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“Report No. 1861 . Bolt Deraneit and Newman Inc,
INTRODUCTTION

How wili the Introduction of a new highway influence the

noise environment? Ilow acceptable will this new environment
be to people living or working in the vielnity of the highway?
What methods might be pursued to remove or reduce any adverse
influence caused by the highway noise? The purpose of this
desipgn gulde is to provide the hiphway desipgner with tools

necessary to answer these questions.

The province of noise and the physics of acoustics lies some-
what outside the ranme of the highway engineers normal trailn-
ing and experience. For this reason, rather than provide an
acoustical text book--which might confuse rather than help

the engineer--we havé attempted to develop a design "eookbook™,
hopefully in the best sense of the term. Our intention
throughout thils preparation has been to provide a tool which
the designer with no experience in acoustics can use and use
quick;y and effectively. We hope that this intentilon has

been achieved.
The format used in the guilde 15 as follows:

Chapter 1 gives & glossary of definitions and symbols.
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Report Mo, 1861 Bolt Beranck and¢ Newman Inc.

Chapter 2 introduces the reader to the basic concepts on
which the noise predlction method used In this design pgulde
is based. An understanding of these concepts is dimportant if
the design guide user 1s to make adequate decislons in using
tﬁe guide, The chapter, first of all, introduces the basic
parameters of environmental nolse since these parameters are
the ones which the deslgn pulde must set out to calculate.
Theny the analytleal model which forms the heart of the
caleulation procedure 1s discussed, Flnally some comments
are presented concerning the response of pecopble to nolse

environments,

Chapter 3 presents an overview of the methodology used. The
paraméters considered Iin a traffic situation are defined and
the procedure invelved in calculating an estimated noise
level from a proposed highway discussed. Two methods of
predicting nbise levels are introduced: 1) Complete Method,

and 2) Short Method.

Chapter 4 gives detalled step-by-step instructions for the
complete method calculations. These instructions are paral-
leled.by complete work sheets, fipures and tables through
which the user progresses to obfalin finally estimated outside
noise‘level for a particular roadway. These are presented in

Appendices A and B.




i N

i L

g

oy T sl

o Kt

B e

et B

ot

h
g

'
2
i

1 H

i

e d

f

a4

i

—— r—
L . T

Report No. 1861 Bolt Beranek and Newman Inc.

Chapter 5 gives step~by-step instructions for the short

method calculations,

Chapter 6 shows the procedure through which the estilmated
outside noise levels are interpreted in terms of des;gn
eriteria. The criteria is based on both environmental
utility, sueh as speech and sleep requirements, and environ-
mental conservation. This 1s done for a variety of observer
situations for both outslde and inside conditions. In
additilon, the chapter presents a brlefl discussion of the
expected impact on the community when the estimated levels

exceed the deslign criterisa.
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Report No. 1861 Bolt Beranek and Newman Ine.

CHAPTER 1 - GLOSSARY OF TEEMINCLOGY

This chapter contalns a glossary ol the terimninology used
throughout the design guide. This glossary is divided in

three main groups:

+  Acoustieal Termineclogy: Contains the definition of all

terms that are acoustical 1n nature.

* Noadway Terminology: Contains the definltions asscelated
witﬁ the roadway deslgn and evaluatlon. These definitions,
where possible, are cansistent with the user 1in the
Highway Capacity Manual 1965, Hiphway Research Board

Speeial Report No. B7.

¢« Definitlon of Symbols: Contains the deflinition of all

symbols used in the design gulde.

Tl
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ACQUSTICAL TERMINQLOGY

Ambient Nolse Level - the noise level existing in an area
before the proposed roadway. This quantity is measured
in dBA and expressed as L10 or L50 amblent nolse leyel

depending on the time averaming used.

Audible Spectrum -~ thé frequency range nermally associated
with human hearing. For nolse control purposes, this

range 1s usually taken te include frequencles between 20

Hz and 10,000 Hz,

Decihel (dB) - a logarithmic "unlit" which indicates the ratio
between two powers, A vatice of 10 in power corresponds

to a difference in 10 decibels. The abbreviation for

decibel 1s dB,

dBA* - the sound pressure levels in decibels measured with a

frequency welghting network corresponding te the "A-scalel

on a standard sound level meter., The A-scale tends to

suppress lower frequencles, e.g., below 1000 Hz.

#  In interpreting traffic nolse levels in 4BA, one may hote

that a change of 10 dBA corresponds to a subjective Judpment

of the halving or doubling of the nolsiness of the sounrd.
In other words, a scund Jjudged to be twice as nolsy as
another sound would have a sound pressure level rating

approximately 10 dBA greater than the first sound. A sound
20 ABA greater than the first sound would generally be rated

as four times as nolsy as the first sound. On the other
hand, a dirfference of 1 or 2 dBA between sounds, although

detectable 1f heard wilithin a short time Interval, would not
he judged as a very significant differcnce by most observers.

&>
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Report No. 1861 Bolt Beranek and Newman Inc.

Frequency - the lrequency of a sine wave of sound is the
number of times it repeats 1tself in each second. The
unit of frequency 1s called the hertz, abbreviated as "Hz",

or the ¢yele per second.

Frequency Band -~ an intervai of the frequency spectrum
defined between an upper and lower “cut-off" frequency.
The band may be described in terms pf these two frequen-
cles, or, preferébly, by the width of the‘band and by the‘
geometriec mean frequency of the upper and lower cut-off

frequencles, e.g., "an octave band centered at 500 Hz",
Hz - the abbreviation for frequency in Hertz.

Level - an adjective used to indicate that the quantity
referred to iz in the logarithmic notatlon of decibels,
with a standardized reference quantity used as the denom-

inator in the decibel ratilio expression.

Reference Median Level - the L50 level measured 100 feet from
the single lane equivalent roadway element with the element
assumed infinlitely long and located at grade on a flat

level terrailn.

.
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Single Lane Eguivalent - of a roadway ls that single lane
represent of the roadway which to the observer ls acoustic-

ally similar to the real roadway.
Sound Level - a corruption of the term "sound pressure level".
Lyg = sound level which 1s exceeded 105 of the time.

L., ~ sound level which is exceecded 50% of the time,

50
Sound Pressure Level - the root-mean-square sound pressure,

p, related in decibels to a reference pressure,

P2

sound pressure levels 10 log "
r

ref

where Prefn 0.0002 microbar

Abbreviatlon: S8SPL. The value reads directly from a

sound level nmeter.
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ROADWAY TERMINOLQGY
At-Grade Boadway: When Roadway Element is level with the

imnedlate surrounding terrain.

Automoblles: Deflned as passenger vehlcles other than
motoreycles, trucks of less than 10,000 pounds gross

vehicle weight, busses having capacity for 15 or less

pasgengers.

Average Annual Dailly Traffic (AADT): The total yearly volume

dilvided by the number of days in the year.

Average Roadway Speed: The weighted average of the deslgn

speeds wlthlin a roadway section.

Barrier: Infinite or finlte walls located near the roadway

and parallel to 1t. Such walls must be solld and not

undercut.

Capacity: Is the maximum number of vehleles which has a
reasonable expectation of passing over a pglven sectlon of

a lane during a glven time perlod under prevalling traffic

conditions.
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Depressed Roadway: When Roadway LElement 1s depressed below

the immediate surrounding terrain.

Elevated Roadway: When Roadway Element 1s elevated above the

immediate terrain.

‘Interrupted Flow: A condition in which a vehlcle tranaversing
a8 section of a lane or & roadway 1s required to stop by a
cause outside of the traffic stream, such as signs or
signals at an intersection or a Junctlen. Stopage of
vehideles by causes Internal to the traffie stream does

not constitute interrupted flow,

Normal Readway: When Roadway Element surface 1s moderately

rough asphalt or concrete surface.

Pavement: That part of the roadway having a constructed

surfage for the facllitatlon of vehicular movement,

Percent Gradient: Change in roadway elevation per 100 Teet

‘of' roadway.

Roadway Element: A section ol roadway with constant char-

acteristics of geometry and vehicular onerating condltions.
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Finite Roadway Element: t(hen roadway element starts and
finishes within the + § Dy limits of the roadway, where

DN 15 the observer-near lane distance {see Filgure B.1l).

Infinite Roadway Element: When roadway element length 1s

larger than B DN where-DN 1ls.the-observer-near lane

distance.{see Figure B.1).

Seml~Infinite Roadway Element: When roadway element
extends aeross 4 DN in one direction but which terminates
wilthin the 8 DN roadway length where DN-is'the‘observer-

near lane distance (see Figure B.1l).

‘Roadway Surface: Determines the Roadway Surface character-

istics (see Smooth, Normal or Rough Roadway).

Rough Roadway: When roadway element 1s rough} asphalt

pavement with larpge voids 1/2% or larger in diameter or

grooved concrete,

Shoulder: That portion of the roadway between the outer edge
. of the through traffic pavement or the curb or the point
ol interséction or the slope lines at the cuter edge of

the roadway and the 111, or median slope.

-10-
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Smootlr Reoadway: WWhen roadway element surface is very smooth,

scal coated asphalt pavement.

Speed: The rate of movement of vehicular traflic expressed

in miles per hour.

Traffic Lane: A strip of roadway intended to accommodate a

single line of moving vehlcles.

Trucks: Defined as trucks of over 10,000 pounds gross vehicle
welght, busses having a capaclty for more than 15

passengers.

Volume: The number of vehicles that pass over a given sectilon
of a lane or roadway during a time period of one hour or
mere. Volume can bhe expressed in terms of dally traffic

or annual traffle as well as on an hourly.basis.

11~
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DEFINITION OF SYMBOLS

A

General Parameter

General Parameter

General Parameter

Distance Parameter, measured between observer and

nearest polnt to centerline of roadway {(in feet).

Distance Parameter measured between observer peosition

and barrier - 1in feet {(see Table A.T}.

Distance Parameter, measured between observer and cut of

roadway - in feet (see Table A.6).

Distance Parameter measured bhetween observer and

equivalent lane of roadway - in feet {sce Pigure B.1).

Distance Parameter, measured belween observer and

center of near lane of roadway - In feet (see Figure B.l1).

Distance Parameter, measured between observer and

shoulder of roadway - 1n feet (sce Table A.6).

~12-
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daB Sece acoustical terminoleogy.
dBA Ses acoustical terminologry.
H Helght Parameter iln feet.

i Length Parameter, measured along a roadway clement

(finite) ~ in feet.
LlO' See acoustical terminclogy.
See écoustical terminology
N Number of traffic lanes on Roadway.
r Width Parameter, measured from outside to outslde lane
on roadway 1n foeet,
barrier - in feet (see Table A.7).

3 Speed Parameter, measured as the average speed of

vehlcular flow in mlles per hour.

-13-
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-l -
- Sy Speed Parameter, measured as above for automobiles.
ST Speed Parameter measured as above f'or trucks.
v Vehicle Volume Parameter (in vehicles per hour), this
[
represents the tetal volume of automoblles and trucks
. mixed.
;
. VA Vehicle Volume Parameter (in vehicles per hour) for
automoblles only.
%
; VT Vehiele Volume Parameter (in vehicles per hour) for
5-: truels only.
. ?
";P o Angle Parameter, measured as lncluded angle between
'
H .obzerver and barrier in degrees.
X ‘
B
e ] Angle Parameter, measured as included angle between
.
? observer and roadway element (finite) and complementary
. .
; angle (seml infinite roadway) - in degrees.
.
£,
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CHAPTER 2 - BASIC CONCEPTS

In the folleowing paragraphs some of the basic econcepts and
findings of the studles that have led to the development of
this Design Guide are briefly discussed. It 1s lelt that an
appreclation of these will help the reader to use the guide
more effectlvely and to bring geod judgment to bear where

Judgment 1s necessary.

THE PARAMETERS OF ENVIRONMENTAL NOISE

The three dimenslons of environmental noise which are of

particular concern in determining sublJective response are:

+ The intensity or level of the sound.
* The frequency spectrum of the sound.
= The time varylng character of the sound. :

The first two of these dimensions are adeguately handled In
the cage of tralfic noise by measuring or calculating the
gound in terms of the "A-Weighted" sound level. The A-Scale
reading of a standard sound level meter provides a single
number measure of the noise stilmulus which "weights" the

frequency spectrum of the signal in accordance with subjectlve
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gsensitlvity to sounds of different frequency. The A-Scale
reading therefore (in dBA units, meaning decibeis, A-scale)
provides a measure of the level and spectrum of the stimulus

which correlates well with subJective response to the stimulus.

The third dimenslon reflects the fact that environmental

nolse is rarely constant; 1t is changing from second to second,
from minute to minute and from hour to hour. Road traffic 1s
by far the most common scurce of environmental nolse and

environmental noise levels tend to follow closely traffilc

activity.

On the macroscopie time scale, therefore, environmental nolse
is highest during the day and especially during the morning
and afternoon traffic.peaks. Levels reach thelr lowest
'values'during the night when local traffilc activity all but

ceases and arterial activity becomes small,

On the mieroscople time scale, environmental nolse follows
the moment-to-moment details of trafllilc patterns. Such
patterns are effectlvely random in time and thus the corres-

ponding short term nolse fluctuations are also randomly

oceuring.

-6~



e e — _‘__q.;'__w.,__.__,.mﬂ_*_ ——

gy T g

kT e

R R i s e et s Ayt Py
- - ."—l‘d" -‘\‘Aﬂ.ii!‘l’!f -

SrgEes

e o e s

P R T

Jmr—reTr {1t

T S YT

.3

£ T

1 I T e I

' Report No. 1861 Belt Beranelr and Newman Inc.

Envirommental noise level variatlons on the macroscople time

scale can be handled by analyzing the trafflc flow situation

at dirferent time intervals during the 28 hour day. Such a

procedure 1s convenlent since the requirements that a person
places upon hls environment z2lso changes from one time

interval to another

Short term variatilons are most sensibly accounted lor statis-
tically. The "statistical time distributlon” identifles. each
level within the environmental range wilth the percentage of

time which that level, over the short term, 1s exceeded., The

50% level {(or median level) is that level which 1s.exceeded

for 50% of the time. The 107 level ls that level which 1s

excended for 104 of the time.

These two descriptors of the "statistleal time distribution®,

symbolilsed by L50 and Llo respecetively, play an important

§iE
PREDICTION OF TRAFPIC NOISE

The maximum noise emitted by an aubomablle as it passes an

observer lncreases, approximately, with the third power of

ALy el

role In this design puide.

road speed. The noise output of a diesel truck, on the other

hand, shows little dependence upon road speed. A truck, of

wlfm
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course, 1Is alsa very much nolsler than an automobile. It is
assumed In this desipn guide that the bulk of highway traffiec
can be elassifled Into cne or other of these two vehicle
classifications, Appropriate definitions are piven 1n the

glossary,

Conslder now & single lane pavement which is stralght and
Infinitely long, and which lles at-grade with reapect to a
Tlat level terrain. The members of each vehlele classlifica-~
tlon are considered uniformly distributed along the lane and
each vehicle clasaification is categorised by volume flow

(vehicles/hour) and average (group) speed (mlles/hour),

Analysls of this rather ideallsed system shows, when the
— ey

density of vehicles per unit length is sugf;cgeatlx hirh,
e e .

that the sidellne nolse for the automebile_ponulation inereases

linearly with .the.volume flow . .and increases.wlth the second
e R——r faatod

power of average speed. Under the uame conditions, on the

s —pp—— " e b N
other hand, the noise of the truck population 1ncreases
st e e

1ineav{1,yith the.volume flow but decfeasea ﬂ1ncarly with
""‘"4' ey ....__.A--—-o"""
iﬁcreaoe in average speed®,

% This apparent paradox ls explained by the fact that the

. hoise of an array of trucks is dependent only upon the
density (in vehleles per mile) of the vehleles, For
constant velume flow the denslty is inveraely proportional
to speed.

-1.8-
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A Turther finding of the analysis 15 that sections of roadway
which subtend equal angles at a fixed observer locatilon,
contribute egually to the observer's noise environment.
Furthernore, the contr%bution 1s directly and llnearly
preportional to the angle subtended. Thus, the nolse contri-
hutlon of any rinlte element of roadway can be derived from

the infinlte roadway model.

Further,- non-ideal, attributes of real roadway systems can be

accommodated by adJustments to the finite roadway model.

*  Any realistic number of lanes, with or without median
separator, can be collectively grouped as an "equivalent”
single lane provided that the lanes lie in the same
herizontal plane and that they are not obstructed acous-
tically from each other., The appropriate adjustment 1s

determined by the relatlion of the near-and-far-lane to the

obgerver,

= Vertieal translation of the roadway to an elevated or
depressed posltilon, wlth respect to the terrain, can alse
be accommodated 1f an adjustment is made to the predicted
noise levels Lo account for the shielding effect imposed

by the vertical displacement. The extent of shlelding

=15

et




e

- T

e g, D B e

AT -
[

1
I

e R 1 P

ko

_—— [P
.o

hd

-'*.;-t-———i’—v-.—.-.}.—..'.-;—
\ H

-

I3

1T e

| i e P TR, T
H .

i
i
©d
1
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depends upon the extent to which the roadway configuration
bloclks the sightline between the observer and the equlva-

lent single lane representative of the roadway.

A real roadway system, therefore, having the real attrlbutes
of eurves, gradlent changes, cross scetlion changes, flow
changes, etec. can be synthesised as a number of finite {or
semi~infinite) diserete roadway elements. The nolse of each
element can be derived from the infinlte roadway model with
adjustments to account for each of these real attributes as

willl be shown in the following chapters.

'REACTION TO ENVIRONMENTAL NOISE

The effects of nolse on people can be listed In three generai

categories:

«  Subjective effects of annoyance, nuslance, dissatisfactlon.

« Interference with activities such as speech, sleep,

learning.

» Physilologlcal effects such as startle, hearing loss,

~20-
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The noise levels assoclated with traffic nolse are, Iin almost
every case, of concern only in the first two categories.
Unfortunately, there_is no satilsfactory objectlve measure of
the subjegtive effects of noilse. In laboratory evaluations
it is poasslble to quantify the comparative subjective reac-—
tions between different sounds. However, no experiments yet
provide an adequate absolute measure lor subjective reaction.
This result stems primarlily from the wilde variation in
individual differences in thresholds of annoyance, habitua-
tlon to nolse over dirfering past cxperlences with nolse, the
semantlc content conveyed by speclfic sounds, and the meaning

of the source of noisé ltself.

In terms of'task interference with speech or sleep, quantitive
evaluations of criteria, whlle difficult, are more easily
obtained, For example, much data exist concerning the effectis
of a steady masking nolse on the intelliglibllity of speech in
different environments or speech conditions. Data also exlst
on what nolse levels are considered deslrable in different
speech environments. TFor example, continuous noise levels
which should not be exceeded 1f adequate telephone use 1g to
be expeeted or what levels of nolse permlt acceptable TV
listening for most people., The effect on speech interference
of nolses which are intermittently higher than the average to

whilch the llstener 1s exposed 1s not yet well understood,

-2=
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The effect of nolse on sleep interference 1ls more difficult
to acsess than the effect on speech Interference., Study of
sleep interference 1s difficult because of the different
physiological states of sleep and the fact that sleep Iinter-
ference can exlst without a pewrson being consclously awakened,
Recent experiments do provide guidelines, however, in consid-
ering sleep interference effects in the selectlon of design

eriteria for traffic noilse.

Moving from laboratory data to the results of social surveys

of trafflic nolse adds some insight in the development of

criteria. These surveys help determine perccentages ol people
having different responses to varilous nelse sources. When
examined against physical descripticns of the noise environ-
ment, informatlion can be developed on at least the sipnificant
physical measures of nolse which contribute to the varlance

in the geheral response of a communlty to noiée. It 18 worth
observing that physlea) descriptlons alone generally account
for less than half the components of variance in response to

noilse, with the other non-physleal factors mentioned earlier

cl'ten dominating.

Certain general facltors may be deduced from-the present body

of laboratery and soclal survey studles:

22
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+ Interfercence wlth speech or TV listening is the predomln-

ant complaint against traffic noise.
+ Interference with sleep is often e¢lted as a complaint.

* Both a measure of the time-average noise level and measures
,of the magnitude and rate of occurences of peak noise
levels are Important in describing pecple's response to

traffle noise.

On the basls of the above considerations, we have derived
suggested design criterla for traffic nolse indlcated in
Pable B.5. These criterla specifly maximum nolse levels which
would be consildered by the average individual to be acceptable
with respect to speech, radlec and TV interference, sleep

interference, and annoyance.

There are numerous exlsting sltuatlons where pcople are now
living with trafflc nolse levels which are in excess of those
speclfled in Table B.5. This is not to say that these nolsy
environments are entirely satlsfactory, rather that people
wlll elther accept an unsatisfactory nolse environment, move

away from 1t, or attempt to bring legal action to reduce the

‘noise. The deslgn criterla presented are, on the other hang,

23~
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higher in some instances then consildered desirable by aome
pﬁblic authoritiles. They are presented as reallstic goals
which people willl find acceptable, even though lower 1evelé
might often be desired. We believe that exceeding these
crlteria by more than 5 dB will provide environments in which

the majority of people would express a major dissatilsfaction.

-2l
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S CHAPTER 3 - THE METHODOLOGY OF TRAFFIC NOISE PREDICTION

i%- In the previous chapter some of the baslec concepts involved

; ;' in defining and analyzing the hipghway noise environment have
been discussed, The intention in thls present chapter is to
deseribe In general terms the methodology used in the Deslgn

|
I; Guide.
|

The meneral traffie situation is composed of an infinlty of
Lj ' variables; different cars driving at different speeds 1n

other than plane surroundlngs. Obviously, to make the problem

éL' | practlicable, certain assumptions and simplifications must be
;[7 ‘ made. This 1s done through a model of the tralfic situation
.g_i which defines the most important parameters involved and thus
&L; pernlts the predletioh of the true situation wlth a certain
: ; - degree of accuracy. The flow diagram 1llustrating the
aL" ' methodology is shown in Table 1 end is discussed below.
b o
L »
J ) DEFINITION OF PARAMETERS
9[; ‘ Considey a highway transversing a populated area. The
ég‘~ simplest case would be to assume a perfectly flat and straight
5k’ _ ' road of constant cross section, carrying a constant vehicle
g?' volume, Thué, observers abt different positions along'the
R:A highway, cach at a distance of H00 feet would be subjected to
ﬁlﬂ. the same, unchanging nolse level. In this simple case, we

L. o o5
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can define the highway as a constant infinite noiselsourqé.
On the other hand, if the road geometry is not constant with
respect to the observer (elevated or depressed sections, four
lanes changlng te two lanes, curves etc.) the infinite nodse
gource model no longer is true and the geometry must be

discretlzed into elements of constant eharacteristies. In

reality, since we are dealling with a practical model, these

constant characterlstics are allowed to vary within certailn

" practieal limits; for example, continuous change in elevatlon

of 5 feet over 1000 feet span can be neglected.

For the purposes of this present discussion, a road element
is defined as that section of the road whose geometrical
configuration (straipght, level, constant cross sectlon ete.)
with respect to the observer and whose traffic density and
speed over the element length can be considered constant.
Table 1 shows that for a general case, N different road

elements are possible.
Each road element identified can be described by a serles of

parameters that must be known or measured. These parameters

can be grouped under three headlngs:

~27-
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Traflflc Parameters-

Roadway Characteristics

Observer Characterlsties

The step-by-step method of obtalning these parameters 1s

treated in detall 1n Chapter 4. Thelr role 1in the methodology

of the Deslgn Gulde may be summarized as folloys:

Traffic Paramcters describe the "ldealized" traffic situa-
tion on the road element, Vehicle Volume defines total
number of vehicles that pass a'point on the road element
during one hour, Vehlecle Mix describes the proportion of
heavy trucks In the population. As discussed 1ln Chapter 2,
truck nolse has dlfferent charécteristics Trom automoblle
nolse and must be treated separately. Average Speed
describes the average speed of vehilceles on the road element.
Note that thils parameter ls especially important for auto-
moblles since the noilse emltted increases with the third

power of speed, while 1t remains constant for trucks,

Roadway Characteristics are descrilbed by Iive parameters

which define the geometry of the road element with respect

C 28—



g L A i T A R it e e

ViR
L

A\

T
5 3

LTI

o T

.. .., -.S

e e

e
. . B

Report No. 1861 | _ Bolt Beranel and Newman Inc.

to the immediate surroundings. Pavement Wldth defines the
diastance across the roadway. Thls distance does neot include
outside emergency lanes. Vertical Confipuration deseribes
the roadway elevation or depression with respect to the

surrcunding terrain. TPlow Characteristics relate to [low

Anterruption imposed by roadway deslpgn. Gradient defines

the percent gradlient of the roadway., Surface Characteristic

deseribes the "roughness" of the pavement.

Ohserver Characteristics deseribe the location of the

roadway element wlth respect to the observer and take
aceount of the attenuating influence of the intervening
terrain. Observer Distance deflines the perpendleular
distance between the observer and the roadway celement.
Element Size is deflned by the angle subtended by the
element at the obseprver. Shlélding deseribes all acoustical
shlelding present between observer and road element.
Obaerver Relative Helght describes the observer veritlcal

posltion with respect to the roadway.

PROCEDURE -

These three groups of parametera must be known for ench.
roaﬁway element to predlict the nolse level for ﬁ ginple
obaerver location, Consider agaln the example giﬁen earlier

of & single roadway element, infinitely long and of constant

~29.
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characterlistics located at-grade on a flat level terrain.
Furthermore, let us locate the observer 100 feet from the
road with no shlelding present. This, for practical consid-

erations is considered the "worst case' or the noisiest

-eondltlon (obviously poilnts cleser to the road will be

subjected to higher nolse levels, but such polnts are seldom

of inferest). The noise level at 100 feet is called the
It e T T S iy Ny

Wt teep L iR sl

Reference Nolse Level. Thiu reference noise level 1s nmea-

SR SRR I T SSE Y

S

i s b W,

sured as a median level, ealled L50 (the ;O level is that

i s e v

level which 1s exceeded for 507 of the time). Under the

assumptions of our model, Reference Nolse Levels can be
e e e s et tns

e ST T A

obtained by knowing the Traffic Parameters only and will

A et btk M i b e

At LA L e i e e

yield two numbers, one ror automobiles and one for trucks,

B LT T N PO e A S TN TSP S 3

measured in GBA,
M e A B T 0

Deviatlions from this simple model will Introduce paramefers
from the Roadvway Characteristics and Observer Characteristics
groups and will result in Adjustments to the Reference Noise
Level. In most cases, these adlustments will be negative,
thus providing attenuwation to the Reference Nolse Level. TFor
instance, conslder that the roadway of the example ls now
elevated above the surroundlng terrain by a hedght H. The
observer, standing below the level af the recadway is wholly
'or partlally shlelded from the vehicular nolse sources

depending upon the extent of elevation, Some attenuation of

-30~
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the radiated tralflfic nolse 1s, therefore, imposed. A further
adjustment will occur il the observer location with reaspect

to the roadway is moved from 100 feet to 200 feet. Tvaffic

nolse levels, in general, decreaae at a raLe of between 3 and

L T W R R

6 dB for doubling of observer dis tanco.
N U AL bl ORI TS S AT R T N an  pa pe  T R M AY rp s e
The model considered 1n this study, through the use of the
defined pearameters, allows for [lve types of adjustments for
each road element as shown in Table 1. The Dis tance and

Y b o 1y A

Vertlcal Conflguration ad1ustment are the most important of

these in terms of frequency of occurance and modgl sensitivity.

AR UTERTNIE X

For the general case- then, each roadway element glves two
reference nolse levels {(one for autos, one for trucks) based
on the infinlte element length assumption and using the
tralffic parameters. These reference nolse levels for each
element are then modiflied by the applicable adjustments and
finally, the sum of all corrected nolse levels (adding
contributions from all road elements) ylelds the deslred

final noise level at the observer position.
CRITERIA AND RESPONSE

Once the expected nolse level 1s computed at the observer

location, 1ts meaning must be evaluated 1In terms of some

-31~
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ﬁredetermined noisé criteria., The eriteria used in this gulde
are presented and discussed In Chapter 6., If on the basis of
these criterla it appears thet the proposed highway design
will be undesirably nolsy or cause significant community
opposition, the highway englneer can reenter the Deslgn Guide

with hlghway modificatlions and reevaluate the situation.

COMPLETE AND SHORT METHODS
Chapters 4 and 5 present the complete and short nolse predic-
tion methods respectively. They arce both presented schematlc-

ally in Table 1.

The complete method uses all the parameters discussed in this
chapter and applles them to compute a complete set of adjust-
ments. Thus, under the restrictions of the model used in
this study, this method represents the more exact solution,

It precedes-the.short method in the guigg because 1t is felt

et

that an understanding.afl.the.completo.ngthed s ngsgssary

LTE e LY

before the short method can bo. used.,..
it i o o e e 2R

The short method, shown green in Table 1, allows the designer
ﬁo obtain a quick, first approximation to the expected nolse

levels. In general, this procedurg will result in higher

nolse levels than the cqmplete method.

...... " Ve i RSP 3 1 Y o
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If a potential hiph noilse level is dilscovered, the complete
solution should then be used to assess nroperly the magnitude
of the problem, however, the method allows the deslgner to
discard observer positions unaffected by the roadway resulting
in considerable time savinpgs. These savings result because
ohly a limited amount of data is regquired and the calculations
necessary to obtain the predicted nolse levels are simplified

by the use of tables,

~-33-
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CHAPTER 4 ~ COMPLETE METHOD

The complete method for estilmating the nolse generated by.a
roadway at a selected observer location ls gilven in this
chapter. A typleal example 1s presenbed following the
instructions to more fully illustrate the method. The method

18 divided in four main sections:

Section 1 -~ Roadway Element Identification: The roadway 1s
separated into elements wlth constant characterlistics, thus

simplifylng the analysils.

Section 2 - Traffic Parameters Identifilcatlion: Parameters of
speed and volume are compubed thus describlng the dynamles of

the Roadway Elements.

sectlion 3 - Roadway Characterlstics and Observer Characteris-
tle Identiflcation: The geometrical characterlstles of each
roadway element and the relationship ef the observer and each

roadway element are established.

Sectlon § - Nolse Levels Estimation: Gilven the descriptlons

from Sections 2 and 3 for each roadway element, thls procedure

shows how to calculate the desired Predicted lNoise Levels for
each element and finally how to combine them to ohtain an

overall nolse level at the observer due to the entlre roadway.

-3 -
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All Work Sheets used in this procedure are shown in Appendix
A, A1l Flgures aﬁd Tables used In thils procedure are shoun

in Appendlx B unless otherwlse noted,

'SECTION 1 - ROADWAY ELEMENT IDENTIFICATION

A roadway element 1s defined as that sectlon of the roadway
whose cross sectlon and traffic Clow characteristlcs canh be
considered constant and that can be analyzed directly by
means of a stralght infinite roadway ncise model with a
simple cofrection to allow for the angle subtended by the

element at the obsgerver.

In many real cases the hilghway engineer will be able to
ldentify the roadway with a single, effectively infinite and
stralght, element. In other cases, however, analysls into
two, three, or more elements will be required. The followlng i
rules and procedures are set forth to help the process of

element fdentiflcation. ;

In order to be defined as a roadway element a sectilon of

roadway must satisfy the lollowlng requirements:

*  Plratly, all lanes within the element must meet the
requirements for groupling together as a single equivalent

traffic lane.

-35-
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« 'In addition, over the length of the element the condiltions
of unchanglng cross sectlon, stralghtness, unchahging
gradient and constant traffle operating conditions must be

met.

1.0 VWORK SHEET NO. 1 (See Table A.4): The conditlions and
requirements necessary to define the Roadway Elements
are presented here in detgll. The procedure is as

rl
follows:

1.1 On a route map of convenient scale select the observer

location for which analysis 1s required.

1.2 Draw a line from this locatlon to Intersect the roadway

at 1ts nearest point, l.e. right angle intersect.

1.3 On elther side of this intersect point hark off a length
of roadway equal to four times the length of the observer-

roadway intersect.

Note: The length of road Just defined to all dntents and
purposes can be consldered as infinitely long.
Sections of road further removed from the intersect
point can e neglected unless thelr conflpuration is'’

such as .to render them particularly noisy.

536"
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1.4 Examine the cross-sectlon of the roadway at the inter-
sect point to determine the number of dlflerent lane

r\ groupings required (in aceordance with the rules in Work

lj ' Sheet No. 1). Denote these A, B, ¢, etc., starting with

the lane grouping nearest the chserver.

‘ Notet: This lane grouplng test simply allows for highway
L- : conflipgurations having different pavement elevatlons 1n
r; ' each direction of flow, or having an acoustleally
‘ opaque median barrier or berm. The deslgner 1s not
-[; advised to take frontage rocads into account at thils
time since 1t will unduly complicate the process ol

Lf element ldentification.

" 1.5 B8tudy each lane groupling along 1ts lenpgth with regard to
i . significant changes in alinement (curves), section,
gradient or flow as defined in the work sheet., Identify

by cheeking the appropriate box in the table.

- 1.6 Following the condlitions set forth in the work scheet
: ‘ . ddentlfy and number those elements pertlinent to each
lane grouping. Enter and desecrlbe these 1n the second

{. table on the work sheet.

] .
S ~37-
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Note: Elements whleh run the total length (8D) of the road-
way section are termed Infinlte Elements. Elements
which extend across the UD limlit in one directlon but
which terminate within the 8D roadway length are
termed Seml-Infinlte Elements, Elements which start
and findish within the 8D limits of the roadway are
termed Finlte Elements. ‘These three element classif-
lcations ave numbered I, II, IIT respectlvely.

M
1.7 On the same tablé note the position parameters that each
element bears to the observer, as l1llustrated in Figure
B.l. Note also the total pavement width (P} and the

number of lanes approprlate to each.

‘. Observer-Near Lane Disgtance (DN). Measured along the

right angle intercept between fthe observer and the center

. ¢f the near lane,

* Element Length (L). This dlstance represents the length

of' the Roadway Element and must be measured 1in the Finlte'

Element Case only.

« fngle 8. This angle represents the included angle between
observer and element In the Finite Element Case and the .

Inelnded angle between obocrver and the Seml-Inflnlte

-36-
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]{::‘ Element as shown in fipure B,1. (This angle can be
“‘ posifive or negative,) Note that both angles are measured
[M to the middle of the roadway.
l 1.8 Identlfy and describe any other roadway clements that
'I? . you may wish to include at thils bime~-parts of access
: ramps for instance. Identify each of these as a further
!Jl lane grouping (D, E, etc,) and follow the general
Ie : procedure of Steps 1.6 and 1.7,
] f RULES FOR ELEMENT IDENTIFICATION
.t LANE GROUPINGS: In order to permit lane grouping within a
!; single element the following condidtions must apply:
[j | « A1l lanes must lie at the same elevation with respect to
lf : © ' the terrain.
lﬁ _ + Lane and medlan separators must not shield lanes acoustie~
IY' ally from each other,
I *+ Vehicle operating conditions must be broadly similar for
kf eacﬁ lgne,
§ |
i "(Most roadways satlsily these cond;tions and consequently all
R ‘ roadway lanes oann he accumnodaled within a single element.
(:; .

R . -390~
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~ In general, however, these c¢ondltions do not permit frontage

roads and ramps to be included with the mailn highway confipg-

uration.)

ALINEMENT (CURVES): In order to satisfy the requirements of
a single element delinitlon the element must be effectively

stralght. The following rules apply:

« Btretches of road separated by curves must in general be

- regarded as separate elements.

= When the ratic of curve radlius to observer dlstance exceeds
ten and when the observer lies within the triangle formed

by the normal intersects of the roadway at the curve

tangency poilnts, the curve ltself should be represented by
E a ‘stralpght element to provide a "best flt" representatlon
of the curve.
= A readway having double or multiple curves can be repre-
sented a "best LItV Straight roadway as long as deviatlons
from this represcntation do not excced 220% of the mean
observer-roadway dlstance.
i

=40~
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GRADIENTS: 1In order to satisly the requirements of a single
element definition the element must not contaln a change In

roadway gradient of greater than 2%

CROSS SECTION: In order to satisfy the requlrements of a
single element definition the cross section along the length
of the element must be effectively unchanging. Significant

changes are defined as follows:

« A change in the differential in roadway elevatilon with
respect to the terraln (parameter H for elevated and

depressed) of more than +10% about the mid-point value.

= A change in total roadway width (including medlan strip)

of more than #25% about the mid-point value.

» A change, on the observer slde of the roadway cut dlstance
or the roadway shoulder distance, for depressed and
elevated configuratlions respectively, of more than *25%

about the mld-peint value.

An exception to this requirement 1s the transltion length of
roadway between different roadway elevations e.g.; between
elevated and at-prade confipgurations. Tor such transitions

the rollowing rules apply:

el )
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- « A transitlon sectlon of roadway betueen an elevated and
at~grade confipguration or between a depressed and at-grade

configuration 13 defined as having constant ceross-sectlon

with a geometry correspeonding to that of the mld-point of

the transition.

H 1

s A transiltion section of readway between an elevated and
depressed configuration, i.e. a transition whlch passes
through at-grade, 1s considered as two traﬁsitions each of

them going to grade., REach of these transitions is analysed

[

T o 4 R

)
as above.
!: TRAFFIC FLOW: In order to satisfy the requirements of a
W
single element definition the traffic flow condltions along
the length of the element must be effectively constant.,
[f Significant changes are defined as follows:
'_'
:
D, = A flow volume change of *+10%.
D
SR « An average speed change of $10%.
L
{F ' : A change from uninterrupted to interrupted flow condltlons.
] i
i
» .
f;, With regard to the last item, interrupted {low imposed by a
;j n traffic control signal l1s assumed fo have an influence on the

N 2
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operating noise of a vehlele over a distance of 1000 feet

centered at the center of the signal area. This length would

therefore define the element length.

.Note:

In principle at least the highway engineer may thus
develop noise estimates for complex roadway systems
invglving interchange and access ramps, intersections,
frontage roads ete. If too many elements are ldentl-
fied at one time, however, the procedure may bhecome
very laborilous., It is supggested that the user use
Judgement in determining those sections of road and
grouplngs of lanes which will influence the nolse

environment.

2,0 Enter Roadway llements defined on Work Sheet No. 1 oh

“Parameter Work Sheet" (see Table A.1) in the columns

provided, one element per column, by noting:

v The Road Element Number

» The Roadway Element Type

® The applicable Time Interval of Interest

~l3-
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Note: The "Parameter VWork Sheet" can be used to handle
several Roadway Elements at one Time Interval, or one

Roadway Element at several different Time Intervals.

SECTION 2 - TRAFFIC PARAMETER IDENTIFICATION
This section describes the procedure for Traffic Parameter
Identifiecation. It covers Lipes 1 and 2 on "Parameter Work

Sheet". The procedure is as follows:

1.0 VEHICLE OPERATING CONDITIONS: Determlne the Vehiele
Operating Conditleons for each Roadway Element at the

required Time Interval and enter in Lines 1 and 2 on

"Pavameter York Sheet". The Vehlcle Operatlng Conditlons

are:
+ The Hourly Volume (V) in vehicles per hour.
« The Average Speed (S) in miles per hour.

These parameters are requlred separately for two categories
of motor vehieles; auvtomobiles and truclks as delined in

Chapter I.

bl
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In the event that these parameters must be computed [rom
estimates of AADT and of percentage flow and mix variations
during the day, Work Sheet No. 2 (see Table A.5) 1s provided.
2.0 WORK. SHEET NO. 2: Tor each Roadway Element Jdentified

and defined in Work Sheet No. 1l:
2.1 Enter Estimated AADT in Line 1.

2.2 Enter the Hourly Volume, for the required Time Interval
as a percentage of AADT, in Line 2, (In the event that
this is unknown, lllustrative data from the Highway

Capaclty Manual is given in Appendix C Filgure C.1.)

2.3 Enter the Vehicle volume (V) in vehleles per hour in
Line 3. This is obtained by multiplying Line 1 by Line

2 and dividing by 100.

2.4 Inter Truck to Auto Mix in percentage of vehiele volume
in Line 4. (In the event that this 15 unknown, 1llus-
trative data from the Highway Capaclty Manual is given

in Appendilx C Flgure C.2.)

2.5 Enter Truek Volume (in vehilcles per hour) in Line 5.

This is obtained by multiplying Line 3 by Line 1l and

45
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dividing by 100.

_2.6 Enter Auto Vdlume in vehleles per hour in idne 6. This

is obtained by subtracting Line 5 from Line 3.

2.7 Enter expccted Average Truck Speed (In miles per hour)

in Line 7 and the Average Auto Speed in Line 8,

Note: The noisilest flow condltion will occur under the
condiltion of the highest stable volume flow at the
highest expected averapge speed. The capacity chart of
Figure C.3, (Appendlx C) for instance, would suggest
that the highest nolse conditlon on a highway designed
for an Average iighway Speed of 70 mph, would occur
with a lane volume close o 2000 vph at an averapge

speed of 45 mph.

2,8 Enter Lines 5 and 6 from Work Sheet No, 2 in Line 1h and

la in "Parameter Vork Sheet™, respectively.

Enter Lines 7 and 8 from Work Sheet No, 2 on Line 2b and 2a

in "Parameter Work Shect", respectively.

G-
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SECTION 3 - RDADWAY AND OBSERVER CHARACTERISTICS IDENTIFICATION
This section descrlbes the procedure for Roadway and Observer
Characteristies Identiflcation and if covers lines 3 through

10 on the "Parameter Work Sheet'.

1.0 FLOW CHARACTERISTICS: Note the Flow Characteristics of

each Reoadway Element hy checking elther the 3a-or 3b

Line on "Parameter VWork Sheet'.

+ Interrupted Flow 1s defined &5 the vehicle flow Interrupted
by an outside source such as stop signs, traffic light,

ete. Slowdown or stop due to heavy traffilc, accldent, etec.

1s not an outside source.

2.0 PAVEMENT CHARACTLERISTICS: MNMeasure the Pavement Charac-
teristies for each Roadway Flement and enter in Lines la
and 4b on "Parameter Vork Sheet'". This data may be

transferred from Vork Sheet No. 1.

3.0 PERCENTAGE GRADIENT: Establish the Percentage Gradlent

for each Roadway Element and enter in Line 5 on "Param-

eter Work Sheet!.

« Percentage Gradlent 1s defined as the change 1n roadway

elevation measured in feet per 100 feet of roadway. Note

7.
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thot a Percentage OGradient <2¢ 1s considered insipgniflcant

and noted as 0%.

4.0 VERTICAL CONFIGURATION: Determlne the form of Vertical
Configuration for each Roadway Element and checlt the

appropriate line on "Parameter Work Sheet",

+ Elevated: When Roadway Element is elevated above the

immedlate surrounding terrain.

»+ Depressed: When Roadway Element is depressed below the

immediate surrounding terraln (cut),

»  At-Grade: When Roédway Element l1s level with the immedlate

surrounding terraln,
5.0 ROADWAY SURPFACE: Determlne the Recadway Surface charac-
teristics for each Roadway Element and checlk the appro-~
priate line on the "Parameter Work Sheet'.

+ Smooth: Very smooth, seal coated asphalt pavement.

+ Normal: Moderately rough asphalt and conerete surface.

~48—
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» Roupgh: Rough asphalt pavement with large voids 1/2" or

larger in diameter, grooved concrete.

6.0 POSITION PARAMETERS: DInter the Position Parameters from
Worl Sheet No., 1 lor each Roadway Element. Evaluate and
note the Observer-Equlivalent Lane Distance DE’ using

Figure B. 2,

7.0 SHIELDING CHARACTERISTICS: Determine the Shielding
Characterlstics between the observer and each Roadway

Element and check the appropriate line as follows:

s Barriers: Delined as infinlte or [inite barriers and walls

generally located near the roadway and parallel to it.
« Bulldings: This category Includes residential, commercial
and industriel buildings that may wholly or partially

shield the roadway from the observer,

* Others: This category includes all other shleldling effects

such as trees, vegetatlon, ete. Terrain effects are not

included.

© None: When no shiclding is present.

'_ng_
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e e U ‘“__.

(:l
8.0 TERRAIN CHARACTERISTICS: Determlne the Terrain Charac-—
terlstics at the Observer by notlng the observer ecleva-
tlon relative to the ground elevation at the roadway and
- enter in Line 10 on "Parameter Work Sheet'.
;;“
v  SECTION 4 - NOISE LEVEL ESTIMATION
;' This sectlon deseribes the procedure to obtain the Estimated
ij Nolse Levels at the observer due to the proposed highway
ij uslng the data from the above sectlons.
ﬁf :
B 1.0 REFERENCE Lg, AT 100 FEET: Determine the Reference Ly
. Levels at 100 feet for both autos and truclks using
ij - Figures B.3 and B.!Y and enter on Line 1 on "Noise
- Prediction Work Sheet" (see Table A.2). These levels
L are obtalned as follows:
) = Automobiles: Using Vehlele Volume, VA (Line la on "Param-
‘ ;i_ eter Work Sheet") enter Figure B.3 and read the correspond-
g.:' ing Sound Level in dBA,
¢« Trucks: Uslng Vehdicle Volume, VT’ and Average Speed, ST,
enter Figure B.lI and read the corresponding sound level in
é . dBA.
-,

o Tgne——.
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DISTANCE ADJUSTMENT (4A:1): '"he distance adjustment to
account for Observer - Near Lane Distance and the Width
of Roadway Element must be determined for each Roadway
Element and entered in Line 2. This adjustment 1s the

game [or autds and truecks and 1s obtained as follows:

Using Near Lane Disgtance, DN (Line B8a on "Parameter Vork
Sheet") and Roadway Element Width, P (Line H#a on "Parameter

Work Sheet™) enter Figure B.5 and read the Adjustment in

dB,

ELEMENT ADJUSTMENT (A2): Determine the Element AdJjust.-
ment for each Roadway Element and enter in Line 3 on
"Nolse Prediction Work Sheet™. This adjustment is
applicable to the Semi-Infinite Roadway Element and
Finlte Roadway Llement only., TIor the Infinlte Roadway

Element enter zerec on Line 3.

Semi-Infinite Element: Using the angle 8 (Line Bd on
"Parameter Work Sheet")} enter Flpure B.6 and read the
appropriate adjustment in dB. The same adjustment appliles

for autos and trucks.

Finlte Element: Using the angle ¢ (Line 84 on "Parameter

Work Shect") enter Pigure B,7 and read the appropriate

—Bl-
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adjustment in dB. The same adjustment applies Tor autos

and trucks.

e T

4.0 GRADIENT ADJUSTHMENT (Ag): The Gradlent Adjustment

applies only for trucks and should be determined whenever
the gradient 1s greater than 2% (see Line 5 on "Parameter
Work Sheet"}., The appropriate adjustment is obtained
from Table B.1. Enter adjustment on Line U on 1.'I\!oise

Prediction Work Sheet" under Truck.

VERTICAL ADJUSTMENT (A,): Determine the Vertical
Adjustment for each Roadway Element and enter 1in Line §
of "Nolse Predictlion Work Sheet". This adjustment is
zero for an at—g?ade rcead confipguration, otherwlse go to

procedure con Work Sheet No. 3 (see Table A.6).

WORK SHEET NG. 3: The procedure [lor estimating the
CAdjustment due to Vertical Conflguration is as follows

for each element:
Enter Roadway Elements defined on Work Sheet No., 1.

For an elevated road configuration, proceed through steps

- 6.4 through 6.0,

-52-
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6.3 Tor a depressed road configuration proceed through steps

6.11 through 6.17.
6.4 Enter height of Elevated Roadway, Hi, dn feet in Line 1.
Note: For an elevated roadway, H;, 1s defined as the helght
of the roadway element above the observer. If the
observer is above the roadway elevatlon, then thls ls

considered an at-grade situation and no vertical

adjustment ls necessary.

6.5 Enter Observer-Bquivalent Lane Distance, DE’ in Line 2

(see Line BbL of fParameter Work Sheet"),
6.6 Enter Observer~Shoulder Distance, DS’ in Line 3.
6.7 Compute parameter A= P?/DS and enter in Line 4.
6.8 Compute parameter B= Hf/(DE-Ds) and enter in Line 5.
6.9 Using Parameters A and B, enter Figure B.8 and read the

appropriate adjustment for Elevated Roadway. Enter on

Line lla.

-53-
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To obtain the adjustment for trucks, add +5 dB to Line
1la and enter on Line 11lb. (Note: the numerical value
of the truck adjustment is smaller than that for autos

but it can never be positive,)

Enter Depth of Depressed Roadway, Hz in feet on Line 6,
Same as 6.5, ©Enter on Line 7.

Enter Observer ~ Cut Distance Dc on Line 8.
Compute.Parameter A= H:/(DE-DC) and enter con Line 9,
Compute Parameter B= H:/DC and enter on Line 10.

Uslng Parameters A and B enter Flgure B.8 and read

appropriate adjustment for Depressed Roadway. Enter in

Line lZ2a.
Same as 6.10 and enter in Line 12b.
SURFACE ADJUSTMENT (As): Determine the Surface Adjust-

ment for each Roadway Element and enter in Line 6 in

"Noise Prediction Worl: Sheet". This adjustment 1s

S b
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obtained from Table B.2 ualng the Road Surface classifi-

cation from Line 7 of "Parameter Work Sheet!.

SHIELDING ADJUSTMENT (A¢ AND As): Determine the Shileld-
ing Adjustments for each Reoadway Llement and enter in

Line 7a or 7Tb of "Nolse Prediction Vork Sheet'" as

follows:

* If Line 9d on "Parameter Work Sheet" 1s checked, then the

shlelding adjustmenf 15 zerc. Proceed teo sectlon 10.0.

* Otherwise go to procedure on Work Sheet Ho. 4.

9.0

9.1

9.2

9.3

WORK SHEET NO. 4¢ The procedure for estlmating Shielding

AdJustments due to barrieras, builldings and other effects

: ls as I'ollows for each element:

Enter Roadway Elements defined on Work Sheet Ho. 1.

If Line 9a on "Parameter Work Sheet" is checked, then

‘proceed to section 9.4 through 9.10.

If Line 9b or/and 9¢ on the "Parameter Vork Sheet" 1s

checked, then proeceed to section 9,11 through 9,13,
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Enter Heipght of' Barrier (H), in feet, in Line 1,
Enter Observer-Barrier Distance (DB) in feet, in Line 2,

Enter Equivalent Lane-Barrier Dilstance (RB), In feet, in

. ILine 3, where RB= (DE~DB).

Compute the ratios Hz/DB and Hz/RB and enter in Lines 4

and 5 respectlvely.

Using these ratics, enter Figure B.9 and read the

éppropriate adjustment for an Infinlte Barrier and enter

in Line 6,

Depending on the Roadway Element type considered, do one

of" the followling:

For a Filnite Roadway Element proceed to section 9.9.1

through 9.9.4.

For Seml-Infinite Roadway Element proceed to Bectlon 9.8.5

through 9.9.8.

For Infinlte Roadway Element proceed to Section 9.9.9

through 9.9.11,

~G6-
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Enter Inclided Element Angle 8 on Line 7. This iso

obtained from Line Bd on "Parameter Work Sheet”,

Enter Included Barrler Angle & on Line 8. This angle
represents the included anglé between obaerver and

barrler.
Compute the Parameter A= % and enter in Line 9.

Using Parameter A and the Infinite Barrier Adjustment
(line 6) enter Fipure B,9 and read the appropriate
adjustment for a finite barrier. Note that the
adJustments are piven for only three values of Infinite
Barrier. Select the closest value to the one calculat-
ed.in Line 6. fnter this adJustment on Line 10. Go

to Section 9.10.

Enter Included Element angle 6 on Line 11, This is

obtained from Line 8d on "“Parameter Work Sheet®.

Enter Included Rarrier Anglé & on Line 12, This angle

represents the included angle between the observer and

barrier.

Compute the Parameter A= 98—6 and enter in Line 13.

~57-
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9.9.,8

9.9.9

9.10

Using Parameter A and the Infinite Barrler Adjustment
(Line 8) enter Figure B.9 and read the appropriate
adfustment for a finite barrier, Note that the
adJustments are glven for only three values of the
Infinlte Barrier. Select the closest value to the one
calculated in Line 6. Enter this adjustment in Line

14, Go to Section 9.10. -

Enter Included Barrier Angle o on Line 15, This angle
represents the included angle between observer and

barrier,
Compute the Parameter A= /180 and enter in Line 16.

Using Parametﬁr A and the Infinite Barrier Adjustment
{Line 6) enter Fipure B.9 and read the appropriate
adjustment for a finite barrier. MNote that the
adjustments are gilven for only three values of
Infinlte Barrier. Select the closest value to the
one calculated in Line 6. Enter this adjustment in

Line 17.

Enter the Finite Barrier Adjustment in Line 7a of the

"Holse Predlietion Work Sheet", Note that the algebraic

.additlon of the Vertlecal AdJustment (A,) Line 5 and the
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Barrier Adjustment (Ag) Line 7a should not exceed -15

dB. (Ay+Ag>-15 dB)

o 9,11 Multliple rows of intervening buildings and structures,

such as hodses, apartments, etc. willl reduce levels by

E?T up to 10 4B depending upon the degree of shieldling
‘? ' : | provided. A single row of houses between the roadway
element and the obszerver wlll generally reduce levels
by approximately 5 dB. Enter the assumed adjustment in

Line 18.on VWork Sheet No. 4. HNote that this adjustment

l‘ ls always nepgatilve.

T g .
;

{ . 9.12 A designlvalue of 5 dB noise reduction for every 100
)l feet of foliage between observer and roadway element
= may be used 1f the trees are at least 15 Ceet tall and
P _ suffieiently dense so that no visual path between tﬁem
and the roadway exists. The total adJustment should

not exceed 10 dB. Enter the assumed adjustment in Line

19 on Worlk Sheet Ne. 4. Note that this adjustment is

always negatlve,

PO

.13 Add the adjustments of Line 18 and 19 and enter in Line

20. Enter thils adjustment on Line 7b on "Noise Predic-

-
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12.0

12.1

12.2

12,3

12!1‘
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50 Level at the
observer for each Roadway Element and enter on Line 9
on "Nolsa Predlction Vork Sheet". This is obtalned by

algebraie addition of Lines 1 and 7,

L10-~L50 ADJUSTMENT: Determine the L10 adjustment for
each Roadway Element and enter in Line 10 on "Holse
Predlctilon Vork Sheet®. This 1s obtained by using Work
Sheet No. 5 {see Table A.8) and the following procedure.

WORK SHEET NO. 5: fThe procedure for estimating the Lig

Adjustment is as follows for each element.

Enter Roadway Elements defilned on Work Sheet Ho. 1.
Enter Hourly Volume (V) in Line 1. This is obtained
from Lines la and 1b on "Parameter Worlk Sheet'" for

autos and trucks respectively.

Enter Average Speed (3) in Line 2. This is obtained

" from Lines 2a and 2b on "Parameter Vork Sheet" for

autos and trucks respectively.

Enter Observer-ILquivalent Lane Distance Dy in Line 3,

This 1s cobtained from Line Bb on "Parameter Work Sheet!.

~60-
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l2.5

12.6

13.0

1“!0

15,0

16.0

Bolt Beranek and Newman Ine.

Calculate Parameter A= V DE/S, and enter in Line 4.

Using Parameter A, enter Figure B.10 and read appro-

priate Adjustment in dB., IEnter on Line 5.

INTERRUPTED FLOW ADJUSTMENT: Determine the interrupted
flow adjustment for each Roadway Element and enter in
Line 11 on "Nolse Predletion Work Sheet". This adjust-
ment applies only if Line 3b on "Parameter Work Sheet®

is checked., The adjustment is obtained from Table B.3.

L.J_0 AT OBSERVER: Determine the L10 Levels for each
Roadway Element and enter in Line 12 on “MNolse Predic-
tion Work Sheet". This is obtalned by algebralc

addition of Lines 9, 10 and 11.

ELEMENT TOQOTAL: Determine the Element Total for each
Roadway Element and enter in Line 13. This ls obtalned
for both the L50 and Ll0 Levels by adding the levels
for automoblles and truecks, The procedure for adding
decibel levels is presented in Work Sheet No. 6. (A

sample calculation is shown in Table B.4.)

GRAND TOTAL: Determine the Grand Total LSO Predicted
Noise Levels by adding the contributions from all

-Gl



——

L e —— —
3 o 3 +

(i e e iy e D

L e

L

B i e e v

e £ L p—— = LI K

—
b H

4

i

[ oo 1. . i v [ |

——
i -

Report No, 1861 Bolt Beranek and Newman Inc,

roadway elements and enter in Line 1, Do same for LlO
Predicted Noise Levels, Apaln follow the procedure in
Work Sheet No. 8.

17.0 LlO"LSO: Determine the LlO-L50 Predicted Noise Level
and enter in Line 15 of Nolse Prediction Vork Sheet.
This is obtalned by slgebralc difference of the pgrand

total Llo and L50 Levels.

ILLUSTRATIVE EXAMPLE

Te more fully 1llustrate the above procedure. a typlcal
example is presented and salved in full. This same example

is later solved using the short method in Chapter 5, Consider
a reoadway configuration as shown below in Figure 1. The
observer 1s located in a classroom, 400 feet from the nearest
lane of the roadway. At the time of interest, 8-10 a.m., the
averapge speed of traffic flow is estimated to be 55 nph with

a truck/avto mix of 5%. In addition, it 1s estimated that

the Aver%ﬁg Annug}_?aily Tralfic (AADT) 4s 49,000 vehlelos

per day of which 7% per hour will pass between 8-10 a.m. The
problem 1s to calculate both the L50 and the L10 Predicted Molse
Levels using the complete method, The Tirst task in the
procedure 1s the roadway element identification. Using wOfk

Sheet lo. 1 (see Table 2} we note that according to the rules,

. AADT
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Report No. 1861 Bolt Beranek and Newman Inec,

there 1s only one lane grouping, in thils case, eight lanes of
traffic with a 20 Toot median strlp, but that a single
infinite roadway element cannot be assumed since there i1s
both alignment and cross sectionnl changes. Using the pre-
cedure of Section 1, three roadvay elements are ldentifled as

shown in TFigure 2 and Table 2. They are:

« Element 1 is a Seml-Inflinite type, and is represented by

the ap-grade crossectlon No, 1.

» Element 2 1s a Finite Element type and 1is represented by

depressed crossectlon 2.

._ * Element 3 1s a Semi-Infinite type and is represented by

depressed cross sectlon 3.

Yiith the road elements identified, the prcccdure for Traffic
Parameters, Roadway Characterist;cs and Observer Characteris-
ties TIdentilicatlon is used to obtain all the necessary
parameters and complete the "Parameter Work Sheet" Table 4.
The Reference Noise Levels and the necessary adjustments are
found by following the Nolse Level Lstimation procedure. The

results are shown on the "Nolsze Predictlon Work Sheet® Table

4., Note that the vertical adjustﬁent for roadway element MHo.l

~63-
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ig zero since vwe have an at-grade condltion, howevef, road-
way element Ho. 2 is depressed and the vertlcal adjustmeht
for truecks is also zero. This result ls easlily explained by
following the procedure for Work Sheet No. 3 (sec Table 6).
Note that the depression depth 1s only 5 feet, thus in
reality the trueks whose noise source (mainly the exhaust
stack and engine) 1s élevated are not shlelded from the

observer, Table 8 shows the L10 adjustment.

The {inal L50 and Llo
62 dBA respectively. This is shown on Tables 9 and 10

respectively, The meaning of these levels as compared

against the N Use Criterion 1s discussed in Chapter 6.

~Gl~

Nolse Levels are shown to be 60 dBA and
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WORK SHEET NO.

1

ROAD ELEMENT IDENTIFICATION

kona Grouping Change In
Group DESCRIPTION Altnement Sacilon Gradlont Flow
8 lane roadway with a
A 20 foot median strip v ¥
1
Lane Group
Eloment No., DESCRIPTION Position Parameters Pavement
Typa * D L 0 p N
1 1T STA 100 through 200 5901 - 19° | 116" 8
on level roadway
STA 200 through 300 - ; 0
2 111 on depressed roadway 395" 1000t F102.57 216! 8
STA 300 through hoo . o
3 II on depressed roadway 590! - 19 116" 8
4
5
]
7
B

* Element Type Classiflcatlon:  Type

TABLE 2,

Infinlte Element

Seml-Inflnlte
Finite

WORK SHEET NO, 1 FOR iLLUSTRATIVE EXAMPLE
(COMPLETE METHOD)
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WORK SHEET NO,2

TRAFFIC FLOW PARAMETERS

Line - Mumber 1 2 3
Symbol ROAD ELEMENT Typa [ 11| 211 | T1
Ref. TIME INTERVAL B-l0 8-10 [B-10
L T 14| 1 10 F2 I iLIN
1 Estimatad AADT, Vehicles per Day h9000( hapoo| 49000
2 Fig CT| Vehicle Volume, % AADT 4 1% Vi
3lv Vehicle Volume, vph 7a00f 7000 7000
4] |Flg C2| Truck / Vehicla Mix, % 59 5% 5%
5y Truck Volume, vph 3501  350{ 350
6 VA Auto Volume, vph: 6650 6650] 6650
757|Flg C3| Averoge Truck Speed, mph 55 55 55
B Ba{Flg C3 Avércgo Auto Speed, mplh 55 55 5E

CTABLE 3. WORK SHEET NO. 2 FO L
(COMPLETE METHOD

R IL
T

~67 -
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ROADWAY ELEMENTS
1000 @

0 ®

A o lObserver R‘

¢

ROADWAY ELEMENT NO., 1
Type: Semi~Infinite
Dpy = 590 Foet

P =116 Feel
N = 8 Lanes
= 19.0°

1= 71.0°

g = 330 Feeot
g = 312 Feet

it

i
o
D
R

ROADWAY ELEMENT NO. 2

k — — JL 'y €
8z DN
Type: Finlte
DNy = 395 Faet
Obsarver L = 1000 Faot

116 Feet

ROADWAY ELEMENT NO, 3

Typa: Seml [nflnlte
DN = 590 Feet
P = 116 Faot

N = 8 Lanes
8=19.0
Ohsarver
F.IGURE 2, IDENTIFIED ROADWAY ELEMENTS SHOWING
: APPLICABLE PARAMETERS (COMPLETE METHOD)
~68 -
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PARAMETER WORK SHEET

Number 3
3 ROAD ELEMENT 1 2
% 513 Type 11 11 IT
wl - -
TIME INTERVAL [ 230 T e-IT ] Bl
"t VAWS VEHICLE VOLUME (a) Automeoblles 6650 6650 6650
%E Vel 2 (vph) (b) Trucks 350 350 350
o
< y [ nn
Eé 2 SAWS AVERAGE SPEED (U) AUmeDb”ﬂs )5 22 ]
3 Al g {mph}
5t {b) Trucks 55 55 55
FLOW (o) Uninterrupted || v v
3 CHARACTERISTIC
{b) Interrupted
g {a) Width {P) 6
= o ¥ 116 116 11
2 14) S} pAVEMENT '
E—' (b) No.of Lanes {N) R 8 8
% PERCENTAGE GRADIENT
G 3 (If greater than 2%) 0 ] 0
> .
§ s VERTICAL - {a) Elevated
2 CONFIGURATION| (b) Depressad Y v
Q (c) At Grade v
{a) Smooth *
7 ROAD
SURFACE (b) Normal / 7 7
{¢} Rough i
(@) D {f.) 590 395 590
Q lg| sl posmions [ G) D (i) iz | 4so | 642
&m_ PARAMETERS () L (.} " 1000 —
[T
G (d) 8 (deg.) 19.0)_102.5] _ 19.0
2 {(a} DBarrlers = * /
Pz
T SHIELDING {b) Bulldings v /
g 47 EFFECTS '
& (c) Othars
% (d) None v
(73]
m
10 TERRAIN c 0 0
o EFFECTS
* Chock Whare Applicable
TABLE 4, PARAMETER WORK SHEET FOR ILLUSTRATIVE EXAMPLE

{COMPLETE METHOD)

-hP -
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N
NOISE PREDICTION WORK SHEET
Li Numb
— ROAD ELEMENT it L 2 2
Symbol Type II TIT II
" |Ref, TIME INTERVAL 810 a.m, 8-10 a.m 8-10 a.m.
VEHICLE TYPE Auvte ! Truck | Aute | Truck | Auto Truck | Aute | Truek
1 Reference L50 ot 100 fi 72 69 72 65 72 69
2 d] Distonce -11 -11 - Q -0q -11 ~12
342 — Element -0 |- ~2 -2 |- ]~
4 4/44 E Gradlent a 0 0 0 0 0
= [ 5/44wsd = [ Vertical g 0o | -5 0 | -1 [-9
2 4lAg 2 Surface 0 0 0 i 0 0
-
W gde WSl o | Shielding | o) Barrlers Y 0 0 0 0
:’ [—d-; < (b) Structures & Plant.] - 5 -5 -5 (~5 0] 0
a TOTAL ADJUSTMENT
g (cdd rows 2 through 7) <25 [-19 | -e1 | -16 [-29 |-25
U Lsg AT OBSERVER
U 7 (cdd row 1 to row 8) 53 50 1 23 43 4
[74]
ain INTERRUPTED ADJUSTMENT
U .
‘ L10 AT OBSERVER I 2 52 | .55 by hg
<12 {add ‘:‘ow 10 & 11 to row %) > 5
L -
13l Wwsd  ewement TOTAL 20453 52 47
. 10} &g 57 4R
14| MWS.6 GRAND TOTAL Lsg = 58 dBA Lo = 60 dBA
]5 L]o - ]-50 = 2 dBA
TABLE 5. NOISE PREDICTION WORK SHEET FOR ILLUSTRATIVE EXAMPLE

(COMPLETE METHOD)
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WORKSHEET NO,3

ELEVATED AND DEPRESSED HIGHWAY ADJUSTMENT

i Numbar 2 3
Lin ROAD ELEMENT : =
Sxmbo] Typa E] 11 11
Rof. TIME INTERVAL N
1 };; . Helght of Elovated Froeway ** -
g
2 IDg{RWS. | & | Observer - Equivolent Lane Dist.
et
[+ 5
3 Dg :"3" Observer ~ Shoulder Distance
wy
41A ’g‘ A= Hf / Ds
5|8 = | B=H}/(Dg - Dg)
6 [Hp 5 Depth of Dopressad [1ssway ] 15
<
7 |Dg[PWS, é Observer - Equivolent Lana Dist, 450 G2
=4
B D 5 Obsarver -~ Cut Distance 375 [555.5
n = K2
9 |A g A= Hj / (Dg - D) ,333_| 2.4
10| 8 5 | 8=H3/Dc 067 | .h05
vl |Fig o8| ELEVATED FREEWAY | {n) Auto
2 ADJUSTMENT . {b) Trucks®
12 Flq B3 DEPRESSED FREEWAY {o) Auto -5 =14
a ADJUSTMENT (b) Trucks* n ~
Equlvalent Hy**
Lane 4 * — Observar Height

. T Obssarver Location
Vg N
‘ ‘ i J‘\ {a) Elevated Highway

H ’f._.B_____/b'»— D¢ —"""-*

fe———— Dy ————]

+ DE 1

Equivalent

Lane
8t

* For trucks add +5dD to value glven by Flgurs
** Helght of alevated fraeway above observer (M)

TABLE 6,

WORK SHEET NO., 3 FOR ILLUSTRATIVE EXAMPLE

o Observer lLocatlon

{b) Depressed Highway

(COMPLETE METHOD)

C=71-



WORK SHEET NO, 4

SHIELDING ADJUSTMENT

D R BT EE

o]

- e
Ed o

{({COMPLETE METHOD)

; Line Number 1 o
H ROADWAY ELEMENT :-
! ’/:-\) Symbol Y Typo 1L 111
Ref, TIME INTERVAL d=10a.fn. H=10
11 H Haight of Barrler 10
2(Dg Obsarver - Borrlar Distunco
‘ 3|8 Equivalent Lone ~ Barlar Dlitance
4 H2/Dp 0o, 3
! 5 H2/7g u.3e
', : é Flg 89| Adfustment for_Infinlte Barrler -6.0
. ' 7] 8 B Includad Elmsment Angla
5 wn| 8| o Z | 22 Includad Barrler Angle
.o os f o &
b i 2| &g [azam
! $[10] |Fig 8y = Ad[ustment n db
i" g 1| o £ 2 Comp. Eloment Angle 19,0
I - E -
ji. i 12] of 81 = E Included Barrler Angle 71.0
.. 13 ..zu: :LE;I%: A= a/90-8 n.a
i ‘ 14 Flg 89 % -4 Adjustment In dB -
¥ 15| & | a+% | Included Barrler Anple
E_. 16 g Eé A= o /180
=l‘ - 17] |Ftg B9l | T | Adjusimont in dB
o
A i Multiple Rows af Intervenlng Bldps end
ho [ Structures, Such As Houses, Apartments,
[ 518 etc. WIII Reduce Lovels By Up Ta
b 13 10°dB
g’u ] Asumad Adjustment in dB -5 =5
W
‘ “ ! A Design Valua of . 5 dB Nolse Reductlon
il 0] For Every 100 ft of Plantlng (Dapth) Ma
i o ¥
; Z e Usad If These Troes Are At Loast 151t
- E 19 Tall and Sufflclontly Dense So That Ne
i g Visual Poth Batwaen Them end Tha
a Highwery Exlsis
1 Assumad AdJustment In dB
2
i Total Ad|ustmant For Structure
! 20 and Planting {Add Lines 18 -
| and 19 -5 -5
ll ) /Equlvulenr Lena Locatian
, -5 = — -EJ?E‘-'_*
| | T
% kg Tﬂarrier
;l DB a
H]
'l Observar Locoilon ————————
' Finlte Roadway Efement Semi Infinite Roadway Element
G e
z;
¢
i | |
b TABLE 7. WORK SHEET NO, 4 FOR ILLUSTRATIVE EXAMPLE
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'WORK SHEET NO. §
L'IO ADJUSTMENT
Line ROAD ELEMENT Number 1 2 3
Symbol Type TT III 1T
Rof TIME INTERVAL §-10 a.m.| 8-10 a.m. 8-10 a2.m.
VEHICLE TYPE Auto | Truck | Aute | Truck | Aute Truck | Auto | Truek
1|V | PWS, | Vehicle Volume, vph 6650 | 350 | 6650 | 350 {6650 | 350
2 | S | PWS. | Average Speed, mph 55 55 55 55 55 55

3 | Dg| PW.S. | Observer - Equiv. Lane Distance, ft. | 642 | 642 450 1 4s0 | . G2 6o

4 1A Parameter A =VDg /S, Vehicles ft/m 77500 | 4070 |5L4500 | 2B60 [7500 |4070

Fig.B10| L1p Adjustment, dB +1 | #2 | +1 ] w2 | 41 | w2

TABLE 8. WORK SHEET NQ. 5 FCR ILLUSTRATIVE EXAMPLE
(COMPLETE METHOD)
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WORK SHEET NO. 6
DECIBEL ADDITION
Source or Sound. Antllog Columns ~ Left Diglt of Sound Leval — [:';nﬁ]ogf Table
- ght DIgit o
Element No, | Level -db 4 8 7 6 5 4 3 2 Sound Leve! Antilog
1oLgg |55 3 fr]s |2 0 1000
2 Lgg 55 3 16 2 ] 1259
3 Lgg 7 5 | 0 1 2 1585
3 1995
4 2512
5 3142
6 el
7 5013
8 6311
Total 58 6 18 [ 2 | u 9 7944

List sound levels by source or Roadwey Elements,

Enter antilog table with right digit of sound level to obtaln antileg value.

Entor ontilog on work sheat under antilog Columns,
digit of antilog under the column numbered the some as the left digit of the

tound [avel,

Positlon by entering left

Add the antilog values of the individual sources to obtain the antilog of the
total sound lavel.

Enter antilog toble with antilog of total sound level,

numerically o the contileg obtained In Step 4,

Obtaln right digit of
tetal sound level by selecting digit from tcble whoso ontllog Is closest

Indentify column number containing left most diglt of the antileg derived

from Step 4,
sound Jevel,

This is the numerical value of the |eft digit of the total

TABLE 9. WORK SHEET MNO., é FOR [LLUSTRATIVE EXAMPLE
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WORK SHEET ‘NO, &
DECIBEL ADDITION

Source of Sound Antilog Columns - Left Digit of Sound Level Anfilog Tehle
Floment No. | Lovel-dB [0 T T2 T 6 | 5| 4 | 5 | 2 i Favall | Anllog
1 Ly, 56 3 5178 |1 0 1000
2 Lig 57 5 0 1 3 1 1259
3 Ly 48 6 | 3 2 1585
3 1995
4 2512
5 3162
5 3981
7 5013
8 46311
Total 60 g 6 12 | 5 9 7944

List sound levels by source or Rocdway Elements,
Enter antilog table with right digit of sound level te obtain antilog value.

Enter antilog on work sheet under antilog Columns. Position by entering left

digit of ontilog under the eolumn numbered the same as the loft digit of the -

sound {evel,
Add tha antllog values of the Individual sources to obtaln the ontilog of the
total sound level.

Enter antilog table with antilog of total sound level. Obtain right digit of
total sound level by selacting digit from table whose antilag is ¢losest
numerically to the ontilog obtained In Step 4,

Indentify column number contalning left most digit of the antilog derived
from Stop 4. This is the numerical value of the left diglt of the tatal
sound leval.

TABLE 10. WORK SHEETl NO. 6 FOR ILLUSTRATIVE EXAMPLE
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Report No. 1861 Bolt Beranek and Newman Inec.

CHAPTER 5 .- THE SHORT METHOD

In the previcus chapter, the step-by-~step procedure of pre-~
dieting noise levels from a foadway was presented. However,
when appreoaching the problem of nolse prediction from an
exlsting or proposed roadway, it 1s desirable to first obtain
a "rough" tded of the magnitude of nolse ievels expected and
compare those with desipgn eriteria. 'To this purpose, the
short mefhod presented in this chapter was developed., This

method willl use some of the procedures from Chapter 1.

It should be nokted at this polnt, that the short methed should
net be used in lieu of the complete methed analysis and that
it 1s restricted to fairly simple roadway conflgurations.
FProperly used, howevér, it allows the desigher to pin-point
trouble areas qulceckly and in many cases reduce the analysis

time by discarding unaffected observer nositions,

PROCEDURE
Baslecally, the methed assumes that the roadway can be approx-
imated by one infinite element with constant trarfic param-

eters and roadway characteristics, the assumed roadway

'geometry 13 shown below in Mpgure 3. The work sheets used in
" thils procedure are shown in Appendix A. All fipures and tables

used in this procedure are shown 1n Appendix B unless otherwise

specified, The procedure is as follows:

-76-
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1.0

2.0

300

5-0

Bolt Beranel and Mewman Inc.

ROAD ELEMENT: Draw a line from the cbserver location to
intersect the roadway at 1ts nearest point, 1.e. right
angle lntersect. This defines the position of the

assumed infinite roadway element.

VEHICLE OPERATING CONDITIONS: Determine the Vehicle
Operating Conditilons for the infinlte road element by
using the Traffic Parameters at the roadvway nearest point
(1f these parameters vary along the roadhay) and follow
the procedure for Work Sheet No. 1 (see Chapter i),
Enter this dota of the "Parameter Worl Sheet" (Table A.1)

on lines 1 and 2.

VERTICAL CONFIGURATION: Determine the form of vertical
Configuration at the reoadway nearest point and check

appropriate line on "Parameter Work Sheet".

POSITION PARAMETER: Determine the Dlstance to the near-
est lane (DN) by méasuring the distance between observer
and infinite roadway element at the nearest point. Enter

in Line 8a of "Parameter Work Sheet",

REFEREMNCE L50 AT 100 FEET: Determine the Reference L50

Levels at 100 leet for both autos and trucks using

-78~
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6.0

Bolt Beranek and Hewman Inc.

Figures B.,3 and B.4 and enter on Line 1 on "Hoise
Prediction Hork Sheet" (see Table A.2). These levels

are obtained aa follows:

Automoblles: Using Vehlcle Volume, VA (Line la on
"Parameter Vork Sheet’) and Average Speed SA enter Figure

B.2 and read the corresponding Sound Level in dBa.

Trucks: Using Vehlele Volume, VT’ and Average Speed, ST’

enter Figure B.4 and read the corresponding sound level in

dBA,

DISTANCE ADJUSTMENT: Determine the Distance Adjustment
to account for Observer MNear Lane Distance and the Width
of the Roadway and enter in Line 2 of "Noise Prediction
Work Sheet"., This adjustment 1s the same for autes and
trucks and is obtained using the Near Lane Distance, DN
{Line 8a on "Parameter Work Sheet"} and entering Table
B.6. TFind the closest DH listed and read corresponding

adJustment.

VERTICAL ADJUSTMENT: Determine the Vertlcal Adjustment
and enter in Line 5 of "Noise Prediction Work Sheet”.

This adjustment is zero for an at-grade conflpuration

-79-
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Report No. 1801 Bolt Beranek and Newman Ine.

{if Line Gc on "Paramcter Work Sheet™ is checked),

othervise do one of the following:

+«  For elevated roadway confipuration, tale helght H and enter

in Table B.7 for appropriate adjustment.

+ For depressed roadﬁuy configufation, take depth H and enter
in Table B.8 for appropriate adjustment.

8.0 L50 AT OBSERVER: Determine the L50 level at the ohserver

by algebralc sum of lines 1, 2 and 5 on "Noilse Prediction

‘Mork Sheet". Enter on Line 10.

9.0 INFINITE ELEMENT TOTAL: Determine the infinite element
total nolse level at the observer and enter in Line 15

. on '"Noilse Prediction Vork Sheet'. This 1s obtained by
adding the L50 nolse levels for autos and trucks using

"Work Sheet lo. &" (see Tabhle A.0).

ILLUSTRATIVE EXAMPLE
Let us apply the short method descrlbed above te the illustra-
tive example of Chapter 4. In this case, the nearest lane

from the obzerver location is found at 400 feet, Through this

pelnt we pass an infinlte reoadway element as 1llustrated below
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in Figure 4, The roadway cross sectlon at the nearcst lane
location corresponds te cross section 2 {a 4§ foot depressed
roadway}. Thils cross section 1s assumed valid for the entire
element. Followlng the precedure for the short methed, a
final Predicted Nolse Level Lrjo of 61 dBA is found. This Is
shown on Tables 10 and 11. Note that the L50 nolse level
obtained by thils method 1s 3 dB higher than the Complete
Method solutlon., In general, unless the roadway geometry ls
very complicated the short method willl résult in a higher

value. The interpretation of both the Chapter 4 and the above

results will be discussed in Chapter 6.

I
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PLAN VIEW OF PROPOSED HIGHWAY AND SURROUNDINGS,

S5TA 5TA to STA = 10
—~ 250
STA 200 STA 300
STA
STA
Rasidentlal 400
L
| oo o, NOTE (Do Fo
L) Up to Statlon 200
4 Lanes
Vi _ Medlan Strip
i Emergency Lanes
. - Emergency Lane
. . Graund Leval
I LAV IR
— 10{~:- 48 ——J 20 48 —] 10k——
Observer < 16 »
Pos!tion '
¥ 136 »
I . CROSSECTION NO. 2
STA 200 through 300 ¢
1 . Observor Lecation .
i r’ || . Gnd Leval
) I KA | 5
o 10 Same as Abova ————v[ 15 je—
CROSSECTION NO, 3
. - From STA 300 s
o ' Observer Location
- Tﬁq/ _ ¢ Gnd Level
L , 7 ; t| 2,1 15
LI TORO RS SR | e L
' L—'—- 37.5 —v]ﬂ-——— Same as Above ———qu__ 30—t
t,:) FIGURE 4 TYPICAL EXAMPLE OF A PROPOSER HIGHWAY
HOWING SHORT METHOD APPROXIMATION
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PARAMETER WORK SHEET

Numbaor 1
5| | ROAD ELEMENT
elgl.
L=l Type I
-l el r—
TIME INTERVAL H-10
o |) [Vwg vericLe voLUME () Automobilas |} 6650
@ /
o Vol 2 (veh) (b) Trucks 350
3 2 S J o
B2 1, [Plus| AveraGr speep |() Automebiles >’
= St 2 {(mph) {b) Trucks 5%
FLOW (o) Unintarruptad ’
3 CHARACTERISTIC
(b) Interruptad
9 {a) Width (P) 116
[ a d
2 4 M) eavemen
E {b)No,of Lanes {N 8
g
z PERCENTAGE GRADIENT
5 3 (If greater than 2%) _
o
§ P VERTICAL (o) Elavated
g2 CONFIGURATION {b} Dapressed v
Q (c) At Grade
Smooth
7 ROAD (e) Smoot
SURFACE {b} Normal
(¢} Rough
(@ D (fr.) hoo
g 8 | WS| posmioNs | (B) Dg (ft.) 055
z 1| PARAMETERS 31 (7n) )
E {d) & fdeg.) -
z (@) Barrlers
g 5 SHIELDING (B) Bulldings
= EFFECTS (c) Othars
g {d) None
o ho TERRAIN
EFFECTS
* Chack Where Applicable
TABLE 11. PARAMETER WORK SHEET FOR ILLUSTRATIVE EXAMPLE

(SHORT METHOD)
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NOISE PREDICTION WORK SHEET

- $8-

Line ROAD ELEMENT Mumber =
Symbol Type 1
Rof. TIME INTERVAL B~10 a.m.
VEHICLE TYPE Auto | Truck | Auto | Truck | Aute Truck | Aute | Truck

1 Raference L50 ot 100 ff 72 69

241 Distance -10 =10

3laz — Element
9 4|44 E Gradlont - - - -
adl I 4 453 E Vortical -5 0
E 645 2 Surface
| 7128MS ) o | Shiolding e Barrar
g 47 < (b} Structures & Plant.
o TOTAL ADJUSTMENT ~ -
g 8 {add rows 2 through 7) 15 10
o Lso AT OBSERVER
o ? fodd row 1 to row B} 57 59
= (10| [Wsd4 Ly - Lsp ADJUSTMENT
wy
3l INTERRUPTED ADJUSTMENT
@)

Li0 AT OBSERVER
<12 {add row 10 & ‘lq to row 9)
L

13| WS¢l ELEMENT TOTAL Lfg 61

141 Ws6 GRAND TOTAL Lsg = 51 dBA Lo = dBA

15 Lo - Ll = dBA

TABLE 12,

NOQISE PREDICTION

WORK SHEET FOR JLLUSTRATIVE EXAMPLE

(SHORT METHOD)
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CHAPTER 6 -- COMPARISON WITI] CRITERIA AND INTERPRETALION

This chapter taltes the estimated outside traffic levels
calculated in Chapters ¥ end 5 and tests thelr compatibility

wlth the Desipgn Criterla shown in Table B.5.

PROCEDURE
The folleowing 1s a step-by-sten procedure:

1.0 CRITERIA VWORK SHEET: TIdentifly the cobserver category
considered from Table B.9 (1.e.: BResldences, 1nsilde;
churches, ete.} by number and enter in a column on
igriteria York Sheet". Note the appropriate time

interval applicable.

1.1 DESIGH CRITERIA LIVEL: Determine the Design Criterion
Level (L50 or Llo) applicable by the following:

' IfIng - Lgg

i

6 4B, then L50 Design Crilterion applies.

v

© If Lng - LSO 6 .dB, then Ly o Design Criterion applies,

+ L - L50 is obtained from Line 15 on "Nolse Prediction

10
Work Sheet" in Chapter 4.
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Thié determines the Desigh Criteria levels o be used through-
out the compatibllity tests for that cone observer position

and time interval only.

1.é ESTIMATED OUTSIDE TRAFPFIC NOISE: Determine the estimated
ocutside traffic nolse and enter in Line 1 on "Criteria
Work Sheet". This i1s obtained from Llne 9 or 12 on
"Nolse Predlctlon Work Sheet" in Chapter § dependinp on

the applicable desipn criteria.
1.3 AMBIENT NOISE LEVEL: Determine'the L50 or L10 ambient
nolse level 1in dBA at the observer Jleocation and enter in

Line 2 on "Criterls Work Sheet!. Note that these levels

are ocutside levels, Independent of the observer category.
Dependlng on the observer category, do one of the following:

+ If observer category is 2, 4 or 7 do section 1.4 through

1.6,

« Il observer category is 1, 3, 5, 6, 8, 9 or 10 do scetion

1.7 through 1.10.

1.4 OUTSIDE CRITERION: Determine the L50 or L10 outazide

-806-
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1.5

1.6

1.7

1.8

1.9

eriterion in dBA and enter in Line 3 on “Criteria Work

Worlt Sheet™. This is obtained from Table 3,5,

AMBIENT DIFFERENCE. Determine the Ambient difference in
dB and enter in Line 4 on "Criteria Work Sheet". This

ls obtained by subtracting Line 2 Irom Line 1.

CRITERION DIFFERENCE OUTSIDE: Determine the criterion
difference outside and enter in Line § on "Criterla Work
Sheet"., This 4is obtained by subtracting Line 3 from

Line 1.

BUILDING NOISE REDUCTION: Determine the building nolse

. reductlon and enter in Line 6 on "Criteria Work Sheet'.

This 1s obtained from Table B.9, Note that these nolse
reductions vary with geographic location and open or

¢losed window condltions.

ESTIMATED TRAFFIC LEVEL INSIDE: Determine the Istimated

Traffic Level inslde and enter in Line 7 on "Criterila

Work Sheet". This 1s obtained by subiracting Line & from

Line 1.

INSIDE CRITERION: Determine the L50 or Llo Inside

87
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Criterion in dBA and enter in Line & on “Criteria Work

Sheet". This is obtained from Table B.5.
1.11 CRITERION DIFFEREMCE INSIDE: Determine the Criterion

difference inside and entey in Line 9 on "Criteria Work

Sheet". This 15 obtazined by subtracting Line 8 Lrom

Line T.

1.11 COMPATIBILITY: Determine the compatibility with

criteria and enter in Line 10 on "Criteria Work Sheet"
as follows! ‘

» If Line 4 or 5 is ; 0 dB then enter YES

. If elther Line 4 or 5 is » 0 dB then enter NO

« If Iine 9 1s < 0 dB then enter YES

« If Line 9 is > 0 dB then enter NO

Thus, based on the Design Criteria, the noilse levels estimated
for the roadway are Judped as compatible or not compatible

with the environment,

~88-
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BOIBE IMPACT & CRITERIA INTERPRETATION

The ldea of "acceptable noise level” implies no community
reaction to an intruding nolse source. In developing the
impact criteria for this "“Design Guide®, both the environ-

mental conservation and environmental utility were considered.

1) The community in general, will react if the existing nolse
envirenment is increased. As individuals, we have a natural
urge to conserve what we already have. Thus an incréase in
the exlsting nolse levels due to a proposed hipghway can be

expected to produce some type of impact on the community.

2) Irrespective of the increase 1n exlsting neolse environ-

ment, the utility of an area depends on the ability to perform
certaln tasks. The tasks considered In this study are the
ability to communicate {speech intelligibillty) and sleepn,
Table B.5 vepresents the "maximum acceptable noise levels"

that are compatible with speech requirements for a range of

difrferent land-uses.

The compatibllity of an enviromment thus Is based on these
two considerations as indicated in the "Criteria Work Sheet".
In order to assess the impact that can be expected when one

or both af these considerations are exceeded ('"NO" on Line 10

-89
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on "Criteria work‘Sheet“), three basile "nolse impact” cate-

gories are deflined:

NO IMPACT: wunder this catepory, very little comment or

individugl reactlen is expected.

SOME IHPACT: under this category, some individual comment

and reactlon is expected but no group actlon l1s

likely.

GREAT IMPACT: under this category, strong individual comment

and pgroup action .may be expected.

Table B.1l0 relates these three catejforlies to the amount by

which the c¢riteria are exceeded.

ILLUSTRATIVE EXAMPLE

Using the criterla developed 1n this chapter, consider the
example discussed in Chapters 4 and 5. The regsults of the
short method gave a nolse level of 61 dBA and the complete

method resulted in a nolse lcvel of 58 dBA. Let us now

Idescribe the utllity of the area by locating the observer

inslde the classroom. Assume the school In questlon is alr-

_90_ "
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condltioned and loecated in Los Angeles. The amblent nolse
level outsdilde the hullding wvas measured to be 55 dBA. Find

Impact of propoced highway 1n the classroon only.

Table B.5 indicates that the criterion for a classroom is 40
dBA, For the geographic area under consideration Table B.9

glves a4 20 B attenuétion between outside and inslde for

closed windows.

Looking at the short method first we note that the Estimated
traffic level inside will be 41 dBA (see Table 13). Thus, we
exceed the Criterion by. 1 dB. Table 11 indicates that when

the cerlterion is exceeded using the short methed, a possible

noise problem is present, thus, the complete method should be

used.

The Estimated Traffic Nolse Level Inside for the complete
method results in g noise level of 38 dBA. Thus, the pro-

Jected environment 1s compatible with criteria.

Note that if the lmpact ol the outside noilse level was also
required, the complete nethod shows that both Criterion
Difference Outside and Amblent Difference are exceeded by 3
dB. 1In that case, the highway noise levels would net be

compatible and checking Table B.10 we {ind that Some Impact

would be expected.
-9l
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(R ~ CRITERIA WORK SHEET
b | | :
SHARY COMPLIETE
METHOD METHOD
g 3 3
,,,,,,,,, g OBSERVER CATEGORY
{ ol .8 B-10 8-10
, i :g 2 TIME INTERVAL a.m. a.m.
vy
= Estimated Qutslde
I .] % Traffic Lovel (dBA) 61 58
i 2 Amblent (dB) 55
5 .
[~ 3|1 5 Outslde Criterlon (dBA) 55 55
: B5[ = n .
¥ 2
. 4 Ambient Difference (dB) _ 3
I {Subtraet Llne 2 from Line 1)
1 . 5| " Critarlon Differance Outsida (dB) 6 3
re {Subtract Llna 3 from Line 1)
b, :(/
: 1. .. .
i 6).T Bullding Nolss Reductlon (dB) 20 20
. 88 .
I . ‘ .
3 7| | w| Estimated Traffic Lavel Inside (dBA) N1 38
: a .
i ‘ QA "
L 8| |Z| Inside Criterion (dBA) Io 1o
-
: -1 Criterlon DIfference Inslde (dB)
i 4 (Subtract Llne 8 from Line 7) 1.0 =2.0
: 10 CompatabilTty No Yes
[ ‘
EI TABLE 13. CRITERIA WORK SHEET FOR ILLUSTRATIVE EXAMPLE
{; (COMPLETE AND SHORT METHOD)
- .
:;i
I

—92_
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RO

PARAMETER WORK SHEET

- Numlser
|3 ROAD ELEMENT
5|58 Typo
TIME INTERVAL
o |, [V VEHICLE VOLUME| () Automobiles
EE K’? 2 (vph) (b} Trucks
g,
<5 -
E% 2 jf:W.S AVERAGE SPEED {a) Automobiles
=
5y] 2 (mph) (b) Trucks
FLOW {o) Uninterrupted ¥
3 CHARACTERISTIC
0 ) (&) Interrupted
= {a) Width (P)
2 14| M| PAVEMENT ‘
& (b}No.of Lanes (N}
S
% 5 PERCENTAGE GRADIENT
5 (If greater than 2%)
5
?_-cf . VERTICAL {a) Elevated
2 CONFIGURATION | (b) Depressed
9 (c) At Grade
{a) Smooth *
7 ROAD
SURFACE (b) Normal
{c) Raugh
(o) D (ft.)
g fg{ Ms{ rpositions | () Dg (it.)
g VI PARAMETERS [y T (f1)
5 (@) @ (deg.)
b (a} Barriers
g 9 SHIELDING (b) Duildings
” EFFECTS o) Othan
:{5 {d) None
H
(V4]
o
o TERRAIN
o ! . EFFECTS

* Check Where Applicable

TABLE A1

PARAMETER WORK SHEET

.




NOISE PREDICTION WORK SHEET

—Z'.V..

Lina Number
ROAD ELEMENT
S)’m[”' Type
Raf. TIME INTERVAL
VEHICLE TYFPE Auto | Truck | Aute | Truck | Auto Truek | Aute | Truck
] Referance Lsp af 100 ft
2{43 Distonce
342 b Elemeont
4 4143 E Gradlant - - - -
= 5/44ws3 = Verteal
2| 6ld5 2 Surface
[~ A —_
Z [724%5] 3 [Shiatding |0 Barin
g a7 < (b} Structures & Plant.
e<1g TOTAL ADJUSTMENT
g {odd rows 2 through 7)
(S -2 L50 AT OBSERVER
0 (add rew 1 to row B)
=10l [ws§  Lyg - Lso ADJUSTMENT
[¥s]
8 11 INTERRUPTED ADJUSTMENT
o
L10 AT QBSERVER
<|12 {add ¢ow 10 & 11 to row 9)
L
13| MWSE  ELEMENT TOTAL Lfg
14 WS4 GRAND TOTAL lsg = dBA o = dBA

TABLE A.,2

NQISE PREDICTION WORK

SHEET
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CRITERIA WORK SHEET

Q
g OBSERVER CATEGORY
ol @
S8 TIME INTERVAL
1 £ Estimated Outside
5 Traffic Lovel (dBA)
2 Ambient {dB)
[*¥]
S
3 B5 g Qutside Criterion (dBA)
4 © Ambient Difference (dB)
(Subtract Line 3 from Line 1)
5 Criterion Dlfforence Qutside (dB)
(Subtract Line 3 from Line 1)
6laa| | Buliding Notse Reduction (dB)
7 w{ Estimated Traffic Level Inside (dBA)
fa)
2
8 =! Inside Criterion (dBA)
° Criterion Differance Inside (dB)
{Subtract Lina 8 from Line 7)
10 Compatability

TABLE A.3 CRITERIA WORK SHEET

~-A.3-
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f
! WORK SHEET NO, 1 ‘
| R ROAD ELEMENT IDENTIFICATION
i
; Lane Grouplng Chonge in
’ Group DESCRIPTION Allnemant Section Gradlant Flow
T
i
b
: o
}
Lane Group
2! Elament No. DESCRIPTION Positlon Parometers Pavement
! Type * D L 0 P N
2
|
o
o 3
N
)
h 4
:
.
) 5
é
. *|
vl
ol

A

* Element Type Classification;

Type |
I
in

Infintte Eiement:

Sami-infinite
Finite

TABLE A.4 WORK SHEET NO. 1 - ROAD ELEMENT IDENTIFICATION

~A.4-
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TABLE A.5 WORK SHEET NO. 2 - TRAFFIC FLOW PARAMETERS

WORK SHEET NQ.2

TRAFFIC FLOW PARAMETERS

~LPe57|  ROAD ELEMENT Hymber

Ref, TIME INTERVAL

1 Estimated AADT, Vehlcles per Day

g FilgC1| Vehlcle Volume, % AADT

3V Vehicle Volume, vph

4] FlgC2| Truck / Vehicle Mix, %

5 M Truck Volume, vph

6 Va Aute Volume, vph

7 Br|Flg C3| Average Truck Speed, mph

B Ba|Fig C3| Average Auto Speed, mph

~A5-
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WORKSHEET NO, 2

ELEVATED AND DEPRESSED HIGCHWAY ADJUSTMENT

H m__'_._/l*—oc E—

Equivalent
Lane

Lina Number
ROAD ELEMENT
Symbel Type
Ref, TIME INTERVAL
1 ﬁ; N Helght of Elovated Freoway **
X
2 [DpIRWS, é Chsarver ~ Equivalent Lane Dlst,
3 |pg S Olbserver - Shoulder Dlstance
w
4 1A % | A=H2/Dg
é 1
5|8 & | b= H:/ (Dg - Dg)
6 |Hp o Depth of Depressad Frer.way
‘_'I_ .
7 |Dg|RWS. | & | Observer - Equivalent Lane Dist,
w
=
8 D :; Observer = Cut Distance
w
9 |A é A=t / {Dg - D)
o,
108 & | b=t/ D¢
FLEVATED FREEWAY {a) Auto
1 [Fle B8] ADJUSTMENT (b} Trocks®
12 Flg D6 DEPRESSED FREEWAY {a) Auto
8 ADJUSTMENT (b) Trucks*
Equlvalent Hy**
e Lane v Obsarver Helght
H S a4~ Observer Location
I__/ i ' : /l\ (a} Elevated Highway
¢ Ds b
————— D

Observoer Location
e .
{b} Dapressed Highway

ot DE b

* For trucks add +5 dB to value glven by Flgure
** Helght of vlevated fraeway above observer (H;)

T
CLEVATED

ABLE A.é6 WORK
£

BLE A,
& DEPRESS

SHEET
D HIGHWAY

-A,b-

NO. 3
ADJUSTMENT
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WORK SHEET NOQ, 4
SHIELDING ADJUSTMENT

LIne

Symbol

Mumber

ROADWAY ELEMENT

Typa

TIME INTERVAL

1| H Helght af Berrlar
2| Dp Obsarvor - Barrlor Distance
3|y Equivalent Lana - Rarrler Distonce
4 H4/Dy
5 HZ/Ry
) Adjustment far Inflnite Barrlor
70 & T Included Element Angle
w| 8] o 2 | 25| Included Barrior Anglo
o < ek
Wl e ] L8] A=a /0
g T} w
g 10 = Adustment in di}
1] a é 2 Comp, Borrier Angla
12| o ("5 l-g E Included Borrler Anyla
13 o :,':5" A= a/90-8
14 S| & [Adjosment in 8
15| a E % |_In¢luded Baorrlor Angle
16 2| EE | Az e
7 < [ Ei | Adjustment In dB
] Multiple Rows of Intarvening Bldgs and
g Struetures, Such As Houses, Aportments,
18 ote, WIIl Reduce Lavels By Up To
G y Up
2 10 dB .
5 Assumed Adjustmueni in dB
A Design Value of 5 dB Nafie Reduction
] For Every 100 ft of Planting (Dopth) May
Z Bo Used If These Troas Are At Laost 15 ft
s 19 Tall and Sufflclently Nanse So That No
kS Viswal Path Betwesn Them end The
& Highway Exisls
Assumed Adjustment In db
Total Adjustment Jor Structurs
20

ond Plantlng (Add Lines 18
ond 19)

Equivalent Lane Locatlen

' _ Finlte Roadway Element

TABLE A,7 WORK SHEET

e

Ry ‘l\ Basrier

Dy

1]

“A T

Observer Lacatlon ——————""

Semi Infinits Roodway Element

N

NO. 4 - SHIELDING ADJUSTMENT



'WORK SHEET NO. 5

Lyg ADJUSTMENT

Line ROAD ELEMENT Number
Symbol Typa
Raf TIME INTERVAL
VEHICLE TYPE Auto | Truck | Auto [ Truck | Auto [ Truck | Auto | Truck
1
; 11V | PWS, | Vehicle Volume, vph
H .
2 [ 5 | PWS. | Average Spoed, mph
3 [ Dg| PW.S. | Observer - Equiv, Lane Distance, ft.
4 | A Paramater A = VDg /S, Vehicles ft/m
Fig.B10| L1g Adjustment, dB

TABLE A.8

WORK SHEET NO., 5 - Ly, ADJUSTMENT
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WORK SHEET NOQ. 6
DECIBEL ADDITION

Antilog Table

Source or Sound

Antilog Columns - Left Digit of Sound Level
Element No. | Levol~d3 i

Right Digit of
? 8 7 6 5 4 3 2 Sound Level

Antllog

0

1000

p—

1259

1585

1995

2512

3162

398l

M3

4311

Total

C]Io|i~NIo]|lbr] Bl W]

7944

List sound levels by source or Roadway Elements.
Enter antilog table with right digit of sound level to obtain antilog value.

Enter anttlog on work sheet under antilog Celumns, Pesition by entering left
digit of ontilog under the column numbered the same as tho left digit of the
sound Jevel.

Add the ontilog vajues of the individual sources to obtain the antllog of the
total sound level,

Entor antllog toble with antilag of total sound level. Obtain right diglt of
total sound level by selecting digit from toble whose antileg Is closest
numerically to the antilog obtained in Step 4.

Indontify celumn-number containing left most digit of the antlleg derlved
from Step 4. This is the numerical value of the left digit of the total
sound level,

TABLé A.? WORK SHEET NO, é6 - DECIBEL ADDITION
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(-) v\[.,v(-l-) Ohbserver
|

Note: The Angle 8 Can Ba (+) or (-)
Depending If It Is Measured
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N
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N
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Observer

ELEMENTS
L

Ly 22,

(c) INFINITE ELEMENT
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FIGURE B.1 DIFINITION OF POSITION PARAMETERS FOR ROADWAY
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O a
ADJUSTMENT FOR FINITE BARRIER IN dB
L’;?:;:_e Parameter A
Performance | O |1 ,2¢ .3 [.4].5| .6].71.8}.9]1.0
10 -5 dB 6] 0«11 =1 [-1)-2]-2|-3]-4)-4] -5
-10 dB 0 0| -1|=1]~2|-3]~-3|-4}-6]~-7]|-10
5 -15 dB 00| -1]|-2{-2|-3|-4|-5{-7 Fi0|-15
H/DB
3 :
&
" ~
: I
| =~
- [
ﬁ. -10 1,0 \7‘--.._ e
::—'0 | _-_'\‘“--:,.__\-J:::
-20 ‘ I—‘
L0 0.1 1.¢
% in ft

FIGURE B.9 ADJUSTMENT FOR ROAD-SIDE INFINITE BARRIERS
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3-4 5-6 27

1A
[\ %]

PERCENTAGE GRADIENT | %

ADJUSTMENT IN 4B dB 0 +2 +3 +5

* The influence of grodients of 2% or less is considered to be negligible

TABLE B.1 ADJUSTMEN NOISE
\ L TRU 5

LEVE
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P T T [ ." ST e :.\-'.I‘.w.:\'l..n- -»ul-.-;-:-—...w,. - Lo R TR R AR L B - o hand
.| Adjustment
Surface Type Deseription in dB
Smooth Xe Smooth, Seal Coated 5 .
sphalt Pavement,
Moderately Rough Asphalt and
Neormal Concrete Surface. 0
_ Rough Asphalt Pavement with
5 Rough Large Void: 1/2" or Larger in +5
. Diameter, Grooved Concrete.
3

TABLE B.2 CLASSIFICATION OF ROAD

SURFACE A5 I7T RELATES TO SURFACE
INFLUENCE ON VEHICLE NOISE ‘
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o FERLTR D P minve s A

VEHICLE
TYPE

ADJUSTMENT IN dB

L50

Lio

AUTOS

0]

+ 2

TRUCKS

0

+ 4

TABLE B, 3

-B8.13-

LEVEL ADJUSTMENT FOR INTERRUPTED FLOW
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. Sound Antilog Columns - Left Dlgit of Sound Lovel — DA::::°§F Teble

Loval-dB o | g [ 7 [ 6 [ 5 | 43 {2 Sound Level | Antllog

1 65 3 |1} 6] 2 0 1000

2 73 19 | 9| s 1 1259
3 69 7 1o | 4] 4 2 1585
4 82 NERERERE 3 1995
5 56 30 9] 8 | 1 4 2512
5 3162

6 3981

7 5013

8 6311

Total 83 1 e 9] e ] 5] 4 | 9 7944

COMMENTS ON EXAMPLE

For 65 dB, enter antilog table with "5" to obtain the antilog "3162", etc.

Enter "3162" on work sheet, with "3" In column 6, since the left digit of
65 dB sound level is "6", This is done for all the other listed sound levels,
The column in the example odd to 1899541, Round off to four digits - 1900,
From antilog tablo, 1900 is clesest to 1995, the antilog of "3, The right
diglt of the total sound level is therefore "3,

In the example, the left most digit of the totat sound level antilog is " 1"
ond it appears in the column headed "8", The left digit of the total sound
level is rﬁerefore "8, which with Step 5 determines the total sound level

as "B83",

The total sound level of 65, 73, 69, B2, and 56 dB Is thus 83 dB.

TABLE B,4 EXAMPLE FOR DECIBEL ADDITION




e i

Observer - L50 Lo
Category - STRUCTURE DAY | NIGHT | DAY | NIGHT
1 Resldences Inside* 45 40. 5 46
2 * Outsido * 50 45 56 51
3 Inside * 0 40 44 46
Schools
4 Qutslde* 55 - 41 -
5 Churches Inslde 35 35 41 41
) Hospitals Inslde 10 35 44 41
7 Convalescent Homes Culside 50 A5 56 51
8 Offlces . a} Stenograph 50 50 56 56
@ | b) Private 40 40 46 46
E 40
9 Theatars a) Movles 40 44 46
b) Legitimate 30 30 36 ai
10 Hotels, Motals Inside 50 45 56 5]

* Fither inside or autside design criteria can be
on the ufilitv baing evaluated

TABLE B,5 RECOMMENDED DESIGN

-B.15-

used depanding

CRITERIA




STere-

TR T ~
DISTANCE FROM QOBSERVER TO NEAR-LANE IN FEET
50 (100|150 200(250 {300 [350 | 400 45C | 500 400 |700{ 800 | 900( 1000|1200(1400[% 5001800/ 20008
Distance
Adjgstnd'lgnr 0 [-2 =5 ~7]+B =9 |-10[=10-11 [«11|=12[=~13{ =13} ~14} =15 ~16|~17| ~1B| -19| ~20
n :

TABLE B.6 DISTANCE ADJUSTMENT TO ACCOUNT FOR QBSER

E
DISTANCE AND A 120 FOOT ROADWAY WIDT

\;IER -~ NEAR LANE
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PRSI TALLe AT i DIPTSR Sty

e o AN
.. \‘._
Emer, Lana I RW?:'GY :f‘ DN i
' M n N
V3777 T 717777777777 775 ‘ b
Iy S S
Helght of Distance fram Observer to Near Lane (D)
Elevation -
Roadway 100 200 00 | we | e | e 1600
H (feet} Ad]ustment In dB
5 - 5.0 - 1.0 0 0 0 0 0
10 -10.0 - 6.5 - 4.5 -~ 3.5 - 1.5 0.5 0
15 -12.0 - 9.0 - 7.4 - 5,5 - 3.5 - 2.0 - 0.5
20 =12.5 - 9,0 - 7.5 - 6.0 - h.0 - 2.5 - 1.0
2_5 ~13.5 -10.0 - 8.5 - 7.0 ~ 5.0 - 3.5 - 1.0
3¢ -14.5 =-11.5 - 9.5 - 8.0 - 6.0 - U.,5 - 1,5
i -15.0 -13.5 -11.0 - 9.5 - 7.5 - 6.0 - 2.5
50 ~15.0 ~14.0 -l2.0 ~10.5 - 8.5 - 7.0 - 4.0
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M
m | 2 - :‘ g.. Obsorver
—11 t‘—I—I /IZb(—’-Lb[ ’I'G— Emer. Lane
I)D:;r?ssgz Distance from Obsarver to Near Lane (DN}
Roadway 100 2000 3000 400¢ &00 800! 1600
“+ H (feet) Ad[ustment in dB
0 o 6 0 0 0 o] 0
5 - 6.0 - 5.5 - 5.0 - 5.0 - 5.0 - 5.0 - 5.0
10 -10.5 =-10.5 -10.5 -10.5 -10.5 ~10.5 -10.58
15 -13.0 -13.% ~13.5 -13.5 -13.5 ~13.5 -13.5
20 -12.0 -14,0 -14.0 -14.0 -15.0 ~15.0 -15.0
25 -11.0 =-14.0 ~15.0 -15.0 -15.0 ~15.0 -15.0
30 -10.0 -14.5 -15.0 -15.0 -15.0 -15.0 -15.0
Lo - 9.0 -14.5 -15.0 ~15.0 -15.0 -15.0 -15.0
50 - -14.5 =15.0 -15.0 -15,0 -15.0 ~15.0




P j '
o8 { Mp
cod
b
s
i CONDITION
. Qbsarver GECGRAPHIC
! z : Category STRUCTURE AREA Open Windows Closad Windows
i 1 South & South West 12 - 20
¢ Residences
i ‘ North & North East 17 25
f 3 Sehools South & South West 12 20
. ’ o
' . ° North & North Fast 17 . 25
. [ 5 Churches All Areas 20 30
S Hospitals ‘
l : é Convalecent Homes All Aroas 17 25
L 8 Officas All Arcos 17 25
; , L 9 Theatars All Areas 20 30
i 10 Hotals, Motals South & South West 12 20
! 1 North & North East 17 25
{
i ' I
) TABLE B.9? OUTSIPE - INSIDE NOISE REDUCTION
| I
F
s
AR
e
!
| - _ “0.19-




PREDICTED NOISE LEVEL - AMBIENT LEVEL IN g3

PREDICTED NOISE LEVEL = CRITEKIGN LEVEL [N di
dols || )| -s|al-alalaalol 1] ajalals|ajz|s]|e|wpo
|
2
3
4
5
& N
N/ S
7
NN NN
: X
X, A
’? X
10
"
12
yd
13
: %
15 7
/
>15 ‘

TABLE B,10

D NO INPACT
K‘ SOME IMPACT

D GREAT IMPACT

IMPACT EVALUATION WHEMN FREDICTED MOISE

-B.20-

LEVELS EXCEED CRITERIA
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FIGURE C.1

Percent of ADT

{(Derived froem Hlghway Capaclty Manual,
Relating to Weekday Traffic on Rural and Urban nghwuy)

N L
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e AN — e PM —— ]

Hour of Day

ILLUSTRATIVE HOURLY VOLUME VARIATION WITH

TIME OF DAY

-C.1=-

Ftlg 3.6 and 3.
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FIGURE C.2 ILLUSTRATIVE TRUCK/VEHICLE MIX VARIATION
WITH TIME OF DAY
a

(Derived from Highv;f pacity Manval, Fig 3.3, relating
to Commercial Vehicle Activity on Urban Highways)
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Avg. Highwey Speed
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‘ FIGURE C.3 ILLUSTRATIVE RELATIONSHIP BETWEEN TRAFFIC VOLUME
{ PER LANE AND AVERAGE SPEED OF VEHICLE TRAVEL FOR
UNINTERRUPTED FLOW

- (Derived from the Highway Capaclity Manual, Flg 3.41, for
‘ 6 Lane Froeways and exprossways., For DIfferent Road Configuratlons
I Use Appropralte Data From This Reference)
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