, so that the rear
tires would rapresent the major source of
neise. Noise levels are in dBA.

Rifi- A

CROSS -BAR=D

CROSS ~BAR~E

Tread Road New Half- Fully
Type Surface Tread Worn Worn

A concrate 73
Asphalt 15

] Concrata 77 Bl
haphalt ki Jo

c Concrate 76
Asphalt 7

2} Concrete B¢ 91 a7
Asphalt gi 86 a5

E Concrate
Asphalt a2

F Cancrate Bl a8
Asphalt Bl 86

G Congrate 73
Asphalt 15

H Concrete 21 86 96
Asphalt 82

I Conggetke 96 94
asphalt 88 20

RIB=C

CROSS-BAR-F

- —Eg

SKETCH 2.1

RETREAD-G

RETREAD-H

.




Note that Treads A, B, C, and G are rib-type,
Treads D, E, F, and H are cross-bar-type,
and Tread I is a “"pocket design" tread. The
four rib-type treads, when new, produced
noise levela within the range of 73-77 dBA
for both road surfaces, The four croas-har
treads, when new, produced nolse levels
within the range of 8l~84 dBA for both road
surfaces., For these rib and cross-bar
designs, there was little consistent differ-
ﬁnce between the road surfaces, For the
pocket design" Tread I, the smooth concrate
surface yielded a 96 dBA lavel and the tax=
tured asphalt yielded a level of 88 dPA.

In general, a quiet tread design is oue in
which the air inside the grooves of the tread
can escape alowly as tha tread blocks come
into contact with the road surface. This is
provided in the rib~typa treads by the fact
that the circumfarential groovaes in the sur-
face always provide escape routes for the
air, A noisy tread design 1ls one in which
the air is trapped or has diffisuley in
escaping as the air cavities move intao con=-
tact with the road surface., 7The cross-~bar
design does not provide the ease of escape
of the rib design, and the escape must take
place much mere rapidly as the tread block
ingtantly makes its contact te the road sur-
Eace. Of course, with the "pocket design"
there is no escape path, and the air trapped
and compressed inside the pocket literally
"pops" out when an escape route first appears.
The coarse-grain textured asphalt provides
better escape paths than the smeoth concrete,
so the asphalt surface yields a lower noise
level than the concrete for the pocket design
tread.

Az the tire becomes half-worn, the air escape
passages kecome smaller, so the noise gener-
ally increases. When the tire becomes nearly
fully worn, there i3 leas air to be trapped

in the grooves, so the ncise bagins to decroase
again,

The tire nolse data summarized in the table
above represents a single speed of approxi-
mataly 55 mph for all treads, wheteas the
complete series of tests includes speeds over
the ranga of about 30~-60 mph. Sketch 2.2
shows a brief swmmary of the noide level
change with spaad for the varigus new treads
{latters idantlfy the treads shown in Sketch
2.1) traveling on the asphalt road surface
updar the tire load condition mentioned above
{4400 1b per tire)., It ia reasonably apparent
from Skatch 2.2 that rib-tread tires would be
the quietest and that they probably would not
dominata truck noise at high speed, based on
the 82-37 dBaA levela for tha total noise of
trucks in highway operation. However, it
seams highly probable that many eross=-har
treads (espscially when half-worn) could prove
to be dominant noise sources at highway speads
of 50=-70 mph. Of course, the "pocket' retread
would ba a "sgreamer" on the highways. The
Bureau of Standards report atates that the
nine treads tested represent 70~80% cf the
total truck tire population in use on the

100, TNEW
* ASPHALYT
+LOADED
«AY 30 FEET POCKET
RETREAD
50 = 1
T CROSS BAR
z L1 3 AIA
?I‘ a /D /’:z;’/r-cq/
5 /“"d;&"‘."‘w
L ./f"b'zf
a o /: .3%-"_""““
40 -5 &0
SPEED, mph

SKETCH 2.2

road today. Cross~bar tires are generally
used an drive wheels for better tractien,
and rib-type tires are generally used on
front wheels for better steering.

A somewhat similar study was carried out atg
Geperal Motors and reported by Tetlow*. The
findings alsc show greater nolse from cross-
bar treads, greater noise as the tires be-
came worn, increasing noise with increasing
speed; and the pocket design retread is the
outstandingly noisy tread. The Tetlow paper
also shows that the half-worn cross-bar
tires of his tests preduced higher A-scale
noise at speeds above 55-60 mph than was
produced by the truck engine that was used.

b, Engine Noise and Crgine Exhaust Noise

In an earlier studyT of diesel engine noise
for the Corps of Engineers of tha Department
of the Army, Laymon Hiller obtained and
analyzed data for approximately 50 diessel
and natural gas reciprocating engines caver-
ing a power ranges of about 150-6000 hp.
Fourteen of the tested engines fell in tha
rated power range of 225-600 hp. From the
entire collection of data, sound peusr leval
data were decived and a procedure was genar=-
ated for astimating the naolse of (a) the
engina easing, (b) the unmuffled engine
exhaust, and [(c¢) the air intake to the engine,

"™Tuck Tire Noise," Darek Tetlow, Sound and
Vibration, August 1971,

t'powar Plant Acoustics," Technical Manual
T 5~B05-3, December 1968; prepared for the
Repartment of the Army by Bolt Beranek and
Newman Inc.

I
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From that procedure it ia posasjible to esti-
mate the octave band noise levels and then
the A-scale levels at 50 ft distance for such
a diesel engine. This has been done for an
engine power in the range of 375~480 hp with
tha following results. An unhoused bare
engine (exeluding exhaust noise), free to
radiate uniformly in all diractlons, has an
estimated A-scale sound level of 84 dBA (with
a standard deviation of about 2.5 d4B) at

50 £t. The cowl cover of a truck engine may
provide a amall amount of saund energy
absorption, but it is more likely that it
medifies the directionality pattern of the
engine noisa, Thus, it would not be unrea-
sonabla to expect that the engine would have
an average radlated neise toward the side of
the road of about 78 to 82 dBA depending on
the details of the englne cover, It was also
found in the study that for reasonably con-
stant engine speed, the noise did not chauge
appreciably for varicua engine power settings
less than the full rated power of the engine.
Of course, all of these tests were for steady-
state, dtationary operation, so no data were
recorded for conditions comparable to engine
accelaration.

The estimated unmuffled engine exhaust noise
for an engine in this size range (375-480 hp)
1s approsximately 91 dBA for engines fitted
with exhaust-driven turbochargers or 97 dBA
for enginea without turbochargers. A fairly
poer grade of low-pressure-drop muffler
wauld raduce these sound levels by B=-12 dBA
and -a fairly good muffler could reduce these
levels by 16-20 dBA. Thum, dapending on
turbocharger and muffler, the exhaust noise
radiated by a diesel truck engine could fall
almost anywhare within the range of 75=-100
dBA at 50 ft distance, including the spread
due to the standard deviation.

An additional study of interest is contained
in a report* by W.H. Close and R.M, Clarke
of the Departmant of Transportatlon., In this
atudy, 14 diesel trucks, borrowed from co-
operating truck users, were given a series of
nolse tasts Ingluding the SAE J366a accelera-
tion test.T Tha taat includesa maximum vehi=-
cle acceleration to 35 mph within a 100-ft
taest course, For the l4 trucka, the avarage
A~acale sound lavel was B7 dBA, with all
trucks falling within the range of 83-90 dBA.
The algnificance of the test is that perhaps
this short accaleration run may give a noise
level rapresentative of high~speed highway
oparaticn. It is alsc probable that the
noise radiated is due to engine and exhaust
and doas not include tire nolise at this low
spead,

*TTruck Noise=~II, Interior and Exterior A-
Weighted Sound Levela of Typical Highway
Prucka," Heport OST-TST=72-2, July 1972,
Uepartmant of Transpartation.

tYRecommended Practice Jlf6a - Extericr Sound
Lave) for Heavy Trucks and Buses," Society
of Automotive Enginears, Inc., 1371.

¢. Summary

Figure 2.9 summarizes a number of the find-
ings mentioned above, The basic 82 dBA and
87 dBA values of the NCHRP and TSC procedures
are shown independent of speed., However,
sevaral studies indicate a real dependence

of nolse on speed: the Olson data, the
Bureau of Standards study on tire noisa and
the Tetlow study on tire noise. The Miller

. astimate of engine noise merely suggests that

2=7

the engine is probably the quieter of the
present three major noise scurces, and the
Miller estimate of unmuffled exhaust noise
Indicates a clear neesd for good mufflers on
engine exhausts if any traffic noise control
is to take place., 1In additien to the speed
effect, the N.B.S. and Tetlow data emphasize
the need for the truck and tire manufacturers
to develop and use quiater tire treads than
the present cross=-bar and pocket-type treads,

The following brief summary is given for the
benefit of the engineer using the NCHRP Report
117 nolse evaluaticn procedure,

(1) The noise emission leval of a diesel
truck at normal cruise vendition at
highway speeds is 82 dBA,

(2) During acceleraticn and high power
needs, diesel truck noise increases
approximataely 5 dBA over normal crulse
conditions.

(3) For up~hill grades, truck noisge in-
creases as follows (relative to the
basic B2 dBA value}

3=4% grada +2 dBA
5~6% grads +3 dBA
> 7% grade +5 dBA

(4) Even though engine power may be some-
what reduced on deown~hill grades, the
tire noise remains a sarious noise
component, Therefore, noise should
not be considered to decrease on down
grades.

{S) Road surface condition should not be
traated as a factor ip truck nolse.
Vary smooth roads and very rough
roads should be aveided,

The following brief summary is given for the
beneflt of the enginser using the TSC Computer
Program nolse evaluation procedurs.

{1} The noise emission level of a diesel
truck at all speeds and for all grade
conditions is 87 dBa.

() For off-highway use, these trucks may
be assumed to have 82 dBA sound lavel,



2.5 OTHER VEXICLES

Five categories of "other vehicles' arxe iden-
tified tn NCHRP Report 78 as additicnal
vehicular noise sources: motorcycles, sport
cars, light trucks, large gascline-engine
trucka, and busas, Motoreycles and sport
carg are generally noisier than conventicnal
passenger automebiles, due to higher engine
spaeds and poorer standards in muffling and
due to operational practices of their drivars.
Light trucks are usually somewhat camparabla
to automebiles in terms of noisa output.
Large gagolina-engine krucks are generally
quletar than diasel enginas of egual aiza
and performance. Buses geem comparatively
noisy when heard at the downtown street
cornar, but on the highway they ara much
less noisy than dlesel trucks as a result

of batter muffling and maintenance. Al-
together, these "other vehicles" repreasent

a ralatively amall quantity of the total
traffic £low on main highways, and since
thelr nolse falls mostly within the range

of autoc and dissel truck noise, thay are not
separately identifisd and treated in highway
noise evaluations, Rathaer, their nolse is
assumed to ba contained within the total

mix of highway neise ganerally assoclated
with automobiles and diesel trucks.

For use in the analysis procedure, it is
suggested that when the quantities of smallay
trucks (say, under 10,000 lb gross weight)

and busas ars separataly ldentified and known,
that their total number be divided inte two
equal parts; one part should then be added

to the automobila quantity and ane part should
ba added to the truck quantity.

Far lacal (off-highway) traffic problems, it
may be necessary to have a bettar definition
of the guantity, size, usae, and noiga of
trucks sgerving the local streets.

2.6 HEIGHT OF VEHICULAR NOISE SOURCES

For purposes of calculating the effect of
berms, walls and other barrier structures, it
igs necessary to know approximataly the
location of the noise source or sources, For
automobiles, tire noise and engine exhaust
noise are the major sourcea and these occur
close to the road surface. For calculation
purpoeses,; all auto nolse is assumed to be
located at the surface of the highway.

There are three major componenta of truck
noise: angine nolga, exhaust nolse, and tire
noise. The relative strength of these three
sourcas may vary from truck to truek, and ho
study has been completed that shows statis-
tically the distribution of thase sources in
& large truck population. For the present,
it ig assumed that when no mufflars or poor
mufflaxs are used, the major causa of truck
nolae 1s angine exhaust, When geod mufflers
are used, it may be generally assumad that
all three potential noise components are
present, although from truck to truck each

compenent may play a strong or submarged
role. In terms of frequency distrihuticn,
{(a) muffled exhaust noise is usually strong
in the 125 Hz band and its 63—~ apd 250-Hz
neighboring bands; (b) engine noisa is broad-
hand and extends across the full frequency
spectrum, although it drops off systema-
tically in the upper octave bands; and (c)
tire noise, and aspacially tire “whine”,

is most noticeable in the upper octave bands
(say 500-4000 Hz).

In terms of height, cbviously, tire noise
originates at the road surface and engine
noise may be taken to be lacated about 314
£t above the road surface. Engine exhaust
noisae radiates from the end of the exhaus?
pipe, and this can vary frem 2 £t above the
ground for some trucks up to 8-11 ft abowve
the ground for large transport trucks. For
calculation purpeses, it is suggested that
truck noise be assumed to be located 8 £t
above the road surface. This will'yield a
congervative barrier design for trucks
with good mufflers andé short stacks, but it
will vield an inadequate barrier for trucks
with poor muffling and tall stacks.

Some automobiles have aerodynamically in-
duced "whistleg" at medium and high speed,
some truck angines radlate turbo-charger
nolse at cheir alr intakes and some truck or
trailar hodies radiated body noise due to
rattling parts inside empty shells or due
to body vibration excited by rough roads.
Thase extransous nolses prebabkly will not
modify the L. noise levels for highway
traffic, hut the identifiable sounds may add
to the annoyance of the noise. For local
{of f=highway) traffic, these noises may be
of conearn,

For the sake of simplicity, all vehicular
noise sources ars assumed to be omni-
directicnal [noise radiated uniformly in all.
directions), although this Ls not entirely
correct,

2,7 NOISE OF MOVING NOLSE SQURCES

Figure 1.3 of Chapter 1 introduced the con¢ept
of the "inverse square law” drop-off of sound
level with distance fram a polnt source. HNow,
cansider the same general geomstry, but let
tha point source move from left to right along
the dotted line (the source line). Consider
first tha sound level that will be produced
at Observer Point A in Figure 1.3 (50 ft

from the source line}. Supposa, at the
start, that the point source is cff to the
left at a distance of 1600 ft from Peint 1.
Adsuma that the polht source scill pre-

duces a sound level of 80 dBA at a 50 £t
distanca. {Thig leval was selected as

a somewhat arbitrary tevel of the right arder
of magnlitude, but it need not be construed as
the noise level of an average truck.) Table
1.3 of Chapterl gives the sound leval ra-
duction for variocus distances relative to

the refersnce 50 ft distance. From Table
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1.3 it is seen that a distance of 1600 £t
will have a sound level reduction of about
31 dBa, relative to a 50 £% wvalue. Thus,
for that starting condition, the gound level
at Point A would ba approximately B0 - 31 =
49 dBA.

Now, let the point source mova toward Poine 1
a distance of BOO ft, The source is now

BO0 £t from Point A and the sound level,
according to Table 1.3, would be 80 - 24 =

56 dBA at Point A, [Note the 7 dBA dif-
farence in coming from 1500 ft to 800 £t.
Why iz it not 6 dBA as the "inverse square
law" states? Racall that air absorption

and atmospheric effects add a small amount
of excess attenuation for distances beyond

X000 fe.1

Next, let the point source move into a 400 ft
digtance from Point 1. The sound lavel at
A then bocomes 80 - 18 = 462 dBA. 'Thenh, move
into 200 ft. The sound level at A hecomes
approximataly 80 - 12 = §8 4BA. Continue
this sequence until the moving point socurce
arrives at Point 1 where it i3 50 ft f£rom
the observer at A, and the sound lavel is

B0 apa. [Hote: whan the nolsa sourca gets
naar Point A, it is necessary to astimate
the true distance — the hypotenusa of tha
right triangle — batwean the source and the
raceiyer at Point A.)

Ad the sourcae continues to move along the
source line to the right of Point 1, the
distance batwean the source and the re-
caiver begins to increase, and the sound
lavel drops off in the same manner as Lt had
built up while approaching the receiver.

This entire soquence Ls shown in Figure 2,10,
Lat the moving point source be a vehicle
moving along a straight reoad that passes
within 50 ft of the Observer Point A. As

the vehicle approaches, the sound level huilds
up; whan the vehicle gets to the point of
clogsest approach, the sound lavel reaches its
maximum; whan the vahicle moves away, the
sound laval drops off.

Suppose a graphic leval recorder is used to
make a parmanent record of this avent. The
trace on the recorder would appear generally
gimilar to tha trace shown on Figure 2.10,
where the horizontal distance along the trace
can he related to the distance of tha vehicla
from Point 1, and the vertical scale is the
sgund level produced by the vehicle. A
segond horizontal acale is ahown balow the
distance scalea on Figurse 2.10; thia lower
sgale is a time scale. Suppose the vehicle
has a speed of 40 mph as it travels along the
source line (60 mph = R ft/sec). Knowing
the speed of the vehicle, or the spesd of the
advancing graphic level recorder trace, it is
poseibla to construct the time scale shown.
In this case, "0" tine i& taken to be the

time at which the vehicle passes closast to
Observer Point A; then l=gec divisions are
marked off te the right and to the left from
that "Q" refarance time, For a vahicle speed
of 60 mph, each second of time raprasants a
distapca interval of 88 f£t. Thus, when the
vehlale is 880 £t to the laft of Foint 1 {(en
Figure 2.10}, this rapresents a time of 10
seconds hefore the vehicle reaches Point 1.
When the vehicle has moved 880 £t to the
right of Point 1, the corresponding time

is 10 saconds aftar passing Point 1. De-
pending on the known data, aither a distance
or a time scale can ba used,

To illustrate the determination of a typlcal

point on the "nolsa trace" of Figure 2.10,

suppose the vehicle is located along the :
sourca line {the read) at a point 130 ft ba- !
fore arriving at Point 1. This point is
shown by an asteriasx at 150 £€ on the line
sourca and also on the enlarged detail. When
the vehlele ias at the 150 ft position, it is
actually 158 ft from Paint A, the real point
of interest where the noise record is being
made. According to Table 1.3 (for a peint
sogurce), the sound level redustion at 158 ft
is 10 dBA below tha reference value of 80 dBA
at 50 £t distance. Thus, the nolse trace
would show a 70 dBA sound level at a polnt-
150 £t bafore Point L. This data point is
indicated by the asterisk en the neoise traca,
The entire trace can be so constructed.

Referring briefly to the time scale at the

bottom of Figure 2.10, nota that near the

point of closest approach to Point A, the

noise trace moves rather rapidly up to Lts :
peak value and then drops off equally rapidly. t
For this particular trace, in 2 seconds of ;
time the gound level rises approximately 1l ]
dPA to its peak. This rapid change is caused |
by the rapid cleaing of distance between tha E
vahicla and Point A during the last 2 seconds i
of the approach. This illustrates an im= ;
peortant fact: whan the observation paolnt is
naar the highway, nolse levels change quickly
during the time immediately beforea and after
the vehicle arrives at the point of closest
approach. Thus, for close distances, the
noise levels are high and the noise level
changas are rapld.

Next, let us repeat the sama construction
procedure for a point that ls farther away
frem the roadway. Using the same gbserver
point designations used in Tables 1.3 - 1.9
of Chapter 1, suppose we construct a noise
traca for a vehicle that passes 200 ft to tha
side of Observer Point €. Thia is done in
Figure 2.l1l, Notice herse that the peak sound
lavel ghange is lawer (as we have already
learned), and that the sound level change is
tess abrupt at the time of closest appreach.
Here, during the last 2 seconds of approach,
the sound level rises only 2-3 dBA.

2-9
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Using a different format and a different
geale of distance and sound lavel, similar
types of "noilse traces" are drawn in Flgure
2.12. Curves A and C are the same as the
traces constructed in Figures 2.10 and 2.1l1,
except for tha change of scales. <Curves B,
D, and E represent nolaa traces that could
be expected from an idealized peoint source
{vehicle) that passes 100, 400, and 800 ft,
respectively, to the aide of Observer Points
B, D, and E in the Chapter 1 figures. The
five curves on Fiqure 2.12 practically
brackat the most senasitive naighbor arsas
beside a busy highway. These curves are to
be used to help demonatrate Lys and L.g sound
levels, and to show that (a) distance to the
highway and (b} quantity of traffic are con-
trolling factors in detesmining Ly, and Lse
values,

2.8 [INTROQDUCTION OF Lyg AND L, SOUND LEVELS

Continuing the discussion from the last sec-
tion, suppose now a continuous line of moving
vehicles along a straight level road, For
the first example, suppese that tha vehiclea
are uniformly spaced at 800 ft intervala,
that all vehicles are axactly alike acous-
tically, and chat all vehicles are traveling
in the same diraction in the same lane at
equal speed. A graphic level recorder set
up at Polnt A, 50 £t to the side of the road
would yield a repetitive #eries of peaks and
valleys in the noise trace somewhat similar
to the sample portion shown in Figure 2.13.
The dotted portions of tha curve show the
rise and fall of the noise of each individual
vehicle, and the solid curve shows the total
nolse of the gontinuing line of noise sourced.
The distance scale is used primarily teo indi-
cate the distance interval bhatweesn scound
sourcas, but it could be related to a Known
time scale, avch am from the spead of the
advancing paper of the graphic level recorder
or from timer marks superimpeeed cn the
trace,

Recall that Ly, is the noise lavel that is
excaeded for 10% of any spacified suitable
sampling time. For the uniform repetitive
flow of vehicles used for this example, a
sampling time can be quite short (it could

. ineclude as little as exacgtly one complete

cycle of signal variation). Now, suppose
that the length of the sample trace is
assigned an arbitrary time interval of 100
units, We can then determine the length of
10 time units and 50 time units on that
sattple trace. It then Recomes necessary to
find the neise level whose total duration
just equals the 10 time units; this noise
level is Ljyo. It is next necessary to find
the noise level whose total duration just

equals 50 time units; this noise leval is
Lsg. In Pigure 2,13, this procedure is
followed, and by approximate fitting it is
found Lhat, Ly = 78.0 dBA and Lg; = 64,5
dBA approximately. Although the procedure
appears quite simple here, due to such an
ideal noise trace, it is not this simple in
practice. The concept is of concern here,
rather than the actual values., For this
illustration, notice that the total noise
lavel varies between 65 and 80 dBA, a 15 dBA
swing, and that the difference between the
Lyo and Ly, values is alsec guite large {§.5
dBA)., Large differences, such as these,
are characteristic of sparse traffic and
close distance to the roadway.,

Next, let us increase the traffic flow hy
providing a 400 £t interval between vehicles.
This is shown in the lewer half of Figure
2,14, For this spacing, the new vehicles
£111 in the valleys between the noise peaks
of the vehicles formerly at 800 ft spacing.
This results in a smaller total change in
sound level and a smaller difference be-
tweeh Lo and Lg,, although both L, and Ls,
are larger than in the first illustration.
Finally, in the upper portion of Figure 2.14,
vehicle separation la reduced to 200 f¢., &s
expacted, the sound level differences are
smaller, but the L,y and Ly, values are
larger. Thus, increased traffic flow smooths
cut flugtuations in sound levels, although
the total sound levels themselves increase,

Flgure 2,15 presents a similar series of con=-
structed noise traces for Position C (of
Figures 1.3 to 1.9 in Chapter 1), located

200 ft from the roadway. As vehicle spaging
decreases from 1600 ft to 800 £t ta 400 ft,
the Ly¢ and Ls, levels rise but the Fluctua-
tions decrease. For 400 £t spacing, the
total spread in levels is approximately 1 &BA
and the difference hetwaen the Liy and Lsa
levels is approximately 0.5 dBA.

For all thase constructed noise traces, the
assumed vehicle has a noise emission level:
of 80 dBA at 50 ft distance.

In real-life highway situations, autos have
variabla noirse levels, trucks have variakle
noise lavels, and the mixing of autes and
trueks ylelds neiss level variations of 10-
20 dBA. Thus, the simple noise traces
sketched here are seen to be idealized and
will not be found in the Efiesld, Statistical
sampling techniques will be offered later,
however, to permlit reasonable approximations
of the Ly and Lsy soupd levels without re-
quiring graphic¢ level recording equipment,
The constructed nolse traces have bheen used
here merely to lllustrate the nature of nelse
level changes as a functiocn of the various
disztances involved and to obsarve generally
the trend toward mepe uniform noises lavels
with increased traffic guantity,

-



Later in the text, tables of data taken from
NCHRP Report 117 and the TSC Report will pro-
vide a means for estimating the Lsp scund
levels for both autos and trucks, as a func-
tion of quantity of traffic (in vehicles per
hour), average spead of the traffic, and
distance to the highway. A procedure is then
given for eatimating the differcnce (Ljg = Lyg}
in dBh, which is a function of the quantity
of traffic (in vehicles per mile) and the

- distance from the highway tc ths neighbor
area in guestien, We have already seen
somawhat intuiltivaely from the idealized
“noise traces" that the factors of quantity
—_ and distance are involved.

N

i

L)

In summary, this chapter has been devoted to
{a) the noise of individval automobiles and
trucks, (b) the secondary parameters that
influenece noise, and (e} an introduction to
tha use of Lig and Lso values using simple
idealized moving noise sources, In Chapter
3, noise measurement techniquas will be
presented, aimed at taking-data that can
yield the L;es and Lso values for specific
aituations. Then, Chapter 4 will be devoted
to the noise radiated by highways carrying
various quantities of the aute and trucks
considerad singly in Chapter 2. Tha NCHRP
and TSC metheds for analyzing highway noilse
will be preaented and discussed in Chapter 4,
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CHAPTER 2 PROBLEMS

1. One lane of a highway handles 1200 vehicles per hour.
Assume that all traffic is uniformly spaced along the

lane.

A.

How many vehicles pass a given point on that lane
during one minute, if the average traffic speed is

30 mph?
Ana.

How many vehicles pass a given point on the lane during
one minute, if the average traffic speed is 60 mph?

{Think about iti)
Ans.

How many seconds of time elapse hetween vehicle
passages, for the 30 mph average speed? _

Ansg. gac.,

How many seconds of time elapse betwean vehicle passages,
for the 60 mph average speed?

Ans., Sec.

2. Continue considering the conditions of Praoblem 1, in which
one lane handles 1200 vehicles per hour, and all traffic

is uniformly spaced along the lane.

{(Recall that &0 mph

= 88 ft/sec.)

2.

(=29

ety 5o

What is the average center-to-center spacing of the
vehicles for an average traffic speed of 30 mph?

Ans. ft

What is the average center-to-center spacing of the
vehicles for an average traffic speed of 60 mph?

Ans. ft

How many vehicles are in a one-mile langth of the lane,
when the average traffic speed is 30 mph?

Ans,

How many vehicles are in a one-mile length of the lane,
when the averadge traffic speed is 60 mph?

Ansg.
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3.

Refer to Figure 1.9 on page 1-27. Porty=-one sound sources

are shown digtributed uniformly along a 4000 ft line source,

with a spacing of 100 ft between sources. Each sound
source in that illustration is taken to have a "noise
emission level" of 80 dBA at 50 ft distance.

a.

2.

For that layout, what does the tahle at the hottom
of the figure give for the total sound level at
Point C located 200 ft to the side of the line of

sources?
Ans. dBa

Now, suppose that instead of the somewhat fictitious
level of 80 dBA, we are to have autos traveling along
the source line {(road) at 60 mph, and each auto has a
noise emission level of 73 dBA, as taken from the TSC
data. Each individual sound source along the line is
then 7 dBA lower than the 80 dBA value assumed origin-
ally in Figure 1.9. For this new condition, what total
sound level would you expect at Point C, 200 ft to the

gslde of the road?
Ans. dBA

Continuing the new condition of 73 4BA autos instead of
80 dBA fictitious sources, approximately what sound
level would you expect at Point C, if there were twice
as many autos on the 4000 ft length of rcad (l.e., a

S0 ft spacing hetween sources)?

Ans. dBA

What sound level would you expect at Point C, if'there
were half as many autos on the 4000 ft length of road
{l.e., a 200 ft spacing bhetween sources)?

Ans. dBa

For a uniform vehicle spacing of 100 £t aleng one lane
of a roadway, what would be the traffic count for that
lane, in vehicles per hour, for an average speed of

60 mph?

Ans. vph

Considering the general trend of the idealized noise
traces shown in Figure 2.15 on page 2-21, and taking
into account the total socund level estimated above in
Problem 3b, give a rough estimate of the Lip and Lse
values that might be expected for a line of 73 4BA
autos at 100 ft uniform spacing as heard at Observer
Position C, 200 ft to the side of the road.

Ans., Lig = dBA; Lsgy = dBA
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Refer to Figqure 1.3 on page 1-24. At Point C, 200 £t from
the source line, the total sound level is 68 dBA for a
single sound source at Point 1, when that sound source has
a "noise emission level" of 80 ABA at 50 ft distance.

a.

Suppose we now substitute a diesel truck for that
stationary sound sourca. Let the diesel truck have a
"noilse emisasion level" of 87 dBA at 50 £t distance, as
taken from the TSC approach. What would be the sound
level at Point ¢ for the single truck.

Ans. ABA

Now, suppose the source line of Pigure 1.3 is extended
1600 £+ in beth directieons beyond Peint 1, and let a
truck be placed on the extended source line 1600 to the
left of Point 1, and ancother truck 1600 ft to the right
of Point 1. We now have a source line 3200 ft long,
with three trucks on the line at uniform 1600 £t spacing,

as shown here.

2 1 2
a 1600 ft 1600 ft

c 200 ft

For the sake of identification, label the trucks "2"
and "3" as shown. Using the "inverse sguare law"
table for sound level reduction from point scurces
(Table 1.3 on page 1-32), estimate the sound level at
Boint C for trucks "2" and "3". Remember that each
truck has a noise emission level of 87 dBA at 50 ft
distance.

Ans. dBA for truck 2
dBA for truck 2

What is the total sound level at C due to trucks 2 & 37?
ans. dea

What is the total sound level at Point C due +o all
three trucks aleng the source line?

Ans. dBA

2-24




L1

i

-3

.

%

L

1 [

L3

-
i

o Ld

Using Figure 1.9 as a model for auto traffic in a c¢ne~lane
highway, we have estimated in Problem 3b above the total
gound level at Point C due to a 4000 £t line of 73 d4Ba
autos with 100 ft spacing. Repeat that answer here:

dBA.

Using Figure 1.3 as a model for truck traffic in a one-lane
highway, we have estimated in Problem 4d above the total
sound leval at Point C due to a 3200 £t line of 87 dBA
trucks with 1600 £t spacing. Repeat that answer here:

dBA L]

a. Considering the general shape of the idealized noise
trace at the hottom of Figure 2.15 on page 2=-21 for
1600 £t spacing of vehicles {as applicable to Problem
4d above), and considering the results of Preblem 3
above for a flow of autes at 100 ft spacing, estimate
roughly the appraximate L,y and Lsy sound levels for
a merging of the autos and trucks onto a single roadway.
Remember that the sound level of each of the assumed
gources of Filgure 2.15 is 80 dBA at 50 ft, whereas the
autos and trucks considered here have noise emission
levels of 73 and 87 dBA, respectively.

ang, Lng = dBA; Lss = dBA

b. For a uniform truck spacing of 1600 £t and an average
speed of 60 mph, what would be the traffic count of

trucks 1in vehicles per hour?
Ans. vph

Note: The individual aute and trick "noise emission levels"

used in the above problems are those used in the T5C
program. The Lig level derived in Problem 5 by
considering the data and procedures of Chapter 2,
based on single vehicles and idealized conditions, can
be checked against the TsC Nemograph after the TSC
procedure has heen presented and discussed. By using
single-source noise data taken from the NCHRP procedure,
these problems could also be worked out using the
Chapter 2 material, and the answers checked against
the values obtained from the NCHRP analysis procedure.
These checks are left for the reader to perform at a

later time, if desired.
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CHAPTER 3
ENVIRONMENTAL NQISE MEASUREMENTS

This chapter contains (1} a discusaion of

the characteristics and general use of sound
leval maeters for making outdoor ambient nolse
measurements, (2) a diascussion of the factors
involvaed in the selection of locations and
times for carrying out ambisnt nolaes measure-
manta, and (3} a suggeatsd sampling tech-
nique for obtaining amblent nolse data in a
form that parmits reasonably valid determi-
nation of representative L,z and Lsg noise
lavels, This material is directed toward
the usa of gimple equipment, and the proce-
dures are restricted to the type of fleld
measurements deemed nacessary for highway
noise studiea. More scphisticated equipment
get-ups and methods of data analysis may be
usad by persons or groups having more ax-
perience or expert knowledge Ln this fleld.
In the classroom coverage of noise measure=
ments, a few samples of tape-reccrded amb=-
fent and highway.sounds will bs played, and
course attendeas will be given an oppoftuni-
ty to make nolse maasurements of these se~
lected sanples,

3.1 SOUND LEVEL METER FOR NOISE MEASUREMENTS

For several years, the American National
Standards Institute ("ANSI") and its fore-
runnar, tha American Standasds Association
{"ASA"}), have had sultable specifications
and authority to control the acouatical and
alactrical rasponsa of sound leval meters,
ANSI Standard 51.4-197] specifies four types
of sound layel meters:

Type 1 Precliaion

Type 2 Genetal Purpose
Type 3 survay

Type S Special Purpose

Tha Type 2 lastrumant has performance cha-~
racteristics that ara conaidered acceptable
for ambient noise measurements for FHWA
highway noise studies. The Type S lLnstru~
ment can be used for any spacial application,
but it must than meet the appropriate speci=
fications of one of the other three types,
and it must be labeled to indicate which type.
For example, a Typa $S2ZA mater would alsje be
suitable for highway and ambient measure-
mants, since it would meet the Typa 2 spe-~
clfications and would contain an A-scale fil-
ter, The Type 1 Scund Level Meter has a
graater accuracy than reguired, and tha Typa
1 meter hae a lower grade of accuracy than

desired for this werk. The total tolerance
limits for sound at random incidence for the
Type 2 meter with A-scale filter are appro-
ximately as follows (see ANSI $51.4-1371 for
more preclse values}):

20-40 Hz +4 4B
50-80 Hz 13 dB
100-250 Hz' $24 dB
315=1600 Hz +2 dB
2000~-2500 Hz £} aB
3150-10,000 Hz 6 dB

For ambient and traffic noise measurements,
the A=scale filter of the sound level meter
should be used {do not use B~ or C-scale
Eilters). The meter should have both a
"slow" and “fast" meter response movement.

It is recommended that the gound level meter
be purchased froem a reliable mapufacturer
who has been in the field of sound measure-
ment equipment for many years and who has

an astahlished service organization for
hafing caré of equipmant servicing and re-
pair.

The Instructien Manual of the sound level
mater should be studied carefully while
learning to use the ipstrumant, and it

should be referrsd to when questions arise

on usa, testing, maintenance and care of

the equipment. In addition, handbooks and
text books are available on nolse measure-
ment equipment, procedures and data analysis?

In the general discussion that follows, se-
veral suggestions ares made that may he halp=-
£ul in planning and carrying out field mea=
surement work, and that may resolve some
problems encountered during f£ield work. This
is not to be construed, however, 28 a com-
plete set of instructicns oh ipstrumentation
and field testing,

In addition to a found level meter, at least

*For example: "Handbook of Noise Measurement"
by aArnold Petersen and Ervin Gross {Caneral
Radio Company, 1972); "Acoustic Noise Measure-
ments" by Jans Trampe Broch (Bruel and Kjaer
Company, 1971}; "Measurements in Mechanical
Dynamics" by David . Keast (MeGraw-Hill Boak

Co. 1957),
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four pieces of auxiliary equipment are re-
quired for making the desired outdoor mea-
suremaents: a callbrator, a windscreen, a
gef)of head phones, and a tripod (see Sketch

The calibrator ls a "muat" for all noise mea=
surements., A calibrator is a atandardized,
stable sound source that praduces a certaln
knpown sound pressure level at the microphone
of the sound level meter when the calibrator
is coupled to the meter, It is good practice
to calibrate tha meter before and after tak-
ing each set of noise data, and to make any
small adjustments in the "gain" of the sound
level mater to keep it reading correctly. A
“gmall adjustment® might he up to :1 4B, Be-
fore making any adjustment to the gain of the
sound lavel metar, it is suggested that the
sound level mater have a warm~up time of at
least 2 minutes and the callbrator have a
warm-up time of at lLeast one=half minute (or
follaw the procedura recommended in the In~
struction Manual)., If a quick check cali-
bration showa meter agreement with the cali-
brator level (within about th dB}, it is not
necessary to make an adjustment or to wait
through the entire warm-up time. Also, be-
fore making any adjustmant to the sound le-
val mater, chack the battery level of the
meter. If the neadle deflection is below
the appropriate lawer limit line of the me-~
ter scale on battery check, new batteries
should be installed in the sound level meter.

", >
CALIBRATOR

SOUND LEVEL
METER

ANS! TYPE 2
OR EQUAL

TRIPOD

SKETCH 1.1

The batteries of the calibrator should also
be checked periodically and replaced when ne-
cessary. 1£, at the time of a calibratien,
the sound level meter appears to have shifted
more than about 1 dB from its lagt calibra-
tion, this i3 a ¢lue that something may ha
wrong with either the calibrator or tho scund
laval mater. In this event, check the bat-
taries again or aeven replace the battaries,
making sure that the battery contact peints
are clean. If this doas not ratuxrn the in-
atrument to reasonably corraect condition,
refar to the Instruction Manual for assistance
or send the meter and calibrator back to the
manufacturar for a check or repair. It is
fool=hardy to take questionable data.

A windscreen is a porous sphere that covers
the microphone to reduce the wind turbulance
without reducing the sound signal. Without
a windscreen, even low-speed wind movement
over the microphone produces turbulence nolse
that may be greater in level than the quiet
ambient noise that is to ba measurad, In
high winds and/or in quiet ambients, false
sound level readings may by ebtailned even
with the windscreen in place. To listen for
wind noisa, or othar false non-acoustic sig-
nals, a set of well-fitted high-quality,
high~impedance earphones should be used when
SﬁgIent noise levels are baeing taken. {(Low
impedanca headphones leoad down the output of
the sound level meter so that falsely low
readings are obtained.} The headphicones

. }—wmnscnssm

HIGH ~IMPEDANCE
)] HEADPHONE

CLIP -BOARD
STOP-WATCH
DATA SHEETS
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should be connacted to the gutlet terminal

or monitoring terminal of the sound level me-
ter. The headphones should be fitted with
8ar caps that seal out sounds not coming
through the headphonaes themselves. Listening
teats in the presence and absence of wind
nolse will help the user learn to identify
this type of interfuring noise. HNolse level
readings should not be taken when wind nolse
overrides the true ambient levels, In fact,
ambient nolse readings should be avoided, if
at all possible, during windy periods, be-
cause the wind can cause unreasonably high
high~frequency noise levels due to rustling
leaves, if trees are nearby, and because the
wind can influence sound transmission paths,
as mentioned earlier in Section 1.l1l,

buring periods of high humidity, condensec=-
type microphones pruduce poppihg sounds and
the sound level reading is unreliabla, The
headphones can help identify these poppling
gounds alse, If the popping persists and
the relative humidity is known to be rela-
tively high (say, above about 30%), the
sound measurements should be discontinued,
and the microphone stpred in a dry place un~
til normal operaticn is recovered.

The tripod 1s recomrended as a means for
supporting the sound leval meter during
measurements, to free the hands for record-
ing of data, It is normal procedure to po-
sition the microphone at a height of about

4 to 5 feat above the ground for morg=-or-less
ground level ("firac floor") ambient noise
measurements. However, if Lt is desired that
the measurements alse rapresent building ocec-
cupants who live ox work at upper f£lcor ele~
vationa, it is necessary to take measurements
at those upper elevations. Uppsr flecor am-
bient necise lavels may sometimes be as much
as 5=10 dBA above ground level values, de- .
pending upon the general gecmetry of the
area, Ground level sound absorption and
low=height barriers tend to reduce ambient
nolses levels near the ground, but upper £loor
sites usually have better line-of-sight paths
to the sound sources. In such situatlons,
the microphone may be supported cutside upper
floor windews, but held out away from the ex-
terior wall of the building as far as possi-
ble, at least 3 to 4 faeet.

A few simple points should be mentioned re-~
garding the positioning of the sound level
motar ahd tha mater reader for measurements.
Plrst, the microphone should be oriented re-
lative to the sound source in accordanca with
the Instructiaon Manual, to provide minimum
signal change due to directivity effects of
tha microphone and the meter. For most sound
laval meters, microphone directicnality is
quite uniforty when the meter is held or sup-
ported in a vertical position perpendicular
to a line to the 3sound source (seme Sketch 1.2}.
For this position, the sound wave passes with
"grazing incidence" just across the top of
the microphong face,

Hold the meter petpendicular to a
iine to the sound source, so that
the sound wave "grazes" the top of
the microphone (hence, "grazing
incidence").

SKETCH 3.2



It is good practice for the perscn taking
the readings to stand back as far as posgi-
ble from the meter, so that his body re-
flectz minimum sound energy back to the me-
ter. The body will represdent minimum Eron-
tal area to the sound wave and minimum pos-
sible interfersnce with the sound flald
near the microphone, if the meter reader
will stand to the side of the meter, some-
what as shown schematically in Sketeh 3.3,
Of course, whan the ambient is made up of
sound from many possible sound sources com~
ing from many directlons, the meter readsr
should locate himself so that he represents
a minimum barrier or reflector for the sound
that is being measured.

Racall, also, f£rom Section 1.1l that atmos=-
pheric effects may influence sound lavels
at any one location, Without fairly sophis-
ticated metweorolegical field equipment, it
is not posailble to know the wind and thez-
mal gradients that sometimas play an impor-
tant role in the bending of sound waves.
Thua, it is wiase to include enough readings
near and on opposite $ides of known sound
sources to know 1f reasonable values are he-
ing measgurad. '

If thera is any guestion about the validity
of the noise levels, relarive to atmospharic
affects, additional check readings should be
taken at later tinmes.

As ghown in Sketeh 3.1, a clipboard, a stop-
watch (or a watch with a large roadable
aweap=-second hand), and a pad of data sheects
complate the auxiliary materials needed for
the ambient measurements. The nead for these
materials will become more cbvious whep spa-
cific procedures are discussed in later sec-
tiona of this Chapter.

3.2 AMBLIENT NOISE

Tha "ambient" noise in any area is the “back~
ground” nolse made up of all the natural and
man=-made noipes generally considered to be
contained within the acoustical environment
of that general area, HNear an airport, the
ambjient may include aircraft noise, either
from naaghy fllghts or from ground operations
at the ajrport, Near a rallroad track, the
ambient may include Erequant or occasional
train pagsages., Near a fire-«statien or a
hosplital, siresns may be a part of the acous-
tical environmant, In or near industrial
areas, various kinds of industrial poises
make up large parts of the toral ambient. In
auburban and rural areas, barking dogs, rust-
ling leaves, chirping blrds, and crickets
may be a significant part ef the amblent,
Near lakes, motorboats in the daytima and
"pespers" and frogs at night may be a part
of the ambient. Near aschcol grounds, re-
craation areas, parks and swimming pools,
children's voicas may be a part of the am-
bient. Similarly, near streets, major
arteries, and highways, traffic noise may be
8 part of the ambient.

1-4
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Some ambient noises vary from day to night;
some ambients diffar by the day of the week:
and some ambients vary from summer to winter.
Where amblents invelve commuter traffic

gautea, these ambients can even vary by the
our.

For purposes of highway noise studies, am-
bient noise measurements are taken in order
to establish a base for existing noise con-
ditions. This makes it possible to nava a
referance for comparison whaen roadway chan-
ges, improvements, or new highways are con-
templated for an area. The difference in
noise levels "before” and "after" the change
gives an indication of the impact of the
neise on the area affected. h addition,
the number of people, or residences, or
acoustically sensitive bulldinga ip the
area affected by the change represents ana-
ther dimension of the extent of the impact.
Of course, lt is degirabla that the highway
changes have minimum impact an the area: it
is tha fntent of PPM 90-2 to minimize impact
by highway design considerations, and it is
the purpose of this texthook and course to
provide data and proceduraes for helping the
nighway designer and planper to carry out
this objective,
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S0, in order to have a fair referance base
for the "before" or existing conditions, a
repredentative collection of ambient noise
data must be taken. Perhaps, one of the
more difficult quaesticns to be faced is:
What sheuld be measured and what should not
be measured as ambient noise? Should a
chirping bird, bagking dog, fire-engine si-
ren, alrcraft flyover, jackhammer, snow-mo-
bile, moter boat, forging hammer, policeman's
whiatla, screeching brakes, bus start=-up, or
piledriver be included? sShould the crickets,
rustling leaves, screaming children, or a
neighbor's loud radio or hi-fi be measured?
Should a single car passing alony a quiet
regjdential atreet, but near the sound level
mater, be measured? Should the mail truck,
ot the scheol bus, or tha garbage plck-up
truck, or a paising dump truck be included

in the ambisnt? Each of these may be a fair-
1y normal scund at one time or another, at
one place or another.

The anawer to the above gquestions must be pro-
vided by the person taking the data. The
real question to be asked and answared first
ia: Is it representative?

If a house is being built on the last availa~
ble 1ot in savaral blocks of residential area,
the hammering and the power saw and the dump
truck removing debris probably are not repre-
sentative of continued sounds in that area,
8o thede scunda should not be considered as
repraganting long=-time ambients and they

should not be measured. A fire-pruck siren
in a quiet residential area may be the most
exglting outdeor sound all, day, and it is a
completely reasonable sopund, but fire trucks
make rather infrequent visits into residen-
tial areas {ramote from fire stations), and
that sound would not be representative and
perhaps should not be measured for that pag=
ticular area. Yat, near a fire statien or
naar a hospital, with frequent emergency am=
bulanca arrivals, sirens may ba quite com=
monplace and should be measured as a real
part of the environment.

Naar industrial areas of leng-standing, in-
dustrial noises of either day or night ae-
currances should be included ip the ambient
of that area, The sounds of a passing school
bus er a garbage pick-~up truck are completely
reasonable in a community. But are they re-
prasantative of the ambilent environment to
ba described? Do they occur every hour?

If a dog dtarts barking at you because you
have set up your noise messurement equipment
in his front yard, you ara a part of the
causa of the noide and that dog's barking
gheuld net be measured.

If the Wind blows so hard that ruatling
leaves produce controlling sound levels,
maasuramants should be discontinued at that
site until less wind and less noise is pre-
sant,

A relatively slow private plane at its cruis-
ing altitude or a commercial airliner at its
cruising altituda can be the deminant sound
in a very qulet backgroupd for a Limited
time. Should it be included in the ambient
raading? This Is one of Lhe more difficult
questlons., Aircraft noise is commonplace
almost everywhare, but for some "out~of-the=-
way" places that are not at all neap princi-
pal alr traffic routes, aircraft flyavers

do not cccur frequently., Yet, one such £ly-
over during a lo=-minute meonitaring period
could completely dominate the peak neise and
establiash the L, noisn level. That would
not appear reasonable; whereas along princi=
pal air traffic routes, a few alreraft per
hour might pass by, and so that noise would
appear to he a reasonable part of the ambient
of the area. For such types of noises, it is
wise to record the noise level (using a spe-
cial designation such as "a" for aircraft,
or "t" for truck, or "d" for dog, or "s" for
siren, etc.) during esach monitaoring time in-
terval (to be discussed in a later section),
and to determine later if that neoise is re-
presantative or'not. For example, while
setting up the equipment, be aware of the
sounds in the area; begin to decide what
sounds seem typical, begin to formulate the
symbols =-- the "a's”, "t's", "d's", etec.=-
to be used for special scunds. IEf an air-
craft passes over during the first monitoring
period, stay for a second monitoring period;
and then while preparing to leave the site,
cantinue to he alert to possihle repeat
evants, This will give some assistance in
helping decide what soupds are representa-
tive, A further nota on aircraft noisa:

you will undoubtedly be making several mea-
gurements in a general location; that will
give additicnal time to learn if £lights

are comman oOr unusual.

Finally, of course, near highways, traffic
noise is a significant part and sometimes
a controlling part of the ambient noisc.
This should be measured at appropriate lo-
cations and times, as discussed next.

3.3 SELECTION OF MEASUREMENT SITES FOR
AMBIENT NOISE MEASUREMENTS

When selecting measurement sites, xeep in
mind that the objective of the ambient noisge
survey is to collect the information requirsd
to assess the impact of the new highway pro-
ject on the community in termd of the expec-
ted change in the noise environment. The
neise repert will have to deseribe this im-
pact in a way that is sufficiently detailed
and specific, but also in a way that pra-
sents the results in summary form from which
the reader can e€asily draw meaningful con-~
clusions. The noise level canneot be mea-
surad at every peint in the study area. Fur-
ther, separate descriptions of the expected
naise impact for every point in the study
area would be more information than the re-
port reader could assimilate in his mind.
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All especially noise sensitive locations
should be studied separately and in detail,
But, for most projects covering larga land
arasad, a way has to be found to divide the
study area inte reprosentative soctions with-
in each of which the noise enviromment <an
be typified by a single, or a few noise
measuremants, For the noise report, the
study area must also be divided into repre-
sentative sections within each of which the
impact of the new highway project can bhe
typifiad by a single number, or a range of
numbers, indicating the change in the nolse
environment. The enginear will find the ob=
jectives of the ambient nolse survey better
served if he tentatively divides the atudy
area into the above rapresentative sections
bafore selecting his measuretment altas.

Lahd uae mapa should be used ip this planning
phase to help identify the present noise
sources in the area. The traffic noise pre-
diction methods discussed in Chapter 4 can

be usaed to get a rough approximation of the
existing noise environment due to traffic,

and to estimate the noise levels expected from
the new highway project. Preliminary noise
contours for both the existing noilse environ-
mant and the pew highway project holse can be
sketched on the land use map. ¥From this data,
those noise sepaitive locations can be iden-
tified where impact is likaly, Also the study

araa can tentatively be divided intoc smaller
areas throughout which the existing noise
environments are approximately uniform, and/
or the anticipated noltse impacts are approx-
imately uniform. Measurement sites should be
distributed within these representative areas
as required,

Esgentially, for most highway projects (ex-
cluding those through dense urban areas),
four genaral categories of measurement site
areas can be defined as described in the fol-
lowing paragraphs.

a, Eapecially Cpitical Noise-Sensitive Sites,
Schools, noapitals, and places of worship are
three apecific types of buildings that must
ba sought out for ambient maasurements in
any nelghborhood. These genaltive areas re-
ly strongly on the maintenance of adecuate
quiat to be abls to carry on speech communi-
catlon indoors {and to some degree outdoors
as well) and to have minimum disturbance of
sleap. Schoeol playgrounds and patks and cer-
tain ecivic or commetrcial intarests, such as
outdoor theaters, outdoor music shells, oub-
door sports arenas, recreation parks, etc,,
have need for consideration of the effects
of noise on khe functions they serve.

Spaclfic measurement sites should be located
at the gide of the building or along the saide
of the outdoor area that will face the pro-
posed roadway. Additional sites may be se-
lected on more remote parts of these land
apaces if futura noise may be of concern
there also. Remember the importance of tak-
ing uppar floor suudoor readings, also, a=
mentionad in Section 1.1.

All of these ambient noise lavels should be
identified as to exact location, and lncluded
in the final Neolse Report.

b, Residential Areas. Thls catagory includes
primarily Ehe places where pacple live, re-
lax, and sleep; namely, their homes, In ad-
dition to private reaidences, it includes
apartment buildings, hotels and motels, nurs=
ing homes, etc. Several city blocks of an
area may be invelved, so it is necessary to
select representative sites that are meaning-
ful, Meaningful site selection requires the
ganaral knowladge of the existing and future
noise sources provided by the preliminary
noise contour estimates. If the residential
area is too large to be typified by a single
ambient pnoise level or a single range of le=
vels, it should be subdivided into appropriate
amaller areas.

For example, a large residential area near an
existing traffic -arterial may be braoken down
into three groups of sites: one group loca-
tad at the adge of tha area adjacent to the
exiating highway where the ambient ncise is
clearly due to the highway trafficy a second
group located toward the interior of the re-
sidential area where the arterial traffic is
atill a major factor in establishing the noise
gnvironment, but other noiaes of the com-
munity are baginning to make significant
coptribution; and a third group deep enough
into the community that the only noises mea—
gured 1s from the community itself, and per=
haps wvery distant traffic and aircrafe. At
the conclusion of the measurement survey,

the ambient nolse epvironment in the com=-
munity can ba summarized by the noise levels
typical of these three areas,

The precise location of the measurement site
ia darermined by the answer to the guestion
posed in Section 3.2 above, regarding the
determination of what constitutes ambient
noise: 1Is it representative? Just as the
ambients to be measured should be represen~
tative, so also should the sites be repre-
sentative, Site selections that are so
unique as to appear to show bias one way or
the other are to be avoided, Fair represen-
tation is essential. For the residential
sites, it ls preferrad thac ambient measure=
ments be made in the locactions where human
use typically cccurs, i.e., in the frent or
back yards, (as appropriate) of the houses
or buildings selected, usually within 10 to
20 feet of the building. The exact location
will make little difference for most of the
ambient levels but it can make a difference
on noise levels arriving at the sound level
meter from vehicles on the road or street
only a short distance away.

c., Sites Near Noise Sources. A number of
gites shou 8 specifically selected near
noise sources in the study area. These sites
sarve to help calibrate and refine the pre-
liminary noise level contours. Several sites
should be selected having as nearly as possi-
ble full view of any existing majer roadways
in the arsa. These measured values can then

AN



R Y T e e

T AT T

f

be compared with the estimated levels for
those positiens. It will be grafitying to
find moderataly good agreement {say, with
t5 dBA) hetwesn the measured and caleulated
values, and it will lend confidence to the

engineer and credence to the method, In fact,

if the measured levels and calculated levels
do not agres reasonably well (and if it ls
claar that the ambients are largely made up

of known traffig nolse), this i3 an indication

that either the calculated values do not pro-
perly represent the operational data or the
measured levels do nat correctly raflect the
craffic, and that some unusual effects should
ba sought and explained.

1f the spacial sites near the road have yield~

ad good agreemant between measured and calcu-
lated levels, caleulations should also be at-
tempted for a few of the sites measured under
Ttems o and b abova. It adds strength to the
prediction method to be able to show that it
contirms oxiseing measured conditiona., Of
course, tha agreement will become pcorar as
one penetrates inte the deeper parts of the
community becausa other scurces may begin to
contral, and the predictlon method is tao

general to handle all the variables of spe-
cific locales.

If other sources are known to contribute to
the ambient noise in any of the community lo-
cations, it is desirpable to locate those
gources and make nolse measurements at one
or two sites having essentlally full view
of them. Then, using the general outdoor
noise reduction effaects with diatance (dis-
cussed in Sactions 1,10 - 1.14), estimate
the drop=cff of that nolse as it penetrates
into the community and check its calcuylated
1evels agalnat the measured ambients where
it was haard and known to exist. Again, it
adds strength to the study to he able to
show agreepent between actual measured and
astimated levels, and it shows that sources
other than highways sometimes influence the
acoustic environment.

d. HRemote Aresas for "Noise Floor", Select
several Sltes 1In areas that are remote from
obvious and identifiable existing noise
sources, Thesa sites will probably yield
the lowast ambients {or the "noise floor'}
aof the arsea, This noise floor should repre-
sent the quieteat regiona in the whole area
under consideration.

It does not matter whether the ambienc is due
to natural of man-made sources, It is desir-
able to identify on the data shaets ths
sources of the sounds that are heard at these
positions.

1f the noise environment differs so greatly
within the araa that it capnot be typifled
by a single ambient noise level, or a single

range af lavels, the area should be subdivided

into smallar representative areas that, to-
gather, can summarize the aituation for the
whole area.

3.4 SELECTION OF MEASUREMENT TIMES FOR
AMBIENT NO!SE MEASUREMENTS

The design noise levels given in Tabla 1 of
Appendix B of PPM 90-2 (reproduced as Table
1,10 on page L-36 of this text) are based on
L1y levels for the design hourly volume of
traffic. For comparisen purposes, then, this
suggests that as many measurements as possl-
ble should be made at or near ¢urrent peaak
hourly volumes, Whan this is dona, the "be-
fore" and "after" comparisons are most meap~
ingful because a minimum of other adjust-
ments are made to the data. However, when
current traffic flow rates are quite variable
from hour to hour and frem day to nighk, it
is not practical to wait many days just fer
measuremeants to be made at those peak hour
conditlons. Thus, as a practical matter, it
ig usually necessary to take many ambient
readings at aff-peak traffie conditions and
attempt to make reasonable extrapolations to

tha eurrent peak-hour traffic or to expected

future cenditions.

When ambient measurements are made during
off-paak periods, and it is known that the
noise is largely attributable to traffic on
the highway in question, it is possible with
the Chapter 4 procedures to calculate rcugh
Li; estimates for the measured off-peak £low
{assuming the traffic count is known) as
well as €or the prabable paak flow rate.
This calculated difference can then be ap-
plied to the actual measured off-peak con-
dition to obtain a reasonable estimate of
the peak condition. The current peak hour
nolse can than be gompared with the calcu-
lated or ptedicted future design hour noisa.

By the same general approach, ambient read-
ings at pesk daytime flow can be compared to
nighttime average or minimum flow, glving a
general trond batween daytime and nighttime
ambients.

Thus, through this process of adjustment, it
is possibla both by calculation and by mea~
surement to arrive at roasonable estimates

of traffic noise that varies over a range of
peak to off-peak or day to night erafflc vao-
lumes. For these adjustments to be fairly

agcurate, it ls necessary to make & traffic

count simultaneously with the measured ambient.

To illustrate the procadurs, suppose that a
det of ambient noise measurements is made at
a given location near a highway and that tha
Lig laval is found to be 71 dBA for a mea-
aured off-peak flow of 2420 autos and 163
trucks per heur. Suppose that by calcula-
tion (a Chapter 4 prediction method], it is
found that the peak hourly volums of 3800
autos and 420 trucks per hour will produce
approximately 3 dBA greater L, than that
calculated for 2420 autos and 163 trucks
per hour. This suggests, thep, that for that
partigular measurement site a peak-hour flow
would yiald an Lo level of approximataly
71 + 3 = 74 dBA.



Comparison of peak and off-peak measurements
and calculations are also valuable because
they ahow how much the L,q values may he ex-
pected to drop below the peak values for
certaln parts of the day or night. For ax-
ample, if peak hour commuter traffic is cal-
culated of measured and found to produce an
Lis level of 68 dBA in a given comnunity lo-
cation, and nighttime L,. levels are ¢alcu-
lated to be B8-l0 dBA below this value, it
can be predicted with moderate confidence
that nighttime L levels may range S8«60 dBA.

In the ambient survey, a number of off-paak
ambients should be specifically included
whare critical nighttime conditions exist,
and where these off=peak hours are the most
important times of day for some of the nolsge
sonsitive locationa. Thase measured results
should then be compared to edtimated levels
for the game traffic volumes to further es-
tablish the wvallidity of the overall analysis
system.

35 CHECKLIST OF "DO'S" AND "DO4'TS" IN
NOISE MEASUREMENTS

By way of summary of many earlier suggest-
lans, this list of practical reminders is
offarad. For raference purposes, the leca-
tion in which the suggestion appeared is
given in parenthesis.

1. Tha minimum required pieces of rnoise
measurement equipment areg: a sound
leval meter, s calibrater, a pair of
headphones, a windscreen and a tripod
(Section 3,1),

2. A~scale sound levals are Specifiled.
The "slow" meter response will he
used for moast measurements, but the
"fast" reaponse may be used on oc-
caslon to obtain short samples of
desired sownds in the midst of un-
wanted interfering sounda.

3. Meter calibrationa should be made be=-
fors and after sach set of measure~
ments (Section 3.1},

4, when reading tha meter, stand back away
from the meter as far as practical and
place the meter and your body in such
a way as to represent minimum inter-
farence with the sound field {Secticn
3.1).

5. Avoid noise measurements in high winds,
during rain, and at times of very high
humidity if the microphone produces pop-
ping sounds (Sections l.11, J.1). Tire
aolsa on wet streets has a higher-than-
usual amount of high frequency noise
and could produce misleading results
{Section 1.l11).

[

10.

11,

12,

Be aware that rustling leaves, katydids,
crickets, peepers and bird chirps are
rich in high frequency noise (influanc-
ing the A~-gscale readings), and may give
false readings when gther ambient sour-
cés are presumably being measured (Sec~
tions .11, 3.2).

When setting up for ambient measSurements
at each site, listen for the sounds of
the nelghborhood and make a list of
those to be considered reascnable and
representative as opposed to these that
are not {(Section 3.2).

Select ambient measurement sites to meet
the four categories listed (Section 3.3},

putdoor amblent measyrements should be
made at upper floor elavations if those
elevations represent inhabited spaces
{ection 1.1}.

Select ambient measurement times to co-
incide with peak hourly volume of traf-—
Eic for kay sites, but also include
off-peak and somg nighttime measurements
[Section 1.4},

Repeat some ambients at a later time
(spveral days later) as a check against
the Eirst data apd as a test of whether
or not unknowh atmospheric effeqts may
have altersed significantly some of the
data (Sections 1.1l1l, 3.1).

Follow carefully the measursment rou-
tines given in the material that fol-
lowa for determining and testing the
validity of the L, levels (Section 3.8).

i
'
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3.6 HOISE MEASUREMENT PROCEDURE

This section describas a suggested method for
measyring the L;g nolase level in "real time"
{without the need of tape recording equip=
ment) .,

The statistical basis for calculating the
confidence limits and accuracy follows ian an
appendix to this chapter., No assumptions
concerning the time pattern of the nolse are
made, {The noise is not assumed to ke Gaus-
aian.)

a) Setup

A suggested getup for the instrumentation is
dancribed hare (sea Skatch 3.1}: The sound
lavel meter ls mounted on the tripod so that
the person taking the readings haa both hands
free. A watch (or stop watchl is strapped to
the top of a clipboard helding the data
sheata (Figure 3.1). With the clipboard in

one hand, the sweep s:cond-hand can be watched,

and the A-level recorded on the data sheet
every ten seconds. The earphones, which are
conttected to tha sound lavel meter output .~

LQQ = {9 :tl‘_l, ABA

8o

should be worn at all times. The meter
should generally be set on "slow regponse
{see paragraphs 3.1 and 3.7 for exceptions).

b) PBrocedurs

+ Every ten seconds, on the mark, read the
A=lovel from the sound level meter. For
this survey technique, the A-levels are
grouped into "windows" - each two deci~
bels wide {see the data sheet, Figure 3,1).
The ranga of noise levels betwaen 50 and
60 dBA, for example, is divided into these
windows: 50-52 dBA, 52-54 dBA, 54-56 dBaA,
56~58 dBA, and 58-60 dBA.

-

Record the A=-level on the data sheet as a
check-mark in the appropriate window.
Work from left to right within each win-
daw, as shown in Skatch 3.4.

.

After 50 sapples (8 minutes, 20 seconds),
test the samples by the criterion dis-
cussed below. If the samples meet tha
criterion, then the measurement ls com=
plete. If not, then another 50 samples
mugt be kaken and the teat repeated.

8-0

(]

4=8

3wd

Jo-2

8-0

6=8

-8

2-4

E0-~2

B=0

6~0

4ag
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G-0(vMwl Ll

8=8 v{viviv|viviviy v

4=5 [wiviviw it Mo [v| v wiw| Wi v

2=4

Ho-2

a-0

2-4
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c)

Evaluation and Criterion

Aftor each group of 5D samplaes has been taken,

the

following test is made:

Counting down From the top of the data
sheet {(and from left to right within each
window}, circle the “"teat samples" shown
in the accompanying table,

For instance, after 50 samples have bean ta-
ken, then the las%, the 5th, and the l0th sam-
plas from the top are circled, Thase three
test samples constitute the L,;, f£lanked by
its upper and lower error limits,

Criterion: If these three tast samples
Fall into thraee contiguous windows, then
the measurament js complete. Otherwise,
another 50 samples must be taken and
tasted again. (Somatimes the test sam~
ples will be evan more closely packed,
falling inte only two (or parhaps juat
one) contlguous windows. In thase cases,
the criterion is alsp met))

If 100 or more samplas have been taken, a
process called skewing is allowed. By
this process, the two outer test samples
{the arror limits) can be shifted by one
sample (not one window!}!, both in the sama
direction.

For example, if the criterion is not met after
100 2amples by testing the 5th, l0th anhd l7th
samplas, the oriterion can be vested with the
4th, 10th and lé6th samples or the &th, ldth

and 18th samples. Although this skewing pro-
cedure will not change the L, value - nor will
it change the number of samples between the
upper and lower error limits - it can some-
times provide the necessary accuracy without

requiring further sampling. However, if the
eriterion is still nat met after skewing,
then another 50 samples must be taken, and
0 on.

d) Results

Once the test eriterion has been met, then the
L;gq has been determined with 95 percent confi-
dence to fall between the upper and lower ar-

ror limit test samples.

The final step is taken by assigning A-level
values to tha three test samples. It is not
passible to know exactly what noise level
each of these threae check marks represents,
since this infermation was lost when the two-
dBA windew was chosen. To be conservative,
A~-level values are assigned ta overescimate
the error, This ia done by choosing the
highest A-~level in the upper limit window
and the lowest A-level in the lower limig
window, For uniformity, the L,q ig cheosen
to be the center of the L;, window, for ex-
ample, in Sketch 3.4 the results would be
stated as follows:

Lig » 49 dBA, within maximum limits of
46 dBA and 50 dBA

In another petation,

Lio = 49 71 daa

In Pigure 3.2, a more complex sequence of
ambient readings i3 shown = in 50-sample in=
craments. As can be sean, the errar window
becomes pregressively narrower the more
samples are taken., HNote that the test sam-
ples have been skewed downward for the 100~
sample test.

TABLE OF TEST SAMPLES

Total Humbery Upper Error L Lower Error[ Allowabie
of Samples Limit Limit Skewing

50 lar sample 3ti sample | 10tk sample none

100 Sch 10th 17th one

150 Sth 15c4 23rd one

200 12z 20¢h 2%¢th one

250 16th 25¢h 35eh one

300 20th 30¢h 4lax oneg

350 25¢th 3i5¢eh 4Ttk ane

i-10
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3.7 MEASUREMEKT HINTS

a) Attenuator Setting

Be prepared to make quick changes in the at-
tenuator setting of the sound leval meter as
trucks or cars, passing quickly by, cause
signiflicant changes In sound Levels. For
example, a close truck passhy may cause the
npise lavel to rise guickly from 70 dBA to
90 dBA. In this case, you should anticipate
the higher level and ahift the attenuator
ahead of tima. After a bit of practice, you
should ba able to antlcipats the attenuator
setting that will be required when the second
hand of the timing watch reaches its ld=-second
point. It is better to lose soma l0-sacond
readings off the bottom end of the scale than
off the top. The readings missed off the top
of tha acala are more likely to bhe important
in determining tha (near~peak} Lyg.

b} Fast Matar Responsa

Somatimes certain noises will not he conai-
dered part af tha ambient to be measured (aee
Section 3.2 above). When this is the case,
it is necessary to read hetween these nolses.
If one of these noises controls the nolse le-
val at a l0=-second mark, then the mark is
skipped and no reading is takep until the next
mark. The "metronome" character of the 10-
second marks should be retained, since it is
important to avoid intreducing operator bias
into the sampling procedure,

Erronecus readings due to some unwanted
noises, such as wind noise on the microphone
or barking dog noise, are difficult to avoid.
Por this type neise, it is recommended that
the meter be switched to tha *FAST" responge.
On this response, the meter will quickly sat-
tle back to the ambilent noise level bhatwaen
wind guats or dog barks, to allew readings
on intermediate l0-seccnd marks.

Remember that the measured Lj¢ la the Lgq

for the maasurement time pariod only. For
exanple, Lf 100 samples were taoken before
tha criterion was met, theh the noise was
samplad over 1000 seconds {(approximately 20
minutas). Tha Lj¢ partains to that 20=-minute
paricd only. It says nothing about the prior
ot subsequent time periods. For this reasen,
it may be desirable to collect further sam-
ples, to extend the total time pericd. As
discussed above, the accuracy depands only
upon the number of samples taken, Therefore,
if it is desired to sample over a longer time
peried, than tha sample interval may be
changad ta 20 or 30 seconds, to save work.
In thia manner, & smallar number of samples
will be spread uniformly ovar a lenger time
pariod, that might more realistically be said
to typify the measurement site.

3.8 MATHEMATICAL BASIS

An axamination of Figure 3.2 visually indi-
cakes the meaning of the Lie noise level.
Graphically it is apprent that the noisa ex-
caaded the Ly for L0 percent of che time.
Notice that the total time perioed was of no
importance in determining the L;s. Whataver
the time period is, the Lia is exceeded for
10 percent of the total time.

For any time peried, we wish to sample the
nolse to determine the Lie. If we sample it
continuously, then we cbtain the exact Lio
for that tims perlod. If we do not sample it
continuously = but at 5= or lO-second inter-
vals, for instance - then we obtain only an
approximation of the exact Lis for that time
perIoa. The error invaolved dapends upon the
number of samples we take. The more samples,
the less error.

The mathematicians can tell us our error if
wa sample in the proper manner. Tha most
straightforward sampling procedure is to sam-
ple zandomly, i.e., to space the gamples ran-
domly over the total time period. This i3 a
vety inconvenient procedure to follew in the
flald. Luckily, the mathematics is equally
valid if the sampling is performed at regular
time intervals, say every 5 or 10 seconda,
provided the noise level itself varies ran-
demly; we are going to assume it does in com-
puting our measurement error. Because this
agsumption i3 not strictly correct, the actual
error is less than computed; so we are crring
on the safe side.

The full mathematical hasis for determining
the measurement error i3 contalned in the ap-
pendix to this chapter, It requires uniform
sampling, l.e., spaced equally in time. The
procedure then ptedicts the 93 percent confi-
dence limits of the Ly, incdependent of the
character of the noise filuctuations, (The
discribution does not haye to be Gaussian,
for instance.) All that is of importance is
the number of samples taken.
the greater the accuracy.

The more samples,
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APPENDIX

METHOD QF DETERMINATION OF CONFIDENCE
LIMITS AND COEFFICLENTS

Agsume that a total of n statistically inde-~
pendent naise levels I have been measured
from tha same populaticn. Assume, further,
that these noise lavels are ordered accord-
ing to thalr magnitudes, and let the sequence
pf these ordered levels be denoted by 1,
Ll2sev4ln, whare the higheat measured level

is denotad by I, and the lowest is denoted

by In.

Lut Lg defote the peh percentile noise level
as degerm}ned by the infinite population from
which the n samples have baen drawn. Lp 1s
defined by,

L]

j' £(1)dl = p, )
Lp

whera £(Z) is tha prosability density func-
tign of the noise lavels from which the sam-
ples have bean drawn. Thus, the probabiliey
ls p that a randomly drawn sample will have

a level I higher than the level Lp. The pro-
blem is to estimate Lp, for a given value of
p, from a finite set “of ordered samples I,

Lasenia Ll‘l'

Madume that n samples have bean drawn and or-
dered as described above. Cenaider the avent
ip>lp>la where r<s; that is, the evant that
tho " rth noise level is higher than Lp and

the ath noise level is lower than Lp."” This
event i eguivalent to the compound avent

that axactly 1 measured levels are higher

than Lp or exactly r+l meagured lavels are
higher than Lp or .., or exactly s=2 measured
lavels are higher than Lp op exactly s-1 mea-
dured lavels are higher ghnn Lp. These events
are mutually exclusiva; therefore, the proba-
bility of this compound event is the sum of
thoe probabilities of the individual avents,
Now, according to £g. 1, the prebability is

p that any cne nolase level moasurement is lar-
ger than Lp. Sinca the measurad levels are
aspumed statistically independent, the proba-
billty that exactly k of the measurad levels

are¢ higher than Lp is the probability of ex-
actly % "successes” in a set of n Bernoulli
triala, where the probability of the "success"
of a gingle trial is p. In such a situation,
the preobabllity of k successes la

(ﬁ) P -p ™k, 12)

n ni

(k)' neRy1IRY ‘ (3
Thus, the probability of the above described
compaund event is obtained by summing the pro-
babilities (2} for ksr, r+l, ..., =2, 8-1;
that is

T K
Pr[lr>Lp>ls] " kzr ﬁJ grilem”

whera

Equation 4 expresses the probability that

at least r but lass than s noise lavel maa=-
surements f£all above the level Lp. Notice
that at no point have We made any assumpticns
about the form of the noise level provability
denaity functlon £{1).

Let us now designate Pr Pr’npalﬂlby ¥t d.a.,

Pr [1r>Lp>ls] =¥,
Then, by definition, Y ia the confidance co-
efficlent that the rch and sth measured la-
vels satisfy the relationship 1,>Lp>lg; I,
and Igq are known as the upper and lower con=-
fidence limits for the pri percentile noise

lavel LP'

Tabla 3.1 lists values of y for selaectaed sets
of values of n, r, and 3, where all values
listed are for the case whare p = 0,10, The
u:lgea were computed using the right-hand side
of Eq. 4.




TABLE 3.1 - CONFIDENCE COEFFICIENTS

Number of Lower Error Upper Error Confidence =
Samples, n Limit, »r Limit, s Coefficient, y L
350 24 46 0.949 -
350 25 47 0.950 vt
350 26 48 0.9kl -
300 19 4o 0.952 -
300 20 41 0.957 e
300 21 42 0.955 .
= : 250 15 3 0.950 7
o 250 16 35 0.956 =
T 250 17 36 0.952 -
.
200 11 28 0.949
200 12 29 0.956 ;)53
200 13 30 0.952 -
150 7 22 0.950 -
150 8 23 0.960 -
! 150 9 24 0.955 I
' 100 3 16 .952 -
100 5 17 0.956 . vl
100 6 18 0.932 -
| 50 1 10 0.970 -
| 50 2 10 0.942 v
. i}
bl
4
i
1-16
1

I
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SAMPLE NOISE MEASUREMENTS

AUTO PASSAGE (Record Peak Sound Level during repeated passes)

Slow: . d8C N dBA
Fast: ) dBC s dBA
TRUCK PASSAGE (Record Peak Sound Level during repeated passes)
Slow: ' dBC s dBA
Fast: ' dBC s dBA
PILE DRIVER (Peak Sound Leve) during continuous operation)
Slow: . dBC . dBA
Fast: s d8C ’ dBA
BOG BARKING {Record Peak Sound Level 1n each serfes of barks)
Slaow: . dBC s dBA
Fast: R dBC N dBA
BIRD CHIRPS (Record Peak Sound Level of various ¢alls)

Slow: ' ' . ’ dBA
Fast: . , . , dBA

CONDENSER MICROPHONE "POPPING™ DUE TO HUMIDITY
{Do not record; listen only)

AUTOS ON WET STREET
(Do not record; listen for high frequency noise)

HIND NOISE ON MICROPHONE

STow: , d8C ' dBA
Fast: ' d8C s dBA
RECORD TRAFFIC NOISE BETWEEN WIND NQISE BURSTS

Slow: (all dBA) . s s

Fast: {all dBA) ' , )

TRAFFIC NOISE (Record “Snapshot" Reading every 10 seconds)
Use Slow, A«~Scale:
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AMBIENT NOISE SURVEY
DATA SHEET

POSITION:
ENGINEER: JOB NO.
DAY OF WEEK: DATE.! TIME: BEGIN FINISH:
Cal! BEGIN FINISH:
NOTES AND SKETCH! SKY:
WIND:
dBA Ly
LIMITS,dBA!
Total # Upper LIO Lower
Samples Limit Limit
50 lat 5th 10tk
100 S5th 10th 17th
150 8th  15th  23rd
200 12¢h  20th  29th
250 16th  25th  35th
300 20¢th 30th st
350 25¢h 35¢h ATtk
gample from the top
2-0
§-8
4=8
2 =4
0=2
2=0
8-8
4=56
2-4
Q~2
g~
68
A4=G
2-4
Q-2
8-0
6=
G=5
2 =4
0=2
8 =0
6~8
A=-5
2=4
p-2
NOISE 10 20 20 40 50
LEVEL
(d84) NUMBER OF OCCURRENCES
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.~ AMBIENT NOISE SURVEY

- DATA SHEET
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— POSITION:
~ ENGINEER! JOB NO.
DAY OF WEEK:! e DATE} e . TIME: BEGIN FINISH:
- CAL! BEGIN e FINISH:!
NOTES AND SKETCH! SKY:
-t WIND:
- dBA L'
g ' LIMITS, dBA:
Total # Upper Lw Lower
.rz Samples Limit - Limit
50 let 5¢h 10t
100 S5¢h 10th 17tk
. 150 8th 15th  23»d
) 200 12¢h 20th ~29th
250 16tk 25tk 35th
- 300 20tk 30tr 4lat
L 350 25¢h 35tk ATth
sample from the top
" 8-0
17 . a_a
4~8
= 2~4
ot 0-~2
-0
= 5~8
- F-6
2-4
7 0-2
! 60
- 6=8
; 4=~8
- Z=4
0-2
o 8~-0
- 6—8 1
i 4-6
7 2-4
- 0-2
8-0
1 6-8
i 4-6
- 24
o 0-2
— NOISE 10 20 30 40 50
LEVEL
1 (dBA} NUMBER OF QCCURRENCES



CHAPTER 4
TRAFFIC KOISE PREDICTICH

The material presented in the first three
chaptars was intended to provided the reader
with an underatanding of the fundamental
concepts of sound and sound propagation,

and a facility with the measurement of

sound cut=-of=-doors,. In the prasent chapter,
it is assumed that the reader has now acquir-
ed a working familiarity with these basic
conceapts bacause tha fundamentals will be
applied to the taskas of predicting the traf-
fic noise level at ascome point given the
vehicla volume and spaed data, rcadway char-
acteriatica, and a description of the path
of sound propagation from the highway to the
recalvar.

4.1 PARAMETERS OF HIGHWAY NOISE

Before turning directly to the highway nolse
prediction method, perhaps gsome time should
be davoted to ralating the fundamental con-
captas ©f sound to vehicle and traffiic noise
situationa.

4,1.1 Source Characteristics

The asources of highway noise are, of course,
the vehicles themselves and the interaction
between the wvehlcle tires and the readway.
In Chaptar 2, the principal vehicle noise
sources ware identified and compared, It
was shown, for example, that for trucks the
principal noilsa sources are the axhauat
nolse propagated up the stack and the nolse
£rom the tire-roadway lnteraction, followed
by the engine casing radiated noise, Al-
though in the general method of traffic
noiss pradiction, these individual source
contributions are often lumped together as

a 8ingle truck noise lavel, thare are se-
varal reasons why lt is important to differ-
entiate between the several separate vehi-~
¢la nolse sources.

Qur ears and the A=weighted scund lavel re=
aspond differently, not only to the different
noisa lavels produced by the various sources,
but alsc to the diffarent frequancy spectra,
8.9., the low frequancy stack nhoise versus
the mid= and high frequency tire nolse. More-
over, most available machanioms of sound
attanuation work more effectively on the mid-
and high frequency components of sound. Thus,
over long distances, for example, tire noise
is reduced more than stack noise.

Different nolise sourcas are at different
heights. The tire noise typleal of the high

speed sound of automobiles may be attenuated
quite nicely by & low wall or berm: whereas,
the truck stacks rmay project over the top of
ths wall and propagate the exhaust noise
directly to the area to be protected.

Tire nolse is rather strongly dependent upon
speed., But, since in the interest of effi-
ciancy, the trucker selects a transmissien
gear ratio that causes the truck engine to
operate at nearly constant engine epeed,
the axhaust nholse is thought to be almost
independent of the vehicle speed, Any use-
ful traffic nolse prodiction scheme must
take account of the great difference in
speed dependence between these two noise
sourcas,

In order to simplify the method, most traffic
noise schemes lump the contributions of the
various nolse gources into one source typi-
eal of trucks and one source typical of cars.
The gingle socurce assoclated with the truck
noise is assigned a single noise emission
level, spectrum, height, and speed dependence.
Similar properties are assigned tho single,
lumped car noilse source. When traffic noise
predicticns are required for usual and un-
complicated traffic, readway and propagation
path situations, the lumped source assump-
tion causes only minor error in the computed
noise lavel, Howevar, where adjustments are
made to tha general maethod to account for
spacial complexities, e.9., special road
surfacs material or bharrier walls, care should
be takeh that the adjustments are applied
correstly to the proper source. More will

be said sbout thia subject during later dis=
cussiong of noise prediction methods and noisa
reduction design.

In ths general prediction methoda, the only
distinction made between highway nolse sources
is the recognitien of the two rathar gross
classifications, cars and trucks. This ¢lassi-
fication comes about naturally through the
difference in the sources typical of the

two vehicle types., Automecbile noime iz typi~
cally generaced at pavement level, is speed
dependent, and coptaing a predominance of

mid- and high frequancy sound enaeray. Truck
noise is typically 15 or so decibels higher
in level than antomobile noise at highway
speads, is emitted both at pavement level

and from the top of axhaust stacks some B

to 10 feet high, is only partially speed
dapendent, and contains a predominance of

low frequency sound energy.



0f courge, there are a lot of vehicles, a.g.,
light trucks and buses that do not fall
clearly into aither c¢lassification. For=
tunately, in mozt highway situations thaae
vehiclas are comparativaely small in pumber
and tha predieted traffic nolse lavels do
net suffer large errors because of the im=-
praeclse classification of theses wvehicles.
It was recommonded in Chapter 2 that when
separate volumes of such vehicles are
avallable, 50% of their number be assign-
ad to trucks and 50% to automobiles.

The classification definitions differ slight-
ly aecordifig to the prediction method used,
For the NCHRP Report 117 methed, automobiles
are defined as, "passenger vehlcles other
than motor eycles, trucks of leas than
10,000~1b gross vehicle walght, busea having
capacity for 15 or less passengers." Trucks
make up the remaining vehicles, "trucks of
greater than 10,000~1lb groaa vehicle weight,
bugas having a capacity for more than 15
passangats,”

The TSC computer Program mathod defines the
vehicle classificatlons in conformanca with
the Yighway Capaetty Manual 1985% clasaifi-
cations, whera a passenger car is normally
definad as "a frae-wheeled, salf-propelled
vahiclae generally designed for the trans=-
portation of persons, but limited in seat=
ing capacity to not more than nine pasgengers,
including taxicabs, limousines, and station
wagens. Also ineluded, for capacity purposas,
are two-axle, four-tired pickupd, panel and
light ®rucks, which have operating character-
istica similar to thosa of passenger cars,
but not motoreyeles." A highway truck is
dafined as "a free-wheeled vehicle having
dual tires on one or more axles, or having
thoxre than twe axles, designed for the trans-
portation of cargo rathor than passengers.
Ineludegs btractor-trucks, trailers and semi-
trailers when usad in combination. Ex-
¢ludes thosa twoeaxla, four tired vehiclas
that may be classified as a truck for regis-
tration purposes, but which have aoperating
charactaristics gimilar to those of a passen-
ger car.” Por nolsc pradiction purposes,
buses are inecluded in the definition of
trucks.,

PPM 90-:."‘~ defines a truck as a vehicla having
a groas vehicle woight in excess of 10,000 lbs
or a bus having a geating capacity in excess
of aight passengers.

*Aighway Capeeity Monual 1965, Highway Ra-
search Board Special Report 87.

*Policy and Procedure Memorandum 90-2; frans-
mittal 279, Subject: Noise Standards and
Procadures; U.S8. Department of Transportaticn,
Fedaral Highway Administration, 8 Februatry

3.

on the averagae, noise emission levels for
automobiles range from 60 dBA ta 75 dBA at

50 feet, depending upon the speed and pave-
ment type. The average noise emission levels
for highway trucks range from 82 dBA to 87
dBA at 50 feot, depending upon the speed,

the road gradient, and general state of
repalr of the trucks,

50 much for this review of individual vehicle
nolse sourcos, at least for the present., The
purpose of this chapter is to Iinstruct the
reader on the methods for making predicticons
of traffic noise as emanating from many
vehiclas togather, The reader may remembat,
at this point, that the traffic neise level
at any point is continually £luctuating, and
that in an attempt to describe the fluctua=
ting level in terms of a single number, the
deseriptors Lies Lio, Lso, Ly ete., were in-
troduced, In order not to weaken the instrue~
tional worth of the next few paragraphs with
gtatistical complications, the parameters

of traffic noise to follow will he discusa=-
ed in terms of their effect on the mean
enargy nolse level, La, Or generally, aome
descriptor of what could be thought of as

the "average" noise reaching the chservation
point independent of the fluctuations.

Knowing the noise emigsion levels and posi-
tions of all the vehicles on a rcad, cne
cculd ealculate the resulting noise level

at any point of observation using the compu-
tational methods introduced in Chapter 1,
Unfortunately, aven vehicles very far away
ray have a significant effect on the cbserved
average noise and the required calculation
would become long and cumbersome. If the
traffic is fairly dense, it could be asaguned
that the neoise sources are spread out uni-
formiy over the roadway, and a little mathe-
matices would quickly yield an estimate of
the average noise lesvels.

The material presented In the introductory
patt of this chapter borrows heavily from
NCHRP Report 117 because the computational
procasses described in that handbook lend
themselves to illustratiaon of some of the
basic prineiplas of highway noisa, 'There
ara other prediction achomes, however, and
they use much of the same data and methods
of analysis. There are alsoc differences

betwesn the prediction schemes., Soma of

" these differences are simply matters of

format and miner procedural variation,
while gome of them are more fundamehtal
in nature and will be discusaed in detail
at the conclugion of this chapter.

Flgure 4.1 shows tha HNCHRP Report 117 rela-
tionships between hourly automebile volume
and spead, and the resulting noise level
chsarved at a polnt 100 feet from a straight,
flat and infinitely long roadway carrying
the automobile traffic, Tha familiar 3
dacibel increase in nolsa level per doubling

4.2
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of the number of noise sources can ba found
in thia graph by comparing, for example, the
61 dBA level corresponding to a voluma of
1000 vohicles per hour and a spead of 40 mph.
to the 64 dPA level corresponding to an auto-
moblle flow of the same apaed but of twice
the hourly volume. While this law will hold
for L, or the "average" nolmo, it ceases to
hold ?ox Lso at the left side of the graph
where hourly volumesa are low and tha statis-
tical ampactas of the noise source distribu=-
tiond become mora and more Important. The
ganeral rule atill holds, howaver - for a
fixed average vehicle spaed, the greater

thae automobile volume, the higher the
average nolse level at the observation point
100 fect away.

Figure 4.1 alac shows the ralationship hetween
the average automebile speed and the noise
laval obaerved at 100 feet, For any fixed
automoblle voluma £low, the 100 foot noise
level increases wlth increasing averaga
vahicle speed. Rhowilng how strongly the

speed of an automobile affacts 1ts noise
eminzion lavel, we might hava expected that
reaule,

The relationship between the noise level
obagrved L00 feet from a line of trucks and
tha hourly truck velume and average apeed is
shown in Figure 4.2, The truck noige level,
like the auto noise level, increasas with
inereasing vehicle volume {at the rate of
three decibels per volume doubling in the
high volume region of the graph}. HNotice,
however, that for any fixed hourly truck
volume, the noise lovel at 100 feet daoreacas
as the average truck speed lncreases. This
dapendence on speed is quite different from
that of automobila traffic and is accounted
for by the combined effects of: 1) the
asaumption that the individual truck
amission levela are independent of speed;
and, 2) the fact that for constant truck
volume, as the average speed increasas,

the truck density (number of trucks per
mile, for example) decreases, lL.e., tha
trugks becoma farther apart, The average
noize lavel some distance from the raad
decreases bacause the now widaly-spacad
trucks simply appear to be fewer in

number, If the reader will refer to home-
work problems Number 1 and 2 {n Chapter 2,
he will recall that for a lane of traffic
carrying 1200 uniformly spaced vehicles
per hour, the number of vehicles per oha-
mile length was 40 when the average speed
was J0 mph, When the average vehicle speed
was increased to 60 mph, the number of
vehicles per one-mile length was found to
ba only 20. Problem 3, parts ¢ and d,
demonastrated that the "avarags" aound level
at ap ohservation polnt some distance from
the highway should ke lewer for the more
widely spaced lino of vehicles,

It is important to remember that the sound
lavel produced by an individual truck is
assumed, under thia method of analysis, to
be independent of speed. Of course, for
any fixed volums, the automobile spacing
aldo increases as the speed increases:

but, the nolse emissicn levels produced by
individual automobiles increase so sharply
with increasing wehicle speed that tha re-=
duction in noise dua to the greater vehicle
geparation is mere than balahced by the
higher amission levels, thus the noise level
versus speed relationship for automobile
traffic shown in Figure 4.1,

A word of cvaution should perhaps bhe inter-
jected at this point regarding the limita-
tion of the above two graphs to highway
gituations where the traffic iz essentially
freely flowlng. 'Of course, there are many
situaticns where the traffic flow is inter-
mittent, where cara and trucks operate in
accolerating and degelerating modes, or
where the principal sound acurce is an
intermittent line of low gpeed, low voluma
trueks climbing a steep ramp grade. Sinmple
and raliable nolse prediction schemea for
such complicated situvations are not avail-
able. Some guidalines for making noise pre-
dictions for ramp tralfic will be presented
later in this chapter, But for the present,
in order te bulld steadily an understanding
of the principles of traffic nolse, the
discussions will be limired to nolse predic-
tion methods for steady, moderately high
voluma automeobile and truck traffic,

4.1.2 BRoadway Characteristics

The traffic ncise level observed at some
point distant from the highway depends up-
on the summed effects of a numbar cof cha-
racteristics of the source and propagation
path. Evary characteristic describing the
roadway actually manifests itself as a cha-
racteristic of either the source, or the
propagation path, e.g., an upward grade of
5% inereases the noise emission level of
tha truck; a depraessed roadway embankment
interrupts the path of sound propagaticn.
Neverthalass, some of thase characteristics
can be more <eonveniently defined in terms
of the roadway gecmetry and surface.

lienca, part of the input data necessary to
determine the traffic noise lovel has heen
classified as roadway characteristies,

An obvious characteristic of the roadway is
its alignment. Mo highway is infinitely
long and straight. A useful highway

noise prediction scheme must take into
account the fact that a highway that curves
away from the chserver, also places the
sound sources farther from the observer
than would a straight highway. The sound
level contributicn of each of these many



sources could be treated separately and

than added togather at the observation point;
howavaer, an aasier mathod, to bhe discuased
later, is asvailable consisting of braaking

a curved road into a few short segments of
straight roada for which the sound level
contributien can be computed quickly.

S0 far, the discusaicn has been limited to
highways having only one lane of traffic,
although such sinple problems would only
rarely arise in practica. Ono method of
accounting for more than one traffic lane
would be to analyze the sound level contri-
bution of aach lane separately and then add
them together at the observation point.

Indeed, under certain circumatances, and
with certain prodiction models, this method
is required to yleld the accurate resulta
desired.

For many situations a simplification can

e mada without a significant gacrifice in
accuracy, Tha aimplifiecation involves find-
ing the location of an imaginary single lane,
that, given the total traffic volume for tha

highway, would yield, at the cbservation point,

the aare sound level as the actual several
lane geometry. This "equivalent lane" is
always located within the bounds of the
sevarsl lanes, but never exactly at the
cantaerline., The distance from the observa«
tion point to the equivalant lane is called
tha "single-lans-equivalent-distance", Dg,
and Ls computed as follows:

By = BBy

whare Dy and Dp are the distances from the
obesarver to the centerlines of the near
lana and far lane respectively as shown in
tha following skatch.

SEVEAAL LANES

—— s wmm =G LANE 3
pronppm— B s mper—"
gz FIIOK —. 4, Lanes
e = LAME 1 '
On Or D
onserven & L_._.... OBSEAVER -

AT & QISTANCE g+ /Ty -0p
SKETCH 4,1

For example, consider an observation point
at a distance of 100 feet £rom tha near lane,
and 200 faeet from the fay lane of an eight
lane highway., Than

Dy = 10¢ foet, Dy = 200 fast

Dg -\{D;U‘P“- \[.‘LOO ® 200 = 14) feet

4.4

How, instead of computing the nelse level
€rom each lane ranging £rom 100 to 200 feet
away, the distance to the single-lane-
equlvalant is assumed to be 141 feet, and
the traffic on all eight lanas is assumed
to be logated, without change in speed or
oparations, on the single-lane~equivalent.

Similar computations have been made far a
wide range of geometries, and the results
have bgen plotted in Figure 4,3. To illus=-
trate the use of this graph, for the above
example, having an obsgarver-near lane dig~
tance, Dy, of 100 feet, and a 100 foot~
wide highway, the equivalent lane diatance,
Dp, read from the vertical axis of Figure
4.3, is about 140 feet.

The type of road surface is another charac-
teristic of the roadway that affects the
generation of noise, and hence, tha noise
level observed at some distant peint. The
noise level computed by a standard noise
prediction mathod can be simply adjusted
upward or downward according to the type

0f pozd surface as defined in Chapter 2 on
paga 2-3,

Although it is cenvenient to account for
variations in road surface by simply adjust-

ing to total computed noise lavel accordingly,

some judgments should be exercised in apply=-
ing the tabulated adjusatments. The adiuse-
ments should be applied uniformly to automo=
bila noise; for trucks, however, because

the exhaust noise 1% usually the controlling
factor, the type of road surface generaily
does not slgnificantly affect the nolse
levels preduced by trucks. Ccrasionally,
when the surface is very rough, and the
vahicle speeds ars above 60 mph or ao, the
addieion of S decibels to truck nolse is
justifiable. The negative adjustment for
smooth pavement should not be applied to
truck neise.

Trucks laboring on gradiente generally have
alightly increased noise levels. The in-
creased powar demands on the engine are re-
flected in the higher nolse levels radiated
from the engine casing and exhaust stack.
The gradient adjusements used in one traffic
noise prediction scheme were tabulated in
Chapter 2 on pages 2-4.

These adjustments are to be applied directly
to the computed truck noise levels. Nao
adjuatment is believed to be necessary for
the automobile traffic., Note that all
adjustnents are peaitive, i.e.,, increases

in noise level. Where a two-directicn road
segment is on a gradient, the adjustment can
be applied egually to both sides of the high-
way without regard to whether the near truck
lane is an up=grade or a down=grade. No
adjustnent should be made for an isclated,
one=directiconal, down-grade recad segment,
The reader is invited to raview Chapter 2
regarding these surface and gradient adjuse=
ments,

S
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1.1.3 Propagation Path Characteriatics

Given ary combination of source characteris-
tice and roadway characteristics, the noise
lavel ocbserved at a point some distance from
the highway is strongly influenced by the
propagation path the generated scund must
take to rxeach the observer.

The most obvicus characteristic of the pro-
pagation path 1g the distance between the
noise source and the point of observation.
For a true, continuous line sourca of acund,
and where there is clear lina of sight £rom
the obsarvar to all paxts of the line, the
sound level decreases a5 the sound propaga-
tes away from the source at the rate

=10 Legy g g;. or 3 decibels per doubling of

of distanca, where U_ ls some refarence dis-
tance and D is the dPstance to the observa-
tion point in question. Practically, high~
way traffic is not quite a true line source,
and there is rarely clear line of sight to
every part of the road, Relationships
developed from an experimental Iinvestiga-
tion and an emperically derived model of
traffic noise resulted in the noise lovel
vs, distance curves presented in NCHRP
Report 117 which show the noise reduction
with distance tc be somewhat graater than

3 decibals per distance doubling for high-
way traffic situations whare nearly clear
line-of=gight is had from the obperver to
most of the highway.

The above relatlonships apply only to cases
in which the highway can be considered in=-
finitely long, straight, and £lat, 1In
practical situations, accounting must Le
taken of the distance ralationshipe between
tha observer and a reoadway of compllcated
geomatry, ‘The specific computational pro-
cedures for the more complex analyses are
embodied in the individual prediction
gehome and will be discusazed in contoxt.

Thera are certain other charactaeristics of
the propagation path, however, which can be
discussed at this point in rather genaral
terma, These chatacterlstics are responsikle
for pound attenuatlion factors which serve to
raduca the highway noise level at a point of
observation by an amount in excess of that
due simply to distance. ‘The clearest ex-
ample of such a characteristic is a wall or
berm that breaks the line of sight from an
observar te the road, Shielding of the noise
source can be a very effective nathod of
decreasing the noise level at some point

of interast. The shielding need not strictly
take the form of a wall, but could be due

to roadway cuts, scattered housasg, and maybe
aven trecs and ground cover. The first
ragquiremont of an effactive noise shield or
gound attenuating device is that it lie along

the path of sound propagation between the
sgund source and the obeerver. MNors will he
said akrout these topics later in this chapter
and alao in Chapter 5.

Other, less obvicus noise attenuation mechan~
isms include molecular absorption of sound
enargy in the air and meteorclogical esffects.
Alr absorption was discussed in Chapter 1

and has been shown to bo important only at
diatances of over 1000 feet or so, Meteore-
logical effects such as variations in tempera-
ture, wind and humidity were alsc discusged
in Chapter 1, and under the right conditions
canh substantially reduce the sound level
reaching the observer, but, canhot signifi-
cantly increase the amount of noise propaga=-
ted over the moderate distances of interest
here. Wind and temperature gradients however,
canhot be depended uponh oh a regular basis

to reduce the highway traffie noise lavels,
and for purponses of traffic noise predictions
are generally ignered. fThis simplification
results in predicted noise lovels that are
the highest levels expected to occur. Cn
days when the meteorological conditions

arce adverse to the propagation of sound,

the cbserved noise levels will be lower than
those predicted. The effects of air absorp-
tion and tha average cffects of humidity are
taken into account in a geharal vay through
the distance adjustrments.

4,1.4 statistical Descriptors of Traffic
Noise

In the first part of this chapter, an at~
tempt has been made to bridge the gap ba-
tween the noise emisajon levels produced
by individual cars and trucks, and the
nolse level produced at some distant point
by a collection of vahicles on a highway.
The presentation of material has been ge-
neral, with the purpose being to convey to
the reader a certaln understanding of the
principles of tratfic noise and an intui-
tion in how to analyse highway noise pro-

blems.

In crder to present this overview, mest of
the discussion has been dirccted toward

the traffic noise paraneters determining
the energy mean level, or the "average"
noise level. But very near the traffic
lanes, or when the traffic denasity is low,
the fluctuations in the traffic nolse level
are large and the rules governing the
"average" noise level are not so successfully
applied to the more precise statistical
descriptors of traffic noise,

Since the Degign Noise Levels defined by

PPM 90-2 are ip terma of the 10 percentile
level, the computation proceduras must

result in a prediction of the traffic noise
also in terms of this statistical descriptor.
Before studying the datails of the predic-
tion metheds, several concepts involving

4.5



tha meaning of the 10 percentile leval
should bha reviewed.

The 10 percentils level, Lyg, ls sinply the
nolse level that is axcaedad only 10% of the
time. The time period in question can be
any length, For example, the noise environ-
ment that a particular L,o deseribes could
include saeascnal trends in noise lavel, day-
to~day variations, hour-te-hour and moment-
to~moment fluctuations. Such an Ljp could
be determined simply by monitoring the

noise lavel at some point over the period
of a year, But predicting the L.¢ for a
che-year period would require a great deal
of information and a large nunbar of cal=
culations., Moraover, thora is not much
information available on how people might
react to various 10 percentile levels inte~
grated over a year's timo., A battor use of
such axtensive noise monitoring data would
be to halp us salact the most meaningful
time of day and time of year to make our
Lis moaBuraments.

The 10 percentila level becomes a nore cone
venient and ugeful tool for avaluating high-
way tiolse if the time period of invastigation
is a small part of a day. If the time pericd
is shozt enough, the traffic paramueters of
volume and spaod can be cenaldered to be
constant over the period, and tho variatiocns
in lovel that the corresponding L,y describes
are those moment~to-moment fluctuaticns in
level obaarvaed as various vehicles pass the
observation point. On the other hand, the
time poriod should not be so short that the
Ly deneribes the passagae of a single vehicle.

The fact that Aourly traffle volumen are cited
in PPN 90=2 for use in the computation of
traffic noise lavels i{s really a matter of
conveniehca. Ohe Hour appaars to be suffil-
eiontly short that the traffic volumes arxe
fairly conatant over the pariod apd yui
sufficiontly long that a statistically large
numbar of the moment-to-moment fluctuations
ara sampled, More importantly, the traffie
data is normally available by the hour. The
L)y corranponding to a partdicular hourly
traffic volume and spaed may be taken as
representing the level excoeded for L0
parcent of any poricd of time within that

hour.

4.2 COMPUTATION OF TRAFFIC NOGISE USING
THE NCHRP 117 HANDBOOK HETHOD

Genaral conslderations in the prediction of
highway traffic nolse have boen discussed
abova. The purpose of this section is to
instruct the reader in the use of one parti=-
cular method of predicting highway traffic
noisae = that of NCHRP Report 117,

" 4.6

The entire prediction method is based upon
the prineipls of adjustment. The 50 percen-
tile level is established for a rofarence
diatanca 100 feet from the near lane of an
infinitely long, straight, flat roadway.
Adjustments ars then nade to this refarence
lavel to account for other distances, road-
way geometry, road surfaces characteristics,
and shielding. Since the end result is to
be in terms of the 10 percentile level, an
appropriate adjustment is algo made to the
cemputed 50 percentile level,

In the next few paragraphs, these adjustment
procaedures are illustrated by sxample, All
the tables and graphs in NCHRP Report 117
needed for the computations are included
at the back of this chapter for conveniance,

4.2.1 Raference Conditions K

The f£irst step in the prediction method is
ta find the 100 foot Lg, refarence hnoise
leyel from Figures 4.1 and 4,1. 'The graphs
have been discussed in gensral terms earl-
ler in this chapter. However, an example
at this time would serve to illustrate
thelr use,

Suppose the traffic situation to be jinvesti~
gated congists of an hourly volume of 7200
vehiclea with 7 porcent trucks, or 6696 aute-
mobilas and 504 txucks, traveling at an
aversage speed of 50 mph,

From Figure 4.1, the referonce noise level at
a point 100 feet from the highway due to 6636
automebiles at 50 mph ia 71 dBA Lso.

From Filgura 4.2, the reference noise level at
a point 100 feet from the highway due to 504
trucks at 50 mph ia 74 dBA Lss.

0f couras, the total sound from the highway
is the docibel sum of automebile lavel and
the truck level, However, some adjustments
£o the raferehce levels will be appliad to
the truck level in amounts different from
thosae applied to the automobile level. The
enginaer should get accustomed to keaping
the car leval ssparate from the truck level
until the final computation. The 100 foot
reforenca levels are uswally not vaery intar-
esting anyway. Usually one would like to
know the noisa laval at seme particular
point of intarest, or perhaps construct

a graph of nolse level versus distance,

4.2.2 Adjustments

a) Distance Adjustment. The noise le-
vel at any distance from a highway can be
found simply by making a distance adjust-
ment tco the 100 foot reference level as
dafined by Figure 4.4. The standard dis-
tance adjustment is mada to the 50 percen-
tile noise level and follows the form

-
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=15 Leg,e (D/Dg), corresponding to a de-
crease in nolse level of 4-% decibels for
a doubling of distance. There ara saveral
curves on this graph, however; and to de~
termine the distance adjusatment, one muat
know the distance from the ohservation
point to the centar line of the near lane
and the width of the entire highway. fiety

Suppoge the highway has three lanes each
direction with the directions separated by a
253 foot-~widae median atrip; and there ara two
points of intereat — one at a position 100
feat from the near lans and one at a positian
506 feet from the near lane. In Plgure 4.4,
the proper adjustments for this exampla can
be determined using the curve labeled 100 (8],
meaning a highway width of 100 feet which is

Since the singla-lane-equivalent distance is
required for the computaticn of some of the
adjustments, it will be found for this ex-
ample road uging Pigure 4.3.
near lane distance of 100 feat, the single-
lane=equivalent distance, Dg, for a l00=foot
wide highway is approximately 140 feet as
computed in Section 4.l1.2., For an observer-

_...heat, lane distance of 500 feet, the single-

lanie~equivalent distance, D, is approxi-
mately 500 feet,

Actually, the equivalent lane distapce for
the latter case can he ccmputed to be 547
feet, The resolution of Figure 4.3 simply
does not permit reading the graph to this
degrae of accuracy. Fortunately, for z
100 foot-wide highway, any obsetver-near

approximately equivalent to eight travel lanes, lane distance of 500 feet or more is satig-

{Note that it ia the actual highway width
that determines the proper cusve, not the
actual number of travel lanes, which in

thia example is six.) The adjustment for
the 100 foot ohserversnear lane is minus

two dacibels. For a distance of 500 feet
the Qistance adjustment is approximately
minua 10 decibels. So far, the computations
can be summarized as shown in Exhibic 4.1,

EXHIBIT 4,1

OISTANCE, WIDTH ADJUSTMENT, d8A

L00 feat | 500 feet

Distance Distance

Item A T A r

l.sn reference at 100 feot H ] k[l L]
(mamnca. width aadwr Loz [e2 Tag [
l"su at gbastver w (7 lu [m

The diatance adjustment is applied equally
to avtos and trucks.

Note that the predicted 100 foot nolase level
is lowsr than the 100 foot reference level
by two dacibels, This difference is due to
tha fact thae the traffic is not all concen=-
trated on the near lane aa assumed for the
raeferonce lavel zomputation, but rathexr
apread over a highway width of 100 feet.
Figure 4.4 contalns both the distanca
adjuptment and the single=-lane~equivalent
digtance adjustment.

b) Singla-lane-Equivalent Distance., The
six anaa could Ee replaced Sy a single lane
yiaelding the same acoustic result, provided
the single lanag is located at a distance
from the ohdarver called the single=lane-
equivalant diatance, a distance somawhat
graater .than ths observer-near lana distance.

factorily close to the corrasponding single-
lane-aquivalent distance that the difference
can be ighorad. In general, whatever resolu=
tion Figure 4.3 provides is close enough.

c) Lio Adjustments, So far, the Lig noise
lavel for the exampie problem has been com=
puted for okserver-near lane distances of
100 feet and 500 feet, Dut what is really
required is the 10 parcentile nolsa laval,
or Lig. Since the Li¢ is aexceaded only 10
poarcent of the tipe as oppesed to 30 percent
of the time for Ljss, an upward adjustmant of
the Lss can be axpected to yield Lo, How
much of an upward adjuatment is reguired
depends on three parametersg only:

a. The hourly vehicle volume, V.
b. The average vehicle speed, S.

¢, The single=lape-equivalent distance,
D..
E

A little discussion on how the adjustment
Lyo=Lsc depends on thesa three paramatars

can parhaps give the reader an intuitive fael
for how the L, should differ among various
highway situations, Remember that while Ls;
is scmething like the “average" noise, the
Lio puts a little more emphasis on the noise
peaks that occur as vahicleg pass the observa-
tien point, To a dagrea, tha diffarence he=
tween Ljo and Lsg, Lig-Ls¢, i85 a measure of
fhe size of the fluctuatiens in the noise
avel.

Imagine yoursaelf standing guite near a moder~
ately trafficked road, The Lsy i8 determined
in part by the noise levels of the individual
vahicles passing, and in part by the sum of
the noise levels of all the other distant
vehicles on the road., The Lig is more in-

fluenced by the noise peaks of inmediate
vehicle pass~bys., Now, 1f the vehicle
volume should double without affecting any
cther parameter, the "average" noisge and

4,7

For an obaerver-



the L;; would increase accerdingly by
savaral dacibels. But tho panka would not
changa significantly; and some of the pra~
vioua periods of ralative quiast would now
be fillod with the noises of the additional
vehiclan as shown in Sketch 4.2, The flue-
tuationa would not he as large. Hence,

the adjustment, Ljio~Lsg decreases with in=
creasaing voluma.

DOUBLE VOLU’:E;

ORIGINAL YOLUME

ROISE LEVEL

TIME
SKETCH 4.2

Imagina the original traffic situation again.
Now imagine that the volume is unchanged
while speed is doubled., This time theo peaks
may incraase becausoc of tha gpeed increase;
but tho "average" noima would not increaase
go much bucausa the vehicles would bo more
widcli spaced craating deepar vallayas of
ralative quiat, as shown in Sketch 4.3.

ohe fluctuations would be larger. Hencs,
the adjuatmant, Lyg~Lsy increames with in-
exgacing apoad.

DOUOLED 5P57
-~ c‘\‘

HOISE LEVEL

TIME

SKETCH 4.3

Imagineg tha original altuation again., HNow
imagine that the distance from the highway
to tho obgervation point is doubled. Thias
tima all tha nolso lavels would be raduced;
but, the peaks would appear to rise and fall
ao slowly that they would ovorlap mora ag
shown in Sketch 4.4, In fact, at a groat
anough distance, tho paaks would be in-
distinguishablae frem the background trafific

4.8

nolse, PFluctuations would bhe smaller.
Hence, the adjustmant, Lip=Lss, decraases
with increasing distance.

ORIGINAL DISTANCE

-
-
el TN L

-~
T A

KOISE LEVEL

DAUBLED DISTANCE

TIME
SKETCH 4.4

To summarize, the adjustment L;o-Lse can ba
related inverasly to the single parameter

VDg
=g~ shown in Flgure 4.5, whers:

V = haurly vehicle velume.

b = single-lane~-aquivalent diatanca,
in feet,

5 = average vehicle speed, in miles
per hour,

Tha use of Plgure 4.5 to find the Ljie=Lag
adjustmant can ba illustrated by continuing
tha axample problem left in the previous
section, The raelevant data wags as followsi

hourly vehicle volume, V w 6696 autos and
504 trucks
average vehicle spead, 5 = 50 mph
single~lana=aquivalent distance g1
for 100 foot near-lana dist., DE = 140 feet

for 500 foot near-lane dist,, Dy = 500 foet

Then for the 100~foot near-lane diatance,

v
-EE equals 18,700 for auteg with corresponding

‘ Lyg=Lsg ™ 2 dacibels, and equala 1,410 far

trucka with corzesponding Ljg=Lsg = 6
dacibals.

It is extremoly important to notice that

the L;j=Lso adjustmant is computed separately
for autos and trucks. If the total vehicle
volums ware errohoounly ugded in this compu-
tation, the trucke, which are normally
reaponaibla for the greatest fluctuations in
noise lavel, would appear to ha high in
volume rasulting in smallar fluctuations,
and, hence, a small Lj¢~Lip; adjustmont =
leas than 2 decikels in this exampla.

™
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__.( Similar computations for tha observer posi- without bound for lower and lower valuas of
tion 500 feet from the highway reaults in 5
l an Lje~Lsy adjustmont of slightly mors than ol but rather, levels off quickly to a
g:gig:ﬁbgérff;iu:;:?“' and approximately 3 maximum of 13 decibeld.
‘ ampla comput -
I 'g?:egxinpﬁxhibig 42.“2:%‘]rm g0 far can be sumna -} Road_ﬂ_gm_ ent Adjustment. What good
is it to have ilearhed to predict the L, at
some distance from an infinitely leng,
."71 EXRIBIT 4.2 straight and level highway when no such high-
: . . ways exist? There are two anaswers to this
- L1g-tso ADIUSTHEAT, a0A question., Firatly, many highways are
sufficlently long, straight and level that
- TR TTR TR thay may be assumed to be so without signi-
i Distance | Distance ficant error, Secondly, simple adjuatments
o Tten I Al T can ba made to tha infinite highway rasults
to yleld 4 solution for a finite rcad seg-
—_ Lgy roferancs at 100 feet TR ENEEE] mant having similar geometry and traffic,
Pod [biatancs, width adjust ar |t {em |-
While the adjustment method satrietly appliea
I"so at coserver @ |k | to the mean enargy level or "average" nolse,
[ty gty adiustment ok lol [ otk o8 in moat practical aituations it also applies
™ T to Lsp and L,y with only ninor error, Per=-
bl 1 A% obsarvar, by veh. typa fqy |18 | et e haps the best way to explain the logic hehind
sl Ly at observer, aumaed ‘ P 3 the mathod is by example, Suppose the noise
level at some diastance from the infinite

i
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The bottom lina has finally combined the
aute lovals with the truck lavel to obtain
a single noise leval of 7% dBA L:p for a
point 100 feet from this highway., And a
tingla nolasa laval of 60k dBA Lo is ob=
tained for a point 500 feet f£rom the high=
way. The only place it ia truely asafe to
gombine the auto levels with tha truck
lavels is after all adjustments have bheeh
mada. The levels were combined in accor-
dance with tha simple rules for tombining
tha lavala of two sourcos given in Table 1,1,
Notice that smoma of the figures in this
axhibit have been computed to one-half daci-
bel acveouracy, It may be meaningful to come
pute individual adjustments to a one-half
decibal accuracy to aveld a cummulative
error in sumning several adjustments. Howe
sver, little asignificance should be assigned
to half~decibel refinements in the final
angwer,

Thara is one othar item regarding this
adjustmant that should be discussed bafore
moving on to the naxt tople., FPigure 4.5 has
bean modified from the original NCHRP 117

arisa in making highway noise predictions
whazo this paramater for trucks iz quite

highway shown in Skoteh 4,5 were 70 decibels,

m /-INFINITE ROAD

L ——— — -

B

- - -

70 4

L]
OBSERVER 70d8

SKETCH 4.5

Mow tha single highway could be censiderad
te be two hlghways, each starting at the
middle and extending infinitely outward as
shown in Sketch 4.6,

HwY #2
HWY HALF-INFINITE ROAD

LA
HALF -INFINITE ROAD

- - -
nean - - - -

:___, graph to extrapelate the curve to lower values ) D
D o, A
of the paramoter -gE. Many situations may 4 o
90°

a1

= small. For example, for a point 25 fast
from a leca ghway where tha hourly truc
e volume id ‘'only 10 at a spged of 50 mph, the OBRSERVER 7048
~i . parameter -?E would he only 20. Figure 4.3 SKETCH 4.6
A/ ahowas that tho adjustmont deea not increase
‘:H_-j

4.9



Of course, the two highways produce agqual
amounts of noise - — exactly half that

of the original highway. From Chapter 1 it
was learned that halving the noise sources
should reduce tha nolge lavel by about 2
decibaels, or that two equal noise scurces
produce a combined level that is highar than
the lavel of eithar by 3 dB. Hence, it is
obvious that aach half of tha infinite road
must contribute 3 dB less noise to the ob-

subtendaed angles are squal.” For example,
if a certain segment aleng a road contri=-
buteg 64 dB to the total hoise level ab sume
observation peint, then any other segment
subtending an equal angle would alse con-
tribute 64 db to that point,

The foraegoing remarks on road segments are
all embodied in the Pigures 4.6 and 4.7
borrowed from WCHRP Raport 117, Consider

gervation point than thoe whole, or 67 decibels. Figurs 4.7 first for finite road segments.

A machematical investigation of the noise
level contributions of road segmants would
ahow that tha sagment contribution is not
atrictly related to tha length of the seg-
ment, but aclaly to the angle esubtended by
the road aagmant, with ths vertex of the
angle at the observation point, For
axampla, the angle subtended by the original
infinite highway was 180 dagrees. The

angla subtanded by aither half-infinite high~
waya is 90 degrees, The adjustment from

the infinite highway noise level to the half-
infinito highway noise lavel ¢an be expreaded

10 Log (%%ST)" =3 dB.

The following sketch illustrates two more
axamplea of the ralatlonship.

,-—sscusm e--]-——secmsm A—-I

- - -

\&95/ /
& NFINITE

OBRSEAVER ROADWAY

SKETCH 4,7

Tha adjustment for sagment A is 10 Log(ng_-g-s-r)-

-3 dB, Tha adjustmant for sagment B is 10 Log
(ﬁ-a-r)- -6 aB. :

In general, the rula for adjusting from in-
£inita highways to highway aegments can be
writtant

Adjugemant, dB = 14 "‘°g(fg'b"a'

whara B 45 tha angle in degreesa, subtended
by the highway segment,

Clearly tha angle 8 could intercept any
segment ofi tha highway whatever. A corollary
of the rule could be atated, "segmeanta of a
straight road make equal contribations to a
common obaarvation point at the vertices of
tha angles subtended by the segment when the

4,10

The adjuatrment for a 90° segment Ls shown
to be -3 dB, For a 45° sagment the adjust-
mant 18 -6 dB. For an 18° segment, the
adjustment is -10 dB, Figurae 4.7 is simply
a graphic form of the adjustment rule dis-
cusaed above.

But just as the rule applies to the general
cagse of either finite or semi-flpite road
segmenta, so does Figure 4.7. In fact,
Pigure 4,6 for the special case of semi~
finite roads is not needed. & brief intro-
" duction to its usa will, nevertheless, ba
presented for the sake of completenass and
because it has had wide distribution in
NCHRP Report 1l17.

The confusion in using thils graph arises in
trying to determine whether the size of the
angle 8 is poaitive or negativa. All will
be clear in the use of this graph if the
NCHRP Repert 117 illustratlon shown in Pi-
gure 4.6 ia raplaced by the alternate illus~
tration for the angle ¢, and if the angles
for 8 on the abscissa of the graph are re-
placed by the bold lettered angles for ¢.
Liow the graph corresponds exactly to the
graph in Figure 4.7 and to the adjustment
ruls. For example, when the angle ¢ is 90°
tha adjustment is =3 dB. For an included
angle ¢ of 18°, the adjustment is «10 dB,

As an illustration of the method for com=
puting the scund lavel contributions of
road segmehts, the example problem left off
in tha precesding section will be continuved.
Lat tha gecmetry now be described as shown
in sketech 4.8,

100" ,‘-SKGMENT—.I

=== S S

@
140°
&0e 6=LANE INFINITE
Ao’ ROADWAY
@
SKETCH 4.8

From Figura 4.7, the adjustment for the 140°
angle at tha ohsaerver at 100 feet can be
found to ba =1 4B, For the cbservar at 500
feat the adjustmant iz -5 dg.
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The computations for the example problem of
determining tha L,y haise levels from a road
sagment are summarized in Exhibit 4.3,

EXHISIT 4.4
SUNNATEON OF SEGAENT GORTAIBUTEONY, daA

HTH Sag. AN
EXHIBIT 4.2 Aum *“'2 N .JT
T T A
FINITE SEGMENT ACJUSTNENT, gt 1t
L,u_rnhrlrxu st 100 fasy U R U e R L
Dintana¢, width adjuat Sy (a0 | faay, |-
100 feat | 500 fast
Gistance [ Distance Lyg~lgg adjustment sl feuy ok | e Jeili [
Ttam AT A T Em reference nt obaeprver w o |un] v | |
Lgy reference at 100 feot | [T " |3egmonc_adjustmant sl ot |or |o€ | -8 [-¥
Diatance, width adjust 2 |- |-18 |[-to Lyg at ebadyyer, by vah. type ut [0 [E1] ez |5y |WA
Lyg=Lgn sdjustment ot |k Jotkh |8 Lyg &% oRRerver, sunned e WL i
Lyp 8t owserver, seg. total k]
Ll.m raferance at cbserysr Nl w2k W
| 3sgmant adjustment -t |-t | -5 [-5
Lyg 4t obaarver, by veh, type |9 (T1 |51h | 6t Motice that tha 69 dba contribution frem
L,. st obssrvay, summon vaegment 1 iy within 2 decibels of the
10 : ™ ey total 72 dBA for the entire road, Analysis

In moast practical highway nolse problems, the
highway ia bast described az made up of
saveral highway segmenta. The ncise lavel
contributions are computed separately for
aach segment and are then added according

to the rules of decibesl addition to yield

the noige leval due to the traffic on the
ontire road. As a £inal example of the
method, auppose that the highway segmant

, shown in Sketch 4.8 ia morely the center

segment of the curved highway shown divided
inte three stralght line segments in

Skoetch 4.9, All segmenta have the same
rraffiec condlitions.
SEG w2
SEG #3
7\‘.".
SEG o) a0* 100" bt
s @ g
A \
OOSEAVER
SKETCH 4,9

Tha reader should make the reguired com-
putations himpelf for this example casa,
agauming a roadway width of 100 feet and
hourly traffic volumes of 6696 autos and
S04 trucks moving at an average spead of
50 mph, Computational results can be

compared with those shown in Exhibit 4.4,

by segment not only tells the engineer the
total noise level at the obaserver; but, it
tells him where noise control measures
would have the most bheneficial sffect.

Notice also that the segment adjustment for
segment number 1 was enly -1 4B, i.a,, the

59 dBA centributicons of the zegment is only
1 decibel less than the 70 dBA contributions

from an infinite reoad under similar cenditions,

In practicae, many casas exiat where, although
a road 1s not infinitely leong, straight and
£lat, it can be traated as such with only

a small error in the computed neise levels.
In general, for practical purposss, a road
seqment can be considared an Infinltely long
highway {f it cxtends in each directicn a
distance of at least four times the ghaerver-
near lane distanco.

e) other Adjustments., The basic compu~
tations discussed in the previous sections
describe adequately the noise lavels ganer=
ated by smoothly Elowing traffic on lavel
roadways of normal surface material. In
section 4.1.2 it was peinted out that tha
noisa lavel produced may be altered by
roadway gradients and by especially rough
or smooth sutface materiala. The resulting
change in the polse level cbaarved at some
distant point can be acounted for by a sim-
ple adjustment to the basic computations.,

For vehiclas traveling en very rough or very
smooth pavement, the basic noise level com=
putations are adjusted upward or downward,
as the case may be, by 5 decikels in accord-
ance with Table 4.1. Remembar that anly
rarely should such an adjustment be applied
to truck noise, and then only upward for
trucks traveling at speeds above 60 mph and

4,11



whan the pavement is particularly rough.
For thae great majority of new surfaces, no
adjustment ia warranted. Occaslenally, an
old surface, worn badly by studded tirea, or
an intentionally grooved surface ls encoun-
terad for which a 5 decibel positive adjust~
ment {s justified. Less frequently, a very
smooth-coated surface warrants a 5 decibel
negative adjuastment., Such smooth surface
roads, howaver, are rare because of thelr
inharent low friction characteristica.

The positive adjustments to account for the
increased noise of trucks on gradients are
shawn in Table 4.2, Hemembar that these ad-
justmonta are made enly to truck noime le-
vala, and are never negative, i,a., there

is no adjustment for a downhill gtadient.

In mest situations, where the two=direction~
al lanes appear togather on a gradient, the
adjustment may ba applied equally to both
aides of the highway without regard to whe-
thexr tha near lane 1a an up=gradiant or a
dewn=gradient.

conpider roadway segment 2 of the example in
the preceeding section to he on a 5 percent
gradient, and to have a very smooth pavement
surfaca. Adding 5 decibaels tc the truck
noise lavels; and subtracting 5 decibels
from tha auto nolse levels results in the
tabla of computations shown in Exhibit 4.5,

EXHIBIT 4.5

GRADIEE; AND SURFALE ADJUSTMENTS, dBA AT

500 FE
504,
o, 2
Item A 7
Lpy reference at 100 fees n |
Distance, width adjust -0 |-
Lm-r.50 adjustment oil [ o3
LL:I.D referance at abserver Wy | ot
[SEgmenc adjustment EE
Gradient o |~
Road asurface K-
Lig Ot obzarver, by veh. ctype 52k | W5
Lyp at cbserver, summed 113

4.2.3 Simple Noilse Contours

Very oftan it is informative to represent
the nolse levels over a broad area hy noise
level contours, or lines of egual nolaa le~
vel. Usually when the computational re-
sults are displayed in contour form, it is
not expectad that the contour lines are
grecisely accurate at avery polnt, but that
hay are approximately accurate everywhere
and show the general "shape" of the noise
environment. When the nolse level at a
particular point is desired very accurately,
it should be calculated, for that point ex-
plicitly. Thus, generation of the contour
lines involves a certain ameount of estimat-
ing and amoothing.

The first step in developing noise contours
about a road is to draw a graph of noise le-
vel versua distance from the road. The Ljg
noise levels at distances of 100 feet and
500 feat were caleulated for the example in-
finite highway discussed throughout this
chapter and were summarized Ln tabular form
in saction 4.2.4. Suppose the computatlens
were axpandad to include several cther dis-
tances with results shown in Exhibit 4.6.

EXHIBIT 4.6

KOISE LEVEL ¥, NTSTANCE

Distance from
Hear Lane, ft 5o | 100 (300 (%S00 {1000 | 2000 S0C0

Holam lavel,
4BA Ly a5 | 79| 12 | 63| 3 35 51

The reader should verify these results by
computation. These values are then plotted
on a seml-log graph paper with noise level
in dBA Ljg oft the ordinate and log of the
near-lane digstance on the abgclssa as shown
in Sketeh 4,10,

LI I LIRS I LA LILLL

E=N

NOISE LEVEL (484 L)
¢ s
3
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# COMPUTED DATA POINTS
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SKETCH 4.10
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Contours “can be drawn in 1, 2, 5 or 10 deci-
kal intearvals, or any other interval that
seems appropriate. A common Lnterval for
highway traffic nolse is 5 decibels. From
Skatch 4,10 the table in Exhibit 4.7 can be
constructed.

EXHIBIT 4.7

FLL] Lyg MOISE CONTDLRS

Cantoyr L{ns
B eS| 20| 7% | 0| 45 éo 111 50

Near lane
dtatance, ft so | 90 7130 | 370 | 76c | 1480 | 1200| S6n8

With the data in this tabls, nolse level con-
tours in 5 decibel intervals canh be drawn
around the highway as shown in Sketch 4.11.

CONTOURS, 404 L g

AU} =T
T -~

SKETCH 4,11

For gently curvihg roads like the one shown
in Sketech 4.11, the contour line can simply
be drawn parallal to the road at the appro-
priate distance, Where the road curves
sharply, nolse levela at several spacific
points should be computed by aumming the
gagheht contributicna as described in
gection 4.2.5. The noise contours should
then be adjusted accordingly. Of course,
the greatar the number of apecific points
computad, the mora accurata will be the
contaur line adjustments.

4.13

hfter the englneer has had some expetience
in contour drawing, he will learn how to
beat make adjustmencs to contour lines to
accommodate varipus roadway geometries.
Parhaps another simple example will speed
domewhat the development of a littla intui-~
tion Il contour drawing. Suppose that two
roads intersect at right angles in such a
way that the traffic flow on esach is copti-
nuous and uninterrupted. Suppose also that
the noise level contours along each road
individually have been calculated with the
following results: :

EXHIBIT 4.8

INTERSECTING RNAD CONTOUAS

Kolde Contour Hear Lane Distance, Faet
9BA Ly Roadway Ko, | Raadmay Mo, 2
a5 5Q
80 40 25
75 180 30
10 kil 90
65 T60 180
60 1480 370
55 3000 760 7
50 5600 1480

Now the nolse contours for the two roads to-
gether can be constructed as shown in
Sketch 4.12.
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The contour lines for aach road have been
drawn as though tha other were not thara.
Tha combinod levels at the intersection
points of the two sats of contour lines
have been computed by the simple decibal
addition method showh in Table 1.1, Faor
example, the combined level whers the 65 dBA
contour intarsects the 70 dBA contour ia
actually 71 dBA. The 70 dBA contour line
is drawn through all pointas of 70 dBA.
Conalderable visual interpolation la re-
quired; but tha reaulting sot of noise
contours shownp here for only one guadrant
can he quite informative and a real viaual
aid to understanding the noise environment
at the intersection, If more accurate con=
tours had boean desirad, we could have de-
velopad them by starting with contours for
aach road in 1 docibel intervala., Much less
visual intarpolation would have been re-
quired. More will be sald about contour
drawing in later sections of this chapter.

4.2.4 Barriar Attaenuvation

Tha subject of barrier attenuation was dis=-
cussed in general terms in Chapter 2 and
will ba discussed again in detail in Chapter
5. The only purpose in mentioning the sube-
ject in this saectien is to acqualnt the
readar with how the noise reduction compu-

- tations for barriera are integrated into

the total NCHRP Report 117 mothed for high-
way traffic noise computation.

Tha amount aof noise reduction achiaved by a
barrier wall, berm, depressad roadway or
other form of noisae shield is dependent on
what angle of diffraction the sound must
fraas through in traveling from noise source
to receiver. Thus, the noise reductlion is
dependent upon the interrelationships of the
source and receiver locations, and the bar-
rier halght, lengch, and lecation. In
Pigura 4.8, the relationship baetween these
paranaters and the nolse raduction achieved
ia shown for an infinitely long, straight,
and level nolise barrier at a constant dia-
tanca from an infinitely long, straight and
laval road. For example, suppose such a

.pair of roadway and noise bharrier existad

such that: .
EXHIBIT 4.9

Qbsepver = Near Lane Distance, Oy = 500 reet
Equivalent Lane = Barrler Discance, DR = 100 feet
Cbaerver - larrler Diacance, DB = 450 faar
Barpler Helght, H = 15 raet

H'/Dy = 0.5 and H}/Dy = 2.3

For these two parametars, Figure 4.8 indi-
cates a nolge reduction of 15 dBA.

A faw comments of clarification regarding
the use of Figure 4.8 should be made here
befora continuing the example. The barrier
sgction drawing Aaccompanying the graph in
Pigure 4.8 ia a littles misleading. While
the noise source is properly ahown at pave-
ment lavel for automshile traffle, the ob=-
sarver is usually not at ground level, but
at 5 feet or more above the ground, depend-
ing on the terrain. Sometimes the chaerver
is evan at an upper story window of a bulld-
ing. The paint is, the height "H" shown in
Figqure 4.8 is not the haight of the barrier
above the pavement, but rather the perpen-
dicular penetration (or "affective height")
of the bartier abeve the line-of=-sight from
saurce to obgerver as was shown in Sketch
l.4 on page l-15.

With the line-of-sight connecting the pava-
ment surface to the observer, the graph
shown in Flgure 4.8 yiealds the noise reduc-
tion achleved by the barrier for automcbile
noisa. ‘Te account for the fagt that the
acoustic eenter of a line of trucks is hot
at pavement level, but saveral feet in the
air, NCHRP Report l17 racommends that the
noise reduction computed using Figure 4.8
be decrcased by 5 dacibels when applied to
the, truck noise. Hence, the noise reduction
due to this example noise shield would be
15 decibels for cars and 10 decibels for
trucks.

If a nolse barrier of these dimensions were
placed 50 feat from the example & lane high~
way used in this chapter for {llustration of
procedures, the noise level computations fer

a point 500 feet distant would be as follows:

EXHIBIT 4.10
BARMER COMPUTATIONS, dBA

Ne With

garrier Barrier

1tem A T A T

1‘50 ralsrencs at 1090 rast o |14 b1l 1“4
bistance, width acjust =0 [qd |-G [0
I.m--l.s,J djustment TNl
[['10 reference at obsepver wh| e vkl o
Sagmant adjustmant -— - — -

Barrier adlustment & |o - | s
Lyn ot obaerver, by veh. type Wl er | 41k |51
Lm at observer, ﬁ.am.rnud o8 sTh

Net Hoids Reduction i

Note that the actual noise reduction worth
of the barrier is neither 15 nor 1¢ dacibels,
but 1l docibels, Not until all computations
are completed and the aute and truck coneri-
butions are added gan the actual nolse re~
duction for any particular traffic volume,
speed and mix be determined.
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Another important point to potice i3 the re-
lativa dominaticn of the traffic noise by
tha trucks. In view of the importance of
tha truck noiss, care should be taken to take
accurate accounting of the influence of the
truck gsourca height on the nojse reduction
provided by barriers and shields. Simply
aubtracting 5 decibels from the automobile
noise reduction is enly accurate within a
limited range of traffic conditlons. A more
general and more accurate approach to noise
reduction computations is contained in
Chapter 5 of this text,

So far, the computatiens for noise reduction
hava assumed that the neoise shield is infi-
nitely long yielding a nolse reduction of
1l decikels. Por practical noise shields
of leas than infinlte langth, the noise re-
duction can be far less impressive., Suppose
the length of the barrier in the previous
eXampla is as showh in Sketch 4.13.

INFINITE ROADWAY

BAKRIER
jp— - _—
L ——] [
1204 500’
3ge 30
i " i
OUSERVER
SKETCH 4.13

This road without a noise barrier produced
68% dBA Lig at the 500 foot observation
point, and with an infinitely long noise
barrier produced 57 dBA Lig. The road
cauld now be broken inte three seqments -
twg 300 segments of a 684 dBA road and one
120° segment of a 574 dBA road. From Fi=-
gure 4.7 the segment adjustment for a 309
subtended angle is ~B decibels. For a 1209
segment the adjustment is about=-1 decibel.
Presanted in tabular form, the computations
for the summed noise level of the three seg-
mants would be:

EXHIBIT 4.1)
ENFINITE AQAONAT WITH FINITE GARRIER, dda
Chssrver ot S00 Frot
Itam 0% Sag. | 120* Sa9. | 20* Saq.
Lyg Feferance at atascver i -y Wy
Segmant adjustnant -4 -y -0
Barpler adjuateent a «H a
Ly, 46 oDasrver o i uy Wi
Lw 4% obasrver, umaed i

Withaut the barrier, the noise leve) 500 feset
from this infinite road was found to ba 684
dBA Llp. With an ll decibel barrier subtend-
ing an angle of 1209 the nolse level was
found to be 64% dDA L1g - a nolse reduction
of, not 11 decibela, but only 4 decibels.
Clearly, the length of a barrier is a very
important nolse reduction parametar.

The purpese of the foregoing exercise, how-
ever, was to introduce the reader to the

cencept: of finite length barriers using the

basie rules of decibel addition and segment [
adjustments. Fortunately, such computation-—

al processes do not have to be worked out

separately for each problam. The computa-

tiond for a range of barrier situations have

been worked out for NCHRP Report 117 and are
presented here as Table 4.3 where = is the

angle subtended by the barrier, and 8 s the

angle subtended by the road (B=180° for an

infinite road}. In the example abave, the

ratio «/8 would ba 0.66 or approximately 0.7.

For the 11 decibel infinite barrier noise re-

duction, the corresponding finite barrier

nolse reduction read £rom Table 4.3 would be

4 decibela as computed earlier by the long

methed. A 15 decibel barrier that shields

tha ohserver from one=-half the road («/8 =

0.5), would achieve a three decibel reduc-
tion in total noise from the infinite road
as expected.

Tha angle § does not have to be 1809 as for
an infinite road, If the angle §, subtended
by a road segment lesa than 180° le.gq., a
1209 segment), the ratio =/8 determines the
shielding adjustment that should be applied
to the noise level contribution of that

road gegment.
Noise reduction computaticnal methods for
depressed roadways, elevated roagways and

other variations of the nolse barrier will .
be discussed in detail in Chapter 5. i

4.2,5 Cheek List far Handbook Computations

A suggested form for Traffic Noise Computa=-
tion Tally is shown in Figure 4.9. This
form does not provide work space for compu=
tationd, but rather provides a storage place
for the traffic daca and for the computa-
tional results in an organized fashion. The
four column headings on this form have baen
left blank because they could rafer to any
of several variables of interest, e.g., four
different observer dilstancas, fouy different
road sogments, four different highway elava-
tions, etc. The only common restricticns of
the four problems are that they must have
the same traffic and highway width., The
reasons for having four columns on the tally
are simply that it is often convenient to
hava more than one on a sheet; and no more
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EXHIBIT 4.12 Sheet {1 of_|

—

TRAFFIC NQISE COMPUTATION TALLY
NOISE LEVEL, dBA

Project___Faurs S32. , DosraTeud Engineer_J¥S
Segment__vosT 34 g BS -~ map 1204 Date _; spmi W33
Autos/hr.__&e96 Trucks/hr._s>4 Miles/hr. s>
Highway Width__too feet. Observer__ag inDicaTED
Comments__LLUSRATE use fow, SAME RoAD - DIFFEREMT DISTANCES
ogsERvER, DISTANCE = Ta‘a ;&.
Item AT TAIT AT AT
Lo reference at 100 feet T4 | |74
Distance, width adjustment [-2 -2 [-~t0 |-
Lm-L50 adjustment #2 [+L |+ | +3
L,n reference at observer 7 |18 sk (7
Segment adjustment o |=1 |~§& |~%
Barrier adjustment IS |~1& { =~ | =5
Gradlent G l+3 | O |+2
éé Road surface sla[-5]| 6
o
gg Follage Q|0 |~5|~5
g_g Rows of houses clo |~4 (-4
o2

Ly, at observer, by veh. type |5 (70 |34 s

L,o at ovserver, summed ) 51
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EXHIBIT 4,13

Sheet_t _of /1

TRAFFIC NOISE COMPUTATION TALLY
NOISE LEVEL, dBA

Project__Koore S32 DogpATed Engineer__JBS
Segment _PosT 34 w™ 3B ~ MAP_ 1301 Date | aPi_ 1975
Autos/hr._e&96 Trucks/hr. sod Miles/hr._ So

Highway Width__joo feet,

Dbserver *2 ar Soo’

Comments_ L OSTRATE SUMMATION £F SEGMENT  ConTr|BLUTion §

w=e? |96 %2 |:=e’3
Item AT AT AT
l’.‘50 refarence at 100 feet T e s TR e " N e T I Y
Distance, width adjustment [=Bh[«B%(-10 (=10 |42% [-i24
L:m--L50 adjustment 413 | +3% o |3 |1 ] +3
L, reference at observer o |69 |625| o7 &0 |84
Segment adjustment =t =t =g |5 |-5 [-5
Barrier adjustnent a -0 [ =5 Q
Gradient o o [+3 |0 [43
2]
3 % |Road surface <|o |-s|(o|-s]o
]
& & |Foliage o |-s|-5|5 |-~
k]
¢ 2 |Rows of houses Qo |4 |-4 |~0 [~
nmg
- <
=
LlD at cobserver, by veh. type |58 (68 [33%]|51 |35 [47%
Lyg at observer, summed b8 i 474,
luo AT CETEEVER, SEGMENT TOTAL 68
4,17



than four would f£ie. Exhibits 4.12 and 4.13
show the form filled out for the examples
discussed in earlier sections of this chap-
Lter, Two different uses of the fomm are il-
lustrated., HNote that all addition within a
Column is simple algebraic addition, Adding
the results of ona column to anothser muat be
performed accotding to decibel addition.
Where the noige contributions from saveral
sagmants are added, tha blank apace at the
bottom line of the tally sheet can be used
for the summed, seqgment total as ashown in
Exhibit 4.13.

; THE TRANS
SYSTEMS CENTER RANSPORTATION

There are many computational schemes avalila-
ble for the prediction of traffic nolse; the
mathod of NCHRP 117 is but one of them, Ano~
ther method, and very useful method, is the
Computer program of the Transportation Sys-
tems Center of the Federal Highway Adminis-
tratiop. In general, the computer program
applies to the same highway traffic situa=-
tions, and has the game limitations as the
mathod of NCHRP Report 117,

1. The procedures consider only freely-
flowing highway traffic. Stop-and-
go traffic, and the effects of ve-
hicle acceleration and braking are
not included in the model.

2. The procedures assume a uniform
standard atmosphare, Effects of
wind and temperature gradients are
ignored.

3. The procedures considar all noise
Bgurces to radiate sound equally
in all directions,

The main advantages of the computer pregram
method are that it can consider very many.
and vary complex, situations quickly and
aceurately. The program performs the ata-
tistical computations efficiently and leads
directly to the answer in dBA Lig. A dis-
advantage of the computer method is that
meaningful answars to complex problems often
raquirs copious quantities of input data.
The computational results are no better than
input data upon which tha program operates.

. And aven for very simple problems, preparing

the computer program input data, then wait-
ing for the results, can be a nuisance.

In order to provide a simple and direct me-
thod of predicting the traffic noise level
for asimple asituatlions, the Transportation
Systems Center used the computer program to
develop a nomograph.

4.18

4.3.1

Nomograph Method for Highway Noise
Prediction

This "Nomograph for Approximata Prediction
of Highway Noise Lavela'" can be found in
Report No, DOT-TSC-FHWA-72-1, Manual for
Highway Noise Predietion, and Is shown here
In Figure 4.10, Strlict application of thig
nomograph is limited to contifuous, freely
flowing traffic on a single infinitely
long, unshielded, straight and level road-
Way,

The use of the nomograph may be sxplained
through the following example shown in Ex-
hibit 4.14 for an observer 500 feet from
an infinite highway carrying 24340 vehicles
per hour with 5% trucks traveling at a
spead of 60 mph:

1. Draw a straight line from the left
pivot point on the nomograph through
the "“3%" truck point on the "60 mph"
line, Extend the straight line to
the Turning Line A. In this example.
the intersection is marked "Al".

2. Draw a second straight line from the
intersection point Al to 2400 veh/hr.
on the vehicle volume line and note
the interasection, Bl, of this line
with the vertical line B,

3. braw a third line from point Bl to
500 feet on the "Distance to Obser-
var" line. The intersection of this
third line with the vertical line
between marks the predicted A-welght-
ed, l0=-percentile noise level. Feor
this example problem, the predicted
noise level is 71 dBA Ljg.

The nomograph method is particularly conve=-
nient in developing nolse contours, since
the distance corresponding to any desired
noise level can be found simply by pivoting
this thixd line about the point Bl. For
this example, noise contour line distances
corresponding to 5 decibel steps would be:

contour line, dBA Lyjp 85 80 75 70

distance, feet 22 65 150 590

The reader is reminded that results of this

. homograph method apply enly te infinitely

long straight and flat highways and should
be used only for first approximations of
the noise level predictions. PFor the ideal-
ized conditions for which this method was
intended, howevar, the nomograph estimates
noise levels typically higher than, but
within 2 dBA of those levels calculated by
the computer program.

-
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EXHIBIT 4,14

HOMOGRAPH EXAMPLE PROBLEM

CARS AND TRUCKS TOGETHER

O Q
FT VYEHM/HR
10 = — 20,040

10,000
1000

3000
4000
3C00

2000

= llilll

£

VEHICLE SPEED AND
PERCENT TRUCKS

PROBLEM

FIND dBA Lo AT 500 FT
FROM A ROAD CARRYING:
2400 VEHICLES PER, HOUR,
5 PERCENT TRUCKS, AT

60 MILES PER HOUR

La

EXHIBIT 4.15

hee 30

LEVEL

ROMOGRAPH EXAMPLE PROBLEM
CARS AND TRUCKS SEPARATELY

[*)
VEHICLE SPEED AND
PERCENT TRUCKS

PROBLEM

FIND 4BA L,y AT 800 FT
FOR CARS AND TRUCKS
SEPARATELY FOR:

2280 CARS PER HOUR, AND
120 TRUCKS PER HOUR, AT
60 MPH

30

PREDICTED g
NDISE
LEVEL

DIST%NCE
PREGICTED
NoISE OBSERVER

DISTANCE
T

raao

g

H#00
400

o0
200

L] lllllll

0oe== | 100
T0

50
40
0

%0

LR RELL

T

— 10

VEHICLE
VOLUME

Q
YEH/HR
20,000

16,000
1000

5000
4000

3040
2000

T

BSERVER

(L] TR~
o
o

L Adilm =)
O oD O

1
]
o

—10

VEHICLE
VOLUME
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The nomograph is more flexible that it ap~
pears. It is quite possible and useful to
geparate cars and trucks in the use of this
nomograph just as was done in using the
NCHRP Report 117 method. For example, the
2400 vehicles/hr. with 5% trucks could just
as easily have baen written 2280 cars per
hour and .20 trucks per hour. To £ind the
60 mph truck noise contribution at 500 feet,
in this example, aimply use the 60 mph line
at 100% trucks to find poeint Al. Connect
Al to 120 vehicles per hour to £ind Bl. And
connect Bl to 500 feet to find the truck,
A=weighted, 10 percentile noise levels.
This process and its countarpart for find-
ing the automobile contribution to the 500
foot nolse level ls shown In Exhibit 4.15
Yielding 69 dBA L , for trucks and 66 dBA
Lip for cara. Note that the truck nolse
lavel and the car noise level c¢an be added
logarithmically to ylald the 71 dBA Lyp
:aTgined leval computed f£irst in Exzhiblt

But the point of computing the truck noise
contribution separately from the car noise
contribution is that neow, separated, the
levels can be adjusted for barrier affects,
gradients and road surface effects, etc.,
which treat car nolse and truck nolse dif-
ferently. The separated car levels and
eruek levels may be entared into the Traffic
Noige Computation Tally, Fig. 4.9, at line
4, "L1gp Reference at Observer®, adjusted as
apgraptiate according to the methods of
4.2.2, and added logarichmically just as
waa done for the NCHRP Report 117 method.
Only the steps of caleculating the Lsp l00-
foot reference level and the Ljpg = Lgg ad-
justment have heen omitted from the compu-
tation.

How is the roadway width accounted fer in
uaing the nomograph method? The "pistance
to Observer" line in the nomograph always
rafers to tha equivalent lane diatance, Dg,
which can either be Ffound from Flgura 4.3
or calculated by the rxelation

DE = ‘\'DN DF

where D, and Dp ars the diatances from the
obae:ve§ to the centerlines of the near lane
and far lane, respectivaly.

As an Lllustration of the methed, consider
the problem shown in Sketch 4.14 for a traf-
fic volume of 2400 vehlclas per hour with §
parcent trucks and an average vehicle speed
of 60 mph. The objectiva 18 to detarmine
the Lig nhoise level at the 500~foot obser-
vation point due to the traffic on this 909
road segmenc.

8 LANE ROADWAY SEGMENT,
78 wiD€ 18" HIGH BARRIER

28’
| i

a 500'
Y, L
A=
QUSEAVER = 60"
£ 90

SKETCH 4,14

Enter the traffic and roadway data into the
Traffic Noise Caomputation Tally sheet as
shown in Exhibit 4.16.

Determine from the nomograph the Lyg refer-
ence levels, for cars and trucks separately,
for an infinite roadway carrying the given
tratfic., The distance is the single lane
equivalent distance, 535 feet. Then, Erom
the segment adjustment rule,

Adjustment, dB=l0 leog 2 10 log 29 -3dn
T80 85~

The reference levels are reduced by 3 dB
for the unshielded segment of roadway.

Determination of the barrier adjustment re-~
quires two steps - one to determine the
basic affectiveness or worth, of a 15 foot
high barrier, and one to account for the
fact that the ends of the roadway segment
are not completely shielded by the barrier.

Assume that the observer haight is 5 feet
above the pavement level; then, a computa=
tion for the "affective height", H, fer a
barrier 15 feet above pavement level, 50
feet EFrom the single lane aquivalent and
475 feet from the observer would yield

H x 14,5 feet. From Figure 4.8, the effec~
tiveness of this barriler, roadway, cbserver
geometry is 15 4B noise reduction for cars,
and 10 dB noise reduction for trucks. HNote
that the distance of the barrier from the
single lane equivalent is

DR '\’EN EF =455 x 100 = 50 feet

and does not involve the obsaerver or the
8ingle lane equivalent distance to the ob-=
server.

From Table 4.3, the adjustments for a 15 dB
car/l0 4B truck barrier that shields only
609 of a 909 road segment are -3 decibels

DU SRS
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EXHIBIT 4.18

Sheet_j_of

TRAFFIC NOISE COMPUTATIGN TALLY
NOISE LEVEL, dBA

Project _SXAMPLE Bapiee PROALEM Engineer__oRS _ _
Segment [— Date 1 oo 1973

Autos/hr. 2z2asn
Highway Width_ oo feet.

Camments e St 4,14

Trucks/hr. 120

Observer Ar Soo'

Miles/hr._80 _

=y
NISTRNCG
Item ALT A{T AT AT

L50 reference at 100 feet

Distance, width adjustment

r‘lO-LSD adjustment
Lyg reference at obmerver YY)

Segnent adjustment =3 |3

Barrier adjustment =5 | ~4

Gradlent

W

3 8 |Road surface

25

d E (Foliage

~

~

3 2 |Rows of houses

wm

v T

=
Llo at observer, by veh, type |[Sa[e2
Lig at observer, summed =)

4.21
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for cars and -4 decihals for trucks. Exhibit
4,16 shows the segment adjustments and the
barrier adjustments entered in the tally
sheet, and the summed result of 63% dBA

Ljp at the ocbserver.

Generally, when the nomograph methed is
used, tha gradlant adjustment and the ad-
justment for accelerating trucks are as-
sumed to be zeroc. ‘The reason for this sime-,
plification stems from the mean noise emis-
dion level asaumad in the computar program
for highway trucks. Rec¢all from Chapter 2
that NCHRP Report 117 truck noise emission
levels are assumed to ba uniformly 82 dBA
under ncrmal operating conditions and 5
decibels higher for accelerating trucks.
The TSC computer program mean truck emission
level is assumad to be B7 dBA under all
operating canditions. It i3 probable that
thig 87 dBA emiasion level is higher than
the levala typlcal of trucks in low speed
eruise conditiona, but is about right for
trucka operating under the wide throttle
conditions typical of accelerations, climb-
ing gradients, and high spesd highway cruise.
Tharefore, no further adjustment is made to
the highway truck-noise levels to account
for gradients and accelarations.

4.3.2 Method for Computerized Prediction
of Highway Nofse

The TSC highway noise computer ptogram,
known as tha Traffic Nolse Prediction Model
MOD 2, was deaigned to run on the IBM 7094
computer at T5¢ in the batch mode. The pro-
gram i3 written in the FORTRAN IV language
and can be used directly con most computex
aystems, and modified to be used in an in-
teractive moda. In thae present format, in=-
puts are provided through punched carda,

and cutputs are provided through a line
printer. The details of the organization

of the computer program ltself, main program,
subroutines, and card listings can be found
in Repurt No. DOT=TSC-FHWA=72-1, "Manual for
Highway Noisae Prediction (Appendix B)".

The main bedy of the above report ls a user's
manual for the computer program, while the
"aAppendix A" reviews the basic acoustic con-
cepts and mathematlical expressions embodied
in the computational procadurea, The user's
manual is complete with sample casas and must

‘ba atudied carefully by each new user, The

discusaion of the computer program method in
the present section will be limited to a
summary and clarification of the instruc-
tions, a few precautions to take, and sug-
gestad methods for problem analysis.

The input data is divided ineo five major
claasifications as follews:

1. Program initialization parameters
2. Road and vehicle parameters

3. Barrier parameters

4. Ground cover parameters

S. Receiver parameters

All data muat be entered in the form of
punched card.

The program initialization parameters must
appear, cne to a card, in the first of each
series of problems and generally remain un-
changed throughout an entire study.

a. Recaiver height adjustment - With a
single initialization parameter,
the coordinates at all the receivers
may be adjusted vertically upward
by the number of feet specified,
For example, if the input card data
specifies all receivers at ground
level, a simple receiver height ad-
justment at the baeginning of the in-
put data could move all receivers to
ear leval or second story window
level.

b. Number of frequency bands - The pro-
gram is capable of performing the
nolse level computations for eight
getave bands of fregquency, or for
only one band, 500 Hz, which approx-~
imates cloaely the net behavior of
the eight getave bands. Generally,
the single frequency band computa-
tions are sufficiently accurata.

c. The standard deviation of noise le-
vels of passenger cars - The standard
deviation of adtomobile 50 foot emis~
sion levels has been set at 2.5 dB
and should not be changed (see Chap-
ter 2},

d. Source helght adjustment for passen-
gar cars = The height of the automo-
bile noise source is usually at the
pavement level where the tires in=
teract with the road. 'this parameter
should ke left zero.

e, Standard deviaticn of noisa levels
of highway truckas - The sztandard
deviation of highway truck 50 foot
emission levels has heen set at 3.5
da and should not bae changed (see
Chapter 2).

£. Source haight adjuatment for highway
erucks = The vehicle location data
is defined by the roadway input data.
To account for the fact that the ef-

|\
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fective truck noise source is really
several feet above the road surface,
a single height adjustment is enter-
ed at the beginning of the program.
The effective height of a truck hoeise
source in this program has been set
at 8 feat and should not be changed
{see Chapter 2).

g. Three other inltialization parameters
are available but not raguired. The
paramaters define the souree charac-
terlstics of a third type of vehicle
as yet undefined. The third vehicle
was originally intended to be a "new"
or future vehiele, but ean be any ve-
hicle for which an emission level,
atandard deviation and source height .
cat be defined or estimated.

The remaining input data is unique to each
problem and is also entered in the form of
punchad cards, In the following paragraphs,
the data format and requirements are sum~
marizad.

Associated with each roadway must be the ap-
propriata traffic data consisting of four
quantities = the hourly automobile volume,
average automoblle speed, hourly truck ve-
lume and average truck apeed.

Tha roadway data is entéred by the Cartesian
{%;¥,%) coordinates, in feet, of points on
the roadway surface, It requires at least
two points to define » iundway. If the
roadway changea grade or ir_ curved, it is
divided into straight-liswe & ants, each
segment defined by its two end pointa. If
traffic enters oxr leaves a road, ox if the
vafilele speed changes, a new roadway must
be defined, each roadway having constant
traffic volure and speed. How many road-
ways and roadway segments are required to
deseribe accurately the noise level at a
receiver depends upon the geometry. For

a racelver located far from a multi-lane
highway without ramps, conaideration of &
gingle roadway is sufficient, with that
single roadway assigned the total traffice
flow of the multi-lane highway. For re-
celver locationg cloae to the highway, each
traffic lana might be described as an indl-
vidual roadway. Rampz also are treated as
separate roadways.

Nolse barrier data is entered in the same
way as roadway data, by the Cartesian co-
ordinates in feet of points on the top
contour of the barrier. Nc sound is as-
sumed to penetrate below the barrier con-
tour.

Barrier top contours that are curved in
plane or varying in slope are approximated
by straight line barrier segments., Barriers
may be designated either reflactive or ab-
sorptive to sound. The sound energy inci-
dent on a reflective barrier directly from

the source is assumed to be entirely re-
£lected in the diregtion a light ray would
be reflected by a mirror. Second reflec-
tions are ignored. All sound energy in-
cident on an akoorptive barrier is assumed
to disappear. Vertical cuts and constructed
barrier walls, and building facades are ex-
applas of reflective barriers. Sloping
earth berms, hills or other abstacles that
reflect scund either weakly or toward the
sky can be conaidered absorptive barriers.

High grass, shrubbery and trees are consi~
dered nolse attenuating ground cover in this
program and can be entered as plane, rectan-
gular patches. The location and limits of

8 patch are defined by the Cartesian coordi-
nates of the end points of the centerline
and the width of the patch, all units in
faat. In general, the program significantly
ayerstates the noise reduction dus to ground
cover and its use is discouraged excapt in
the case of tall and yvery dense trees and
folliage completely blocking the line of
sight to the roadway.

The points at which the noise lavels would
like to be known are called the racelvers
ané are alsc entered by their Carteslan co-
ordinates in feet, A receiver cannot be
located on a road, nor on, over, or under
the top line of a barrier, nor oh a ground
covar strip. In each case, the distance
from that receiver to the roadway, barrier,
or ground strip would be zero; and the com-
putar canhot handle a zerc distance.

The output data printed is more than is
needed for most preoblems. For sach re-
ceiver, the following computed noise level
results are printed:

1., Oetave band levels, reduced accord-
ing to the A-weighted filter network,
of the mean sound anergy level reach-
ing the receivex point.

2, The A=-weighted energy mean level,
Lg(A).

3. The noise pollution level, Lyp, of
the A~weighted sound lavel.

4. The A~welghted 30 percentile level,

Lag.

5, The A-welghted 50 percentile level,
L3p.

6. The A-weighted 10 percentile level,
Lig-

Usually, only the 10 percentile level, Lj,,
and occasicnally the noise pollution leveg,
Lyp: are needed in describing the noise ep-
vironment near highways; and the other four
cutput data can be ignored. In further dis-
cussions of the computer program results,
only the Lyp and the Lyp will be considered.

4,23
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Before continuing with suggested guidelines
for prollem analysis and some examples, a
faw suggestions and precautions in the use
of the program are offered.

1. The program cannat be expacted to
ralieve the engineer of the burden
of thinking. Judgement is still
raquired,

2. Tha complaxzity of each highway situa-
tion should be reduced %o simple terms
when possible to limit the amount
of input data and computatiocnal
time requirzed., To a first approxi-
mation, the computation time used is
proportional to the product of the
nuber of roadways, the number of
barriars and the number of receivers,
Do not have more roadways nor road-
way segments than negessary to sa-
tigfactorily deseribae the source
gacmetry. Limit the barriers teo
those that will have a significant
effect on the receivers of intarest.
Rely on your underatanding of noise
propagation and noise contouxr shapes
to reduce the number of receivers to
a raeaasonable few.

J. Wheh the distances from the highway
to the recoivers are small compared
to the highway langth, the study area
and roadway should be broken up into
sagments, each segment to be run on
the computer as a separate problem.
This procedure saves greatly on com=~
putation time.

4. Prepare the input data carefully and
meticulously. The output data is
no hetter than the input, and mis-
takes are hard to find and scmatimes
ga unnoticed.

5, In some cases, errors lnvelving in-
put data that is incompatible with
the program are detected by the com~
puter, Error messages are printed
in the following cases:

a. A barrier intersects a roadway

b. Tha center line of a ground strip
intersects a roadway.

c. The number of reflections from
reflective barriers exceeds the
upper limit.

6. Frequent errors not dlagnosed by the
computaer include:

a. A receiver located on or very near
a barrier, road, or ground strip,

b. Fallure to notice that the program
doas hot recognize shielding for

an elevated roadway unless the
roadway edge is entered as a
harrier.

e, Failure to extend the roadway in-
put data to a distance well hayond
the atudy area.

4.3.,3 Suqgested Guidelings for Broblem
Analysis

Every englneer, as he gains more experience
with the use of the handbook and cemputer
methods for noise computation, will develap
his own system for analysing highway noise
Problems. Scme Suggestiohs are offered
here, howevar, as guidelines to problem an-
alysis that may sSpeed the learning process
and encourage a uniform and organized ap-
proach.

Example - For mest highway problems a map

of suitable scale can be found that describes
the road and the study area, e.g., an aerial
photograph or planimetrics, A simplified
aexample of such a map is shown in Sketeh 4.15.
Suppose this segment of a 6 lane road runs
through fairly open countryside. The ter-
rain is gently rolling, whils the read is
comparatively flat, running through a modest
cut at one end, and on fill and structure
ovar a small stream valley at the other end.

What data should be prepared for the compu-
ter in order to ppedist the nolse produced
by traffic on kk- - road? How detailed should
tha input data be. How many receivar points
Should be designated?

Suppose that we are not interested in the
procise nolse prediction for any one point;
but, rather, since it is qpen country, we
would like to know the general shape and
location of the 75, 70, and 65 dBA L)p noise
contours.

By a quick calculation with the nomograph,
asguming all the traffic to ke concentrated
on a single lane, infinitaly long and
straight, the 75, 70 and 65 decibel coh-
tours can be found to fall at distances
from the road of approximately 200, 600 and
1800 feet., Hence, receivers should bs lo-
catad at various distances between, say, 100
feet and 2000 feet,

" Sketoch 4.16 shows a schematic of the road

and the locationa of possible cholcas of
input data points for the roadway, barrier
and receivers, A coordinate system is lo-
catad in the map (its particular location
is only a matter of convenience) and grid
lines are drawn and labeled in feet. The
six-lane highway ls approximated by only
two roadways located in the center lanes of
the two directions., At distances greater
than 200 feet, all six lanes would be se-
parated only 1f spacial precision were

4.24
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required in the computational results. The

curvature of the road is approximated by
several straight line segments,

Similarly, the cut barrier is approximated
by only two segments, where the cut Ls
about 5 feet deap at the ends and 15 feet
deep near the center. For contour lines
200 feet or so from the road, 10' high £ill
sagmants can be assumed to be on grade hav-
ing negligible barrier effect.

Receiver points are more densely populated
in regions where the contour line locations
are somewhat difficult to predict. In other
areas only a few recelver points are re~
quired. The results of the computer program
should not be expected to draw the noise
coptour lines for us, but rather to guide

us in developing the approximate shapas and
distancea of the contours, Of course, the
input data points for this problem were se-
lected with the objective in mind to develop
rough noise contours for this highway situ-
ation. If precise contour locations were
dasired, the required precisiocn and gquantity
of input data would increase accordingly.

All the data input points shown are enterad
on putiched cards by x,y,2 coardinates. Don't
forget that the road does not end at x = 0
and 2 = 3000 feet. A usual method af inclu-
ding the effects of distant traffic, beyond
the study area, 1s to enter an additional
£lat and stralght road segment at each end
of tha roadway shown, axtending a distance
some 4 or 5 times the distance from the road
to the farthest receilver location., The
exact locaticn of the peint defining the
far end of this segment is not important
and is usually estimated.

Example = A four-~lane highway with the two
directions dividing to two, two=-lane roads
separated by about 240 feet is shown in
Sketeh 4.17. Part of the roadway is eleva~
ted 30 feet, A community is located some
150 feet to the south; and an industrial
conplex is located 200 feet from one of
the divided highway segments. A railroad
spur, alightly elevated on fill, separates
thae highway from the industrial complex.
The cbjective is to compute tthe highway
traffic noisa lavels along the highway.

An efficlent method of analysis is to first
use the nomograph methed to determine the
study areas of special coneern, and to help
reduce the amount and complexity of input
data. For example, a quick calculation in-
dicates that the 75 dBA Ljp contour, for
an unshielded infinite highway with the
traffic given in this example, lies about
200 feet from the road - not quite to the
industyrial complex. It is hardly worth a
detailed study of the contours in this area.
Hence, the possible shielding effects of
the railroad spur will be ignored; and few
recaiver locations will be needed.

The nomograph also indicates, however, that
the 70 dBA Lig line would be about 500 to
600 faet from an infinite highway; and might
extend into the residential development.
This area should be studied in some detail.

Sketch 4.18 shows a schematic reduction of
the problem te¢ a level that can be handled
by the nomograph method. The roadway has
bean divided into 4 straight line sagments.
The earth mound top contour has been appro-
ximated by a single straight line. The
noise contours shown were estimated from the
results of nomograph computations based on
this schematic problem map. It is clear
from this estimated noise contour map where
the receiver lecations should be c¢oncentra-
ted and what level of detail should be in-
corperated in the roadway data.

Sketch 4,19 shows a possible selection of
roadway, barrier, and receiver points, The

cemputed dBA Ljg noise levels for these re=-

celvers are also shown along with estimates

of the 75, 70 and 65 dBA Ljp hoisze contours.
Compare these contours with those origimally
estimated based on the nomegraph method.

The point of this example has been to de-
monstrate the utility of first analyzing

a problem roughly by the nomograph method.
The input data to the computer can than be
greatly reduced in quantity with the more .
strategic selesction of meaningful data
pelnts.

4.4 SPECIAL CONSIDERATIONS [N TRAFFIC
HOISE PREDICTIONR

The prediction methods presented so far
have been straightforward, for the most
part, with little deviation from the in-
structlons given in NCHRP Report 1ll7 and
the TSC Manual for Highway Noise Prediction.
A few points need a little qualification,
howevar, and others require expansicn in
order to apply to the broader range of
highway noise problems encountered in prac-

tice.

4.4.1 Propagation of Sound over Large
Distances

Equipped with the handbook and ceomputer
methods avallable, the engineer is usually
able to make meaningful eraffic noisa level
predictions at points within 500 or 600 feet
of the highway. At these relatively small
distances, local disturbances in the sound
field caused by a few scattered buildings
hers and therxe, trees, rolling terrain,
ete., can be ignored and the overall des-
cription of the traffic induced noise en=-
vironment is still pretty accurate. At
large distances, howsver, say over 1000
feet, the presently available computation
mathods simply cannot acgount for, in a re-
liable way, the cumulative effects of build-

4,27
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ings, trees, and terrain. Alsoc the humidity,
and wind and temperature gradients affect,
quite markedly, the propagation of sound
over large distances. 1t cannot ba claimed
the predicted noise levels at distances over
1000 feet are more meaningful than simply
guidelines to expected ncise levels.

An idea of the uncertainty in predicted
noise levels at large distances can be
found by comparing levaels predicted by
the NCHRP Report 117 method with those
predlictad by the nomograph at 1000 feet,
For example, at 100 feet from a single
lane roadway carrying 1000 cars per hour
at 60 mph, the nomograph and the NCHRP
Report 117 mathod each predict 65 dBA Ljig.
But at 1000 feet, the nomograph predicts
55 dBA Lip-

The reason for this difference involves the
assumed rate of decrease in noise level with
increase in distance, The NCHRP Heport 117
mathod asaumes that tha Ljg noise levaels
drop off at a rate typically ranging be-
twaen 4% and 6 decibels per doubling of dis~
tance from the source., The nomograph (and
computar program) have an Lig rate of de-
crease slightly greater than 3 decibels per
doubling of distance. wWhich is the more
accurate rate of decrease depends upon the
highway situation.

The mathematlcal model upon which the com~
puter program is based assumes that the
road 18 at grade level, is infinitely long.
straight, and flat, and the surrounding
terrain is aldo flat. Under these condi-
tions, the 1line of vehicles does, indeed,
act nearly like a true line source; and

the 3 decibel per doubling rate of decrease
is as it sheuld be for "averaga" noise from
a line source. Any buildings or variations
in terrain that may act as noise barriers,
and trees and ground cover that may affect
the propagation of sound, must be put into
tha computer program explicitly as lanput
data if accurate computational results are

, to be obtained for points far fxom a highway.

The 4% dbA Lsg noise reduction per distance
doubling embodied in the NCHRP Report 117
method was originally introduced as a result
of a computer aimulatlon model of highway
traffic noise. A seriea of measurements
was obtained to compare with the simulation
results. The distance dependence charac-
taristics in the two cases were found to
agree vary closely., Consideration of the
field teast location gecmetries suggested
the possibility that, in many practical
situationg, the length of roadway that ef=
factively contributas to the noise levels
observed at a particular point is not in-
£inite; but, rather the extremities of the
roadway are shialded somewhat from the ob-
server by terrain, trees and other foliags,
and miscellaneous buildings and structures.

4,31

A recent series of highway noise measure-
ments has indicated that nolise propagating
near the surface of grassy terrain (2.g..,

5 feet high, or so) decreases with distance
at a higher rate than noise propagating
high above the surface. This propagation
characteristic is shown eclearly by the ver-
tical plane nolse contour lines displayed
in Pigure 5,27, "Increase ln Noise Lavel
Wwith Increasing Receiver Halght", found in
Chapter 5. It is thus appropriate to ex-~
pect that, for many highway situations ty-
plcally encountered in practice, the noise
levels should fall off at a2 rate subgtan-
tially greater than 3 decibels per distance
doubling, especially for receivers near
ground level.

There are nho clear cut rules for determin-

+ing which xate of noise reduction (which
. mathod of analysis} should be applied to a

'particular problem. Some guldelines are

offered as follows:

1. If there is clear, unohstructed line=
of-sight to all parts of a highway
for distances, both directlions, of
more than 5 times the ohserver-high=-
way distance, use the three decibaels
per distance doubling rate embodied
in the TSC nomograph and computer
methods., If there is clear line-of-
sight, as above, except for a limited
number of well defined, solid ob-
structions to the propagation path,
use the three decibal rate; but con-
sider each obstruction as a noise
barrier, and compute its effect on
the noise prepagated te the chaserva-
tien point. This method should ga-
nerally be applied to alavated re-
ceiver locations at second story
window height or ao.

2, 1If the line-of-sight to tha highway
i3 only partially blocked by rolling
terraln, scattered buildings, and
perhaps somewhat spare vegetation,
use the reduction with distance rate
assumed in the NCHRP Report 117 me-
thod. This situation almost always
applies ko distances of over 1000
feet, not only because of partfal
shielding, but alsc because of me-
tegrological effects that tend to
reduce the sound propagated over
large distances, In additlon to the
assumed average shielding effacts

inherent in the 44 to 6 declibel rate,
consplcuous barriers to the highway
noise should bhe considered explicitly
in this method alseo.

At very large distances the rate of ncise

decrease with increasing distance is accel-
eratad in all prediction methcds because of
the effacts of atmosgpheric sound absorption.



A noise reduction of five decibels was sug-
gestad in Chapter 1 for a one hundred foot
depth of dense forest having trees extend-
ing at least 15 feet above the line-pf-
sight between the highway traffic noise
sources and the observer, provided there is
abundant foliage above and underbrush or
ground cover below. For an additiocnal
dapth of wooda of 100 feet or more, an ad-
ditional § dBA attepuatlon can be assumed;
but the total attenuation claimed for all
such plantings should not axceed 10 decibels.
Appropriate reductions of the predicted
noise levels at specific obsarver locations
can be made 4s was shown in Exhibits 4.13
and 4.l14 when the location is shielded by
a substantial forested arsa.. Or tha noise
contour lines can be adjuated to shew the
forast noise reduction in the same way they
were drawn to show the effects of barriers
in Sketch 4.1%. Usually, explicit noise
reduction values are not assigned to sparse
woodlands, occasichal trees, shruba and
ground cover. ©On the average, over large
distances, the effects of these items are
accounted for in the NCHRP Report 117 rate
of noisa reduction per distance doubling.

Likewise, well defined rows of houses having
50%, or less, open space between houses may
produce signlficant reductien in noise leval
to the areas on the side of the houses oppo-
gite the highway. In Chapter 1, the reduec-
tion estimates recommended for the first row
of houses were: 3 dBA for cne row of build-
ings occupying 40% to 60% of the length of
the rew; 5 dBA for one row of buildings oc~-
cupying 70% to 90% of the length. More rows
equally densaly packed may be assigned com~
parable noise reductions up to & maximum of
10 decibels reduction for the combined ef-
fect of multiple rows. Single large build-
ings can be consldered individually as noise
barriers; and, scattered houses and small
buildings are usually ignored, or taken into
account implicitly in the NCHRP Report 117
rate of nolse reduction with distance doub-
ling. Again, the shielding adjustment can
be made for any ohservation point by an-~
tering the value in the tally sheet; or
nolaa contours can be appropriately adjus=~
ted to yield a better visuvalization of the
ghielding affects.

4,4.2 Interchange and Ramp Traffic Noise

Not evary Highway noise problem involves

continucus, freely flowing traffic. In

many casesd tha saveraest noise problems og~
cur at the interchanges and ramps to express=-
waya., The high noise lavela associated with
vehicle accelerations, and the close proxi-
mity of the ramp traffic to houses and oth=-
ar buildings located along local crossroads
and feader streets can often more than com-
pensate for the comparatively low ramp vo=
lume. Unfortunately, the available compu~
tational methods for determining the Lo

noise level for low volume traffic are of
Uncertain aceuracy. Very little field ve-
rification data for low traffic volume
nolse has been available,

In the final step in the L, computation,
the TSC computér program assumes that the
time distribution of noise levyel at any
point from a highway is Gaussian. For a
randomly distributed, high velume of traffic,
this assumption is probably nearly true;
however, for sparse traffic the distribution
i3 far frem Gaussian. The velume line in
the T5C traffic prediction nomograph shown
in Figure 4.10 has been extrapolated down~
ward to 10 vehicles per hour. The nomograph
will now yield the same results as the com-
puter preogram, Tha predicted levels for
these low traffic volumes, however, will

in many situations be higher than should
realistically be expected,

The L;o=-Lsqadjustment parameter, %E, in thae
NCHRP Report 117 method has alse “hbeen ex-
trapolated downward te permit the computa-
tion of levels at points near sparse traffic.
This extrapelated curve, shown in Figure {.5,
was genarated from the theorstical model of
Johnson and Saunders*® for the 10 percentile
leyel produced by a regular array of moving
vehiclas., At high volumes this model is not
expected to be very accurate because of the
pericdic overlap of source influence. At
large values of the parameter VD/S, the de~
sign curve in Figure 4.5 departs consgidera~
bly f£rom the Johnsen and Saundets theory.
However, at low values of VB/S, where the
spources appear to be widely gpacead, thers

is no appreciable overlap of source influ-
ence and the regular array theory should
closely approximate the results for & ran-
dom distribution of vehicles as well. In
the limit, as the vehicle spacing approaches
infinity, the Lie¢~Lsq adjustment approaches
the maximun of 13 decibels. Thus the Lje-
Lsg curve quickly levels off as VD/S drops
below 200 and reaches an upper limit of 13
decibels. An even simpler model of the Lia
noise level of a single vehicle paas-hy

{a regular array of vehicles of infinite
spaging) limies the Lig~Lse adjustment to

a maximum of 14 deeibels, Hence the John—~
son and Saunders theory is thought to re-
present a satisfactory degcription of the
adjustment, Ljo=Ls¢,at polnts near law traf-
fic yolume roads.

A quick comparison batween the rasults of
the nomograph methed and the NCHRP Report
117 method can be made by the following ex-
ample: Suppose thera are 20 trucks per
hour traveling at a speed of 40 mph on a
single lane ramp. What would be tha Lo

" "The Evaluatlion of Noise from Freely Flow=
ing Rpad Traffic". D.R., Johngen and E.GQ.
Saunders, J. Sound and Vibration, Vvel. 7,
No. 2 pp 287 = .
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nolse level at 108 feet? The Figure 4.10
nomegraph yields the solution 70 dBA Lig.
From the Figure 4,5 extrapolation of the
NCHRP Report ll7 method, the computed para-
meter VD/S = 50 indicates an Lis noise lavel
of 62 dBA. Not all tha 9 decital discrapancy
haere is due to tha computational method. Re~
call that ths average truck nolsa aemission
level for thae 7SC program ia 5 decibels high-
ar than the lavael used in the NCHRP Report
117 method. Thus, allowing for this differ-
ence in assumed source leval, the nomeograph
and NCHRF Report 117 methods differ by per=-
haps only three decibels for this example.
For amaller values of the parameter VD/S,

the discrepancy increases because of the
Gaussian distribution assumption inherent

in the computer program mathematica. The
objective of this little exercise is not so
much to coempare the results of one methed
with those of another, but rather, to point

‘out that under certaln conditions where the

receiver is naar a road of low vehicle vo=

lume, the TSC computer method and nomograph
may tend to overstate the nolse level. The
problem is, of course, minimal when a suf-

ficiently high volume of automobile traffiec
dominates the noise environment.

One last item should be discussed regarding
the computation of nolse from low traffic
volume roadways - the "Michigan Noise Pre-
dictor Computer Program". The complete
prediction method of NCHRP Report 117 has
kean computer programmad by the Michigan
Department of State Highways. Given the
traffic data and geometry data as required
for hand computations by the NCHRP Report
117 methed, the computer program can per=
form the table search, data storage, apd
summation functiona quickly and accurately
to determine the resulting Lse and Lig
nolse lavels at a particular receiver loca-
tion. Because the program was designed for
use on a time-share computer terminal, the
results of modified input data to the pro~
gram can be rapidly generated, permitting
the efficient inveatigation of the effects
of wvarious alternate highway and barrier
designa,

Two precautions regarding the program should
be menticned:

1. Like any other computer program, this
ohe requiras that the user understand
the basie physical principles in-
volved in the computations. Since
the program igs based on the computa-
tional methods employed by NCHRP Re-
port 117, the user should have a work-
ing understanding of that deocument.

2. Since the NCHRP Report 117 graph for
determining the adjustment Ljg=Lsg
does not accommodate values of thae
parameter VD/S below 200, a substi-
tution method was devised to enable

the computer program to handle such
situations. This methed consists of
substituting 15 automobiles for esach
truck when VD/S is leas than 200, and
recomputing the pradictsd nolss level
for a new augmented voluma consisting
entirely of automobiles. This method
will not, in ganeral, yield an accur~
ate pradiction of the truck contri-
bution to the noise levels at tha oh-
sarvar lecation in question., The
computation will satisfactorily des-
cribe the total noise enviropment at
that point only when the automcbile
volume is sufficiently high a3 to
render the truck noise contribution
negligibhle., The situation can be
remedied by modifying the computer
program to calculate the Ljg-~Lsp ad~
justment for VD/6 less than 200 from
the Jchnson and .Saunders relatien:

cosh (L.19 x 10=7pD)
cosh (1,18x10~%pD)=0.951

Lig~Lsgaml0 Log

In the meantime, hand computations
c¢an be made using the graph shown
for Lig=Lsy in Figure 4.5,

There are yet three other special consider=-
ations in determinming the noise levels near
ramps and interchanges. To facilitate dig=
cussion of these three considerations, ima-
gine that an interchange can be broken down
into three roadway categories:

1. Roadway segments on which the traffic
is neither accelerating, nor climbing
up a gradient, e.qg. feeder roads,
distributor roads, and off-ramps
where vehicle speed is nearly con-
stant;

2. Roadway segments where traffic is
climbing up a gradient, but not ac-
celerating, a.q., category l above,
but the road is also on a gradient;

3. Roadway segments on which the traffic
ia accelerating teo attain the final
highway speed, e.g., on-ramps for
autos, and parhaps the first mile or
50 of the highway downstream of the
ramp for trucks.

The first of these segmenta can be treated
in the usual way using as traffic data the
estimated volume and average speed of vehi-
cles on the ramp segment. The computations
for the second segment type are also per-
formed in the usual way with the exceptien
that an adjustment is added to the truck le-
vels in accordance with Table 4.2 to account
for the increased nolse levels produced hy
trucks on a gradient: This gradient adjust=
mant, however, should only be added to the
levels computed by the NCHRP Report 117
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method where standard highway trucks are
assumed to have an average noise emission
level of 82 dBA. Recall from Chapter 2
that the average truck noise emission le-
vel used in the TSC computer method is 87
dBA under all aoperating conditions. This
emission level is typical of highway trucka
at high cruising speeds where the throttle
ia in the nearly wide~open poaition for
much of the time. But, it is also typical
of diesel trucks under certain lower speed
conditions when the throttle is opened

wide for gradient segments and for accel-
eration. Thus the gradient adjustments

and the acceleration adjustment are al-
ready embodied in the 87 dBA emission level
asgumed for the TSC computer program trucks.
Additional upward adjustmants for gradients
would result in corresponding ovarstatements
of the resulting noise levels.

For noizse computations involving accalera-
tioh roadways, a slight modification of the
gtandard computation methed ig required to
account for a roadway segment that does not
have a uniform traffiq speesd throughout. All
the computational methods discussed so far
have the common requirement that the traffie
on any ohe segment musat have a constant traf-
fic volume and spead aver the entire length
of the segment. For a segment on which the
speed varies, the question becomes, "which
spaed should be used in the computations?"

If a low spéed ia chosen, the vehlcles will
appear to be closely spaced over the entire
length of the acceleration roadway, result-
ing in an artificially high noise level. On
the other hand, the chalee of a high speed
would result in too low a predicted nolse
level,

A compromise solution that leads to a simple
result is to assume that each vehicle accel-
arates according to a constant power rela-
tionship, The average speed cover the length
of the acceleration roadway would then be
2/3 the final speed where the ramp entrahce
speed is zero. Compared with the final
highway apeed, this average speed rasults

in a reduced vehlecle spacing that increases
the truck nolse level by two decibels,

Thus, to compute the noise leval due to
trucks on an agceleration roadway, simply
add two decibels to the levels computed for
the spec ed ramp truck volume and the
£inal highway speed. [If using the NCHRP Re~-
port 117 method, also add 5 declbels more to'
the computed laevel to aceount for the in-
creased source noise levels corresponding

to accelarating trucks, oOnly the two-deci~
bel, average sSpacing adjustment should be
made to the TSC computer method results for
trucks. Generally, these adjustments should
apply to a mile long stretch downstream from
the ramp entrance if the expressway is £lat,
straight, and wide. If the trucks are ac-
celarating up a gradient, all thea adjust-
ments are the same; but the acgeleration

segment to which they apply 1s extended in
accordance with the guidelines offered in
the Highway Capacity Manusl, 1965,

For accelerating automaobiles, the two-decibel
reduced vehicle spacing adjustment, added to
the 69 dBA noise emiasion level typical of
accelerating automcblles, just shout equalsa
tha 69 to 73 dBA noise emission laevel typi-
cal of automobiles traveling at 60 mph.
Therefore, the levels due te accelerating
automohilea on ramp segments axre computed
without adjustment, in the usual manner us-
ing the specified pamp automobile voluma,
but using the final highway speed.

The treatment of interchange and ramp traffic
noise can be summarized as shown in Exhibit
4,17 belaws

EXHIBIT 4,17

ARMP AND JHTERCHANGE !RAFFIC HOISE

Adtustmant, déa
NEHRF 112 I5C
T A T

Sageent Traffic
Categary Sata

#1) Ko gradienc, | Spacilled ramp
no sodaleration | valume and Jpaed a Q 0 ']

#2) Upwgradienc | pecified ramp +20
no dacdleration | volume and apead Q |ta [} a
5

#3) Aocelerating | Specified ramp
rarfle volume and fina!l o |7 a 02
hignway apeed

*Depynding on $ gradient, sse toble 4.2

When using the TSC computer pregram method,
the effects of accelerating vehicles can
more aceurately be taken into account by di-
viding the acceleration roadway into smaller
segments cach assigned an appropriate speed.

4.4.3 Summary of Differences between the
HCHRP Report 117 and the TSC Metheods.

Throughout Chapters 2 and 4, comparlsons have
been made between the NCHRP Raport 117 and
the TSC highway noise prediction methods.

All major differences have been discusszed.
However, before concluding this chapter on
the predietion of highway noise, perhaps it
would be helpful to summarize these differ-
ences in method, results and applicaticn.
Those ltems that are easily tabutated are
shown below in Exhibit d4.18,

A few other earlier discussions of the two
prediction methods, not so easily tabulated,
should also be summarized here.

1. The TSC computer program calculations
carry the traffice statistics all the
way through the precblem geomatzy with
only minor simplification. The compu=
tatlona involving barrier nolse re-
ductions, and roadway segment contri-

4.34
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butions are very accurate and useful.
The program is especially handy in
parforming the complex geometry com~
putations involvad in predicting the
noigse from interchanges.

The NCHRP Report 117 truck emission
levels ares more applicable to lower
gpead highway situations or off-

highway roads where the ceruise con-
,dition le at somewhat less than full

throttla.

The flexibility permitted

in the adjustments to source levels
for gradients, acceleratlions, and
surface materials is useful and

should be employed wherever applicable.

The TSC truck noise emission levels
are likely to be more acecurate in
high speed highway situations, and
other situations requiring high power,
whaera trucks are operating at nearly

wide-opaen throttle,

The pragram cah

be aimply modified to handle a broad-
or ranga of situations encountered in

practice, e.g., emission level adjust-

ments, acceleration roadways, non-
dauasian treatmant of low volume pre-

The NCHRP Report 117 4% to 6 decibel
decreasa in noise level with distance
doubling is more useful when studying
the ground level noise environment
over a relatively large arca of rel-
ling terrain, ground cover, and scat=-
tered trees and buildings; and a
noise level estimate in terms of a
"local average" ia sufficiently ac-

curata.

The TSC method 3+ decibel decrease in
nolse level with distance doubling-is
more accurate when, except for well-
defined nolse barriers, there is clear
line of sight from the obssrver to all
parts of the highway., This situation
often occurs when the observer posi-
tion is scmewhat elevated, e.g., at
the sacond story bedrocom window.

With experience in the use of the prediction
methods and a willingness to make some
thoughtful judgements, the engineer will
find that the two prediction methods are
not so much in conflict as may have seemed
at first encoutiter, but pather, together
make a fairly complete and afficient set of
highway traffic noise prediction and analy-

dietlons., sis tools.
EXHIBIT 4.18
SUMMARY OF DIFFERENCES BETWEEN PREOICTION METHOODS
Ttem NCHRP 117 TSC Method Commen ts
Emlzsicn levels TSC level at
Trucks 82 dBA 87 dBA chserver gorres-
Autas 60 dBA @ 30 mph | 61 dBA 8 30 mph [ pondingly higher
71 dBA @ 70 mph | 75 dBA @ 70 mph | than NCHRP 117
levels
Decrease in 4-1/2 to 6 de- 3+ deeibels per | Significantly

noise level
with increaaing
distance

cibels per dis-
tance doubling

distance
doubling

greater reduction
over large distances
with NCHRF 117

Low traffic Johnson & Assumption of For amall values at
volume extra- Saunders Qaussian dist- |VD/S, TSC slightly
polation equation for ribution oyer-states the
regular array levels
Acceleration +5 dBA Hone Adjustment makes
adjustment to emisgsion levels for
truck emission for NCHRF 117 and
levels TSC the same
Qradient ade +2 to +5 dBA None Adjustment brings
Juatment to depending on NCHRP 117 and TSC
truck emisslon gradient emission levels
levels in ecloser agreement
Surface ad=- ~5 to +5 dBA tone Uacally of miner
Justment for depending on Importance
automobiles surface
Barrier nolse 5 dBA less Computation WCHRP 117 method
reduction for effective than based on scurce | oversimpliflss for
trucks for autes and barrier high truck wvolumes
geome try
4,35
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4.4.4 Urban Noise Complications

Whila the prediction motheds for freely
flowing highway traffic noise are fairly
well developed, the nolse emission and pro-
pagation characteristics for urban noise
situationa are complicated and have not yet
been reduced to simple prediction methods.

Typical urban traffic can not be described
as freely flowing, but as stop-and-go traf-
fic controlled by traffic signals and flow
constrictions on congested city streets,
bridges, tunnels and frontage roads, Re-
liable models of stop~and-ge traffie, suwita-
ble for genaral application, have not been
developed. The HUD Nolde Assessment Guide-
lines* makes adjustment for points within
800 feet of atoi-and-go traffic through a
traffic multiplier approximately equivalent
to adding 3 to 5 dBA to the freely flowing
traffic noise prediction. At points where
the noise lavel is dominated hy accelerat-
ing traffie entering high~speed highway
lanes, the ramp traffic medel suggested in
Section 4.4,2 of this text adds 2 or 7 de-
cibels te the freely flowing traffic noise
predictions depending on whether the TSC
methed or the NCHRE Report 117 method is used.

But measurements in New York city, made beth
very near, and far from traffic signals ip-
dicated that no adjustment should be made to
freely flowing traffle noise to describe stop-
and~go traffic noise. Although it is gener-
ally agreed that accelerating vehicles pro-
duce more noise than vehicles traveling at
uniform speed, in the highly urbanized
traffic situation only a fraction of the ve-
hicles were accelerating at any point in
time - some vehicles were idling, some were
decelarating, and some were continuing at

a uniform speed. Por heavy trucks it was
concluded that, on tha average, the NCHRP
Raport 117 prediction method could be ap-
plied directly to the stop-and-go traffic
situation assuming, for volume and speed,
that the flow is upinterrupted by the traf-
fic signal. For the trafflc conditions mea=-
sured, the automobila contribution to the
noise level was insigpificant. The pumber
of medium sized trucks was so large, howaver,
that they could neither ke ignored, nor in-
cluded in the standard "car' and "truck”
classifications without slgnificant error.

‘A special prediction model was developed to

include these medium sized trucks in the
prediction methad for stop-and—~go traffic
in vew vork City.

* See Noise Assessment Guidelines Technical
Background, U.S5. Dept., of Housing and Ur-
ban Levelopment, Office of Research and
Tachnology. Washington, D.C. 20410

4.36

Could these results and models be applied di-
rectly to any other city? Paerhaps the traf-
Eic types and patterns in some of the larger
cities are sufficiently similar that the re-
sults would apply, Insufficient data is
available at this time to allow a comparison.
Certainly the mothods do not apply to all
cities.

There are other noises of city traffic that
are pot included in the available traffic
noise prediction methods, e.g., idling traf-
fie whare nolse is produced by traffic of
zerg speed, and rattles and horns which are
not described by the predictjon medel, but
nevertheless, contribute heavily to annoyance.

Peacribing the propagation of noise through
citieg is alsa a very complex procblem. For
exampla, the noise propagation down a side
street could not be described as "free fleld”
propagation. The rate of noise reduction with
distance depends on the street width, on tnea
number and size of sound reflecting and scat-
tering surfaces along the propagation path,
and on the amount of sound energy distributed
to crogs streets as shown in Sketeh 4.20, Of-
ten the noise from the traffic activity on
the side street dominates the noise propaga«
ting down the street from some other noisa
source, say an expresaway or high traffic vo-
lume route, In such cases, the noise predic-
tion requirements for a new highway may be
simplified rather thah complicated, If we
need only concern curselves with the impact
of the new highway on the buildings that are
very near the travel lanes and have clear
line-of~sight te¢ all the highway, the condi-
tions are then satisfied for whilch the pre-
diction methods are most accurate. The pro-
blem is well suited to solution by, for ex-
ample, the TSC nomograph method for an in-
finitely long, level and straight highway.
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Vertical propagation of nolse ta upper floors
in multi-story buildinge ias particularly dif-
ficult to deseribe under the reverherant
"canyon" conditions ashown in Sketch 4.21.
The noise laval at the upper floors is not
ofily increased because of the confined vo-
lume, but has a more diffuse ssund. Even
the standard vehicla emission levels are
likely to be inapprepriate for application
to city atreet traffiq because of the modi-
£ied driver habits in confined and congested
areas. MNolse measurements made at second
story height in narrow, confined streets,
whare a rovarberant inecrease in sound lavel
was expected showed no such increase over
maasurements made in broader streets.

LOUDER, PLUS [’:"
HOLLOW QUALITY 5
[E
=
@ \[
i N SCATTERING
=
|ﬂi

WIDTH

SKETCH 4,21

As another complication, there is the opinion
shared by many that the L, traffic noise
standards that apply to land uses along ma-
jor highways are not as appropriate in high-
ly urbanlzed environments where the distances
are so small between dwellings and traffic
lanes, For example, 10 trucks per hour tra-
valing at 30 mph should produce an L;; of

73 dBA at a distance of 15 feet; but, avery
s3ix minutes, on the average, the truck pass-
by noise level raises to 92 dBA, almost 20
decibels higher than the L,q.

Other questicha ragarding noise standards
arise in city environments.
ing noise lavel exceads PPM 50-2's 70 dBA
Lio design noise level. No amount of noise
reduction planning for a new highway will
serve to reduce the nolse level belaw the
dasign noise level. On the other hand, if
the existing noise level 1a due to low speed
trucks, e.g9., on a frontage road, the reduc=
tion In vehicle engine and exhaust emission
levels expeected in future trucks may roduce
the frontage toad traffic noise to the point
that the new, high-speed highway becomes the
dominant source.

Criteria for allowable increase in noise le-
vel require a critical review before appli-

cation to urban noisa sitvations. What al-

lowable increase in noise level is appropri-
ate when the existing ncise level is already
as high as 70 dBA L,;¢?

Finally, as a point of interpratation of the
PEM 90-2 design nolse lewvels, protectlon of
the highway's neighbors is the final objec-
tive. Self-serving interpretations to the
detriment of the highway neighbors are arti-~
ficial, and weaken the usefulness of efforta
to assess and control traffic neise. It is
conceded by all that many of our highway

and urban noise problems are tough ones.

But progress is being made by earnest pro-
fessionals in many fields as more and more
learn and use the fupdamental concepts in-
volved in highway noisa.

Often the exist- '
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FIGURE 4.9

Sheet of

TRAFFIC NOISE COMPUTATION TALLY
MOISE LEVEL, dBA

PFroject Engineer
Segment Date
Autos/hr, Trucks/hr. Miles/hr.
Highway Width feet. Observer

Comments

Item A

LSO reference at 10C feet

Distance, width adjustment

L adjustment

10Isg

L10 reflerence at observer

Segment adjustment

Barriler adjustment

Gradient

Road surface

Foliage

Rows of houses

Miscellaneous
Adjustments

L10 at observer, by veh. type

LlO at observer, summed

4,42
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TABLE 4.1

ADJUSTHMENTS TO AUTOMOBILE NOISE LEVELS FOR
ROAD SURFACE TYPE

Surface Adjustment
Type Descriptian {dB)
Smooth Very amooth, seal-coated

asphalt pavement =5
Jdorinel Moderavely rough aaphelt and

conerete surface o
Rough Rough asphalt pavement with

large voids 1/2 in. or

larger in dlameter, grooved

conepete +5

WOISE LEVEL ADJUSTHENTS FOR TRUCKS O GRADIENTS

TABLE 4.2

Gradient (%) Adjustmant (dB)
52 Q9
3to 4 +2
5 to A +3
7 +5

*The ipfluence of gradienta of 2%
or leag !s considered to be neg-
ligible

TABLE 4.3

ADJUSTMENT TO NOISE LEVEL FOR FINITE DARRIERS, dBA

Ratio a/d

Infinite
Barrier
Performapce { O }.1),2|.3}.4|.5).6].7].8 341.0
=5 dB Sfo]el|-1]-1f=2]=2]-3[~4] =4] «3
~10 dB 0 of=d[=-1]~2]=3][=3]-u]-6] =7 [~20
~15 dB a O j=lj=2|=2 -3 =4]=5|=7 [=10 =15
Seentsy
BARRIER
-]

4,44
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FIGURE 4.9

Sheet of

TRAFFIC NOISE COMPUTATION TALLY
NOISE LEVEL, dBA

Project Engineer
Segment Date
Autos/hr, Trucks/hr, Miles/hr,
Highway Width feat.

Comments

Observer

[tem

reference at 100 feet

Distance, width adjustment

LlO-LSO adjustment

reference at observer

Segnent adjustment

Barrier adjustment

Gradient

Road surface

Foliage

Rows of houses

Mizcellaneous
Adjustments

L1o

at observer, by veh, type

L10 at observer, summed

4,42
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Sheet of

—_—

TRAFFIC NOISE COMPUTATION TALLY
NOISE LEVEL, dBA

Project Engineer
Sagment Date
Autos/hr. Trucks/hr. Miles/hr.
Highway Width feet. Qbserver

Comments

[tem A

LSD reference at 100 feet

Distance, width adjustment

LlO"LSG gdjustment

Llo reference at ohserver

Segment adjustment

Barrler adjustment

Gradient

Road surface

Follage

Rows of houses

HMiccellaneous
Adjustments

L10 at obseprver, by veh. type

LlO at observer, summed

4,42
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CHAPTER 5
NOTSE ABATEMENT

In Chapter 5, we discuss the several methoda
of traffic nolse abatement avallable to the
highway engineer, as design options. The
design of reoadside acoustic barriers is em~
phasizad. A newly developed design tool for
roadaide barriers is presented and diascussed.
Examples are included that illustrate the
pawer of this design tool in guickly pre~
dicting the raductlon in both the L., and
the Lyp of highway trafflc noilse.

The other methods of noise abatement through
highway design are reviewed, and various pit-
falls in their use are discussed. In addi-
tion, anticipated reduction in individual
vehiale noise is briefly raviawed.

5.1 BARRIER ATTENUATION OF TRAFFIC NOISE

5.1.1 Raview of Same Basic Principles

The principles of batriar attenuation were
discussed in Chapter 1, Several of these
principles will be reviewed here, before the
datails of barrier attenuation calculations
are presented. i

A section through a roadside barrier is
ghown in Fig., 5.1. Hoise emanating from the
roadway on the left can follew four paths
that are important for ocur purposes. These
paths are shown 1ln the flgure.

+ ‘The traffic noilse follows a direct path
to receivars who can see the traffic wel
over the top of the barrler. The barrier
does not bleck their lins-of-slght (L/S) and
therafore provides no attenuation., No matter
how abscrptive the barrier is, it cannot suck
the sound dowhward and absorb it.

+ The nolsea follows a diffracted path to
recaivars in the shadow zone of the bartier.

The noise that passes just over tha top adge
of tha barrier is diffracted (bent) down into
the apparent shadow shown in the figure. The
largaer the angle of diffraction, the mare the
barrier atteniates tha noise in this shadow
zone, In other words, less energy is dif-
fracted through lazrde angles than is dif=-
fracted through smaller angles.

+ In the shadow zene, the noise trans-
mitted directly through the barrier may be
significant in some cases. For example, for
extremely large angles of diffraction, the
diffracted noise may be less than the trans=
mitted noisa. In this casa the transmitted
noise is compromising the performance of the
bparriesr, and it must be reduced - usually by
conatructing a heavier barrier. The allow=
able amount of transmitted noise depends

-1

upon the barrier attenuation desired. HMore
will be said pelow about this transmitted
noise.

» The final path shewn in Fig. 5.1 is the
reflegted path. After reflection, the noise
8 of concern only to a receiver on the oppo=
site side of the roadway, across from the
barrier. For this reason, acoustical absorp=
tion an the face of the barrier will predunce
this reflegted noise, buat will not bepefit
any recejvers in the shadow zone., Thelir
noise is diffracting aver the top of tne
barrier, unaffected by the ahsorption.

In summary, a receiver in the shadow zone
hears the noise that has diffracted over the
top of the barriar. The resulting noise le~
val is less than it would be without the
baprier; the net benefit is called the "bar-
rier attenuation.” 1If the harrier transmits
an excassive amount of noise, this transmitted
noise may "short-circuit" the barrier atten-
vaticn.

Another short=-circuit path is shown in Pig.
5.2, a plan view of the same barrier. The
noise diffracted over the top of the barrier
is reduced by the Dbarrier attenuation, How=
ever, part of the roadway i3 unshielded by
the barrier. The receiver can see the road-
way beyond the ends of the barrier, up and
down the corridor. 1If the barrier is not
long enough, then this neoise from around the
ends may compromise, or short-circuit, the
barrier attenuation. The required barrier
length depends upon the net attenuation de-
sired. When some 10 to 15 dBA attenuation is
desired, roadside' barriers must be very long,
as indicated by the axample in Chapter l.
Therefore, barriers must not only break the
linea~cf~sight to the neareit section of
roadway, hut also to the roadway far up and
down the corridor.

One other general principle is worth review-
ing at this point: the relation between noise
attenuation expressed (1) in decibels, (2) in
energy terms, and {3} in subjective loudness.

Table 5.1 summarizes the relationship be=~
twean decibels, energy, and loudness. As
indicated in the loudness column, a harrier
attenuation of 1 dBA will be barely gdis-
carned by the receiver. To cut the loudness
of the highway in half requirxes a reduction
of 10 dBA - equivalent to eliminating 90 per-
cant of the energy inicially headed towards
the receiver. A3 indicated above, thia dras-
tie reduction in energy requires very long
barriers, as well as very high barrierxs.



Often this reduction is the practical limit
in barrier design - a good rule of thumb to
ramember.

BARRIER ATTEMUATION

5 dBA - SIMPLE

10 dB8A - ATTAINABLE

t5 dBA ~ VERY DIFFICULT

20 dBA - NEARLY IMPOSSIBLE

To aghievs a 20 dBA reductieon -
chareby cutting the energy by 99% - requires
enormous structuras, supplemented by graat
ingenuity to prevent short-cireuiting
araund thia 99% "filger”.

5,1.2 NCHRP Raport 1t7 Barrier Procedure

To computs the barrier actepuation using
NCHRP Report 117, tha following procedure
is followed:

Firast the roadway is broken into segments
with uniform barrier characteriatics, as
illustrated in Figura 5,3. Then the Segment
contriburion is computed for aach of the
sagments ipdividually, using the procedures
described in Chaptar 4§, For ths segment
shialded by the barrisr, the segment con-
tribution is raduced by the barrier attenu-
ation. The complete routine is performed
twice, once for automobiles and once for
trucka. Finally, the segment contributiuns,
for both autes and trucks, are combined by
dR-addition to yleld the net noise at the
observer. Then a comparison of the shielded
with the unshielded holse indicatesa the net
barriaer attenuation. For the case of Flgure
5,3, the l2D~degree ssgment would control the
noise at the cobserver, without the barrier.
With the barrier, it ls likely that the
noise would be contrelled by the 310-degree
segmenta, unlesa the barrier wers very low.
Than it might ba contrelled by the truck
noise from the l20~degtea segment. Only a
saparate calculatien for automoblles and
crucks can indicate the true relationship.

To compute tha barrier attenuation of the
120-degree seyment, the parameters shown in
Figure S.4 must be known, Thage are the same
parameters discussed in general terms in
Chapter 1. First the line-of-sight (L/S)
hetwean tha noise gource and the observer ia
drawn) then H equals the perpendicular break
ip ehis line-of-sight. As can be sesn from
the figurs, H is not the barrier height.

As a matter=of-fact, if the lina=of-sight
alants up or down £rom the souxce to the
recelver, then this porpendicular break H

also slants away from the vertical. Figure
5.8 bolow illustrates this slant geometry.

The source end of the L/5 terminates at the
pavement for automebile traffic and B feet
above the pavement for truck traffie. At
the receiver end, the L/S terminates at the
raceivar's ear height, which may be several
astories above the ground for bedroom win-
dowa, aetc. The fiqure drawn in Repert 117
is quite misleading (Pigure 5.5). The dou-
ble line drawn between the equivalent lane
and the abserver in Figurs 5.5 18 the line-
of=-sight, not the ground plane. With this
in mind, the two sets of parameters are the
sama.

An additlonal complication enters when the
noise source consists of several lanas of
tratfic, and it is @asired to combine all
lanes lnto one equivalent lane. For such
cases, the equivealent distance from barrier
to source must pa computed. The computation
uses the same eguation as the equivalaent dis-
tance Dg from receiver to source, discussed
above in Chapter 4. Howaver, for the bar-
rier attenuaticn calculation, it is the
equivalant barrier-to-asource distance that
is computed, 7The computation s carried out
in Example 4 below.

As a short-cut, Report 117 allows the barrier
caleulatian ts he made anly for auvtamaobilasg,
with the trucks automatically assiqned 5 dBA
less attenuation. This 5 dBA truck corrac-
tien is a rough average for many barriar
situations, and was suggested in Repors 117
for situations where truck noise does not
dominata. Since we now are restricting our
caleculations to the ten-percentile level L,.,
this 5 dBA adiustiment should be reatrigted

to highways with extremely low truck psrcen=
tages, say below 1 percent. Rathar than use
this short-cut of Repert 117, it is suggested
that the barrier calculatiaon be parfermed in
full for the trucks (with their eight-foot
source heightT and then 5 dBA added, to apg-
proximate the automobile nolse attenuatien.

With ethis revised short-cut, the dominant
truck noise L3 afforded the more accurate
calculacion. 1t is highly regommended, how=
evar, that the calculations be made sapa-
rately for both autos and trucks, as des-
cribad abova, rather than relying upon
either short=cut.

Another short-cut described in Report 117
involves the use of Figure 5.6 to avoid tha
initial break-up into segments. Whenevar

4 barriar shields anly a part af the road-
way (non=-infinite barrier), this figure can
be uged to correct the infinite barrier per-
formance. In this manner, the noise coming
araund the ends of the barrier, fram the
unshielded segments of tha roadway, is taken
into account. For example, if the previous

5.2
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figure had indicated a 10 dBA barrier at~
tenuation (infindlte barrier), and the bag-
rier subtended an angle of 120 degrees (out
of the total 180-degree roadway) then the
ratio of a to 8 would be 0.67. The table
would then indicate that the finite barrier
attanuation is 4 dBA.

6,1.3 Additional Barrier Research

Since the barrier attenuation curves of
Figure 5.5 were drawn, much additional bar-
rier research, both theoretical and experi-
mental, has been undertaken. The thecrati~
cal research indicates several departures
from the curves of Eigure 5,5, Firat, in
the region of lew H%/D, more attenuation is
expected than shown in the figure. In fact,
for H = 0, the diffraction theory predicts

5 dBA attenuation, rather than the 0 dBA at-
tenuation shown. This addicional work is
included in the barrier calculations of

Ple, 1,10 in chapter 1. Aa ia evident, there
is a significant increasa in complexity in-
volved. For intermediate values of H2/D,

the theory has been extended to incorporate
barrier attenuatlion from line sources. As
shown in chapeer 1, the barcier attenuatieon
for vehicles far down a roadway is less than
for the c¢loser-by vehlelaa, since both the
barrier-to-source and the barrier-to-ohserver
distancas have increased. As a result, the
net attenuation frem a full line of noise
sources ls lesa than if they were all concen=-
tratad ak the glasest point of the roadway.
This results in lower barrier attenuation

for traffic noise than is shown in Figure 5.5.

Parallel to the theoretical work, much ex-
perimental work has been undertaken over the
past saveral years, both on laboratory mo=-
dels and en full-scale field installationa.
All of this work confirms the most recent
theory.

The barrier attenuation computationas con-
tained ip the T5C computer program incorpor-
ate the raesulta of thls most recent theory
and experimentation. As such, the TSC bar-
riay attenuation is state of the art. 1In
addition, the complex geomatries involved

in a complex barrier system design are pro-
perly traated by the computer program. Both
roadways and barriers arpe divided fully into
segments, the attenuation for each is calcu~
latad, and then the cenglomeration is recom-
bined properly (in a statistical sense} for
the total noise leval. This computer program
provides the ultimate toeol for evaluating a
system of noise barriers, once designed. Un~
fortunately, the program is very expensiva
and time consuming to use as a design tool.
Even whan usad during preliminafy testing of
a barrier design, the program provides ne
hint of the "weak links" in the design - it
does not indicate the relative contribution
of various segments, lanes, vehicles, or re-
flected noise to allow intelligent redesign

of the barrier system, What is needed i3 a
gquick and inexpensive approximation to tha
computer program = one that indicates the re-
lative contribution of the various components
of the noise, in additien.

| BARRIER PROCEDURES

BENEF!ITS DRANBACKS
TSC . ¥Térgigr- & EXPENSIVE
" ® TIME CONSUMING
® CANNOT INDICATE
"WEAK LINKS®
REROAT 117 | ® HAND DONE & LOW ACCURACY
* COMPLEX
*NOMOGRAPH | ® HAND DONE ® STRAIGHT
» GO0 DESIN | TORDWAYS ONLY
TOOL
& APPROXIMATES
TSC ACCURACY

5.1,4 Nemograph Barrier Procedurs

The calculation procedure described in the
present. chapter has been developed as a de-
sign tool, to enable guick karrier calcula-
tions approximating the TSC computer program.
It is less precise than the computer program,
but more convenient ag a design tool. It is
recommended as a substitute for the calcula-
tion procedure of NCHRP Report 117, It will
be referred to as the "Nomegraph Barrier Pro-
cadura.

This procedure assumes an infinite stralght
roadway , with a barrier of uniform height
that parallels the roadway at a constant dis-
tance. It can generally be used with ceonfi-
dence when the geometry is mestly straight
and parallel ~ as it usually appears to very
close~by receivers. The barrier can ba of
finite length and the recelver can be located
anywhere with reapect to the barrier - he
need not he centered on the barrier, for ax-
ample., The problem c¢an be treated in all

its complexity, as deen in section: edgas
of elevated structures, lips of depressed
sactions, reflection from opposite retaining
walls, complete breakdown by lane if de-
sired, etc. Proper source heights are used
throughout, in agreement with assumptiens

in the TSC computar program.

5.3
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SKETCH 5.1

The barrier nomograph has been applied to
oné aof the barriers from Chapter 4, to in-
dicate the errors introduced for non-parallel
3aometrie=. The map of Skatch 5.1 is repro~
uced from Chapter 4., Sketches 5.2 and 5.3
indicate two poasible nomograph sclutions.

PINST NOW oF RESDIMES

REI & | COMPUTER | NOMO
v l; M)
2 s
3 :La :;: il
SKETCH 5.2

The two solutions have different assumed
roadwaya, both inflnite and straight. For
sach sclution, the barrier is positicned pa-
rallal to the rcadway, where the lina~of~
sight from the receliver cromses the actual
barrier. A comparison of the nomograph so-
lution with the computer solutlon indicates
that aven in this rather gross approximation,
the error is not extreme.

Solution #1 duplicates the rcadway-barrier
ralatichship more exactly, and therefore pro-
vides a more acourate approximation well ba-
find the barrier, whare the noise level is
controlled by sound diffracted over the bar-
rier. Solution ¥2 duplicates mere accurate-
ly the roadway, as seen around the left end
af the barrjiex, This sglution, therafore,

Provides a more accurate approximation to-
wards the left, whers the noise level is
controlled hy sound coming around the end.

As is apparent f£rom these two nomegraph hag-
rier solutions, the requirements of straight
roadways and parallel barriers need not be
too stringently interpreted,

=)
A8 | CousuTEn | HaWG Finst nwnur n:ﬂgm,
' “ 873
i ] 8
1 [IX] a4
PR
SKETEH 5,3

One additional note: As mentioned {n Chap-
ter 1, barriers of insufficient height can
increass the annoyance potential of traffic
ficisae, Such barriers reduce the steady
noise of tha automobiles without reducing
the peak noise of the trucks, The increase
in polse fluctuation can offset the raduc-
tion In thé& L], preoducing a worse condition
than without ERE barrier. The Nomaograph
Barriaer Procedure incorporates a chack ko
determine whotiler or not the barrier systenm
will have this effect.

[ HougGRann nammiER PROCEDUAE |

ASSUMPTIONS CAN HANDLE
® INFINITE STRAIGHT & FINITE CR INFINITE
ROADWAY BARRIERS

& BARMIER PARALLEL & DEPRESSED &

T AOADWAY ELEVATED RCADWAYS
4 DARRIER UNIFORM ® REFLECTIONS
HEIGHT
& OAEAKDOWN BY LANE
& VEHICLE TYPE

®  NOISE FLUCTUATIONS

An overview of the barrier nomograph is in-
cluded as Figura 5,7, Just the salisnt fea-
tures are included. The dark horizontal line
across the bottom center is the line-of-
sight (L/S) between the noiase source and the
recaiver. The simplest line-of-sight is
used - from the receivar perpendicular to
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the roadway. The top of the barrier pene-
trates into this line-of~sight, as shown by
the wavy line. The relatien between the
source, the raceiver, and the top of the
barrier is drawn in this pictorial way to
aid in the nomograph's usa. The top of the
barrier falls on a curve of constant atten~
vation, For example, if the barrier ware
moved closer to the laft end of the L/S, it
would not have to penatrate the L/S as much
for the same attenuation,

The barrier pesition is read on the amall
nomograph at the bottom, under the L/S., The
barrier's break in the L/S is read similarly
at the left. The attenuation is read to the
right., This attenuation is a function of
the angle that the barrier makes at the re-
celver.

All of thase guantities will be more clearly
defined below. First, however, it is in=-
structive to talk through the nomograph,

The length of the L/S is used three times in
the nomograph, to normalize all distances to
the scale of the pictorial sketch. Starting
at tha bottom, a line is drawn from the L/S
length, through the barrierspesition, to the
turning line. The position is measured to
either the socurce or the receiver, which-
aver is clofser. After turning upward, this
line set= the position of the barrier rela-
tive to the source and the receiver. Then
gtarting at the left, a line is drawn from
the L/S length through the barrier break-in-
L/S to the turning line, and then horizon-
tally into the attenuation curves. Where
thagse two lines meet is tha top of the bar-
rler, It will lie on some particular bar-
rier attenuation curve., This curve is fol-
lowed upward to the right, then turned tn
the L/S length., From where this crosses the
pivot line, a line is drawn to the right,
reflectad straight upwarda from the proper
angle line, to the barrier attenuation.

Notiee that the nomograph can be used in
other modes, to solve for the parrier pogi-
tion, or the barrier break-in-L/S, or

the angle subtended = if the other.

factors are known. For example, If

the attenuation and angle are kaown, the
attenuation line is determined, Then the
break-in=L/S can be found far any barrier
position, or vige versa. As another example,
1f we wanted the same attenuation with a
smaller angle, we would end up on 3 higher
attenuation curve, If the barrier position
remained unchanged, then the break would have
to lncrease to reach this new curve,

At this point, let us define our parameters
more carefully. Figure 5.8 shows a section
view of a roadside barrier. The section is
perpendicular to the roadway, in the normal
manner, The line-of-~sight (L/S) slants down-
ward from the noise sourre to the raceiver,
The L/5S length is this slant distance, not
the horizontal distance. From the tep o

the barrier, a line is drawn perpendicular

' always perpendicular to tha [L/S.

This is the hreak in the L/S,
Finally

the harrier position is measured along the IL/S
to the perpendicular hreak point. This, too,
is a slant distance, not horizontal. It is
maagsured to elther the snurce or the receiver,
whichever s closer, Note that the vertical
and horizontal scales on all gsectional draw-
ings must he identical. Otherwise, zlant dis-
tances cannot be measured.

to the L/S.

['@ARRIER PARAMETERS |

LENGTH OF L/S8 # HORIZONTAL DISTANCE
BREAK IN L/S » BARRIER HEIGWT

As further illustrations of the geometry in-
valved, the parameters have alse been drawn
for depressed and elevated sections in Figs.
5.9 and 5.10.

For any type of section, the receiver can be
either left or right of the roadway, the L/5
can slant either up or down. In all cases,
the perpendicular break in the L/5 is re-
quired, and thes barrier position is measured
to tha ¢leser end pof the L/S,

The apgle is defined in the plan view of
Figure 5.11, It is the angle subtended at
the receiver by the barrier. The receiver
position relative to the barrier is not im=
portant, The receiver can be centered on
the barpier, off-center, at the end of the
barrier, or even beyond the end of the bar-
rier, All cases are shown. Of course, if
the recelver is at the end of the barrier or
beyond, the largest angle possible is 930 de-
grees, and not much attenuation can he ex-
Pacted, - All definitions of parameters have
been condensed into Table 5.2 for convenience.

Example #1

At this point, the reader is asked to try a
sample barrier problem with the fully de-
tailed nomagraph (Fig, 5.12) before a sample
is talked ehrough. It is hoped that the var-
ious scales are self~explanatory. In any
case, the reader will henefit by reselving
his own confusions with the nomograph before
a Eull explapation is given. The example is
simple: a single lane of automobiles, shown

in Skateh 5,4,

The earth-berm barrier subtends an angle of
170 degrees at the receiver, Answer to sam-
ple preblem: The barrier provides 11 4BA

reduction from the automobile traffic to the
fourth floor of the residence shown. Again,
the reader is urged to attempt each example
before following the explanatory discussion.
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The completed barrier nomograph ia included
as Skatch 5.5.

Did you use the full L/S distance? Did you
Lty to ugae the barrier-receiver distance for

the barrier position? Notice that it is the
longer of the two distances, so should not
be used. WNetice agaln that the barrier
break in the L/S is the perpendicnlar break,
not the vertical break, Notice alsa that
this break is not the barriey hesight. The
L/S is slanting upward towards the fourth-
floor window; che break in L/S is less than
the barrpijer height,

Please correct your nomograph Lf it i{s in-
caorreqt, Using the corrected nomograph,

what is the barrier attenuation if the angle
asubtendad is reduced to 160 degraes? Answer:
9k dBA attenuaticn. With this smaller angle,
what gize barrier must be constructed to re-
gain the original 11 dBA reduction? Answer:
the new barrier must break the L/S by 20-28
feat.

Ona further comment: note that both the po-
aition and break scales are logarithmic.
This overemphasizes the barrier height and
the distance of the barrier from the near
end of the L/5. For this reason, the sketch
on the nomograph is pictorial only. No at-
tempt should be made to place the barrier
top on the sketch by inspection only, from
the section view. The small nomegraphs to
the laft and at the bottom must be used.
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Lxample #2

Lat us now work through an axample knowing
the barrier attenuation desired -~ 10 dBA.

™ The sactien i3 shewn in Skatch 5.6,
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= SKETCH 5.6

First, does the lip of the roadway itself
-— praovida enough attenuation? The nomograph
is worked out (lines numbered "1"} in Sketch
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Starting from the left, the reoadwav lip
hreaks the L/ hy ) feet (chviously meas-
ured on a larder scale drawing than the
actual sketch). From 200 feet on the L/S
scale, a line is therefore drawn through 3
feet on the break=-in-L/S scale, to the turn-
ing line, and then horizontally to the right.
Then starting over at the bottom, Efrom 200
fast on the L/S scale, a line is drawn up-
ward through the barrier position of 25 feet
to the turning line, and then vertically up-
ward until it crosses the first line drawn.
This cross point is the top of the barrier.
As can he seen, both its distance from the
spurce and its break ln L/S are exaggerated
by the leg scales.

From the top af tha barrier, the attenuation
curve i3 followed up to the right, then
turned to pass through 200 feet on the L/S
scale. Where this crosses the pivot line,
proceed horilzontally to the right. Since
this roadside lip extends the Eull roadway
distance in both directiona, the barrier an-
glg aquals 180 degrees. Raflect the line
from 180 deqrees upwards to the L,, attenua-
tien, 7 dBA. This is not enough gt:tenuntion.

SKETCH 5.7

5«7



As a second attempt, let us place a barm aleng the angle lines, the user might be tampted

tha top of the ridge that already breaks the
L/S alightly., How high must the berm be to
achieve 10 4BA attenuation? The lines num-
bered "2" on the same nomoaraph{Sketch 5.7}
trace through the reasoning in this case.

The attanuation and the position are fixed:
tha break=-in-L/5 and the angle subtended are
variable, Starting from an attenuation of 10
dBA; a line is dropped vertically, Then
starting over at the bottom, from 200 feet on
the L/S scala, a line is drawn up through 75
feat on the position scale, and then turnad
vartically inte the atctenuation curves.

For different subtended angles, different
heicht barriars are required, Twe solutions
ara shownt a ten=foot bhreak, suhtending

170 dearees and a twenty-foot hreak subtend-
ing 155-160 deqrees.

It is poassible, of course, that for amaller
angles (for example, 140 degrees) the desired
attanuation cannot be achleved with any
height barrier. In such sltuations, the
noige coming around the end of the barrier

to hit an angle lina, and then follow the
line upwards to the right towards the bar-
rier attenuation, If this is dene, then

anly the angle has been taken into account;
all other parameters wauld be ignored in the
nomograph use. To aveid both mistakes, the
user should consult the example at the lower
right, until he is familiar with the nomo-
graph.

Example §3

Far Example #3, two additional complexities
will be added: (l) trucka will be added to
the automobiles, and (2) a worksheet (Work=
sheet 5,1) for combining multiple lanes and/
or vehicle typas will be introduved. fThe
worksheet is lncluded as Sketch 5.8, pro-
parly complated for the last example's ridge
barriesr:

exceads the allowable nolse, and even a
tuhnel saction over that small angle would
not achlieve the desired attenuation.

As a third attempt, let us try to achieve 10
dpp attenuation with a barrier close to the
reeidence. A likely position is at the

ledge some 50 fest in front of the residence.
The proper lines for such a barrier ars num~
bared "3 on the nomograph, The pesition
and attenuaticn ara both known; the break-
in-L/$ and tha angle aubtended are variable.
Ona aolution is shown. A large angle (160
dagress) was chosen, since the barrier is
cloga to the residence and the required
length is therefore proportionately less;
the requirad break is 13 feet for this angla.

The barrier design chosen depends upon the
many non~acoustical constrainte at this lo-
cation. Perhaps extending the lip of tha
road upward on the side of the receiver is
a desirable alternativa. How high would the
lip hava to be? Answer: It would have to
break the L/S by 5% feet, The roadway lip
on the opposite side of the roadway could
not be raised alse, or reflactlons from it
would compromise the barrier's performance.
More will bae sald about this complication
balow.

Two possible mistakes should be pointed out
hare: Onge the top of the barrier is found
on tha nomograph, the user might be tempted

to move horizontally towards the right, in-
staad of following the attenuation lines
upward to tha right. If this is done, then
Eﬁa Barriar positicn would have been ignored
in the nomegraph's use. Another mistake

might occur in using the angle lines. In~
stead of reflecting vartically upward from

5-8

WIHE Kruach :n LI L g ] g aaan, wETH BANRIER
in ATTN, L]
e

Trucks

avlan zslﬂ 50 &5.0
Truana .

Aytoe

Tracka

Autes

Troexs

Ausen

rucsh
. hutot

Trucks

Autod

e || 79,0 | 68,0

L—u:r waanten arrzwuartons 1 ama rar r."_]

SKETCH 5.8

Fo

P

N UG S A

5

i

| -




e VUM

LT L e I A S

R e o

S

1

The no=harrier L1g has been arbitrarily

Eilled in; the barrier attanuation is sud~
tracted, resulting in the with-barrier L)
in the right-hand column.

umns are added by dB-addition at the

The two ng col-
o

ttom

of the worksheast, and then subtractad to ch=
tain the net barriar attenuation.
hardly worth using che worksheet for this

simple casa,

It is

The workshaeet becomes more useful for Ex~

ample #3,

cludes both automobiles and trucks,

ih which the lane of traffic in-

At the

risk of getting ahead, the completed work-
sheet for Example ¥3 is included as Sketch

5.9,
WOLAF ACKIRCR "0 RARRLFR bya mann. Wt MANRTER
Lo Wrren, Fyn
e
Truchs 60. Q 7-° 73.0
— —
Autay 750 10:.Q 5.0
=8l s 738
Trucke
Autas
Trucka
Autas
Trucks
Autos
*ruchs
hueos
Teueas
Autos
ToTAL 28].0 AL 73.8§

HET RARRSER ATTRMUATTON: oS AWK far fyg

SKETCH 5.9

All the geometry is the same, except that

trucks have besn added,
was chosen arbitrarily.
the barrier at-

barrier Lyg

be seen from the worksheet,

Again the truck no=

A3 can

tenuation for trucks is less than for auto=

malziles.

Atfter both Lis columns are added

by dB-addition at the bottom, they are sub-
tracted to cbtain the net barrier attsnuation
of 74 dBA. This is significantly less than
the attenuation for automobiles alone.

Lat us backtrack now to Find the truck atten-
uation, The revised sectlon is shown in
Skatch 5.10.
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SKETCH 5,10

The harrier dagigned for the previous example |
is shown in place. The automehile L/S is
unchanged from the previous example. The

truck L/R is new., It terminates B feet ahove
the pavemant, as digcussed in Chapter 2. BAg
can he seen, the hreak in the truck L/S is aig=-
nificantly less than in the auto L/5 (5 feet
compared to 14 feet). How much less depends
upon the slant and the relative distances in-~
velved, and cannot he aeneralized. The reader
should solve the harrier attehvation from the
dimensions in this sketch. Tha completed nomo=
graph is included as Sketch 5.11.

Both the automobile and the truck solutions
are shown. The break=in-L/S is the only sig=-
nificant difference betwsen the two.
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Example #4

For Example #4, an elevated highway closely
adjacent to a residence is considerad first
in its full camplexity and then in a simpli-
fied form. The section is shown Ln Skatch
5,12, Six lanes of traffic times two vehicle
heights reguires twelve solutions of the bar-
rier nomograph. Most barrier parameters -
L/S length, barrier break-in-L/5, and barrier
position - are significantly different for
each lana of traffic, A ten~foot barrier has
bean constructed at the edge of the structure
az shown. The angle subtended is 180 de-
greas for all traffic. The reader should
solve each of the barrier attenuations be-
fore proceeding. The completed worksheet is
included as Sketch 5.13,

If an incorrect entry was obtained, the read-
er should try to find his mistake before pro~
ceeding. The nomograph is left to the reader.
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L] ATTRY.
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- For this example, the no-barrier Ljg was ob- wnga spinee PETIUIE T—
= tained from the L1g nomegraph with the fol- "is wesom, ‘1n
; lowing trafflc ipput: g T
! At W13 e 90,0 150 57.6
Autcmobiles: 1000 autos/hour in each EQuiv,
- lane s [ 788 7.0 245
L Trucks: 5760 2600
L Lanes 1 & 61 50 trucks/hour AR SEE . 250 3.8 |eZ.%
&0 miles/hour BaMIN, =105 = SB.D“‘
arne | TRO x] L
b Other Lapes: 10 trucka/hour T aiS.C
! ' 60 miles/hour —
The trucks in the near lane are least atten-~ nurrs
- watad by the barrier. Since they are also
! closast to the resldence they tend to con- *ruces
- trol the net noise with the harrier in place.
The traffic at the far side would be atten- furas
— unated by the lip of the structure, without
any additiopal barrier, ~pucan
- For this reason, the no-barrier Lig is un- i
realistic. A true no-barrier Lyp would in-
- clude attenuation from the structure's lip. Trvewa
; This case i3 included below as Example #5.
= Juzen
Bafore proceeding to Example #5, let us ex-
- amine a simpler soluticn to this same ele=- we | 50,8 wenn | 65,5
s vated barriaz. Let us concentrate all of
-~ the traffic into two lanes - one in each di- P T S
rectlon, The resulting worksheet and nomo- s a
—_ graph are included as Sketchas 5.14 and 5.15.
(¢ SKETCH 5.14
.
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As discussed above, when
combining several lanas into one for barrier
caleulations, the equivalent lane is placed
at the equivalent distance from the barrier,
rather than from thz receivar. For thils ax=
ample, the equivalent distances are computed
as followsi

-3

For Lanes 1-3: 0, /(45,5 fFt){21.5 ft)

As is apparent, the near-lane trucks receive
no benefit from the 2-foot barrier, and the
resulting overall attenuation is minimal.

How much arror would be introduced by con=-
centrating the traffic into two lanes for
this exampla? The trucks would be located
further f£rom tha structure's lip than in
reality, and the overall attenuation might
be artificially high. The resulting work-
sheet 1s included as Sketch 5.17.

= 31 ft
For Lanes 4-6: D, = F(101.5 ft)(77.5 ft}
= 88,5 ft NATSP. AOURCR ’t‘.‘l‘n"""""“ :12”,',:,,,_ r::u DARAIZR
N e |
mh‘;rruch 72.0 8.0 4.0
. Example #5 EQuy,
‘The same elevated roadway with only a two~ ameos | 73,8 1.0 62.5
foot high lip barrier is discussed for Ex- =%.0 =bS
ample #5. LANE (5% rrucne | 75,0 r2) 750
Again the nemograph is left to the reader. CQAMIN, =765 =75S
The resulting worksheet is included as sueer | 2.0 0.0 Gho
8 A6,
Koteh 3 =005 = %0
Trucka
LN LU HA RARRIER A mame - “."“.
Fin (LI "ya Aieos
gy TR L S
LANE | rruces || 70,0 8.s el.S Trucks
Autne EQ.S “-o S'I.S
a72.5 aiY, ' Aucoy
rruena | G4, O 8.0 4.0
LAN‘ a 71,4 l“‘-ﬁ racki
raenn (GBS e 57.5
s .5 n Gl hutay
Trugks ) 7-5 57.0
LANE A ¥ L3 -
27%.9 nG5.S | Trucks
wirne (64.© no 58.0
.7b.° .M—' Aitos
LANE. rrucrs 165,85 &S 24.0
1 =75 2670
aueen (76,8 ['%3 0.4 | TOTAL 20.5 TOTAL 76.0
27725 a48.0
LAng 5 T -&:57;7 56 _ﬁl_-g__T_ Lu:v pareter artruarzens W8 aas or "m—‘
e | TG g &L.0
=M.0 s | SKETCH 5§.17
Trycka 73.5 Q Za.s
thue & »60.0 a750
sune [ 92,9 0.0 3.0 As can be seen, even in this rather severe
=00,% 275.0 casa, combining lanes into one equivalent
enthl B0O.5 o 95,0 lane does not rasult in a significant error
t ’ : in the calculated barriar attenuation. In

NET RARRLER Am‘ll’l':ﬂ'rls_i LLLILE S l.l"l

SKETCH 5,18

general, the barrier nomograph is of great
value in testing the geometry of the situa-
tion, to determine whethar or not lanes can
be combined in this manpner = to simplify the
TSC computer input whenever possible.
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What would be the error if an unrealistic
truck propertion were assigned the various
lattes = for exampla, if equal truck volumes
woare assumed for all six lanes? Would this
be important for a roadway on grade?

Example #6

In Example #6, the concept of noise reflec~
tion ia introduged. The roadway is depressed
with reflecting retaining walls on both sides
ag ahown in Sketch S.18.

The traffic has been condensed into only two
lanas to aimplify the discussion, although it
should not be condensed before testing with
the nomograph. The reflection from the re-
taining wall i1s incorporated by adding the
mirror lmages of the traffic in the wall, as
shown in the figure. Agaln, the barriar is
assumed to subtend an angle of 180 degrees
at the receiver. The full line~cf-sight
{L/S) distance is used in the nomograph =
tha distance from traffic to reflecting wall
to recelver, The corresponding workshaat is
ineluded as Sketch 5.193.

Notice that tha reflected noise dominates
the Lig. Without reflection, the noige la-
vel at the receiver would be 82.0 4BA, a
significant underestimate of the impact,

In some cases, especially for very high re-
ceivers, the reflected path may miss the op=-
posite retaining wall -~ over ltas top. In
this case, the reflected path does not exist
and should not be used,

If the reflecting wall was made acoustically
abhsorptive, then the reflected noise would

Wtsr Anvack mo pRaNEPN [ Lo pean. | W GmRtEe
I"Lu NETRY, *1a
T
LANE 2 i Q ge.8
REFLECTED | —_
Autoy [~} x |
sang * [T R
RANE | truen 1040 o leN.e
REFLECTED a@no =820
Auton .0 55 |38
SAME =27, ST XY
Truchs &og “ * MIQ
LA | 293.0 g A An
. Autey . B. . |
Trucka 13.0 {
Lae 2 - T
Autea . 16.0
SAMe 2930 @RS
Autos
Trucas
Auton
WO - waL | @88

wr mankeen apreseaetons 48 an ror :.“_,J

SKETCH 5.19

be reduced in level, For example, if the
absorption coefficient (of A-weighted traf-
fic noise) ware 0.6, then the reflected noise
would be reduced by 4 dBA. This reduction is
discussed in detail bhelow.

It is also possible that noise due to multi-
le reflogtiong is significant. For example,
E_:"t:ha reflected noise in the example had
been attenuated by the barrier (higher bar-

8 2 - N = rier), then perhaps some multiply reflected
5: 5: L] [ ; g noise - reflected first Erom the right, then
iy iV 1w wo & W from the laft, then over the barrier - would
""5 L 5 q¢ o 3 not be attenuated by the barrier and might
#3 g3 -l <4 @ @ control the noise at the receiver. This pos=-
sibility is discussed below also.
SKETCH 5.18
L/5 length Barrier position Break in L/S
Reflacted Lana 2, trucks 120 £t —m—— ————
autos 122 £+ e — ———
Reflected Lane 1, trucks 83 £t m—— ———
autos 95 £t 16 ft 1 ft
Lane 1, trucks 6l ft 16 fe 1 ft
autos 64 £t 15 £t 3 ft
Lane 2, trucks 14 ft 14 £t 5 ft
autog 38 ft 13 ft B ft

5.15



more remote recoelvers, since the
sight ia broken more and more as the raceiv-
ar distance is increased.
manner, the break in the line-of-sight de-

to elevated roadways.

Some ganeral cotments ¢an be made concerning
the attenuation of depressed and elavated
roadways. As Plgure 5,13 indlcates, the at=-
tenuation of depressed roadways increases for
ihe=of=

In an oppoaite

creasas for more remote receivers adjacant
For this reason, ele-~
vatad roadways are not effective in reduc=-
ing the noise at larger distances. In addi-
tion, when the roadway is elevated abova the
tarrain, the natural barriers afforded by
scattered buildings, relllag terrain, ete.,

arausually lost.

Example ¥7

Tha final example will reconsider Exampla #1,
this time with & gap in the barrier - parhaps
naecessitated by an underpass. The plan is
ahown in Sketeh 5.20.

PLAN | with distorted acale

ROADWAY

DAARIER

N
143

1703

SKETCH 5.20

RECEWER

In such a situation, the problem is ap-
proached in two ateps. Pirst, the net noise
coming over the barrier is computed, ignor-
ing the gap in the barrier. Second, the
nolae from the small piece of aexposad high-
way is computed, and added to the noise com-
ing aovar the barrier.

This second noise contribution can he calcu-
latad using either NCHRP Report 117 or using
the Ljg nomograph. In either case, the an-
gle of the expoded roadway is only 20 degrees
as shawn in the sketech. 10 log 209/1800 is
used to adjust the infinlte road level, as
discussed in Chapter 4, to account for the
_finite length of the roadway segment. 10

log 20071809 = -9 dBA.

For our example here, the no=barrier Ljp is

70 dBA. The 209 exposure reduces this to
61 dBA, GSaparately, the with~barrier Lig is
59 dPA. Adding 61 &dBA and 39 dBA by dB-

addition, wa obtain 63 dBA, a compromise of
4 dBA on the barrier's performance.

5,1.5 Points to Remember in Using the
Barrier Hemograph and HWorkaheet

+ The simplest line-of-sight {(L/5) is al-
ways used - from the receiver perpendicular
to the roadway.

+ At the roadway, this L/S terminates ei-
ther at tha pavement for automobiles, or 8
feet above the pavement for trucks.

+ The barrier position is measured to el-
ther the ropadway or the receiver, whichever
is closer.

+ The L/S genarally slants £rom coadway
to receiver, The L/S length is this alant
distance, not the horizontal distance.

+  The amount the harrier hreaks the L/S
is always measured parpendicular to the L/S,
not vartically.

+ The barrier position is also a slant
distance, along the L/S.

*+ 'The vertical and horizontal scales on
all sectional drawings must be identical.

+ The sketch on the nomograph is pictorial
only., Wo attempt should be made to place
the barrier onto the sketeh by inspection
only,

+ When concentrating traffic into a re-
duced number of lanes, place these lanes at
the equivalent dlstance from the barrier.

+ For depressed roadways, use the full
L/S distance for the reflected noise.

» FPor depressed roadways, or roadways
flanked by barriers on both sides, in some
cases multiple reflections within the con-
fined roadway space are important.

5.1.6 Three Additional Complicatians

a) Receiver Bevond the End of the Barrier

When the recelver is just at the end of the
barrier (receiver #l1, Pigure 5.1l1l), the lar-
gest angle the barrier can subtend is 90 de-
greea, A full one-~half of the roadway is
unshielded by the barrier. In such a situa~
tion, the maxlmum attencation achievable is
3 dBA, as can be verified on the nomograph.
For receivars beyond the end of a barrier
(gsame figure, recelver #4), the attenuation
is even less. The nomograph is inaccurate
for thaese receivers; it is recommended that
no attenuation be attributed to the barrier
for receivers beyond the ends of parriers.
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b} BRarriers in Series

Sometimes two or more barriars hreak the
Line-of=-sight between the receiver and the
roadway. This was the case in Example #2
above, When this occurs, both barriers at-~
tenuate the nolse and should properly be
considared "in geries", This additional
complication is not worth the slight im=
provement in accuracy. Even in the TSC com-
puter program, only the individual attenua-
tion from tha most effective barrier is con~—
sidered. The others are ignored. The errer
is generally very slight.

¢) Barrier Attenuation for Recaivars Just
outs{de the Shadow Zone

In reality, receivers just gutsida the bar-
rier shadow zone (Figure 5. o receive
soma benefit from the barrier., "It is the
noise that was headed their way that pasaed
very close above the barrier and that was
diffracted downward inte the shadow, Just
on the grazing line-of-sight for axample,

the attenuation is 5 dBA. It dropa off
quickly then above the grazing line-of-sight.
For these cases where the barrier almost -
but not quite - breaks the L/S, no attenua-
tien is given by the ncmograph. Tha computer
program, hewever, does incorporate this at-
tenuation.

These three complexities are summarized in
Figure 5.15.

In highly urbanized areas, the barrier no-
mograph may overestimate the barrier at-
tenuation, say Erom a building shielding

a courtyard area. In such situations, il-
lustrated in Pigure 5,16, othar large sur-
faces tend to reflect noise energy into the
shadow zone behind thse building. Such re-
flected noise £1ills in the shadow zone with
noise, and thereby reduces the amount of
shielding provided. It ia good practice to
assume a maximum of 10 dBA shielding in
Such urban araas.

Pitfalls in Barrier Input - TSC
Computer Program .

The mechanies of using tha Transportation
Systemsa Center computer program, includina
tha harrier input routines, were discusased
in chapter 4. In this section, several com-
mon pitfalls concernina this harrier input
will he discuasad.

5.1.7

a} Insufficient exposed roadwav

For raceivers with no barrier blockinm their
lines~ofesicht, the traffic far down the road-
way is insignificant compared to tha very
nearhy traffic, For this reason, it is gen-
arally sufficient ta consider only a distance

of 3-times=D or 4-times-D down the roadway,
where D equals the distance from roadway to
receiver. This 145=- to 1S50~-deqree seqment
dirently in front of the recsiver controls the
noise; the remainder contributes lass than

1 dBA to the total,

However, if a barrier shields the receiver
from this c¢entral secment, then the hichway
far down the road hecomes important; it is

no lonoer 10 dBA down from the nearhy seqment,
because the nearby seqgment's ncilse has hean
reduced by the bharrier, It is important to
realize this, and to include enough of the
gxpoded roadwav in the computer inmut,

h) Imprecise barrier elevation, relative
to _roadwayv

Pigure 5,17 illustrates a commen mistake made
in preparing the computer input. "he actual
situation consists of a roadside harrier that
follows the roadway grades, always remain-
ina a constant helaght above the roadwav.

The proper input 1s shown at the top of the
fiqure, where the bharrier follows the road
precisely. At the hottom, the harrler input
hag heen simplified, and although the simpli=~
fication does not look extreme, the inaccur-
acies introduced can be great. The height of
the harrier, relative to the roadway, is a
very senaitive parameter In harrier perfor-
mance. The simplification shown at the hottom
should not he used.

¢} Imprecgise harrier position, relative

to roadway
Small-scale maps are often used to determine
the coordinates for the computer input.
Relative positions - sav hetwean the roadway
and the receivers - are sufficlently accurate
on skeh maps to allow an accurate computas-
tion of the noise level, However, harrier-
roadwav distances are sometimes very small,
and in such cases, larger=-scale maps must he
used. The distance between harriars and
roadways is a very sensitive parameter. It
should not he ohtained hy subtracting two
very larce distances ohtained from a small-
secale map.

d} MNoise cannot pass under elavated barriars

Fiaqure 5,18 indicates an inflexihility in the
TSC computer program that should be understood,
In tha figure, a barrier has heen axplicitly
input alona the lip of the elevated ramp, to
shield the receiver from the ramp noise.
Unfortunately, this harrier will alse shield
the recelver from the main line noise. All
barriers extend downwards to the around: no
nolise can pass under any barrier in the TSC
pregram. Such situations usually recuire two
computer runs - one with and one without ths
barrier on the ramp.



Parenthetically, the computer dees not auto=-
matically agsign such a barrier to elevated
roadways, First, there is no input that tells
the computer when a roadway ia elevated.
Second, the flexihility haa heen retained to
input stch harriers explicitly - at the proper
position and proper alevation.

@) Too much barrier input

It ig very easy to Lnput teo much information
on barriers. It {a recommendad that the bar-
risr nomograph he used to determine 1f a bar-
rier effecta the noige at the receivars in
auestion - as an ald in aeliminatina superflu-
ous input. Tt is also a dood idea to run the
proaram in stages, with small blocks of re-
ceivers and their associated barriers. In
thias way, the computer doas not waste time
testing superfluous harriera for large numbars
of receivers.

£} Very low barriers

The computer assigns too much attenvation to
very low harriers, As mentioned ahove, 5 dBA
reduction in calculated for recelvers just on
the grazing line-of-sight. The missino eneray
has diffracted into the shadow zone. Howevar,
as indicated on Plqure 5.19, vetry low harriers
have no shadow zone. Fyen in the limit of
zero height = as shown at the bottom of the
figqure -~ tha program asaians 5 dRA attenuatior
if tha barrier is entered as input.

[PtTFAL&S I8 BARRIER INPUT = TSC COMPUTER I

& INSUFFICIENT EXPOSED ACADWAY

o IMPRECISE BARAIER ELEVATION
RELATIVE TO ROADWAY

& (MPRECISE BARRIER POSITION
RELATIVE TD ROADWAY

®  NOISE CANNGT PASS UNDER ELEVATED BARRERD
& TOD MUCH BARRIER INPUT
& VERY LOW BARRIERS

5,2  COMPLICATION IN BARRIER DESIGN CAUSED
BY NGISE FLUCTUATION

As mentioned in Chapter 1, roadside barriers
may caude an lncrease in the fluctuation of
traffic noise, and thereby a pogsaible in-

ecrease in annoyancs to the road's neighbors.

This is most likely to occur when the barrier

is affactive in reducing the automobile noise,
but does nothifg to the more intermittent
truck noise.

The lnerease in annoyance caused by noise
fluctuation is a common experience. People
living near alrports are annoyed during fly-
overa that cause them to milas parts of their
TV programs. It is annoying to have to bturn
the volume up just for the flyover, and then
to turn it back down again when the alrcraft
is past. Often automobile radios must be

5-18

turned up and down as tha vehicle cruises and
then stops for traffic signals. While cruis-
ing, the interior nolse of the autcmablle
masks the radio, and it must be turned up.

It is then uncomfortably loud when the vehi-
cle is stopped at a signal, and must be
turned down. In noisy environments people
stand closer togather during conversation to
be understood. When the noise £luctuates, no
equilibrium distance can be established, in-
creasing annoyance.

Most important, falling asleep is moge dif-~
Eicult in flugtuating nolse than in steady
nolse. Just as a person is dozing, a truck
passes and wakes him. It is common practice
for people living close to froeways to in-
stall some steady nolse source in their bed-
room to cover up the fluctuations - sources
sueh as the commercial sleep machines or
window air conditioners, These devices in-
crease the total noisa, including the Lip,
but decrease the Efluctuations,

How important are these fluctuatipns? If
the L1g drops by 5 dBA, how much can the
fluctuations be allowed to ilncrease without
negating the benefik?

5.2.1 Haise Pollution Level

No completely acceptable method has been
agreed upon for dealing with noise fluctua-
tions. To date, the mest promising format
in the literature that takes fluctuaticns
into account in a fully developed form is
the Nolsae Pollution Level, Lyp. The Lyp
was derived to account for general ovserva-
tions common to a number of studies of dis-
tinctly different character.

It is precisely the fact that the Lyp explains
convineingly the results of several unrela-- -
ted studies for which no other explanation

can be offered, coupled with the amply~demon=~
strated reliability of the A-weighted sound
ilevel, that constitutes the stoutest argu-
ment favering the Lyp over competitive rat-
ings.

Most encouragingly, the Neise Pollution Level
can relate steady freeway annoyahce to very
intermittent aircraft annoyance, under the
same formulation. The same definition of Lyp
and the same c¢riterion of acceptability apply
to these disparate nolse sources - ohe guite
gteady, the other very intarmittent,

The same comparison is necegsary in a full
consideration of traffic noise anhoyance., It
is common for traffic noise to be much more
intermittent during the early morning and
late evening than during peak hours, especial-
ly aleng intercity freeways. 1In fact, late

at night, the noise intermittency is quite
gimilar to some typical aircraft flyover his-
toriaes, A proper measure that ipcorporates
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£fluctuations is needed to compare peak-hour
neise with late evening noise.

One example 1s includad to indicate the full
concern. Recent measurements were made a-
long a freeway In New York state. Figure
5,20 showg S~minute time histories 250 feet
from the freeway. The top history, measured
at midnight, shows large fluctuations. The
fluctuations during rush hour are much less
severa, since the traffic¢ 1s continuous ra-
thar than intermittent, Note that the Ljg
ig nearly ldentical for both of these his-
tories, however.

How do these two histories compare by the Lig
measure and by the Lyp measure? From rush
hour to midnight, the L1lg went down 4 dBA
and the Lyp went up 1B dBA. In other words,
taking fluctuation into account, midnight
noise 1s much more diarupting than rush hour
noisey and Ligq deesn't indicate this at all.

Of courae, automobiles cannot be enticed to
travel at midnight to reduce the annoyance.
But on the othar hand, we can avold construc-
ting barriera that turn our highways into
midnight conditions throughout the day - that
attenuate the automoblles without attacking
the real source of the problem, the trucks.
Tha procedure described below is intended to
prevent such barrier designs.

How is Lyp incorporated? Do we have to work
from the basic definition:

L * Lug * 286 ¢

Lus* 10309 [+!|o‘£]an]a 236 [%nf[un -Lfima ]‘mli

No, fortunately, The Transportation System
Center program has incorporated this equation
inte its mathematica, The computer program
predicta the Lyp for any system of roadways
and barriers, no matter how complex. For
this reason, it offers the ultimate test for
whether fluctuations are increased or de-
creasad, The results from the computer pro-
gram have been condensed into the procedure
below, which can ba used as a design tool to
check the barrier design. If the barrier
system increasea the Noise Pollution Level
Lyp, then it is highly recommended that the
barrier not be built.

5.2.2 Graphical Procedure to Compare

LNP' with and without Barrier

The procedura described below predicts the
Noise Pollution Lavel both with and without
the barrier as designed, A comparison then
of thesa two Lyp's indicates whether or not
the barrier will increase or decraase the
craffic annoyance,

The procedure is outlined in Figure 5.21.
More than half the work has been already
completed during the Ljg barrier design.
Tthe new steps ara incluged in heavy outlines,.

Ho-barrier caleculations:

Pirst, the L)g for both automobiles and
trucks is transcribed from earlier calcu-
lations. Ligp's are converted to Lyp's using
an additional nomograph, discussed galow,
and then added together for the total Lyp.

With-barrier calculations:

First, the Lyp for both automobiles and
trucks (s transferred f£rom above. Then
these are reduced by the barrier Lyp atten-
vation, ohtained from the basic barrier no~
mograph. Finally, the two Lyp's are added
togather for the total Lyp.

A comparison ~ with and without the barrier =
indicates whether the barrier design is suf-

ficient, The new steps can be summarized as

follows: .

1. Canversien of Lig to Lyp: very simple
nomograph.

2, Lyp barrier attepuation: essentially com=
plece already.

3, Addition of Lyp's: complex.

a) Conversion of Lip @ Lyp

Conversien from Lip to Lyp 13 accomplished
with the nomograph of Figure 5.,22. This
conversion iz similar to the cenversion in
NCHRP Report 117 from Lgg to Lig = it depends
only upch the dimensionless parameter VD/S.

A single example will suffice to i{llustrate
the nomograph.

Parameters: Volums = 1000 vehicles/hour
{either autecs or trucks)
Speed = 60 miles/hour
L/5 length = 50 feet

The complated nomograph is included as
sketch 5,21,

Starting at vVolume = 1000, a line is drawn
to 60 on the speed scale. Whera this line
crosses the pivot line, a line is drawn to
L/8 = 50 feet. The Yesult is then

Lnp ~ Lig = 7% dBA.

Then,Lyp = L1p + 7% dBA.
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T Blease recall that this example concerned a
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YoLUME
L sar R single lane of traffic containing both auto-
mobiles and trucks, BAs the nomograph shows,
the barrier reduced the LNP slightly more
* than it did the Lig: 12.5 dBA compared to 10
dBA for automebiles and 8.5 dBA compared to
" 7 dBA for trucks,

For this example, the receiver was centared
a along the barrier. When this is not the case,
a different angle must be used for Lyp attan-
wation. This is illustrated in Fiqura 5.23.
For recelvers that are not centered, only a
" part of the full angle is used in the barrier
nomograph - just the centered plece, as
shown in parts {(b) and (c) of the figure.
As ls apparent, when the receiver is opposite
the end aof the barrier, the barriar angle be-
- ™ il comes Zero, and no Lyp attenuation is ob-
talned. Also, for receivers heyond the end
of the barrier, as in part {d) of the figure,
the barrier dees not attenuate the Lyp.

;E §i!ii§ ¥ ¥Eissss seessnz s

SKETCH 5.21
Therafore, when the raceiver is off-center,

the nemograph line will have to be reflected

b} Barrier Attenuatioen of Typ upward £rom a different angle to the Lyp
scale. In general, for off-center receivers,

the barrier has less effect upon the Lyp
than upon the Llo'

The barrier nomograph for Example #1 above
is repeated as Sketch 5.22,
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cl Lyp Addition

Addition of individual Lyp's to obtain the
overall Lyp is complex. 1Indeed, adding 70
dBA for automoblles with 75 dBA €or erucks
may yield 65 dBA for the total. This is
hardly normdl dbeaddition, Yet the addition
of automobiles to the truck noise can reduce
the fluctuvations enough to reduce the Lyp.

A raview of normal dB-addition is in order.
Table 5.3 is reproduced from Chapter 1. It
has been expanded to explicitly include all
half-integer values in the left column. To
add two Llg's by dbvadditien, first find
their difference in the left column. Then
add the tabulated value in the right calumn
£o the lapger Llp. The reader should be
very familiar with this process.

A similar procadure is followed for adding
two Lyp's, using Table 5.4 instead. First
their difference is found in the left col-
umn, and then the tabulated value is added
to the larger Lyp. Sketch 5.23 shows the
similaricy with the Ljp table. The com-
plexity comes in (l) choosing the proper
page of the tabhle and (2) chooaing khe pro-
par column of tabulatad values,

Lus ADDITION

THEN ADD THIS AMOUNT

WHEN Lya's
TO MIGHER Ly

CIFFER Y,

[ s o ¢ ¢ [

hich Pags ?

SKETCH §.23

Example 48
A single lane of traffic carriaes hoth auto-
mobiles and trucks.

Lio | "wp~%10| Lup

Trucks{| 7¢.0 12.40 82.0

Autos 68,0 4.0 72,0

First the proper table page must be chosen.
Trucks have the higher Lyp, which satisfles
Lyp = L1g = 12. This determines the page.
Sacond, autos have the lower Lyp, which
satisfies Lyp ~ L1g = 4. This determines
the column. Once these are determined,

then the addition proceeds as with normal
diR=addlition. The Lyp difference {10 4BA) is
found at the ‘left, and the corraesponding
table entry (=6 dBA) is added to the higher

LNP'
Therefore, the net Lup is 82-6 = 76 dBA.

Example #9

A single lane of traffic carries both auto~
moblles and trucks.

Lyg i Bwp=lyg | Lyp
i
' .5 .
Trucks 70 54J7 10 3.0
Autos | 61,0 | 2.5 3.5

First, the proper table page ls chosen.
Trucks have the higher Lyp, which satisfies
Lyp=Ljp = 10, rounding off to the nearest
even Lnteger. This determines the page.
Second, autos have the lower Lyp, which sa-
tisfies Lyp=L1p = 2, again rounding off to
the nearest even integar. Thig detarmines
the column, PFor this page and this column,
the Lyp difference (18 dBA) is found at the
left, and the corresponding table entry is
~4 dBA. Then the sum equals 8l-4 = 77 dBA.

When will Lyp-additien increase the total?
Exanination of Table 5.§ revedls that the
table entries are pasitive in the upper left-
hand corners of each page. Tha highast en«
try is +2 dBA, on the first page. Thils entry
is used when adding two identical noilses

with low fluctuations: the Lyp difference

is zers, and both noises gatisfy Lyp-Lyg=2
dBA. If we had entries for Lyp-Lag = 0 dBa,
then the table entry would be +3 dBA, as with
normal dB-addition. In general, these posi-
tive table entries oceur for low-fluctuation
noiges with nearly ldentical LNP's.
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Exampla #10

Next, another lane of traffic is added to

Example #5, The first lane is identical.
Lo 1iwpmhp | e
Lane l: | Trucks[.70.5] 10.5 81.0
Autos [ 61,0 F) [: 3]
7.0 B0 77.0]
Lane 2t | Trucks| 72.0 7.5 79.5
Autoa [60.51 3.0 [P

The results of the firat addition have been
circled. The Lyp result came from the
above example; the Lip sum was accomplished
by normal db-addition; the Lyp-L1g result is
the difference between these two.

This intermadiate sum i needed as a astart-~
ing point for the next addition, when the
second lane of trucks is added, For this
next Lyp addition, Eirst the proper table
page ia chosen. The %aecond lane of trucks
has the higher Lyp, which satisfias Lyp -
Lyg = 8, after rounding off. This deter-
m%nes the proper page. Tha intermediate sum
has the lower Lyp, which satisfies Lyp-Lig=6.
This determines the column. For this page
and this column, the Lyp difference (2 dBA)
is found at the laft and the table entry is
read as =1 ABA. The sum is therefore 79.5 =
1.0 = 78,5 ABA. The intermediate sum, in
total, is

Lyg | Eyp~Byo | I

74.5 4.0 78.5

Aa before, the Lj1p sum was obtained by nor-
mal dB-addition, and then the Lyp«Lig was
obtained by subtraction of the outet two
columns.

New we proceed to add in the second lane of
autos. Firat, the propar table page is cho=
sen. The intermediate sum has the higher
Lyp, which satisfies Lyp-Ljg = 4. This de~
taermines the page. 'The autos have the lower
Lyp. which satisfiea Lyp~Lig = 4, rounding
%E to the nearest even lnteger. This dater~
nas the proper column. For this page and
this column, the Lyp diffarence (16 dBA,
rounded up) is found at the left, and the
table entry is read as 0 dBA. The sum is

therefore 78.5 = 0 = 78,5 dPA. The Ffinal

tally is

g | Twp~R10 | Iwp ‘

74.5 4.0 73.5—1

The last lane of Aautos neither increased the
Lig nor decreased the Lyn.

The reader is ésked to work the

Problem:
Tallowing problem for himself.
- i .
19 | Lwp~Dyg, Dyp
Trucks 10,5 14.5 85.0 :
|
Trucks | 70.5| 14.5 25.0 ;
!
Trucks 75.0 10.3 85.5
Autos 73.Q 2.0 75.0
Sum 79.0 3.5 82,5

d) ‘worksheet for Lyp Addition and

Barrief Attgmmation o

Exactly the same pracedure is used to add
Lyp's, whether there is a barrier along the
raoadside or not. The examples above did not
include roadside barriers. If a barrier had
existed, then the with~barrier L;g and the
with~barrier Lyp would be car:ieé along in
the addition process in an identical manner.

Twao additions, one with and one without the
barriaer; must be carried cut to svaluate

the effactivenesa of the barrier - to deter-
mine if the barrier degreases the Lyp. A
worksheot for carrying out both of cgase ad=
ditions together is ineluded as Worksheet
5.2, The no-barrier addition is carried out
down the laft side, the with=barriesr additien
down the right side, Note that the L
barrier attenuation separates tha two sum=
mations. Also pote that the three right~
most columna are duplications of the Lig -
addition worksheet, Whenever this new work-
sheat is used therefore, the Ljp barrier
worksheat can be aeliminated.

Exapple #11

To lllustrate the use of this worksheet, the
barrier of Exampla #3 above will be tested

T |
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to see if it reduces the Lyp. The sketch
and worksheet for this example are repeated
ag Skctchas 5.24 and 5,25,

I-\ ?Sﬂ—-..._’.\-“_‘
1284

RECEIVER j

|
2

BARRIER

with distortad acala

oo ROAOWAY .

BARRIER
170

RECEIVER

SKETCH 5.24

In this worksheet, the traffic volumes
have baen changed from those used in
Example #3. The barrier attenuation,
separately for trucks and automobiles,
remaing unchanged of course.

The barrier shields the receiver from a sin~
gle lane of traffic that carries both auto-
mobilas and trucks. We shall procead from
the baginning of the problem, The traffic
parameters are as follows: 1000 autas/hour)
100 trucks/hour; 60 milea/hour,

. First, the L)g nomograph is used to ob-
tain the no=barrier Ljg's, as shown in
Sketch 5.26,

» Second, the barrier nomograph ia used
o pbtain the barrier attenuation for Lig,
as shown in Skatch §.27. The barrier at-
tenuation for Lyp lz also obtained in the
procass.

« ‘third, the Lyp nomegraph is used to gb-
tain the Lyp=Lyg, a8 shown ln Sketch 5.28.

« MNaxt the workshest is filled in, as
shown in Sketeh 5.29.

NRISP SOURCE Hf ARRRIFA 10 RARR Wi’ DARAITR
Lyn atten, bia
S B e
-
Trucks 72.5 ?oo 6505
weon || 7,0 10.0 S7.0
=735 aeb.Q
Tricky
hutes
Truskn
Autan
Trucks
Auton
- Teucka
Auton
Trucka
Autss
TOTAL 75.5 AL 660

an‘\' AARRIZA ATTENUATINN ?_l_S diL for L), I

SKETEH 5.2%

kia ] [*]
A 8 aBa FT VEH/WR
10 10,000
ua
0 10,000
Al 1000
b 3000
L <000
1000
pivaT
pnﬁr "© w 1000
08
Ioon

VEMCLE SPEED AND
PERCENT TRUCKS

PREDICTED
NOISE COBSERVER

LEVEL

SKETCH 5.26
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+ Finally, wa add down the columns for
both the ne-barrier and the with-barrier
cases, The Lj,'s are added by regular da-
addition using Table 5.3, The Lyp's are
addeq by Lyp=-addition using Table 5.4, The
resulting Lip's and Lyp's arxe shown at the
bottom. As can be seen, the barriar reduced
the Lyn approximately the same as the L,,.

Exampla #12

Lat us now reduce the height of this barrier
86 that it breaks the line-of-sight to the
autos by only 5 feet, and doas not break the
line-of-alght to the trucks. For this situ-
ation, the barrier will reduce the automo=
bile noise without reducing the truck noise,
Tha resulting increase in fluctuation may
vary well fncrease the LNP‘

+ The basic Ly, nomograph 13 unchanged.,

+  The sew barrier nomecgraph shows a re-
duction in the automobile noise by 7 for
Ljg and by 8.5 for Lyp. The nomograph is
le%t to the reader.,

* The Lyp nomograph is also unchanged.

+ The filled out worksheet is included
as Sketch 5.30.
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SKETCH 5,30

* Finally, we add down the columns for the
no=barrier and the with-barrier cases. The
results are shown at the bottom. As can be
seen, the barrier did reduce the Lj,. How=
ever, the barriey increased the Ly, result-
ing in no noise improvement.

The following problems are left to the
readex:

' It is desired to shield a ground~floor
receiver from a highway 100 feet from his
window (L/S distance}. The traffic includes:
16 trucks/hour and 1200 autemobiles/hour,
both at 40 miles/hour. Computed total Ljg
is 71.0 4BA. As a first desalgn, a barrier
is constructed 25 feet from the traffie, and
7 feet high, subtending 180 degrees at the
receiver. The terrain is flat, How much
will this barrier reduce the L1y? Answer:
1.5 dBh, to 69.5 dBA, below the FHWA stan-
dard, What will this barrier do to the Lyp?
Answer: lIncrease it 5 dBA. A higher batrrier
must be bullt to avoid detericraticn of the
noise environment.

+ The barrier height abaye the ground is
increased to 10 feet., MNow how much is the
Lyp reduced? Angwer: § dBA, to 63 dBA.
What will this barrier do to the Lyp?
answar: Reduce it 5,5 dBA.

+ Another regeiver's window is the aame
distance behind the l0-foot barrier aof pro-
olem 2, except that he is at the end of the
barrier, rather than centered. TRerefore,
the barrier subtends an angle of 90 degrees.
All other distances are the same, How much
does the barrier reduce this second recei-
var's Lyjg? Answer: 1 dBA, to 68 dBA.

What does the barrier do to his Lyp?
Angswer: it does not change it. Although
the barrier reduces the Lyg below the FHWA
standard, it dees not redice the Lyp, and
would therefore he difficult to justify for
this receiver alone.

5.3 BARRIER CONSTRUCTEION - ACOUSTICAL
CONSTRAINTS

The primary requirements of acoustical bar-
riers have already been discussed - the po=
sition, length, and required break in the
line-of-sight, L/S. The remaining constraint
- the required resistance to sound transmis-
sion - will be discussed in this section.

Ag Figure 5.1 indicated above, the noise
transmitted through the barrier can short-
circuit the barrier attenuation, resulting

in leas attenuation than calculated from the
barrier nomograph. To prevent this, restrice-
ticns are needed to the minimum allowable
surface weight of the barrier and the maxi-
mum allowable open area through the barrier
(slots, louvers, undercut openings, etg.).



BARRIERS - ACOUSTICAL CONSTRAINTS ]

BREAR 1IN L/5

POSITION

ANGLE SUBTENDED
- SURFACE WE|GHT

HOLES

5.3.1 Surface Weight

The technical term for the "resistance to
transmission* is the Transmission Loss, TL.
Thias i1s the ratio of lncident npise energy
to transmitted nolse energy.

[ TRaNSMISSION LOSS

INCIDENT oisE
TL = 10100 [ TRANSMITTED NOISE ]

The larger the TL, the less anergy gets
through. The TL of any wall depends in a
complicated way upon the wall's welght, stiff-
ness, loss factor, the angle of incidence of
the approaching noise, and lastly the fre~
quancy of the noise. It is beyond the scope
of thia text to describe the complex inter=-
play batween thase parameters. Instead,

we shall present some sonservative guide-
1ines here to avoid underdesigning barriers.

The surface weight density of the barrier is
the most important parameater affecting the
Transmission Loss. Heavier barriazs allow
lass noise to pass through., How heavy must
a roadside barrier he? This depends upon
tha attenuatlon expected from the barrier =
in other words, upon the expected reduction
in the noise diffracted over tha top of tha
harrier., For example, iE a barrier ig de-
aignaed to attenuate the diffracted nolse
only 5 ko 10 dBA, then quite a large amount
of noise can be allowed to pass through the
barrier without compromiasing the attenuation.
If however, the barrier is expected to pro-
vide 20 dBA attenuation over the top, then
it tmust be much heavier, to reduce the trans-
mitted energy a comparable amount. Our sim-
plified rule guarantees that the transmitted
noise be some 3-6 dBA lower than the noise
over the top. Therafore, the transmicted
noise will increase the total by 1} dBA, at
most.

The waight requirement is shown in Table 5.5.
For example, if the barrier ia designed to

reduce the diffracted noise 10 dBA then it
must have a minimum surface weight of 3.5
W/ftd. It can be heavier than this, of
course.

Two important points to remembar in using
the table:

+ The surface weight does not include tha
weight of bracing, framing, etc. It includes
only the weight of tha skin material. In
domz cases such framing can be included in
the welght caleulatlon (for orthotropic,
stiff panels, for example), but it is bayocnd
the scope of this simplified table to in-
clude such cases., Do not use the weight of
framing members,

+ The transmitted.noise must be compared
to the noise diffracting over the top of the
barrier, The left column in the table is
the attenuation of this diffracted noise,
This is obtained from the barrier nomograph,
asguming the barrier subtends 1B0 degress.
This is the attenuation over tHE‘EEE%—_TFor
smaller angles, the nomograph gives the net
autan?atian = over the top plus arcund the
ends.

It is a common designh error to design very
high barriers that subtend only a small an~
gla. A small piece of the noise, from di-
rectly in front of the receiver, is thereby
reduced greatly, while the great hulk of the
noise is not blocked by the barrier at all.
As can be seen from the nomograph, for ex-—
ample, a 50-degree barrier lets so much
noise around its ends that it cannot pro-
vide more than 1.5 dBA reduction in the Ljg,
no matter how much it breaks the line-of-
sight. If this is not noticed, the barrier
w#ill be buillt much higher than is of any
usa. For such cases, Table 5,5 will also
cause an overdesian in the barrierx weight.
Both design errors go hand ip hand and
should be avoided.

In some cases, this surface weight table is
very conaervative, Technically, it assumes

a critical frequency in the worst range

(500 to 1000 Hz), and assumes no extra be-
nefit from a high sub-panel first resonance
or from a double wall construction. For

this raason, it may be desired to measure

the Transmission Loss of a proposed test
panel. fThe facilities of an approved rever-
perant~toom test laboratory must be used,

The technicians will measure the TL in third=-
octave bands, and will be able to compute the
net TL for A-waighted automotive noise, us-
ing the spectra in Chapter 2. What must he
detarmined? The A-weighted TL, far traffic
spectra, must he at least d-6 dBA greater
than the barrier attenuation of the diffrac-
ted nolse ovar the top of the barrier. Ag-
sistance ls reccmmended hare.
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5.3.2 Holes in Barriers

How much do holes compromise the Tranasmission
Lo2a of barriers? More than would bo expec~
ted, by far, For example, let us assume we
have 80 dBA at the source side of a barrier
and that the TL of the barrier is 30 dBA,
Without holes, the noise on the opposite side
would be 50 dBA. Now let us open up one-
tenth of the area of the bharrier, The bar~
rier surface is now 10% open, What is the
et TL of the barrisr-plus-hola?

First, ninety percent of the noise energy
hits the barrier itself and 1ls reduced by
JO dBA. HNinety percent is converted to
decibels using Table 5,6. From the table,
ninety percent of 80 dBA is B0~0.5 = 79,5
dBA. In decibels, nearly all the energy
hits the barrier itself, This 79.5 is re-
duced by 30, ylelding 48.5 dBA.

Second, ten percent of the noise energy

hits the hole, and ia increased by & dBa.

From the table, 10 percent of 30 dBA is 70
dBA. This is increased by 6, yielding 76

dBA, Fipally, the total energy ls the db-
sum of 49.5 dBA and 76 dBA, which is 76 dBA.
The barrier has provided only 4 dBA reduction.

One reason that the hole compromised the
barrier attenuation so drastically iz due to
the logarithmic nature of noise. The bar-
rier itself’'essentially eliminates 90 per-
cent of the noise energy, but this is only

a reduction of 10 dBA. Even more extreme,
i1f the barrier got rid of 99 percent of the
noise energy, the reduction would be only

20 dBa.

The second reason for the poor performance
of the barrier-with-hole is the § dBa in-
crease in noise through the hole,

| woLE ampLiEicaTION |

Tlhuoue = =5 d8a

This increagse is dues to so~called "pressure-
doubling" at cthe barrier's surface. More
enargy passed through the hole than was
straight~incident on it. The phenomenon is
complex, but real. A very good absorptive
treatment of the source side of the barrier
cah aeliminate this & dBA amplification
through the hole. In the example, then, the
nek attenuvation would be 10 dBA. The ahsorp-
tion must ba braad-~bapnd, rather than confined
to discreet frequencles, such as provided by
resanant absorbers.

Tahle 5.7 combines these phenomena to indi-
cate the maximum Transmission Loss of a bar-
rier with a hola. As can be seen, very
amall holes indeed can put low limits on the
TL of barriers.
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Holes in barriers provide two further compli-
cations.

« The 6 dBa amplification discussed above
is due teo an averaging over the entire fre-
quency range. Throughout most of the range,
the noise ia attenuated, But at the reso-
nance f£requencies of the holes, it is am-
plified, sometimes by 15=-20 dBA, The re-
sulting nolge through the hole ls not only
amplified an average of 6 4PA, but its cha-
racter can be changed from a broad-band
nolse to one with discreet pure tones.

These pure topes would be mors cbjectionable
than their A-lavel indicates.

« Pigure 5.24 demonstrates another com=
plication due to holes. When a barrier is
slotted vertically at regular intervals, the
slots could behave as a diffraction grating.
The noise emanating from a single saurce
passes through all the slots and can produce
sharp construetive interference bands on the
receiver side of the barrier. The more slots
the more localized would be these bands of
constructive interference. As the truck
meves along the highway, these bands would
move with it, sweeping past the receiver.
The effect might be similar to an explosion
or cannen shot as the truck passes by.

5,.3.3 Absorptive Barriers

In Figure 5.1 above, the reflected energy is
shown to be important for receivers on the
opposite Side of the roadway from a reflec=-
tive barrier. In Example #6 above, the af~-
fect of this reflected noise was calculated
explicitly. If the barrier walls could be
made acoustically absorptive, then this re-
flected component would be reduced. In some
cases, this would provide significant bene=-
fit to the opposite receivers.

How much is the reflected noise reduced?
This depends upon the absorption coefficient
of the barrier wall. For a full answer, the
absorpticn coefficient must be known as a
function of frequency., Then the traffic
spectrum (most impocrtantly the truck spec-
trum) is reduced by the absorption at each
frequency, to obtain the reflected spectrum.
After the A=-level of this new spectrum is
calculated, it is compared to the original
A=leval to obtain a reduction in dBA. This
preocedure is cumberseme, and can generally
be simplified as described below,

A single~number absorption coefficient is
catalogued by the Acoustical and Insulating
Materials Association. This single-number
coefficient is called the Noise Reduetion
Coefficient, NRC. It is an average of the
absorption coefficients in tha frequency re-
gion f£rom approximately 200 ta 3000 Hz,



NOISE REDUCTION COEFFICIENT |

NRC - Aﬂﬁnn m* Ablmm * ADSong ny * ABSyo0nm;
4

Since these frequencies are most impartant
in speech communication, and since the A~
level of traffic noise is controlled by the
enargy in this frequency region, we can use
this single number NRC, For any NRC, the
reflected noise level is reduced by the
amount shown in Table 5.8. The mathematical
relation is

Reduction in level = 10 log[I-:31ﬁ5§

If a barrier wall is absorptive, than the
reflacted lovel should be reduced by the
amounit in the table. Nothing else is
changed in the calculation.

It is necesaary that barrier absorption be
“broad band". 1In other words, the barrier
should absorb energy aver a broad range of
frequencies. Most absorptive surfaces do
have broad-band absorption, with correspond=
ingly large NRC's., Some structures however,
only absorb energy in narrow frequency bands.
Such structures include Helmholtz resonators
and aimilar resonant=-cavity structures.

Such structures leave most of the energy
upabsorbed, and have resultingly low NRQ's,
The bulk of the broad=-band traffic noise will
not ha absorbed, and the A-level will ba re=-
duced very little.

a) BRecoivers Opposite the Barrier

How important 1s this reflected noise for
recelvers opposite the barrier? When the
direct nolse ls blocked by a baxrier, then
the unblocked, reflected nolse ean control.
In such cases, barrier abseorption can sig-
nificantly benefit the receiver. When the
direct nolae 1s not blocked however, then
the reflected noise can add 3 dBA at most,
ginca at moat it can double the energy at
the obsarver. Usually it does not fully
doubla the energy, since the reflected noise
has further to travel te the receiver,

With no absorption, the resulting in-
crease is usually not sighificant; little
bhenafit would be derived from making the

harrier absorptive.

For depreased roadways, with vertical retain-
ing walls on each side, multiple reflections
may be important, Insufficient information
ia known aboui this phenomenon to estimate
the reverberant build-up and resultant spil-
lage of nolse out of the depressien. It ls
suspacted that when both the direct noise
and the first~reflected noige are shielded

from the receiver, then this additional con-
tribution is impeortant; otherwise, not. A
planned DaT study should anawer this impor-
tant question.

b) Drivers Within Vertical Depressjons

How important is this reverberant build-up
to the driver in such a depressed section
{with vertical retaining walls)? Again, the
answer awaits further atudy, An upper and
lower bound on the noise level can be esti-
mated howevar.

Upper bound: The noise inside most existing
tunnels is certainly an upper bound on the
noise in vertical depressions. In such tun-
nels, the lack of shoulders, the narrow lanes
and the low ceilings all increase the rever=-
berant build-up beyond anything that would
be encountered in vertical depressions. The
lack of a roof aver depressed sections will
allow moat of the energy to quickly escape
and not contribute to the reverberant field.
Neise in such tumnels is certainly ah upper
bound.

Lower bound: When driving alongside a single
wall, the driver hears the reflection of his
own noise (mostly tire nolse) from the wall.
If he ig a shoulder-width from the wall, then
it sounds the same as another car travelling
with him some three lanes over {the shoulder,
the reflected sheoulder, and his reflected
lane). This is a lower bound on the drivar
neige in a vertical depressicn.

I BRIVERS wiTHIN YERTICAL DEPRESSION ]

NOISE LESS THAN IN TUNNEL

NQISE QREATER THAN DRIVING ALONGD
SINGLE WALL

¢} Increased Harrier Attenvation dus to
Ausorption

When noise is diffracted over the top of a
barrier, absorption along the top edge and
on the faces of the barrier c¢an reduce the
diffracted noise level by several dBA, above
the amount predicted by the nomograph. The
actual amount depends in a complicated way
upon the angle of approach relative to the
barrier {and even the angle of ratreat from
the back aide of the barrier, 1£ this side
is alao absorptivel. In mractice, no mare
than 3 dBA can be obtained by such absorp-
tion, even 1f the absorption coefficient is
unity. An additional 3 dBA c¢an ganerally be
obtained with a higher barrier at much less

cost.
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5,3.4 Nan-acoustical Censiderations in
Barrier Design

It is beyond the scope of this text to dis-
cuss non~acoustical consideration in detail.
The highway engineer is generally better ag-
quainted with the non-acoustical canstraints
than are the authors of this text.

Chviously cost and esthetlcs are important.
Costs vary consgiderably from barrier to bar-
rier, depending in general upon the height
required and the construction materials,

The cheapest barrier is generally the earth
berm, which at times cap be built from sur-
Pluas £ill at very low cost. The esthetics
of garth berms are also generally superior
to other types of barriers, Landscaping can
virtually hide berms from sight, or disguise
them as natural hills. Even depressed sgec-
tiona, with retalning walls, can be improved
asthetically by breaking the-interior wall
with a ledge and slight set=-back. 1If the
retaining wall is continued upward above the
terrain, by perhaps ten feet, the terrain can
be sloped upwards toward this wall to leave
only a five-foot wall exposed to the neigh-
bors. Many esthetic improvements have been
suggested by both architects and enginears
who have examined the feasibility of noise
barriers.

Barriers on both sides of a freeway tend to
dacrease the air qualiey for the drivers.

Even single barriers can cause significant
snow drift. At times, barriers may interfore
with neceasary sight-lines for the driver, if
care is not taken. And of course, free-stand-
ing walls must be able ta withstand large
wind loadsa.

The problema are solvable barrier~by-barrier,
with imaginaticn and geed engineering know-
ledge. .

5,4  NOISE CONTROL DESIGH OTHER THAN
ROADSIDE BARRIERS

Beside the construction of roadside barriers,
other methods are available to reduce the
nolse impact adjacent to highways. Some of
these, such as the use of quieter pavement
materials, have been discussed above. Oth-
ers involve common~sense application of the
propagation laws for highway traffic noise.
¢thers, such as atmospherics, provide no
parmanent relief. For completeness, all
will be listed here. Rather than repeat in-
formation given above however, this section
will be devoted to pitfalls that may be en=
countered when putting these methods into
practice.

a) Atmaspherics

At any given time, atmespherics can signifi-
cantly reduce the noise level, and thereby
confuse the results of single noise measure-
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ments. Averaged out, however, they provide
no permanent noise reduction, except in the
mast unusual circumstances.

b Grade Separation

Traffie signals are eliminated by grade se-
parations, and therefore the more annoying
stop~and-go-traffic is eliminated. Whethar
or nct this produces a net benefit is ambi-
guous, nowever,

Where most traffic is passing through with=-
out turning, the benefit is generally signi-
ficant; where a large percentige of the traf-
fig is turning, there is gensrally little
difference, Even though the stop-and-go
trafflc at the signal is eliminated, the
turning traffie will scill accelerate onto
the freeway. This full-throttle accelera=-
tion produces much noise.

In additien, the on-ramps may be located clo-
ser to residential areas, because of the
groater land area reguired for such inter-
changes. Also, some ramps, or even the main
line, may be elevated above the terrain,
thereby decreasing the shielding from the
terrain, It is definitely a good design po=
licy to depress the main line at such grade
separations. In this way, the loudest traf-
fic¢ is shielded by the depression, and up~
hill grades are not required for the on-ramps.

@) Decks Over Depressed Roadways

Decks aver depressed roadways obviously re-
duce the noisa adjacent to tha highway. The
amount of actual reduction depends upon the
Transmission Less of the deck itself, In
urban situations, it nearly always reduces
the noise below the general ambient - in
other words, it esasentlally eliminates the
noige for completsly decked roadways.

At times, vent openings are left in the

deck. Such openings seriously compromise

the noise reduction of the deck., The amount
of compromise is always serioud; but is very
difficult to compute, It depends upon the
size of the vent opaniny, its relation to

the various lanes of traffic underneath, and
the amount of agoustiq absorption insida the
decked area. aAlso, the noise will emanate
from the opening with different intensities
in different directicns. Without absorption
in the tunnel, nearly all the noise energy
will escape through the vent epening, no mat=-
ter hew narrow it is (for practical size
openings). Since the effective source is

now narrowed to a thin vent opening, shield-
ing of the receiver may be easier than from
the entire undecked roadway. Apart f£rom this
however, little benefit is gained without ah-
sarption. If the tunnel has absorption, then
the deck can provide significant benefit,
even with vent openings,



. usually dreat.

The seriousness of nolse emanating from the
portals of tunnels is generally overrated.
Figure 5.25 shows noise contours around a
typical tunnel portal. Half of all the
anergy generated within the tunnel is assumed
to he emanating from the portal. Even so,
tha resulting bulge in the noise contours is
amall. 'The noise generated by the traffic

in direct view outside the tunnhal predomihates

over the portal noise. Furthermore, spheri-~
cal spreading was assumed from the portal,
whan in faet the noise is more likely to be
aimed somewhat down the roadway, where it is
aven more affectively masked by the outside
traffic noilse.

Although most deck structures are very sub-
astantial, noise and vibration passing through
tham must be considered 1f sensitive air-
rights usas are contemplated. The prohlems

are very complex, but amenable to an engineer-

ing solution. DLfficult trade~-qffs must be
made between cost and weight of the deck and
tha chance of success.

d) Righte=of-way Acquisition

Purchase of additional right-of-way can be
effective in preventing future sensitive
land use from developing directly adjacent
to a highway. The additional land needed is
For example, if the egquiva-
lent distance from the highway to the right-
of-way fence is Llnitially planned as 150
feat, then this must be ipcreased to 300 feet
to gain 3 to 4 dBA reduction ln noise at

the fence. Generally the increased dis-
tance alone will not provide enough reduc-
tion to justify the cost. Howaver, if the
additional pight-of-way is heavily wooded,
then the additional distance, plus the tree
attenuation, can be very effective, For ex-
ample, if the additional 150 feec i3 wooded,
then some 5 to 10 dBA additional attenuation
will be derived From the trees. This, added
to the diastance attenuation, results in a
total reductiocn of some 8 to l4 dBA, very
significant. Such a combination of effaects
is far better than allowing devaleopment up
to tha 150-foot fence, with the resulting
loss of the treas.

el Change in Alignment

Changing the alignment can produce very sig-
nificant changes in the noise impact. The
banefit depends completely upon the ralative
positions of the hilghway and the adjacent
land uses for the two alignments, However,
a slight shift in highway position away from
a sensitive land~usas generally results in a
negligible raduction, since the distances
would have to be doubled to yield 3 = 4 dBA
reduction. Sometimes the alignment ¢an be
judiciously chosen to presarve shielding by
heavy woods or by the natural terrain. Some-
eimes a shift of only 100 feet can preserve
a small knoll that was effectivaely shielding
a row of rasidences, for exampla.

£) Use of Quieter Surfaces

Although the caleulation procedure allows a
5 dBA reduction for quiet roadway surfaces,
this ls generally not attainable. First,
guiet means slippery; such surfaces are very
rarely used for new highways. Second, the
benefit applies only to automebiles, and the
Lig is eften contrelled by trucks.

New surfacas will require detailed measure-~
ments before thay can be certlfied as “"gquiet-
er®, It is not necessarily true that a
quieter ride, judged from inside the automo-
bile, means less noige outsidae.

q) Heavy Woods and Shrubbery

The tabulated values for attenuation due to
heavy woods is given in Chapter 4. It is
necessary to warn against a quick measure-
ment of tree attenuation, sometimes attempted
to justify larger attenuations than tabu-
lated, Such measuremants are subject to all
sorts of error, some actually tainting data
in the professional literature. Tha attenu~
ation is not linear with distance; some edge
effects are significant; wind and thermal
gradients often produce additional attenua-
tion, transient in pature; in a similar way,
ground reflection can introduce serious
errors. The attenuation ascribed to heavy
woods in the Transportation Systems Center
computer program is very optimistie., It
should not be used. For the same reason,
the TSC attenuation ascribed to tall grass
and shrubbery should not be uaed.

h) Intervening Rows of Buildings

Tabulated attenuation values wera given in
Chapter 4. Thaese should only be used when
the buildings actually bleock the lines-of-
sight from the roadway to the raceiver. Fer
tall apartment buildings looking over single-
Eamily structures, no attenuation is obtained.
Similarly, for elevated highways, less than
the tabulated valuas are often abserved.

i) Ground Effect

one additional phencmenan must be discussed
at this time. When noise travels from
source te receiver above the ground, it tra-
vels along two separate paths - one directly
to the recaiver, and one reflected from the
ground. The situation is Lllustrated in
Figure 5.26.

Noise arriving by these two paths ls coherent;
the two contributiens may therefore lnter-
fare with one anather, as in the analogous
optical situation. Whether they interfere
constructively or destructively depands up-
on (1) the path length difference of the

two rays and (2) upen what happens at the
raflection, For source and receiver clode

to the greund, and for large sourye-recai-
ver distances, the path length difference

i
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is nearly zers for all audible frequencies.
For a mirror-type reflection, this would
cause the two rays to constructively in-
tarfere (add] at the receliva:r for up to a
6 dBA increase in level., Howaver, over
soft ground, there ls a phase reversal up-
on reflection, for small grazing angles.

As a result, the two rays destructively in-
tarfere. The resulting reduction in the A~
level at tha receiver iz often severa. It
is not uncommon to experience a 10 ~ 15 dBA
raduction in noise level for distant re-
caivers, The phenomanon regquires relatively
£lat terrain between the racelver and the
great bulk of the roadway. Moreover, the
affect is less for trucks than for automo-
biles, and far less for receivers on the
second and third floers than for ground~
floor receivers. Although no attempt will
be made here to further, explain the pheno-
menon, its consequences will be pointed out:

+ Some 10-15 dBA additional noise reduc-
tion can be ghtained for ground-floor re-
celvars when the terraln is nearly flat and
the noise is dominated by automcbiles, for
receiver dlstances greater than several hun-
dred faet.

s+ Vary little reduction is afforded re=
calvers at second and third-floor elevations.
In fact, this phenomenon accounts in part
for the obaerved increase in hoisge between
;hgnfi.rst, and second/third floors (Figure

« Since the mathematics in the TSC compu~
ter program ignores this phenocmenon, it is
more likely to correctly predict upper-floor
nolse than ground-£loor noise. The data up-
on which NCHRP Report 117 is based were ob-
tained at ground elevation, and presumably
have this effect incorporated, especially
aince most of the data were taken in simpli-
fied (flat) gecmetry cenditions.

GROUND CFFECT

IGNOAED (H 78C ——= vALID FOR UPPER PLOORS
INCLUSED IN 117 =meesn vALID AT GROUND ELEVATIOR

5,5 NOISE CONTROL NOT INTEGRAL WITH
HIGHWAY DESIGN

The thrust of this chapter has bheen to give
the reader thae skills to build noise control
into highway design. Aalthough not within
the highway engineer's direct influence,
noise control ls possible on two other
fronta: at the source of the noise, and

at the receiver's end.
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NON-HIGHWAY NQISE CONTROL

e QUIETER VEHICLES
® LAND ZONING

& {MPROVED QUTDOOR~-TO-INDOOR
NOISE REDUCTION

§,6.1 Hoise Control at the Soupce

The Departmant of Transportation is current-
ly funding three projects to design guiater
(slow-speed} trucks. The goal is to reduce
the emission level from the present average
of B7 dBA down to 75 dBA (at S50 feet, full
threttle), It is likely that such efforts
will succeed in tha pear future. This reduc-
tion will bring a very substantial reduction
in urban truck nolse, where the noilse is de-
minated by engine and exhaust. At freeway
speeds, howevar, tire noise ramalnsg an un-
solved problem and puts limits upon the a-
chievable noise reduction.

Wa have looked several years into the future
and estimated an intermediate, half-quist
freeway truck, We have not assumed the ulti-
mate goal of 75 dBA trucks, nor have we just
considerad the first step in enforcement =~
the 90 dBA limit of california, We have es-
timated a half-quiet truck pepulaticn go-
verned by an 86 d8A truck limit. The qulet-
est trucks have not changed, but the noisier
ones have been successfully contrelled to B8
dsa, at freeway speeds, We assumed that 10
percent of tha trucks would violate the limit,
in the same pattern as now exists in Callfot-
nia.

The noise emission levels for present-day Ca=
lifornia trucks ave shown in Figure 5.28,

The percentage of trucks above any gliven
noise emission level can be read directly
from the graph. For exampla, 10% of the
trucks (read on the vertical axis) are above
90p dBA {read on the horizental axis). On
this type of graph paper, the vertical axis
is distorted so that a& Gaussian distribution
will plot as a straight line. Ad can be seen
from the figure, the California truck noise
emigsion levels approximate a Gausaian distri=-
butian,

Two characteristics of these Californla da-
ta have been used to approximate the half-
quiet truck distribution: (1) 8% af the
trucks in California are below 83 dBA; and
(2) 10t of the trucks are above 90 dBA, the
current California noise emission limit.
The half-qulet truck distribution shown in
this same figure was constructed to dupli-
cate the B% below 83 dBA, and to duplicate
l0% vioglators above an 86 dBA emission li-

mit, Figure 5,29 shows tha same infermation



drawht in histogram form. This makes the
Gausslan characteristic of the distributions
mora apparent.

How much benefit then can we axpact from
these half-guiet trucks? How much will they
reduce the Lyg and Lyy adjacent to fraeways?
Such an annlygis haa recently been made a-
long an east-coast interatate, for typical
traffic conditions dominated by trucks.
Close to the freeway, the Ljp would drop by
only 2.5 dBA, the Lyp by 8 dBA. The benefit
is significant, but not sufficient to elimi~
nate the impact.

In summary, freeway noise will be signifi~
cantly reduced by quieter trucks, but not
aufficiantly reduced in the foreseaable fu-
ture to satisfy the needs of the adjacent
communities. '

5.5,2 Noise Control at the Receiver

a) Noise Zoning

Proper zoning along newly constructed free-
waya can greaktly reduce future noise impace.
Highway cfficiala have been asked by the
FHWA to encourage such zonlng., The diatances

involved are generally large, unless heavy
woods and/or industrial buildings provide

additicnal shiclding.

o) Improvemant of Qutdgor=to=Indaor
Noise Reduction

For public buildings, PPM 90-2 authorizes
money to be spent to improve the outdoor-to-
indoor noise reduction of the structure, It
is beyond the scope of this text to discuss
the engineering principles and procedures of
use here, It is generally difficult and ex~
pensive, The tabulated values for average
cutdoor-to-indoor noise reductlions are re~
peated from PPM 90-2 in Chapter 1,
This table provides some estimate of the
increase in noise reduction possible from
one situation to another.

Measurement of this indoor=tow~outdeor neise
reduction can be difficult. Simultaneous
tape racordings are generally required to
allow. correction for the source spactrum
used, Estimates can be made of the noise
reduction from knowledge of the wall and
window areas and Transmission Lossaes, the
saurce spectrum, and the so-called indoor
Reom Constant.

Table l.6.

§o-

Lo

R

[

1



N |

3 3 i3 i1

i

s

(S

ROADWAY
BARRIER

FIGURE 5.1 NOISE PATHS FROM ROADWAY TO RECEIVER

ROADWAY

-

-

BARRIER

RECEIVER

FIGURE 5.2 SHORT=-CIRCUIT OF BARRIER AROUND ENDS

INFINITE ROADWAY
BARRIER
—-——— S— ’ —_—
1208 500°
300 ip° ‘
i o 3 _
0BSERVER
FIGURE 5.3 ROADWAY SEGMENTS WITH UNIFORM BARRIER
CHARACTERISTICS
5-33




e

ANGLE

DIFFRACTION

f N\\
H
4 LINE OF SIGHT &

8

D

/

/ ACOUSTIC - 7/
SOURCE gaRRiER RECEIVER
FIGURE 5.4 BARRIER PARAMETERS

EQUIVALENT ssERVE
LANE ~ oy, OBSERVER
n—Da-—-—-
DR )
-~ 10 T T TTTTT T T T T —
g F HE/Dy -
0
B0
=
0.3

i L = -

@ -1 Lo ——

2 L 40| oS

[~

ooyl L
0.0l ol 1.0
H2/Dg
FIGURE 5.5 BARRLIER ATTENUATION, PER NCHRP REPORT [I7
ROADWAY
SEGMENT 8 A;RIER
= 7 -
Infinite -Ratie a/3
Barriar
Performance a4.1.2].3{.41.5].6}.7].8 21,0

=5 B B0 | ~L <L |~L <2 <2 |<3 |4 | b | -5
=10 dB 0 D [=l]|=[=2|=3]=3]-4]|=£ =7 | =10
=15 dB 8] 0 {=Lf=2|=2 [=3|=4]=5]=7 |=10 |=15
FIGURE 5.6 ADJUSTMENT TO BARRIER ATTENUATION FOR

AN gt

FINITE BARRIERS,

§-34

PER NCHRP REPORT 117

0
—

7% i

| I

| J



B e ——————

NOLLYANILLY
drHyva

7'—10
ANGLE
SUBTENDED
20

L/s

L/8

. =
_ S
_ £
' /2]
: (o]
; o
| . o)
| | =
; $/71 NI XY34E HIINYYY . %

. o @
' 3
e LT e O e A R R o B e S e O e B

FIGURE 5.7 OVERVIEW OF BARRIER NOMOGRAPH

i

§.35

|



BREAK

ROSITION

L [+ 4
Q & ]
& - -
2 [ v}
a g &

o #

FIGURE 5.8 BARRIER PARAMETERS FOR SIMPLE

BARRIER, SECTION VIEW

\ |

PASITION

RECEIVER

SOURCE

FIGURE 5.9 BARRIER PARAMETERS FOR DEPRESSED
ROADWAY, SECTION VIEW

P

BREAK
Ll
posITION -TENe
e

rs
W
& 8
FIGURE 5,10 BARRIER PARAMETERS FOR ELEVATED
ROADWAY, SECTION VIEW :
——— ROAQWAY ———
BARRIER
h] A 4
ANGLE SUBTENDED 3
’ [+
5
1
]
&=

FIGURE 5.11 BARRIER PARAMETERS, PLAN VIEW

§-36

1

i

i

1 1

S S|

-

B

e
g



BARRIER NOMOGRAPH

[Eien)

1

m 3t . .m

51 -

3 f E
. : j

£ £ i EH .

== m u ¥

g3 5 8 & 1 5
3 il = S I m

o] : | 25 = = : -

3 = S E4 Ll e

4

m"n
}

g

!

il

t

Engineer:
Dale;
'—“a

-

|LAE OF_stanT (L/s)

i

| PSS U TEY M S S
CERLE - X
RN

3y

ita

WS TR RERg

Borrler Descriptiom

Projach

30 -
(L]
: I




DEPRESSED ROADWAY

L ﬁ"'“--l..__
ELEVATED (. o m—bss
ROADWAY 8 S ——

!u...___.-_.

-

A

SOURCE
RECEIER #1

FIGURE 5.13 DEPENDENCE OF BARRIER ATTENUATION UPON

DISTANCE TO ROADWAY

RECEIVER #2 |4

JUST QUTSIDE
SHADOW ZONE

SOURCE
BARRIER
RECEIVER }=

FIGURE 5.14 RECEIVER JUST OUTSIDE SHADOW

5«39

Z0NE




-

NG ATTENUATION

MORE EFFECTIVE
BARRIER ONLY

SOME ATTENUATION,
WHICH NOMOGRAPH

d IGNORES
FIGURE 5.15 COMPLEXITIES
ROADWAY
‘g‘é —
73

5 FLOORS

85

\.

7 0 armn

5 FLOORS
m/
i

FIGURE 5.16

\ 3 FLOORS

50, 50

— ]
0 20 40 60

EXAMPLE OF URBAN SHIELDING

_5-40

H

P4

“r

IR T

]

\1, -;A

T

-

It

i

r—

P



J

=

-3 1=

L

Il

(S

[

=

P AL LT R i Yy sy T

. 3
A L}
P —

—

be o

r

e

{

-

PROFILES

CORRECT

MEASURE THIS
DISTANCE DIRECTLY 2323:,55(

INCORRECT

.""‘"-_'--—_A *
BARRIER
ROADWAY

FIGURE 5.17 PRECISE BARRIER ELEVATION -~ RELATIVE

T0O ROADWAY
BARRIER DESIGNED FOR RAMP
ALSO BLOCKS MAIN LINE NOISE
i
|
t
(IO i
! °
H
d
= &
| 5
= a I}
— - %]
<L
= & &

FIGURE 5.18 NOISE CANNOT PASS UNDER ELEVATED BARRIERS

8-41



S P S,

SECTIONS

5 dBA REDUCTION

C~5 dBA REDUCTION

- 30 dBA REDUCTION

SOURCE
BARRIER
RECEIVER

TSC Computer Attributes 5 dBA to All 3 Cases

FIGURE 5.19 ERRONEOUS BARRIER ATTENUATION FOR
VERY LOW BARRIERS

MIDNIGHT
3 804 - PEAK
o 6oF
2 sof
_Ij ————
< 9oF 20
3oF
Tl !
T
0 s IME
g 80 :EE’AK
80
§ sol- RUSH HOUR
4 40
30
Tl ]
s TIME

o}
FIGURE 5.20 S5-MINUTE HISTORIES

5-42



. |

i
i,

(.

(.

]

v e
| e
nf

!‘ 2

A

L

L3

S Tk e ety
r" -3
3

T [v-w— —
{,(JA_,. T

.1

NO BARRIER

TRUCKS :gmo — Lya= Lo .
o NO BARRIER
Lur
AUTOS Ih-lgMO 1 Lpp— Ly
COMPARE
WITH BARRIER
. .| BARRIER
TRUCKS Lyp o S
WITH BARRIER
L
BARRIER
AUTOS Lyp — NOMO

\—Samo Neme as Lo

D = Addlitional Steps

FIGURE 5.21 OVERVIEW OF LNP CHECK ON BARRIER DESIGN

5-43




VOLUME
10 =~

20 -

30 o
40 -
50
60
a0 o

100 —

200 -

300

400 -]
200 —¢
400 -
800 -

1000 —

2000 -

3000 -

4000
3000
0000
o000
15,000 ~

[TIRR |

20000 -
veh/hour

lyp= Lo NOMOGRAPH

PIVOT

»

>
Ll e abeve s lrapaibanns

[
I}

3
dBa

FIGURE 5.22

5-44

LENGTH OF
LINE-OF-S1GHT SPEED
10— 10
20 = 40
20
50
40
80 — L
60 -
0 - 40
100 —
200
- 30
300
400 .
500~
600 -
800
wooﬂ | 20
faet Milas/ hour
EXAMPLE
o | | LmnE e

H o

i1 3% §
At L

e
gy ma

B I

.,...__
H

"

A

L

E— r—

|

,r.
.

|

-

[\:’ 3



i~

.

1

J—

s S s N o B

1

=1

-

o L I

| I

{a}

(b}

(e)

{d)

[FLAN]

ROADWAY —

BARRIER \A&LE/

&

=

td

&

4
® NONE

FIGURE 5,23 ANGLE SUBTENDED FOR Lyp BARRIER

CALCULATION

x
o
2
[+
=

RECEIVER

FIGURE 5.24 DIFFRACTION GRATING EFFECT

OF SLOTTED BARRIERS




B

PORTAL ) ;

ROAQWAY ' P
g% ITUNNEL

k&4

4

n

/ )

- T

88 F
dBA L
Nola: 40001t of Traffiy
O eide Tonnel A B -
{1
FIGURE 5.25 NOISE CONTOURS AROUND A TYPICAL b
TUNNEL PORTAL ) -
I
DIRECT PATH .
. —_— ——— ® sRounn =
1
REFLECTED PATH =
8 >
z W ¥
3 & -
FIGURE 5.26 |LLUSTRATION OF GROUND EFFECT PATHS i
o
GG d8A 64 dBA I“‘
28t ABOVE TERRAIN
G8dBA e
e
70 dBA 62 dBA
—_— bt
€0 apA b
4-8 LANE 2____.-——53 4BA
ROADWAY GRASS LAND '
I R R ] M a
] 50 100 200 300t FROM EDGE
QF PAVEMENT
Adaptad from Fig. 3 National Physico! Laboraiory Report Ac 37, July 1972 ?‘
~dmd
FIGURE 5,27 INCREASE IN NOISE LEVEL WITH
INCREASING RECEIVER HEIGHT ‘

5446



oy B e e e e e

)
!
g
|
|

29,9
2 I I I I
920 o 245 CALIFORNIA HEAVY TRUCKS [ |
~ 995 hY ON 1-80 + [-580 (1971) ||
2 \
o o9 \
I o8 i
- HELD UNCHANGED
- Wa
> I,V 30
; 90 .
[
2 \\ 4 HALF-QUIET TRUCKS
E . \\ ] l-;l MEAN s B4.2 dBA
W 10 w o = 1,5dBA
o a0 \ \\ ;
b AN 8
g oo T\ B |
By 0 \ Z 20
T g o A\ |~ospLaceo qaa g
~ Y 20 i
. ) -
= \ g
a - Y
£ 0 \" o GAUSSIAN RIT TO 2 CALIFOINA o o 4o
% s \ CALIFORNIA DATA_ E / pa oA
H | ASSUMED T
e /2 i) W :
1.0— -
E o4l _TRUCKS =7\ AY g
= \ &
a.2 [
. \
2 o ! :
0.05
,/,
OIOlTﬁ 80 45 20 08 100 105 o a0 as 20 as 106 105
TRUCK EMISSION LEVEL [dBA AT 50FT) TRUCK EMISSION LEVEL {dBA AT 50 FT)
FIGURE 5.28 DEVELOPMENT OF HALF~QUIET FIGURE 5.29 TRUCK EMISSION DISTRIBUTIONS

TRUCK DISTRIDUTION




DEFINITION OF BARRIER PARAMETERS

Definition

TABLE 5.2,
TABLE 5.1. RELATION BETHWEER DECIBELS, ENERGY, AND LOUDNESS Parameter
Lipe-of-sight, L/S
flemove ___ %
A=Level Down of Energy ivide Loudness By
3 dba 50% 1.2
& dBA 5% 1.5
10 dBA 9o% 2
20 dBa 99% ]
30 aba . 99.0% 8 Break in the L/S
T No dBA 99.99% 16
@
Barrier position
Angle subtended
bl) _u{-. a . I . |i i
P R S S PSS S SO | (ol S s B GO B |

Straight line from the recelver to the source
of nolse., ¥or roudway sources, this L/8 is
drawn perpendicular to the roadway. AL the
source end, the L/8 must terminate at the
proper sourse helght: 0 ft for automobiles,
8 ft for trucks. At the recelver end, the
L/S must terminonte at ear helght: 5, 15, 25,
««+ It above the ground depending upon the
number ol (loora, See Flgs., 5.0 through 5.6,

.The L/8 length fs the slant-length ol this

L/3, not the horizontal distance only.

The perpendieular distance from the top of
the bhatrrler teo the L/S. If the L/8 slants,
then this breank distance will slent also.
T™his 18 not the height of the barrier above
the terrain, See Pigs. 5.4 through 5.6.

Distance [lrom the perpendicular breait point
in the L/8 to the closer end of the L/8.
This is also u slant distance. See Fign.
5.4 through 5,6,

Measured at the recelver in the horizental
plane, the angle subtended by the ends of
the barrier. See Pig. 5.7.

For a baveler always parallel to the roadway,
an infintts harrier would subtend 1B0°, For
finite barriers, the angle may also be 180°
in the following camea: (1) If the barrler
ends bend away freom the roadway, ao that the
actual angle subtended is 1B0% or more; (2)
If the observer eannot see the rosdway past
the ends ol the barrier, due perhaps to
terralng and (3) If' the barrier blocks the
nalse rom the full length of a Clnite or
senl=infinice roadway segment.

bd bl il o Nt

e L e Fam a2 - -
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TABLE 5.3, L]D ADDITION

Then Aud This

Wien Lyg's  lanaunt to the
Differ by: |Migner Lygs:
0 3.0
0.5 3.0
1 [13:)
1.5 2.5
2 2.0
2.5 2,0
3 2.0
3.5 1.5
Ll 1.5
5 1.5
be | b
5.5 .
E 1.8
3] 1.0
? 1.8
7.5 0.5
g C0.5
8 0.5
9 B.5
9.5 0.5
10 0.5
10,5 0.5
11 0.5
11,5 0.5
12 0.5%
12.5 0

or nore

aresn S vovsne SRR DU | e S et S B i S A

Ay
- IV A,
TABLE 6.4, Lyp ADDITION
PARTIAL USE WHEN NOISE W1TU WIGMER L.
TABLE SATISFLES:
-
When Lyp's Then Add This Amount
piffer by: to the figher Lyu:
0 2 1 1 1 1 ] ] 0 0
2 1 1 1 1 ] [ 0 o o
] 1 1 o o 0 0 0 ] 0
[ 1 1 [} 0 [ 0 0 0 0
| 1 0 [ o 0 0 0 0
10 1 0 0 D 0 0 Q o o
12-h2 o 0 il ] 0 [ o a 0
2 [l [ g 10 12 14 16 8= lyp = lyg
OF NDISE
WITH THE
LOWER "'NP

s gt oy d Y St S

T T e e o it ki AT

—



TABLE 3,4 (Continuad) TAULE 5.4 (Continud)

PARTIAL USE WICH HOISE WITH NIGHER Lup F#ggﬁé& USE WHEN HOISE WI!TH HIGHER LNP
TARLE LES e . fE.
SATISFIES: [Lyp - byg = 4 SATISFIES: [Lyp - Lyg = 6
Hhen LNP'S Then Add This Amount When Lyn's Then Add This Amaunt
Differ by: to the Wigher Lypt Differ by: to the Higher LNP'
0 1 1 1 10 0 o 0 0 0 t 1 ) 0 0 o o @ 0
a ) 0 o a 0 0 0 ] o 2 0 0 i [} 0 0 0 0 o
4 0 n a o 0 [V 0 0 4 -1 el Wl al 0 0 a o 0
6 0 it n o 0 o 0 o n 6 22wl el el al 0 o o o
a -1 0 o] 0 0 u il 4 ¢ 8 [ Y S e R | [ o 0 o
T -1 0 0 o 9 o0 0 0 10 S I Y | 0 0 0 0 0
12u02 i} a 0 a o v 0 0 t2 B N TS | a 0 0 0 o
. 2 4 68 10 12 1 A6 M= Ly - lyg 1 -0 000 0p
& OF HOLSE 16 -1 =2 60 0o 0 @& o0 0 ©
L W11l i 18 RS S| 0 o 0 0 o o 0
LOWLTE by, 20 4 o 0o o o a o o o
2a-hp 0 1 [t} 0 0 1] 0 s} 1]
2 4 6 B 10 12 14 16 16 = Ly, - Ly
OF NOISE
WITH TIE
LQWEN Ly,

b [ R e I T 7 B i Ry S

st

R TR Sy B Bt TR Y R AUt S PO IS D 1= B G

e e a4 4 < P by v
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TABLE 6.4 (Continued)

Hhen Lm,'s
Diffar by:

TM!\LE 5.4 fContinued)

o

[--J T Y )

10
12
1h
16
18
20
22
26
28
k]
32.02

PARTIAL USE WHEN KOLSE WITIE IGHER LNP
TARLE SATISFIES:
NP 10
Then Add This Amount
to the Hfgher Ly,:

1 4] o 0 0 0
-1 =1 -1 -1 =1 0
-2 =1 =1 =1 =1 [i]
-3 -1 -1 =1 =1 0
-3 -1 -1 =1 =1 0
-3 =1 -1 -1 =1 1]
-3 =1 =1 -1 0 0
-3 - ~1 -1 0 ] [4]
-2 -2 -1 0 o © o0
-2 -1 ~1 [H] 1] a a
-1 =1 0 1] 1] L] [
-1 =1 IH [+] 4] ) 1]
-1 #] 0 ] 0 4]
0 0 0 [ 0 [}
+] 0 o 0 0 0

1} 0 0 ] 1] o]
2 i} 10 12 14 16

P#\RTIAL USE WHEN WOISE WITH HIGHER NP
TABLE SATISFIES: ILNE - Ly~ 10
Wien Lyo's Then Add This Amount
BiffFer by: to the Nigher LNP’

o 1 0 o 0 o o 0 0
2 S | - -1 =1 =1 -1 -1
4 -3 ~2 -2 =2 -2 n1 -1 -1
6 -3 2 2 -2 =1 -1 =}
] B 2 2 =2 -1 -1 -1
1 -5 -l -2 -2 -1 -1 =1 i
12 -5 -l -2 -z -1 -i 0 o
Y] w5 =k -2 -1 ~1 =1 [} [}
16 0 -3 -1 -1 -1 0 0 0
18 b W3 -1 1 o 0 o 0
20 -3 -2 “1 =l 0 0 (] 0
22 w2 -2 -1 o ] 0 0 0
a4 -2 | o 0 o a ] [
a6 -1 -1 0 [ 0o 0 0 o
28 -1 -1 Q [} 0 0 o a
0 -1 0 0 a 0 0 o o
32-42 [ o o 0 0 o 0 0

2 4 8 10 12 W 16 18 s Ly, - Ly,

OF HOISE

WIEH THE

LOWER L‘NP




TABLE 5.4 (Continued} TABLE 5.4 fConctnumd)

PARTIAL USE WHER NOISE WETH WIGHER L, p PARTIAL USE WHEN NOISE WITH HIGHER L
TADLE LE p

SATISFIES: fLyp = Lyg = 12 SATISFIES: [Lyp - Ly = 14

Hhen Lyg's Then Add This Amount When Lyp's Then Adg This Amount
Differ by: gher Lyp? Differ by: to the liigher L"P:
0 e o0 o o 0 -1 -1 - -1 0 6 o 0 o0 4@ -1 0 0 o0
2 -1 -1 -1 -2 .27 -2 -2 -1 -] 2 2 w2 2 -2 -2 -2 -1 -1 0
4 "3 3 -3 3 -3 -2 -2 .2 .l I “3 =1 -3 «3 -3 -3 -2 e2 -l
6 «5 «h i .3 -3 -2 L2 -2 -1 [ B I B U TS RS Y- B §
8 R N T e T 8 -6 =6 5 =5 o4 -3 -3 -2 a1
10 -7 -6 b -4 -3 -2 .2 -1 -1 10 Wl -7 b -5 b -3 -2 -2 -1
12 -7 -6 -4 -3 -3 -2 -1 -1 [+] 12 -8 -7 -6 -5 o -1 .2 -1 -1
14 -7 =5 =k =3 =2 -1 -1 0 o B ot b b r em > 1 -
Y 6 -5 =3 -2 -2 <1 <1 u @ 12 ,2 ,; _: j _g _.f _f _i _i
2

N 18 =5 = -3 -2 -1 =1 a1 [ 0 18 b 6 5 a3 w2 a1 a1 a1
20 =5 =3 =2 -1 -1 -1 0 & 0 20 -7 -6 -4 -3 -2 21 1 =1 o
a2 -4 -3 -2 -« -1 0 0 4 @0 22 6 5 4 -2 2 21 =1 0 0O
al -3 -2 -1 -1 0 © ©0 4 o an -5 - .3 -2 -1 0 a4 0 o
26 =2 - -1 4 0 0 & 0 0 26 A -3 -2 -1 -1 O 0 0 0
28 -1 -1 -t 8 0o 0 0 o o 28 4 -3 2 -1 -1 o o o o
30 -+ -1 0 00000 30 -t -2 <1 -1 0 ©0 o0 © @0
32 -1 o 6 a © & 6 ©0 0 32 2 1 41 o o o o o o
3h-42 e o o o o 0o 0 & 0 3 2 1 49 o a o ¢ a o
2 ] [ B 10 12 W 16 1B w Ly, - Lyg 16 -1 -1 0 0 0 0 0 [} 1]
oF foLSE 36 -1 0 o o o o0 o 0 ©
'Eé'»‘i{»';u"'ﬂ:jp :m 0 o 0 @ ¢ © o 6 o
12 ¢ o o0 0 @ e 0 o o

2 LI 8 ip 12 26 18w Ly, - Ly,

) OF HOISE

- . Wl THE

LOWER Lyp

i T LT L b JUT PO UUN-OUE N PLAN J FROOUPE Sy

ST R S S R TR S P B s B St S el S R \._._a' =l L.._._.' ._._-..-! a-..J L | n-n.m]uu.._.] HC|



TADLE b.4 {ContZnuud)

EE-5

TABLE 5.4 (Continuad)

PARTLAL USE WHEN NEISE MITH IIGHER Ly,
TABLE SATISFIES:
Hp 10
whea Lyp's Than Add This Amount
DiFfer by: ta the Higher LNP:
0 o 0 4] # =1 il 1
2 -2 - =2 2 -2 - 0
i SLEREEURES S | 3 -2 .2
A -5 R oL - -3 -
8 -7 -1 -G -6 -l -4 -]
1o -8 -4 -7 6 PR T
12 -9 «j =B w6 -3 o3 =P
1" -io -9, -8 -6 ~3 -2 w2
16 LI R A -3 -2 -2
18 -la -0 -7 G B R
20 «10 -8 -6 -5 Y TS |
22 -9 =T =5 -4 -1 .1 =l
24 N I T S
26 - =5 =h -2 0 o
28 I ST -1 o
30 -5 =3 -2 =1 [i] 0
32 TR R R ¢ 0
34 -3 -2 -1 0 i I
36 -2 -1 =1 0 0 .
i -1 -1 0 [ 0 0
ho -1 0 0 0 0 i
ha o a 1] 0 n o
2 h 6 .48 12 1y 18 = e =Yg

uF nelSkE
Wil T
LOWER Ly,

e e ey i A ekt Sy s Lt e e s e

PARTIAL USE WHEN NOISE WITH NIGHER
TABLE SATISFIES: [typ - Lyp = 18
When Lyo's Then Add This Amount
piffer by to the Higher "NI’:
0 0 0 0 ¢ -1 -1 [} 1
2 =2 =2 =2 @ =2 -2 1 0
] =1 ] =4 -l =4 - -3 -p
] =6 6 =5 <5 5§ =5 4 .3
a -8 .7 =7 -7 -6 -6 -4 .3
10 =9 g =8 T = 5 -4 -3
12 =10 -10 =) =B - = 1
14 ~11 =11 =10 -fl -6 -l =3 -3
16 12 -1 -9 -3 <6 -0 -3 <
18 =13 =11 =0 A7 =5 =3 &3 A2
20 =12 =10 =0 b6 =4 2 W2 -2
22 =11 =9 =7 -5 =3 -1 -} -l
an 10 =8 -6 b =2 1 a1 -
26 “9 =7 =5 23 -2 -1 <1 0 0
a B -6 =h -3 -2 1 -1 0 0
30 “fh =5 =3 2 =1 .l [} 1] 0
12 -5 =4 -2 =1 =1 [ 0 4 o
34 i w3 =1 ] 0 i 0 [ 0
36 =3 -2 =1 -1 [} 1] 0 1] [}
38 =2 -1 o 1] o] ] [v] ] a
ho ~1 =1 0 [ 0 0 ] 0 0
h2 wl 0 0 0 0 0 0 i 1]
I L L LT
OF HOISE
WITH THE
{OWER LJII‘




TABLE 5.5 MINIMUM SURFACE WLIGNT FOR ROANSIDE LARRICRS TAULE 5.6 CONVERSION OF PERCENTAGE AREA TO DECIBLLS

Lf Percent of Total Then Subtract This Amount
Surface Area Is; From the Incident Level:
IF Barrior |s Designed Then 1t Bust lave () * {4DA)
To Reduce the Diffracted This Hinimun 100 o
Hoise By This Amount: Surface Walght:
{dOA) (1b/ft?) 20 0.5
5 3 Bo 1
" 1.5 63 2
12 1.5 50 3
14 3.4 4o 4
16 0.0 29 &
18 0.5 16 8
20 4.0 10 to
22 6.5 6 12
2 8.0 f 14
r‘ 2.5 16
- Notea: 1, Surfacs welply, dovs not dnelude the weight af 1.6 18
bragting, framing, ela. 1 20
2. MThe reduction In diffeacted nodse (column 1) 0.6 22
18 found Cram Bl baerier nomograph, waing 0.4 !
180 deproas as the angle awbtonded, ' . 2h
3. This surfuce weipht will pgusrantes that the 0,25 26
tranamitted nolae 1o some 3-0 JdBA lewer Lhan 0.1 28
Lhw dilfracted nolse. For wequal contrlbutlons — a
treansmitlod and dirfraclod = the surfoaoce wolpht 2.1 3
miy be halved,
4. For many materlals, this minimun surface welpght The vesult ls the Practlon of enepgy (in deaibels) incident
mny be vopry consepvallve. upon that portion of the total aurface area,
5. Burface welght oguuln the wolght density
(b 1b/red) times the thiekness (in re).
e B et B AT N o it Y RO bt b b Do ] e
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TABLE 5,7 MAXIHUN TRANSHISSTON LOSS NF UYARRIERS ¥ITIH NOLES TABLE 5.8  REDUCTION 1}l REFLECTED HOISE LEVEL

REFLECTED CHERGY
. HOISE REDUCTIN
Parcent of Barrier Maxioum Transmission COEFFICIENT, HRC Hﬁg‘dﬁ;o oY THLS
Arca That is Open Loss Possible
Np Source Side
fla Absorption Hith J\bsorgtian 0.9% 13 dea
(dBA) {dBA
0.90 10 dBA
ol ] 3 ‘
10 & n ¢.85 8 disa
3 b 13 o, 80 7 daa "
1 Ll a0 515 6 dup
B8 17 o4 ; )
: h : 40 a.70 5 ddA
o Q.65 UG didp
&
0,60 4 disd
t, G4 3.5 JdBA
0.50 31 dish
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U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
WASHINGTON, D.C, 20580

POLICY AND PROCEDURE MEMORANDUM

Transmittal 279
February 8, 1973

HEV-10

MATERTAL TRANSHITTED

PPM 90-2, Subject: Noisa Standards and Procedures
EXTSTING ISSUANCES AFFECTED
Supersedes Advance Copy of PPM 90-2 dated April 26, 1972,

COMMENTS

PPM 90-2 has been roevised to incorporate suggestions and reapond
to comments resulting from circulation of a draft environmental
statemanc. Significant changes are:

a. Table A, Low Noige Level Highways,has been deleted

b. The level of detail required during location phase has
been clarified

¢. The use of quiet vehicle noise prediction methods has been
deleted

The deaign noisa levels in the standards represent a balancing of

that which may be desirable and that which may be achievable,
Consequently, noise impacts con occur even though the design nolae
lavels are achieved, The values in Table 1 should be viewed as
maximum valuas, recognizing that in many cases, the achievement of
lower noise levela would rasult in even greater benefits to the
community. Highway agencies are urged, therefore, to strive for

noise levels below the values in Table 1 where the lower levels can

be achieved at reasonable cost, without undue difficulty, and where
the banafits appear to clearly outweigh the costs and efforts required.

Prajects which recelved location approval prior to July 1, 1972, are
not raquired to adhere to the standards provided design approval is

This PPM is being reissued due to incorrect assembly of the
original printing .




obtained before July 1, 1974. However, the Federal Highway Admindistration
éncournges application of the noise standards to such projects

I I whenaver possible,

For a 12-month period beginning with the date of this issue,

copies of each exception approval letter together with the State's
' requast shall be forwavded to both the Reglonal Administrator and direct
: to the Washington cffice (HEV=10), unleas advised to the contrary by the

: i Rogional Administrator.

’ ; 4, EBffectiva Date

Tha affactive data of this PPM is the date of igsuance.

N

+» R. Bartelsmeyer
Acting Federal Highway Administrator

; DISTRIBUTION: .
! Basic
: ‘ Remave Insprt
et Page{s) Page(s)
: 1 thru 6 April 26, 1972 1 thru &4
Attachmenz 1 1 April 26, 1972 Appendix A
Attachment 2 1 thru 2 April 26, 1972 Appendix B, B-1 thru B-4

Attachment 3 1 thru & April 26, 1972
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U.5. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION

POLICY AND PROCEDURE MEMORANDUM

Transmittal 279
G 0=-2

February 8, 1973

NOISE STANDARDS AND PROCEDURES

Par, !, Purpese
2, Authority
3, Noise Standards
4, Applicability
5, Procedures

Appendix A - Definitlons
Appendix B - Noise Standards

1. PURFOSE

To provide nolse standards and procedureg
for use by State highway agencies and the
Federal Highway Administration (FHWA)} in
the planning and design of highways approved
pursuvant to Title 23, United States Code, and
to assure that measures are taken in the
overall public interast to achieve highway
noiae levels that are compatible with different
land uses, with due consideration also given
to other soctal, ecocnomic and environmental
effects,

2. AUTHORITY

Sections 108(h and {1}, Titte 23, United
States Code, state that guidelines shall be
promulgated "'to agsure that possible adverse
economie, aoeial, and environmental effects
relating to any proposed project on any
Federal-ald aystem have been fully considered
in developing such project, and that the final
decinions an the project are made in the best
overall public interest, taking intc considera-
tion the need for fast, safe and eflieient trans-
portation, public services, and the costs of
eliminating or minimizing such adverse
effecta and the following (1) air, nolse, and
water pollution; , , ," and that "The Secre-
tary, after consultation with appropriate
Federal, State, and local offleials, shall
develop and promulgate standards for highway
noise levels compatible with different land
uses and after July 1, 1972, shall not approve
plang and specifieations for any proposed
project on any Federal-aid aystem for which
iocation approval has not yet been secured
unleas he determines that such plans and
specifications include adequate measures
to implement the appropriate noise level
standards, "

3. NOISE STANDARDS

a. Noise standards are appended as
Appendix B, Federal Highway Administra-
tion encourages application of the noise i
atandards at the earliest appropriate stage i
in the project development proceas, ‘

b, There may be sections of highways
where it would be {mpossible or impracti-
cable to apply noise abatement measures,
This gould ocour where abatement measures
would not be feasible or effective due to
physical conditions, where the costs of abate-
ment measures are high in relation to the
benefits achieved, or where the measures
required to abate the nolse condition con-
flict with other important values, such as )
desirable esthetic quallty, important ecologi- |
cal conditions, highway safety, or air i
quality. In these situations, highway agencies !
should weigh the antieipated noise impacts
together with other effects against the need . i
for and the scope of the project in sccordance !
with other FHWA directives (PPM's 20-8, :
90-1, and 90-4),

4. APPLICABILITY ' i

[n order to be eligible for Federal-aid - i
participation, all projects te which the noise |
standards apply shall include noise abatement !
measures to obtain the design noise levels in !
these standards unlesg exceptions have been i
approved as provided herein.

a., T*;ﬂiifiﬂ_t_"lg‘_c%ﬂgmﬂ_rﬁﬂc%ﬁ’-

EFEEI& e noise standards apply to o

ghway projects planned or constructed
pursuant to Title 23, United States Code,
except projects unrelated to increased traffic
neise levela, such as lighting, signing, land-
scaping, safety and bridge replacement.
Pavement overlays or pavement reconstruc~
tion can be conatdered as falMng within this
category unless the new pavement is ol a
type which produces more noise thaa the
type replaced,

b, Approvals to Which Compliance
with Noisa étanaaras Is Prerequisite

(1) Projects for which location waa
approved prior to July 1, 1972; Compliance
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with noise standards shall not be a prerequisite
to any subsequent approval provided design
approval is secured prior to July I, 1074, If
design approval is not secured for such a proj-
ect prior to July 1, 1974, compliance with the
noise standards shall be a prerequisite to
securing both design approval and approval of
plans and specifications, However, such
compliance shall not be a basis for requiring
reconsideration of the highway location or any
other approval action which has previously
been taken for such projects,

{2) Projects for which location s
approved on or after July I, 1872

(a) If location approval was
requeasted on or before Decamber 31, 1572,
compliance with the noise standards shall be
a prerequiaite to obtaining design approval and
approval of plans and specifications, Com-~
pliance with the noige standarda shall not be
a prerequisite to obtalning loeation approval,
nor ahall such compliance be a basis for
requiring reconsideration of the highway
location or any other approval action which
has previoualy been taken for such projects,
Combined location and design approval shall
be handled in the same manner as separate
deaign approval,

{b) If location approval is
requented after December 31, 1972, com-
pliance with the noise standards shall be a
prerequisite to ebtaining location and design
approvals as well as approval of plans and
aspecificationa,

5, PROCEDURES

The nolse standards should be imple-
mented at the earliest appropriate stage in
the project development process, These
procedures have been developed accordingly:

a, Project Development. A report

on traffic nolsa will be required during the
location planning stage and the project design
stage, The raports may be sections in the
location and design atudy reporta, or they
may be separate, The procedures for noise
analydis, ident{fication of solutions, coordi-
nation with local officials, and {ncorporation
of noise abatement measures are as follows:

{1} Nonapplicable Projects, If a
State highway department determines (in
accordance with paragraph 4a’ that noiae
standarda do not apply to a particular project,
the requests for location approval and design
approval shall contain statements to that
effact, including the basis on which the State
made {ta determination,

{2) Nolsa Analysis, For applicable
projects, analyses ol noise and evaluation of
effects are to be 1nade during project develop-
ment studies using the following general steps:

{a) Predict the highway-gener-
ated noise level as described in the standards
for each alternative under detatled study.

(b} Identify existing land uses
or activities which may be affected by noise
from the highway section,

(c) By measurement, determine
the exiating noise levels for developed land
udes or activities,

(4} Compare the predicted noise
levels with the design level values listed in the
standards, Alsc compare the predicted noise
levels with existing nolse levela determined in
paragraph 5a(2)(c). These comparisons will
be the basia for determining the anticipated
impact upon land uges and activities,

{e) Based upon the noise impacts
determined in paragraph 5a(2)(d), evaluate alter-
native noise abatement measures for reducing
tlar slimtnattng the noise impact for developed

ands.,

(0 Identify those situations
where it appears that an exception to the design
nolse levels will be needed, Prepatre recom=
mendationa to be included in the traffic noise
report. (This report may be a portlon of the
location and design study reports or it may be
a separate report,}

(3) Location Phase and Environ-
mental Impact Statement Requirementa. To the
extent this PPM [z applicable to the location
phase of projecta under paragraph 4, the notse
report shall describe the nolae problema which
may be created and the plans for dealing with
guch problems for each alternative under
detailed study. The level of detail of the
noise analyaia in the location phase should be
consiatent with the level of detail in which the
location study itself {8 made, This informa-
tion includihg a preliminary discusaion of
exceptionsa anticipated, shall be set forth in the
location atudy repert and summarized in the
environmental {mpact statement ({f one ia pre-
pared) and, as appropriate, at the location
hearing {for location hearings after December
31, 19%72), Studies and reports for highway
locations approved before December 31, 1972,
need not {nclude an analysis and report on
noise, In such instances, the noise analysis
and report will be required only for the deaign
approval,
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{4) Design Phase Requirements, The
noise analyais prepared Jor the location phase
is to be updated and expanded using the refined
alignment and destgn information developed
during the design studies. The reporton
traffic nolse will include a detailed analysia
of the anticipated noise impact, alternative or
proposed abatement measures, discussion
of coordination with local officials, and
recommended exceptions.

{5) Coordination with Local
Officials on Undeveloped Lands, Highway
agencies have the reaponsibility for taking
menaures that are prudent and feasible to
agsure that the location and design of highways
are compatible with existing land use, Local
governmentsa, on the other hand, have respon-
sibility for land develapment control and zon-
ing, Highway agencies can be of considerable
assistance to local officiala in theae efforts
with a view toward promoting compatibility
between land development and highwaya,
Therefore, for undeveloped lands {(or proper-
tien) highway agencies shall cooperate with
loeal officials by furniahing approximate
generalized future noise levels for various
distances from the highway improvement,
and shall make avatlable information that may
be useful to local communities to protect
future land development from becoming incom-
patfble with anticipated highway nolse levels,

{6} Nolse Abatement Measures for
Lands Which afe Uncleveloped at Tlme of

Location Apptroval

{a) Noise abatement measures
are not required for lands which are unde-
veloped at the time of location approval; how-
ever, the highway agency may incorporate
noise abatement measures for such unde-
veloped lands in the project design {if
approved by FHWA) when a case can be made
for doing so based on congideration of
anticipated future land use, future need,
expected long term benefita, and the difficulty
ond [ncreased cost of later incorporating
shatement measures.

(b} For land uses or activities
which develop after location approval, nolse
abatement measures should be conaidered for
incorpeoration in the project in the following
s{tuntions;

1 It can be demonstrated
that all practicable and prudent planning and
design were axercised by the local govern-
ment and the developer of the property to
make the activity compatible with the pre-
dicted noise levels which were furnished to the
local government and especially that a con-
giderable amount of time haa elapaed between
location approval and highway construction

thus Hmiting local government's abllity to
maintain control over adjoining land uses,

2 The benefits to be
derived {rom the use of highway funds to
provide noise abatement measures is deter-
mined to outweigh the overall costs,

3 The noise abatement
measdures can be provided within the highway's
propoged right-of-way or wider rights-of-
way o easements acquired for that purpose,

(e} There are some situations
where the design noise levels should be
applied to lands which are undeveloped at
the time of location approval, Some of these
instances occur where the development of
new land uges or activities is planned at the
same time as the highway locaticn studies,
Other {natances occur whare planning for
the new development has preceded the high-
way location studies but the development
has been delayed. These types of si{tuations
should be treated as though the land use or
activity were in existence at the time of
location approval provided:

1 The State highway
agency is apprised of such prior planning,

2 The construction of the
new land use or activity is started prior to
highway construction or there ia good reason
to believe that it will start before highway
construction,

&) Incorgoration of Noige Abate-
ment Measures In Plans an ecliicationa,
For those proiectﬂ to which the standarda
apply, the plans and specifications for the
highway section shall {ncorporate nolse
abatement measures to attain the design
noise levels in the standards, except where
an exception has been granted,

€:)] Reg'uasts for Exceptions,
Requirements and supporting materialsa for
requests for exceptions to the design noise
levels are described in paragraph 2 of
Appendix B to this PPM, To the extent
posafble, consistent with the lavel of detail
of the location study, identiflable exceptions
should be reported in the location study report,
The request for location appraval shall con-
tain or be accompanied by a request for
approval of exceptions that have been ident{-
fied in the location stage. Supporting
material may be contained {n the location
study report. Subsequent retuests for review
and approval of additional exceptiona, if any,
will be similarly processed In conjunction
with design approval,
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b, Federal Part{cipation

(1) Shifta in alignment and grade
are design measures which can be used to
reduce noise impacts, The following noise
abatement measures may aleo be incorperated
in a project to reduce highway-generated
noise impacts, The costa of such measures
may be included {n project costs,

{2) The acquisition of property
righta {either in fee or a leaser interast) for
providing buffer zones or for {nstallation or
conatruction of noise abatement barriers or
devices,

(b} The inatallation or conatruc-
tion of noise barriers or devices, whether
within the highway right~of-way or on an
aasoment obtainad for that purpose,

{2) Inaome apecific cases there may
be compelling reasons to consider measures
to "soundeproof” structures, Situations of
this kind may be considercd on a case by
case baala when they involve such public or
non-profit institutional atructures as achools,
churchea, librariea, hospitals, and audi-
toriumas, Propoaals of this type, together
with the State's recommendation for approval,
shall be submitted to FHWA for consideration,

c. Approval Authority

{1} Exceptions to the Design Noise
Levela, The FHW% Divielon Engineer is

authorized to approve exceptions to the design
noise levels and alternate traffic charac-
teristics for nolse pradiction as provided

in paragraph 3b, Appendix B,

(2) Nolee Pradiction Msthod, Noise
levels to ba used in applylng the nolae stan-
dards ahall be obtained from a prediction
method approved by FHWA, The noige pre-
diction method contained in National Conpera-
tive Highway Research Program Report 117
and the method contained in Department of
Transportation, Transportation Syatems
Center Report DOT-TSC-FHWA-T2-1 are
approved as of the date of this issue for use
in applying the noise atandards. Other
noige prediction methods or variations of the
above should be furnished to the FHWA Office
of Environmental Policy together with sup-
porting and validation informatfon for sporoval

///aéad»?../ |

R. R, Bartelsmeyer
Acting Federal Highway Administrator
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DEFINITIONS (As used in this PPM)

Design Approval - the approval (described in PPM 20-8) glven by the Federsl Highway
Adminietratlon (FHWA) (at the request of a State highway department) based upon a design

study report and g design public hearing or opportunity therefor, This action eatablishes
FHWA acceptance of a particular design and la prerequisite to puthorization of right-of-way
acquiaition and construction,

Design Noise Lavel - the noise levels eatablished by the noise standards set forth herein
for varioud land udes or sctivities to be used for determining traffic nolse impacts and the

ossessment of the need for and type of nofse abatement treatment for a particular highway
saction, .

Deaign Year - the future year used to estimate the probable traffic volume to be usged
as one of t%e primary bages for the roadway design, A time 20 years from construection is
commen for multilane and other major projects, Periods of § or 10 years are not uncommeon

for low volume roads,

Developed Land Usen or Activities - those trocota of land or portions thereof which con-
tain Tmprovementa or activities devoted to frequent human use or habitation, The date of
{asue of a building permit (for improvements under construction or subaequently added)
establishes the date of existence, Park lands in categories A and B of Table 1, Appendix B,
{nclude all such lands {public and private) which are actually used as parkas on the date the
highway location {s approved and those public landa formally set saide or designated for-
auch use by a governmental agency, Activities such as farming, mining, and logging are not
considered developed activities, However, the nssociated residences could be considared

as a developed porticn of the tract.

Highway Section - a subatant{al length of highway between logical termini {major cross-
roads, population centers, major traffic generators, or similar major highway control ele-
menta) as normally {ncluded it a single location study,

1.10 = the sound level that i8 exceeded 10 percent of the time (tha 10th percentile) for the
peridd under consideration, Thia value is an [ndicator of both the magnitude and frequency
of occurrence of the loudest nolsa eventa,

Level of Service C « trafflc conditions {used and described in the Highway Capagity Manual-
Highway Research poard, Special Report 87) where speed and muaneuveraoility are closely
controlled by high volumas, and where vehicles are restricted in freedom to select apeed,

chango lanes, or paas,

Location Approval = the approval (deacribed in PPM 20-8) given by the FHWA (at the
request of a State Highway Department) based upen a location study report.and a corrider

public hearing or opportunity therefor, This action establishes a patticular location for a
highway section and is prerequisite to authorization to proceed with the design, (Concurrent
location and dasign approval {s sometimes given for projects invelving upgrading existing roads,
In these instances, location approval {s not a prerequiaite to authorization of design,)

Noiase Level - the weighted scuhd pressure lavel obtained by the use of a metering charac~
teristic and welghting A aas specified in American National Standard Speciflcation $1, 4-1871,

Thu abbreviation herein uged ls dBA,

%erutmﬁ Speed - the highont overall speed at which a driver can travel on a given highway
undet favorable weather conditions and uhder prevailing traffic conditions without at any time

exceeding the anfe speed aa determined by the design speed on a section~by-section basis,

Project Development - studies, surveys, coordination, reviews, approvala, and other
activitles normally conducted during the location and desigh of a highway project,

Truck ~ a motor vehicle having a gross vehicle welght greater than 10, 000 pounds and
buses Raving a capacity exceeding 15 passengers,

A-1
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NOISE STANDARDS
1. Design Noige Level/Land Uge Relationship

a, The design noise levela in Tahle 1 {page B-4) are to be used during project development
of a highway section to determine highway trafflc noise impacts associated with different land
uses or activities in existence at the time of location approval, In addition, the table {3 to be
used to determine the need for abatement measuras for traffic generated noise for developad -
land uses and activities {n existence at the time of location approval, Exceptions to the deaign
noise levels may be granted on certain types of highway Improvements or portions thereof when

* the conditions outlined in paragraph 2 are met.

b. The exterior noise levels apply to outdoor areas which have regular human uge and in
which a lowered noise level would be of benefit. These deaign nolse level values'are to be
applied at thoge points within the aphere of human activity {at approximate ear level height)
where outdoor activities actually oceur. The values do not apply to an entire tract upen which
the activity {3 based, but only to that portion in which the activity occurs, The noise level
values peed not be applied to areas having limited hutnan use or where lowered noise lavels
would produce little benefit, Such areas would inelude but not be lirnited to junkyards, industrial
areas, reilroad yards, parking lots, and storage yarda,

e, The interior design noige level in Category E applies to indoor activities for those
situations where no exterior noise sensitive land use or activity is {dentifled, The interior
deaign nolae level in Category E may alsc be considered as a basis for nolse abastement
measures in special situations when, (n the judgment of FHWA, such consideration is {n the
beat public intarest, In the absence of nolse {nsulating values for apecific structures, interior
noige level predictions may he estimated from the predicted cutdoor fiolse level by uaing the
following noiae reduction fectors:

Noise Corresponding Highest
Raduction Exterier Noise
Due to Level Which Would
Exterior of Achieve an Interior Design
Building Type Window Condition the Structure Noiase Level of 55 dBA
All Open 10 dB 65 dBA
Light Frame Ordinary Sash
Clased 20 75
With Storm Windows 25 40
Masonry Single Glazed 25 80
Masonry Double Glazed a5 20

Noise reduction factors higher than those shown above may be uased when fleld measurements
of the structure in question indicate that a higher value s justified, In determining whether

to use open or closed windows, the cholae ahould be governed by the normal condition of the
windowa, That is, any building having year round air treatment should be treated as the
cloaed window case, Buildings not having air conditioning in warm and hot climates and which
have open windows a subatantial amount of time should be treated as the open windoew case,

2. Exeeptions,

a. The design noise lavels set out in these standards represent the highest desirable
noise level conditions, State highway departments shall endeavor to meet the design noise
levels in planning, locating, and designing highway improvements, However, there may be
gections of highways where {t would be {mpracticable to apply nolse abatement measurea, Thia
could occur where abatement mensures would not be feasible or effective due to physical con-
ditions, where the costs of abatement measures are high in relation to the benefita achleved
or where the measures required to abate the noise condition conflict with other important valuea,
auch aa desirable eathetic quality, important ecological conditions, highway safety, or air

quality,

e
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b, A request for an exception to the design naise levela can be approved by the
FHWA provided the highway agency has supported its request by a written summary
repnlx;t demonstrating that the follewing stepa have been taken and outlining the
results,

{1} lIdentified noise senaitive land uses along the section of highway in question
ivhtclh are expected to experience future highway traffic noise levels in excess of the degign
evels,

{2) Thoroughly considered all feas{ble measures that might be taken to correct or
improve the noise condition,

{3) Weighed the costa or effests of the nolse abatement measures considered
againat the benefits which can be achieved as well as against other conflicting values auch as
sconoimic reasonableneas, esthetic impact, air quality, highway safety, or other similar
values, and thereby eatablished that reduction of noise lavels to degirable design levela is
not {n the best overall public interast for that particular highway section,

These decislons muat ultimately be based upon case-by-case judgment, However, every
effort should be made to obtain detalled information on the casats, bensfits and effects involved
to assure that [{nal decisiona are based on a systematic, consistent and rigorous nssessment

of the overall public interest.

(4} Considered lessar measures that could result in a significant reduction of noise
levels though not to the deaign levels, and included such partial measures in the plans and
gpecifications to the extent that they meet the test of economic reasonableness, practicability,
and impact on other valuss, (n the same manner as outlined in paragraph 2b{3).

c. In reviewing request for exception, the FHWA will give consideration to the type of
highway and the width of the right-of~-way, New freeway projects and most projects for the
major reconatruction or upgrading of freeways allow for the use of noise control measures,
Nolse contrel messures are progressively rmore difficult to apply on other highways, par-
ticularly on loeal roads and streets because of numerous points of access, at-grade inter-
scctionsa, limited ability to acquire additional right-of-way as buffer zones, and the impossibility
of altering roadway grades, constructing noise barriers and taking advantage of the terrain and
other natural leatures,

d, Except in the moat unusual mituations, exceptions will be approved when the predicted
traffic noise level from the highway improvement does not exceed the existing ambient nolse
level {originating from other sources) for the activity or land use in question,

3, MNoimse Levael Predictions

a, Noige levels to be used in applying these standards ghall be obtained from a predictive
method approved by the FHWA, The predictive method and the noise level predictions should
account for variations in traffic characteristies (volume, speed, and truck traffle), topography
(vegatation, barrlers, height, and distance), and roadway characteristics {configuration,
pavemaent type, and grades). In predicting the nolse lavels, the following traffle characteristica

ghnll ba used:

(1) Automotiva volume ~ the future volume (adjuated for truck traffic) chtained from
the lesser of the dealgn Rourly volume or the maximum volume which can be handled under
traffic lavel of gervice C conditions, For automoblles, level of service C (8 considered to be
the combination of speed and volume which creates the worat noise conditions, For those high-
way gections where the design hourly volume or tha level of service C condition is not anticipated
to cccur on a regular baaia duping the design year, the average hourly velume f{or the highest
3 hours on an average doy for the design year may be used,

{2) Speed - the operating apeed {(as defined in the Highway Capacity Manual}) which cor~
responda with the destgn year tralfle volume selected in paragraph 3a(l} and the truck traffic
predicted from paragraph 3a(3), The operating speed must be censistent with the volume used,

(3} Truck volume - the design hourly truck volume ghall be used for those cases
where either the deaign hourly volume or lavel of service C waa used for the automobile volume,
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Where the average hourly volume for the highest 3 hours on an average day was used for
automobile traffic, comparable truck volumes should be used.

b, There are {natances where activities associnted with a particular land use {such
a8 churches, achools, and resort hotels or residences) do not coincide with design hourly
volumes, This may be particularly true when the design hourly volumes are seasonally

orlented or where tho activity associated with the land use is somewhat infrequent. There

are other instances where changes in tand use can be reasonably expected to occur before
design year volumes are realized, In such instances, State highway agencles may request
approval to compute noise predictions using traffic characteriatica different from those
apecified in paragraph 3a. Such requesta ghould be made on a project-by-project basia

and should be accompanied by a justification,
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