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i_• _!il ABSTRACT

i;_ The report deals with the noise impact of transport-
s, ation systems and methods that can be used for lessening

that impact. An introductory discussion of the physics

of noise and noise measurement is given to help the

reader in understanding how the noise impact is analyzed.
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'.... To declare a national policy which will
encourage productive and enjoyable harmony between man
ano his environment; to promote efforts which will prevent
or eliminate damage to _he environment ana biosphere
and stimulate the health and welfare of man;"_o enrlch
the understanding of the ecological systemsand natural
resources important to the Nation; and to establish

_ a Council on Environmental Quality.
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iq INTRODUCTION

! This report dealsv_iththe amount and intensity of

• !_ transportation systems noise generation, and efforts used

IiF_ to lessen the impact of the noise.

I Noise is a part of the environment that man has

created. Unless a noise is sufficiently hi_h, most of

q us are unaware that it exists and could care lees. Ambient
IB

noise levels, that is noise levels that are encountered

_ generally in the environment, have as a major source,

various transportation systems. Ambient levels are con-

tlnually rising year after year. Transportation has
(7)

been a major contributor to this rise,

i_ The rarge of intensity of noise is tremendous.It llasDeer found that even relatively low levels of noise

,eventhou,htheymaynotdo cause humans to respond(2)
be aware of that response.

' Transportation planners and designers must be aware

i_ of the noise assult any proposed system will have on the t

_: environment. The mandate for this stems from two laws:

iU The National Environmental Policy Act of 1969 and the I
!

Federal Aid-Highway Act of 1970. The Environmental !
Policy act of 1969 requires an assesment of all projects

_ that are Federally funded to determine any adverse impacts

(ll - 1- ,



it may have on the environment. Obviously, noise pollution

is an adverse impact. Specifically aimed at highways

that are funded with Federal monies, the Aid Act of 1970

- requires noise assesment of any proposed road that has not

_eoelved approval before July 1, 1972. An excerpt from the

i_ act reads as follows:

"The Secretary (of the DOT) .°. shallpromulgate standards for highway noise levels
...and ... shall not approve plans.., unless
he determines that such plans.., include

,4 adequate measures to implement the appropriate
noise level standards."

_M This report covers three major topics. The first

i_ section deals with a general overview of the physical

phenomena associated with noise as sound energy. The?

_i second topic deals with the known effects of noise on man.

_ The third topic considers various major transportation i

M systems) (with a primary emphasis given• to highway networks)

and the noise generated by them. This report will also

consider methods that can be used to abate transportation i

generated noise, i

[m
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(io)
THE NATURE OF NOISE

The key to understandingwhat noise is, is found in
its definition: unwanted or annoying sound, The elementary

properties of noise are analogous to those of sound.

From a physical point of view, sound is a disturbance
t_

of an elastic medium (such as metal or air) caused by

a vibrating object. This disturbance elicits a response

Dy the human auditory system, which is dependent':upon the

_ amolitude, duration and frequency of the disturbance.

The disturbance travels from its source in waves.

This is in Figure ].renresented

FIGURE l

If we assume that the sound wave as shown above is

traveling in a free field (no obstructions to divert its

travel) sound pressure {Pa) from the source varies as

the inverse square of the distance (De):

:_ Pa = k I/Da2 ,

i where k is a constant of proportionality,

i _ describing the sound conductivity of themedium.

_ -3-
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The range of sound pressures commonly found in

nature is quite wide. As an example, the sound pressure
near an internal combustion engine may be greater than

J_
iI_ two hundred microbars', This pressure is a million times

as great as that just audible to the human ear (0.0002

microbors). Because of this tremendous range of pressures

encountered, a logarithimic unit of sound pressure, called

L_ the sound pressure level is used. This unit of level is

li_ called the bel, Bels are quite cumbersome and large toWOrK with, and as a consequence, the decibel is almost

! _ universally useo ( 1 decibel is equal to 0.1 be1). The

pressure level in decibels (dB) of a sound with an

!- associated pressure P is defined as:

i_ L = 10 log [P/Po ]2

f =
_ 20 log [P/Po ]

where Po is a qiven reference pressure.

The ouantity given as L above is often refered to

: as the sounm pressure level (SPL). The reference pressure

most commonly useo is taken to be the threshold of audi-

bility: Po = 0.0002 microbars.

Because the decibel is a Iogarithimic unit, a doubling

: of soun_ pressure does not correspond to a doubling

_ of SPL. A doubling of sound pressure would lead to an

_ I microbar = l.o x lO'6bar, where l bar = l atmosphere



tncrese in SPL of 6 dB. If the sound pressure were

increased by a factor of 10, the corresponding change in

SPL would be 20 dg as follows: I
t
=

,.il spL=20logEPlo.ooo2j= 20logcsPx io3j
increasing P to lOP; )

SPL = 20 ]og [IOP/O.OO02] = 20 log [BP x 104] i
i

the difference in SPL being then; !

_ 20 log (5 x 104) + 20 ]og P !
- 20 1o7 (5 x 1031 + 20 log P

20= _SPL
Combining two sounds A and B does not lead to the

Ill direct addition their SPL's. The
of respective combined

SPL fbr the two sounds cou]d'be determined by the following:

!_ Pres_ [P_ + 62]I/2 , and SPLres= 20 ]og [Pres/O.O002]

!_ As a genera] rule, the SPL will never be higher than
res

i 3 dB greater than the higher of the two combining sources.

;, The nomograph on page 6 a11ows one to determine the

_ resultant SPL for two combining $PL's.

_ As sound pressure varies as the inverse square of

distance, we can determine that, for point source of

noise in a free field, every doubling of distance cor-

responds to a drop in sound pressure leve_ of 3 dB.

The relationship between sound pressure in micro-

i_ bars and sound pressure level is shown in the chart of

m

.i_ -5-
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FIGURE

J
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la Figure 3 Various easily identified soun_are
[

included in Figure 3, next to their corresponding levels.
E

Another physical measurement of sound and noise
is frequency. Frequency, which is the measurement of the

mumber of cycles per second of oscillation, is measured.

in Hertz (hz.). It has been determined that normal

i*_ human auditory response can be associated with frequencies

I: in the range of 20 Hz to 15,000 Hz. It has also been
found that auditory response is a function not only of

souna pressure, but frequency as well, This is discussed

in the next section on measurement techniques,

NOISE _IEASUREHENT TECHHIQUES - SELECTION OF A STANDARD

_' The ultimate ideal in noise measurement is to be

able to quantify human response to noise. The level
measurement discussed up to this point is a 9ood, repeatable

measurement. However, it does not adequately represent

actual human response to sound. In Pigure 4, a series

of equal loudness contours are plotted as a function of

both frequency and level. The phon, as described on the -

I chart is a sound that observers judge to be equally loud,

_ _ at various frequencies and pressure levels_ to a pure

tone frequency of l,O00 Hz, at a specific pressure level

in decibels. For example, a sound at a frequency of 60 Hz.

L (_
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i_ with a pressure level of 90 dB is judged to be equalI

to 80 phons ( 80 dB @ l,O00 Hz.). Continuing, a sound
of 70 dB at a frequency of 5,000 Hz is judged to be

11 equally loud (80 phons). The curve labeled M.A.F is

known as the Minimum Audible Field, and is the level of

iJ a simple tone that can just be heard illan exceptionally
(e)

I_ quiet location, under free field conditions.

FIGURE4(6)
,,0_1 / II HIl_i01_'l@_o'_bt'l'll/I

m
III i fiiii Im _ I I lilil I/ I I IIIII 17-1"1IIIII

_ 20 I00 IO00 sO(lO I_iO00

FIEQUEN¢I IN CltO-_S Ill SECOND

t
In order to quantify the dependence of auditory

response to frequency and level, a weighting system is

employed in the pressure level measurement. Various
"weighted" sound pressure level scales have been developed.

The ones most commonly used are denoted the A, B, C, and

D scales. The relative response of the various scales as

i_ -9-

L' > i,. ' . "



£

i.

q

!

5.(bY, a function of frequency is illustrated in Figure

The A weighted network provides more emphasis on sounds
of higher frequencies and ha.s been shown to provide a

I_ frequency response roughly similar to that of the human

ea_r. The B network provides somewhat less frequency

equalization. The C network is, in essenco_a uniform

response network over the major portion of the frequency

spectrum_and as such it is the same measurement that

we have previously rafered to as the decibel. Units of

measurement are reported as dBA, dBB and dDC (or just dB),
(I0)

!) respectlvel_.,o

!I) i°
i..I

*$a

_0 100 _O $00 1000 2000 _000 _,C¢__Im_U_NCY IN C_|S P|I $|CON_

FIGURE 5

A lot of research has been done to determine the

subjective response of people to noise. In the following

i_ section, a summary of the known physiological and psycho-

logical effects of noise is presented, along with research

!_ findings that attempt to quantify these responses.

- lO - •
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THE PHYSIOLOGICAL EFFECTS OF NOISE

The physical effects of noise on man have been studied
for some time. The response to noise can be determined.

For example, it has been determined that, for subjectstl

with normal hearing, var&ous thresholds exlst_ In a range

_l of frequencies from 200 to 20,000 Hz., discomfort is

noticed at SPL's in the range of 112 to 117 dB. A threshold
F_

of pain exists at approximately 143 dB, in the same frequency
(lO)

Pangeo

II Hearing loss is one of the effects of overexposure to

noise. Loss of hearing usually appears as a shift in

IX hearing frequency threshold. This shift may be permanent

or temporary, depending upon such things as individual

II
susceptability, duration of noise exposure, noise frequency

(IO)

spectrum and level, and the type of noise.

Many allegations have been made thatnolse directly
alters human health. Most ace vague. The problem that

exists in determining if noise has any direct bearing on an

individual's health is that it is hard to obtain sound

evldence to Justify the claim. The problem is coundfounded

with individual physiological differences and multivariate•
exposure problems. While noise has not been found directly

related to disease oecuranee, it is known that noise induces

stresses. These stresses reduce immunity and increase

i_ 8usoeptabillty to d_sease. Hence a causal link does
(lO)

exist.

d - ll-
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in; " In his experiments on sleeping subjects, at the Max

Planck Institute, Dr. Gerd Jansen was able to cater_orize(1)
many responses i11icited by noise. Recording the EEG

_ patterns ofsleeping subjects, Dr. Jansen would subject

their environment to a sound level whose intensity varied,

_ A noise level of 55 dBA illicited a marked response

,_ of vasoconstriction in all subjects.

According to many sleep researchers, the most important

i__ (2)
; periods of a person's sleep are the dream sta_es.

._ _ These dream stages are marked by a phenomena known as
rapid eye movement (REf4), Persons deprived of REM sleep

I

stages most often undergo marked psychological changes.

Acute psychological breakdown may result from the cumulative

effects of a long partial depreviation of REM sleep.

The noise level necessary to accomplish this result may be
relatively low. Some experiments show that levels as low

(2)

B as 55 dBA can produce the deprivationof REM. The

variability in noise level required to illicit these responses

from one individual to another are most likely due to

Individual psychological differences.

i

- 12 -
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THE PSYCHOLOGICALEFFECTS OF NOISE

People tend to think of noise as being annoying,

interfering with sleep or work performance, or impairing

communication. These are generally psychological effects,

L Annoyance, displeasure or resentment caused by noise

IS is due to the absence or presence of that noise (also the
,, Imollcations arising from it). f_o real objective measure

!_ to describe are likely annoying.
exlsts soun_ that to be

However, some characteristics of sound that would likely

be annoying are:

I. Loudness

B 2, Pitch (greater than 1,500 llz.)
3, Intermittent or irregular
4, Localization -- uncertain origin, or

hidden source.5, High level over ambient.
6. Inappropriate to an individual's activity.

7, Feelings about preventability,B, Personal bias with respect to the noise
and/or source.

9, Overall hostility to the environment.

10, Beliefs in regard to the effects of the
noise.

II, Extent one associates the noise with: feelings of fear.

The effect of noise on sleep has been discussed.

One point that should be clarified is that there is a wide

varlatio_ in adaptability to noise from one individual to

another. Experiments by Thessen show that the range of noise
levels needed to wake sleeping subjects varied from 40dBA

to greater than 70 dBA,

- 13 -



_'_C Work efficiency is affected by noise, primarily with
noise above 90 dBA. Higher frequency noises have a more

'i

i_ profound effect in reducing work efficiency. The sudden,

temporary alterations in noise level have the effect of

_ temporarily disturbing work performance. It has also been

!_ found thst accuracy of work is diminished, probably as a(I0)
result of interference with concentration.

Noise has a tendency to interfere with communication.

_ Research Into this effect by Beranek has resulted in

defining the Speech Interference Level (SIL).

")B The Speech Interference Level is a measurement in decibels

which is the average of SPL in three octave ranges: 600 Hz.

i _ to 1,200 Hz.; 1,200 Hz. to 2,400 Hz.; 2,400 Hz. to 4800 He.

. The SIL at the location of interest is determined and compared

y-
: with known values which indicate the maximum distances

6 speech(atvariouslevels)is_0_ specificintelligibility.(7) "
This is illustrated in Table 1 and Figure 6.

Spe_hInterferencel_v_ ofNol_
_otJustPermitConvers,allonNlhNa_ina]

RdlabgIty_ttheDistancesondVoiceLevelsIndicated.

_ITAN© | I PEICHINT|_FIRE_CI_EVEL_fLIiNDm*

'"*1 I I IU|TI_I_ NOnMIL R&I||D V|nV_OU_
iFT.I ¥O1¢L VOIC| I VOI_£ _li_l

I ?O 7¢ I1 M

3 _ _ 7_ 7a

TABLE1

- 14 -



FIGURE 6

NOISE AND SPEECll
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' Other measures of noise that are thought to represent
(B)

_ human subjective response are summarized below:
.I

• " I. Loudness - this is a linear measure-

_ ment of sound intensity in which scale
,, numbers are approximately proportlonal
}_ to loudness. This unit of measurement
_,• is the sone,
' _ Z. Perceived Noise Level - this measure-

..... L _eet rete_ the "neislness" of _ sound

rather than the loudness of a sound.i The computational scheme developed by
Kryter yields e measurement in perceived
noise level units (PNdb). The approach
is similar to that of defining the equal
loudness level contours.

B Analysis of subjective responses to motor vehicle
(_)

noise was done by Galloway, et a_. Two tests were

analyzed: I.) The Armour Research Foundation (ARF) tests

on truck noise and 2,) The National Physical Laboratory -
Motor Industry Reasearch Associations (MIRA) study. The

i,_ ARF study was an analysis of subjective response to truck
,=

_ noise done in 1953. The HIRA study data were taken in 1960.

In the ARF study, observers were asked to judge the

noisiness of a passing truck from "quiet" to "excessively

noisy" on a numerical scale of O to 6, Scatter diagrams
of the responses were plotted, and a least squares regression

line plotted. These can be seen in Figure 7. The solid

lines on the diagrams represent the envelope for a 2s

(std, deviation) confidence about the regression line.

r,;i
m

.I0.
i



FIGURE 7

4n#@ P, _ |i#

• f##'

B ),(" 1 / I

.. ' o _rte_t_n _ _ub_eetlve_tlnss o1no_e CorreCtionot z.bleetlve_tl_a of no_e

H t_m dlemel_lnedIrue_in ARFr_erlmentwllhno_e fromdlexel.ellal_¢dI_ckx _ dRF ¢_peHnlen¢withno_ej { I_ve!¢_daA_ _mputedl_m _ve ba_ _ou_n_m" levelI__ _Xretried _y _R_ '

In the MIRA study, vehicles passed an observationC
point traveling in three modes=

H I. Accelerating from a speed of 30 mph_-- 2. Full throtle with brakes applied to qive
;, a constant 30 mph velocity

_ 3, In top gear at a constant speed of 30 mph

Typical scatter diaQrams for this study are shown in

'i.__) Figures 8 and g. It should be remembered that the more
F

linear the regression line, and tilesmaller the 2s envelope,

the better the correlation between the physical _easurement

,_ and subjective reaction,

Figure I0 shows the correlation coefficients and

W standard deviations for both the ARFandr,IIRA studies.

From analysis of the data, it tvasdetermined that noise
measurement in units of decibels on the A scale (dBA)

the best physical description of subjectivorepresented

response.

- 17 -
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flaying seen how noise is measured and Its probable

im effects on humans, we can now examine the methods In which

i transportation systems generate noise and the magnitude,

!i_ dispersion and attenuation of the noise generated, For

. _! noise generation analysis, transportation systems can be

i!_ divided into three classes: I. rubber tired vehicles

that travel on fixed right of ways (this would include

, automobiles, trucks and buses); 2. fixed rail transportation

_:m (subway, elevated and at grade trains); 3. aircraft.

i (B)
{ NOISE FROM INDIVIDUAL RUBBER TIRED VEIIICLES

_i_
?).
!; Noise generation oX an individual automobile will be

J
_ considered first. Passenger cars make up the bulk of today's

ij
i_:_.J vehicles and as such are a large contributor to the overall

[]
_ noise pattern. A1thouqh trucks make up only a small percent-

_'I age of vehicles, the type of noise they generate is usually

_: quite loud and variable. Our analysis _villtreat each onei

, separately.
?

i_:_ There are two main mechanisms that produce noise in
'i

automobiles. They are the engine-exhaust system and the

_' tire-roadway interaction. Under some operating conditions

_iL (e.g full throttle), engine fan noise and carburetor intake

• noise are significant contributions to the overall noise

if,,_ generation.



Field measurements showing the relationship between

,,_ SPL and octave hand frequency for a speed of 65 mph. under
varied operating conditions is she_vn in Figure If. The

under curve represents the road load curve (vehicle drive

train engaged and maintainin_ a constant speed). The Iov_er

curve represents the noise oenorated in a coastinq operation
C

(engine: at idle and power train disengaged). A secol;d

plot is made fer an operating speed of 35 mph. In examining

i_.j_ the graph for the 65 mph condition, it is interesting to
: note that there is a relatively narrow band of difference

.iI in SPL at high frequencies. Ti_isseems to indicate that

a major contribution to the generated noise is produced by

::_J tire-roadway interaction. At 1ovlerf_'equencies the primary
r

'_"'I_'_!/ components of noise are the engine and exhaust system.
For the 35 mph plots the relatively large band indicates

_:._ that the engine and exhaust system noises dominate on accel-

eration. For the cruise condition the noise _enerated is

_ probably an equal composite of engine •exhaust and tire noise.

FIGURE II

k Contributions from Passenger Car Noise Sources

_ , %% CIUISE
_'_ • COASTING(_NGII_ IDLING}41 n _

&

'6

OAt"AFR_ _ NtW "_
p_|NG[I CAllS

|I 11)6 |If 4_$ 8_ I700 3400 6_



_:i The noise generated by a motor vehicle is dependent

i upon its speed.A graph of the noise level-frequency band

• _. distribution as a function of various speeds is shown in

_, Figure12

FIGURE 12

::,_ Noise Spectra for a Passenger Car at Four Speeds

: ",'J I \_ _%,1

'; _ "_

_ I_:) ITA, WAOON

INIm

1 I m

,)i

_ The noise spectra illustrate a consistent increase in

,_,_ each octave band for each increase in speed. The merging

of the 40 mph and 50 mph curves at the lower frequency

is probably due to a shift in spectra from engine-exhaust to

':_,I_ tire roadway dominated.

Because the frequency spectra tend to retain the same

' shape over a series of speeds, the A welqhted scale can be

used to _eneralize the speed dependence of noise levels,
The data plotted to a least squares fit, shows a hiqb

correlation to the theoretical concept that noise is



!'_ proportional to power (power being proportional to vehicle

speec cubed), Hence, the equation of the line relatingi
speed and noise level in dBA would be:

%

_ L = C + 30 log Speedl

This relationship is shown below.

FIGURE13

_lc°_L_' °"'° , , , _
_d InMPH

s. It is interesting to note that while both the new

,|
vehicle and the two year old vehicle fit the cube of speed

_i!I relationship, the noise level for the older vehicle is
i

:C

hlg_er. This is to be expected, as thor are variances

_-_ in muffler design, tire condition and the general

maintenance between the two vehicles. The variations from

?_t vehicle to vehicle will be taken into account as the general

I model is developed.Z_

. Roise generated by the tire-roadway interaction varies

from one roadway type to another. As can be seen from the
T

_;,_ graph of Figure 14, rough pavements generate higher noise
I

levels at the higher frequencies. The effect of tire-road-

way interaction noise can be lessened by employing variations

in tire tread design Manufactures are attempting to desi(in

W
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"I FIGURE14
Noise Spectra - Roadway Surface
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"_'_ I ll©ill* _ lei"llr fll_"llP¢ # hi ¢#dli Pl_ li_llld

I"- a "quiet" tire, but no such tire is on the market today.
C

7i!,!i The chief problem with tilequiet designs to date is that
- they tend to be poor from the standpoint of trection and

lJ sofet.

_:'i"i A Gen.eralized Hodel of Automobile Noise

i By weighting the various data available to them to
reflect conditions felt to exist most often in pratice,

__i ana using the work of other researchers, _olt, Beranek and

Newman proposed the following qeneralized model for

i automobile noise:

Lauto= 50 - 20 loq d + 30 loq v
where: Lauto= SPL in d_A, d = distance in feet, and

[_ v = vehi,cle speed in mph

- 25 -



The generalized model equation expresses the noise

• m level generated by an individual vehicle under normal

operatio_ in a free field, and is subject to the following

constraints:

1. d must be greater than 25 feet.

2. d must be less than several hundred feet,as the generated noise is attenuated
by the atmosphere in which it moves•

i:_ 3. pavement roughness will allow L tovary from -5 for smooth pavements to
+5 for rough pavements.

_ NoiseLevelsof Trucks

,: Trucks represent a relatively small portion of the

vehicles on American highways. However. their contribution

to the total noise environment is very important because

:,,m the levels they generate are so much higher than passenqer
W

cars. A typical diesel powered truck will generate noise
71

i_I levels more than three times that of the passenger car.

, The typical level of a diesel truck is 18 dOA hi_her and

'_,'N':_ for a gasoline powered truck, 8 to I0 dBA hi_her than an
(7)

;":N automobile.

Buses show many of the same characteristics of noise

i generation by trucks, ho_vever, the noise levels produced

by the bus tends to be somewhat lower. This is due primarily

to their larger mufflers and fully enclosed engines. At

highway sppeds, an intercity bus produces noise levels

W
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in a range of 80 to 87 dBA at a distanceof 50 feet in a
; (7)

, il_ freefield.

,_._ The principle noise source in the diesel truck is the

C engine exhaust system, which tends to dominate over the

•! _ tire-roadway interaction. This can be seen from curve A

.... _ of Figure 15. Noise levels produced by trucks,are dependent

uoon the condition of operation. When a loaded truck is

accelerating, the noise levels produced increase about

!
5 dBA. This is illustrated by curve B of Figure 15.

I FIGURE15Y _Ioise Spectra Produced by a Loaded Truck-Three _iodes

¢)"Y_ _C....."--!_'
-| ...... .._ _....,

_, IIe'_me_)

oc_ _ (I_/er_cy Incyclol_r Nm_wl

:.j

In the data presented to date, no clear cut relation-

ship has been found to exist between noise level and truck

soeed. This is thought to be due to two factors: first,
trucks tend to operate at relatively constant rpm, thus

W
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i _ producing the same ai_lountof acoustic pol.lerirregardless

' of speed and, speeds of trucks operating ellhiqhvJays in

_4 _jl
_ free flowing traffic tend to lie in a very close range.

_ Analysis of a typical truck population seems to

,.,_ indicate that even thouqh larpe diesels tend to be similar
-- at various road speeds und=r uruislnq conditions, there

_ are marked differences in both the spectrum shape and levels

/ betv;eenthem for conditions of acceleration, and on upgrades

_ _ or downgrades, llo_vever,on the averaqe, the 5 dBA increase

in noise for an accoleratinq diesel seenlsto hold.

i
:i

Noise GeneratIoo By I,lotorc_/clesAnd Snorts Cars

!!' Often cited as prime producers efnoise pollution are

_!:l motorcycles and sports cars. Generalized noise spectrum

; for both types of vehicles for a 65 mph cruise condition

L.__ can bee seen in Figure 16. The reason for the higher

":_W noise levels is tile relatively poor standards used in the
manufacturing and design of mufflinn systems for these

types of vehicles. Defter and more stringent noise standards

are need to curb the noise assult of these vehicles.

b" W

k
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_ (9)
i SIMULATION AND PREDICTION OF TRAFFIC NOISE

I

I_ until this thediscussion vehiclenoise
Up point, of

! has been directed at the production of noise by individual

vehiclesacting unlncumberedon a level roadway. Unfortun-

I_ ately, this condition is seldom encountered in highway
planning, and consid_raLio_lmusl be given lu th_ mar_yvehicles

operatlng on roadways at the same time at various speeds,

i that is free flowin_ traffic (Analysis of interrupted flow,

't_ such as that encountered on arterial streets will be taken

un in a later section).

Generally tv_oapproaches have been used to yield a

_i quantitative description of noise generated by free flowing

_B traffic:

i I. Empirically derived models have been determined,
_ using measured acoustical data obtained from actual
_ traffic flows, and determininq mathematical expres_

signs that most nearly describe the observed noise

_._ levels as a function of several traffice flow param-" _ eters (e.g. speed, vehicle flow rates and observer
distance to flow stream).

W 2, Analytical models derived from knowledge of the
acoustical power generated by a typical individual
vehicle. The model is derived by superposition of

the noise sources along the roadway to constituteflow. Three techniques have been employed in this
method:

W i. Assumingan equal distributionof vehicles
along a roadway with an equal distribution
of acoustic power between vehicles. Hence,
themodelsis a continuouslinesourceof

•m noisewith a knownacousticpowernetunit
length.

_m
- 30 -



q

J •

)

i_ il. Assuming that each individual vehicle
is a discrete source, and that vehicles

i_ are uniformly spaced along a hypothetical

il_ single lane equivalent roadway.

I_ iii. Using Monte Carlo simulation methods and
determininga statisticalexpectationof
noise generated by randomly occuring flows
of vehicles along a hypothetical single

lane equivalent roadway.

In order to determine which model best describe the real

noise generated by traffic operations, a number of requirements

!_ should be examined, First, noise measurements must.be made

with values that correspond to the actual human response to

ii_ that noise. As discussed earlier, the dBA measurement produces

the "best" fit to this standard. Secondly, the model should

account for the statistical time variance in traffic noise.

_ As a third requirement, the slmulatian model must take into

account the variability of traffic noise qenerators (i.e. the

vehicles that make up the traffic mix). As was discussed

earlier, generally two distinct groups of vehicles make up

toe population of noise producers: automobiles and truck_.

An Emplrically Derived Model

i _ In 1968, a report was published by Johnson and Saundars

; in The JoUrnal of Sound and Vibration entitled "Noise from

_oad Traffic". Using acoustic data measured at various

i_ roadsites, an empirical model was developed relating the
measured values of noise distribution to traffic flow param-

!U eters. This model predicts the mean noise levels, LSO for

LLW
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given traffic conditions, Their results showed that at

, sufflelen%ly low vehicle densities and/or at distances

close to the roadway, individual vehicle noise is predomi-

nant. Along with tl}isfinding, a decrease of 6 dBA per a
doubling of observer to road_ve9 distance was found.

higher or greater from roadway
At densities at distances the

vehicles tend to blend together to fore a line source of

noise. It was observed that far a doubling of observer to

roadway distance under the line source condition, the
corresponding reduction in noise was only 3 dBA. This

difference in noise reduction occurs when the observer

, distance from the roadway is greater than I/2 the vehicle C

8_. head_ay. The flow rate considered in this statistical model

! _ lies between the range of 400 to 2,250 vph. The expression i

! for mean noise level is given by:
L7 ,'

LSO = 3.5 + log q - I0 Ioq D + 30 log V
K
?i

where:

= flow rate in vehicles per hour- = observer distance to highway centerline
= average vehicle speed

The data from which the above equation was derived vlas

normalized for a vehicle mix that included 20% trucks.

The variance of this expression is _ IdBA in a mix range

of 0% to 40%. The speed range considered to accurately
reflect the equation is from 33 eph to 55 eph. The constant

in the expression is obtained by normalizing the

U
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!
values obtained to a speed of 40 mph. One criticism of the

::'I model is that the effect of truck mlx on the L50
values does

not agree with that observed to occur in the United States.

Another simulation model Ivasdeveloped by Galloway et al,

(81_,_ of Bolt Beranek and _lewman. This mode] simulates the

_t_,s_,_J disLribution of noise produced by free flow-

Ing traffic on highways.

The model is a simulation of traffic flow using a

m computer, The analysis is made of a single lane of traffic

,il_ witb a vehicle spacing of various length, being a function

I of vehicle speed and flow rate. The traffic flow character-

istics are expressed repeatedly for each lane in terms of

flow, mean speed and percent trucks.
i'

2:_ A simulation run on the computer provides a set of

"n" noise spectra corresponding to the momentary noise4.

,_ sample at some instant in time. A summary value is also

given by measurement in dBA. This snapshot of the traffic
situation is then extended to another instant in time, to

_'_ reflect the changing observer to vehicle distance that
|

results from the flow Of traffic. IIistogramsare then
t

: _ olotted to give the time di5tribution of noise levels

expected from traffic flowing past the point, _iven the values

k of the flow employed irlthe computation. The result of such

W
33
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_ com_utation for various road_vaytypes is shoivnalong with

the actual observed field laeasurements in Figure 17, page 35.

.p
_: A simelified analytical form of the model can be used

-,_ for passenger cars on level highways at traffic flows above

1,000 vehicles net hour. The mean noise level (L50) in dBA

...... _ is glvan by tne equation:

LSO = 10 lo_I[ q x 100/d] + 20 log
r

_:B = 10 log q - lO log d + 20 log V + 20

vlhere I
i_ q = traffic velume fle_s rate (vehicles per hour)

e = distance in feat to the pseudo lane
_.:I _/= average traffic speed in miles per hour

The effect of trucks in the vehicle mix can be determined
F

2 by adding the values as given in Table 2 for the various

i!:,ID percentages of trucks given.

_'_,, _ EFFECTS OF ADDING TRUCKS TO VEHICLE MIX

"7o OF TRIJ_K$ _DDITIDNAL

'i'!i IN_^mc alia_, O O

2J I

5 2
. _ IO 4

8 20 R
.i

,-_ Calculatiens using the simplified form ere expected to
B

be _vlthin 2 d0A ef that obtained threugh the use of the more i

,__ detailed comouter simulation.
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!
Results of the computsr simulation technique are shown

! iJ|_.r in Figures 18 ana 19, page 37, The density of vehicles on

the roaoway can be determined by use of the nomoqram shown

i_'! _ in Figure 20, page 38.

, As an examole, one value obtained by the simplified

method for a = 2,000 vph, V = 50 mph, d = 100 ft,

L50 = lO log 2,000 + 10 log lO0 + 20 Io_ 50 + 20

_:J_ = 67dBA

__ I If we use the figures given by Gallo_vayfor the same

_ conditions, the value of LSO taken off Figure 18 is approx-

_ I imately 65 dBA.

$

_,E Using the model equation given by Johnson and Saunders

for t_e same conditions:
¢ 1
Lq

LSO = 3.5 + lO log 2,000 - I0 Io_ I00 + 30 log 50

:" Z = 67 dBAj ,

I The various'compu=eo values for the conditions givenz

are within a very close range. In summary:

l
_' Johnson one Saunders Simulation 67 dBA

i_ [i Gallo_vay Simnlified Procedure 67 dBAGa]Ioway Computer Relationship 65 dBA

:i
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'B
: Analxtlcal Models

-_ Attempts have been made by various studies to predict

_', the noise levels generated by free flowing traffic knowinq
i- u._'w

• !, the amount of acoustic power generated by a single vehicle.

One type assumes that each vehicle is a constant source of

- = noise power, and lh=L lhe total noise produced by the _- _

flow can be determined by assumlnq tilenoise is generated as

!iD a continuous line source. The other method employs a summing

: technique of discrete sources along a roadway, each source

m_ _

J being of constant acoustic power.

"_N While the methods used are correct from a theoretical

standpoint, there are a number of drawbacks that make their
m

,_- _ use am predictive tools difficult. First, vehicle flow is

aseume_ to be uniform, with equal headways. This is not
12".

_!' correct. Secondly, the absorption of sound by the atmosphere

_:,i _ is not considered. Thirdly, the use of a single lane equiv- !

! alent roadway, for multilane configurations in the derivation _,

" I of the model is not justified, unless the cumulative effect

of each lane could be determined. As a fourth drakvback to

the analyticalmodels is that they do not allow for the inclu- ,

N sign of the different types of vehicles into a mix that is
characteristic of real traffic flow. Fifthly, tile analytical

iL

models useo for traffic noise prediction cannot allow
for

the statistical distribution of noise as a function of time.

-39- i
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Because of these drawbacks, a detailed description of the

analytical models is not included in this report._

:. The Design Guide Nodel

: In their effort to give transportation planners and

;M highway engineers a "cookbook" method for predictino traffic

noise levels, Bolt, Beranek and Newman modified the predict-
ive models to accurately reflect the actual observed noise

!_ production on highways with free flowing traffic. The

predictive model used in Highway Hoise:A Desipn Guide for

Hlgnway Engineers employs the following equation for mean

noise levels from a homogeneous population of passengercars:

_ LSO=IO log q - 10 log SA - 15 log D

+ I0 Iog[tanh (1.19 x 10-3 qD/SA) ] + 29 dBA

B This relationship is plotted for various values of

average autQ speed (SA) in Figure 21, page 41.

The analysis of trucks in the vehicle mix is

handled by treatinq them as a seperate ponulation of noise

oreoueers, and adding their noise contribution to that

determined for the passenger cars. The equation for mean

_ truck noise level is:

LSO: lO log qt " lO log St - 15 log D

+ I0 log [ tanh (1.19 x 10-3 qtD/St ] + 95 dBA

l
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The relatloahlp for various values of St is shown in
Figure 22. page 43. The apparent paradox of decreasing

in noise levels with increasinq truck speed is due to the

fact that truck noise levels are dependent on truck density

!_ , only. Nith increasin_ truck speed at a constant volume

i!_ of flow. density will decrease.

The Concept of an "Equivalent Lane"

The assumption has been made up to this point that

_:_ traffic is located at a fixed distance (D) from the obser-
I,

i,_ vation point. In real llfe situations, the roadway is more
c often than not made up of many lanes, each at a different

_ distance from the observer. The width of the roadway also
varies.

This obstacle is overcome by the use of the "single

i'll lane eauivalent" roadway. The equivalent lane is defined

_ to be the Imaqinary lane on which the total volume flow

I)_W travels, in order to be acoustically equivalent to the

c _ multilane configuration. The observer distance to this
lane can be assumed to be equal to the geometric mean of the

k distance from the observer to the nearest and furthest lane

cen:er lines. Expressed mathematically, the equivalent

. _ lane distance (DE) is found by:

DE={D, DF]lJZ

i:_ -42-
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_ Adjustments fur the observer to near lane distance,
_d

: _ DN and the roadwm_ width can then be made to the LSO levels
_v

._ for both the automobiles and trucks. This distance adjust-

ment can be determined from Figure 23,

Analysis of the mean noise levels of traffic cannot

!'_ be considered an adequate discription of the actual noise

_' produced by the traffic flo_c. So_lemeasurement of the

peak level of noise should also be considered. In order

' B to indicate the peak noise the LIO level is determined

(LIo is that level that is exceeded in time only lO

: _ percent of that time). Analysis of the statistical distrib-

utions of noise levels for various flow conditions i n

the various predicitve models is summarized in Pi_ure 24.

_'_._ flare, the difference in the I0 percent and 50 percent
level is graphed as a function of the quantity qD/$,

which allows for determination of noise level spread

for varying densities and/or observer distances. The

i selection of the design curve was determined so asto provide

the best fit among the various simulation methods. This
': design curve applies for any homogeneous population of noise

sources, hence it can be used for determining the Llo

levels for both the automobile and truck populations.

i
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The methodology for noise level prediction of an

c__ idealized roadway can now be summarized:

STEP I:
L_

Based on the total volume flow and mix
parameters, establish the seperate volume

flows for automobiles and heavy trucks, andtheir respective average speeds.

STEP2:
The L_n levels at the lO0 foot reference
dista_e for auto and trucks are found

respectively In Figures 21 and 22. All thetrafficisassumedconcentratedon the
near hiqi]waylane, and the observation

C _ distancefrom this lane is assumedto be the
_" I00footreference.B

STEP 3;

Using Figure 23, obtain the correction to
allow for the desired observation near lane

l distanceandthe realnumber of highwaylanes
This correction is applied to the LEO levels
for the truck and auto population,

_i W STEP 4:

_i_j Compute the single lane equivalentdistanceL. to the hiqhway,and combinethiswith the
traffic volume and speed parameters to obtain
from Figure 24 the adjustment needed to

computetheL_ lev_lfor boththeautoandtruck traffic_O

STEP5:

Using the usual technique of decibel addition,
as explained on page 5 of this report, determine

the 50% and 10% noiselevelsof the compositevehicle population.

The basic methodologypresented above assumes a straight

infinitely long roadway, lying at grade on a flat terrain.
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The only variables in the model account for flow para-

;i_ meters, roadway widths and observer distance. In reality,._
the model applies to very few situations.

:!B
_vr In order to take into account such thinqs as variations

_:, in alignment (both horizontial and verticle), and qradients,

adjustments must be made to this ,_od(_l, Complex road

B configurations are broken down into elements of constant

_ characteristics, Iioise levels are analyzed according to
.. the rules developed in tilebasic model for each element
c

'H_,,_ and then adjusted according to the geometry,of the element.

,__ Element Adjustment

The contribution of afinite element of roadw_ to the

total noise environment is directly and linearily a function
r

i_ of the angle (0) subtended at the observer by the roadway
element, as shown below.

Gradient Adjustment

The gradient adjustment is necessary due to the



_ significant increase in truck noise with an increase in

the gradient (the gradient has little effect on automobile

= _ noise production at constant speed). Adjustments are made

on the following basis:

Percent _rBdlent Adjustment

i! _ Less than 2 0
_,, 3 to 4 ÷2

"B"_' 5 to 6 +3Greater than 7 +5

• _ Verticle Confi_uratio E AdJ.ustments

Adjustments to the basic model must also be made to
account for the elevated and depressed roadway. The effect

_i_ of an elevated or depressed roadwa_ configuration is the

production of an acoustic barrier to noise travel as shown

_ bel ow

The basic principle involved is that of sound diffraction:

sound enarg_spills over the barrier in the shadow zone on

the observer side. The diffracted sound energy at the

_ observer location is less than the energy that would reach

the location if the noise followed a straight path.



Under the assumptions stated below, the attenuation

of the barrier is expressed by the linearised design

L curve shoIvnin Figure 25:

I. The designcurveshouldbe applicableto a
lane of traffic as well as single vehicles.

2. All the traffic is assumed to be traveling on
the single equivalent lane.

3. The effective of traffic noisevsavelength
: producesattenuationeffectswhich are

numerically equal to those produced for a

_=_ sound of 500 Hz.

• 4. Auto noise sources are located at or near the
.._ roadway. Truck noisesourcesare located
_ effectivelyat a distancebetweenthe

roadway and the top of the exhaust stack.

Although these concepts have not been subjected to- rigorous field studies, the theoretical analysis done on
this subject would appear to make them reasonable.

_ FIGURE25

Attenuation by Acoustic Shielding

t

rm_ 2
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.. _ Figure. 26 shows relationships that have been developed
on the basis of the linearised design curve for adjustments

,;_ to the basic model in regard to elevated or depressed :

_/ configurations, The curves given are for the noise levels

_i_ produced by automobiles onl_. Truck noise attenuation

due to roaaway configuration is assumed to be 5 dBA less.

........ : _ Adjustments for Barriers and Structures

The attenuation effects of a solid acoustically opaque

_!_ barrier is due to the same principle of noise difraction

_ _ as discusseo in the preceding section. On the basis of the
design curve, attenuation valu=_ for barriers are given in

Figure Z7,

_',j When buildings or structures interupt the sound path
between the observer and source, there is sipnificant

shielding effects. Although no precise measurements are

available in regard to this shielding effect, typical

i values of 3 to 5 dBA reductions per row of structures

M can De used, up to the first tvm or three rows of structures
(after this, the sound penetration appears to remain rel-

!i atlvely constant).

! _ Ad_wstments for Landscapin d

Landscaping has little in{luence on the propagation of

- 50 -



L_
L

l_
'-

"
*

.
o

o
,o

-

/

//
,,

°
_

I I

--
.

C
_.

.,,
°

o
°

/!
°

,
I

J
_

o
I

/
_

/

/
'

j/
!

/
/

t



-_
_

_.
•

._
,

**
,.

•
_

_.
_

_
_

•
,.

,,I
._

--
_:

_
_

_.
:_

,
_z

,_
.

:/_
,

.
_

._
•

•
•

.

¢-
_

b
o

"-
-_

-
.

3

_
o

_

_
M

!
°

I
III

_
_

I
!

.
Ill II II
J I/! Y



I-

_ traffic noise. In general, the effects of roadside plantings

r can be considered to be psychological, removing the offending
(

!_ noise source from view. In general, a dosing value of

5 dBA for every IOO feet of planting depth can be used, if

!__ _ne trees are at least 15 feet tall and sufficiently dense

J_ so that am visual path between the observer and source

exists,

A SUMNARY OF THE DESIGI( GUIDE METIIOD FOR TRAFFIC NOISE PREDICTION

!i_ This section is intended to summarize the total

_:B methodology of traffic noise prediction as presented ini (9)
: tne Design Guide. Actual computational instructions are

i:_ no= given, as it is assum_that the interested reader

will procure a copy of the manual to aid him in his

- _" particular noise prediction problem.

B Refering to Figure 28, a flow chart is presented to
represent tile methodology of noise level prediction.

B
Two methods are used to predict highway noise levels.

Tileshort method is intended to render a quick calculation

of orobable noiselevels to indicate areas that may be noise

,:_ sensitive. After these potentially troublesome areas are

identified, the complete analysis can be carried out to

.__ yield a more precise value, and to analyze any noise
!.

. _ abatement procedures applied'to the design of tileroadway.

- 53 -



FIGURE28

DE.SIGtl GUIDE I,IETHODOLOGY

FOR=" TRAFFIC I_OlSE PREDICTION

I....RoodE,°oo°.F
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• PavementWidthoVoh|clo Volume •Vortical Configuration OC)bsorver Diltance
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i •Average Sp •Gradient • Shloldlng
• Surface • ObserverRelativeHeight

Ad[u.tmonh

!" I ReferenceNol.oLevel at 100ft

_redJcted Noise Table B-6 -- Distance

I .°veI.Ls 0
Table E'7.B Elev/Oepr

Predicted Nol*o Love! j ._

at Oblorvor- LEO Short, Method Evaluation

Criteria > Crlterfa < I
Prod,trodNo,,o L.v., 5hart Method Short Method I Oradia.t Iat Obsorvor- LIO
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Environment

"" No Further

I_ Crlto,|o A.oly:l, R_,d I

LsHORT METHO0 ONLY _.J

ComplotoMothod iPos,lbloProblem |Eva)uatlon ||Complete A nalysls_-
I Requlred |
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! _ The use of the Design Guide method requires identification

_;_m of road_vay elements vlithconstant neometric characteristics.Each element that is identified is then described by a
2

i_._ aeries of parameters. The parameters required for utilizw
ation _f the method can be grouped as folloivs:

i!_ I. TrafficParameters

vehicle volume in vehicles per hour

vehiclemix (percanttrucks)average speeds for autos and trucks
i

'M._ If. Read,ray Characteristics - define the geometry of
tileelement with regard to its surroundings.
Items included:

pavement width (not including emergency lanes)
_,m verticle configuration (elevated or depressed)C _ flolv characteristics (any flovl interuptions

imposed by the design of the road)

ii_ gradients greater than 2_surface roughness of the pavement

Ill. Observer Characteristics- to describe the location

ii_I "-"of the roadway element with respect to the
observer to account for attenuation;

_ perpendicular distance to near lane
:_[] element size (defined by the anqle subtended at

tile observer)

I shleldlng(describeallacousticalbarriers'i between the observer and road element).
observer relative height (describe the verticle

position of the observer with reqard to the

i:I roadelement).

r_ Once allthese parameters have been identifiedfor each
I

element, the reference level can be determined for autos

I ane Adjustments are made to reference
trucks." then the levels.

They are then added Iogrithimically, and compared with the

b design criteria. As can be seen from tileFlow Chart of

i:h
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Figure 28, the short method makes adjustments for observer

distance and verticle configuration only. If the LSO

_ level as computed is greater than the established criteria,

i:_ a complete ana]ysis is made, and any abatement procedure
consldere¢ feasible is analyzed. The topic of noise criteria

?

i'_ is considered in the next section.

_"B SELECTION OF NOISE CRITERIA FOR SURFACE TRAflSPORTATION

i _ As was seen from the noise prediction methodoleqy,
the predicted noise level is compared to a crlterla-the

i!_ stanaard of alowable noise levels. ?his section examines

wPat the criteria are and how they were derived.

The letter of transmittal for the Noise Standards and

i_I Procedures issued by the Federal Highway Administration

states in part:

_ "The designnoise levelsin the standardsrepresent
; a balancingof that whichmay be desirableand

I that _hich may be achievable. Consequently,noise impactscan occureven thoughthe design
noise levels are acheived .... the values should
be viewed as a maximum..."

i Clearly, some tradeoFfhas been made between the

i_;_ incremental benefit of additional noise abatement and the
additional cost involved. But the question of how the

i!'i_ design values were obtained is net answered.
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The principle consideration in the establishment of

' criteria should be the response of humans to the nolse

_ criteria levels selected. To reflect this consideration.9tha()
' criteria should be based upon concern for the followinr1:

-m I. Relationof highwaygeneratednoise to the
ambient level without the highvay source,

_ _ _ 2, Task interferenceassociatedwith sleep,

speech, learning and other on-qoinq activities.i 3, General annoyance or the subjective dissatis-
faction wit the noise environment.

'l!• Research into noise levels that tend to illict response
Z

!i,N by the general public has been done by a number of researchers.
Fro_ the studies conducted it was found that annoyance

N withtrafficnoise absentat levelsgenerally was below
_ (15)

70 dBA. The trend of tile public in reaction to noise

3r!
m levels of the ambient are shown in Figure 29.

Z
.L

_L_N_,: Conclusionsas to the numericalcriteria to use in

design purposes as proposed by the Design _uide (9) are

shown below;

RECOMMENDED DESIGN CRITERIA
oJas_nv_ _ (dB^) Z.o (d.A)

CATI_OOItY STRUCI_M1 DXY I_IOIlT DA*I N|OIIT

j ":" ; I Residences Inside • 45 40 $1 46
2 R©sidenc=s Outside' $0 45 $6 51
3 Schools In_ido' 40 40 46 46

j 4 Schools Onts[Ue, 55 61
$ Churches In_iUe 35 _ 41 _I
6 HospItals, Inside , 40 35 46 41
7 convalescenl home_ Onlside 50 4S $6 _l
_{ Offices:

SlenoBt_phlc Inside 50 S0 56 $6Frlvate Itmido 40 40 46 469 Thealers:

Movies Inside 40. 40 46 46

k Le_aima(e Inside 30 30 36 3a10 Hotels, motels Inside 50 45 $6 $1

t ellher lnttde or o_tlhle dellln Cttlefllzc_nbQuteri, depefldlfllI Oil the utII]l)"_kg| tvattlated,

I!
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The criteria presented by the Guide reflect concern

_; for task performance and existing land use (being derived

_ in part from analysis of speech interference)_and con-

_" siderations of ambient levels that would exist if the

_ proposed roadway were not to be built.

C..OHPARISONOF THE FIIWAAND GUIDE CRITERIA

_ Below in tabular form is a comparisonof the Federal

_ Highway Administration's noise standards and those presented

?._::_ In the Dosing Guide, The Federal Highway Administration's
Policy and Procedure Hemorandum 90 - 2, from which the

standards are taken is reproduced in this report in Appendix A.

."_ STRUCTURE TYPE FIIIVALIO Design Guide Lio
L

_.. Residence 55 dgA 51 dBA*, 45 dBA**
(interior

_. Residence 70 dBA .... 56 dBA*, 51 dBA**
(exterior

Schools 55 dBA 46 dBA*
(interior

- _ Schools 70 dBA*** 61 dBA*(exterior

; _ Hospitals(interior 55 dBA 46 dBA, 41 dDA**

hospitals

_ (exterior 70 dBA 56 dBA*, 5l dBA***

_DAY **HIGHT ***Varies ivithbuilding donstruction in arange between gO dBA to 65 dBA to meet the
55 dBA interior criteria.
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•_ The Federal Department of Housing and Urban Development

_i_ Noise Criteria, reproduced in this report as Appendix B,
specifies maximum noise levels and durations for various

_ _ hours of the day, and at specific locations in housing.
It should be noted that the FIJWA criteria and the HUO

criteria are not the same. Ilerea conflict of interest

exists. It seems that noise levels in the residences

that need no HUD approval can be greater than noise levels

in HUD approved housing. A redefinition of the HUD standards
that would make them comparable with noise analysis tech-

•_ _ nlques for urban freeways would seem to be in order.

C_ _ THE FEDERAL HIGHWAY ADMINISTRATION I_OISEPREDICTION METHOD

_'_ In its Manual for Hiohwa_ Noise Prediction FHWA
presents two methods for prediction of highway noise levels

_ The first method is a "pen and ruler" method employing a

homograph for noise estimates. The second, more refined

_i W method uses a computer program technique for a more accurate

and complex analysis of the noise environment. A listing
of the computer program can be found in Appendix C of this

iT

report. Both the nomograph and the computer program

employ the following simplyifing assumptions:

1_. freeflowingtraffic
2. uniform standard atmosphere
3. All noise sources are assumed to be incoherent,

_ and can be addedwithoutconsiderationof pos-
sible phase relationships.

4. Noise sources are omnidirectional

__ - 59-



5. firstorder approximationsare used in
procedures to represent ground cover effects

:_ B of attenuation. In essence, this means that .the attenuation effects of smooth surfaces
such as dirt and relatively short grass are

i__ the onlythingsconsidered.However, in the':; computerized model, there is an allowance for
trees and shrubs.

6. The basic computational scheme employed

• _ calculates tilemean energy level of noise,
notthe median level of sound (Lmo), and then

_ is ralatod to the LIO level of boise, per the

criteriaof the Federalstandards.

The ApproximateIlomonraphicNethod

The nemograph of Figure 30 consists of a set of

_'IA calibrated scales for vehicle speed, percent trucks,

'i vehicle volume and distance fromt he roadway. The use|
._ of the nomograph is illustrated by an example

_'_I Parameters in tileproblem include:

_._ _ = 5,000 vehicles per hour

_ I : 60 milesperhour._., 5% truck type vehicles
w Roadway to observer distance (effective) : IO0 ft

_" _ The solution is shown as Figure 31. Starting from the left

pivot point, an isopleth is drawn through the "5% trucks"

i on the 60 mph scale. The point at which it intersects the

k line A is designated a pivot point AI. An isopleth is then
: extendec from point A1 through "5,000 vph" on the Q scale

_ j the in tersectien of it with line B beinq designated as

point gl. A second isopleth is drawn from Bl throuqh

lO0 feet on the D scale. The resulting LIO level is read

on the intersection point of this isopleth with the Llo scale•W

-6D-
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In this case the LIO level is estimated to be 81 dBA.

The nanual emphasizes the fact that the method used here

_ _ is an approximation, used to determine areas where the
noise standards _vouldnot be met, After this is completed

_._ an analysis of the location is made by the computer tech-

" nique.

• In the previous example,worked out by the methods

_I_ suggested by Johnson and Saunders, Gallo_vay and the

Design Guide, an average value of 67 dBA ivasobtained.

_. In that problem, q = 2,000 vph, v = 50mph, and DE=IOO feet.

..._'"_ The FHWA homograph yields a value of approximately 74 dBA

._ for these parameters.

; Tile Computer Prediction t4.odel
C

_'; As documentation of the computer method used for

- _ noise analysis arrived to late in the term for its
incorporation into this report, the simulation problem

originally planed to he included inthis report is absent.

A snort description of the methodology is given.

Five blocks of data are required for the computer

! _ simulation and prediction. The first data block required

is known as the initalization parameters, _vhlchinclude

data on receiver relative height, number of band center

h f_eouencies used in noise analysis, standard deviation of

- 61



of noise levels for truck and autos, end source height

adjustments for the trucks. The next data block required

i are the traffic and road parameters which account for the

physicallayoutof the roadwayin a threedimensional

space and the character of the vehicle mix. Barrier and

,: Ground cover parameters are then inputed to define the

- _ attenuation effects of the surrounding terrain and any

natural or men made barriers to noise transmission.

_ _ Receiver data is then inputed, to determine the relative

horizontlal and verticle position with respect to the

x, roaoway. The program allows for redefining and running.

_ multl_le problems.

_)W The computer prints out the LIO level for the specified

m condit$ons It can also be programed to print out the
£)

_'_N median (LBO) level, and the ninety precentile level (Lgo).
The output can also be printed in a value known as the

_: noise pollution level (LNp). The noise pollution level

is numerically equal to the mean energy level plus 2.B6

| times the standard deviation of the sound levels around tha

mean, LNp is purported to be a rating of the level of
[]

annoyance from fluctuat ng noises. It assumes that the

? measure of public disatisfaction with noise can be said

to be a function of the moan energy level of the noise and

Ii" j: the amount of variation from that level.
!"

;

k
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P
HOISE ABATEIIE;iT - PERFORI.IAIICEOF BARRIERS

Sound barrier walls have been constructed at a number

!i_!_ of highl_ay and freeway sites. This section of the report

deals _vith a summary of t_vosudies.

As was mentioned in discussion of the Design Guide

-._ mooe], the effect of an acoustic barrier is to diffract

sound waves and by so doing, reduce the sound energy at the

. observer. The amount of sound level reduction is a function

L._ of the effective height of the barrier (H), the distance from
barrier to observer (_) and the frequency of the sound atten-

'"_I uated. The physical parameters are shmvn in the illustration,

Figure 32.

FIGURE 32

t

I}Jz,

I

i
i
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(11)
In the study done in Toronto by llarmelink & Hajek

two roadways were analyzed, The pre-barrier field measure-

ments of Llo were made, barriers of four different materialsm

were constructed, and the after LIO noise measurements were

taken. Noise measurements were made for the before and after
.... condition durinq times of similar traffic volumes and vehicle

mix. The barrier height was limited to ten feet.

It was felt that a reduction of L]O to a 60 dBA level
would be desireable. According to their calculations, in

order to achieve the desired reductions barriers of 20 to

25 ft. would have to be constructed (at estimated costs of
m

:'_ _ around $lO0/foot). Construction of the I0 foot barriers

used cost $25 o $50 per foot, depending upon the material.r,

The Llo levels for a I0 lane facility, built essentially

j at grade ranged from 70 to BO dDA near the first row of

_._ houses surrounding the facility. The second facility studied
[]

was a four lane freeway. The LlO levels near the residences

facilitywere in a rangeof 65 dgA through80 dBA,
around this

The terrain in this location is gently rolling,

t
Predictions of noise reductions due to the barriers

i _ agreed within a range of 4 dBA to those actually measured.

Unfortunately, the reductions encountered typically were

3 dgA with 6 dBA being maximum. The conclusion of the

._ |.: i.
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report shotvsbarriers, at least in these tvloinstances,

have limited effectiveness, and nc strong justification
axlsted for building more barriers.

,. They conclude further,that noise level reduction

_._.. me,hootsthat might be mere effective should be studied.
They suggest a number of methods that might be tried:

reducing the noise generated through the production of more

quiet cars and trucks, reduction of noise at the reciever

uy using remodeling of existing residences to include

._._. double glazed windows and centeral air conditioning, and ,,L

by applying more stringent land use controls to the areas
r

•,._ surrounding high._ay facilities, such as setbacks and

;_ restrictive zoning.

The second study, conducted by Youn_ and Woods ,

'_i compared field measurements at two different sites with :

calculated data for barrier _._allreductions in noise C

.... evels, i_oisereduction calculations were based on work ;

done by Fehr. The method calculated the noise reduction
factor (Y) for a given set of barrier parameters. The

_odified Fehr equation used is:

Y = 2/_. [a(l + H2/a2 )I/2 + b (I + H2/b2)I/2-b]

h_! or,if b>ma _-H

:{!W Y_H2_a
where_is the sound frequency and the parameters

h H,a,b, are as shown in the illustration on the next nage.
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.,_ The noise reduction factor (Y) can then be converted
to a corresponding decibel reduction from the relationship

t _ show_ in Figure 33, on page 67. From these relationships,

series of curves can be drawn for various effective barrier

| heights, at various distances. Such a series of curves

I for an effective barrier height of 10 feet is shown in
Figure 34, paoe 68.

_J

_:' The first site analyzed by the study was at the location

_i of the Sacramento Community Drive-ln Church. The'church ,,

had constructed a ten foot earth berm adjacent to Route 99. I

• Tllia is shown in Figure 35, vd_ichalso indicates measured ;

and calculated noise ]evels. The ca]culated values were i

_:-_ obtained by using the Design Guide method for the distance ,:

;L,*_h from the roadway, and the modified Fehr's equations for the
noise attenuation of the barrier,

ir' _

b
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P

P

The second site studied was two lacations of the
Katy Freeway in Houston, Texas. At the points studied, the

i_ roadway is located in a cut section, thus providing an

effective barrier at the intersection of the slope with

i_;_ the street graoe above the level of the road. At location

A of the study, the effective barrier height due to the
slope is 5 feet and at location D it is 13 feet. The table

_ below shows a comparison betv_een the field measurements and

.1 values obtained by various estimation techniques. There

ii'_ seems to be a good correlation bet,veen the calculated

ana measure¢ data, the variance being due to the simplifying

assumptions _sea in the estimation procedures.

_ COMPARISON OF SOUND PRESSURE LEVELS ON KADCLIFFE STREET

Sldealopo

;_ Sound Pressure DosIsn Complete as a
Level Es_Imacloo Guide Analysis wi_h _arrieE

._ LocaClon..MeChod (dBA) Method (dBA) Data RecordeT (dBA)(dBA) p.64

A (200') 67,68 67 68 68

_%lj B (400|) 61 60 • 63 59
_i_ "

i
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P

ROISE AND VIBRATIO{i - RAIL TRAI_SPORTATION

Rail transnortatlon systems can be divided into two
zT

" m classes for the purpose ef tloisegeneration analysis:
I]

I. Railroads, includinq long distance freight
and passenger trains and hSgh speed inter-

citycommutertrains.

2. Rail transit systems for urban areas, including

ranidtransitsubwayand elevatedsystems.
Railroads

Noise in railroad systems is made up of the contributions

" m from tilelocomotive po_,_ersystems and the train vehicles

that are hauled by the locomotion systems

/cm
:: Approximately99_ of the Iocom_tlve power plants in

_' I use throughout %ne United States today are of the diesel-

electric type. Sources of noise from this type of power-

(7);_ plant, ranked from highest contributer to lowest are:

* Diesel exhaust system

"('i;"i _ Diesel enqine and surroundinq casing
LJheel - rail interaction end slim

* Electric generators

I
All electric locomotives, that draw power from overhead

l wiresjare considerably quieter than the diesel type.

_,,_ Train cars proeuce noise primarily from the vehlcle-
[]

wheel-rail interaction and slip, The magnitude of the noise

i proouceu is largely a function of the condition of the car

wheel, track, and whether or not the track is welded. The

t
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_Ided track produces less noise from rail slip.

_,ff Perhaps the most insidious source of noise from

rail transportation is the braking system conventionly

;'_ used. The iron-composition brake system produces a high

frequency)noisethat can be in excess of 120 dBA near the i

.......... source. I

fl
Rapid Rail Systems

The rail rapid transit systems found most commonly in

•_._ larger urban areas utilize electric multiple unit rail
cars, hence the ]argest contribution to overall noise

- _ generation is produced in the rail-_vheelinteraction.

} Other systems that employ rubber tires on conctete roadbeds

>N do not produce as high a level _rom _vheel interaction,

i I The characteristics of the rubber tired vehicle are similar
_i to tPat of an automobile or truck which was discussed

:"'I previously, In conjuctlen with the fixed rail system,

the use of welded rail, good maintenance of cars and trackj

j and the incorporation of sound absorption materials in

the roadbed will all tend to reduce the total noise pollution

generated by fixed rail systems.

J Subway noise generation is a more serious problem

k ane hazzard, due to the fact that noise produced by the system
enclosed in a tunnel is reverberated and magnified. The

|

-__ -71-
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• + • , .............. .

P

P

P application of noise absorption materials to the inside

of the tunnel would lessen the impact,

The noise levels experienced by persons waiting to

embark on a subway platform is characterized by large

; variations and sudden changes. The na_lnitude and amount

of _nese changes varies widely from system to system.

i _ Comparison of two systems in shov1 in Figure 35 .(4)

_. FIGURE 35

J_ |OQ

m {] .l. I
:; " f Amv.z / "_ _,val

• ! p

i_opa2tuzo ° . _
"-0 50 60 " " _

a_o_ufo %q...., + +
}or° PA_8 40 n_P_INI Max, dtstio_ Lovotm MO_, Btatl_n Lnvoil|i i , )0

50 100 ;_00 400 800 1600 3:_00 6400 5Q 100 ,_O0 400 900 1600 )ZOO 6400

O(;llva Pnr_ Calnto+ +Pl_quoncloI, CPS Ocl_va a+ur_ C_fltllt }'ro QtJlS11c_oll CP_

i
"." H These values tend to be quite high and cen represent e

substantial degree of risk of annoyance and discomfort to

• _ passengers waiting to embark in these stations.

b The designer of rapid transit systems must be concerned
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with minimizing the noise exposure for both the passenger and

non-passenger. Hence, design considerations for the

r: vehicle and roadway must take both the exterior and interior

._._, noise levels into account. The analysis of interior noise
levels and their abatement is a subject for mechanical

_. and acoustic engineers and designers, and is not treated
_ M

in this report. Table 3 shows the probable renkinq of

rapid transit system noise compo,ents and Table 4 des-

_ _: cribes the tall transportion noise and vibration, sources,

an_ methods used for noise supresslon.

RAPID TRANSIT t_OISFSOURCES
TABLE3

_,JJ

_ J I_@I_IIN_ EXCI_ATII_I Bv _OIATO n

_ RAIL STICK.,_LIp,WHE| L.TOfl AiL SLOE| OF mall.

, , CONCmET_I_OADBED V£ RTICALIRmgGULAm_TII:_iN mAIL,
,_;'1 VO_IEEL _IQADIICD

; I_1 A_ fllALBT/I UOCUml[ WHCEL,RAH.VE_TICAI. RRGOU(*ARITY, GImD_N,BQ^DS_D

_,_OFUi._fOel UNn_I.ANC_: O_1_ AN_313_AmlNO kI_TDR,CAR IIDDy, Ge._RIIOx
i

[] VJEPITII.ATINGFAN_SIN CA i3LAD£TUR_]UL_NC£UNBAI.AN£_ AIr(,_TRgAM,_ID(_I_

2

I

"" b
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AIRCRAFT NOISE AND SONIC BO0_I.

The most publicized and most discussed source of noise

_i_ i_ our environment today eminates from the air transport-

orion systems. Citizen complaints have be re_listered for

years, ever since the aovent of the Jet propulsion system

.;._ In the mi]itary ana commercial aviation industry.

The major source of noise annoyance associated with

aircraft eas as its cause large commercial aircraft operating

from airports near urban communities. The noise produced
by aircraft is unioue from other transportation sources

_;__ in regard to Its s_ectral content, amplitude, duration(3)
_ an propagation.

Prooulsion System lloise

',|r,.!

The dominant source of noise 'from the early turbojet

._.__ engines was the jet exhaust gases mixing with the surrounding

_, air, producing a turbulent mixing.and high noise levels.

I'r I
C'

Sound pressure is known to increase rapidly with increases

in jet velocity, _ence high noise Iove]s are produced.

The turbofan engine, which has to a cJreatextent

i replacec the turbojet engine, has decreased the noise level

"" I associated with the exhaust jet velocities. However,
turbofan engines create a high frequency, hiqh intensity

k fan whine, which is considered to be their prime noise(3)
generator. Figure 3Gshows the various types of major

k
75 -
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P

P
?

_ commercial aircraft in use throughout the United States (7)r
today, and the typical noise levels associated with each.

Noise Abatement throush Improved Engine Technolo_ (13)

,. _ Recently, with the introduction of the Boeing 747 and

the MsDonnel Douglas DC-IO, new turbofan engines were

! designed to reduce the noise levels generated by exhaust

gas velocity and fan whine. Modifications made to these

engines to _educe the noise levels have no,t app_eclably

_, [] increased engine weight or fuel consumption.

_: [] In the future, with technological advances, a greaterv m
thrust-to-weight ratio is hoped for. These gains can then

? m be traded off fo_ lower noise generation in many ways:
m

* oversize engines, relative to mlnimun foe

.J.'_ takeoff, to permit faster climb _ates

* Lowe_ fan speeds to produce lowe_ approach

"": and takeoff whine.

_ * Lower turbine inlet temperatures, which

yield lower average Jet velocities.

|
Although the t_ansportatlon planner may not be directly

concerned with improvements in aircraft noise abatement on

the mechanical side, there is much he can do to minimize

the noise impact on the communities surrounding the aircraft

terminal.

h
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" _ Scientific studies of the reaction of people to air-

craft noise have led to a quantative measurement for

annoyance to it. This numeric value is defined to be the
C

i_i_ NOISE EXPOSURE FORECAST (F_EF), This measure takes into
account a _lumber of variables in forecasting annoyance due

_ _ tO aircraft flyovers:
I. Loudness of noise from the Individual air-

_ craft.

2. Quality of the noise (broad band characteristics

_:_ 3, Duration of noise.

4. Frequency of occurance.

S, Time of day the noise occurs.

T" _ The noise exposure forecast is determined by integrating

the factors as schematically shown belong:

•!i_ |

,!'_| _,oooooovl
" Nol=lnouof a CommunityImpactof

sing{o0Ircr_ftSOund, Occurrence relatedto

t rolnteato indivlduol ¢ompatlblasubloctlvoresponse landuse

Ii ÷ __. I
i

: J PerCQIved el Exposura

I NoiseLeveJ D_y Forecast /

_:, Aircraft I

i! b TrackandProfile

|
• 7_ .

i



F

At each level of the NEF scale an average respose

of people to aircraft noise is predicted. As an example
and NEF of 30 correspond to a condition where conversations

_.i_ are repeatedly interrupted, for a total duration of thirty
minutes during a day. At this same NEF about 50% of the

people will experience sleep interuption (for populations

_ of older people, this proportion is hlgher).

i7_ To use the ;(EFas a planning tool it is necessaryi

iI_ to compute its value at locations surrounding the air
terminal. Equal NEF contours can then be drawn on a plan

map. Figure 37 is an example of this. Figure38 , taken

from the Jamica Bay - Kennedy Airport report is a more

- m detailed map showing not only the NEF contours, but a?so

'_m noise sensitive areas in the impact area. A land use
) compatibillty.criteria, such as that su(]gestedin the

!_!_R Oamica Bay report and shown below, can be used to determine

the location of land use types. Of course for areas

7,, i_"_ that surround air termininals and are already built up, the

criteria cannot apply. However, the criteria can still be
used for any future development or re-development of the

i.' I area.LandUseComponbIlltyChartforAircraftNoise
LandUseCompaUbIIlly

I °. O,Jldc,_rOuldoor Rccr¢_-

. Omces, Schools, Thealers, Amphl. tlon_l
Nols¢-Expozuro Reslden- Comm©r. ]-Iotcl. Public Hospitals, P.udbo- tbc_(ers, (Nons_¢.

i ]Forecast An:== tial clel ]_olcL auildlnas Churches riums Theater= (alor) Industrial
_30 Yes Yes Yea Yes '. " Yes Yes

• 9otwecnao

I and40 i Yes ' No No No Yes Yes
_>40 No No No No No No Yes

I_ •/_ delllled nolle anJlylll Ihould be tJnd_rlekenby qualifiedpersonneltar ill Indooror ouldoO_"musicaudilorlumsand sll ouidoor /h=alcrl,
- • OC_o hJllo_ ¢=_el[encelndJcatelIbet IndividuxdsII1 pr[val=remldctlceJmlla¥coml,lnln,perhapsvUor0umly,ConcerledBmup action Is po,dble. New

tlllllle.dw©lllll_conlII_ClIONIhould ilenerlzllybe avoided..Fo arl_erztco.;stru¢ilon,,nppllel.
'_AxtnC_llylllof buildJnBItol_ rcduclionrequirementssh_l_be re=de,and needednails cnntrol feature| shouldbe Inelud©dIn the buildingde,!gn.
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'_ SonicDoor

_ Sonic booms are shock _vavos that propagate through
C_

the atmosphere from the.region around an aircraft traveling

:.!_ at supersonic speeds. The amplitude and duration of the boom

i_ are affected by the aircraft volume, freight, length and
ift characteristics. To alesser extent the boom is

! _ affected by the t,lachnumber or speed of the aircraft.

!,,_ The general characteristics of the atmosphere, temp-

erature, wind gradient and tileamount of turbulence,

_'_ nave the effect of distortion of the boom signature.

-._ Under normal flight conditions, the amplitude of

), a sonic boom reacho a mazimum of about two pounds per

square inch. Sonic booms have short durations, measured in

milliseconda. The detection of a sonic boom does not

i;'I
- require the observer to be directly under the flight path.

!,! Indeea, the distance over _,lhlcha boom propagates has been

known to reach thirty miles and more. The dispersion of

i the boom is a function of aircraft altitude, speed and the

i general condition of the atmosphere.

The spectrum shape of a sonic boom sho_s a high level

| of sound energy concentrated belvtmlO0 }tz. This would

indicate the potential of a sonic boom to produce structural
vibrations and associated damage_ depending on structural

:!: k strength.

Ath this point in time, there seems little that can

.-b be done to reduce the iBp_t-of sonic booms.

. r
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i:i_'' This report has summarized the noise impact of major

,:_ transportation systems on the environment.. It is not

all inclusive in its scope. Such a report would be volumes

in length. Instead, its main thrust is to illustrate the
L*3

state of the art in a.._ment of noise pollution as it_

!2_ pertains to transportation systems.
L_

! It would seem that the task faced by transportation

) system planners is not one of noise abatement only, but

!_ _i ana of providing for the movement of goods and people

_! on various networks, with the least environmental intrusiveness

;i_i as possible.

_!i!'lil The concern for noise abatement and transportation

•_:_' systems is relatively new. Planners now find themselves

i_i at a point where they must be concerned with another
,!

i: _r_ variable in the problem of route location, terminal design
_ml and locabion,and construction. Integration of plannin_
i
i_,_ "techniques that include a deep concern for environmental
|

impacts has nov/begun, llowevero the ultimate qoal should

:_ be the enhancement of the environment while achieving the

primary goal of providing needed mobility to a nation's

!ililJ people. Indeed, the two goals may be forever in direct

_ii h °P°siti°n to each other, in which case ,.,e are led back to

g
a situation of trading off increased transportation

!

i i!|

i _ - 83 -



F

F

efficiency for a decrease illenvironmental nuality.

Holvever, in regard to transportation noise pollution,

mucn caf_ be done to improve the situation. Positive steps

ii__ have already been taken, in the form of criteria that have

_ _ to be met in planning for nev_networks. Assuming that
:- modes of transportation will remain relatively constant

in the ferseeable future, I believe the key to noise abatement
.i

lies In re-engineering t_.1ocomponents of the problem:

the source and the receptor.

!i.__ In regard to the source, technolo_lical advances in

desing df vehicles, propul_ion systems and locomotion

: _ could be employed _ith an eye t_,ordsless energy loss

; j through radiated noise. Tileinteraction of the vehicle
wheel with the road_.#ayseems to be the place where nluch

!:_!I improvement can be made. One recent advance in tire design

.; brought to r.lyattention by a representativc of Firestone

i Tire and Robber Company, involves the incorporation of

a ske_ved tread design _vhichis claimed to radiate less ,
noise. If methods like this one prove te he effective, •

i_!';''k they may be applied icetruck tires as Ivell. In reqard to ;

tall transportation, replacei_lent of old track _vith welded

.._j rail and new designs of braking systems _vouldhe an aidL.

in reducing the amount of generated noise. These measures

|

h
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will take some time to implement, as old vehicles are

_ removed from service. As for the aircraft transportation

industry, it has been demonstrated that noise abatement

_ at the source can be accomplished. Continued effort in this

i:_ area should lead to further reductions,

f There can be no change Jn lhe human auditory system.

We will still perceive noise in the same way we always have.

' _ However, modifications of the noise we do perceive, and its
intensity can be accomplished by alterin_ the medium

_,_ through which the noise travels. In reqard to highway

networks, the use of barrier walls has been shown to have

i-t_ limited effectiveness, at least in one study. However,

!I:_ it should be remembered that a reduction in noise level
of 6 dgA is an apparent halving of sound intensity, and

_I therefore barriers may be an attractive way to effect the

_ reduction. Perhaps the most effective way of reducing the

_:j noise level that annoys people is to move them further from

'ij the source, by integrating the hiqhway system into land
i.,

_" use areas that are not noise sensitive, Of course in

every case this may not be practicle. Where origin-destination

surveys and other planning tools dictate that a facility

_il oass through areas that are particularily noise sensitive

(school zones; hospitals and established residential areas)

every effort should be made to provide a wider right-of-.ay

|
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and depressed designs to produce larger distances between

the noise source and ebserver. Of course incorporation of
acoustic barriers will further decrease the generated

noise. Costs will increase when these methods are employed.

It is suggested that an intensive economic analysis of

i;_ tbe proposed plan include not only the benefits to road

user but also the benefits to the populations surrounding

the facility planned. Restrictive land use policies around

air terminal facilities seem to be the best means of reducing
noise impact at the observer. I_here facilities are planned

.i'_ consideration of surrounding land use is paramount.

Zoining should be restricted to forms that are not noise

M_' sensitive: industrial, light manufacturing and commercial.
C

_:_N In areas that are built up around an sir terminal, every
effort should be made to replace existing land use that

C_ is noise sensitive,at its retirement,with one that is not.

i

_.i)t,_m, These measures will not be a total cure for the
_roblem of n6ise pollution, but they will tend to create

" i leas noise impact on the human community, and hopefully

lead to an improved environment.

;|

:!|
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_ _ U.S. DEPARTMENT OF TRANSPORTATION
FEDERALHIGHWAYADMINISTRATION

WASHINGTON,D,C*20590 J

p
POLICY AND PROCEDUREMEMORANDUM

Tranomittal 279'
February 8, 1973

l, MATERIAL, TRANSHITTED[]

-- _ PPN q0-2. Subject: Noise Standards mad Procedures ,']

2. EXISTING ISSUANCES AFFECTED .rSupersedes Advance Copy 0£ PPH 90-2 dated April 26, 1972. "

| 3.c0,=g ;i
PPN 90-2 has been revised to incorporate auggestlona and respond !

R to co=ants resulting from clrculatlon of a draft anvitonmmmtal I;
M state.oat, gigai£icant changes are: p

_._ a. Table A_ Low Noise Level Hlghwaye,haa been deletedb. The level of detail required during location phase has
bemm clarified ''

i c. The use 0£ quiet vehlcle noise prediction methods hae bean. ..deleted I,,

The design noise levels in the standards represent a balancing of _:

I that which may be deelrable and that which _ay be achievable. _"" " Consequently, noise dmpacte can occur even though the design hOleS !
levels are achieved. The values in Table 1 should be viewed as

I maximum valuta, recognising that in many casco_ the achievement 0£ Ilower noise levels would result in even greater benefits to the

community. Highway agencies are urged, there£ore, to strive for inoise levels below the values in Table 1 where the lower levels can

I be achieved at rmaaonable without undue and where ,_
COSt_ dlffieultyl

the beae£1ts appear to clearly outweigh the costs and efforts required.

I Projects which received location approval prior to July 1, 1972. are 'not required to adhere to the standards provided design approval iv

I NOTE: This PPM is being reissued due to incorrect assembly of the

eriaa  rint n

b



?
obtained before July i, 1974, However, the Federal Highway Administration _._

encourages application of the noise standards to such projectswhenever poesible.

!, m For a 12-month period beginning with the date of this Iscue_

L, _ copies of each exception approval letter together with the Starers
raqucoe Dhall bc forwarded =o both the Regional Admlnia_rator and direct

._-- to the Wnshlnston office (HEV-IO), unless advised to the contrary by the
I Regional Admleiatrator,

4. Effective Date
i

:,, Tha offactlvc date of this PPM is the date of issuance..

R. R. Bartelameyer I

_:,_ _ Actdng Federal Highway Administrator + :IDISTRIBUTION: i

_aolc i

"+?+! ,o+°+o ,o_.+_ ' I
Page(s) Page(s) • ,

1 thru 6 April 26, 1972 1 thru 4

-:'i_ _tcachment I 1 April 26, 1972 Appendix A

_Attachmsnt 2 I thru 2 Aprll 26, 1972 Appendix B, B-I thru B-4 "J .

_i Attachment 3 1 thru 4 Aprlt 26_ 1972
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U,S. DEPARTMENTOF TRANSPORTATION Transmit tel 279
_1 F£DER^LIIIGIIWAYADMINISTRATION

I k_,j POLICYAND PROCEDUREMEMORANDUM g O-2 ,'February 8, 1073 _

NOISE STANDARDS AND PflOCEDUnES

_,_ Par. 1. Purpose 3, NOISE STANDARDSI'.[ 2. Authority
3. Noise Standards a, Noise standards are appended as
4. Applicability Appendix B. Federal Highway Administra-

5. Procedures lion encourages application of the noisestandards at the earliest appropriate stage
Appendix A - Definitions In the project development process.
Appendix B - No!se Standards

b. There may be sections of highwayswhere itwould be impossibleor Impractl=
cableto applyninesabatement measures, ..

1. PURPOSE This could occur where abatement measures

would not be feasible or effective due toTO provide noisestandardsandprocedurm physicalconditions,where thecosts of abate-
for use by State highway agencies andthe meat measures are high In relation to the
Federal Highway Administration(FIIWA) in benefitsachieved,or where themeasures
the planning and design of highways approved required to abate the noise condition con-

_2 pursu,'mt to Title 23, United States Code, and flirt with otller Important values, such asto assure thatmeasures are takenInthe deslrableestheticquality,importantecologi-
overallpublicinterestto achievehighway cal conditions,highway safety,or air
noise levels that are compatible with different quality, in these situations, highway agencies

land uses, withdue considerationalsogiven shouldweigh tileanticipatednoiseimpactsto other social, economic and environmental together with other effects against the need ;
effects, for and the scopeof the pro oct in accordance

with other FiIWA d rectlvos PPM'B 20-8. F
I_ j 2. AUTHORITY 90-i, and 90-4),

Sections 10O(h) and (i), Title 23, United 4. APPLICABILITY"
States Code, state that g1_idelines shall be [

promulgated "to assure that possible adverse In order to be eligible for Federal=aid i
economic, social, and environmental effects participation, all projects to which the noise
relatingto any proposed projecton any standardsnpplyshallincludenoiseabatement ; .'

Federal-aid system have been fully considered measures to obtain the design noise levels In at;indevelopingsuch project,and thaithe final thosestandardsunless exceptionshave been

decisions on the project are made In the best approved as provided herein,
overallpublicinterest,takingintoconsidera-
tionthe need for fast,safe and effielenttrnns- a. Pro'ecrutowhich noisestandards
portatton,publicservices, and thecostsof apply. The noisestandardsapplyto all----

[_ eliminatingor minimizing such adverse highway projectsplanned or constructed
effects and the following:. (1) air noise, and pursuant to Title 23, United States Code,
water pollution; . . , " and that Tile Seers- except projects unrelated to increased traffic ==
tar//, after consultation with app_opriate noise levels, mlch as lighting, signing, land-Federal, State, and local officials, shall seeping,safetyand bridge replacement.

develop and promulgate standardsf0r.highway Pavement overlaysor pavement reconstruc- 'noise levels compatible with differonI lanti tion can be CObStdered as famng within this
uses nnd after July I, 1972, shall not approve category unless the new pavement is of a
plans and specifications for any proposed type which produces more noise thna the

i project on any Federal-aid system for which type replaced,
location approval has not yet been secured
unless he determines that such plans and b. Approvals to Which Compliance
specificlttionaincludeadequate measures withNoise StandardsIs Prerequisiteto implement the appropriate noise level

Projectsfor which locationwas
slsndards. ii

(l)
approved prior to July 1, 1072: Compliance

|
•
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_with noise standards shall not he a prerequisite (2) Noise Analysis. For applicab_e
to any subsequent approval provided design projects,analysesof noise and evnluatlonof
approval is secured prior to July I, 1974, If effects are to be made during project develop =
design approval is not secured for such a proj- ment studiesusingthe followinggeneral steps:

_j cot prior to duty i, 1974,compliance withthe
: noise standards sitall be a prerequisite to (n) Predict the highwny-gensr-
securing both design approval and approvalof atednoise levelas describedintho standards

_ plans and specifications,However, such foroaci_alternativeunder detailedstudy,
• compliance sl_all not he a basts for requiring
reconsiderationof tilehighway locationor any [b) Identifyexistingland uses
other approval actionwhich has previously or nctlvitleswhich may be affectedby noise
been taken for such projects, from the highway section,

(2) Projects forwhich locationis (c) By measurement, determine
approved on or after July l, 1072: the existing noise levels for developed land

uses or activities,

(a) ItioeatlonnpprovalwaB ,requested on or beforeDecember 31, 1972, (d) Compare thepredictednoise
compliance wRh the noise standards shall be levels with the design level values li_ted in the
n prerequisiteto obtainingdesign approval Dad standards, Alsocompare the prediatednoise

-- _ approval of plans and specifications,Cam- Iewls wtth oxlstlngnoise levelsdete:nm..Incdin

"- _ pliance with tile noise standards shall not be paragraph 5a(2)(c), These comparisons willa prerequisiteto obtaininglocationapp_'_val, be the basis fordeterminingthe anticipated
nor shallsuch compliance be a basis for impact upon landuses and activities,
requiringreconsiderationof the highway

locationor any other approval actionwhich (e) Based upon thenoise impactshas previously been taken for such projects, determined in paragraph 5a(2)(d), evaluate alter-
Combined locationand design approval shall nativenoise abatementmeasures for reducing
be handled in the same manner as separate or eliminating the noise impact for developed

design approval, lands.
(b) If location approval is (0 Identify those sttuo.ttona

requested after December 31o 1972, corn- where It appears that an exception to t_'le designpliance with the noise _tandards shall be a ttoise levels will be needed, Prepare recom- . ,

prerequisite toobtaininglocationand design mendatlons to be includedin the trafficnotesapprovals as wellas approval ofplans arid report, (This reportmay be a portionof the
speaifications, locationand designstudyreportsor itmay be

a sepnrate report,) ' ,I

'M 5, PROCEDURES r1,-.: I, (31 LocationPhase and Environ- I , '
The name strmdnrds should be imple- mental Impac_'_tatemont Reqntrements, To the _ " i

mented at the earliest appropriate stage in extent this PPM Is applicable to the location

I the project development process. These phase of projects under paragraph 4. the noise _!procedures have been developed a_cordtngly; report shall describe the noise problems which ',
may be created and the plans for dealing with

a. P.roject Development. A report such problems for each alternative under , I

[_ on traffiC'noteswillbe requiredduring the detailedstudy, The levelof detailofthe , =
• locationplanningstage and the projectdesign noiseanalystsinthelocationphase should be "'I

stage, The reports may be sectionsinthe consistentwlththelevelof detailin which the i , i
locationand design studyreports, or they locationstudyitselfIsmade. This Informa-
may be separate. The procedures for noise tlonincludlhgn preliminarydiscussionof !

t analysis, identification of solutions, coordl- exceptions anticipated shall be set forth in the I 'nationwith localofficials,ar{dincorporation locationstudy reportand summarized in the
_fnoise abatement measures are as follows: environmentalimpact statement(ifone ispro-

pared) and as npproprlate,at the location

I (1) NonapplicableProjects, Ita hearing(for 1ocatlonhearings afterDecemberState highway department determl_es (in 31= 19'12), Studies and reports for highway
accordance with paragraph 48, thatnoise locationsapproved beforeDecember 31, 1972_ ",
_tmldardsdo not apply to a pm,ticularproject, neednot includean analysisand reporton
the requests for location approvnJ and design noise, In such Instances, the noise analysis

I shall contain statements to that and will be for the
approval report required o_y design
effect, tncluding the basis on width the State approval.
m_de its determination,

| •
|
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_..-- (4) Design Phase Requirements. The thus limiting ]ocal gnvernmenUs ability to
noise snalysi_ I"p_pa'_'c-d_ oo_huse maintain control over adJoining land uses,

is to be updnted and expanded using the refinedall/_Iment and design information developed 2 The benefits to be
during the design studies, The report on derived from the u'se of highway funds to
traffic nolse will Include a detailed analysis provide nolse abatement measures is deter-

_, of the anticipated noise impact, alternative or mined to outweigh the overall costs.
proposed abatement measures, dlscuneinn
of coordination with ]scat officials, and 3 The noise abatement
recommended exceptions, measures can be p'rovided within the highwaytn

proposed right-of-way or wider rlghts-of-

i5) Coordination with Local way oz"easements acquired for that purpose....i Officinla on U'__TI_svny
_gnr_cies have tile responsibil_y for tnldng (c) There are some situations
measures that are prudent and feasible to where the design noise levels should be

assure that the location and design of highways applied to lands whinb are undeveloped atare compatible with existing land use. Local the time of location approval. Some of these
governments, on lhe other hand, have reopen- instances occur where the development of
slbillty for land developrneni control and zon- new land u_*s or aetlv!tles is planned at the
mg. Htgllway agencies can be of considerable same time as ins highway location studies.

_. assistance to local offlcia]s in these efforts Other instances occur where planning forwith a view toward promoting compatibility tile new development has preceded the high-
between land development and bigltways, way location studies but the development
Therefore, for undeveloped lands (or proper° has been delayed, These types of Bituatinns "i

tics) highway agencies shall cooperate with should be treated as though the land use orIocaf offini,'ds by furnishing approximate activity were in existence at the time of
generalized future noise levels for various location approval provided:
distances fron3 the hlgbwfly improvement,

l and shall make available information that may i The State highwaybe useful to local cbmmunlttes to protect _genvy is apprlsec]'of such prior planning.
" " future land development from becoming incom-

patible with anticipated highway notre.• levels. 2 The construction of the

_ new land use or activity is started prior to
(6l Noise Abatement Measures for highway construction or there ls good reason

Lnnds Which are Usdeye_l_oped at Time of to believe that it will start before highway ' " '

Location Aj_rova] construction, t ' . ,

(a) Noise abatement measures (7) Incorporation of Noise Abate* ' '.' are not required for lands which are undo- moat Measures tn 1_lans and Speciflcatlons. " '
ycleped at the time of location approval; how- _'or those pro_ects to which the standards r,!_
ever, the highway agency may incorporate apply, the plans and specifications for the '

noise abatement measures for such unde- highway section shall incorporate noise- veinped lands in the project design (if abatement measures to attain the design
approved by FHWA) when a case can be made noise levels in tile standards, except where
for doing so based on consideration of an exception has been granted.
anticipated future land use, future need,

I expected long term bonefits, and the difficulty (8) Requests for Exceptions. .'_.and increased cost of later incorporating Requlrement_ and supporting materlala for
abatement measures, requests /or exceptions to the design noise

levels are described in paragraph 2 of

N (b) For land uses or activities Appendix B to this PPM. To the extentwbich develop after location approval, noise possible, consistent with the level of detail
abatement measures should be considered for of the location study, identifiable exceptions
incorporation in ins project in the following should be reported in the location study report.

! _L situations: Tim request for location approval shall con-
tain or be accompanied by a request for

1 It can be demonstrat0d approval of exceptions that have been identi-
that all practlcabl_ and prudent planning and fled in tile location stage. Supporting
design were exerci_ed by the local govern- material may be contained in the location

i meat mid the developer of the property to study report. Subsequent req_est_ for reviewmage the activity compatible with the pro- and approval of additional exceptions, if any,
dieted noise levels which were furnished to the will be slmilarly processed in conjunction
local government and especiallyuthat a con- with design approval.

_iderable amount of time has elapsed betweenlocation approval and highway construction

•3
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'-- . .

b. Federal Partial,sties (_ ' ' '

(11 Shifts in alignment and grade

are doslg_ measures which can bo used toreduce noise impacts. The followlngnolse
abatement measures may also be incorporated
in a project to reduce highway=gensraled

_, noise impacts, The costa of such measures'" may be Included in project costs.
z.

(_ The acquisition of property
rights (either in fee or a lesser interest) for

:, _ providing buffer zones or for installation or
't [_ construction of noise abatement barriers or

devines,

(b) The installation or construe* • . 'i:" tips of noise barriers or devices, whether t,
-- within the highway right-0f-way or on an

easement obtained for that purpose,

(2) In some specific cases there may
be compelling reasons to consider measures , .
to "Bound-proof'* structures, Situations of ,'
this kind may be eonaldePed on a case by

W case basis when they involve such public ornon-profit institutional structures as schools,
churches° libraries, hospitals, and audi-
toriums. Proposals of this type, together

I with the Statels recommendation fop approval,", t shall be submitted to FHWA for consideration

_ e. Approval Authority [

(1} _xeeptlons is the Design Noise , ' [

_ I_ Levels, The _VA Division _nglneer is ': , I_,; authorized is approve exceptions to the design
• noise levels and alternate traffic chores- _ , j,

_:_:,IB1 tertsties for noise prediction as provided _._ ' 1in paragraph 3b; Appendix B, (

i 12) Noise Prediction Method. Noise
%: _ bevels to be used in applying the noise start- ,!

':':'qIll _darda sl)allbe obtained from a prediction
V method approved by FRWA, The noise pro-

dictionmethod contained in National Coopera-
tive Highway Research Program Report 117 ._(

:!'_!_ and the method containsd in Department of ""
_d

II Transportation, TransportationSystems
Center Report DOT-TSC*FHWA-72-1 are , '

• approved as of the date of this issue for use
in applying the noise standards, Other

_'! II noise prediction methods or variations of the
above should he furnished to the FHWA Office ' i
of Environmental Policy together with sup- . ,

I_ porting and validation information for approval
B

|+'+ R. I_, Bartelemeyor
Acting Federal Highway Administrator

f| .
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DEFINITIONS (As used In this PPM)

(described in PPM 20-B) by lhe Federal ItighwayDesiRn Approval the approval given
Administration(FHW'A) (atthe requestof a Statehighway department)based upon a design
study reportand a design publichearingor opportunitythorcfoPo Thisactionestablishes
FtIWA acceptance of a particular design and is prerequisite to authorization of right-of-way

acquisition m_d construction,
Design Noise Level - thenoiselevelsestablishedby the noisestandardsset forthherein

for various landusesor activitiesto be used for determiningtrafficnoiseimpacts and the

p assessment ofthe need for and typeofhOleS abatementtreatmentfora parttculnrhighwaysection,

Design Year - the futureyear used to estimate theprobable trafficvolume tobe used

as one of the primary bases for tileroadway design. A time 20 years from constructionis
common for multilaneand other major projects.'Periods of 5 or 10 yearsare notuncommon
forlow volume roads.

Developed Land Uses or Activities- thosetractsoflandor portionsthereofwhich con-

talnunprovements or activitiesdewted tofrequenthuman use or habitation.The dateofissueof a buildingpermit (forimprovements under constructionor subsequentlyadded)
establishesthe dateof existence. Park landsin categoriesA and B ofTable 1, Appendix B,
includeallsuch lands(publicend private)which are actuallyused as parkson thedatethe

highway locationIs approved and thosepublicInnds formallyset asideordesignatedfor"such use by a gnvernmental agency. Activities such as farming, mining, and logging are not
considered developedactivities,However, the associatedresidencescouldbe considered
as a developed portion of the tract,

Section- a substantiallengthofhighway between logicaltermlni(major cross- '
lli_hwa_

roads, populationcenters, major trafficgenerators,or similarmajor highway controlele-
ments) as normally includedin a singlelocationstudy,

_ LlO - the sound level that is exceeded lO of the ifme (the 10thpercenlile) for the , ;
percent =

perio_nder consideration. This value is an indicator of both the magnRude and frequency i
of occurrence of the loudest noise events,

Level of Service C - traffic conditions (used and described in the llighway Capacity Manu0J= ' '." " Highway Research Boal"d, Special Report 87) where speed and maneuverability are closely _!_,controlled by high volumes, and where vehicles are restricted in freedom to select speed,
change lanes, or pass.

| 'LocationApproval - the approval(deserlbedin PPM 20-8) givenby the FHWA (atthe
request of a State Highway Department) based upon a location study report and a corridor
public hearing or opportunity therefor. This action establishes a particular location for a
highway sectionand is prerequisiteto authorizationtoproceed withthedesign. (Concurrent ._

I locationand designapproval is sometimes given projectsinvolvingupgradingexistingroadD.f,or
In these instances, location approval isnot a prerequisite to authorization of design.) i

Noise Level - the weighted soubd pressure level obtained by the use of n metering charne-

l teristlc and weighting A as specified in American Nntinnnl Standard'Specification SI, 4-1971.The abbreviation herein used Is dBA,

OperatingSpeed - the highemt overaU speed at which a driver can travel on a givenhighway

under favorable weather conditions nnd under prevailing traffic conditions without at any timeexceeding the safe speed as determined by the design speed on a section-b_-seetinn bauis,

Pro_ect Development- studies, surveys, coordination, reviews, npprovals_ and other
activities normally conducted during the location and design of a highway project,

I Truck - a motor vehiclehavinga gross VEhicle weight greater than I0,OOOpounds and
buDes having a capacity exceeding 15 passengers.

A-t .

.| • 9* '.



Transmittal 279 PPM 90-2
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• _ [_ NOISE STANDARDS

i. Design NoiseLevel/Land Use Relntlonsh!p

a, The design noise revels in Table ! (page ]3-4) =ire to be used during project development_ of a highway s0ction to determine highway traffic noise impacts nssocialod with different landuses or activities tn existence at the time of location approval. Ir_addition, the table is to be
_- used to determine the need for abatement measures for traffic generaled no{so fop dove|aped

landuses nnd ncttvttlesinoxlstenecat the time of ioeaHon approval. _xcepttons tothe designm_

__ noise levels may be granted on certain types of highway improvements or portions thereof when
L,. theeondit[ons outlined irl paragraph 2 are met.

b. The extertox"noiselevels applyto outdoor areas which haveregular humnn use and in

which a lowered noise loyal woLl]d be of bone/it. These design nettle level values arc to beapplied at those points within the spheru of human activity (at approximate ear level height) !
where outdoor activities actually occur. The values do not nppty tn an _nttre tract upon which ' "
the ._Hvlly isbauudjbu_ onlyto thatport{on{nwhich the actlvttyoccurs. The noise level

values need not beapplied to areas having limited human use or where lowered noise levelswould produc_ little benefit, Such areas would tar|tide btlt not be limited to _onkyards, lndustg*iQ1
areas, railroadyards, p_rking lots,and storageyards. ' !

o. The interiordesign noise levelin Category E applie_to indooractivitiesfor those

situationswhore no exteriornoise sensitivelanduse o_ ncttvltyisidentified,The inter{or
i

design noiselevelinCategory _ may a/sobe consideredns a bastsfornoise abatement
measures in special situations when, in the judgment of FHWA, such consideration is in the
besl public interest. In the absence o£noise insulating values for specific structures, interior ,

_ noise level predictions may be estimated from the predicted outdoor horse level by using the
following noise reduction factors:

Noise Corresponding Highext

_/ Reduction ExteriorNoise
Duo to Level Which Would

£xtertoro£ Achieve an latex'top Doalj_n
Bulldtn_Type Window Condition the Structure Noise Level of 55 dBA

All Open 10 dB 65 dBA
Light Frame Ordtrmry Sash It_

Closed 20 75

j With Storm Windows 25 80
Masonry Single Glazed 25 80

N Masonry Double Glazed 35 00
Noise reduction tartars higher thaJz those _hown above may be used when/teld measurements '?
of the structure inquestion indicate tllat a higher value is _ustffied. tndetermining whethez"
to use open or closed windows, the chores should he governed by the normal condition of the

I windows. That is, any building having year round air treatment should be tre_ted as the ,
$

closed window ca_e. Buildings not having air conditioning in warm and hot climates and which
have open windows a eubstpmtinl amount of time should be treated as the open window ease.

2. Exceptions
a. The design noise levels set out in these standards represent the highest desirable

noise level condR[ons. State highway departments shallendeavor to meet the design noise

levels in planning, locoting, and designing highway improvements. Howeverj there may be :sections of highways where it would be impracticable to apply noise abatement measures, This
could occur where abatement measures would not be feasible or effective due to phF_ieal con-
dittons, where the costs of abatement me/{Bursa are high in relation to the benefits achieved
or whore the measures required to abate the naiad condition costlier with other important valuefl,

such as desirableesthetic quality, important ecological conditions, highway safety, or airquRltty.

"B-1
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b. A request for an exception to the design noise levels can be approved by the ?
FHWA provided the bighway agency has supported its request by a written summary

report demonstrating that the following steps Ilave been taken and outlining lheresults,

it) identified holes sensitive land uses along the section of highway tn question
which are expected to experience future highway traffic noise lovals in exooss of the design

levels.
(2) Thoroughly considered s11 feasible measures that might be taken to correct or

improve the noise cosdltion.

(31 Weighed the costs or effects of the noise abatement measures considered
against the benefits which can be achieved as well as against other conflicting values such as
economic reasonableness, esthetic impact, air quality, highway safety, or other similar

values, and thereby established that reductton of noise levels to desirable dealg_l levels tsnot In tile best overall public interest for that particular highway section. " ,*

These decisions must ultimately be based upon case-by-case Judgment, However, every
effort should be made to obtain detailed information on the costs, benefits and effects Involved

to assure that final decisions are based on a systematic, consistent and rigoroua assessmentof ins overall public interest. '

{4) Considered 10sser measures that could result In a significant reduction of noise

levels though not to the design levels, and included such partial measures in the plans andspectflcaltons to the extent that they meet ihe test of economic reasonableness, practicabilliy,
and impact on other values, in the same manner as outlined in paragraph 2b(3J.

c. In reviewing request /or exception, the FHWA will give consideration to the type ofhighway and the width of th_ right-of-way. Now freeway projects and most projects for the
major reconstruction or upgrading of freewws allow for the use of noise control measures.
Noise control measures are progressively more difficult to apply on other highways, par-

ttealavly on local roads and streets because of numerous points of access, at-grade inter- . _
sections, limited ability to acquire additional right-of-way ao buffer =ones, and the impossibility
of altering roadway grades, constructing noise barriers and taking advantage of the terrain and
other nature] features,

d, Except in the moat unusual situations, exceptions will be approved when the predicted I .trvJ'fic noise level from the highway improvement does not exceed the existing ambient noiso I_[
level (originating from other sources) for the activity or land use in question,

3, Noise Level Predictions
a, Noise levels to be used in applying those standards shall be obtained from a prediettw

method approved by the Fi_VA. The predictive method and the noise lee01 predictions should
account for variations in traffic characteristics (volume, speed, and truck traffic), topography

5, _ {vegetation, bottlers, height_ and distance), and roadway cheracterlstins (configuration,pavement type, and grades), in predicting the noise levels, the following traIftc characteristics
shall be used:

(1) Automotive volume - the future volume (adjusted for truck traffic) obtained fromthe lessor of the design hourly volume or the mexlmum volume which can be handled under
traffic level of service C conditions, For automobiles, level Of service C [s considered to be
the combination of _peed and volume which creates the worst noise conditions. For those high-

way sections whore the design hourly volume or the level of service C condition is not anticipated_o occur on a regnlar basis during the design year, the average hourly volume for the highest
3 hours on _Lnaverage day for the deal_m year may be used.

(2) Speed - the operating speed (as defined in the Highway Capacity ManuaJ) which ear-

l with the design yeE_r traffic volume selected tn paragraph 3all) and the truck traffic
responds
prodinted from paragraph 3s(3). The operating speed must be eonalstent with the volume used,

(3} Truck volume - the design hourly truok volume shah be used for those cases

I where either the design hourly volume or level of service C wa0 used toe the automobile volume.
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, U.S, DEPARTMENT OF HOUSlHG AND URBAN DEVELOPMENT

'_' s/4/7l

_ ,, ,,,

" i. Thie Nof,_ca transmits the following:

Departmental Circular 1390.2, Noise Abatement and Control: Depart-

_j mantsl Policy, Implementation Responsibilities, and Standards.

2* E_plnnation of Material Transmitted
_/ m_ T_s Circular establishes noise exposure policies and standards to

_i! _ be observed in the approval or disapproval of all IIUD projects.
This Circular supersedes those portions _f existing program rngulations

_, and guidance doc_uaents which have less demanding noise exposure

!,_JI requirements. The Circulaz. (see paragraph 3) calls for promptadministrative actions both by Assistant Secretaries to incorporate
"- new noise policies and _tan.dards in thei_ program regulations and

other central office instructions, and by Regional Admialstrators

to identify existing problem cases.

! Tnsart:

_I 139o2 ,.

|

,|
i,

|
UX]E:DISTHIBUI'I0:,;:W-I, W-2, W-3, ;1-4

_:_:_'I R-S, R-2, -q-3, R-A, R-5
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U.S, DEPARTMENT OF HOUSING AND URBAH DEVELOPMENT

, L

CUFCULAg
;,T,

: a/4/Tz
.I

SUBJECT:
Noise Abatement and Control: Departmental Policy,

ImplementationReeeon_Ibilltiee.and Standards

i. PURPOSE AND AUTHORITY. It is the finding of the Departi_entof Housing
and Urban Development (NUD) that noise is a major source of environ-

mental pollution _.lhlchrepresentsa threat to the serenity and qualityof llfe in population centers. Noise exposure may be a cause of adverse
physiologicalor psychologicaleffects as vlellas economic losses.

i Accordingly,it is the purpose of Departmentalpolicy to call attentionto this threat,to encourage the control of noise at its source in
, cooperationwith other Federal departn_ntsand agencies,to encourage

land utilization patterns for housing and other municipalneeds that

I will separate uncontrollablenoise sources from residentialand othernoise-sensltiveareas, and to prohibit NUD supportto new construction
on sites hay;figunacceptablenoise exposures.

I• This circular thus provides policy to guide the exerciseof discretion
afforded in legislationon the various Hue programs. The circular is
based on authority provided in:

a. The Department of Housing ahd Urban DevelopmentAct of 1965
(PL.Bg-174)which provides that the Secretarymay make such rules
and regulationsas may be necessary to carryeut his functions,

_ po_vers,and duties, and sets forth, as a matterof national
purpose, the sound developmentof the Nation'scommunities and
metropolitan areas; and

b. The Rational EnvironmentalPolicy Act of 1969 (PL gl-19O)which
directs Pederal Agencies te develop procedures to carry out the
purposes of this Act.m

- _ 2. POLICY

i a. Foster Standards and Consumer Protection. It Is NUD's generalpolicy to foster the creation of con_rol_ and standards for
communitynoise abatement and control by generalpurpose agencies
of State and local governments,and to supportthese activities
by minimum national standards by vlhichto protectcitizens against

::"_ the encroachl_entof noise into their communitiesand placesof
residence.

,|
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•' (I) Planninq assistance. HUg requires that noise exposures

' I andsourcesof noisebe givenadequateconsiderationas'-."r an integral part of urban environmentsin connection
". withallHUD programswhichprovidefinancialsupportto

:_C_'m planning, This considerationshall be of a form that
;__ _ provides assurance that new housingand other noise• .. sensitiveaccommodationswillnetbe plannedforareas
_:. whosecurrentor projectednoiseexposuresexceedthe

'I standardscitedherein. In thisregard,HUDplaces
particularemphasison theimportanceof compatibleland

. im useplanninginrelationtoairports,othergeneralmodes
' " _ of transportation,and othersourcesof highnoise,and

';"_'I supports the use of planning funds to exploreways ofreducing environmental noise to acceptab e exposures by
use of appropriate methods. Reconnaissance studies,

i and, where justifiable,studies in depth for noise.: control and abatement will be consideredallowablecosts,

:.:. (2) New construction.HUD discouragestileconstructionof

" i new dwelling units on sites which have, or are projected
to have, unacceptablenoise exposures*,by withbolding
all forms of HUG's assistance for such dwelling units.

i This policy applies also to collegehousing, group prac-tice feciliti_, non-profit hospit._Is _ _d nurs_n_m homm.$.
(*See paragraph 4, Standards).

j,

•. _ (3) Existinnconstruction(includin9 Rehabilitation),HUeJ_':'_.. considers environmental noise exposurean importantfac-
,. tor indeterminingtileamountsof insuranceand other

;" assistance. Within cost restrictions,includin(_those
;'",I set by market forces, HUe encourages modernization

efforts for buildings in noisy environments when such
efforts improve the noise exposure environments without

I substantiallyincreasing the life of the structure.When modernization or rehabilitationwould substantially
increase the life expectancy of the structures, it is
iIUD'spolicy to apply noise exposurestandardscloser to

_'_I those applicable to new construction.

(4) Grants and allo;.lances,ilUDextendssuch assistanceto
R State and local governmentsfor tilealleviaPionof '
| community noise as may be provided for by the Congress

and as appropriate.

I
I i

Page 2
8/71
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i:"_ (5) Informationand _uldance (Researchand publication).,
IIUDmaintains a continuingprogram designed to provide
nmv knowledge of noise abatement and control to public

_ and private bodies, to develop improved methods for• anticipatingtheencroachmentof highernoiseexposures
, and to deal with this encroachmentand to fosterbetter

understandingof the consequences of noise. Dissemi-; ( nationwill be made through appropriate channels.

(6) Constructionequipment,buildino equipment and appliances.

_ HUD encourages the use of quieter constructionequipmentand methods in population centers, the use of quieter
equipment and appliances in buildings and the use of

i appropriatenoise abatement techniques in the design ofresidentialstructures and other structureswith poten-
tial noise problems. In appropriate circumstances, HUD
will allow certain additional costs for quieter construc-

I tionequipment.

(7) Acousticalprivacy in multifamiIx.dwellinqs,.HUD encour-
ages the use of buildino design and acoustical treatment

_ ( toaffordacousticalprivacyin multifamilydwellings.

(8) Adviceand cooeeration. HUD _elcomes advice and counsel

_>iI on improved methods fpr dealing with the noiseproblem, ,and encourages cooperationwith other units of government !
as well as with appropriateprivate and voluntaryorgani-

i;,,. I _ations.
I

b. Pro._mulag.a.teMinimum Standards. It is HUg's further general i
policy to promulgate minimum standards and guidelines with

._ I_ respectto noiseabatementandcontrol,to utilizesuchetan-
[] dards and guidelines as a uniform national policy to guide HUD

programdecisions, and to support appropriate existingpolicies
and standardsof State and local governments designed for noise

I controlandabatement.Inthis noise willregard exoosures

be divided into three groupings (to be defined in "Standards":

'"I (I)acceptable
(2) discretionary

--normally acceptable

"II --normally unacceptable

(3) unacceptable

.._ ,=
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m 3, IMPLEF4ENTATIONRESPONSIBILITIES

• _ 'a, Assistant Secretaries, Each Assistant Secretary shall prompt]y

• •'_],L_.m incorporateby referencethe Departmentalnoise abatement and- control policy, standardsand guidelines into appropriate regu-
.lations, guidance documents, and administrativeforms and pro-

:_' cedures for programs under his jurisdiction, including guidance
, _ for A-95 notificationand review, Further, each Assistant

Secretary shall evaluate the effects of, and compliance with,
.... . _ DeparLmenL_lpolicy, and identify program areas under his

jurisdiction in which additional noise centre] and abatement

'p. _. standards or guidelinesare needed.

! _ b. Re_.ionalAdministrators and Area and InsuringOffice Directors

- _ (I) One-time Report of Existing Prebl.emCa_es, Using this
pollcy statement as a common interpretation of existing
HUO program policies, each Regional Administrator based

-- _ on surveys by Area and Insuring Office Directors, sha]l
identify active and pending applications in his region
which are problemcases. Any cases for which the Regional

Administrator intends to seek an exception action by the............_._,d_dto _,,o• Secretary _i,_,,IAh,,_^_,,_ _ _, Deputy Under Secre-
t tary,,alongwith a draft EnvironmentalStatement, This
?. should be accomplisbedwithin 90 days of the effective

_':'_I date of this policy.

; [2) GeneralPolicyImplementation.Reglona]Administrators

and Area and Insuring Office Directors shall assure that_i this policy and the prevailing standardsand guidelines
are implemented in relation to a11 decisionsand recom-
mendations taken in their jurisdiction, effective from

_ the date of this policy, and that specializednoise
- I abatemen_ and control policies now associatedwith indi-

vidual HUD programs are conscientiously enforced.

|
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ii_P (a) Exceptionsto this policy, e.g., the approval
of

actions in tilerange of unacceptable noise exposures,
_' are strongly discouraged. Any exception to approve

: sites with unacceptablenoise exposures must be. accompaniedby a Section102(2C EnvironmentalState-
ment (see para 3c belo_v),and must be concurred in

' by tileSecretarywiththeadviceof theappropriate
I_ Assistant Secretary. Such matters should be re-

ferred to HUD Headquartersin the earliest po_ihl_
_- stage in the decision process. After common inter-
_,B pretation has been established, the possibilityof
•_ _ furtherdelegationwillbereviewed.

:" (b) Authority to Approve Now Sites. Administratively,

i' decisions_;ithrespectto proposedhousingsiteswith clearly acceptable noise exposures should be
delegated to the lo_;estpossible levels within

• '.'_ fieldoffices.Certainpositivedecisionsto go
"I{I ahead with sites with intermediatenoise exposures

aretobe concurredinby theRegionalAdministrator
i: (seepara.4b(1). TheRegionalAdministrator

i "" shall use his discretion,and if he is of the opinion_ thatan importantpreceden_or issueof national
. significanceis invoived,he snall refer _he case,

vllthreco_endations to,the Secretary prior to

_.._ decision. (See also paras. 3c and 4c}.

(c) Surveillanceof Noise Problem Areas. Regional

I _dministraTors,Area and InsUring Office Directors' and all field personnel,as appropriate,shall
maintain surveillanceon possible noise problem
areas and advise local officials and planning groups

-_ of the unacceptabilityof sites for noise reasons
at the earliest possible time in the decision pro-
cess. Subsequent to the cleanup of backlog pursuant

to paragraph3b(1) above, it is not anticipatedthat there will be a need to make exceptions to
this policy on the basis that the unacceptable

i sites have been "in planning" for numerous years.

| • ,, ,,,,
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p (d)Assessmentsand ofSouhd InProjections Exposures.
order to assure adherence to the guidelines and
standards, it is the furtherresponsibilityof each

-_ I Regional Administratorto require by appropriate
means assessment or authoritative measurement and

projections of sound exposures for at least five
years (and longer if, tbere is a factual basis),

with respect to applicationsand projects underreview. Recommended measurement and procedures
will be provided in the issuance of each new stan-
dard or guideline,

(el Notice to applicants. At the earliest possible
stage, HUD program adl_flnistratorsshall determine

thesuitabilityof theacousticenvironmentofproposed projects, and shall notify the applicant,
existing or prospective, of any adverse or question-
able situations.

(f) InterdepartmentalCoordination.RegionalAdminis-
trators shaFF-foster appropriate coordination with

/: _ other departmentsand agencies in tilefield, parti- 1
culai'lythe Z,,vh'ounlental_colecliunAdminis=ration,

", the Department of Transportation,military base
conmlanders and the Veterans Administration. The

'_.'I field offioes of the Departmentof Transportation
should be :onsulted for data on existing and projected
noise in the vicinity of transportation media, includ-

ingairports.

c. E.nvironmentalStatements. DetailedEnvironmentalStatements,
as defined by Section I02(2)C of PL 91-190 and i_iplementing

"_]_ guidelinesof tileCouncil on EnvironmentalQualityand this
l

Department, shall be prepared to accon_pany any request for an
exception to this policy circular and its standards and to

I aceon_panyrequeststo approvethosecases vlhichfallintodiscretionary noise exposureswhichare "normallyunacceptable."
Final EnvironmentalStatenlenbsshallbe filed with the Council
on EnvironmentalQuality 30 days prior to nnklng decisionson

I the exceptional cases.

d. Office of the Seoretary. The Deputy Under Secretary in the

i Officeof the Secretaryshallreviewand coordinatetheefforts under Assistant Secretaries, and provide Departmental
Evaluation of compliance _.liththis pal icy.

I , ,,
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'!_i_ 4. STANDARDS,

_,'_i 'a. Standards,incorporatingboth technicaland policy considera-

?i'_ tions,ivillbe promulgatedon the basis of review of the
nature of problem cases identified in the regions pursuant to
paragraph3b(1)above, and advice from consultants,R&D

contractsas appropriateand further study by the DepartmentalWorkingGroup on Noise. Technical noise assessmentmanuals
-'- _ may b_ issued by I!UDto provide further guidance onJ_oise

assessment and measurement to facilitate implementation of

thiscircular.
J

InterimStandards, The following interim standards are I

established.In applyingthese interimstandards,projected_noise exposures shall form the basis for decision. (See
AppendixI for explanationsof terms, definitions,and for I
backgrounddiscussion,) l

'_' (I) External Noise Exposures: Sites for New ResidentialCon-
struction (single ermultifamily 1

_ f (SeeChart, External Noise Exposure Standards for New
:'_1 ConstructionSites, on follov#ingpage)

"¢'_I

I

i,!|

'c: I

I
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CHART: EXTERNAL NOISE EXPOSURE STANDARDS FOR NEW CON8TRUCTION

SITES (Measurementsand projectionsof noise exposures are to be" maae at appropriate heightsabove site boundaries)

_ IENERALEXTERNALEXPOSURES AIRPORTENVIRONS

dB(AI CNR ZONE */ NEF ZONE */

_ INACCEPTABLE

Exceeds80 dB(A) 60 minutes

. _ per hours 3 C

Exceeds 75 dN(A) 8 hours

_'_ per24hours

(Exceptionsare stronglydiscouragedand requirea I02(2)C
environmentalstatement and the Secretary'sapproval)

)ISCRETI8NARY-- NORMALLYUNACCEPTABLE J '_
F.xcmedsG5 dB{A) 8 ilourspur

•_ 24 hours , 2 B

:_ Loud repetitivesounds on site

j {Approvalsrequirenoiseattenuationmeasures,the RegionalAdmlnistrator's concurrence and a I02(2)C environmental statement

I'c._ )ISCRETIONARY-- NORMALLY ACCEPTABLE
i

Doesnot exceed65 dD(A)morethan I

i 8 hours per 24 hours I
":_I ACCEPTABLE
• DoesnotExceed45 dB(A)morethan

30 minutes per 24 hours l A

_'_v/ Appond:Ix 2 1'o1' mx_J_cml_tti:,lls O[_ Composite .No;_ee Ilating (CflR) mind
See

Noise Exeosure Forecast £(;EF),

3
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HUD.'¢,',.,h,,LI,C,

!%*



,ij,_ * ,

(2) Interior Noise Exposures (for new and rehabilitated
residentialconstruction).

{Note: the standards listed below are performancestandards. The means required for achieving them will
depend'on, among other things, the external" noise levels,
the equipment and layout used in the building, and the[]

_ [] _oiseattentuation'claracteristicsof the bui ding's
....= floors and walls. These-standardsassume open wiodows

unless other provision is made for adequate ventilation.)

{a)'*Acceptable":

/Sleeping Quarter_.. For the present time, IIUDfield

_ _ personnelshouldconsiderexistingandprojected
nofse exposure for sleeping quarters "acceptable"
if interior noise levels resulting from exterior

noise sources and interior building sources suchas heating, plumbing, and air conditioning

_--do not exceed 55dg(A) for more than an accumulation

I of 60 minutes in any 24-hour period,and(
/--do not exceed ,15dB(A)for more than 30 ,,inuLe_

I duringnighttimesleepinghoursfromII p.m.to7 a.m., and ,'
{

¢._'-donot exceed 45dB(A) for more than an accumulation !

i of eight hours in any 24-hourday.

Other Interior Areas. HUD personnel should exercise
_ gll discretion and judgement as to interior areas other '

_ than those used for sleeping. Considerationshould ;
be given to the characteristicsof the noise, the
duration, time of day, and planned use of the area.

(3) InsulationBetween Owellin9 Units

i (a)"Unacceptable"
For multifamily structures,includingattached
single family units, floors and dividing walls

I betweendwellingunitshavingSoundTransmissionClass (STC) of less than 45 are always unacceptable.

!

I Page g R/71
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(4) Other land uses and existing housin9. Until HUO estab-
exposure standards, HUD

lishesa broader range of n'ois'e '
._ _, administrationat all levels shall take noise into

considerationin the developmentof policies and guide-
• linesand in tilereview end decisions on specific projects.

/:__ _lhereverfeasible, standards along the lines of the aboveshall be employed in a manner consistent with proposed
uses,densities and constructiontypes.

c. PhilosophyinApplication of Standards. HUD personnel in theexercise of discretionshould be guided _y a desire to prevent
noise problemsfrom coming into being and by an overall philos-

ophy of encouragingthe control of noise at its source. Parti-cular _ttentlenshould be paid to fostering land utilization
patterns for housingand other'municipal needs that will
separate unconsrollablenoise sources froIoresidentialand

I other noise-sensitiveareas. IIUDpersonnel should encouraget' use of the A-g5 notificationand review processes to detect
potential noiseproblems as early as possible.

"_iN;ZJ

Richard C. Van Dusen
Acting Secretary

• 4

!( I

|
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I_6ri_ APP£NDIX l, £XPLANATIONOF TERHS, DEFINITIONSAND ADDITIONALBACK-" GROUND

h Measurementand Noise Assessment Procedures. Technical definitions

of acoustlC_-a]terminologyshall be those contained in the relatedcurrent documentsof the American National Standards Institute
(ANSI)and the American Society for Testing and Materials (AS11,1),

r_, There has been a proliferation of concepts and mathematicaltech-niques relatingto sound and human response to sound. Fundamental
to most all noise _s_e_smPnf prnrmdHrp_ ar_ the physical measure-
ment of sound pressure and the concept of a level expressed in

decibels, (SeeAppendix 2.)

a. Sound PressureLevel Expressed in Decibels. Noise ("unwanted

[_ so-'6"u'6BTr)-a'ffectsthe human ear through phy'{icalchanges insound pressuresuperimposedon the static atmosphericpressure E

in the presenceof sound, Sound pressurehas unitsof force I
per unit area. I
_lhena soundlevel meter is used, Sound PressureLevel can be I

determinedand expressed in decibels,dB, In this case, the i
decitfel is a logarithmic value which is referenced to the

- f_t sound pree._uredet."etableb_'the human -"_r, Thoc_ !
requir.inga more precisedefinition or understandingof these
terms are referred to the forthcomingIIUDnoise assessment

manuals for further discussion,

In this circular, the decibel values, dB(A), are for those

i soundlevelsmeasuredusingthe A-weightingnetworkof astandardized sound level meter, The A-weighting network most
closely approximates the response of the human ear to noise,

RelativeLyinexpensiveand portablemetering equipment isavailable for purchase or, in some cases, rental. Some of
the portable metering equipment also permits the accumulation

i of time for which the noise level at the site exceedsa givendecibel setting. Sound level meters shall conform to the
specificationsset forth in the appropriatedocuments of the
American National Standards Institute.

i The sound levelmeter is useful for measuring steady state or
perslstentnoise aud for identifyingmaximum sour_dsof inter-
mittent noise, The A-weighted sound level,dB(A), has also

i as a approximation in characterizingtranspor-
been used first
tion noise, Here sophisiticatedevaluationsof aircraft
noise include solnemodifications which consider additional factors

i and are expressedas pa)iceivednoise in decibels such as P_IdBor EPNdB, These refine:_,entsare discussed at grea_er length
in the HUD noise assese_,_entmanuals,

J
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_y a combination of a noise level in decibels and a
: Noise Exposure. "Noise exposure" as used in this circular is

time duration for that noise level. For example, sites where

_ existing and prolonged noi_e exposures do not exceed 45 dB(A)
for more than 30 minutes in any 24-hour period are acceptable.

c .CompositeNoise Rating.(CNR). The CNR is a calculated rating
for aircraft noise based on maximum sound pressure levels

during a flyover, frequency of occurrence,time of day andother variables. It has been adopted by the Federal Aviation
Administration (FAA) tc describe the noise produced by aircraft

operationsin the vicinityof airports.In FAA usage,theENR takes into account the magnitude of the sounds of individ-
ual aircraft types, the number of operations of each type on
each run_;ay,and the time of day. The numerical value of CNR

is relatedto an expectedrangeof oom_lunityresponse.

The FAA has calculated CNR's for a number of domestic airports,

and has dividedCNR's intothreezones--correspondingtoour acceptablediscretionary,and unacceptable,respectively--
according to the expecLed coI_unity response,as shown in the
fol lowing chart;

;,nn_i_ps

.1 m Lc_sfimu I/._.• thall ] ]_eIl(k,Ily TlOcr_;1;pl*,ild_would 1,¢ ex_ected.'rh_I
- _00 _O ]I0!:_'r,lay,I.o;_¢_{r, i_le_crt,oe_=:iol::d[)'l_hhccrt_{i_

acf{vnk.s cf (he r(Hden(_,

lm) 1o I}5 /_0I_ _a 2 Indiv{du;!_ In_*y comnla_r., perh_n_ vlg_rousIy. C_.

celica l';(,up _eliun is l'o_ble,

I _tt,_ier {]_r,xl Cto:Hr'r lU_lt g Ii_di','hlu:l le;_¢Ua_*', ivouhl Ill ¢1.v_lz('Ul;!e Ivl*;,_feU , v[_,_t.
I,rcled,

_hen advice and guidance are required hi the analysis of

i property sites in the vicinity of military airports, therequestfor existingdata and projectionsshouldbe made

initially to the Co,mender of the military base and subse- !
quently to his designee.

|
Page 2 _,._
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DefinitionandCalculationof Noise£xposureForecasts(NEF)

: _'.iI orCompositeNoiseRatings(CNR)shallbe in accordancewith
i ':_:L thecurrentDOT-FAApractices. i

!!{ d. NoiseExposureForecasts(NEF). The NEFis a calculated "
:,
_._I environmentalratillgivhichrefinesand replacesthe CNR
_'lr__ calculationsfor aircraftby includingcorrectionsfor the !_
_'" presenceofpuretoneand durationof peaklevelsvHthin

thecompositeof intermittentnoise. As currentlyused,it._ hasvalidityonlyforairports.
ii:

_r. TheDepartmentof Transportation(DOT)isconvertingfromCNRm toNoiseExposureForecasts(NEF's).DOThas a contractfor
i::'_ thecalculationof NEP'sat some29 con_erclaland general
_ aviationairports,andwill soon havean intramuralcapability
_;,== forproducingNEF's forany civilaviationairport..The new

?,:_ _ NEFratingsforareasaroundcommercialelm?portsshouldbe
,i soughtthroughFAA AirportRegionalOffices._./

R Thefollovtingcategoriescorrespondroughly to thecategories
;: _ of communityresponsecalculatedoriginallyfor CNR's(see

above).
#

!:i Noise Exp'6sureForecasts
:i ;h

': Category _ Dispositionin HUD

:i"! I A lessthan30 Acceptable

:: B 30 to 40 'Discretionary
_c,_ r

_:L':! C morethan40 'Unacceptable,r

:_..B Fordataon anticipatednoiselevelsin the vicinityof mili-
._I taryairports,the requestshouldbe madeinitiallyto the
: Con'Jllanderof the baseand subsequentlywithhis designee.

I/ •

?' I:_"r : _ Until.December31,1971_interimrequestsforNEF'sshouldbe made
directlyto FAA'sOfficeof Environmentalquality(Attention£Q-l,

.i _!ashington.D. C. 20590. Requestsshouldbelimitedto applicants'

i_!B sites,.,ithinaboutthreemilesof a run,.,eyduringtbisperiod.
I I

;:? l
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,- 9, Sound Transmission Class (STC) is a single-number rating which
provides an estimate of sound transmission loss performance

of a wall or floor as related to airborne soundgenerated bya limited class of household sound sources, The higher the
number the better the performance,

I 2. Cmncept._ R.....nq to Adverse Cmnsequenc_ nf Nni_A. Nnise is:. _ , nl n4-4

objectionable for co.nonsensereasons because it destroys the
serenity of one's environment. Beyond that thereare a number of

specific concepts or ideas relating to noise, Currentresearchefforts are directed toward establishingfirm findingsabout
certain noise phenomena and their consequences,

a. General Hearinq Loss or Damaqe, High intensitynoises even
of rela_'_velyshort duration s-uchas blasts or explosions
are known to have destroyed or severely limitedthe hearing

_. sense, Moreover, highly amplified rock-and-rollmusic, sportsshooting, and other recreationaluses might producesound levels
capable of producing hearing loss especiallyif exposures are

prolonged or recurrent, Continuingexposuresto levels exceed-: ing IOOdB(A) lead to temporary and, eventually,to permanent _
_, hear,h_ Io_.

_:{,._ b, Impaired llearin_]for Speech Communication, Prolongedexposureto less intensive noise is-_,nownto impair hearingof speech

_ cor_lunications,The following table shows the hearing impair-

.S_.,,i amentlongresultingperiod,from 8-hour exposures to industrial,noise over

i " ,J I71....... i I = !L/F-}, ,o,.....F-FW/]
I-'I.........{-T-l}'F-I

F$(I*I, I'lev_I¢I_¢

!:| ,n ,'i-;rm-rT:>
i U[T_ILIOh t:_; vvn. _ - :.. _..,_..._ .,., . . ,--

,'lllaI:_ o! i,dlvb I- _o--_ .i ..... ._ .;--:= ..

_" iliInl,llfl_, _l %1"011. I_ i $ , • _ ' r

:' . II u..,J U'vvllr,,,l_aI,(_ .e(--*--_t • ......* c •f'",/."I'
,_h Ihc h,_lhord'd j ._..._._,_ ".¢_....,_, .....

•'_ "_UXI9L FV: L

8/71 Page4

IlUD-Wa.h._ D. C.

I

L , , .... .



| ..... j
r

Appendix
¢ _ • , ,

,;, c. Speech InterferenceLevels, Backgroundnoise above certain

[_ levels inY;erfereswith one's ability to understandoralcommunication, The following figure illustratessome current
knowledge of this phenomenon.

z

g
,,>,_.0<;._\ I'_ \ '_.Irx 1 v \_:I....I...I

.... _.,'/;t':.'_......... (: @:.......... _, _,_, • .......... -_.-
o .Io i _'o"-z_,'_t./\ I '_ .!\'"k, ¢', _,"

• e>

1"._'.>._. o_.. >x'-._., % \oj c_ _.¢"

..%: _ ._ t, "_-x.:,¢,.., (, \ , _, t'\" ".1';_ 'Iv". 'e.. |'P

I _.... (:. \:_, co' ,_ ':,.\ ! % "1. x. I °'_,/ "(L" [

| R | c ,.A _ :'" \ (.'__ '>[.\ KC \

_ " " _ _ .................... r: . ,.'X.,_., ,,- ......... o ....................

| I\ '-" ...._,:2i r: _, v .". ', 0 ,_

I _ I "_ I, ' i"k\! 'a ( '. I °,I,
50 (,D 7[I b0 9O iOO I1_, i,.0 loP._

_ l,lo(r_eLc:vc:'J ¢;!:{:1) o e"

Figure 2 - Voice Iovel and distance between talkerand
•._ _ listener for satisfactoryface-to-facespeech

[] communications as limltedby ambient noise, Along
: the abscissa is the A-weightedsound level meter

reading (dg(A)),

'.;_ _W (SIL-Past, Present, and Future, J, C. IVebster,

• ! | soundVibr ,.o.,. ugust,d. Sleep Interference, Knowledge is less firm in this area and
: a sol:ins.,of 'qual'i'ficationsis associatedwith many of the
: findings, including significantindividualdifferenceand

I inuredtocertainnoiselevels hearingbecoming (perhaps by
loss), t_evertholess,"slcep interference"would seem to

I Page .q 8/7J.
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4,0 METHOD FOR COMPUTERIZED PREDICTION OF HIGHWAY NOISE LEVELS

This section of the manual constitutes a user's manual for thecomputerized procedure for highway noise Ievel prediction. It is
written in the form of a step-by-step set o£ instructions for for-
matting input data to the computer program. For clarity, a sample
problem is presented along with each portion o£ the instructions,

FO_IAT AND SEQUENCEOF DATA INPUT

The computer program is written to accept input data from a
card reader. Three types of input data are allowed by the program_

i. Integer - A fixed-polar number written without a declmalpoint. All integers must be right-justlfied within the
a11otted fleld of the input card.

2. Real constant - A floating point number written with adecimal point. The real number may normally be situated
anywhere within its allotted field on a card.

'3. m combination of and numericAlphanumeric Any alphabetic

characters. Alphanumeric data may he situated anywhere
within the allotted field on a card.

The first card read by the program is a title card, with
arbitrary alphanumeric descriptive information in c01_mnS 2 through
60. Up to five blocks of data may then follow, in arbitrary sequence,
with information describing the following::|

i. Program initialization parameters

i m 2. Road and vehicle parameters
3. Barrier parameters

D 4. cover parameters
Ground

5. Receiver parameters.

N Each of these five data blocks must be preceded by a control card
containing an integer between 1 and 5, located in column S. A
card with the integer fiin column 5 indicates the end of the input

m data set for one problem. Hultiplo problems may be run back-to-
m back, with each new problem starting with a tlt_e card and ending

with a card having the integer 6 in column 5. lhe entire situation
need not be redefined for each new problem. It is sufficient to

specify only those aspects o_ the new problem which dlf£or fromthe problem immedlately preceding. Any blocks o£ input data not
redefined for the new problem will assume the same values as that

in the preceding problem.

|
|



The first of a series of problems must specify initializationparameters, vehicle and road parameters, and receiver locations.
If no information is entered for barrier parameters or for ground
cover parameters for the first problem, the computer program will

that barriers additional cover exists, and all_roundassume no or
calculations involving barriers or addxttonal ground cover will be
bypassed. If barrier or additional ground cover parameters are

entered for a problem, however, the same parameters will be in-cluded in subsequent problems until these parameters are redefined
or set to zero.

Specifications for each of the five blocks of data input,accepted by the computer program, are given below.

PROGRAM INITIALIZATION PARAMETERS

Initialization parameters must appear in the first of each
sa_isa of problems, but need not be repeated for succeeding pro-
blems in the same series. A control card must precede the block of

data cards the of data entered. This
to identify type being

control card must have the integer 1 in column 5, Six or nine
cards must follow, in the indicated sequence to enter initial in-

i_;_ formation about:
I. Receiver height adjustment

2. Number of _requency bands
S. Standard deviation of noise levels of passenger cars

i 4. Source height adjustment for passenger cars

S. Standard deviation of noise levels of highway trucks

|_'J 6. Source height adjustment for highway trucks

.7. Standard deviation of noise levels of "new vehicles"

":' 8. Source height adjustment for "new vehicles"

9. Source noise spectrum for "new vshlcles".

• For highway noise level predictions considering only passenger
cars and highway trucks of the type in common use in 1972, only the
_irst six cards need be included in the data block. If a "new

"_ vehicle" is to be considered in the predictions {for example, a

.:!-- future quieter truck conforming to anticipated regulations), nine
cards must be included_ using the formats described below.

.i:.i| For the first eight data cards, an initialization parameter is
entered as a real constant (that is, with a decimal point included)
in columns 1 through i0 of each data card. Column IS must contain

:' I an integer (that is, with no decimal point) between 1 and 8 inclu-sive, to identify the parameter as indicated in the above llst,

|
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If desired, alphanumeric information may be included in columns 31
through 80, for convenience and specific indentificatlan. If no

alphanumeric information is included in columns 31 through 80,iii: parameter identification in agreement with the above list will he
printed automatically in the output listing. The last of the set

_:':I of six cards (if only the first two types o£ vehicles are being

considered) or eight cards (if the "new vehicles" are being in-
_" eluded) must contain the letter L in column 20 to signify the end
" of the initialization parameters.i,

If the "now vehicle" option is to be included in the series
of problems for which initialization information has been entered,

-- and eJsht data card entries have been included above, e ninth card

must also be included to contain the overall A-weighted noise levelof the desired "new vehicle", and the sight A-welghted octave-band
noise levels, all at the standard reference distance of 50 feet.
These values are entered as nine real constants fthat is, with

• _ decimal points), each left-justifled in the fields bounded by
columns i through 5, 6 through I0, II through iS, etc. Thus, five
columns are allowed for each of the nlnv values including the re-

i _'. u qaired decimal point.• To indicate more clearly the use and purpose of each of the
initialization parameters, they are discussed in more detail below.

m The receiver height adjustment (Item i) is a height in feet to be
F added to the Z-coordinate of all receivers specified in data block

S. For normal conditions, it will bo 0.0. For special eases,
such as the comparison of noise levels at the ground floor of a

i: I building with noise levels at a higher floor, a height adjustment1 of I0.0 feet per floor is recommended. Similarly, to adjust for
the normal oar height of a person standing at each of the specified
receiver locitions, a height adjustment of S.O feet is recommended.

,i__ Negative height adjustments are allowable, and will not cause the
m

program to assume that the receiver is shielded by the ground.

:!_. k The number of frequency bands for which calculations are to he
'_', _ performed is indicated by a real constant from 1.0 through g,0.

By using the number 1.0, all attenuations due to atmospheric absorp-
tion, ground absorption, and barrier diffraction will he calculated

!; _ for a frequency of S00 Hertz, and the overall A-weighted noise| level of each vehicle type will be considered as the source level.
Calculatlons using only thm frequency band cmntored around S00 Hz
provides a fair approximation for typical road traffic noise con-

m ditions. By using the number 9.0 for this initialization parameter,
,_ l calculations will be made for all eight octave-bands, with center

frequencies from 62.5 through 8,000 Hz. Thm final results will be

! Bm more accurate, with somo increase in total computer time. By using
any number N between 1.0 and 9.0, the attenuations will he cal-
culated for the SO0 Hz. band and for N - I octave-bands, beginning
with the 62.5 Hz. band, Normally, all octave-bands are speci£ied

m (that is, the number 9.0 enteredJ to obtain maximum accuracy in the
I resulting noise level predictions.

'J,



The standard deviation for the vehicular noise sources is thestandard deviation of the reference noise levels at the reference
distance (ro - 50 feet). The value recommended for passenger cars
is 2.5 (dB), and for highway trucks is 3.5 (dB).

!-_ The height adjustment for the vehicular noise sources repre-
sents the effective height above the roadway from which the indivi-
dual vehicle's noise may be considered to originate. Proper selec-

tion of source height is particularly important for situations inwhich barriers are located near the roadway, since the higher the
effective noise sourcej the loss effective is a barrier of fixed

height. A source height adjustment of 0.0 is recommended forpassenger cars, since tire noise is assumed to be the dominant
noise source. Other height adjustments for engine or fan noise
should nuL be made. A heigh_ adjuatm_n_ £or hlghway trucks of S.O

feet is recommended, to represent exhaust stack noise.

If the "new vehicle*' option is to be included in the calcula-

tions, the A-weighted octave-band levels and overall A-weightednoise level of the assumed vehicle must be estimated and entered
in the initialization parameter data block. The corresponding
standard deviation and source height adjustment must also be
estimated and entered. Usually, the source height adjustment wlll?

be closely related to the octavo-band spectrum usod_ For example
assume that substantial advances are made during the next flee
years in reducing exhaust, intake, fan, and overall engine noise

levels for trucks, so that the dominant noise signature becomes
the tire noise. In this case, the A-weighted spectrum levels assoo
elated with tire noise alone may be used for an assumed "new

l vehicle" truck, and a source height o£ 0.0 feet assigned for the"new vehlcle". Lacking any other guidance, a standard deviation
of 3.5 _dB) should also be assigned the "new vehicle".

The following illustration represents a sample input datam
i_ block for program initialization parameters, with a "new vehicle"

included. The "new vehicle" information represents an estimate
of a future quiet highway truck, for which tire noise has become

/! I the dominant noise source and is similar to currently-used tires:_ wlth a neutral rib treadpattern.

!i _ II I Ii '

| _'.ll II i1_ i Ili_ ill J
2.5 3

t !, , If| I.: I , I i
0 . L

7 7 . 0 52 0 62.0 8.0 72.0 72 . 0 70.0
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ROADAND VEHICLE DATA

This data block describes the and the vehicular
roadways

traffic flowing on each roadway, The identifying control card
precodlng this data block must have the integer Z in column S,

and s second integer right-adjusted in columns 6 through I0 toindicate the number of roadways,

The number of roadways to be specified depends on the number

of traffic arteries with constant hourly traffic flow and the
re-

lative distance of the observer points at which noise levels are
to be predicted. For a receiver located far from a multi-lane

highway without ramps, consideration of a single roadway is suffi-cient, with that single roadway assigned the total traffic flow of
the multi-lane highway. For receiver locations close to the high-
_¢a)', each parallel traffic lane should be described indivldunllv.

i N Ramps onto highways and independent nearby highways are treated'asseparate roadways,

Following the control card, a sot of one or more cards is
required to provide vehicle data for the first roadway. Each such
vehicle card must contain a real constant (that is, with a decimal
_oint included) in columns 1 through 10 to indicate the traffic

low in vehicles per hour, a real constant in columns 11 through

to operating speed per hour, the
20 indicate vehicle in miles and
integer i, 2, or 3 in column 2S to indicate the vehicle type, The
final card of the vehicle input set must have, in addition to the

i other information, a letter L in column 31.
An integer i in column 2S indicates that the described vehicle

data on that card arc for passenger cars, an integer 2 indicates

J highway trucks, and an integer 3 indicates mhat the vehicles are"new vehicles", Up to five cards can be used for each vehicle
type for each roadway section, in random order, to specify traffic
flow at different operating speeds, Unless the speed distributions
are known from measurements, the Highway Capacity Hanual Ig6g is

[] recommended for determining the average operating speed from the
hourly traffic volume assumed.

| Following the vehicle information for the first roadway, the
end-polnts of that roadway are defined by Cartesian coordinates,
assuming a straight-line section. The X-Y plane is parallel to

sea level, and the Z-coordinate specifies the height above ,sealevel or any other reference plane parallel to sea level. All
coordinates are in feet. The X-, Y-, and Z-coordinates are entered
as real constanns (that is with the decimal point included) in the

fields bounded by columns _ and I0, ii and 20, and 21 and 30,respectively, The card with the last end-point of a roadway must
have the letter L in column 31. A roadway may consist o£ as many
as ten straight-line sections (that is, have eleven end-points

i defined). A roadway containing more than ten sections should betreated as two or more roadways, each have ten or fewer sections.



I

Vehicle and road data are specified for the remaining roadwaysin a similar manner. Data must be specified for as many roadways
as indicated by the second integer on the control card at the

' beginning of this data block, The following illustration repro-

,"__ seats s sample input data block for road and vehicle data.jr"

!!;!

f'_j

/;!i

0000.
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BARRIER PARAMETERS

The data block with information about obstacles (i.e.) "bar-

riers") in the sound is headed card
propagation paths by s having

a 3 in column S and an integer rlght-justifled in columns 6 through
1O to indicate the numbar of barriers.

The top contour o£ a barrier is approximated by a straight-
line segment, and no sound is assumed to penetrate below this con-
tour. A single barrier may contain up to ten sections. The end

points of these ssctlons are specified in the same format as theend points of road sections, except that the last point of a llne
is identified by an A or an R in column 31 (rather than L as for

reads).An R in column 31 indicates that the preceding points des-
cribe the top llne of a rigid plane oriented perpendicularly to
the ground, such as artlflcial barriers without absorbing materlal)

facades of buildings, rigid walls of a depressed highway, etc.Ci.e,, a reflecting barrier).
3

An A in column 31 inidcatns that the preceding points describe

l the top llne of s tilted barrier, a barrier with absorbing materlul)an earth berm, a hit1, or some other obstacle that reflects sound
either weakly or towards the sky, dlrectly or via a ground reflec-
tion (i.e.) an absorbing barrier).[]

:L _ The followlng illustration represents a sample input data
block for barrier parameters.

"' I M

| 'I J!  lll'l I, I ll I I"ll ' f
[-Iliolo).llIII .2oo 1121oLt ll t
IHolol.JlJll -jo. Jl lol. I II I IR[

[] GROUND COVER PARAMnTERS
2 []

The control card for this data block must contain the integer
4 in column g and sn integer right-adjusted in columns 6 through

I I0 to indicate the number of absorptive ground strips. The areasof ground cover are described by the center llno and the width of

rectangles. Tho X-, Y-, and Z-coordlnates of one end polnt'of the
center line are given as real constants in ;_e flelds netwoen

|

f
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p • columns i and lop ii and 20, and 21 and 30, respectively of a sin-
: gle card. The same card contains the width of the rectangle in real

_'. _m constant format in the field between comumns 31 and 40, The X-, Y-,and Z- coordinates of the other end point of the center llne are

! written on the next card together with a G or a T in column _i.

i:iR A G identifies the ground cover as high grass or shrubbery,
! _ and a T identifies the ground cover as trees. The rectangles with

ground cover must not cross a read.

: _ The following illustration represents a sample data block for
[] ground cover parameters.

_i_ !IlI411111HlI, IIIIflIIIIIII]I
: B Iol.]llll]lllsIot.lllllillol.llll!l
,;:,m I-I=lolol.lllll Illstol.l[lll IIo].ll{ltl IHIII I

_''I RECEXVER DATA'c!

The control card preceding input data for receiver locations

j mus_ contain the integer 5 in column 5, and an integer right-adjusted in columns 6 through 10 to indicate the total number o_
receivers desired. A card is provided for each receiver to indi-
cate the X-. Y-, and Z-coordinates for each receiver location.

These data are entered as real constants in the fields bounded by:_' columns i and i0, II and 20, and 21 and 30, respectively. In the
computer program listed in Appendix B of this manual_ a maximum
of fifteen receivers is allowed. This, of course, can be easily

_:"_ increased by appropriate changes in the program dimensions.

A receiver cannot be located on a road, nor on, over, or under
the top line of a barrier, nor on a ground absorbent strip. In

m each case, the distance _rom that receiver to tileroadway,_barrier,
m

or ground strip would be zero, and the computer program cannot handlm
a zero distance. A receiver can be located between two adjacent

ground absorbent strips_ if the location is not identical with anend point of the ground strip center line.

The following illustration represents a sample data block for
_ receiver locations
D

0.:r' 5 !11 o. [I IzlO!ol. I I
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P ERROR MESSAGES

Errors are detected by the computer in the £ollowlng cases.
i. If the top llne of an obstacle intersects a roadway, the

computer prints out
g4t

_ ILLEGAL BARRIER INTERSECTS ROADWAY

together with the £ollowi,g data: recelver number, road-

way number, road section number, barrier number, barriersection number.

= m The computer than p_occads with thm ncxt case.
[] 2. IF the center llne oF a ground absorbent strip intersects

a roadway, the computer prints out

ILLEGAL GROUND STRIP INTERSECTS ROADWAY

together with the Following data: receiver number, road-

if'!m way number, road section number, ground strip number,

The computer-then proceeds with the next case,

i 3, I£ the number oF reFlectlons contributing to the soundlevel at a receiver exceeds I0, the computer prints out

m TOO MANY REFLECTIONS

,),;!_!
._. together with the £ollowing data: receiver number, road-
.. way number, road section number,

m Thecomputerthenproeeedawiththinnextrmoolver.
4. Should the geometry oF the situation be such that a line

•_ _ segment that is needed £or computation appears to have_';'1_, zero length, the program continues with the next receiver
without giving an error message,

/

i:!| 0ATAOBTP.
Tha data output starts immediately after the input File is

h road. The heading TRAPFIC NOISg PREDICTION is typed and input

data are then typed in the £ollowtng order:

• Title card;

, _ ProgramInlniallzation parameters (For the First oF a series oF
cases only};

, _ Vehicle and road parameters, where all parameters 0£ Type I vohlcles
[] (passenger cars) on a given road are typed £1rst, Followlng by para-

meters £or Type 2 vehicles (trucks), and Type 3 vehicles ("new
vehicles"),

|
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Barrier parameters, with the type of barrier, or R, given
A in

parentheses after the barrier number;

Ground cover parameters, with identification G or T following theground strip number in parentheses;

RECEIVER DATA

r_ The title card is then printed out agnln together with a head-
line for the receiver identification. The output consists of the
following data for each receiver. After the sound pressure level

for a given receiver has been calculated, the receiver number andcoordinates are typed. The octave band center frequencies are
_ typed out; u.derneath them arc the calculated A-_eighted octave

band levels. The final typeouts consist of the A-welghted overall

icvel of the LE(A), the noise pollmtionenergy mean, level, LNP,
and percentile levels, Lg0, Lg0, and LI0. These levels appear
after the octave band center frequencies and the calculated octave
band levels of the A-wolghted mean energy are typed out. Note thatm

-' _ LI0-LB0 • LB0-L90, since a first-order approximation based on a
Gausslan distribution uf A-weighted sound pressure levels is used.

_ RECOMMENDATIONS FOR USAGE
The computation time required to compute sound levels at a

given receiver increases with the number of roadways, barriers, and

ground strips, but it is independent of the total number of re-ceivers Therefore, if one wishes to analyze a situation in which
many receivers and barriers are located along or near a highway

! m many miles in length, we suggest that the problem be modularised:_ so that a smaller geographical area can be associated with eachB receiver.

Maps showing the elevation of the terrain should be used fora detailed'descriptlon of the roadway and of top lines of hills
(barriers of Type A}. It should be borne in mind that the computer
program accounts for 5 dE attenuation for sound rays grazing over

hills.
Results obtained when ground absorption is conaldered should

be interpreted with caution. Because of the lack of reliable data

in this areaj results from the flrst-order approximations used inthe computer program are intended for comparison with field data
rather than for accurate prediction purposes.

j SAMPLE CASES

In order to illustrate the proper coding of problems for the
prediction of highway traffic noise levels, and to provide sample
cases for use by potential users of the computerized procedure in|
verifying the proper operation of their computer program, four sam-
ple cases are explained below. The second, third, and fourth sample

i problems also illustrate the back-to-back use of the program,through changes only to thos'e portions of the preceding problem for

|
-i



which another situation is desired.

Figure 9 illustrates a sample highway situation, consisting of

a two-lane highway, with 12-foot wide lanes and no median strip.A single feeder lane Joins the highway, and traffic flow consists
of passenger automobiles and highway trucks, A 20-foot-high
harrier wall is located on one side 0£ the intersection, with the

_ inner side of the wall relatively smooth and vertical. Thus, thiswall will act as a reflecting surface. A six-foot-high earth harm
is also located near the highway, acting as an absorptive barrier.

A stand o£ trees is located along the feeder lane. Noise levelsare desired at five locations along the highway, at a distance of
I00 feet from the highway centorline. This is the sample case
which has boon used for illustration of oath of the five data

blocks, previously shown in this section of the manual.
The input data for this sample problem are repeated below,

and the resultant output data are also shown.

As Sample Problem 2, it is desired to determine the effect o£
the 20-foot-high reflecting barrier wall alongside the highway.
To determine this effect, the first sample problem can be repeated,

that and the results Thiseliminating barrier, compared, new
problem may be run simply by redefining the barrier parameter data
block only, using a new title card for identification, and the re-

mainder of the input data from the first problem will be retained.This is illustrated as Sample Problem 2 input, with the output re-
sults following Sample Problem I below.

As a third comparison, it is desired to determine if the stand
of trees alongside the feeder lane has any effect on ths predicted
noise levels, Again, this third problem may be run back-to-back
with the two preceding problems, by eliminating the tree absorbing

I strip. In this instance, data block 4 is redefined after the new"' title card by entering the integer 0 right-adjusted in the field
bounded by columns 5 through i0 as shown in the data input coding
below. Again, all other input data are rotained_ and the tlird

sample problem run as
is then shown.

As a final example, it is desired to determine if the posslble

future introduction of quieter trucks will reduce the predictednoise levels significantly. Again, the fourth sample problem may
be run back-to-back with the three preceding problems by redefining
only the road and vehicle data block. In this case, the initiali-

zation parameter data block already contains the estimated descrip-tion of the noise characteristics of the predicted quieter highway
trucks. If this wore not the case, the initialization parameter
data block, and the entire problem situation, would have to be re-

j entered as input data. In this case, however, the anticipatedquieter truck was estimated on the basis of tire noise becoming thm
dominant source of noise, and that tires similar to currently-used

neutral rib tread pattern types would be standard. Thus, thehsi&ht adjustment for this source was assumed to be 0,.0feet, and
the standard deviation was assumed to be 3.5 dB. The road and
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vehicle data block are redefined, £ollowlng the new title card, andthe fourth sample problem then run as shown,

For general information using _he IBM 7094 computer at the
m Transportation Systems Center, these four sample problems required

l.SO mlnutes of computer time to compile and execute.

Quite often, a rough data work sheet is useful in translating
engineering data from maps or charts into the general format for

coding as computer input. An example o£ such a work sheet is alsoincluded in the following example for the first sample problem do
m scribed above. Because of the vast variety of possible highway

situations, a uniform work sheet may be impractlcal. Users may
find it convenient to prepare siml],r work sheets for their own

7 particular repetitive situations.

It Is o_ interest to compare the results o£ the four sample
problems, to obtain some feeling for the relative importance of
the reflecting barrier and tree strip in the magnitude of the pro-

dlcted noise levels, and also to compare the relative advantages tobe gained through the use o£ quieter trucks on a highway such as
the case assumed. Removal o£ the reflecting wall opposite the
receiver locations reduced the median (L50} noise levels by approxl-

mately l 1/2 dBA at the receivers nearest the feeder lane intersec-tion, and approximately I/2 dBA opposite the end of the barrier
wall. The ten-percentile-levels were similarly reduced, Removal

_J m of the tree strip increased the levels at the first receiver Io-
,: _ cation by approximately one decibel, but had little effect on the

more distant receive_ locations. The introduction of the quieter
trucks, even though trucks constitute only about 71 0£ the vehi-

.j_ cular traffic in the sample problems, reduced the median noise
i levels roughly 3 to 5 dgA, and the ten-percentile-levels roughly

0 to 7 dBA. The greater reduction in the L10 levels was expected,
since trucks are the major contributor to the higher valuej less

11 frequent noise levels,

i .
I
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WORK SHEET

_' _ HIGHWAY NOISE PREDICTION

e

_, A PROBLEMTITLE: Sample Problem 1

_: _ INITIALIZATION PARAMETERS:
RECEIVER HEIGHT ADJUSTMENT • S, PT

-_ _ NUMBER OF FREQUENCY BANDS = 9, BANDS

k

STANDARD DEVIATION FOR PASSENGER CARS - 2.5 dE

_: _. SOURCE HEIGHT ADJUSTMENT FOR PASSENGER CARS -O. PT

_: STANDARD DEVIATION FOR HIGHWAY TRUCKS • 3.5 dE

SOURCE HBIGHT ADJUSTMENT FOR fIIGHWAY TRUCKS ",8.0 FT

STANDARD DEVIATION FOR "NEW VEHICLES" • 3.5 dE

SOURCE HEIGHT ADJUSTMENT FOR "NEW VEHICLES" " O. PT

,','_ m NOISE SPECTRUM FOR "NEW VEHICLES" AT S0': OVRRALL SPL • 77.dBA
|

OCTAVE-BAND LINELS - $2.., 6,2....p 0.8. ,

l 7,2., '72, ,, 70.,.., 04. . ,S0, ,dBA
ROADWAY AND VEHICLE PARAMETERS:

'_"I
_,._ 1,350CARS/HR @ S0 MPH

:- 7S TRUCKS/HR @ SO ,,MPH

m ROADWAYJl ,.- NEW VEHICLES/HR 8 - blPH

X = 0 , Y - 6 _ Z., OPT

X ",,10 4 , Y + , 6 I Z " ,9 ST

12S0 CARS/HR @ SO MPH

SO TRUCKS/HR 8 SO ,MPH

ROADWAY#2 ". NEWVEHICLES/NR fl MEH

_; _ -lO 4X- , Y,, 6, , Z ,, 0 FT

X m O _Y= 6 , Z " 0 ET

|



WORK SHI_ET PAGE 2

100CARS/HR _ 45 MPH

/ _ 25 TRUCKS/HR _ 45 MPH

/._ ROADWAY,3 " NEW VEHICLES/HR 6 .- HPH ,X ".'.104 , Y .*Sxl,b 3, Z " 0

_ _ X - 0 , Y " 6 , Z - 05N'OCARS/HR @ 60 MPH

:" _ 50 TRUCKS/HR'O 60 MPH
'_ ROADWAY#4 *.. NEW VEHICLES/HR ' - biPH

_i _ X "'104 , Y " -6 , Z • 0
X _' 104 , Y " "6 , Z • 0

'"_m BARRIER PARAMETI_RS: X - -I00, Y -..-20., Z • 20

DARRIBR #1C R ) , X • 200, Y •_720 , Z • 20 "

|_ X ,. , 200, Y -,, 20 , Z • 6

BARRIBR #2( A ) 104 ":_ _ X - , Y - 20 , Z • 6

i , Hij:'?' ; UI¢UUI_UCoVhlt PAI_4B'I'BR$: X m 0 _ y . SO _ Z -0
STRIP #1 (T) X • -200, Y - iSO , Z - 0

_ZDTH - SO

,J RECEIVER PAIL'IMETERS:

_'_'i RECEIVER _1 X • 0 , Y ".100 , Z m .0

/ _ RECEIVER #2 X " 50 . Y - 100 _ Z _ 0
RECEIVER n3 X " 100 a,Y " 100 , Z = 0

" r'. _ RECEIVER Q4 X -.lSO , Y • 100, Z - 0
RECEIVER #5 X • 200 , Y • 100 , Z ,, 0

, { RECEIVER #6 X • - , y m _ Z • "

|


