
_- _ B O .L T B E R A 1"4 :. K A N D N E W M A N t;._ c

"J f. O . S u . - E r,_ C, D _ V E . O _ M E N T _ I. S 1 A _ C It

] I_CIIRP 3-7/1 Job 11380

%

J;

" I!IGHWAYNOISE
v

A DESIGN GUIDE FOR HIGHWAY EI_GINEERS

by

B. Andr'ewKugler
Colin G; Gordon

Hilllam J. Oalloway

: Janual'y 1970

Submitted to:
Will_am L. %._illiams
PI_OJ_c_sEngineer -I
Highway Research Board

Q._ 2101 Constitution _venue H, W.
WashinrLtoll,D, C. 20JI18

C ,&l , ir_r., I_[ ',', _CJIt v V/ASIIIIIGIOrl _-_CAC, O LOS Ar,IC,_FI 1"5 &At_ t:;:A I,I C



/,

/-'" Final Report Report 1861
"" NCHRP 3-7/1 Job 11380

©

-- HIGHWAYNOISE

t
.... B DESIGN GUIDE FOR HIGHWAY ENGII,!EERS

• by

B, Andrew KUgler
Colin G. Gordon

William J, Galloway

January 1970

_ Submittedto:
: _qilllam L. _qilliams

ProJ ecss Engineer
Highway Researc]_ Board
2101 Constitution Avenue N. W.

i© Wa_hln_on.O.c.2o_la

}



% , •

• i/:i•::i:il_

TABLE OF CONTEMTS

Paf(e

LISTOF FIGURES............. iii

Q LISTOF  ELBS ............... v
!'i

INTRODUCTION .......... i

i CHAPTER I - TERMINOLOGY .... 4
GLOSSARY OF

Acoustic Terminolozy ....... 5

Roadway Terminology . . . 8

[ Definition of Symbols . 12
[

• CHAPTER2 - BASICCONCEPTS .... 15

The Parameters of Environmental Noise ........ 15

I! Predictionof Traffic Noise .............. 17
Reaction to Environmental Noise ............ 20

_ CHAPTER 3 - THE METHODOLOGY OF TRAFFIC NOISE PREDICTION 25

Definitionof Parameters......... 25
-.. _j

Procedure........ 29

_ i. Criteria and Response • • • 31

Complete and Short Methods . 32
h
:{

ii 0HAPTER 4 - THE COMPLETE I4ETHOD ..... 34

_', Roadway Element Identification ........ 35

;, Rules for Element Identification ........ 39

Traffic Paramesers Identification .........

<P
i

....__-__ ........... • .... ••H*•••



TARLE OF CONTE_ITS (C_nt.)

Roadway and Observer Charaetoristlcs Identification . . 47

O [_oise Level Estimation ............. 50

IllustrativeExample .......... 62

CHAPTER 5 - THE SHORT METHOD ..... 76

Procedure............. 76

IllustrativeExample ........ 80

CHAPTER 6 - COMPARISON WITH CRITERIA AND INTERPRETATION'. 85

Procedure............ 85

Noise Impact and Criteria Interpretation ...... 89

Illustrative Example ......... 90

APPENDIX A - NORK SHEETS ........... A.1

, APPENDIX B - FIGURES AND TABLES ........ B.I

r

• APPENDIXC FIGURES _ 1

il



J

LIST OF _ISUR_S

i

:.' ' 1 Typical Exaiple of a Proposed Highway 65

,"el 2 Identlfied RoadwayElements showing 68
*-" Applicable Parameters (Complete Method)

}

i I- 3 Assumed Roadway Crossectlon (Short Method) 77
" 4 Typical Example of Proposed Highway Showing 82

i/ Short Method ApproximationI

Ii. B.1 Definition of Position Parameters for B,IRoadway Elements

lli B.2 Observer-Equivalent Lane Distance as B,2Function of Near Lane Distance and Width of
Roadway

Ill7 Plot Automobilesasa unstlooof Volume_Flow and Average Speed

i I_. B,4 Plot of Lc.0 for Trucks as a Function of B,4( Voltuns Fl_w and Average Speed

I I B.5 Distance Adjustment _o Account for Observer B,5Near Lane Distance and Width of Roadway

B,6 AdJustmen_ _o Account for Semi-Infinlte B.6

"_ l! Element Length

;! -. B.7 Adjustment _o Account for Finite Element B.7
Length

2,
!. B,8 Adjustment for Elevated and Depressed B.8
, Roadway

i " B,9 Adjustment for Roadside Infinite Barriers B_9

B,10 Adjustment to L50 co obtain LI0 B.10

[D /',

_,.-., C,I Illustrative Hourly Volume Variation with C.l
%.2 Time of Day

f

%2

iii



I_ LIST 0R FIGURES(Cent,)

) _ 0.2 Illustrative Truck/Vehlcle Mix Variation 0.2
I withTimeof Day

-: C,3 Illustrative Relationship between Traffic C.3
Volume per Lane and:Average Speed of

I'] Vehicle Travel for Uninterrupted Flow

I

l].

l J.:.

l,

[
iv

!; . .



"'4

LIST OF TABLES

_ .T.able Pa_.e

I Flow Diagram of Traffic Noise Methodology 26

I.._ 2 Work Sheet No. i for Illustrative Example 66
(Complete Method)

3 Work Sheet No. 2 for Illustrative Example 6?
(Complete Method)

4 Parameter Work Sheet for Illustrative 69
Example (Complete Method)

5 Noise Prediction Hork Sheet for Illustrative 70

).; Example (Complete Method)

6 Work Sheet No. 3 for Illustrative Example 71
" " (Complete Method)

I 7 Work Sheet No. _1 for Illustrative Example 72
(

- (CompleteMethod)

..... 8 Work Sheet No, 5 for nlustrative Example 73
(Complete Method)

_- 9 Work Sheet Me, 6 for Illustrative Example 71t
(Complete Method)

I;
I0 Work Sheet No. 7 for Illustrative Example 75

(Complete Method)

{] ii Parameter WorkSheet for Illustrative Example 83(Shor_ Method)

12 Noise Prediction Work Sheet for Illustrative 8_

,.. Example (ShortMethod)

13 Criteria I'/ork Sheet for Illustr_tive Example 92

_{ (Complete and ShoPt Method)

A.I Parameter %lorR Sheet A.I

_ A,2 Noise Prediction Hork Sheet A.2
©

A,3 CriterlaWork Sheet A,3



LIST OF TABLES (Cont.)

_ Table Pa_e

A,l_ Work Sheet No. 1 - Roadway Element A,IJ
Identification

_ A,5 Work Sheet No. 2 - TrafficFlow Parameters A,5

A,6 Work Sheet No, 3 - Elevatedand Depressed A.6

i HighwayAdjustment
A.7 Work Sheet No. II. Shielding Adjustment A.7

A,8 Work Sheet No. 5 - L10 Adjustment A.8

i A.9 Work Sheet No. 6 - Decibel Addition A.9

[ B.I Adjustment for Increased I_oiseLevel of B.ll
Trucks on Gradients

" B,2 Classification of Road Surface as it B.12
-• Relates to Surface Influenceon Vehicle

Noise

il g.3 Level Adjustment for Interrupted Plow B.13

_ i B.4 Exampleof DecibelAddition B.I_

_iI_. B.5 Recommended Design Criteria B.15!

B,6 Distance Adjustment to account for Near B;16

_.,- Lane Distance and the Width of the
_ Roadway for Short Method Only

ii ElevatedRoad,aAdJootmoaforShort B,17
Method OnlyJ

B,8 Depressed Roadway Adjustment for Short B.18
, MethodOnly

B.9 Outside-lnslde Noise Reduction B.19

B.10 Impact Evaluation when Predicted Noise B,20
Levels exceed Criteria

©

vl



i

i

Report No, 186] Bolt Beranek and Ne_,;man Ino,

INTRODUCTION

_. How will the introduction of a new highway influence the

noise environment? How acceptable will this new environment

be to people living or working in the vicinity of the highway?

_,;hatmethods might be pursued to remove or reduce any adverse
tf

influence caused by the highway noise? The purpose of this

I' design guide is to provide the highway designer with tools

,' necessary to answer these questions.
I'

I The province offnoise and tbe physics of acoustics lies some-

i_ what outside the range of the hlghl,:ayengineers normal train-

_J ing and experience. For this reason, rather than provide an

I acoustical text book--which confuse rather thanmight help

the englneer--we have attempted to develop a design "cookbook",

_ hopefully in the best sense of the term. Our intention

._ -" throughout this preparation has been to provide a tool which

the designer with no experience in acoustics can use and use

_' quickly and effectively, h;e hope that this intention has

I been achieved.
r:

The format used in the guide is as follows:

i_ C)
: Chapter 1 gives a glossary of definitions and symbols.

I
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r-"

Chapter 2 introduces the reader to the basic concepts on

Q wbicl_the noise prediction method used in this design guide

is based. An understanding of these concepts is important if

the design guide user is to make adequate decisions in using

the guide. The chapter, first of all, introduces the basic

i parameters of environmental noise since these parameters are
the ones which the design guide must set out to calculate.

i . Then the analytical model which forms the heart of the

if'! calculation procedure is discussed. Finally some comments

are presented concerning the response of people to noise

environments.

i!'-- Chapter 3 presents an overview of the methodology used. The
i-

-, paramezers considered in a traffic situation are defined and

_ the procedure involved in calculating an estimated noise

level fro_ a proposed highway discussed. Two methods of

i'_ predicting noise levels are introduced: i) Complete Method,

and2) ShortMethod.

_. Chapter 4 gives detailed step-by-step instructions for the

complete method calculations. These instructions are paral-

. _ leled by complete work sheets, figures and tables through

_i _ which the user progresses to obtain finally estimated outside

i • noise level for a particular roadway. These are presented in

k.# Appendices A and B,

r
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I Chapter 5 gives step-by-step instructions for the short
!

i method calculations.

I Chapter 6 shows the procedure through which the estlmated

outside noise levels are interpreted in terms o£ design

i)[_ criteria. The criteria is based on both environmentalutility_ such as speech and sleep requirements, and environ-

[ oentolcsosorvot!on_hlsiadone_orovarlet_o_o_aer_r
I! situations for both outside and inside conditions. In

addition, the chapter presents a brief discussion of the

Ii expected impact on the community _._henthe estimated levels

exceed _be design criteria.

[

--3-
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i f..,
_ CHAPTER1 - GLOSSARYOF TERMIkTOLOGY

i Tllis chapter contains a glossary of the terminology used

throughout the design guide. This glossary is divided in

three main groups:

I! Acoustical Terminology: Contains the definition of all

'[! terms that are acoustical in nature.

Fi Roadway Terminology: Contains She definitions associated

with the road,.my design and evaluation. These definitions,

li where possible, are consistent with the user in the

_ Highway Capacity Manual I_65, Hi_h_,ayResearch Board

Special Report No. 87.

[i

_ i-_ Definition of Symbols: Contains the definition of all

symbols used in the design guide.

_P

- 4-
b
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ACOUSTICAL TERMINOLOGY

Ambient Noise Level - the noise level existing in an area

before the proposed roadway. This quantity is measured

in dBA and expressed as LI0 or L50 ambient noise level

depending on the time averaging used.

Audible Spectrum - the frequency range normally associated

with human hearing. For noise control purposes, this

range is usually taken to include frequencies between 20

Hz and 10,O00 Hz.

Decibel (dB) - a logarithmic "unit" which indicates the ratio

._, between ewe powers. A ratio of 10 in power corresponds

_"- to a difference in i0 decibels. The abbreviation for

!}" decibelis dB,

li dBA_F- the sound pressure levels in decibels measured with afrequency weighting network corresponding to the "A-scale '_
?

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

suppress lower frequencies_ e.g., below i000 Bz.

* In interpreting traffic noise levels in dDA, one may note
that a change of i0 dBA corresponds to a subjective Judgment

_' of the halving or doubling of the noisiness of the sound.
In other I,_ords,a sound _udged to be twice as noisy as
another sound would have a sound pressure level rating
approximately I0 dBA greater than the first sound. A sound
20 dBA greater than tlle first sound would generally be rated
as four. _imes as noisy as the first sound. On the other
hand, a difference of i or 2 dBA between sounds, although
detectable if heard within a short time interval, would not
be Judged as a very significant difference by most observers.
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Frequency -.the frequency of a sine wave of sound is the[

number of times it repeats itself in each second. The

Ii unit of frequency is called the hertz, abbreviated as "Hz",

]i or bhe cycle per second.

Frequency Band - an interval of the frequency spectrum

defined between an upper and lower "cut-off" frequency.

I.i The band may be described in terms of these two frequen-

I! eies, or, preferably_ by the width of the'band and by the
geometric mean frequency of the upper and lower cut-off

I_[_ frequencies, e.g., ':an octave band centered at 500 Hz",

I.i HZ - the abbreviation for frequency in _lertz.

Level - at. adjective used to indicate that the quantity

ii! referred to is in tl_elogarithmic notation of decibels,

with a standardized reference quantity used as the denom-
•i

(._ inator in the decibel ratio expression.

!-
}'" Reference Median Level - the L_O• level measured lOB feet from

• the single lane equivalent roadway element with the element
assumed infinitely long and located at grade on a flat

level terrain.
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Single Lane Equivalent - of a roadway is that single lane

represent of the roadway which to the observer is acoustic-

ally similar so the real roadway.

Sound Level - a corruption of the term "sound pressure level".

LI0 - sound level which is exceeded 10% of the time.

p

J

i' LSO - sound level which is exceeded 50% of the time.

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

!] p, related in decibels to a _efcrence pressure.

sound pressure level= lO log

_l"k" P2re£

;i where Pref= 0.0002 microbar

_ Abbreviation: SPL. The value reads directly from a
i

_J soundlevelmeter,

[.

:k

F|
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:"E_'_J ROADWAY TERMINOLOGY

At-grade Roadway: When Roadway Element is level with the

:i[- immediate surrounding terrain.

I[
Automobiles: Del'inedas passenger vehicles other than

_ motorcycles, trucks of loss than i0,000 pounds gross

vehicle weight, busses having capacity for 15 or less

[. passengers.

!.

_i Average Annual Daily Traffic (AADT): The total yearly volume

"_" divided by the number of days in the year.

E
_ Average Roadway Speed: The weighted average of the design

speeds within a roadway section.

Barrier: Infinite or finite walls located near the road_._ay

and parallel to it. Such walls must be solid and not

undercut.

[i
Capacity: Is the maximum number of vehicles which has a

[_ reasonable expectation of passing over a givem section of'

a lane during a given time period under prevailing traffic

[_ conditions.

<>
-8-
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{'-"I

Depressed Roadway: Hhen Eoadway Element is depressed below

the immediate surrounding terrain.

I Elevated Roadway: Hhen Roadway Element is elevated above the
immediate terrain.

Ill
Interrupted Flow: A condition in which a vehicle transversing

r

•lJ a section of a lane or a roadway is required to stop by a

if! cause outside of the traffic stream, such as signs or
tL
I signals at an intersection or a Junction. Stopage of

!_I_ vehicles by causes internal to the traffic stream does

no_ constitute interrupted flow.

f_ Normal Roadway: When Roadway Element surface is moderately

rough asphalt or concrete surface.

Pavement: That part 'of the roadway having a constructed

i-, surface for the facilitation of vehicular movement.

i,l_ Percent Gradient: Change in roadway elevation per i00 feet

_ of roadway.
#

i_'_ Roadway Element: A section of roadway with constant char-

iD. acterlstics of geometry and vehicular operating conditions.

_' -9-
;
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"" Finite Roadway Element: _.Jhenroadway element starts and //

finishes within the ' 8 DN limits of the roadway, where If

DN is the observer-near lane distance (see Figure B.I).II

I. larger than 8 DN where. DN Is.,_he_o.b_er)er-near.,*lane ' ..

,.. distanc'e.'(see Plgure B.I).

!

extends across _ DN in one direction but which terminates

, within the 8 DN roadway length where DN is the observer-

near lane distance (see Figure B.I).

 ead o, "rfaee:  e orminetheRoodwa, urfaeecharootor-
Istlcs (see Smooth, Normal or Rough Road_qay).

Rough Roadway: When roadway element is rough, asphalt

pavement with large voids 1/2 # or larger in diameter or
) ',

grooved, concrete.
i:
rl

I Shoulder: That portion of the roadway between the outer edge

_ of the through traffic pavement or the curb or the point

[_ . of intersection oz, the slope lines at the outer edge of

_) , the roadway and the fill, Or median slope.

i -IO-
N
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Smootl_ Road_ay: 14hen roadway element surface is very smooth,

II seal coated asphalt pavement.

_I] Speed: The rake of movement of vehicular traffic expressed

!{_ in miles per hour.

Traffic Lane: A strip of roadway intended to accommodate a

,[' single llne of movingvehicles,
|

.l!
_rusks: Defined as trucks of over lO,O00 pounds gross vehicle

[i ,_elght,_usssshavln_ssapaei_y_ormsrcth_ol_
passengers.

f_
- Volume: The number of vehicles that pass over a given section

of a lane or roadway during a time period of one hour or

I_ more. Volume can be expressed in terms of daily traffic

or annual traffic as well as on an hourly basis.

il

tP -

:IQ
_ -ll-
1
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DEFINITION OF SYMBOLS

A General Parameter

B General Parameter

I

C General Parameter

}

D Distance Parameters measured between observer and
rn

[! nearesb point to centerllne of road,_ay (in feet).

DB Distance Parameter measured between ebserver position

I_ and barrier - in feet (see Table A.7).

,.. DC Distance Parameter, measured between observer and cut of

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

D E Distance Parameter measured between observer and

{_ equivalent lane of roadway - in feet (see Figtlre B.I).r

DN Distance Parameter, measured between observer and

_J cen_er of near lane of roadway - in feet (see Figure B.I).
;J

il
_w DS Distance Parameter, measured between observer and

• shoulder of roadway - in feet (see Table A.6).

il Q
- -12-
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dB See acoustical terminology.

I dBA See acoustical terminology.

H Height Parameterin feet.

L Length Parameter, measured along a roadway element(finite) - in feet.

LI0 See acoustical terminology.

_,_. LSO See acoustical terminology
,2

_'I_ N Number of traffic lanes on Roadway.

!_ P Width Parameter, measured from outside to outside lane

I_., o_ roadway in feet.

P

" RB Distance Parameter measul'ed bet_'Jeen equivalent lane and

battler - in feet (see Table A.7).

S Speed Parameter, measured as the average speed of

vehicular flow in miles per hou/.

L ©
! - -13-
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SA Speed Parameters, measul_ed as above for automobiles.

ST Speed Parameter measured as above for trucks.

V Vehicle Volume Parameter (in vehicles per hour), this

represents the total volume of automobiles and trucks

I ml×ed.

P

VA Vehicle Volume Parameter (in vehicles per hour) for
automobiles only.

VT Vehicle Volume Parameter (in vehicles per hour) for

_ trucksonly.

Angle Parameter, measured as included angle between I

observerand barrierin degrees.

[_ 0 Angle Parameter, measured as included angle between

observer and roadway element (finite) and complementary

angle (semi infinite roadway) - in degrees.

l

i'

-1JJ-
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i_ CHAPTER 2 - BASICCONCEPTS
: In the following paragraphs some of the basic concepts and

!Ii

findings of the studies that have led to the development of

Shis Design Guide are briefly discussed. It is felt that an

_j[', appreciation of these will help the reader to use the guide

I_ more effectively and to bring good Judgment to bear where

:PI" judgment is necessary.
IDL
*

IIii
of

L.
particular concern in determining subjective response are:

The intensity or level of the sound.

._ The frequency spectrum of the sound.

The time varying character of the sound.

b--

Dl"

"I-, The first two of these dimensions are adequately handled in

.-- the case of traffic noise by measuring or calculating the

PI,
sound in terms of the "A-Welghted" sound level. The A-Scale

i_i reading of a standard sound level meter provides a single
;|--

number measure of the noise stimulus which "weights" the

il O frequency spectrum of the s_gnal in assordanee with aubJe_ive
D

-15-
i
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sensitivity co sounds of different frequency. The A-Scale

I_, reading therefore (in dBA units, meaning decibeis, A-scale)

provides a measure of the level and spectrum o£ the stimulus

{" which correlates well with subjective response to the stimulus.
(,,

I. The third dimension reflects the fact that environmental
p .,

_[_ noise is rarely constant; it is changing from second to second,from minute to minute and from hour to hour. Road traffic is

i_[i far the most common source of environmental noise and
by

environmental noise levels tend to follow closely traffic

ILE aotlvlt,.
,!

-i _:" _: On t_e masroscoplc time ssal_; therefore j environmental noise

i is highest during the day and especially during the mornin_
and afternoon traffic peaks. Levels reach their lowest

[i• values during tl_e night when local traffic activity all but

ceases and arterial activity becomes small.

L_

I_ On the microscopic time scale, environmental noise follows

the moment-to-moment details of traffic patterns. Such

. patterns are effectively random in time and thus the corres-

_Pi" pending short term noise fluctuations are also randomly

i_ ' t. occuring.
b

f

i{
i -16-
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.+

Environmental noise level variations on the maol,oseopie time

scale can be handled by analyzing the traffic flow situationat different time intervals during the 211 hour day. Such a

I procedure is convenient since the requirements that a person

places upol_his environment also changes from one time

. IiI interval to another

1
, [ Short_er_variationsaremos_osnsiblyooso°ntedfo_etatis-
I I_ tically. The "statlstleal time distribution" idemtlfles each

i! [_ level within the environmental range with the percentage of
time which that level, over the short term, is exceeded. The•+

!_i.i _o_level_ero,edianleve_is thstlevel,,,h_ohis exseededfor 50% of the time. The i0_ level is that level which is

IIC e_seeded_or10,o_t_etime.
I "*

+_ These two descriptors of the "statistical time dlstributlon",

• 1"" symbolised by LSO and LIO respectively, play an importan_
," role in this design guide.

PREDICTION OF TRAFPIC NOISE

i I'i, The maximum noise emitted by _ as it passes an!,
,,_ , observer increases, approximately, with the tl_irdpol.;erof

il t.. road speed. The noise output o£ a diesel truck, on the other

[ hand, shows little dependence upon road speed. A tz+uck, of

!l_'
-17-
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i'" course, is also very much noisier than an automobile, It is

assumed in this design guide that the bulk of highway traffic

i san be classified into one or other of these two vehicle

classifications. Appropriate definitions are given in the

glossary,

J

I Consider now a single lane pavement which is straight and

| .. infinitely long, and which lies at-grade with respect to a

•" flat level terrain. The members of each vehicle classifica-

/.
tion are considered uniformly distributed along the lane and

IIi each vehicle classification is categorised by volume £1ow

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

I! Analysis of this rather idealised system shows, .when the
density of vehicles per unit length is su_flcle_Dtl,z_gh,

{,
that tI_e sldel.ine noise for_ the G/it_InO/L1_./_Q/q___9_t__9.reases

i'
i_' linearly_[Ki_tb_the._vQluRe.flow and inoreases.wi_h the second

L. power of average speed. Under the same conditions, o11 the
:r

i! other band, the j/fnoiseof the truck population increases
_p

_' linea.i_l_y.j.;ith,the,,,ve.l_lleflow bu_ ,decreases )linearly with

increase in average speed "_'.
_P

t'i>_'l'. * This apparent paradox is explained by the fast that thenoise of an array of trucks is dependent only upon the
;i density (in vehicles per mile) of the vehicles. For

constant volume flow the density is inversely proportional
- _o speed.

-18-
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. A further finding of the analysis is that sections of roadway

I} which subtend equal angles at a fixed observer location,
• contribute equally to the observer's noise environment.

I Furthermore, the contribution is directly and linearlyproportional to the angle subtended. Thus, the noise contri-

'I.. butlon of any finite element of roadway can be derived from

theinfiniteroadwaymodel.

r i-
Further, non-ldeal, attributes of real roadway systems can be
accommodated by adjustments to the finite roadway model,

_P, Any realistic number of lanes, with or without median

fI:,• separator, san be collectively grouped as an "equivalent"

f[_ horizontal plane and that they are not obstructed acous-

_j.._ tically from each other, The appropriate adjustment is

iD determined by the relation of the near-and-far-lane to the

, . observer

: " Vertical _ranslation of the roadway to a_1 elevated or

| depressed position, with respect to the terrain, can also
_j be accommodated if an adjustment is made to the predicted

!_-. noise levels to account for the shielding effect imposed
_b

by the vertical displacement. The extent of shielding

l - _.

_ .. -19-
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depends upon tlle extent to which the roadway configuration

li blocks the slghtline between the observer and the equiva-lent single lane representative of the roadway.

real roadway system, therefore., having the real attributes

I_ of curves, gradient changes, cross section changes, flew

e1_anges, etc. can be synthesised as a number of finite (or
|_

I.. seml-infinite) discrete road_sy elements. The noise of each

r element can be derived from the infinite roadway model with

adjustments to accoun_ for each of these real attributes as

will be shown in the following chapters.

12 REACTION TO ENVIRONMENTAL NOISE

_I_ T_e effects of noise on people can be listed in three _eneral
t_.

categories :

!II"

'_}! Subjective effects of annoyance, nuslanse, dissatisfaction.

?

_I Interference with activities such as speech, sleep,

I _'" learning°

, Physiological effecgs such as startle, I_earing.loss.

1
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The noise levels associated with traffic noise are, in almost

every oass, of concern only in the first two categories.

iI Unfortunately, there is no satisfactory objective measure of
the subJef_Ive effects of noise. 111 laboratory evaluations

it is possible to quantify the comparative subjective reac-

I. tions between different sounds. Ho_,;ever,no experiments yet

i-! provide an adequate absolute measure for subjective reaction.
This result stems primarily from the wide variation in

li_ individual differences in thresholds of annoyance, habitua-

J)" tion to noise over differing past experiences with noise, the

_f!, semantic content conveyed by specific sounds, and the meaning

of the source of noise itself.

iii}i In _erms of tasÁ< interference with speech or sleep, quantitiveevaluations of criteria, while difficult, are inome easily

D _ obtained, For example, much data exist concerning the effects

of a steady masking noise on the intelligibility of speech in
,.... different environments or speech conditions, Data also exist
P
PI on what noise levels are oonsidered desirable in different

speech environments. For example, continuous noise levels

i_ which should not be exceeded if adeq%late telephone use is to

be expected or what levels of noise permit acceptable TV

listening for most people. The effect on speech interference

of noises which are intermittently hlgheP than the average to

k_2 which the listener is exposed is not yet well understood.

-21-
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The effect of noise on sleep interference is more d_.ffieult

i . to assess _ban the effect on speech interference. Study of

• ; sleep interference is difficult because of the different

i' physiological states of sleep and the fact that sleep inter-

i ference can exist without a person belng consciously awakened.
I I
I_ Recent experiments do provldG guidelines, however, In eonsid-

ering sleep interference effects in the selection of design

| |_ criteria for traffic noise.

]
Moving from laboratory data to the results of social surveys

I. of traffic noise adds some insight in tiledevelopment of

criteria. These surveys help determine percentages of people

.... .. having different responses to various noise sources. When

)}_ examined against physical descriptions of the noise environ-
ment. information can be developed on at least the significant

r-i

physical measures of noise which contribute to the variance

in the general response of a community to noise. It is worth

.. observing that physical descriptions alone generally account

for less than half the components of variance in response to

noise, with the other non-physical factors mentioned earlier

often dominating.

Certain general factors may be deduced from the present body

of laboratory and social survey studies:

-22-
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I! Interference with speech or TV listening is tile predomin-ant complaint against traffic noise.

il Interference with sleep is often cited as a complaint.
J

I' Both a measure of the time-average noise level and measures

i of the magnitude and rate of oceurenees of peak noise
levels are important in describing people's response to

Ii traffic noise.

I"

ID( On the basis of the above considerations, we have derived
...... _z . suggested design criteria for traffic noise indisated in

if'_' TableB_ Theseerlterlaepoolfymsxlm_noise_evolswhich
_I_. wou_dbeco_sldoredbytheaverageindlv_daaltobeacceptable
i with tO radioandTV_espee_ speech, interference, sleep

_w _ interference_ and annoyance.

_b

!}.
_-, There are numerous existing situations where people are now

_i living wlt_ traffic noise levels which are in excess of those

specified in Table B.5. This is not to say that these noisy

[_{ environments are entirely satisfactory, rather that people

) will either accept an unsatisfactory noise enviromnent, move
)

",- away from it, or attempt to bring legal action to reduce the

'1
noise. The design criteria presented are, on the other hand,

r

-23-
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hlg}]er in some instances then considered desirable by •some

li public authorities. They arc presented as realistic goals
which people will find acceptable, even though lowel _ levels

[ might often be desired. We believe that exceeding these

crltemla by more than 5 dB will provide environments in w]lich

i. the majority of people would express a major dissatisfaction.

_{..
I

[J 1 '
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; CHAPTER 3 - THE METHODOLOGY OF TRAFFIC NOISE PEEDICTIO_

_l" In the previous chapter some of the basic concepts involved

i)i in defining and analyzing the highway noise environment ]]ave

been discussed. The intention in this present chapter is to

i[_i describe in general _erms the mefibedology used in the DesignGuide.

The general traffic situation is composed of an Inflnity of

Iii variables; different oars driving at different speeds in

I • other than plane surroundings. Obvieusly_ to make the problem

-_I.. practicable, certain assumptions and simplifications
must be

_I[_ made. This is done through a model of the traffic situation
II

_.. whlcl] defines the most important parameters involved and thus
:I

[_.. permits the predletion of the true situation with a certain

j ._ degree of accuracy, The flow diagram illustrating the

i.t-" methodology is shown in Table i and is discussed below.

)[..

DEFINITION OF PAEAMETERS

i:l, . Consider a highway cransversing a populated area. The
[

.-- simplest case would be to assume a perfectly flat and straight

!p road of constant cross section, carrying a constant vehicle

I,- volume. Thus, observers a_ different positions along the
)I.

I11ghway, each at a distance of _J00 feet would be subjected to!

il.... the same, unchanging noise level. In this simple esse, we

'i

! L.. -25-
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can define the hlgh_,my as a constant infinite noise source.

On the other hand, if the road geometry is not constant with

respec_ to the observer (elevated or depressed sections, four

lanes changing to two lanes, surves etc,) the infinite noise

source model no longer is true and the geometry must be

discretlzed into elements of constant characteristics. In

reality, since we are dealing _ith a practical model, these

constant characteristics are allowed to vary within certain

practical limits; for example, continuous change in elevation

I of 5 feet over I000 feet span can be neglected.

k
For the purposes of this present discussion, a road element

5

%.... _ is defined as that section of the road whoso geometrical I

_i configuration (straight, level, constant cross section etc.) ....

- _ with respect to the observer and whoso traffic density and

speed over the element length can be considered constant.

Table I shows that for a general case, N different road
elements are possible.

f:

;' Each read element identified san be described by a series of

parameters that must be known or measured. These parameters

i_ can be grouped under three headings:
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Traffic Parameters

' RoadwayCharacteristics

I
[ Observer Characterlstics

IIi
,., The _tep-by-step method of obtaining these parameters is

I_ treated in detail in Chapter If. Their role in the methodology

I'i of the Design Guide may be summarized as follows:

Ii Traffic Parameters describe the "idealized" traffle situa-

tion on the road element. Vehicle Volume defines total

- - [- number ef vehicles that ])ass a point on the road element

' during one hour, Vehicle Mix describes the proportion of

heavy trucks in the population. As discussed in Chapter 2,

truck noise has different characteristics from automobile

-- noise and mus_ be treated separately. Average Speed

-_ describes the average speed of vehicles on the road element.

Note that this parameter is especially important for auto-

mobiles since the noise emitted increases with the third

power of speed, while it remains constant for trucks.

!i. Roadwsy Characterlstics are described by five parameters

which define the geometry of the read e_ement _ith respect

iP "*
k_1

-28-
} .

i
i



J

i

f, ReportNo, 1862 BoltBeranekand NewmanIns,
.-- ]

co the immediate surroundings. Pavement l,lidtbdoflnes the

distance across the roadway. This distance does not include

outside emergency lanes. Vertical Configuration describes
I.

the roadway elevation or depression with respect to the

surrounding terrain. Flow Characteristics relate to flow

interruption imposed by roadway design. Gradient defines

i! the percent gradient of the roadway, Surface Characteristic
describes the "roughness" of the pavement.

!,

Observer Characteristics describe the location of the

_ roadway elsmen_ with respect to the observer and take '-

,_. acsouns of the attenuating influence of the intervening

_ terrain. Observer Distance defines the perpendicular

. distance between the observer and the roadway element.

_j_ Element Size is defined by the angle subtended by the

/; element at the observer. Shi_Idlng describes all acoustleal

ir shielding present between observer' and road element. o

,>" Observer Relative ]{eight describes the observer vertical

..' position wlt]l respect to the ro_dway,

_71 PROCEDURE

i_ These _hree greups of parameters must be kno_.:c for each

'. roadway element to predict the noise level for a sln_,leobserver location. Consider again the example given earlier

k.J of s single roadway element, infinitely long and of constant

!.

i. -29- .
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....- characteristics located at-grade on a flat level terrain.

Furthermore, let us locate the observer lO0 feet from the

road witl_ no shielding present. Tl_is, for practical consid-

l

eratlons is considered the "worst case" or the noisiestcondition (obviously points closer to the road will be

subjected to higher noise levels, but such points are seldom

of interest). The nolse level at i00 feet is called the

•, Reference Noise Level. This reference noise level is mea-

..#u_e+_+_+a_ _, _e_i+.l!+lev_l, +called L_O (the 50%._.level, is...... that.........

" level which is exoeeded the Under the
for of time).

l

! assumptions of our model, R_qee Noise Levels can
be

obtained by knowing the Traffic Parameters only and will

i_. yield two numbers, one for automobiles and one for trucks,

!: measured in dBA.

.%

)

Deviations from this simple model will introduce parameters

i_ from the Roadway Characteristics and Observer Characteristics

groups and will result in Ad,_ustments to the Reference Noise

Level. In most cases, these adjustments will be negative,

p thus providing attenuation to the Reference Noise Level. Fo:_
I instance, consider that the roadway of the example is now

elevated above the surrounding tea,rain by a height H. The

observer, standing belovy the level of the road_qay is wholly

or partially shielded from the vehicular noise sources

depending upon the extent of elevation. Some attenuation of

" -30-
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tlle radiated t_affls noise is, therefore, imposed. A furthor

adjustment will occur if the observer location with respect

to the roadway is moved from I00 feet to 200 feet. Tl'affic

noise levels, in general, decrease at a rate of between 3 and

6 dB for doubllns of ObServer distance.

}:i ...................................................
1 The model considered in this study, throtlgh the use of the

li defined parameters, allows for five types of adjustments for

each road elemen_ as shown in Table 1. The Distance and

Vertical Configuration adjustment are the most important of

i _e_se in r,sr_s of frequency of occuranoe and model sensitivity.

_-J For the general case then, each roadway element gives two

_ _eference noise levels (one for autos, one for trucks) based

on the infinite element length assumption and using the

traffic parameters. These feral,enos noise levels for each

element are then modified by the applicable adjustments and

fillally, the sum of all corrected noise levels (adding

sontriDutioss from all road elements) yields the desired

final noise level at the observer position.

CRITERIA AND HESPO_]SE

Once the expected noise level is computed at the observer

locatiqn, its meaning must be evaluated in terms of some

-31-
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predetermined noise criteria. The criteria used in this guide

:_ are presented and discussed in Chapter 6. If on the basis 09

/. these criterla it appears that the proposed highway design

[_ will be undesirably noisy or cause significant community

opposition, the highway engineer can reenter the Design Guide

}[_ with highway modifications and reevaluate the situation.

COMPLETE AND SHORT NETMODS

'" Chapters 4 and 5 pr'esent the complete and short noise predis-
L.,

tlon methods respectively. They are both presented schematic-

[': ally in Table i.

The complete method uses all the parameters discussed in this

[_ chapter and applies them to compute a complete set of adjust-

ments. Thus, under the restrlctions of the model used in

i ['_ thls studyj thi_ method repre_en_s the more ex_ot solution.

_'_ It pre c_¢les-t le.,shor._._.ethod in the guide because it is felt

that an understandillg._,f...,the,,,oompleto_t_d_Is..n_essary

{['_ before the short method can bo used_.,,.,_
b

[ [] The short method, shown greel_ lr, Table i, allows the designer

i.,I. _o obtain a quick, first approximation to the expected noise

[' [-- levels, In general, this 2rocgdg_2_li_.13,_res_lt in higher

' noise levels than the complete method.

-32-
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C>
If a potential hlgh noise level is discovered, the complete

solution sl]ould _ben be used to assess properly the magnitude

of the p_oblem, however, tile method allows the designer to

discard obsePver positions unaffected by the roadway Pesultinz

in considerable _Ime sav_ngs. These savings result because

only a limited amoun_ of data is required and the calculations

.... necessary to obtain the predicted noise levels ape simplified

by the use of tables.

I-!

¢? [" ;

L •
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CHAPTER 4 - COMPLETE METHOD

The complete method for estimatinF, the noise generated by a

roadway at a selected observer location is given in this

• chapter. A typical example is presented following the

.. instructions to :norafully illustrate the method. The method

is divided in four main sections:

i-
Section 1 - Roadway Element Identification: The roadway is

I I_ separated into elements with constant characteristics, thusI

! _ simplifying the analysis.

I" Section 2 - Traffic Parameters Identification: Parameters of
speed and volume are computed thus describing the dynamics of

the Roadway Elements.

•- section 3 - Roadway Characteristics and Observer Characteris-
I

[ tic Identification: The geometrical characteristicsof each J

roadway element and the relationship of the observer and each
I

roadway element are established.

Section l_- Noise Levels Estimation: Given the descriptions

from Sections 2 and 3 for each roadway clement, this procedure

shows bow to calculate the desired Predicted Noise Levels for

each element and finally how to combine them to obtain an

kj overall noise level at the observer due to the entire roadway.

-3_I-
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_-- All Work Sheets used in this procedure are shown in Appendix

A. All Figures and Tables used in this procedure are shown

in Appendix B unless otherwise noted.

).
SECTION I - ROADWAY ELEMENT IDENTIFICATION

i roadway defined as that section roadway
A element is of the

whose cress section and traffic flow characteristics sail be

.. Considered constant and that can be analyzed directly by

}i_ means of a straight infinite roadway noise model with a
simple correction to allow for the angle subtended by the

I'" element at the observer.

. In many real cases the highway engineer will be able to

_{ii i identify the roadway wlth a single, effeetlvely infinite and
If

_ " element. In other intostraight, eases _ however, analysis

i_ _wo, three, or more elements will be required. The following

rules and procedures are set forth to help the process of

elemen_ identification.

t
I " II_ order to be defined as a roadway element a section of

I "I. roadway mus_ satisfy the following requirements:

_, Firstly, all lanes within the element must meet the

requirements for grouping together as a single equivalent
ir
_' trafficlane.

! -35-
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I In addition, over the length of the element the conditions
%

of unchanging cross section, straightness, unchanging

i gradient and constant traffic operating conditions must be

f2

_. l.O WORK SHEET N0. I (See Table A.II): The conditions and

requirements necessary to define the Roadway Elements

[_ are presented here in detail. The procedure is as

follows :

I.I On a route map of convenient scale select the observer

location for which analysis is required.

F

L; . l'_ Draw ;_ line from this location te Intersect the road_a,

at: its nearest point, i.e. right angle intersect.

1.3 On either side of this intersect point mark off a length

_ of roadway equal to four times the length of the observer-

]'" roadway intersect,

'{_i Note: The length of road Just defined to all intents and

purposes can be considered as infinitely long.

Sections of road further removed from the intersect

poln_ can De n_glce_em unles_ _heir configuration is

such as to render them particularly noisy.

! "" -36.-
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I._ Examine the cross-sectlon of the roadway at the inter-

sect point to determine the number of different lane

groupings required (in accordance with the rules in Work

I. Shee$ No. i). Denote these A, B, C, etc., starting with
the lane grouping nearest the observer.

ti
Note: This lane grouping test simply allows for highway

/'.- configurations having different pavement elevations in

[_, each direction of flow, or having an acoustically
opaque median barrier or berm. The designer is n___ot"

I advised to take frontage reads into account at this

time since it will unduly complicate the process of

I... element identification.

1.5 Study each lane grouping along its length with regard to

i) significant changes in alinement (curves), section,

gradient or flow as defined in the work sheet Identify

by checking the appropriate box in the table.

1,6 Followin G the conditions set forth in the work sheet

identify and number those elements pertinent to each

lane grouping. Enter and describe these in the second

table on the work sheet.

-37-

............ .•..._..•..•_...................... ......... I".'.



• , ,,......... ., .]............•........................ • •

Report No, 1861 Bolt Beranek and Newman Inc.

I ' Note: Elements which run the total length (SD) of the road-
J

jb;;} way section are termed Infinite Elements. _ Elementswhich extend across the 4D limit in one direction but
J

which terminate within the 8D roadway length are ._K

I termed Semi-lnfinite Elements. Elements vlhieh start
f 'r i ---

_Ii and finish within the 8D limits of the roadway are

termed Finite Elements. These three element classif-

ications al,e numbered I, II, III respectively.
J

[..
1.7 On the same table note the position parameters that each

element bears t_ the observer, as illustrated in Figure

B.1. Note also the total pavement width (P) and the

number of lanes appropriate to each.

I

_' Observer-Near Lane Distance (DN). Measured along the

z_ right angle intercept between the observer and the center

, of the near lane,
b "

I

Element Length (L). This distance represents the length

of the Roadway Element and must be measured in the Fi:llte'

Element Case only,

Angle 0. This angle represents the included angle between

observer and element in the Finite Element Case and the

inelt*ded anglo b_woen oboej..voz_and the Semi-'I.nflnlto
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r_

'__ Element ss shown in flg.ure B,I. (This angle can be

positive or negative.) Note that both angles are measured

to the middle of the roadway.

Ii
1.8 Identify end describe any other roadway elements tbdt

Ill you may wisll to include at this _ime--parts of access

ramps for instance. Identify each of these as a further

[i lane grouping (D, E, etc.) and follow the general

I_i procedure of Steps 1,6 and 1,7,

_" RULES FOR ELEMENT IDENTIFICATION

LANE GROUPINGS: In order to permit lane grouping within a

" single element the following conditions must apply:

All lanes must lie at the same elevation with respect to

I,_ the terraln.

.! Lane and median separators must not shield lanes acoustic-

ally from each other,

Hi
Vehicle operating conditions must be broadly similar for

each lane.

• (Most roadways satisfy these conditions and consequently all

- roadway ]._ses _nn be aeeumIiloda_ed wifih_tl _ si_gle element.

©
.-39-
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In general, however, these conditions do not permit frontage

roads and ramps to be included with _he main highway eonflg-

urstion. )

ALINEMENT (CURVES): In order to satisfy the requirements of

i l a single element definition the element must be effectively

straight, The following rules apply:

•}- Stretches of road separated by curves must in general be

"- regarded at separate elements.

When the ratio of curve radius to observer distance exceeds

I ten and when the observer lies within the triangle formed

J

i _.{ by the normal intersects of the roadway at the curve_angency points, _he curve itself should be represented by

- a straight element _o provide a "best fit" representation

) of the curve.

!I:

_i A roadway having double or multiple curves can be repre-
!,

sented a "best fit" straight roadway as long as deviations

from this rel)1'esent_tlon do not exceed -+20% of the mean

I! observey-rosdway distance.

_J
J!
'|

k--/
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GRADIENTS: In order to satisfy the requirements of a single

elemen_ definition the element must not contain a change inI

!P
i' roadway gradient of greater than 2%

CROSS SECTION: In order to satisfy the requirements of a

single element definition the cross section along the length

of the _lement must be effectively unchanging. Significant

changes are defined as follows:

A change in the differential in roadway elevation with

respect to the terrain (parameter H for elevated and

depressed) Of more than +-10%about the mid-polnt value.

I
A change in total roadway width (including median strip)

_ of mare than +25% about the told-pointvalue.

A change, on the observer side of the roadway cut distance

or the roadway shoulder distance, for depressed and

elevated conf._urations respectively, of more than -+25%

about the mid-polnt value.

ii An exception to this requirement is the transition length of
roadway between different roadway elevations e.g.; between

elevate4 and at-grade configurations, For such transitions

the f611owlng rules apply:

:,-4.].-
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f-k

A transition section of roadway bet_teen an elevated and

_| at-gnade configuration or between a depressed and at-grade

Y configuration is defined as having constant cross-section

I,
with a geometry corresponding to that of the mld-point of

!- tl]e transition.

A transition section of roadway between an elevated and

I Ii' depressed configuration, i.e. a transition which passes

j| I ] _-hreu_h at-grade, is considered as two t_ansltlsas each of

i_ , them going to grade. Each of these transitions is analysed

i!,
-" TRAFFIC FLOW: In order to satisfy the requirements of asingle elemen$ definition the traffic flow conditions along

I_ tl_e length of the element must be effectively constant.

i "" Significant changes are defiJled as follows:

J

_ A flow volume change of ±10%.

t, "
EP

An average speed change of +i0,_.

ii A change from uninterrupted to interrupted flow conditions.
With regard $o the last item, interrupted flow imposed by a

traffic control signal is assumed to have an influence on the

C,
-112-
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i I operating noise of a vehicle over a distance or 100O feet

centered ag the center of the signal area. This lengt;h would
{

I)l therefore define the element length.

If.. Note: In principle at ].east the highway engineer may

thus

I_ develop noise estimates for complex roadway systems

involving interchange and access ramps, intersections,

[ frontage roads etc. If too many elements are Identl-

i-- fied at one time, however, the procedure may become
very laborious. It is suf_sested that the user use

I'i Judgement in determining those sections of road and

groupings of lanes which will influence the noise

I-i environment.

[
2.0 Enter Roadway Elements defined on Work _hoet No. 1 on

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

provided, one element per column, by noting:

[

. The Road Element Numbe_

The Roadway Element Type

The applicable Time Interval of interest

_43-
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i r"",

Note: The "Parameter Work Sheet '+can be used to handle

several Roadway Elements at one Time Interval, or one

I Roadway Element at several different Time Intervals.

If
SECTION 2 - TRAFFIC PARAMETER IDENTIFICATION

i!I the procedurefor Traffic Parameter
This section describes

Identification. It covers Lines 1 and 2 on "Parameter Work

I_ Sheet", The procedure is as follows:

i[ii 1,0 VEHICLE 0PERATII_G CONDITIONS: Determlne the Vehicle

Operating Conditions for each Roadway Element at the

}L required Time Interval and enter in Lines 1 and 2 on

Pr_I:_ _'Parameter Work Sheet"° The Vehicle Operatlng Conditions
if'

•'!![:._ are:

Hourl,Voiom°inveh ole°per
L. The Average Speed (S) in miles Far hour.

I

These parameters are required separately for two categories

o£ motor vehicles; automobi3es and trucks as defined in

!'- Chapter I.

it .i,
-tIJl-
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In the even_ that these parameters must be computed from
[

l

!_• estimates of AADT and of percentage flow and mix variations

II during the day, Work Sheet No. 2 (see Table A.5) is provided.

1[
2.0 WORKSIIEETNO, 2: For each Headway Element identified

_" and defined in Work StreetNo. l:

_i 2,1 Enter Estimated AADT in Line I.

[2
2.2 Enter the Hourly Volume, for the required Time Interval

[_ as e percentage of AADT, in Line 2. (In the event that

this is unknown, illustrative data from the Highway

i Capacity Manual is given in Appendix C Figure C.I. )

[
2.3 Enter the Vehicle volume (V) in vehicles per hour in

E Line 3. This is obtained by multiplying Line 1 by Line

2 arld dividing by 1O0.

[
, 2._ Enter Truck to Auto Mix in percentage of vehicle volume

in Line 4. (In the event that this is unknown, illus-

trative data from the Highway Capacity Manual is given

in Appendix C Figure C.2.)

!! 2.5 Enter Truck Volume (in vehicles per hour) in Line 5.

II k_ This is obtained by multiplying Line 3 by Line IIand

i -45-
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'... dividing by I00.

2.6 Enter Auto VSl_lme ill vehlalcs per hour in Line 6. This

If isobtalne_bysu_tractlngLine5 fromLine3.

I expected Average Truck Speed (in miles per hour)
2.7 Enter

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

I

. [_ Note: The noisiest flow condition will occur, under the
i

condition of the hdghest stable voluble flow at the

i I_ highest expected average speed. The capacity chart of

l?Igure C.3, (Appendix O) for instance, would suggest

" tl_at the highest noise condition on a highway designed

i,i;I_ for an Average Highway Speed of 70 mph, would occur
t_ wltl; a lane volume close to 2000 vph at an average

i speed of 45 mph.

i i°2 2.8 Enter Lines 5 and 6 from Work Sheet No. 2 in Line ib and

I [i la in "Parameter Work Sheet",
respectively.

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

i [..

in "Parameter l,lorkSheet", respectively.

?

G
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SECTION 3 - ROADWAY AND OBSERVER CHARACTERISTICS IDENTIFICATION

li This section describes the procedure for Roadway and ObserverCharacteristics Identification and it covers lines 3 through

l0 on the "Parameter Work Sheet _',

__ 1.0 FLOW CHARACTERISTICS: Note the Flow Characteristics of

each Roadway Element by checking either the 3a'.or 3b

[; Line on "Parameter Work Sheet".

I! Interrupted Flow is defined as the vehicle flow interrupted

Ii! by an outside source such as stop signs, traffic light,

ese. Slowdown or stop due to heavy traffic, accident, etc.

I_' is not an outsidesource.

I'. 2,0 PAVEMENT CHARACTERISTICS: Measure the Pavement Charac-

teristics for each Roadway Element and enter in Lines IIa
[J

and 4b on "Parameter Work Sheet". This data may be
r i..,
t m _

ii!. transferred from Work Sheet No. 1.

3,0 PERCENTAGE GRADIENT: Establish the PercentaGe Gradient

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

eter Work Sheet".

Percentage Gradient is defined as the change in roadway

elevation measured in feet per lO0 feet of roadway. Note

©
-_17.-
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that a Percentage Gradient <2% is considered insignificant

.. and noted as 0%.

Ii 4.0 VERTXCAL CONFIGURATION: Determine the form of Vertical
Configuration for each Roadway Element and check the

I_ appropriate line on "Parameter%'_orkSheet".

J

Elevated: When Roadway Element is elevated above the

[i immediate surrounding terrain.i

Depressed: When Roadway Element is depressed below the

immediate surrounding terrain (out).

I22 At-Orade:When_oa_,.o.E_omootlelovo_,,,ltht_efmmodiate
surrounding terrain.

_ 5.0 ROADWAY SURFACE: Determine the Roadway Surface charac-

Ii teristics for each Roadway Element and check She appro-

Ii_ prlate llne on the "Parameter Work Sheet".

Smooth: Very smooth, seal coated asphalt pavement.

Normal: Moderately rough asphalt and concrete surface.

i

-_8-
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_J

Rough: Rough asphalt pavement with large voids 1/2" or

larger in diameter, grooved concrete.

6.0 POSITION PARAMETERS: Enter the Position Parameters from

Work Sheet No. 1 for each Roadway Element. Evaluate and

note the Observer-Equivalent Lane Distance DE, using
C

Figure B.2.

7.0 SHIELDING CHARACTERISTICS: Determine tile Shielding

Characteristics between the observer and each Roadway

Element and check the appropriate line as follows:

Barriers: Defined as infinite or finite barriers and walls

generally located near the roadwsy and parallel to it.

Buildings: This category includes residential, commercial

and industrial buildings _hat may wholly or partially

shield t1_e roadway from tbe observel,.

Others: This category includes all other shielding effects

sucllas trees, vegetation, etc. Tmu,ain effects arc not

included.

None: When no shiolding is present,

-_Jg-
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8.0 TERRAII_ CHARACTERISTICS: Determine tile Terrain Charae-

iI teristies at _he Observer by notln_ the observer eleva-

i tlon relative to the ground elevation at the roadway and

,_ enter in Line l0 on "Parameter Work Sheet".

SECTION a - NOISE LEVEL [gSTINATION

Tbis section describes the procedure to obtain the Estimated

i_ Noise Levels at the observer due to the proposed highway

_ using the data from the above sections.

1.0 REFERENCE LS0 AT I00 FEET: Determine the Reference L50

Levels at i00 feet for both autos and trucks using

Figures B.3 and B./I and enter on Line 1 on "Noise

" Prediction Work Sheet" (see Table A.2). These levels

. .... are obtainedas follows:

Automobiles: Uzlng Vehicle Volume, VA (Line la on "Param-

_.'. eger Work Sheet") enter Figure B.3 and read the correspond-

i - Ing Sound Level. in dBA.

! Trucks: Using Vehicle Volume, VT, and Average Speed_ ST,

I enter Figure B.II and read the corresponding soand level in

i dBA.

Q)

I -50-
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2.0 DISTANCE ADJUSTME|_T (A_): The 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 is the

same for autos and trucks and is obtained as follows:
h

P

D

|.. Using Near Lane Distance, DN (Line 8a on "Parameter D/ork

I Sheet") and Roadway Element Width, P (Line lla on "Parameter

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

dB.

..ipr. 3.0 ELEMENT ADJUSTMENT (62): Determine tile Element Adjust-

![_ ment for each Roadway Element and enter in Line 3 or,?

i! "Noise Prediction Work Sheet". This adJustmen_ is

applicable to the Semi-Inflnlte Roadway Element end

Finite Roadway Ele_lent only. For the Infinite Roadway

Element enter zero on Line S.

Semi.-Inflnite Element: Using the angle 0 (Line 8d on

i "Parameter Work Sheet") enter Figure B.6 and read the

appropriate adjustment in dB. The same adjustment applies

for au$os and trucks.

:

_ Finite Element: Using the angle O (Line 8d on "Parameter

workShoo ,,)enter FigureE.7and read the  ppropriate

-51-
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adJust,men_ in dB. The same adjustment applies for autos

and trucks.

4.0 GRADIENT ADJUSTMENT (As): The Gradient Adjustment

applies only for trucks and should be determined whenever

the gradient is greater than 2% (see Line 5 on "Parameter

Work Sheet"). The appropriate adjustment is obtained

from Table P..1. Enter adjustment on Line 4 on "Noise

I Prediction Work Sheet" under Truck,

FI 5,0 VERTICAL ADJUSTMENT (A_) : Determine the Vertical

_I Adjustment for each Roadway Element and enter in Line 5

I of "Noise Prediction Work Sheet". This adjustment is

,',_".. zero for an a_-<rade road oonfizuration, otherwise go to

i procedure on Work Sheet No. 3 (see Table A.6),

i . 6.0 WORK SIIEET NO. 3: The procedure for estimating the

AdJusBment due $o Vortical Configuration is as follows

for each element:

6.1 Enter Road_,/ay Elements defined on Work Sheet No. 1.

6.2 For an elevated road configuration, proceed through steps

6.tJ through 6.10,

k.2
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6.3 For a depressed road configuration proceed through steps

6.11 through 6,17.

6.4 Enter height of Elevated Roadway, }It, in feet in Line i.

No_e: For an elevated roadway, HI, is defined as the height

of the roadway element above the observer. If the

L! observer is above tile roadway elevation, then this is

I! considered an at-grade situation and no vertical
adjustment is necessary.

f-;
I- 6.5 Enter Observer-Equlvalent Lane Distance, DE, in Line 2

'[_ (see Line 8b of "Parameter Work Sheet").

6.6 Enter 0bserver-Sheulder Distance, DS, in Line 3.

6.7 Compute parameter A= _I_/DS and enter in Llne 4.

6.8 Compute parameter B= H_/(DE-D S) and enter in Line 5.

6.9 Usin G Parameters A and B, enter Figure B.8 and read the

appropriate adJustmest for Elevated Roadway. Enter on

.. Line fla.

[

<D
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6.10 To obtain the adJus_mcn_ for trucks, add +5 dB to Line

lla and enter on Line llb. (Note: the numerical value
!

[- of the truck adjustment is smaller than that for autos

[_ but it san never be positive,)

[_ 6.11 Enter Depth _f Depressed Roadways H in feet on Line 6,2

I[' 6._ Same as 6._. Enter on Line 7,

6.13 Enter Observer - Cut Distance DC on Line 8.

6.1_ Compute Parameter A= H_/(DE-Dc) and enter o*% Line 9o[}

[ _ _sln__aramotoro_andEenterFi_u_s_ andro_d
appropriate adjustment £om Depressed Roadway. Enter in

I_ Line12a,

6.17 Same as 6,10 and enter in Line 12b.

u.

.. 7,0 SURFACE ADJUSTMENT (As): Determine the Surface Adjust-

ment for each Roadway Element and enter in Line 6 in

"Noise Prediction Wo_k Sheet", This adjustment is

-54-



J,

Report No. 1861 Bolt Beranek and Newman Inc.

obtained from Table E.2 using the Road Surface classifi-

cation from" Line 7 of "Parameter Work Sheet".

,!
I i-_ _'0 SHIELDING ADJUSTMENT (_G AND A?): Determine _he Shield-

p Ing Adjustments for each Roadway Element and enter in

' ' Line 7a or 7b of "Noise Prediction I.lorkSheet" as,S

follows:

[7 ' If Line 9d on "Parameter Work Sheet" is checked, then the

!I_ shielding adJustmenB is zero. Proceed to section IO.S.

_P Otherwise go _o procedure on Work Sheet No. 4.

r,

_f'_I,'" 9.0 WORK SHEET NO. 4": The procedure for estimating Shielding

_Ic'J Adjustments due _o barriers, buildings and other effects

l i.J is as follows for each element:
_r
!i 9.1 Enter Roadway Elements defined on Work Sheet No. I.

,_ 9.2 If Line 9a on "Parameter Work Sheet" is checked, then

I proceed to section 9.Jl through 9.10.
-

_'_'_ 9.3 If Line 9b or/and 9c on the "Parameter Work Sheet" is
[i

_ checked, then proceed to section 9.11 through 9.13.
!i

-55-
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Ii 9._ Enter Height oi Barrier (}I), in feet, in Line i.
tI ,

9.5 Enter Observer-Barrier Distalace (DB) in feet, in Line 2.

9.6 Enter Equivalent Lane-Barrler Distance (EB), in feet_ in

Line 3, where RB= (DE-DB),

I- 9,7 Compute the ratios H_/D B and H2/R B and enter in Lines

and 5 respectively.

9.8 Using these ratios, enSer Figure B,9 and read the

appropriate adjustment for an Infinite Barrier and enter

:'I'! in Line 6.

!" 9.9 Depending on the Roadway Element type considered, do one

ii Of the following:

if" For a Finite Roadway Element proceed to section 9.9.1

_- through _,9.4.

For Semi-Inflnite Roadway Element proceed to Section 9.9,5

through 9.9.8.

For Infinite Roadway Element proceed to Section 9.9.9

t_hrough 9.9.11.

-56-
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9,9.1 Enter Inelhded Element Angle 8 on Line 7. _hls is

obtained from Line 8d on "Parameter %lork Sheet",

9,9.2 Enter Included Barrier Angle a on Line 8. This angle
I=

represents the included angle betl,;een observer and

:]'! barrier,

!

i
: 9.9,3 Compute the Parameter A= g and enter in Llne 9.

9.9.4 Using Parameter A and the Infinite Barrier Adjustment

(Line 6) enter Figure B.9 and read the appropriate

adjustment for a finite barrier. Note that the

adjustments are given for only three values of Infinite

-:_ Barrier. Select the closest value to tl_eone calculat-
i ed in Line 6. Enter this adjustment on Line I0. Go

to Section 9.10.

Ii_ . 9.9._ _nter Included Element angle _ on L_ne ii. This is

i obtained from Line 8d on "Parameter Work Sheetu,

_I 9.9.6 Enter Included Barrier Angle _ on Line 12, This angle

! represents the included angle bet_,_sen the observer and

ii-. barrier.

e
C-'J 9,9.7 Compute the Parameter A-- _ and enter in Line 13,

-57-
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_-- 9,9,8 Using Parameter A and the Infinite Barrier Adjustment

" (Line 8) enter Figure B.9 and read the appropriate

adjustment for a finite barrier, Note that the

adjustments are given for only three values of the

Infinite Barrier, Select the closest value to the one

calculated in Line 6, Enter this adjustment in Line
.i

III. Go to Section 9.10.

[

9,9,9 Enter Included Barrier Angle _ on Line 15. This angle

represents the included angle between observer and

I barrier.

I 9.9.10 Compute the Parameter A= _/].80 and enter in Line 16,

9,9.11 Using Parameter A and the Infinite Barrier Adjustment

(Line 6) enter Figure B.9 and read the approprlate

adjustment for a finite barrier. Note that the

adjustments are given for only three values of

Infinite Barrier. Select the closest value to the

one calculated in Line 6. Enter this adjustment in

Line 17,

9.10 Enter the Finite Barrier Adjustment in Line 7a of the

'_Noise Prediction Work Sheet". Note that the algebraic

.addition of the Vertical Adjustment (A,,) Line 5 and the

I -98- 1
I
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Barrier Adjustment (AG) Line 7a should not exceed -15

dB. (A_+AG>-I5 dB)

9.11 I_ultiple rows of intervening buildings and structures,

suc4_ as houses, apartments, etc. will reduce levels by

up to i0 dB depending upon the degree of shielding

| provided. A single row of houses between the roadway

element and the observer will generally,reduce levels

by approximately 5 dB. Enter the assumed adjustment in

ill.I Line 18.on Work Sheet No. 4. Note that this adjustmentis always negative.
j

{ 9,12 A design value of 5 dB noise reduction for every I00

feet of foliage between observer and roadway element
may be used if the trees are at least 15 feet tall and

sufficiently dense so that no visual path bet_._eenthem
I.

and the roadway exists. The total adjustment should

not exceed l0 dB. Enter the assumed adjustment in Line

19 on Work Sheet No. 4. ]_ote that this adjustment is

always negative,

9.13 Add the adjustments of Line 18 and 19 and enter in Line

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

tion Work Sheet".

_ .
L
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z--

-- I0.0 L50 AT 0BSEI_VER: Determine the LS0 Level at the

observer for each Roadway Element and enter on Line 9

on "Noise Prediction Work Sheet". This is obtained by

algebra2c addition of Lines i and 7.

ll.0 LIo-Lso ADJUSTMEJ]T: Determine the LIO adjustment Per

each Headway Element and enter in Line l0 on "J,._olse

I, Prediction Work Sheet". This is obtained by using _4ork

. Sheet No. 5 (see Table A.8) and the following procedure,

I'i 12.0 WORK SHEET NO. 5: The procedure for estimating the LI0

Adjustment is as follows for each element.

I" 12.1 Enter Roadway Elements defined on Work Sheet [,To.I.
J".,

•I 12.2 Enter Hourly Volume (V) in Llne i. This is obtained
from Lines la and lb on "Parameter Work Sheet" for

autos and trucks respectively.

"" 12,3 Enter Average Speed (S) in Line 2. Tl_is is obtained

from Lines 2a and 2b on "Parameter %'forkSheet _'for

autos and trucks respectively,

12,4 Enter Observer-Equivalent Lane Distance D E in Line 3,

_ This is obtained from Line 8b on "Parameter Work Sheet".

! uJ
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?, 12.5 Calculate Parameter A= V DE/S, and enter in Line _J.

il 12.6 Using Parameter A, enter Figure B.10 and read appro-

tii priateAd_ustmeotindB ReferemLins_
|

if-; 13.0 INTERRUPTED FLO_'IADJUSTMENT: Determine the interrupted
|'-

flow adjus_men_ for each Roadway Element and enter in

_f] Line ll on "Noise Prediction Work Sheet". This adjust-j

_[-_ men_ applies only if Line 3b on ':Parameter _/ork Sheet _

_!li_i iS checked, The adjustment is obtained from Table B.3,

14.0 Llo AT OBSERVER: Determine the LIO Levels for each

l i: Roadway Element and enter in Line 12 on "Noise Predic-

i tlon Work Sheet". This is obtained by algebraic

addition of Lines 9, l0 and ii.

il,I 15,0 ELEMENT TOTAL: Determine the Element Total for each

_'_. Roadway Element and enter in Line 13. This is obtained

for both the L50 and L10 Levels by adding the levels

.... for automobiles and trucks. The procedure for adding

decibel levels is presented i'n Work Sheet No. 6. (A

sample calculation is shown in Table B.4.)

16.0 .GRAND TOTAL: Determine the Grand Total LgO_ Predicted

Noise Levels by adding the contributions from all

-61-
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'i roadway elements and eatel" in Line !l_, Do same fop LI0

' i_''! NorkPredictedNoise Levels, Again follow the procedure in

!' Sheet No. 6,

" 17.0 LI0-L50: Determine the LIo-L50 Predicted Noise Level

!I] and ente_ in Line 15 of Noise Prediction _,1orkSheet.

If This is obtained by algebraic difference Of the grand

 "}lll to, aland  evcls
_ ILLUSTRATIVE EXAMPLE

il1_ TO more fully illustrate the' above procedure_ a typical

_..- example is presented and solved in full. This same example

L is later solved using the abort method in Chapter 5, Consider

i!i_ s roadway configuration as shown below in Figure i. The-" observer is located in a classroom, 400 feet from the nearest

! [_ lane of the roadway. At the time o_ interest, 8-10 a.m,, the

l average speed of traffic flow is estimated to be 55 mph with
)_._ s _r_ck/automi_.of 5_. In eddltion,i_ isestlmatodt,_at

".'I_ the . nmualD llyTraffic is,9,ooove, Icleo
I , _ . ~_ . . --

per day of which 7Z per hour will pass between 8-i0 a,m, The
I] problem is _o calculate both the LS0 and the LIO Predicted Noise

Levels using the complete method, The first task in the

I.] procedure is the road_ay element identifiication. Using Wor]_

Sheet No, 1 (see Table 2) we note that according to the rules.

k.,/
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there is only one lame'grouping, in this case, eight lanes of

traffic with a 20 foot median strip, but that a single

infinite road_ay element cannot be assumed since there is

both alignment and cross sectional changes. Using the pro-

cedure of Section l, three roadway elements are identified as

shown in Figure 2 and Table 2. They are:

i Element 1 is a Semi-Infinite type, and is represented by

I" the ag-grade crossection No. 1.

I Element 2 is a Finite Element type and is represented bydepressed crossection 2.
i

Element 3 is a Semi-Infinite type and is represented by

depressed cross section 3.

With the road elements identified, the procedure for Traffic

Parameters, Roadway Characteristics and Observer Characteris-

tics Identification is used to obtain all the necessary

J parameters and complete the "Parameter Work Sheet" Table 4.

I Tbe Reference Noise Levels necessary adjustments are
and the

found by following the Noise Level Estimation procedure. The

results are sho_,m on the "Noise Prediction Work Sheet" Table

4. Note tbat the vertical adjustraont for roadway element No.1

(}

-63-
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is zero slnce we have an at-grade condition, however, road-

! way element No. 2 is depressed and the vertical adjustment

., for trucks is also zero. This result is easily explained by

following the procedure for Nork Sheet No. 3 (see Table 6).

Note that the depression depth is only 5 feet, thus in

reality th_ trucks whose noise source (mainly the exhaust

.., stack and engine) is elevated are not shielded from the

observer. Table 8 shows the L10 adjustment.

. I_ The final L50 and LIO Noise Levels are shown to be 60 dBA and

62 dBA respectively. This is shown on Tables 9 and i0

respectively. The meaning of these levels as compared
t-=

I.._ a_alne t the I__ee Criterion Is d_eousaed in Chapter 6e

r[i

f.i

}.
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PLAN VIEW OF PROPOSED HIGHWAY AND SURROUNDINGS.

"-. STA STA STA STA to STA = 10_
2OO 25O 300

STA _ STA

1o____ I "_o,_o_l _4D 0

' ",--'_ L............ J
I

' NOTr.; All D|menslons are In Feet
CROSSECTION NO. I Nor Drawn to Scale

If_; u,,o,,o,o°20o r-, Lo.os/ CL /- Median Strip

_p--_ Emoroo_=yLon_"7 / I / _-4Lo,,o../ / i / \ _-EmorgoocyLono
-, ._ cr .- _ _ , I,_........h _ Ground Level

_'J /f/// a • ///f "If// " -" ._,'._ _'_ , ',,'//,;',_'.2/_:.T+_:c"--....;. "_'.'_ ////_'/_._ ' /////_.//f

" I• Position , 116

--" CROSSECTION NO. 2
STA 200 through 300

Observer Location

_v'/ , _, Gnd Level

_2 3;l_ff/f 5 "v//'/i/

J,01. ,ooo0.A_0v0,_
CROSSECTION NO. 3
From STA 300

. Observer Location

'T_ Gnd Lovel/ _,////zH
, "_5:1 ! 2:1_/" 15

--,--'-l,_: _:_'._F_,".; it+b: ;;C:,_ I L+-¢<_+'Y"':eJ+h_ ,I. _,._a. ,omoo,A_ovo-• *--_o,l
FIGURE 1., TYPICAL EXAMPLE OF A PROPOSED HIGHWAY
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WORK SHEET NO. 1

6"_ ROAD ELEMENT IDENTIFICATION

kano Grouping Chan le In

' Group DESCRIPTION Alinement Sactlon Gradrent Flow _

8 lane roadv_a.V wi'_h a
A 20 foot median .stl,lp _ _!

|

Lane Group

Ele.msnt No.

. DESCRIPTION Position Parameters Pavement
I Type D l g P N]

i j II STA i00 through 200 590' 19 ° I16' 8

_, I on level roadway

I '! 2 III STA 200 through 300 395' i000' i02.5 c i16' 8on depressed roadway

J3 II STA 300 through 400

on depressed roadway 590' 190 116' 8

.-, " Element Typ_ Classtflcatlon: Type I Inflnlte Element
II Send-Infinite

k_.,.' III Finite

TABL£ 2, WOR. K SHEET NO. I FOR ILLUSTRATIVE EXAMPLE
(COMPLETE METHOD)
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WORK SHEET NO.2

i TRAFFIC =LOW PARAMETERS

kln_ N urn.bet ] 2--
.. Symbol ROAD ELEMENT Type ]rz ZZZ ZT

Rof, TiME iNTERVAL 8-.'LO B-Ig 8-io
"* _ .L} ,m, n .Tll,

i

E_tlmafed AADT, Vehicles per.Day 119000 119000 119000

. i 2 Fig C1 Vehicle Volume, % AADT 7/',' 7_ 7_

"- 3 V Vehicle Volumel vph 7000 7000 700(

4 Fig C2 Truck/Vehicle Mix, % 5_' 5_ 52_'

I.., 5 /1" Truck Volume, vph 350 350 35C

6 V,_ Aufo Volume, vph' 6650 6650 665C

'7 ST Pig C3 Average Truck Speed, mph 55 55 55

... 8 _A Fig C3 Average Auto Speed, mph 55 55 5 r

I TABLE 3. WORK SHEET NO. 2 FOR ILLUSTRATIVE EXAMPLE(COMPLETE METHOD)

I .
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ROADWAYELEMENTS

1000'

o Observer

ROADWAY.ELEMENTNO. 1
Type: Semi-Infinite

\ \ P = I16 Feel'
'Ii \ \ P N= 8Lanes

• _\ \_N _° 19.o°
i _._\ _ Da=sa0Feot

. _.-_'_ RB= S'2Feet
PI _ "ObserverJ

I) ROADWAY'ELEMENT NO. 2

ON = 395 F_ef
• L = 1000 Feat

P = 116 Feet
N = 8 Lanes
92 = 102.5 °

Type: Seml Infinite

DN = 590 Feet
P = 116 Foot
N = 8 Lan_s
0 = 19.0

Obzerver

FIGURE 2, IDENTIFIED ROADWAY. ELEMENTS SHOWINGAPFL,CAOLEPARaMeTERSICOM LETE  THO01



PARAMETER WORK SHEET

I Number
ROAD ELEMENT ] _ 3

, Type iI ]II ]'I
t' TIME INTERVAL b-_u 0-.tO _-iO "

_'L IT ;_ ,!q fP t_ -,

I VEHICLE VOLUME (a) Automobiles 6650 6650 6650

(vph) (b) Trucks 350 350 350

I
AVERAGE SPEED (a) Automoblr_s 55 55 55i

(mph)P

(b) Try:ks 55 55 55

FLOW _) Uninterrupted / ./ _"

CHARACTERISTIC .
I" (b) Inlarruptmd

(a) Width (P) 116 lld lie
PAVEMENT

. • (b) No.of Lanes(N 8 8 8 i

PERCENTAGE GRADIENT

[I I (if grealer than 2%) g 0 0 i

ii] VERTICAL (a) Elevated
CONFIGURATION I. (b) Depressed / /

. (c) AI" Grade /

(a) Smooth
" ROAD

:il SURFACE (b) Normal / / ¢'

iii' (c) Rough *'

IDI (o)D ("4 ., 5oo 590
W.-c POSITIONS "(b) DE (ft.) 61i2 450 6R2

1 PARAMETERS (c) L (ft.) - lOOO

'I (d) O (deg.) 19.g ]o_ ,_ _q.o

i l_ (a) Borrlers /
SHIELDING (b) Buildings / ,/

I EFFECTS ,
_i (c) Olhers

,, (d) Nono v'

I L TERRAIN 0 0 0
EFFECTS

• Chock Where Applicable

TABLE 4. PARAMETER WORK SHEET FOR ILLUSTRATIVE EXAMPLE

iii (COMPLETE METHOD)
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NOISE PREDICTION WORK SHEET

Line Numbsr [ 1 2 ....
Symbol ROAD ELEMENT Typo " ZZ IZZ ZZ

_.of, . TIME' INTERVAL 8-10 a.rn, 8-10 a.rn. 8-10 a.rn.

VEHICLE TYPE [ Auto Truck ! Auto Truck Auto Truck I Auto Trucki

"_ _ Ref_rencoL50 at tO0 Ft T2 69 72 69 "/2 69

2 A Distance -),,1 -]1 _ a -Q _1,1., -17m

3 z_ _ Elemant - 4 - /I - 2 - 2 - Jl - II

4/,_ Zu_ Gradient 0 0 0 0 0 0
U

5 4_WS.3 _ Vertical o 0 - 5 o -14 - 9
__. 6,_ SurFac_ 0 0 0 0 0 0

LU At_ W.S, _ (a) Border= - _i - Ii 0 0 O O
7 __ Shielding -A 7 4 < (b) Structures & Plant - 5 - 5 - 5 - 5 0 0

.<
I _ TOTAL ADJUSTMENT
,._ < B
o, 'add rows 2 thr_u_lh 7) -:19 -19 -2l -16 -29 -25

U 9 -50 AT OBSERVER

U add row | to row 8 ) 53 50 51 53 Lt3 J;J_
__ 10 W.S,_ L10-L50 ADJUSTMENT + 1 + 2 + Z + 2 + t + 2
&/3 ,.,

_!11 INTERRUPTEDADJUSTMENT
U
< 12 ' 10 AT OBSERVER 511 52 52 55 44 46

:rid row 10 & 11 to row 9)

13 W.S.6 ELEMENT TOTAL L50 55 55 J 47
L1O _ .... 5T ) 4B

14 W.S.6 GRAND TOTAL L50 58 dBA L1O 60 dBA

15 L10 - L5O = 2 dBA

TABLE S. NOISE PREDICTION WORK SHEET FOR ILLUSTRATIVE EXAMPLE
(COMPLETE METHOD)
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WORKSHEET NO,3

ELEVATED AND DEPRE'SSEO HIGHWAY ADJUSTMENT

Line Numb_r 2 :_
ROAD ELEMENT

Symbol Type II;t ZI

il 3-1ou-loRef. TIME INTERVAL a.m. _ .!,_,,

J *'H1 Height oF Elevated Freeway **

2 :)E P.W.S. ua'_ Observer - Equivalent Lane Dist.

) 3 )S _" Ob_orver - Shoulder Distance

, A A=HVOs
, 5 B _ B= H_/(DE-D s)

_1 " 6 H2 >. Depth o£ Depressed _leowa/ 5 15

I 7 DE P,W.S. Obsorwr - Equivalent Lann Plst, 61t2
1150

u. Observer - Cut Distance 375 55.5..5BDc
, ;9 A _ A=H22/(DE'D ) .333 2.40

_ H22/Dc ,067 .1105lo Bi B=
me ,i

11 Pig BE ELEVATEDFREEWAY (a) AutoADJUSTMENT (b) Trucks'

DEPRESSEDFREEWAY (a) Auto -5 -ill
12 PLqB8 ADJUSTMENT (b) Trucks_ n - {_

Equivalent HT**

Lane _ _- Observer Height

L J/ I h __1 _ Observer Location

H

_--_ _ (a) Elevated Hlnhway

DB q
, DE

Equk,alent

Lane _/l" Observer Location__ (b) DepressedHighway

u DC

DE --

* For frucks add +5 dB to value given by Figure
-" ** Height o( elevated _'e_way above obserwr (Frl)

TABLE 6. WORK SHEET NO, 3 FOR ILLUSTRATIVE EXAMPLE
(COMPLETE METHOD)
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L

f

J

I wo KBIfEETNO,4
; BHIELDINGADJUSTMENT
i

i klne ROADWAY ELEMENT Number Z _'J
i f,-_) Symbol Typo ! .t ] _LI

Raf. TIME INTERVAL rl-ln;1. _ P,-lf)

-'H, Itaight of Barrier 10

2 DB ObsQrver - Enrrlar DIstanca

3 RO Equivalent l.ano - Barrlar Dlstanc_
4 H2/DB O. 3 .,,

5 H2/RB U. 3

6 Fig E_ Ad ustmanl for Inflnlto Barrier -G,O

71 g _ Included E _m_n Anp n
8 (_ m _ ,, Includad Barrier Angl_

__" A = rt/O

_1 _: I0 Fig E_ _ Adiust_lent In dB

"]'2 _ Camp. Elomont Angle Zq. 0
J _ ]1 g Z '_--

a _ _ff_ =¢ Included Bah'for Ar,@lo 7l.O
_ A=_/90-e n,{_

14 Fig B9 _ _ Adlustment In dB .ll

T5 _ _'_- Included Barrier AnrJIo

16 _ _E A=C,/180 .,
17 Fig B9 _< _nn Ad]ullmant In dB

Multlpla Rowsof ]ntor'vo_lng EIdg_¢_nd
Structuras_ Such As Houses, Apartrn_r_ts,

IB etc. Will Re_u=_ L_v_Is By Up ToTOdE

?,' _ -5 -5Assum_d AdjustmentIndB

0 For E_'_ry )00 ft of Planting (Depth) May
Z B_ Usmd IF Thai= Trees Are At Loclst 1.5rt

'/ _ 19 ..._._!!'andSuff[clontly Dense $o That No_r" path [l_tw_n Th{_mend Tha
Highway Exists

._ Assumed Ad]ustmont In dE

Total Adlustm_nl for .Btru'cture

20 and Plantln_ (Add Llt_s 18 Jand |9) "_
i

_Ivalent Lan_ Location

DE bN

j Obs_rv=r Loc_llon-

_l Flnlt_ Ro=dwavElement .5oral Infinite Roadway El_nlent

!

II TABLE 7. WORK SHEET NO. 4 FOR ILLUSTRATIVE EXAMPLE(COMPLETE METHOD) -'/2-
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WORK SHEEr NO. 5

L10 ADJUSTMENT

Llne ROAD ELEMENT Number 1 2 3
Symbol Type ZZ ZZZ ZI

Ref. TIME INTERVAL 8-10 a.m. 8-10 a.m. 8-3.0 a.m.
VEHICLE TYPE Auto Truck Auto Truck Auto Truck Auto I Truck

_ I V P.W.S.VehlclaVolume, vph 6650 350 6650 350 6650 350

2 S P.W.S.AverageSpeecbmph 55 55 55 55 55 55

3 DE P.W.S. Observer-Equiv. Lanu Distancet ft. 6_2 642 450 450 6_12 642

4 A Parameter A=VDE/'S , Vehicles _'/m 77500 4070 54500 2860 [7500 4070

FIg.B10 L10 Adiustment, dB +5 +2 +5 +2 +1 +2

TABLE 8. WORK SHEET NO. 5 FOR ILLUSTRATIVE EXAMPLE
(COMPLETE METHOD)
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WORK SHEET NO. 6

DECIBEL ADDiTiON

Source or Sound Antllog Columns - Left Digit of"SoundLevel Antilog Table
Right Digit of

Element No. Leve[-dB 9 8 7 6 5 4 3 2 Sound Level Anttlog

i L50 b-5 3 I 6 i 0 1000

2 LSO 55 3 1 6 2 1 1259

3 LSO 47 5 0 1 2 1585

3 1995

4 2512

S 3162

6 3981

7 5013

_, 8 6811
Total 58 6 8 2 4 9 7944.

List sound levels by sourceor Roadway Elements.

Enter antilog table with right digit of sound level to obtain antil_j value.

Enter antIIog on work sheet under anfilog Columns. Position by entering left
d* 'Ig_t of anti]og under the column numbered the sameas the left dTgTtof the
sound /evel.

Add the antilog values of the Individual sourcesto obtain the antHog of the
total sound level.

Enter anHIog table with antifog of" total sound level. Obtain right digit of
total sound level by selectTngdigit from table whoseant/log ls closest
numerically to the anhlog obtained In Step 4.

Indentlf7 column number containing left most digit of the antilog derived
FromStep 4. This Is the numerical value of" the left digit of"the total
sound level.

TABLE 9. WORK SHEET I'40. 6 FOR ILLUSTRATIVE EXAMPLE



WORK SHEET'NO. 6

DECIBEL ADDITION

Sourc_ er Sound Antilog Columns - Left Digit of Sound L_vel Antilog Table
Right Digit of

Element No. Level-riB 9 8 7 6 5 4 3 2 Sound Level Antilog

1 Llo 56 3 9 8 1 O 1000

2 LIO 57 5 0 1 3 I 1259

3 Llo 48 6 3 1 2 1585

3 1995

4 2512

5 3162

6 3981

i 7 5013

I J 8 6311

Total 60 I 9 6 2 5 9 7944,,,,,

List sound levels by source or Roadway Elements.

Enter antilog table with right digit of sound level to obtain antilog value,

, Enter antllog on work sheet under antilog Columns. Position by entering left
digit of antilog under the column numbered the same as the left diglt of the "
sound leveJ.

Add thn ontllog values of the Individual sourcesto obtain the antHog of th_
total sound level.

Enter ontilog table with antilog of total soundlevel. Obtain rlghf digit of
total sound level by selecting digit from table whose antllog Is _losest
numerlcaIly to the ontllog obtained In Step 4.

Indentify column number containing left most digit of the antilog derived
from Step 4. This is the numerical value of the left digit of the total
sound level.

TABLE 10. WORK SHEET NO. 6 FOR ILLUSTRATIVE EXAMPLE
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! '_ CHAPTER 5 .-THE SHORT METHOD
|

I_i In the previous chapter, the step-by-step procedure of pre-
t.

Ii_ dieting noise levels from a roadi_ay was presented. However,when approaching the problem of noise prediction from an

)I):.i existing or proposed roadway, it is desirable to first obtain
) ' a "rough" idea of the magnitude of noise levels expected and

Pll compare those with design criteria, To this purpose, the

" short method presented in this chapter was developed. This

!
.i! .. method will use some of the procedures from Chapter 4.
I

It should De noted at this point, that the short method should

0[.... iB no_ be used in lleu of the somplete method analysis and that

_D _ it is restricted to fairly simple roadway configurations.

Properly used_ however, it allows the designer to pin-point

trouble areas quickly and in many cases reduce the analysis

!,_ time by d_ssarding unaFFested observer oos_tions.

PROCEDURE

_i Basically, the method assumes that the roadway can be approx-

imated by one infinite element with constant traffic param-

.I eters and roadway characteristics, the assumed roadway

I_ geometry is shown below in Figure 3. The work sheets used in

this procedure are shown in Appendix A. All Figures and tables

I_ used in this procedtre are shown in Appendix B unless other_.,,ise

i_" specified. The' procedure is as Follows:

-76- P
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" .. ., 4 Lane Traffic

_J Emergency _ :J Omo  ooo
III//11/I .o .... o'" "'d' h. ¢ ,,V I//I//_.b, .'_: b..c,.,.'.¢," '.=,';, IIIIIIIll

1(__ 48' ... 24' 48j 10'

_ I", 14o,

i, FIGURE 3. ASSUMED _OADWAY CROSSECTION (SHORT METHOD)

C

il.
I :'_J
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I

l.O ROAD ELEMENT: Draw a line from the observer location to

Intersec_ the roadlqay _t its nearest point, i.e. right

angle intersect. This defines the position of the

assumed infinite roadway element.

ii 2.0 VEHICLE OPERATING CONDITIONS: Determine the Vehicle

Operating Conditions for the infinite road element by

I'- using the T_affic Parameters at the roadway nearest point

'[_ (if these parameters vary along the roadway) and follow
|

) "" the procedure for Work Sheet No. I (see Chapter 4).

t"
, Enter tl_is data of the "Parameter Work Sheet" (Table A.I)

on lines i and 2.I

l!il '
3.0 VERTICAL CONFIGURATION: Determine the fo_m of vertical i

Configuration a_ the roadway nearest point and check

I I" appropriate line on "Parameter Nork Sheet".

I ?I

i [_ _.0 POSITION PARANETER: Determine the Distance to the near-

. es_ lane (DN) by measuring the distance between observer

"- and infinite roadway element at the nearest point. Enter

i in Line 8a of "ParameterWork "

Sheet .

I !. 5.0 REFERENCE L50 AT i00 FEET: Determine the Reference LS0

Levels at I00 feet for both autos and trucks uslnz

¢

t
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I r-
Pigures B.3 and _..IIand enter on Line I on "Noise

I Prediction %'/ork Sheet" (see Table A.2). These levels

are obtained as follows:

Automobiles: Using Vehicle Volume, VA (Line la on

"ParameterWork Sheet") and Average enter
Speed SA Figure

B,3 and read the corresponding Sound Level in dBA.

f

_- Trucks: Using Vehicle Volumes VT, and Average Speed, ST,
1

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

dBA.
J,.

/i; 6.0 DISTANCE ADJUSTMENT: Determine the Distance Adjustment

'i to account for Observe_ Near Lane Distance and the _idth
of the RoadvJay and ester in Line 2 of "Noise Prediction

_qork Sheet". This adjustment is the same for autos and

trucks and is obtained using the Near Lane Distance, D_

},. (Line 8a on "Parameter Work Sheet") and entering Table

B.6 Find the closest DN listed and read corresponding

"" adJus_menu.

7,0 VERTICAL ADJUSTMEIST: Determine the Vertical Adjustment

and enter in Line 5 of ".Noise Prediction Work Sheet".

This adjustment is zero for an at-grads configuration

-79-
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i (if Line 6c on "Parameter Work Sheet" is checked),
|,
E otherwisedo one of the following:

)

For elevated roadway configuration, talcsheight H and enter

in Table B.7 for appropriate adjustment.
)

[
For depressed roadway sonflguratlon, take depth IIand enter

I_ in Table for appropriate adjustment,
B.8

I_ 8.0 L50 AT OBSERVER: Determine the LSO level at the observer

)I"_ by algebraic sum of lines i, 2 and 5 on "Noise Prediction

Work Sheet". Enter on Line 10.

r;i;/. 9.0 INFINITE ELEMENT TOTAL: Determine ths infinite element

, "., If! totai noise level at the observer and enter in Line 15

' /

, i IIZ ,on "Noise Prediction Nork Sheet". This is obtainedby

, , adding the L50 noise levels for autos and trucks using

! .... "Work Sheet J_o.6" (see Table A.9).

ii
, 1

• _' ILLUSTRATIVEEXAMPLE

I *_i Let us apply the sho_t method described above to the illustra-

_ tire example of Chapter l_. In this case, the nearest lane

i [i from tbe observer location is found at /100 feet. Through this

• - _ point we pass an infinite roadway element as illustrated below
_)

',io

-80.-
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- in Figure 4. The road_',ay cross section at the nearest lane

location corresponds to cross soetlon 2 (a 9 foot depressed

roadway). This cross section is assumed valid for the entire

element. Following the procedure for the short method, a

final Predicted Noise Level LS0 of 61 dBA is found. This is

shown on Tables i0 and ii. I_ote that the LS0 noise level

obtained by th_s method is 3 dB higher than the Complete

Method solution. In general, unless the roadway geometry is

very con}plloated the shor_ method will result in a hisher

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

results will be discussed in Chapter 6. . !

i

!/i

kJ

-81-



.r

PLaN VIEW OF PROPOSED HIGHWAY AND SURROUNDINGS,

STA STA to STA = lO_
250

.... ' STA 2_--T __STA 300

STA / . 400 _ STA

1__.,,''_ / ..,-'---,- --_---n---q _,350

I00 / _J.,_\'_ .4E_'__"" .I----'l ........ "l " R=$1d.ntlal _. 400
:_, I _, -" l l.- k.-'-- ..

<',VJ_._ _ I c-. Observer kocat on I',X_/ I I

• ' CROSSECTION NO, 1 NOTE; All Dimensions are in FactNot Drawn ta Scale
Up to Station 200

F- 4 Lanes

_ : / _ /- Median Strip
Emo,_o.._Lon_ / I / _-4Lao.,

/ I ' / \ _ Emergency Lane

_//// ll/ll/I,,"_+_,••.".,;._.','_',*nf/_ll/i,_..,_..,',;.'=,*u,'JL,.'_-_ /11/111 II7/I/I//

/_ -41ol,- ,1 ,l,ok-
Ob,.r_.n / I. ii_ _ l
Positon L 136 _'/

CROSSECTION NO. 2
STA 200 througn 300

Observer Location _ Gnd Level

_,,,, _I'""',,-o,,,,-_,., , 3,1_._< 5 '"'"'"
!'--I I "-_''10_ "_'" "%"":_''Same a_ Above'_"_"':"":_='_'_''t-'_-_ 15 l t

CROSSECTION NO. 3
Prbm STA 300

._..._Obsorver Location
Gnd Level

,h_ _ . __;,,,,,,

"_'_ _._,I ! _._,,,_I_1

i FIGURE 4. TYPICAL EXAMPLE OF A PROPOSED HIGHWAY
SHOWING SHORT METHOD APPROXIMATION

i,
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PARAMETER WORK SHEET

!

!

P
I"

I

I

I

I
I

:1

i'

_J

'|

I
r_

ii

b

il _ " Ch_ck Wh_r_ Appllcabl_

{" TABLE II. PARAMETER WORK SHEET FOR ILLUSTRATIVE EXAMPLE
(SHORTMETHOD)
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NOISE PREDICTION WORK SHEET

Numbor

I

LIO

dBA

TABLE 12. NOISE PREDICTION WORK SHEET FOR ILLUSTRATIVE EXAMPLE
(SHORT METHOD)
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rh

CIIAPTER 6 -.COMPARISOi'_ I:!IT]!CRITERIA ARD IHTERPRETATIO]I

JIh This chapter takes the estimated outside traffic levels

calculated in Chapters 4 and 5 and tests their compatibility

• _ with the Design Criteria shown in Table B.5.

.i

PROCEDURE

The following is a step-by-step procedure:

1.0 CRITERIA WORK SIIEET: Identify the observer category

considered from Table B,9 (i,e.: Residences, inside;

churches, etc.) by number and enter in a column on

"Criteria Work Sheet". Note the approiorlate time

interval applicable.

I
I.I DESIGI'_ CRITEHIA LEVEL: Determine the Design Criterion

Level (Ls0 or LI0) applicable by the following:

If LI0 - LS0 < 6 dD, then L50 Design Criterion applies.

If LI0 - LS0 _ 6 dB= then LI0 Design Criterion applies.

_( Llo - L5O is obtained from Line 15 on "Noise Prediction
5

Hork Sheet '_in Chapter 4.

G L_

-85-
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This determines the Design Criteria levels to be used through-

l out the compatibility tests for that one observer position
f and time interval only.

Iii 1.2 ESTIMATED OUTSIDE TRAFFIC NOISE: Determine the estimated

i" ougslde traPflc noise and enter in Line 1 on "Criteria

Hork Sheet". This is obtained from Line 9 or 12 on

[" "Noise Prediction l']orkSheet" in Chapter 4 depending on i

i._ the applicabledesigncriteria. ;

I'] 1.3 AMBIENT NOISE LEVEL: Determine the LS0 or LI0 ambient

noise level in dBA at the observer location and enter in

Line 2 on "Criteria Work Sheet". Mote that these levels

are outside levels, independent of the observer category.

['i Depending on the observer category, do one of the following:

If observer category is 2, ;4or 7 do soction 1.4 through

1.6,

If observer category is l, 3, 5, 6= 8, 9 or i0 do section

1.7 through 1.10.

l.tl OUTSIDE CRITERION: Determine the L50 or LI0 outside

©
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criterion in dBA and enter in Line 3 on UCritel'ia %'1ork

Work Sheet:'. This is obtained from Table B.5.

1.5 AMBIENT DIFFERENCE. Determine the Ambient difference in

dB and enter in Line _ on '_Criteria Work Sheet u. This

is obtained by subtraotinz Line 2 from Line I.
l:

1.6 CRITERION DIFFERENCE OUTSIDE: Determine the criterion

difference outside and enter in Line 5 on "Criteria Work

Sheet". This is obtained by subtracting Line 3 from

i_! Linei.
H.

" 1.7 BUILDING NOISE REDUCTION: Determine the buildin_ noise

reduction and enter in Line 6 on "Criteria Work Sheet".

This is obtained from Table B.9. Note that these noise

reductions vary with geographic location and open or

closed window conditions, i

I

I ESTIMATED TRAFFIC LEVEL INSIDE: Determine the Estimated
1.8

[.- Traffic Level inside and enter in Line 7 on "Criteria

J! _ Work Sheet". Thl_ is obtained by subtracting Line 6 from

Line 1.

1.9 INSIDE CRITERIOt_: Determine the LS0 or LI0 Inside

l
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if- Criterion in dBA and enter in Line 8 on uri's_ia Work
Sheet . This is obtained from Table B.5.

., 1,11 CRITERION DIFFERE_ICE I_S!DE: Determine the Criterion

difference inside and enter in Line 9 on "Criteria Work

Sheet". This is obtained by subtracting Line 8 from

I" Line7.

F

._ l.ll COMPATIBILITY: Determine the compatibility with

Ii criteria and enter in Line i0 on "Criteria gork Sheet"
as fellows:

I_._ If Line 4 or 5 is < 0 dB then enter YES

If' either Line 'Jor 5 is > 0 dB then enter NO

i!:

} If Line 9 is ! 0 dB the11enter YES

{I If Line 9 is > 0 dB then enter NO

i Thus, based on the Design Criteria, the noise levels estimated

for the roadway are Judged as compatible or not compatible
F
i'

, with the environment.

,O
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I,}OISBIMPACT E,CRITERIA I;.]TERPRETATION

The idea of "acceptable noise level" implies no community

reaction to an intruding noise source, In developing the

impac_ criteria for this '_Design Guide", hot]] the environ-

mental conservation and environmental utility were considered.

I) The community in general, will react if the existing noise

environment is increased As individuals, _._ehave a natural

urge _o conserve what we already have. Thus an increase in

t 'the exlsting noise levels due to a proposed highway can be

_;' expected _o produce some type of impact on the community.

5'._ 2) Irre_pectlve of the increase in oxlsting noise environ-

men_, the utility of an area depends on the ability to perform

certain tasks. The tasks considered in this study are the

ability _o communicate (speech intelligibility) and sleep,

Table B.5 represents the "maximum acceptable noise levels '_

that are compa$ible with speech requirements for a range of

different land-uses.

The compatibility of an environment thus is based on these

i two considerations as indicated in the "Criteria gork Sheet",
In order to assess the impact that can be expected when one

i or born of these considerations are exceeded ("NO" on Line 1O

<2

I -89-
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on "Criteria WorlcSheet")_ thl'eo basic "noise impact" cate-

gories are defined:

NO IMPACT: under this category, very little comment or

individual reaction is expected.

SOME IMPACT: under this category, some individual comment

and reaction is expected but no group action isi"

_. likely.

GREAT IMPACT: under this category, strong individual comment

and group action .may be expected.

J

Table B.10 relates these three categorles to the amount by

which the criteria are exceeded.

ILLUSTRATIVE EXAMPLE

lJ Using the criteria developed in this chapter, c6nsider the

I example discussed in Chapters IIand 5. The results of the
I

i short method gave a noise level of 61 dBA and the complete

il method resulted in a noise level of 58 dBA. Let us nowdescribe the utility of the a_ea by locating the observer

"il inside the classroom. Assume the school in question is air-
a_

![o
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; send:[fished and located J.n Los An(_eles. The ambient noise

level outside the building was measured to be 55 dBA. Find

Impact of mrooosed highway in the classroom only.

Table B,5 indicates that the criterion for a classroom is II0

dBA. For the geographic area under consideration Table B.9

gives a 20 dB attenuation between outside and inside for

closedwindows.

Looking at the short method first we note that the Estimated

traffic level inside will be 41 dBA (see Table 13). Thus, we

exceed tl]e Criterion by 1 dB. Table II indicates that when

tl_e criterion is exceeded using the short method, a possible

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

used.

The Estimated Traffic Noise Level Inside for the complete

method results in a noise level of 38 dBA. Thus, the pro-

Jeered env'ironment is compatible with criteria.

Note that if the Impact of the outside noise level was also

required, the complete method shows that both Criterion

Difference Outside and Ambient Difference al,e exceeded by 3

dB. I11 that case, the hiEhway noise levels would not be

compatible and checking Table B.10 we find that Some ImDac_

wouldbeexpected.
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;r-_ CRITERIA WORK SHEET

SligHT COMPLETE
METHOD METIIOD

¢J
u

Ii* _o O,SERVERCATEOOR¥ 3 3
' ._0'_ TIMEINTERVAL 8-t0 8-10

"_ _ a. I11, _i, In,

I _ Estlmated Outslda
• _ Traffic Level (dBA) 61 58

l-i 2 Ambient(dB) _
ILl

"-' 3:5 _ Outzlde Crlterlan (dBA) 55 55
O

Amblant Dlff'erenco (dB)" 4 - 3] (Subtract Llno 2 FromLine 1)

" 5i Criterion Dlfferance Ou_lde (dB)
(Subtract Line 3 from Line 1) 6 3

T Bulldlng Noise Reduction (dB) 20 206 B8

Ii_ - 7 u_ Estlm_fe_JTraffic Level Inside (dBA) IIi 38

I! °i: N
.i Z lnslda Criterion (dBA) 110 I10

9 Criterion DIFference Inslda (dB)
(Subtract Llne 8 from Line 7) 1,0 -2.O

1C Comparability No Ye_

TABLE 13. CRITER A WORK SHEET FOR ILLUSTRATIVE EXAMPLE
(COMPLETE AND SHORT METHOD
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PARAMETER WORK SItEET

r Nunlbor

_ ROAD ELEMENT.... _'_ ryi,o +
T/ME /NTERVAL !

IVA W..! VEHICLE VOLUME (a) Automobiles

uM1_2 (+ph)E _ (b) Trucks

+-_ 2 A_S AVERAGE SPEED (a) Automobiles
Sl 2 (mph) (b) Trucks

i{ _'_ FLOW (a) Uninterrupted*
3

CHARACTERISTIC ,

ii (b) h,torrupted

I _ _/S (a) Width (P)

!f i _ 4 1 PAVEMENT. _ -_)No.of Lanes(N)

_ PERCENTAGE GRADIENT *' _ 5 (If greater than 29")

6 VERTICAL (a) .Elevated
CONFIGURATION (b) Depressed I

l! O (c) At Grade
(a) Smooth *

i. 7 ROAD
t SURFACE (b) Normal

(c) Rough *

I " (a) D (ft.)
8 _S. POSITIONS (b) DE (ft.)

' _ I PARAMETERS_, (_) L (ft.)
l.W

,_ (d) 0(do_.)

(a) Barriers
U 9 SHIELDING (b) BuildingsEFFECTS *

,(c) Others
(d) Nono

IO TERRAIN• EFFECTSC,
• Chock Where Applicable

TABLE A.1 PARAMETER WORK SHEET

• -A.1 -
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_-_ __ _LjZ'_ _ _" .:. r.., .... w --- -_ - ._ - -

NOISE PREDICTION WORK SHEET

L_na J NumberSymbol ROAD ELEMENT Type

Rof'_ TIME INTERVAL
VEHICLE TYPE Auto Truck Auto Truck Auto Truck Auto Truck

Refaremco LS0 at. 100 ff
2 A Distance

3 42 h- Element

u_ 4A, 3 "7 GradlBnt - - -
i u
I __ 5 /14/_S." __" Vortical

u_ 61_ 5 u_ Surface

P-u_ _ _S. _ Shloldlng (a) Barrlors
U i -/ 4 < (b) Structures & Plant

_:_ 8 TOTALADJUSTMENT
_" (add rows 2 I'hrau_h 7)

U 9 50 AT OBSERVER
I add row 1 to row 8)U

10 W.S.-_ L]0 - L50 ADJUSTMENT
(.,-)

11 INTERRUPTED ADJUSTMENT
u

LIO AT OBSERVER
< 12 (add row 10 & 11 to row 9)

L50
13 _..$_ ELEMENT TOTAL

L10

14 _¢.S._ GRAND TOTAL LS0 = dBA L10 dBA

!15 LI 0 kS0 dBA

TABLE A.2 NOISE PREDICTION WORK SHEET



, 4•¸,¸i

r_"l CRITERIA WORK SHEET

t u= OBSERVERCATEGORY

.3 _ TIME INTERVAL

I '
. 1 _ Estimated Outslde

I,- _ Traffic Level (dBA)
2 Ambient (dB)

UJ

I'; 3 BT5 _ Outside CrlferTon (dBA)
O

4 Ambient Difference (dB)
I{ (Subtract Line 3 from Une 1)
t 2.

5 Criterion DIFference Outside (dB)

i:' (Subtract Line 3 from Line 1)

6
Bl8 Bulldlng Nel'se Reduction (dB)

7 i_ Estimated Traffic Level Inside (dBA)
-}i o

i_ L B Z Inside Criterion (dBA)

lr" 9 Cr|terion Difference Inside (dB)
(Subtract Lin_ 8 from Une 7)

10 Compatabillty

TABLE A.3 CR TERIA WORK SHEET

,,D
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I WORK SHEETNO, I

I .,"-_ ROAD ELEMENT DENTIFICATION
j "'"

LanesGrouping Change In

i Group DESCRIPTION AIInernonf Section Gradient Flow

i
I

I
'1

I

I Lane Group

ElemontNo, DESCRIPTION Posltion Parameters Pavement _-

! Type* D .,L g P N

ii '
3

6

7

8

" .:lemenf Type ClassiFication: Type InFlntte Element'
_._ II Somi-lnflnlte

Ill F_nlte

TABLE A,4 WORK SHEET NO. I ROAD ELEMENT IDENTIFICATION

-A.4-
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i
I

WORK SHEET NO.2

l TRAFFIC FLOW PARAMETERS

• Line = N I Number II

'" Estimated AADT, Vehleles per Doy
i

i
• FTgC| J Vehlcle Volume, % AADT

- # j Vehicle Volume, yah

|" FIgC2J Truck/Vehicle Mix, %

'[ /TI Truck Volume, vpn

VAI Auto Volume, vp}"
--i

STIFIgCBJ Average Truck Speed, mph

.. SA[FIg C3 J Average Auto Speed, mph

P_

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

Iii



WORKSHEETNO.3

i _ _LEVATED AND DEPRESSED HIGHWAY ADJUSTMENT

Lines ROAD ELEMENT Number
Symbol Type

I

I J Ref. TIME INTERVAL
I

HI Height of Elevated Freeway **>-

2 :)E P.W.S _ Observer - Equivalent Lane Dist,_u

['" 3 _S ,l_ Observer - Shoulder Distance
IJJ

4 A A=HVDs
5 B Lu B = H DE - Ds)

I+'' 6 H2 _ Deptb oF DepressedFro,way

7 _E P.W.S. ,_. Observer- Equivalent Lane Dist.

u. Observer- Cut Distance8 DC c_
uJ

... 9 A _ A°H_/(DE-Pc)
o+

10, _ B--H_/Dc

ADJUSTMENT Trucks*

DEPRESSEDFREEWAY (a) Auto
12 Fig B8 ADJUSTMENT (b) Trucks*

• - Equivalent HI**

Lane _- I- Observer Helght

II\H _ _- (a) Elevated Ittghwey
DB

+ DE

Equivalent
Lane _ Observer Location

(b) Depressed H_ghway:TH ,I DC --

D E

" For trucks add .I-5dB to value given by Figure
k_ ** Height of ulovated rTeewayabove observer (H1)

TABLE A.6 WORI-'. SHEET NO. 3

ELEVATED & DEPRESSED HIGItWAY ADJUSTMENT
k

-A.6-
L



WORK SHEET NO. 4

'- SHIELDING ADJUSTMENT

l,lno [ NumberSymbol ROADWAy ELEMENT Typa
Rof, TIME I',ITERVA L

H llelght of Rc:rrlor

"-_ DB Obserwr - Barrier Distance

3 R_ Equlvalenl Lana - Barrier Distance

H2/DB

H2.,,_B
- " "_ FI0 8_ Ad|ustm_nt for Infinite Barrlor

7 O _ Included EJam_n An,_ a

lu _ ._ _ Included Barrier Analo

I. _ 9 == _, A--_/B10 FI I B9 _ Adjustment In dB

II g _. o Camp, Bar er An.qlo

12 a _ _ _ In=luded Barrier An,ll_

Evs
14 Fig B9 Z _ Adlusfm_nt In dR

f 15 a _ _u'_ Included Rarr or Antlo__ _ ,_=i A=_/IBO

'17 i Fig B_ _: _c_ Adjustment in dB

_4uJtfplo Rows af Intorvanln_ B dos and
._ _tructuro_ Such As Itousas Aportman sI

IE e¢. WI ReduceLaws By LIpTo

10dB
Assumed Adju_tmonl in dB

A Design Value of 5 dO Nolso Beductlol

-_ For Every 1go t't of Planting (Dop h) Map
Bo Used f T_e_ Trees Aru A_ Least 15ft

19 Toll and Sufflclentl_, n_nse So That No
Visual Pnth 8atwoml Thom end The
Highway Bxisfs

Assumed Adjustment In dB

Total Adjustment _or Strut uro
and R antlng (Add Lines 18

R°I a,d 19)

° 0 oL._ °,.
Flnlta Roadway Element Semi Inflnle Roadway Element

TABLI A,7 WORt SHE£T NO, 4 * SHIfLDING ADJUSTMfNT

-M?-



_,I_I'_LZ;._:_! '_ '" . ............................ _ ......... , .......

'WORK' SHEETNO. 5

L10 ADJUSTMENT

Line Number
ROAD ELEMENT

Symbol Type

ReF. TIME INTERVAL
VEHICLE TYPE Auto Treck Auto Truck Auto Truck Auto Truck

_' 1 V P.W.S. VehTcle Volumer vph

2 S P.W.S. Average Speedt mph

3 ! DE P.W.S. Observer- Equiv, Lane Distancet r'l'.

4 A ParameterA = VDE/S t Vehicles Ft/m

Fig.B10 LI0 Adjustmenft dB

TABLE A.8 WORK SHEET NO. 5 - L10 ADJUSTMENT
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WORK SHEET NO. 6

DECIBEL ADDITION

Source or Sound Antllog Columns- LeFt Digit of SoundLevel Antilog Table
Right Digit of

Element No. Level-dB 9 8 7 6 5 4 3 2 Sound L_ve[ Antllog

0 1000

1 1259

2 1585

3 1995

4 2512

5 3162

6 3981

7 5013

8 6311

:_ Total 9 7944

klst sound levels by source or Roadway Elements.

Enter antllog table with right digit of sound level to obtain antHog value.

Enter anHIog on work sheet under anHIog Columns. PosTHonby entering left
digit of antiJog under the column numbered the same as the left dlg_t of the
sound level.

Add the antilog values of the Individual sources to obtain the anHIog of the
total sound level,

Enter antilog table with anttlog oF total sound level. Obtain r_ght digit of
total sound level by selecting dtgit from table whoso antllog Is closest
numerically to the anHIog obtained in Step 4.

Indentlfy column,number containing left most digit of the ant/log derived
from Step 4. This is the numerical value oF the left digit of the total
sound Iswl.

TABL_ A,9 WORK SHEET NO. 6 - DECIBEL ADDITION
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DN (a) INFINITEELEMENT

Observer

J

. . (_) _ (+) Ohserver
I

Note: The Anglo 8 Can Be (+) or (-)
Depending IF If Is Measured

i[ To The Right or Loft

(e) FINITEELEMENT
DN

Observer

0

FIGURE B.I DIFINITION OF POSITION PARAMETERS FOR ROADWAY
ELEMENTS
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20_0 100 1000 1O,000
Hourly Aufo Volume, VA - vph

FIGURE B.3 PLOT OF L 50FOR AUTOMOBILES AS FUNCTION OF VO'LUME
ELOW AND AVERAGE SPEED
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100

I" 90

8O

_ ,70
.J

"o
C

60 _verage
ST -

I 2o
3O

Eo _oV./X"I

100 1000 I0,000
Hourly Truck Volumet VT - vph

FIGURE B.4 PLOT OF L50 FOR TRUCKS AS FUNCTION OF VOLUME FLOW
AND AVERAGE SPEED
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..: Y(Eclulv No of Lanes _..

:a---I0
•< \

-15

\
. -20

\\
-25 20 I00 1000 10,000

Observer - N_ar Lano Distanco, DN- ft

FIGURE B.5 DISTANCE ADJUSTMENT TO ACCOUNT FOR OBSERVER -
NEAR LANE DISTANCE AND WIDTH OF ROADWAY
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FIGURE B.6 ADJUSTMENT TO ACCOUNT FOR SEMI-INFINITE ELEMENT LENGTH
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6 Tn degrees

FIGURE B.7 ADJUSTMENT TO ACCOUNT FOR FINITE ELEMENT LENGTH
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_- -10 ""

-20 i .2 .4 .6 .8 l.O 2.0 4.0 6.0 8.0 I0 20 40'
Parameter A in ft

FIGURE B.8 ADJUSTMENT FOR ELEVATED AND DEPRESSED ROADWAY



I FOR FINITE BARRIERIN clB

ADJUSTMENT

Infinite

B_rr_r Paramet6r A

Performance
-5 dB -.

i° i ,OdB

_ o
-10 ____

-20 i w
.01 0.1 1.0

H2 in Ft

FIGURE B.9 ADJUSTMENT FOR ROAD-SIDE INFINITI_ BARRIERS
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0
200 103 104 105 106

Paramet'erA (See Work Sheet No. 5)

FIGURE B'.I0 ADJUSTMENT TO LS0 TO OBTAIN LI0



_i iJ_:i̧ ¸ • •

,_i _, _ _ _ H

O

!-
I.

PERCENTAGEGRADIENT % _ 2 3-4 5-6 ->7

ADJUSTMENTIN dB dB D* .I.2 +3 +5

{ * The influence of gradients of 2°/0 or le_s is considered to be negligible

I "

i..,

TABLE B.1 ADJUSTMENT FOR INCREASED NOISE
LEVEL OF TRUCKS ON GRADIENTS

'...

©

-B.11 -



Adjustment
SurFaceType Description in dB

Very Smoothr Sea] Coated
Smooth Asphalt Pavement. -5

Moderately Rough Asphalt and 0Normal Concrete SurFace.

RoughAsphalt" Pavement with
Rough Large Vofds 1/2" or Larger in +5

._ Diam_tert Grooved Concrete.

TABLE B.2 CLASSIFICATION OF ROAD SURFACE AS IT RELATES TO SURFACE
INFLUENCE ON VEHICLE NOIS'E
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Sound Antilog Columns- Left Digit of SoundLevel AntIIog TableRight Digit of
Source Level - dB 9 8 7 6 5 4 3 2 Sound Level Antilog

1 65 3 1 6 2 0 1000

2 73 1 9 9 5 1 1259

3 69 7 9 4 4- 2 1585

4 82 • I 5 8 5 3 1995

5 56 3 9 8 1 4 2512

5 3162

6 3981

7 5013

8 6311

Total 83 I 8 9 9 5 4 1 9 7944

COMMENTS ON EXAMPLE

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

Enter "3162" on work sheeb with "3" In column 6, since the left digit of65 dB sound level is "6". This Is done For all the other listed sound levels.
The column in the example add to 1899541. Round off to four digits - 1900.
From antilog tabEe, 1900 is closest to 1995, the antilog of "3". The right
digit of the total sound level is therefore "3".
in the example, the left most digit of the totat sound level antilog is "1"
and it appears in the column headed "8". The left digit of the total sound
level is therefore "8", which with Step 5 determines the total sound level
as "83".

The total sound {eve{ of 65, 73, 69, 82, and 56 dB ls thus 83 dB.

TABLE B.4 EXAMPLE FOR DECIBEL ADDITION



LSO LIO

i. Observer , STRUCTURECat_ory DAY NIGHT DAY NIGHT
I Inside* 45 40, 51 46

Resldences
2 Outside* 50 45 56 51

3 Schools ]nslde 40 40 46 46
¢r

4 Outside* 55 61

t! "5 Churches Insld_ 35 35 41 41

6 Hospitals Inside 40 35 46 41

7 Convalescenl Homes Outside 50 45 56 51
8 Offices a) Stenograph 50 50 56 56

b) Private 40 40 46 46

1 "._ a) Movies 40 40 46 46

. 9 Theaters b) Leg]fimat_ 30 30 36 51

..... ' /.' 10 Hotels, Motels Inside 50 45 56 51

¢

" • i * Either '_nstde'or outside design criteria can be used deoendlng
,. on the ufilltv being evaluated

l TABLE B.5 RECOMMENDED DESIGN CRITERIA

t L_;
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DISTANCE FROM OBSERVER T,O NEAR-LANE IN FEET
,, ,,,,

50 100 1501200250 300 350 400 450 500 600 700 800 900 I000120C140016001800200C*

Dlstanca -7

Adiustment O --2 -5 -B -9 -10 1-10 -11 -11 -12 -13 -:13 -14 -15 -16 -17 -18 -19 -20m dB

TABLE B.6 DISTANCE ADJUSTMENT TO ACCOUNT FOR OBSERVER - NEAR LANE
DISTANCE AND A 120 FOOT ROADWAY WIDTH



•+ ,++r+_ ...... • ..........

Height of+ Distance from Observer to Near Lane (DN)
Elevation

Roadway 100' 200' 300' 400' 600' 800' 1600'

H (feel) AdIustmenf In dB

5 - 5.0 - l.o o+ o o o o

lO -io.o - 6.5 - 4.5 - 3.5 - 1.5 0.5 o

15 -12.0 - 9.0 - 7.0 - 5,5 - 3.5 - 2.0 - 0.5

20 -12.5 - 9.0 - 7.5 - 6,0 - _I.0 - 2.5 - 1.0

25 -13.5 -i0.0 - 8.5 - 7.0 - 5.0 - 3.5 - 1.0

30 -14.5 -ii.5 - 9.5 - 8,0 - 6.0 - 4.5 - 1.5

_I0 -15.0 -13.5 -ii.0 - 9,5 - 7.5 - 6.0 - 2,5

50 -15.o -14.o -12.o -10.5 - 8.5 - 7.0 - _I.0

TABLE B.7 ELEVATED ROADWAY ADJUSTMENT FOR SHORT M£THOD ONLY
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I °N ;; " 'l oh,.,
_'_ I' " '1i°"' '_I'i_E'''°'- Lo°o

)epthof DlslancefromObserverto Near Lano(DN)
opressed .....
oadway 100' 200' 300' 400' 600' 800' 1600'

• H (feet) Adjustment in dB

0 0 0 0 0 O 0 0

5 - 6.0 - 5.5 - 5.o - 5.0 - 5.0 - 5.0 - 5.0

_. i0 -i0.5 -i0.5 -I0.5 -10.5 -I0.5 -i0.5 -i0.5
I

15 -13.0 -13.5 -13.5 -13.5 -13.5 -13.5 -13.5

20 -12.0 -14 .O -14.0 -14.0 -15.0 -15.0 -15,0

25 -I!. 0 -14.0 -15.0 -15.0 -15.0 -15.0 -15,0

30 -I0.0 -14.5 -15.0 -15.0 -15.0 -15.0 -15,0
I

40 - 9,0 -14.5 -15.0 -15.o -15.0 -15,0 -15.0

50 l -14.5 -15.0 -15.0 -15.0 -15.0 -15.0

TABLE B.8 DEPRESSED ROADWAY ADJUSTMENT FOR SHORT METHOD ONLY

............................. ..................................... • , .... :, ................. . ,, • •,,. ,. ,,_ ....



J
J
t

Observer STRUCTURE GEOGRAPHIC CONDITION ,,
I Category AREA Open Windows Closed W_ndows

South & South West 12 20

1 Residences North & North East 17 25

I South & South West 12 ' 20
, 3 Sahools

North& NorthEast 17 25

Ii 5 Churches All Areas 20 30

6 Hospi_als AH Areas 17 25

Convalecent Homes
8 Otrices Af[Areas i7 25

I; 9 Theaters All Areas 20 30
South & South West 12 20

TABLE _.9 oursIDE - INSIDE NOISE REDUCTION

z

II .0.,9_



• _ , i _ •

PREDICTED r,lOrSE LEVEL - CRJT£RION LEVEL IN dll

©

.g

tt z

] NO INPACT

SOME IMPACT

GREAT IMPACT

,_ TABLE B.10 MPACT EVALUATION WHEN PREDICTED NOISE LEVELS EXCEED CRITERIA

C)

-I3.20-



_;
rJ

P.4

+

-
I

0
0

0
0



_d

I
r_

I-. 10

Ii 4

0 4 8 12 ,_ 8 12

!" I_ AM _. PM _I
l_ Hour of" Day

FIGURE C.1 ILLUSTRATIVE HOURLY VOLUME VARIATION WITH
TIME OF DAY

" (Derived From Hlghway Capacity Manua , Fig 3.6 and 3.7,
Relating to Weskday Traffic on Rural and Urban Highway)
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I Avg. Hlghwa/ Speed

_ ao
< 20 _t.

I
•- 400 800 ]200 1600 2000

t] Vehicle Volume per Lane, vph

FIGURE C,3 ILLUSTRATIVE RELATIONSHIP BETWEEN TRAFFIC VOLUME

[ PER LANE AND AVERAGE SPEED OF VEHICLE TRAVEL FORUNINTERRUPTED PLOW

(Derlved f'rom the Highway Capaclfy Manual r Fig 3.41r for

I 6 Lane Freeways anc expressways. For Different Road Configurations. Usa Approoralte Data From This Reference)
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