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NOTICE

The contents of this report reflect the -
views of the 0ffice of Transportation
Laboratory which is responsible for the
facts and the accuracy of the data pre-
sentéd herein. The contents do not
necessarily reflect fhe official views
or policies of the State of California
or the Federal Highway Administration.
This report does not constitute a

standard, specification, or regu}atigg§§;5>1
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FOREWORD

This manual is designed to provide guidance and procedures
for the California Department of Transportation and other
organizations involved in noise activities as related to

the highway transportation system. The procedures discussed
cover the requirements of all Federal and California State
Taws,

Purposes of this manual are to:

Promote uniformity in performing noise studies and

reporting results, QSSP
° Detail elements of a noise study and report.

° Qutline the overall Caltrans r'esponsﬂaﬂ11:1(35.{:{?\/>
Provide a quick reference for the app]1cab1e“?gws,
regulations, guidelines and procedures. éK

N
i
Most of Caltrans activities in the ﬂ01§@ area involve per-

forming a project study. The obJecfAQgs or purposes of the

study are as follows: <§&?

1. Define the noise envmongb and assess any impact

| | X
Provide a reference and training manual, tég

on recejvers due to a osed improvement to the

transportation sys ém. Determ1ne the appropriate

mitigation if W\fﬁﬁfarj ‘and feasible.

2. Determine thec%gzse impact of receivers on existing
: . ol = .- . . .
h1ghways§éggathe mitigation if necessary and feasible.

@
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This manual provides the information to allow project study
personnel to perform a noise study to meet selected objec-
tives. Steps to‘fo11ow involve becoming familiar with:

Legal requirements

Fundamental cohcepts of noise
Measur%ng noise and analyzing data
Predicting noise

Mitigating noise

Writing the report

The manual is divided into three basic sections as follows: ggsk?

Section I Fundamental of the Physics of Sound and SQ§§§§§>

Measurements QS§D
This section discusses the noise concepts and how 1 Ties

to people, vehicles and highway traffic. 4§§§?

Section 1II FHWA Noise Prediction Model, Basg;gr Design
Procedures, Construction No1se—ynd Noise Reports

This section discusses the FHWA requ1ngments and procedures

for performing the compliete study, QEEE;ng the report and the

legal references. <§E} .
Section III California Depa\ of Transportation

Requ1rements aﬁﬁ& o11c1es
This section discusses ¢;}ngs that appiy only to California
and Caltrans 1nvo1vg\i§$§ Var1ous Tegal references are
presented.

The laws and §’¥at10ns which apply to Transportation Noise
are d1scusse;\$ Section Il (Federal) and Section III (State).
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Organization

Policies and procedures related to noise are developed by
@he following Caltrans Headquarters Offices in Sacramento.

0Office of Planning and Design:

° Responéible for policies and procedures related to project

development, including noise reports. The Community Noise
Program, HB311, and the School Moise Program, HB312, are
assigned to this office.

Qffice of Environmental Planning: ( <§E?
° Responsible for policies gnd procedures related t0'prgpéﬁi<§,

reviewing and processing Environmental Impact Statements ETS) ,
Environmental Impact Reports (EIR),_Findings'bf Mo Si%hj%icant
Impact (FONSI), and Negative Declarations {(ND}. )

0ffice of Structures and Design: ' <S\»
o Responsible for developing structural dgsﬁ@g&%riteria,

standard plans, and special provisions.\:gi}
Provides architectural assistance tqghe Districts.
Responsible for designing sound waﬁi@,ﬁdt covered by
standard plans. | . -v '

&

0ffice of Transportation Lng\ggory: :

° Responsible for providing“@dvsu1tation and advisory services
in environmental nois‘Qmatters.
Develop methods amdfﬁ’ch%iQUes for investigating, evaluating
and reporting on?%yv,onmenta1 noise impact.
Provides a ceg§ﬁaTTéed capability to do the more complex

. and diffii§§§§§§Udies by maintaining a staff of experts

and stats$§> e art equipment.

iv







Provides review and training services to ensure that
District noise studies are of uniform high quality.
Conduct research which will anticipate and proﬁide
solutions to the needs and prob?ems of Caltrans during
highway planning, design, construct1on, operat1on and
ma1ntenance
Evaluates implemented research.
Develops, modifies and maintains computer programs to
facilitate project stud1es.
Performs Quality Assurance Tests on District's noise
instrumentation and procedures.

| R,
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SECTION 1

FUNDAMENTALS OF THE
PHYSICS OF SOUND AND
SOUND. MEASUREMENTS
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CONVERSION FACTORS

English to Metric System (5I) of Measurement

or Torgua

Presasura

Stress
Intensity

Plane Angla

Temparature

Quanity English unit Multiply by
Length inches (in)or(™) 25.40
.02540
feet (ft)or(") L3048
miles {mi) 1.609
. . .2 -4
Area square inches {in<) 6.432 % 10
square feet (ftz) .09290
’ acres 4047
Yolume gallons {gal) 3.785
cubic feet (ft3% .02832 -
cubic yards {yad3) . 7646 -
Volume/Tima
{Flow) cubic feet_per '
second (£t3/s) 28.317
gallons per
minute {gal/min) 06309
Mass pounds (1b) 24536
Velocity miles per hour(mph) 4470
feet per second{fps) .3048
.Acceleration feet per second .
aguared. {ft/s2) «3044
acceleration due to
force of gravity{G) g, ,gpy
Weight pounda per cubie
Density (1b/Et3) 16.02
Force pounds (1lbs) 4.4439
kips (1000 1ba) 4448
Thermal British thermal >
Energy unit {BTU) A
Mechanical foot-pounds! Ft~1h) g%;?s .
Energy foot~-kips (ft-k) 13?&;_
Bending Moment lnchwpounds(ftilhﬁf\ « 1130

foot-pounds{ft-1naN M1, 356
S

pounds per squa

Inch (p51) N 6095

poutds per{ sqiipte

foot (psf) "N 47,88
kips pq@quuarnt

inch aqliara roo

tnehs(Had VT7) 1.6988

(Q§Q§<; .

pou}é\ ag quaiﬂ
Wihch square roo _
inqy\(psi /Tn) 1.0988
degrees (°) 0.0175

degrees
fahrenheit (F)

tF - 32

1.5t

T-vii

To get metric equivalent

millimetres {mm)
metres (m}

netres {m)
kilometres (km)

sguare metres (m2)
squaxe metres (m2)
hectares (ha)

litres (1)
cubic metres (m3)
cubic metres (m°)}

litres per second {(1/s) {2 -
RANSE
\A‘f g

litres per second (1/s) é$§§;;;2

: AN
kiloegrams {kqg)
‘ g . §§39
metres per second [mys )

metres per second{%%iii _
~ s

metres per seg ad
squared {m/sz‘ggng

metreslégg:zzﬁond

squared {m/52)
'Eaﬁ A

ilograms per cubig
Jn(;\tre {ky/m?) .

<

\hgwt;nS(NJ

Joules ()

joules (J)
Joules (J)

newton-metres {Nm)
hawtbtn~matres (Nm)

pascals (Pa)

pascals (Pa)

moga pascals Aigire {MPa /it)

kilo pascals /Metre {KPa /m)
radians {rad)

degrees celsius {°C)
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INTRODUCTION

The passage of the National Environmental Policy Act of

1969 (P.L. 91-90) and subsequent Federal and State legis-
lation required the California'Department of Transportation
(Ca]trané) and others to become invelved in environmental
analyses. Noise is one element which needs to be addressed.

Section I deals with the bhasic fundamentals of noise and
relates it to the highway transportation system. It also
includes the measurement and analysis of traffic noise. AN S
SN

: <3\1Q4
Enough information is provided to enable a serious reaigr ‘
to communicate with other technically oriented persoﬁ€§$_'
in highway transportation noise and with the lay pe\§9ﬁ.-
Additional information for those who wish to e;ﬂ%\d‘their
knowledge in acoustics may be obtained from tﬁéékﬁferences
listed with this section or from textbooks‘igii}?

Gt

A glossary 1is included at the end of tﬁjs ggitfon to provide
information on acoustical terms ndt<85mmdn1y used by the
lay person, Sources for obtainin@;noiée information are

also provided. \%?
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Chapter I-1
Basic Fundamentals
I-1.17 Sound

Sound is mechanical energy transmitted hy pressure waves
traveling in a medium such as air. It is usually caused

by a vibrating object which compresses or rarefies the air.
Noise is defined as unwanted:sound. This perception may

differ between individua?s‘ An example of this might be .
music fkom a rock band, These two terms, sound and no1se,:€%§§“‘
are often used synonymousiy.

The speed at which sound travels is 1128 feet per %Eé;;ig

at 70°F and an atmospheric pressure of 29.92 inches

mercury. <3§§E5h
AN
Acoustics is the science of sound which 1ppﬂudes the
—_— 7

generation, transm1ss1on and effects of §bund
R

-
1-1.2 Decibels \53'

Sound creates pressure d1fferen <§$§ in the air. In
order to measure sound, a s¢ raduated in decibels (dB)
was developed. Zero dB waékqg%ab11shed as the starting
point, It is reference&i&o a pressure of 0.0002 microbar
which is the weakest? o nd that can be detected by an

average, young, a]é@gi erson without any hearing impair-

ment. | nggi

A strong gd&ga} which might come from a source such as a
jet airp1an§> could be 1,000,000,000 times greater than

I-1-2




" a pérson whispering., The large spread in sound pressures

and how it is perceived by the human ear indicated that the
1ogar1thmic decibel scale was a practical system for measur-
ing sound intensity. Logarithms compress large numbers into
a more simple manageable scale.

In its simplest form, sound'pressure in decibels 1is
expressed by the term;

el : ) ] _ P.
Sound Pressure Level (SPL) = 20 10910(Fl) dB
2

P] is any sound pressure ° 13:2?
P2 is 0.0002 microbars, the reference pressure. AN

in acbustics, the word "level" (abbreviated L) is usegh§>‘
. AN ‘
whenever sound is expressed in decibels relative tdztg

Y

reference pressure. Figure I-1.1 illustrates t QK;
sound levels for indoor and outdoor sources. 9§§$»
: ‘ Y

I-1.3 Addition of Decibels G

Sound pressure levels are 109arithmfﬁgunits which cannot
. T

be added algebraically. An apprg\imate estimate of the

sum of two decibel levels can de by using the

. &
following Table I-1.1. @

Nl
.ﬂﬂe T-1.1

'y

When two decibe§§§é_ | Add the following amount

values diffeqs%;- to the higher value
0 or 1.dB ™~ 3 dB
2 or 3\dBy 2 dB
4ty B 1 dB

locsggsp more 0

This tabie;prqvides an accuracy of +1 dB.

()
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" See following for examples of the use of Table I-1.1.
Problem: What is the sum of two noise sources 60 and 63 dB?
Solution: 63-60 = 3 dB
From Tabie I-1.1. When two decibel values differ
by 2 or 3 dB, add 2 dB to the higher value:

63 + 2 = 65 dB

Figure I-1.2 shows a chart which is used to add two decibel

levels. It provides an accuracy of about 0.2 dB if care s
is used. | : - (=E%§$?
A
N
Alternate Solution:  63-60 = 3 dB \\§>

From Figure I-1.2. The d1fference in decfb
(3 dB) is located on the abscissa and a vé ‘f1ca1
line is drawn to intersect the. curve§§ hen a
horizontal 1ine is drawn to 1nterse gfmhe ordinate
giving a correction of about ]r8“dB hich is added
to the higher source ‘ = 1
63 + 1.8 = 64.8 dB &
o <S§?'
When several decibel levels are % ﬂbe added, they are
arranged in increasing value \SSEI ed two at a time
starting with the Tlower va1u§§$$?The following example is
shown using Table I-1.1. .§§€§>_
‘ | 3 .
Problem: Given sound i;&e1s of 75, 82, 68, 79 and 88,
What 1is th) otal sound level?

- &
&

I-1-5

PRSP OV LIRSS A O S




Figure 1-1.2

0O

S > © ©

32 N
e I3AITYHIHOIH+T3IEI03C




Solution:

7 76 81 85 90 dB

68
76

79
82
88

The difference between 68 and 75 is 7. From Table i-1.1,
when two decibel values differ by 4 to ¢ dB, 1 dB is -added
to the higher va]ue'(?S + 1 = 76). The difference between

76 and 79 is 3. From Table I-1.1, when two values by 2 orfgi \ﬂ

\_1

2 dB is added to the higher value (79 + 2 = 81). In a 113g$>

manner the other values are combined as shown in the aQ*>€?
-

example. <33?

If a calculator is available, the decibel 1eve§§

bined using the fo]iowing equat1qn. 63§§3>

SPL SPL ,Q_ SPL

\}9& com-

L e
- SPL = 10 1og10 10 TU + 10 10 ég‘ ..... 10 10

—4'

where SPL = Sound Pressur%sgéégl (dB)

Using the sound levels 1in Qi§§§;%v1ous examples and sub-

stituting into the abotgsz ion, the total level is

calculated as fo]Tows<§g
SN 82 68 79 8

iR —— ———

10, 101

o0

The 89.6 is an exact calculation. The approximate 90
‘decibels determined by using Table I-1.1 is- very close to
the calculated value.

E__%
-
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The Table I-1.2 showing "10 Tog N" values is useful for
determining decibel equivalents of numbers. It can be
used for the following purposes.

1} Problem:
Combine four equal noise levels of 80, 80, 80 and 80 dB.

SoTution:
From Table I-1.2. Under the N column, find the number
ciosest to 4 which is 3.98. The 10 Tog N number opposite
the 3.98 is 6.
Add the 6 to the 80 for a total 86 dB.

2) Problem: X &)
70 dB is produced by traffic of 2,000 autos per hour. 3 ’
What is the Tevel produced by traffic of 6,500 autoségégg
hour. '

A

Solution
. . s 6500 _ <§3}
Increase in traffic is 5000 - 3.25 v3\

From Table I~1.2. Under the N co1umn, f1ng :the number
closest to 3.25 which is 3.16 (a c1osa3_est1mate may be
made by 1nterp01at1ng) The 10 log N\number opposite the
3.16 is 5. Therefore, the increase 1n>no1se level due to

an increase in traff1c is 70 +<:§5E35 dB.
3) Probiem: <§§Q>

The noise level for pegé&iour traffic is 72 dB.
\)
W

y
What is the noise lgve?

peak hour traffic?®
N

én the traffic is 70 percent of

'Soiut1on G%é)
N

From Tab1e fglb Under the ¥ column, find the number
closest to %\ 0 which is .708. The 10 1og N value opposite
the .708 is -1.5. ‘
Since this is a decrease in traffic, the noise Tevel 1is

now 72 -1.5 = 70.5 dB.

1-1-8




TABLE I-1.2
DECIBEL EQUIVALENTS OF NUMBERS

10 log N 10 log N _ 10 log N

'

N {dB) N (aB) N (dB)
.10 -10 2.24 3.5 250 24
112 - 9.5 2.51 4 320 25
.126 -9 2.82 4.5 400 26
.141 - 8.5 3.16 5 500 27
.158 - 8 3,55 5.5 630 28
.178 -~ 7.5 3.98 6 800 29
.200 -7 4.47 6.5 1,000 30
224 - 6.5 5.01 7 1,250 31
.251 -6 5.62 7.5 1,600 32 &y
.282 - 5.5 6.31 8 2,000 33.Qi£;
.316 -5 7.08 8.5 2,500 30N
.355 - 4.5 7.94 9 3,200 ?%?\ ?-
.398 -4 8.91 9.5 4,000 <§%;?
447 - 3.5 .10 10 5,000 <§S§
.501 -3 12 11 6,300 <§E? 38
562 - 2.5 16 12 8,000, 39
.631 -2 20 13 10,0008 . 40
.708 -~ 1.5 25 14 12 500, V- 41
.794 -1 32 15 6000 42
.891 - 0.5 40 16 Qﬂ‘hoo 43
1.000 0.0 50 17 (<25 2000 24
1.12 0.5 63 18 32 000 45
1.26 1 80 19 K| 40,000 46
1.41 1.5 100 - 20 Q%r +* 50,000 47
1.58 2 125 21, \s71 63,000 48
1.78 2.5 160 2%%55. 80,000 49
2.00 3 200 ﬁ;ég\ 2 100,000 50

Note: By simply remembenéég the relationship that,

10 log 1 = 0-GB)
10 log 1.25 =33 §5
10 log 1.6 = B

10 log' 2 -=<§9

,.

the above tab ibe extended up or down to get "10 log" of
any number d éit Note the simple sequence: for each doubling
of a quantlty ere igs an increase of 3 dB for "10 log" of that
quantlty, or each time a quantity is changed by a factor of 10,

- there is a change of 10 dB for "10 log"” of that guantity.

()
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The above examples were presented to demonstrate the use
and versatility of Table I-1.2. The decibel levels used
were for illustration purposes only. If a calculator
were available, any 10 1og N value could be accurately
determined.

I-1.4 Frequency

Sound is composed of different frequencies unless it is

a pure tone. Frequehcy simply means cycles per second or

how often the compression or rarefaction of air occurs

each second. The new international unit now commonly used <zz&
to describe Frequency is the Hertz (Hz) which has the samg}ﬁéi’
meaning as cycles per second. The study of sound's frquifpy

content is often referred to as "spectra] analysis”. \é?

?A
It is sometimes necessary to characterize sound 1n terms
of its frequency components for the followingx %gSons,
/{\5
1) People have different hearing sens1t1h1t1es and
different reactions to the various fﬂ&guency ranges of

noise. <§i_}~
Vi

2) Different n01se spurces hq\E%VJffer1ng amounts of

noise across the full audio. pﬁ of frequencies.

3) Engineering SO]UtlfPS for mitigating noise are
different for high anQQ%Pw>frequency noise.

A person with acptégﬂear1ng would be able to detect
frequencies fré:?zo to 20,000 Hz, However, everyone loses
the abi1ity~\b %%r high frequencies (over 10,000 Hz) as

A

they become\gider.
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1

'”f;115'?08téﬂé‘édhds of Frequency

It is conventional practice in acoustics to separate
frequencies into nine dctave bands. The frequencies are
shown as ranges with the geometric mean frequencies re-
presenting the range. The numbers are rounded off and
are shown on the following table:

Table I-1.3
Octave Freddency Geometric Mean
Range (Hz) : Frequency of Band (Hz)
22-44 31 _g;§g>
44-88 63 N
88-175 125 N
175-350 250
350-700 500 4S§§g
700-1400 7 1000 Q:\o :
1400-2800 2000 A
2800-5600 4000

5600~-11,200 ' ‘ 8000¢3§§§?

<A,

For sﬁéciaTized applications Table I-].3<§égége extended to
cover lower or higher frequencies. Iigban also be broken
down to smaller ranges such as one ﬁ%ﬁfﬁ’One third or one
sixth of the ranges shown. <$3?“\&'

When a sound source 1'nc1ude<\s’\\e range of frequencies,
the resulting value is ca11é&§the "overall level". 1If a
sound source falls in &%;octave frequency range it is

>
called an “octave ban-&i;ye1“.
' RN
I-1.6 wavelen%ééaé Sound

Wavelengthsy\gfosound are useful when considering various
accousticd?\wroperties of sources, materials or sound
control treatments.

I-1-11
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Sound was defined as pressure waves caused by the compres-

sion and rarefaction of air.

Frequency is how often the
compression and rarefaction occur each second.

Wavelength

is the distance from one cycle of compression to the next

cycle of compression (Sketch I-1.1).

Pressure —g

23
I
(‘\

~,
/(V
e
O

Velocity —w

Distance —eio-

&

-

] £
The upper curye in the figure shows how, m:qisure varjes
above and below average with distance at\a gwen time,

The tower curve shows how velom varies, above ZETO
(that is, molecules moving to the L%!gpa'nd below zero

{that is, molecules moving to 1 e distance (A)

between crests of both cur e‘s%wa\m!ength of the
sound, g%

I-1-12




It can be ¢alcuTated by

c

=

T
wavelength (feet)

speed of sound (1128 ft/sec)
. frequency {cycles/sec)

1}

-0 > >
0

The following Table I-1.4 was constructed using the above
equation: )

Table I-1.4 2

Frequency

Wavelength
(Hz)

(feet)
5 N

500
1000
2000
4000
8000

%—x

A practica]'app1icat10n of this .ggerfy of soundwaves

is in selecting material to mi§§§5
' N

a one inch thick acoustica]/%;ﬁe"OUTd be ineffective for

noise. As an example

X\
attenuating lTow frequency é%pm but would be very effective
Another example would be

bigher.

hggyier which would be very effective
N ; . . .
For noise having frequencies
(")
around the bag

against sound 1000 Hz<g$§

a 15 foot high noise

against sound 63 Hz>gw™higher.

of say 16 Hz, the sound waves would tend to go over and
Vehicle n;?E fahges from below 63 Hz to over 8,000 Hz and
tends to center around 500 to 550 Hz.

I-1-13
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Chapter 1-7
Noise Receiver Characteristics
I-2.1 A-Scale Sound Level
The normal human éar does not hear all the sound equally
at all the frequencies emanating from a sound source. In

addition, the apparent loudness from different sources,
such as jet aircraft and automobiles, differs considerably

as perceived by humans even though the overall level is %ﬁlp
the same. Kvm%‘
%‘Va

Sound level meters are designed to reflect the ear sr§§§;
response to the var1ous sounds. They are constructed
with weighting circuits that tend to represen?f{ e 7
frequency characteristics of the human ear for&&grqous
sound intensities. /(£5 \

Q,‘
The American National Standard Inst1tu§g (ANSI) established
a specification (ANSI S7.4 - 1971) th;wh1ch sound level
meters should conform {(Sketch I- 2{ ) The commonly 1den—
tified weighting scales are the" $ , and C. Whenever
these scales are used, the<§§;fﬁbﬂ {dB)} levels are shown

as dBA, dBB, or dBC.
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Sketch 1-2.1

Studies have shown that when people make relat

of the nuisance value of noise they most oftgigg

with the A-scale sound levels determined nyq
meter. The dBA scale is the standard for\Calt

work. 4&

The following Table I-2.1 111ust(§h s the soun
diesel truck at the various ties, the o
and A-weighted (dBA) levels <t3>
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TabTe I-2.1

Column 1 Column 2 © Column 3 Column 4
Octave SPL* 1in " A-Scale Corrected
Frequency Octave Correction Band
Band Band Term** Value***
(Hz) (dB) (dB) {dB)
31 ' 75 -39 36
63 78 -26 52
125 83 ~-16 67
250 84 - 9 75
500 80 - 3. : 77
1000 75 0 75
2000 72 + ] 73
4000 64 + 1 65
8000 55 -1 54 g&l“
Overall = 88.4 dB A-Weighted = 81.5 dBA fﬁszf
*SPL = Sound Pressure Level Qqs

O
**From Sketch 1-2,1 §§§§g_
***Column 2-3 <§E} |
| N
The overall 88.4 dB and A-weighted 81.5 dBAREEEs\caIculated.
These values could also have been determiqﬁﬂ using Table
I-1.1 and the procedure outlined in CgiPtEEQI-1.3.

P

For Caltrans' purposes sound levels ;%é’measured or expressed

in terms of all the octave fre.uéi%; bands in terms of dBA

so there will be a simple oqeﬂéﬁgﬁer system. The 1nformation_
and discussion on Table I-2j&$§aspresented to provide a basic

understanding of the sysiemF\-

RS

I-2,2 Noijse Descriiﬁ\r
5

A numbeyr of de’ﬁﬁiptors have been devised by acousticians
to rate noisg§§5’ﬁhe basis of such things as annoyance,
\\E term, long term and by statistical Tevels.

1oudness,x§$p
»'purposes the following descriptors are commonly

For Caltrans'®
encountered:
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 Descriptor

Peak Noise

L]O’ LSO’ L90’ etc,

Leq

(sound level equivalent)

Ldn

(sound level, day, night)

CNEL
{community noise equiva-
lent level)

The measurement, analysis and a

Definition .
The highest noise level emitted
from a source,

Statistical descriptor. Ljg 80 dBA
means the sound level of 80 decibels
on the A-scale is exceeded ten per-
cent of the time., Lgg and Lgg mean
Tevels are exceeded 50 and 90 percent
of the time, respectively.

The equivalent steady state sound
level in a stated period of time
that would contain the same acous-
tical energy as the time-varying. ¢
sound level during the same per1nﬂ»s

The 24-hour Lag with the day‘i\)
period from 0780 to 2200 ho

The night {n) period is 200
to 0700 hours. A penalf {§b10 dBA
is added to n because th}S is
normally the s]eep1Q§ time.

The 24-hour Ldn with é% additional

penalty of 5 dBAffom 1800 to 2200

because th1s,g§ “thé time for things
such as relaxat1on, TV viewing and

11sten1ngégpd ¢onversation.

Jcation of the various

descriptors will be covered 1§§§§91n this manual.

K
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1—2;3 Human Respoﬁse to Noise

People react to noise in a variety of ways. Rock music, as
an example, can be pleasant, annoying, a health hazard and
can interfere with various activities. 1In a very general
sense, Figure I-1.1 shows public reactions to various noise
levels. . ' '

Human response to noijse depends on various factors as follows:

1) The level or intensity, frequency distribution, and
time pattern of the noise source. {Q
““\
Relating to traffic noise, a high Jevel is more 0bJECt1OEf§:?L
able than a Tow level noise, and intermittent tvruck peéE;
noise levels are more obaect10nab1e than a steady s@gte;

level. <3i>

Humans have better hearing sensitivities 1”{t<g:\v9h
frequency region than the Tow, This is rqf{ected in the
A-scale (Chapter I-2.1) which de- emphas12é§jthe low frequency
sounds. Studies indicate that the aq\P ance or disturbance

correlates with the A-scale. \\>!

,

The time pattern is 1I1ustrate Q\ an automohile horn at

2:00 a.m. which is more dlstﬁihﬂ g than the same noise
in traffic at 5:00 p m.‘q
2) The amount of bQ% ground noise present before the
intruding noise. Q§§)

ay,
People tend tﬁggg%pare an intruding ﬁoise with the existing
background. Ebg% . If the new noise is readily identifiable
or cons1derab1y higher than the background or ambient, it
-usually becomes objectionable. An aircraft flying over a
residential area is an example,

1-2-6



'3) The nature of the work or living activity that is
exposed to the noise source.

Highway traffic noise might not be disturbing to workers in
a factory or office but the same noise might be annoying or
objectionable to people sleeping at home or studying in a
library. |

I-2.4 Interference With Speech

Figure I-2.1 gives an estimate of the speech communication

that is possible at various noise levels and distances, ﬁé\ N
As an example, if the talker to listener distance is 20 RN

feet, normal communications can be conducted with the <Eij$>
‘background Tevel around 50 dBA. If the background 1 §§g

is increased to 60 dBA then the person must 1ncreasé:x§§

voice level to communicate without losing 1nte11ﬁg;b1 ity.

I-2.5 Interference With Sleep / %
_ O

" The work of Thiessen and Oison* revealgﬁ tﬁ%% a tape recorded
truck passage wakened more than 50 pe3cent of the test sub-

jects when the peak noise reached,50 dBA. However, some of
the subjects did not waken wheqsggéypeak reached 75 dBA.
Other studies showed more f\ 0 percent of the test sub-

jects were wakened by a<&teady state noise of 35 dB and
that a rvange of 35 dB< hp ‘h1se levels was required to waken

all subjécts.'  €j§§§$>‘

*Th1essen,\G><&;, and Olson, M.; "Community Hoise-Surface
Transportatbon," Sound and V1brat1on Magazine, April 1968.

i
-~
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@ COMMUNICATION
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TALKER TO LISTENER DISTANGEIN FEET
>

Simplified chart :?B shous the quallty of speech commmunica-
tion in relation to the A—weigh@ed sound level of noise (dBA) and the
distance between the talke?\hlgd the listener.

% .
¢3§§§§> Figure I-2.1
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1-2.6 Scurd Level Differences

A person with acute hearing can detect an increase of

about 0.5 dB in the mid frequency range. MNormally, when
real 1ife sounds are heard it is possible to detect changes
of 2 to 3 dB., A 5 dB change is very noticeable and a change
of 10 dB is judged by most people as halving or doubling

the perceived noise level. An increase of 20 dB is per-
ceived as four t1mes as Toud. '

These subjehtive reactions to various levels of noise were
conducted under controlled laboratory conditions. '9\\*

1-2.7 MNoise Induced Hearing Damage

The Federal 0ccupat1ons Safety and Health Act (OSHA)k

1970 established the f0110w1ng maximum perm1ssﬁ£ﬂe noise
\”\x “?

EXPOSUPQS: . %\

Durations per day Sound teve1
{hours) : ({deE

<§3> 100
& 105
<;b 110

NG = PN YOO

@Z

AV

This table is 1ntendﬁ to app]y to industrial areas and
workers. In add,t1on, other requirements such as personnel
audiometrica ke . hearing protection and source monitoring

are also re&bwred

I-2-9
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Chapter I-3
Sound Propagation Fundamentals
I-3.1T Sound Level Reduction Due to Distance

Sound from a point source spreads in a spherical manner
away from the source. This spreading results in a sound
level decrease or increase of 6 dB for each doubling or
halving of distance. It is known as the "inverse square

.[aw“- v . QKA
The area of a sphere is increased 4 times for each doubjgéﬁi>_'
of the radius (distance)} as illustrated by the fo]]owfﬁ§\$;>

equation: NN
Area of sphere Ay = 4rRZ 4@%?5-
AV
Area of sphere A, = an(2R)2 Q‘“/\?‘\%
(double radius) &=

N
e

X

Example: Assume a source to receivéﬁ?distance of 50 feet

T

and a second receiver Q;isaﬁte of 100 feet.

\<§>.L

4‘ “

]

A 4w(50)2 =

G

1

T
(]
1l
I
=1
——
——
o
[}
o
™~
: /,?r»
-
—
™
[& ]
L'
o
fw)]
Y
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Sketch I-3.1 shows part of a sphere and another illustration

“of the inverse square law for a point source. -

point source

Sketch I<3.1

s

Doubling the distance increases the area from A to 4A. DN
ConverSely the sound decrease due to spreading is a los 2\4 -
factor of 4 in intensity. Two equal noise levels perhqe

an increase of 3 dB {Chapter I-1.3), therefore, 4 éaQa

levels will produce two 3 dB changes, or 6 dB. <339

{éggf

The spreading loss is affected by high frqué;E} sound
absorbed by air, which beconmes s1gn1f1canﬁ t)long distance.
Table I-3.1 Tists the drop-off rate of}p dB for a point source
starting at 50 feet and the add1t10nﬁ$~1oss due to air absorp-
tion is about 1 dBA per 1000 fee fstart1ng beyond the first
2000 feet. Eé%?

The equation used to constrés\béable [-3.1 is described

'approx1mate1y by the f01}0w1ng

Reduction

= d1§§§§%e in feet

reference distance at which this table was
established.

dBA R 20 Q%%E%O-J’ o001 *+ 600

for for
Pp>1000 D>2000

o
oo
il |

()
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TABLE I-3.1

REDUCTION OF A-SCALE SOUND LEVEL AT VARIOQUS DISTANCES FROM A
VEHICULAR "POINT SOURCE", RELATIVE TO 50 FT DISTANCE, USING THE
DROP-OFF RATE OF 6 dBA PER DOUBLE DISTANCE

D-1000 D-2000
(dBA REDUCTION = 20 LOG 50 l 1500 000
for
D>1000 D>2000
DISTANCE REDUCTION DISTANCE REDUCTION DISTANCE REDUCTION .

(£t) (ABA) (£t) (dBa) (£t) - (dBA) ,:><K~~

50 .0 237 . 13.5 1,100

53 0.5 251 14 1,150

56 1 266 14.5 1,210

60 1.5 282 ' 15 1,270

63 2 299 15.5 1,330

67 2.5 316 16 1,400

71 3 335 16.5 1,470~

75 3.5 355 17 1,54 ‘ .5

79 4 376 17.5 1 Glgj;> 31

84 4.5 398 18 1;59 31.5

8o 5 422 18.5 15770 32

94 5.5 447 19 . <1;1,850 32.5
100 6 473 19.5 N"1,930 33
106 6.5 500 20 Q§g;@,01o 33.5
112 7 531 20.5, 2,090 34
119 7.5 562 21 5&37. 2,170 34.5
126 8 596 <§1§§> ‘) 2,250 35
133 8.5 631 NG 2,330 35.5
141 9 668 NN 2,420 36
150 9.5 708 3 2,510 36.5
158 10 750 23.5 2,600 37
168 10.5 791 24 2,690 37.5
178 11 :é 24.5 2,780 38
188 11.5 25 2,870 38.5
200 12 <:§@t’ 25.5 2,960 39
211 12.5 - 1,000 26 3,050 39.5
224 13 vﬂa 050 26.5 3,140 40

& ,
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Highway traffic noise on High volume highways simulates

a "line source" and the drop-off rate of sound with dis-
tance approaches "cylindrical spreading®. The decrease

or increase for doubling or ha1v1ng of distance under this
condition is 3 dBA,

The area of a cylinder is increased 2 times for each
doubling of the radius (distance) as 111ustrated by the
following equation:

Area of cylinder AT = L2%R S
. RS
N
NS
Area of cylinder A, = L2w(2R) ,Qg\gd-
(double radius) ?§>Q;§

Example: Assume a source receiver distance of 50 f;\;§>

a second receiver d1stance of 100 feet@gnd tHe
Tine of vehicles as 500 feet 1ong.<: Sb;?

AN
1 500 x 2 x 7 x 50 = 157,08&:;}’

) 500 x 2 x 7 x 100 = 3%%,159

L)
\3/-

%%
10 log 2 Q§}

Sketch I-3.2 shows <:é f a cylinder and an illustration
of the inverse f1rs§3power law for a line source.

= =
" )
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1ine socurce

Q -

D

Sketch 1-3.2

Doubling the distance increases the area from A to 2A. CAY
Conversely the sound decrease due to spreading is a loss Q)
factor of 2 in intensity. Two equal noise levels prod c T

an increase of 3 dB (Chapter I-1.3).

4%

The additional loss due to atmospherics affects(@@e ine
source similar to the point source. Table 1437 Msts a

drop-off of 3 dB for a line source. 43‘% >
=
o)
The equation used to construct Table ggg.z‘is described
approximately by the following: QEZ_"
s
_ D D-m,o% (D-2000
DBA = 10 log 5 + [ = TH00 1
Reduction N
' ' ' for
Qh;% 000 D>2000

Under field conditio <:zpe traff1c rarely reaches an
idealized line souf?qs%

to the receiver-can so be affected by ground attenuation.
Therefore, a dQQB/OTf rate close to 4.5 dB may be more
realistic fngzhﬂny conditions. Table I-3.3 is presented
for the 4, S\HB drop-off rate.

d the propagation of traffic noise
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TABLE I-3.2

REDUCTION OF A-SCALE SOUND LEVEL AT VARIOUS DISTANCES FROM A

VEHICULAR "LINE SOURCE,"

DROP-QFF RATE OF 3.0 dBA PER DOUBLE DISTANCE

RELATIVE TO 50 FT DISTANCE, USING THE

_ D-1000 D-2000
dBA REDUCTION = 10 LOG * \ o0 _ 500~
for for
D>1000 D>2000
DISTANCE REDUCTION DISTANCE REDUCTION DISTANCE REDUCI‘.‘LON
(£t) (dBA) (ft) (aBR) (Ft) (ABAYXRA
50 0 398 9 2,340 L)
56 0.5 447 9.5 2,480 19
63 1 500 10 2,630 <ig-9.5
71 1.5 562 10.5 2,780 ‘éﬁgb_zo
79 2 631 11 2 93o<§%? 20.5
89 2.5 708 11.5 3,080 21
100 3 794 12 3'ﬁ§h 21.5
112 3.5 891 12.5 <§{5 22
126 4 1,000 13 2 30 22.5
-141 4.5 1,100 13.5 <§ 690 23
158 5 1,200 14 ,13 850 23.5
178 5.5 1,310 34 51\ 4,010 24
200 6 1,420 N 4,170 24.5
224 6.5 1,540 15§%7,f 4,330 25
251 7 1,660 16 N7 4,490 25.5
282 7.5 1,790 q 5 4,660 26
316 8 1,920 4,830 26.5
355 8.5 2,060 17 5 5,000 27
2,

2oqé§§>
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TABLE I1-3.3

REDUCTION OF A-SCALE SOUND LEVEL AT VARIQUS DISTANCES FROM A

X

VEHICULAR "LINE SOURCE," RELATIVE TO 50 FT DISTANCE, USING THE
DROP-OFF RATE OF 4.5 dBA PER DOUBLE DISTANCE
D D-1000 D-2000
dBA REDUCTION = 15 LOG £p + “Tﬁﬁﬁ_ +:|“Tﬁﬁﬁ_
for for
D>1000 D>26000
DISTANCE REDUCTION DISTANCE REDUCTION DISTANCE REDUCTION .
(£t) (@BA) (ft) {dBR) (Ft) (dBA)
. Ny
50 0 316 12 1,670 23.5§§§>_'
54 0.5 339 12.5 1,770 24.\§§> A
58 1 367 13 1,880 N@é%; '
63 1.5 397 13.5 2,000 “§3Q>_-
68 2 428 14 2,090 : <§?525
74 2.5 463 14.5 2,190 - 26
80 3 499 15 2,290.><33?~26;5
86 3.5 538 15.5 2,400“3§>_” 27
93 4 582 16 2,500§§>, 27.5
100 4.5 629 16.5 2610, V- 28
108 5 676 17 5,720 28.5
117 5.5 731 17.5 ,Q;2,840 29
126 6 790 18 2,960 29.5
136 6.5 847 18,5 3,080 30
147 7 922 19 o 73,200 30.5
158 7.5 998 19 5\55. 3,330 31
170 8 1,070 gd§§> d 3,460 31.5
184 8.5 1,140 ONG 3,590 32
199 9 1,215 <§§§y?* 3,730 32.5
215 9.5 1,290 <§§2 .5 3,860 33
233 10 1,380 Q 22 3,990 33.5
251 10.5 1,4104§i0_ 22.5 4,130 34
270 11 1,57 ié 23 4,270 34.5
292 11.5 ‘ 4,410 35

-,
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" The equation used to construct Table I-3.3 is described
approximately by the following:

D

D-1000 DN-2000

dBA = 15 Tlog 0 + [rmmrm—] + [
Reduction 20 1000 1000
for for

D>1000 D>2000

The following discussion illustrates the application of
the change from a point source to a Tine source as related
to highway traffic noise. Figure I-3.1 shows a situation

with a point source (1 vehicle) and the 6 dBA decrease in 2
noise due to a doub1ing of distance. QQ%E>
2
Figure I-3.2 shows 2 hypothetical situation with a 11ng§\\
vehicles. The calculated noise levels indicate a -dyi ‘ff

rate for doubling of d1stance of 3.5 dBA from 50 to 0 feet
3.1 dBA from 100 to 200 feet, 3.5 dBA from 200, {&%400 feet
and 3.8 dBA from 400 to 800 feet. Note that Eb rop-off
for this "line source" starts at 3.5 dBA, delng
increases to 3.8 dBA.

It is assumed that if the vehicles é%ﬁisﬁéced very closely
together, the 3 dBA drop-off willlbe ultimately attained.
The significance of this disc éé%B ‘is related to control
of noise in highway design &n
will be covered later in Ség

ases, then

noise prediction which
on I1.

\

I-3.2 Atmospheric E@i?%;s

noise levels QEQ"E relatively short distances from the
highway toqki djacent residents. In some instances, short
duration, in

| R |
Atmospheric effgfggﬁgzldom have any significant effect on
. ) 2

ermittent or temporary atmospheric effects can
be significant but these are not counted for steady-state
noise control.

—
~——



CALCULATED A-SCALE SOUND LEVELS AT OBSERVER POINTS
A, B, C, D, AND £ FOR SOUND SOURCE AT POINT 1.
SOURLE PRODUCES SOUND LEVEL OF 80 dBA AT 50 FT

DISTANCE.

Figure I1-3.1

—————————————— |’___._-_...——-——_.——_
A 50 ft
B J 100 ft
ur
=
=
= ¢ 4 200 ft
o <3
HOT TO SCALE = C:EQS
[+ 4
w -
. = 0 L 400 ft %
(1% )
2 T QNS
: &>
)
s
£ J. 800 ft
N
ol
Total Differpice, .
Seund Level Drap-of] rLF{T{:c\_;e.
Point (dBA) (dBA/DOR>,
)
A 80 ::::}<%§E)
° ,_\,S\& o
¢ 68 >
5&::;§ 6.0
D i; :\
6.0
£ ND o

4§3
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Sound traveling with the wind is bent down to earth and
sound traveling against the wind is bent upwards above
the earth. Irregular, turbulent or qhst wind causes
fluctuations in sound transmissions.

Rain, fog, hail and snow will wet the pavement and cause

an increase in tire noise. However, this may be compensated
by vehicles being driven at a s]ower rate of speed under
adverse weather cond1t1ons.

Temperature gradients can bend or reflect noise back down
to earth, These usually occur at large distances (over a Eij{>

half mile). ::S>
X

Molecular absorption of sound energy at a given tem%£&§£$re
of 60°-70°F and 60-70 percent relative humidity js\E&gwn on

the following Table I1-3.4. - (Q’S?

Table I-3.4 /\\5"

Octave Frequency Abs%gptign Rate
Band (Hz) (dB» r 1,000 ft)

31-250 %" _
500 %
1000 ‘ ]
2000 @

PN W -0
. + ® g
By O e~y

4000
-8000 ®

Tables 1-3.1, I-3. 2 :F¢ M -3.3 show the approximate correc-
tions for mo]ecular absorpt1on for distances over 1,000 feet

- based on Table LﬂB 4
NS
N\

I-3-12



1-3.3 Effects of Trees and Vegetation

Trees and shrubs usually do not provide any significant
reduction in noise unless they are very high, very deep,
provide no visual path and are evergreen. However, trees
and vegetation have aesthetic and psychological value and
can provide some attenuation.

Extensive fields of crops such as corn, wheat and other
vegetation as well as freshly plowed fields can absorb

sound waves near the ground. However, these may not be 2
. . 5
permanent and therefore no attenuation credit should be E;%t?
given in these cases. éf\xi*
. PR zh\}

Ny
Section II of this manual provides the conditions uhe\

attenuation due to trees, vegetation and ground condliﬁons
may be used for pred1ct1ng or mitigating no1seq

I-3.4 Building Noise Reductions G;i\;E

Buildings act as a barrier and can pro@ﬂde noise attenu-
ation. Section II of this manual deﬁlpﬁs the conditions
where reductions of noise due to<buildings may be estimated.

| NV

Noise Tevels are reduced fz§@<§géoutside of buildings to
the inside even if the winddﬁ is open. A significant
reduction is noted wheﬁ\,he window is closed. The Federal
Highway Program Manu'ﬂ HPM) 7-7-3 shows allowable decibel
reduction from out51 efto inside of buildings for various
conditions, Th%§\1nf0rmat1on is in Section II of this manual.

1-3-13
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Chapter I-4
VYehicle Noise

I-4.1 Heavy Trucks

The FHWA model for noise prediction and barrier design,
adopted in July 1979, defined heavy trucks as those vehicles
‘having three or more axles, designed to carry cargo and
generally weighing 26,000 pounds or more. The "average”
noise emission leveis for heavy trucks are speed'dependent

and are defined in detail later in Section II of this ANy
1 iﬁ%g?
manual. ™~ e

Moise sources for trucks are from such things as theﬁ%ﬁ~§s,
engine, exhaust and intake system, cooling fan, traéégﬁs;ion
and muffler, The dominant noise for diesel tnuéQS'prior to
1978 has been from the exhaust system, tires/ﬁfﬁ the cooling
fan. It is expected that the tire and engjggfkbise will
become dominant as the Federal regulationgﬁgﬁﬁterning truck
noise become effective; However, exhé@st noise will con-
tinue to be a primary noise source fRQT}é'barrier design

standpoint. :<§%?

Prior to 1978, diesel truc55£<§§?exhaust stacks that were
as high as 13 feet, engine Bﬁ‘“coo11ng fan noise centered
around 4 feet, and tire~hoise at the pavement surface.

. S
The centroid of these gjise sources, commonly used for
prediction and mitiéé%&on, for heavy trucks is 8 feet

" above the ground.

1-4-2




) Frequency aha1ysis of noise from the individual noise
sources indicates that all except the tires generate low
frequency (below 500 Hz)'noise. Tire noise is predomi-
nantly above 500 Hz., Figures I-4.1 and I-4,2 illustrate
a hypothetical case of the various frequency and sound
Tevels from individual sources and the heights of the
sources above the pavement.

‘Studies were performed by the National Bureau of Standards
on noise generated by various types of truck tires on
smooth concrete and “textured® asphalt. Figures I-4.3

and I-4.4 show the types of tires used and the noise ,&i@ﬂ
levels at the different speeds. A

. N3

o . DX
The data indicated the pocket retread tire was the angQgst
and the rib tires were the quietest. 1In general, f&;<§?ead
designs, such as the pocket retread, trap air iqgghe cavity
as the tire makes contact with the pavement. FheAir is
compressed and pops out as the first escapezggﬁte appears.
The rib tire design allows the air to escgggihnd therefore
is quieter, : : K. e

<S;“ ;-

Grades affect truck noise and so %?corFéction is suggested

for heavy trucks going uphill.

detail in Section IL. <§§§§;>_-
1-4.2 Medium Trucks 'Cgib o

The FHWA defines mqé%i@l rucks as those vehicles having two

"is discussed in more

axles and six whge‘§§)designed to carry cargo and generally

weighing betwaéiﬁio,ooo and 26,000'pounds. Hloise sources

for these tn are generally the same as for the heavy
trucks bufi exhaust is usually below the engine.

rF_ N
e
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For prediction and mitigation purposes, the centroid of
the sources is set at 2.3 feet. The "average” emission
levels for this class of trucks are speed dependent and
are defined later in Section II. -

Studies performed on the emission level of trucks indicated
the medium trucks exhibited different noise levels at the
various speeds as compared to the heavy trucks. Therefore,
this special category of truck was developed for noise
prediction and mitigation purposes.
I-4.3 Automobiles (géslx
‘ S
: N
The FHWA defines automobiles as those vehicles having (%§§>
axles and 4 tires, designed to carry 9 or less passenééns
and/or cargo {pickups) and generally weighing less'™ )
10,000 pounds. Noise sources for automobiles ef%ygenera1]y
the same as for the trucks but high frequency 1xe noise
predominates. Therefore, the centroid of the\p ise sources
for prediction and mitigation purposes 1s\set’at the pave-
ment surface. Automobile noise is spe@ﬁ dependent and is

defined later in Section II, <§5}"

Automobile noise is about 15 ds@é%%%s than heavy truck
noise. However, automobilem is an important source
because there are so many dfighem

Pavement surfaces afféég%ere noise and hence auto noise
but this variable Q;§§§d1ff1cu1t to quantify that no
adjustment in n01seQ3eve1 is made due to pavement type.
Also, pred1ct{\\s\for noise levels used in environmental
reports are ngaected about 20 years into the future and
no accurate estimate of pavement type or condition can be
made.,

1-4-6



‘:f%e1d test Feﬁu]fs from a FHUWA study indicated open graded
asphaltic friction courses generally produces slightly lower
noise Tevels than asphalt coated dense graded surfaces,
portland cement concrete, or chip seals. A 1973 Plymouth
station wagon using various tires was used as the test
vehicle.

)
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Chapter I-5
Sound Measurements and Instrumentation
I-5.1 Sound Level Meters

A11 sound level meters (SLM) used by the California
Department of Transportation (Caltrans) shall be Type

I or II as defined in the American National Standafd
Institute (ANSI) specification S1.4-1971. The Type I has
a nominal accuracy of about * I,dBA at 1K Hz and the Type
IT about *+ 2 dBA at 1K Hz. «%

&3
A tripod is recommended for the SLM because it allows the‘\
operator to stand away from the meter and leaves his Qggb
QKO

free for note taking. (EE?
1-5.2 Calibrator - (§'§7

A calibrator is a standardized noise souhsﬁifpr"conducting
an overall systems check and calibratiaon of 4he SLM. Each
manufacturer of a SLM has a ca11bratog?des1gned specifically
for_an individual microphone. M1smatqhed calibrators can
resylt in errors or damage to th mccrophone. Calibration
should be performed using a 1 I% z signal.

, ] W
Calibrator output is affgcted'by changes in atmospheric
pressure, Manufacturen?iprov1de correction curves for
calibrator use at otQ\)_ han standard atmospheric pressures.

I-5.3 High Imne%ince Headphone
It dis suggé§§§%'that a high impedance headphone be used to

listen for such things as wind and internal or popping noise
due to-a wet microphone.
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1i5.4 Windscreens

Windscreens are generally of spherical or cylindrical shape
and made of formed polyvinyl, open-celled polyurethane or a
silk covered grid. The screen fits over the microphone

and helps to protect as well as minimize wind noise.

Measurements can be made in winds up to 12 mph with a wind-
screen., It should always be used when making field measure-
ments. '

I-5.5 Graphic Level Recorder <§E\
(QS\Q‘
A graphic level recorder facilitates noise measurements §Q$>
q
by providing a trace of the noise level on graph papeﬁégé
for a permanent record that can be analyzed at a ]a%%h}
date. The data can be reduced manually and ca]culatlons
performed to obtain descriptors such as peak, é%QMand L eq
' )
RN
I-5.6 Alternative Sound Measuring Instrumeﬁjs
L

Sound level distribution analyzers (np 1se classifier types)
are often used for monitoring hi
They are especially useful for

hway\or community noise.

*term measurements., One
disadvantage is that they sam&§€>_11 noise and are not able
to eliminate airplanes or 53 g dogs when traffic noise

is the only interest.

The distribution ané%i%érs provide a mechanical and

electrical means fo\,obta1n1ng a large sample which can

be converted mé%’ 111y or by computer to descriptors such

as L10 and L%h -There are also fully automat1c instruments
that prov1deb ard copies of the test data as well as
calculate such things as peak, L.[0 and Leq vq]ues

I-5-3
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'I-5.7 " Accessory Equipment

Sometimes, a wind speed indicator accurate to *+ 10% at

12 mph and a s1ing psychrometer for méasuring humidity
and temperature may be desired. Microphone operation may
be affected when relative humidity is not between 10 and
90%. Other items such as a stopwatch with sweep second

- hand, data sheets and spare batteries may be helpful.

Caution: The operator should be familiar with and always
have a copy of the manufacturers instructions with each 2
sound measuring instrument. : fiyvzm

I-5.8 Quality Assurance <f§39
A1 1nstrumentation used for noise measurements éhéﬁ%?%%;

checked periodically and calibrated. Permanenééi?vords

showing this work should be maintained, (;%b_w

- | S
The procedures for performing the ca]ibra%ﬂﬁj}are shown
in Appendix D. &

_ %®
N
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" 1-5.9

1.

Suggestions for Noise Measurement
Check batteries and calibrate thg SLM before each use.

Make measurements during "noisiest" traffic periods
when possibie.

Use the SﬁM's A-weighting network.

Remeasure ambient noise several days later as a check

(same time of day at same Tocation). 2
?>\
el
Avoid measurements in high winds, rain or high hum g{gg

Make outdoor amb1ent measurements at upper f]od?%S}

Keep microphones covered at all times (us1\g rotective
Q\\P

cap or windscreen). Never touch the dE?phragm.

10.

11.

12.

13.

/‘\\‘A N
e

Always use a windscreen during oug?ooﬁiheasurements.

. . AN
Orient the microphone accord1ngng’manufacturer’s

instructions. <f3%?

State all noise ]eve]géggb erms of a descriptor and
weighting factor \ = 72 dBA).

Q
Always carry s ééégbatter1es for the SLM and calibrator;
spare pen and EgPe for the graphic Tevel recorder.

Treat ak q¢se ‘measuring instruments as delicate
elect;ﬁh\ ‘equipment,

Document all noise measurements with complete informa-
tion as to location, time, personnel, instruments used,
etc.

I-5~5
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Chapter 1-6
Field Measurement and Analysis
I-6.1 Selection of Sampling Time

Design ﬁoise levels in the Federal HighWay Program Manual
(FHPM) 7-7-3 (Appendix IIB) are based in part on the design
(peak) hourly traffic volume. Sound measurements should
therefore be made near or at the design hourly traffic
volume. However, the period with the highest sound levels

) . . <
may not occur at the design hourly volume. This cond1t10n13;§sﬁ
may occur when traffic volumes are lower but the truck (€f5§§2

. N )

percentage i1s greater, <§§§$%

A
'If measurements are made during off-peak traffic, §§EB>_
ematically adjust the sound level (Leq) S0 that<%he
highest (peak hour) sound levels are reported§§§§éd on
peak traffic data. The calculations to pgf%&hm'this
adjustment are explained in Section II bégﬁéﬁé familarity
with the prediction model 1is necessarﬁ}.-'g

Measurements are very rarely mad'l'of'h full one-hour
period, but "samples" are tak ﬁg%y represent this period.

I-6.2 Measurement Locatio§§£ﬁﬁbient and Traffic Noise)
. -

Sound level measurem ”%5 are usually made so that they

are representativeﬁ%}xihe receiver(s) involved in an

activity. An eéqmpTe is noise measurements in the back

yard of a res*ﬁaﬁ)e. The fence line is not appropriate

but the pgf%?éSﬁn the middle of the backyard or around

a barbecue ﬁit, could be representative.

I-6-2



It is difficult to establish a precise location for measure-
ments in a picnic or recreation area and in school play-
grounds. Judgement has to be exercised to assure that

such sites are representative.

The sound level meter microphone should be kept at least
4 feet away .from buildings or structures.

1-6.3 Leq Determination by the Manual Check-off Method

The sampling program described below provides the proce-

dure for determining the equivalent sound level (L ). EK«
eq AN

Figure I-6-1 shows an example worksheet for recording no1&q§ri

data. \

a) A1l information required on the worksheet shouf\YB
entered. The column to the left is divided 1nt0 1fty
1-decibel increments, marked in five sets of OagkxfEntor
the appropr1ate 10 dec1be1 intervals 1in front ﬁ each
"o", 1ncreas1ng from bottom to top. Keep‘ﬂﬂ nind the
expected range of noise levels to be mggsured {(Figure

1-6.2). | %,

b) The SLM microphone is set(%é%&p 5 feet above the
ground, It neéds to be set > ripod and located not
Tess than 4 feet from any f\q\e ting surface. There may
be instances where measugements are made at heights ogther

than 5 feet (i.e., up f? ‘tory of residence). This
information shou]d s be noted on the worksheet.

c) Genera’ll%b ﬁe meter is set at “"slow" response.
However, {i? \s1ve or peak noise values are needed,
fast respons Qﬁ%y be preferable., Judgement shou]d be
exercised as to which response to use. Always use the
"A" weighting network.

I-6-3
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~ TRANSPORTATION LABORATORY
NOISE SECTION

District Co. Rte. P.M.
Test By ___Date’ . Time _____ Mind Speed’
SLM Mfg, Serial No.___ CaTibrator Mfg, Serial No.
Site ‘Sketch | Traffic Count ° Speed
Autos
Medium Trk
Heavy Trk
Comment
- )
8
7
B
5
a I
[} )
] A
8 -
7 Y A
6 :.)\
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: : s
[4] ‘.
9 B ~
B T T
5 .
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‘ Y
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£ N LY
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NUMBER OF OCCURRENCES
Figure I-6.1 sample Sound Level Measurement Data Sheet
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CALIFORNIA "DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
NOISE SECTION

NUMBER OF OCCURRENCES

Figure 1.6,2
I-6-5

Sample Sound Level Measurement Data Sheet

‘District ' Co. Rte., . P.iM.
Test By Date Time Wind- Speed " -
5 . ———— N - -_—
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d) Calibrate the SLM according to the manufacturer's
instructions.

g) Read the SLM every ten seconds {(this is an instan-

taneous reading at 10 seconds) and place a check mark in
the appropriate decibel level box and also a check mark
along the bottom row to keep track of the number of
measurements recorded (Figure I-6.2).

A method of identifying any unrepresentative sound sources

which may influence the measurements is to use a Tetter

code for different sources. Instead of a check mark on x3§§3?
the work sheet, a letter corresponding to a particular “Qx¢33
source causing that sound level is used (i.e., A- airpiéé%%?
J-jet, D-dog, etc.). Usually, these extraneous sound

sources are not included in the data collection or ;Qa ysis
process unless they are a normal part of the no1g§)

environment of interest. ‘*>
/’{\

' RN
f) After fifty measurements, a va11d1ty\tgst is per-

formed to determine if an adequate saﬁgie has been taken

‘to represent the peak hour traffic no\fe at a 95 percent
confidence level. If the cr1terf&3?1s met, the measure-
ment program is complete. Othe ise, another fifty measure-
ments are taken and a test 1‘\59‘11 d to the one hundred
measurements. Q£§§>

The following va11d1t<z3§st is based upon a 95 percent
confidence 1nterva]ﬁ&$& Te I-6.1) and was originally
developed for use in LiO determination.

O
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Table I-6.1
95 PERCENT CONFIDENCE TEST SAMPLE TABLE FOR L'IO
Total Ho. - Upper L Lower Allowable '
of Samples Error Limit 19 Error Limit Skewing
50 “1st Sample . 5th Sample 10th Sample None
100 4th Sample 10th Sample 16th Sample One i
150 7th Sample 15th Sample 23rd Sample One )
200 T1th Sample 20th Sample 29th Sample One
250 15th Sample 25th Sample 35th Sampie One
300 19th Sample 30th Sample 41st Sample One
350 Z4th Sample 35th Sample 46th Sample One
400 28th Sample 40th Sample 52th Sample One
Note: The 95% confidence 1s met if the Upper and Lower Error o 'Fw\x\?
Limits are within 3 dBA of the Lyp Level. RN
. L A

Count down from the top of the data sheet {from Jef
right) and circlie the data samples given in Tab?e‘; 6.1.

For example, after 50 samples have been record&@ the 1st,
5th, and 10th samples are circled. Thesggfhmpﬂes constitute
the L10 flanked by the upper and ]ower errdy. Timits., 1If

the 1st and 10th samples are each w1t§fn 3 dB of the 5th
sample, the measurement program is Spriete. Otherwise,

an additional 50 samples must b <Erserved and the validity
test is repeated. An examp1Eﬁ~§§§1ven in Figure 1I-6.2.

The criterion is met in thl§§§> smple.

If 100 or more samp1es§$§\9 been taken, a process called
"skewing” is allowed. y this process, the two outer test
samples (the erroﬁﬁiy-¥ts) can be shifted by one sample
(not one w1nd0\ﬁafboth in the same direction (Table I-6.1).

R
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For example, if the criterion is not met after 100 samples
by testing the A4th, 10th and 16th samples, the criterion
can be tested with the 3rd, 10th and 15th samples or the
5th, 10th and 17th samples. Although this skewing proce-
dure will not change the L-IO value - nor will it change
the number of samples between the upper and lower error
1imits - it can sometimes provide the necessary accuracy
without requiring further sampling. - However, if the
criterion is still not met after skéwing, then another

50 samples must be taken, and so on.

e
q) The Equivalent Sound tevel, L _, is defined as: Q%;%?
’ Teq AN

: I
Leq = 10 Togyg [+ z 10(Lks710) ¢ <§§§§§

where Li is an A-wejghted sound 1eve1(§§£§§§§i in
~decibels. TN

oo

The Leq can be evaluated after the klg%Vg1idity criterion
is met using the data collected on Figyre I-6.2 and the

computational worksheet shown ii: jgure I-6,3, as follows:
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CALIFORNIA DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
- NOISE SECTION

_ . District Co. Rte, P.i.
Calc. By Date -
Comment -

SQUNRD ’
LEVEL RELATIVE RELATIVE TCTAL
ae (A) couoyt (BY  sounp enerer (C) sounD EWERGY () )
e e - lao X 100,000 =
L . EE] X 79,400 =
33 % 53,100 =
57 X 50,100 =
35 3 39,400 =
33 % 31,500 =
T % 5,100 =
I TR ] X 20,500 = W
532 X IS, 900 =
I1 % 14,500 -
ED] X 10,2480 =
FE] ® 7,340 =
33 X &, 310 =
ri x 3;010 -
36 P 3,930 =
33 3 3,130 =
Y X 2,910 =
33 % T, 000 =
33 X 1,550 =
3L X 1,260 =
30 % T,000 S
i) % 794 =
T8 X 5JL T3
i1 X 501 =X
7B X N 398 = )
7y X 318 = SN
74 % 357 = NN
73 % 200 = NSNS
7e % 159 A NN T
7T F 178 IV
70 % 104 = v
53 5 X 79,4 Y- i 2
6d \& % 53,1 = ) OO
a7 {1 X 50.1.5 = 551
23 ) % LT 28
CE = % 16, . o= IS8
LT 4. X D T, = 100
53 i X 30.85 = Z0
52 : x T 15,3 =
‘ P 1 X SaNK12.6 =
R DR R IR R T ek Tl TR0 X N SN0, 0 = - g
: : 53 X oY) 7.94 =
¥ K NS N B.31 3
27 S AN S 5. 0L =
tg o D - 3.985 5
535 TSI 3.is =
54 RN X 2.51 =
53 L Z2.00 =
g2 Ty N X 1.59 =
51 PR 1,28 =
50 o X L.00 =
43 IESAND x . 194__=
48 SNy x .o..l =
I7 - A X .501 =
* 16 70 - X . 338 =
A5 ey X L3l =
T X d5L__ =
EERANSE x .200 =
A PN, x T -
X .12 =
. r= 50 . I= 2554
“Sum B 50 - Leq is determined by finding
——— A
Sum D 2554 : the closest value for Sum D/B -
Sum D/B s in Column C and reading the
Leq &7 Sound Level in Column A
D e e o O
ure.’1-6.3 =~ )aq Computat1on Horksheet

1-6-9
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STEP PROCEDURE
1 Enter number of checks per sound level in Column B.

2 Multiply the counts in Column B by the relative
sound energy factor in Coiumn C and enter the
result in Column D.

3 Add all values in Column B to determine Sum B (50),
~add all values in Column D to determine Sum D (2554),
and divide Sum D by Sum B (2554/50 = 51),

4 Locate the value (51) in Column C that is approx1—¥Q§§3

mately equal to Sum D/Sum B. The correspondwngQ§§S§5

value in Column A is equal to Leq' d%sb

The relative sound energies in Column C were deﬁ% ed by
taking the antilog of SPL/10 and mu1t1p1y1ng( he: resu1ts
by 107 -5 to keep the values manageab]y sma11«

h) Remember that the measured Leq 1s4¢he L eq for the
measurement time period only. For er\mple, if 100 samples
were taken before the criterion was met, then the noise was
sampled over 1000 seconds (appr-\s %e]y 17 minutes). The:
Leq pertains to that 17- mlnute‘\b iod only. For this
reason, it may be des1rab]e\f5 co]1ect further samplies, to
extend the total time p “‘od The accuracy depends only
upon the number of sa p es taken, Therefore, if it is
desired to sample ong}_ longer time period, the sample
interval may bgcfhgnged to 20 or 30 seconds, to save work.
In this manne ‘éﬁsmal1er number of samples will be spread
uniformly ove €§}

tonger time period, that might more real-
istically b;\said to typify the measurement site.

1-6-10




i) T In fﬁe'ékamﬁﬁé shown in Figure I-6.3, the Leq is 67.

- Another way to calculate the Leq is shown on Figure 6.4,
The same set of raw data on Figure I-6.3 is transferred to
Figure I~-6.4, Column A (sound level) and B {count). The
10 Tog N and dB sum addition calculations were covered

in Chapter 1. Calculations can also be performed using a
calculator.
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1-6.4 JDa}-HﬁghtﬁSdund Level Calculations

Day-night sdﬁnd levels can be,obtained for each hour of
the 24 hours and then energy-averaged.

Hourly Sound Level Measurements

Examp]e: To determine Ldn from hourly measurements
(Table 1-6.2). )

1. For daytime (0700-2200), determine the number -K
of hours represented by each daytime equivalent sound
level (Leq) and enter this value in Column B of Figure {\

I-6.5. ' . £\$?
_ QiSp _
2. For nighttime (2200-0700), detarﬁine the nuwiber

of hours represented by each nighttime equiva]eh.tgound

Tevel plus 10 dB (L +10) and enter th1s vakg {n> Column

B of Figure I-6.5. ?\5_ ’

3. For each sound level band \fghte 1-6.5, Column A,
multiply the number of hours in Columg-B- by the corresponding
value in Column C. Enter the re§3$3 in Column D.

- o \5\\>

4, Add all the valu ézi igure I-6.5, Column D to
~obtain the Sum D. D1v1de Sum>D by 24, Locate the value
of Sum D/24 in Co]umn<\%>nd note the corresponding sound

level in Column A is the day-night sound level L, .

@\%
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Table I-6.2

EXAMPLE: 24-HOUR SURVEY FOR Ldn DETERMINATION

Time of Day

0700-0800
0800-0900
0900-1000
1000-~1100
1100-1200
1200-1300
1300-~1400
1400-1500
1500-1600
1600-1700
1700-1800
1800-~1900
1900-2000
2000-2100
2100-2200

2200-2300
2300-2400
2400-0100
0100-0200
0200-0300
0300~0400
0400-0500
0500-0600
0600-0700

Hourly

Day

INI\Jw—-'-Ih--—lI\J

—_—
o

48*\ 153

/,?\%\

*10-decibel penaF£$§§Dare added to

S

these nighttime values

R
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CALIFORNIA DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
NOISE SECTION

District Co. Rte. P.M.
Calc. By , ' ' Date -
Comment ~ -
SQUNHD o
LZ V"L . . RELATIVE RELATIVE TCTAL
aa (A) cotnr {B) sounp enexgY ( C) sound ENERGY { [} )
130 Day Night «x 100,000 =
35 ; X 79,400 =
EE] X 23,190 =
97 X 50,100 =
) 96 % 39,300 =
BEE x 11,5400 =
_ LY % z5, 139 =
e r g A A e e it 9D I 20,000 = e E R e
LT T EH X 15,900 =
91 x 12,800 =
39 X 10,900 =
EE) x 7,940 =
EE] x 5,310 = _
B7 X 5,010 = }
EL X 3,980 = 2 -
33 X 3,180 = o
34 X 2,510 = fe e
a3 X 2,000 = )
32 x 1,536 = \%&—MPLE
ER X 1,260 = SN AR
ag ES L,000 = Ly NS ;
79 ® 794 = ,\\x‘\:\? T
78 X 631 = S5 NNYT
57 % 531 = NS
76 ® 398 = A ° e
73 % 315 = )
74 X 51 = (.i\\") -
73 % 200 = N
72 X 159 T *10 dB
T % iég A i\\\y/ penalty
70 N /
€5 % Y added to
CE x ggi =) nighttia:
EXi X LA =
%8 T x T T8 i) values
535 = D N : .
a4 T X PN N 50
53 - X 70.9 ., =
52 Uity [ Al X £Z . 15.3 = 95
P . . e [ X< /\\{,2.5 =
o TS T bt i B e R N S ¥+ - T 1 X [N ) = 20 -
53 AN T =
58 Ul Pl X N = 6,31 = 50
57 AN .31 =
£E 11 AR 3,58 = 1=
35 P 3.18 =
54 1 N X 2.51 = 5
33 NI 3.00 =
32 TS N X 1.59 =
5T oS € X .26 =
N AW X 1.00 =
43 (o2 INS] X REL =
48 NNy X REERY =
37 NN X 501 =
* 46 o X EEE =
[FIRNESY X 313 =
SN O 3 2231 =
B ESANST % -200__=
AN X 15y =
TS X .15 =
137 X “Lo0 =
< ) = 24 I= 308
1. Sum B Z4 Leq is determined by finding _
2. Sum D 309 ' the closest value for Sum D/B
3. Sum D/B 7.8 in Column C and reading the -
4, Leg 6l 2 Ldn Sound Leve'l in Column A '
T e Pt .- -, -,k.— :'#w‘*».ﬂ-”‘v« A DT "*-M..i-.. . .
F Leq ‘Computation’ Norksheet




. I-6.5 L Determination Using A Graphic Level Recorder

eq

To determine Leq from a continuous graphic record of sound
pressure level (SPL) versus time (Sketch I-6.1), pick points

at absolutely regulayr time intervals along the plot., The
closer together the points are picked, the more accurate

and repeatable the-Leq determination will be.

For the sake of convenience and consistency, a time interval
should be chosen which coincides with the preprinted vertical

1ines on the graph paper. The time interval represented by

these lines will vary depending on which paper speed

setting is being used Where the 1ines are not prov1ded,
they should be constructed on the graph paper with atteng\

tion to accuracy.

The SPL values picked from the graphic record can beinter-

Q&

preted using the same methods employed in the. d egk -off
method discussed previously. For samp11c1tyf%he
can first be transferred to the FHWA "Sound ;;§;1 Measure-
ment Data Sheet" (Figure I-6.6) thereby arrang1ng the data
for ease of analysis. The L eq Comput§ﬁ1on Work Sheet

(Figure 1-6.7) is then used to determ1we the L

eq’

e SPL's

The

example does not show the app]10 jon of the accuracy test

due to the limited data. {:3>
, (\\

S 4

I-6-16

i 3 IS : N
SE/mm =
{0 § /a) A o A A
} 1 PR YA NP AR i i {t (I
HHH AN =S e T i
=P I NS N i U W'\
Y 18 18 S ] \ Y g
I P TTH A o W Ik L Al g
1 M v Y i | e ) ik ;
] A v, IR vy y Y I M R
N i 7 A { b A v A P
\ 7, Als BAIR I3 /AN VW 7 ] il LY.
v \ =
—» RS TH | k’ - ¥ ' -
i D % Wiy t i m
L~ HRL 4 i ;
s i /
i
@ =
Sketch 1-6.1 EXAMPLE



Example

CALIFORNIA DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
NOISE SECTION

District Co. . Rte. P.M.
Test By Date Time Wind Speed " e
SLM Mfg. ‘Serial MNo. Calibrator Mfg. Serial No.
" Site Sketch “Traffic - Count Speed
Autos
Medium Trk
Heavy Trk
Qomment
[=]
B
7
[
5 ‘:_-5
% \t:»
1 5
g
9 L
2] .
7 5
[ ‘\-\‘
E Y ¥
1 ™ " Z
20 Pe - L
g
8 [ 7
7 i b
[ [ ~ 7
5 [ el — 2.
4 P . 2
k] P s i
2 1
1 ol f ] ] 4
[<Xv 2] ] ] B %)
P i L )
o 1 ,
[ NI B
[ ~,
4 ] !
] I i
2 -
1 N
) Y
9 N
: 1
7 =
5] R
5 .
- i RS
: =
2 - -
LEVEL -‘\\‘?,\ Total
(dBA)LLL
10 20 30 40
NUMBER OF OCCURRENCES
N
-

Figure I-6.6 sample Sound Level Measurement Data Sheet
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CALIFORNIA DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
NOISE SECTION

District Co. - Rte. P.M.
. Calc. By ‘ Date
Comment -
SOUKD
L:.V"L RELATIVE RELATIVE TOTAL
{A) covwt (B) . sounp enerey (L) sounp _ENERGY () )
190 % 100,000 =
53 X 79,400 =
I3 X 53,190 =
. 57 X 50,100 =
. 35 X 35,300 =
35 X 31,500 =
34 % 25,100 = .
era 33 = '20,000 = -
E¥] X 15,900 =
71 % 12,500 )
ER) 3 10,000 =
33 % 7,540 =
38 % B, 310 =
[ X 3,010 s .
6 % 3,980 =
EE) * 3,640 =
34 X 2,510 =
33 % 7,000 =
37 % 1,530 =
ED % 1,260 =
70 X 1,000 =
73 X 734 =
78 X il )
77 X S0l =
78 % g 398 =
73 X 3L8 = 7
74 * 251 B3 SAN NS
73 3 200 = AN
77 TR 159 Ty AT B
7L A 128 A N5 B
70 i x 103 TELL N 180
£3 X 79.4 . .
= ] A 51,1 = T/, 3,1
57 3 3 L. 1 ¢ = (00,2
39 z I e~ = 20,8
53 7 R Al.6., s = 3,7
S 3 X Sy, .. = 50,2
53 X ~ 20,0, = 80, O
52 3 L&~ 15.3 = 15,9
F PR -F 4 E3 AN VA = 50,4
FEGTE e T T L T e L 50 3 X R T = 20.0
5% 3 FCSSNNZR T = 23,8
53 RN 6. 3L 5
57 [ ZXNNN 5.9L = 5,0
tg v o 7.38 = »
55 " ) 3.:6 = -
53 Y ® 2.51 = 7.5
T3 S NI 2.60 = z_ .
53 L) VX "1.59 =
5T AN % T.28 =
ED) ey % 1.00 =
43 LR N ® . 194 =t
¥ ~ ) X 53l =
T = % 501 =
* 16 (= X 338 =
A5 S ) X s _ =
AN X LA5L =
RN % 00 =
SN X 159 =
L N X 125 =
10 < LLan =
Example
= 32 I=1321.0
1. Sum B 27 Leq is determined by finding
. 2. Sum D 1222.0 the closest value for Sum D/B
3. Sum D/B 4.3 in Column C and reading the
4 Leq L Sound Leve1 1n Co1umn A
F :Leq Computatxon WDrksheet‘-
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Nhen“gféﬁh%% level noise measurements are being made in
the fie]d, it is not practical to apply an accuracy
criterion to determine if an adequate sample has beeﬁ
taken. Therefore, as a guide, graphic level recordinags
should be taken for at least 8.5 minutes under heavy
traffic conditions, at least 17 minutes under medium
traffic conditions and at Teast 25 minutes under low
traffic conditions. When in doubt about traffic condi-
tions, recordings should be made foi the longer time
periods. |
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I-6.6 Leq Determination Using the Environmental Noise Classifier

Leq can readily be determined from the data collected by

the B&K Environmental Noise Classifier (Models 166 and

166/545). Ideally, the instrument would be allowed to

accumulate noise level data for the entire time period for

which an Leq value is desired. In the case of highway noise,

this would be for the entire "peak traffic" hour. If

measuring for the entire hour isrggg_practica1, caution

should be exercised in using shorter measurement periods

to establish the T-hour L eq” '
ai‘«:ﬁ

As a guide, classifier recordings should be taken for at <\\

least 8.5 minutes under heavy traffic conditions, at Teé st\)

17 minutes under medium traffic conditions, and at 1e‘§$g

25 minutes under low traffic conditions. When in &%qp& ’

about traffic cond1t1ons, recordings should be mage For

&

L is determined from Noise Classifier dafa ¥ia the general

the longer time periods.

&l {__1.
expression: , K
_ . <S§g ’-
L = 10 1o Sum of energies “for each of the measured SPL's .
eq %10 Total numhééyof measurements made (Nt)

e

" which becomes ... <§§§§E§-

QT N

~§P SPL» SPL3 SPLy
L JOJOY +10 16 + 101G, + 10710 t
eq 10 log, 41> ~
AN Ny
C2N '
%@1
or . ,f<§§>
ey
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=
|

; = no. of samples in a particular window

~—
il

3 the middle value of the particular window

Noise classifier may also be interpreted using the

"Tabular Simplification" worksheet as shown on Figures
I-6.8 and 1-6.9.

The window values shown on Figure 1-6.8 are the lower
Timit for the window.

i.e.: The lTower 1imit for the first window is 45, . f‘,gi
It covers the range between 45 and 46. Thé\\sés
middle value is 45.5 dBA. RN
The lower 1imit for the second window 5047,
It covers the range between 47 and'K§%> The
middle value is 48 dBA. ,><§§;
The Tower Timit for the third.gindow is 50.
It covers the range between gﬁéﬁnﬁ 51. The
middle value is 50.5 dBA,<
‘ Q%?;"
Successive middle values should K@ calculated for each
window and recorded on Figure “(Column A). The
corresponding number of oc a}sﬁy es are recorded on
Column B and then ca]cu]atid'ﬁ:‘g>

TS

"are performed to determine
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. Example

CALIFORNIA DEPARTMENT O

F TRANSPORTATION

TRANSPORTATION LABORATORY
NOISE SECTION
District Co. Rte. P.M.
Test By Date” Time _MWind-Speed .
LoweR LimiT] 45 47 50 52
READING 0 3 (O G|
% OF TOTAL 0 2 . o1 40.7
Prosorexc(Z)l 994 W [ 994 4 [~ 994 0.7 e
LOWER LiMIT] 55 57 _ C:O o7 TOTAL TIME
READING 33 73 7 8
% OF TOTALl 77 15.3 4.7 5.2
PROS oF exc( %) 50.0 =« 8.0 4 [2..7 = 8.0 D) G4
AN A
tower umt] G5 67 70 72 _,gﬁ\;ﬂ
READING 7 ] ! 0 %S .
% or ToTAL .3 .7 T e 4\@
ProB oF exc(%) 7.7 = L4 L7 - O |[e—sT HERE
. N3,
100 < P ‘\\:‘P& ]
\ <
\ N - .
S0 . ' (‘\, <« 0
! ’@i )\)-
: ‘\ \..‘-'»'?
. B8O ‘\\ : ;\:{
$2 3 A Lae=
— ' - P
Z { RN oo
g9 6o "1 - \\,\\,\‘
i, N N
0 TN R
X > .
w s5Q - ;‘ -f 50,4
w =1
N S R \
SN A
> ao o \\
at |
3 . X
3 o Y
R ‘
a T= 3\
a 3 \
N -
AN
AN
kN
10 S “107,
B
i
T
o
winoow umiti45 14T 1501521 |55 571 60162 165 Gy {701i72
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I-6.7 Computer Analyses of Graphic Level Recorder Data

The Leq is a calculated value requiring a tedious time
consuming manual calculation using data from either the
FHWA check~off procedure, the araphic level recorder or
the environmental noise classifier.

A computer program (Program Hame 5; ENV; ENVSYS; L Calcg)

on the TENET Time-Share System is aVai1ab]e‘F0r calculating

Leq from the check-off procedure or the Environmental

Noise Classifier. ) {11
For graphic level recordings, the Transportation Laboratgr >
uses a digitizer pen and computer program to interpret Qghe,
graphic data and print out vesults for direct 1nc]us1§£§ﬂ
noise reports. It is more accurate and faster than %ﬁe
manual method. 59

Figures I-6.10 and I-6.11 show the 1nf0rma%1(\}iequ1red for
&

analysis and Figure I-6.12 shows an examplejcomputer
printout. RS

I-6-24



1
1

TRANSPORTATION LABORATORY

Enviro-Chemical Branch

NOISE SECTION

GRAPHIC RECORDER DATA SH

EET

The following information is‘necessary for strip charts submitted
~to TranslLab for computer analysis:

1.
2.
3.
4,
5.
6.
7.
8
9
0
1

-

-
-

District:
County:
Route:
Post mile:

Date of measurement:
Submitted by:
Beginning time of measurement:

Ending time of measurement:

Field data by:

Branch:

Field measurement location:
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Graphic Level Recording (strip chart)

Hote: The following
A)
B)

items should be marked on the strip chart'
Sound pressure level corresponding to each 10 dB Tine
Starting & ending points of strip chart recording

Writing speed should be: 3 or 10"/sec on GenRad 1521

100 mm/sec on B&K 2306
Paper speed should be: 1/5"/min on GenRad 1521
1 mm/sec on B&K 2306

{?
S S G G R S (R G . : ( ‘i§$?
. WEST CONCORD, MASS. CHART 15218428 PRINTED IN U.5.A, -
‘E:f
E 3
]
N
AN E» 4
20 B
17 ~ )
Y A
{ 1=
{ [ =T p
i ) { RN
1 ) ~ 1 e ~ 1 \
B 1 i 3 ?vl {
L M )
] ‘ ¥ 4~ﬂ? I T
| v e Ty I }
1k W P 0 I B O )
T i (A ] }{ 1
‘! 1 RN N
J ‘ N 7| it
f v STl I 1 i W
1 1 o PNIAY 1 1
T s
|
TSY |
o 1
"D
=]
SHaT i < =1
- ” =

¢g§§§§§ : Eiis : : | : (gg)

Figure 1-6,11
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Leg Cdmﬁuter Printouf From Graphic Level Recorder

DI3T.
CO.:
RTE.:
PIM.:

163
YOLO
I-50

?

BRANCH: ENVIRO-CHEMICAL
FIELD MEASUREMENT LOCATION: ONE MILE WEST OF

bBBA

73 =

63 -

53 -

- &
- =
- *
- *
- *
- ¥
- 1 1
o 10

L(EQG)= 76.6 DBa
L(1@)= 81.8
L(S0Y= 68.0

MEASUREMENT DATE: 4-19-78

MEASUREMENT TIME:120@
SUBMITTED BY: R. 3SMITH
FIELD DATA BY: R.sM{TH

YOLO CAUSEWAY

STANDARD DEVIATION= 8.4

PERCENT

Figure I-6.12
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Glossary

The terms and definitions in this gloessary are either
used in this manual or are of interest and commonly used
by people involved in environmental noise.

A-Weighted Sound Level (dBA) ~ A number representing the
sound level which contains a wide range of frequencies
weighted in a manner representative of.the ear's response.

Absorption - A property of materials that reduces the amount
of sound energy that is reflected. It is an entirely <zzﬁ
different prpcess from that of transmission Toss \KA% g

LG\
through a material, <§E7
: Q

Absorption Coefficient - A measure of “the sound ab§§§§§hg
ability of a surface The values range frd@)ag\ut
0.01 for marble slate to 1.00 for a 100 'Q ¢ént
absorbent material. One type of such a \9 fficient
is referred to as a Moise Reductioni Cziﬁf1c1ent (NRC).

Acoustics - The science of sound 1ncﬁud1ng the generation,

transmission, and effects of ound waves, both audible

and inaudible. <::>
B

Airborne Sound -~ Sound tha gzgaches the point of interest
by propagation thrqugh air.,

N

Ambient No1se Leve}>ﬁ\T at sound level that exists at any
instant regar&iess of source.

Anechoic %,Qé#iiilroom whose boundaries have been designed
to abhqyb nearly all of the sound incident on them,
thereby affording a test room essentially free from
reflected sound. '
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AFtitufafioh Index (AI)I- A numerically calculated measure
of the intelligibility of transmitted or processed
speech. It takes into account the limitations of the
transmission path and background noise, The AI ranges
from 0 to 1.0. Speech intelligibility is low if the
Al is 0.1 and high if 0.6.

‘ Audio Frequency - Audible sine wave of sound between 20

and 20,000 Hz.

Aural ~ Pertaining to the ear or hearing. n

D\\
N

Audiogram - A graph showing hearing loss as a function o )
Nl

frequency. Aég;Q?

Audiometer - An instrument for measuring hearing se Sﬁt1v1ty

or hearing loss. : 2%?.
. A
Background Noise - The total of all noise \a»system or
s1tuat1on, independent of the presencgld% the desired
soqnd. 43%‘

Bafflie - A shielding StrUCturQ(Q§§§> ries of partitions
used to increase the effe length of the external

transmission path betgggQ(}Wo points in an acoustic

system
O -
Band - A segment of(§§§éfrequency spectrum.

X9

Band Center Fr néy - The desiqnated (geometric) mean

egue
frequeg§§§§£la band of noise.

IA-3
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Band Pressure lLevel - The pressure level for the sound
contained within a specified frequency band.

Broadband Noise - MNoise with components over a wide range
of frequencies.

C-Weighted Sound Level (dBC) - A number representing the
sound level which contains a wide range of frequencies
which are linear from 70 to 4000 Hz, but below and
above these limits, frequencies are slightly dis- /Q

criminated againstQ
f\\

Coincidence Effect - When the wavelength of the bend1ng>\Q9
wave in a panel coincides with the length of 2§¥$>A
incident sound wave at the angle at which it stiikes
the panel. When the coincidence effect océﬁh s the
Transmission loss for the panel is ureatia\veduced

“\\

Community Noise Equivalent Level (CHEL) - §a§za1e that
takes into account all the A~ we1g%ted acoustical
enerqy from a source during 24 ﬁburs and weights the
evening (7 to 10 p.m.) ev%f:> 5 dBA and night (10 p.m.

to 6 a.m.) events 10 dBA\:}}

Cylindrical Divergence - The\ ondition of propagation of
cylindrical waves t qﬁ accounts for the regular
decrease in 1nt ;%xy of a cylindrical wave at

progress1ve1y\g ter distance from the source.

This decrease 1s 3 decibels with each doubling of

d1star1;®




'Cycléé PEr Secbnﬁ {cps) - A measure of frequency numerically
equivalent to Hertz,

Damage Risk Criterion - Noise levels above which permanent
hearing loss of at Teast a specified amount is 1likely
‘to be sustained by a person.

Decibel (dB) - A unit of measurement on a togarithmic scale
which describes the magnitude of a particular quantity
of sound pressure or power with respect to a standard
reference value.

XX

_ RCA
Diffuse Sound Field - The presence of many reflected wavgéﬁifﬁ

(echoes) in a room having a very small amount of.4§§§;5
sound absorption. QSSP

Doppler Effect - The apparent upward shift.inlfﬁgﬁuency
of a sound as a noise source approaches,{ﬁ%$£%e
apparent downward shift when the noiig\sig?ce recedes.

%
Electro-acoustics - The science and t€ghnology of trans-

' forming sound waves into curreﬁ%%;jﬁ efectrical

circuits (and'vice versa) bxigsan§ of microphones,

1oudspeakers, and electr ﬁEED-mp1ifiers and filters.

Filter - A device that tran§Q§~s certain frequency com-
ponents of the si Qé% (sound or electrical) incident

uhon it and re{ifgé other frequencies.

A _
Free Sound_F1e1g£fFYeb Field) - A sound field in which

the effe. gﬁ’o

ipf obstacles or boundaries on sound

propagﬁ% in that field are negligible.
RN
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Frequency - The number of times per second that the sine
wave of sound repeats itself, or that the Sine wave
of a vibrating object repeats itself - now expressed
in Hertz (Hz), formerly in cycles per second (cps).

Fundamental Frequency - The frequency with which a
periodic function reproduces itself, sometimes
called the first harmonic.

faussian Distribution (or Normal Distribution) - a term used
in statistics to describe the extent and the frequency ’
of deviations or errors. The outstanding characteris?lﬁ%&b.
are a tendency to a maximum number of occurrences atSoye)
near the center or mean point, the progressive decﬁ%é%h
of frequency of occurrence with distance from thﬁ;;
center, and the symmetry of distribution on e{éiék ‘
side of the center. 1In respect of random q@{fe,_each
fluctuation of amplitude is an occurrence} ihéether
above or below the mean level; the pe@Kxﬁg?ué of each
fiuctuation is the error and the diifkightion of errors
with time is Gaussian. : C&; <
| N
Gradient - A variation of the Togal speed of sound with
height above ground or othééS%%asuﬁe of distance
causing refraction of soﬁﬁﬂn
caused by rising or féﬁiggéJtemperature with
altitude or by diffgrences in wind speed.

It is most commonly

Harmonic - A sinugqfé%@(pure-tone) component whose frequency
is a who]e—nuHﬁg¥ multiple of the fundamental of the
wave, If<§éﬁomponent has a frequency twice that of
the fpﬁ@%ﬁéﬁ%a] it is called the second harmonic.

AN
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"Leérfﬁg Disability - An actual or presumed jnability, due
to hearing impairment, to remain employed at full
wages. '

Hearing Handicap - The disadvantage imposed by a hearing
impairment sufficient to affect one's efficiency in
the sjtuation of everyday living.

Hearing Impairment - A deviation or. change for the worse
in eitheyr hearing structure or function, usually
outside the normal range; see hearing Toss.
Hearing Loss - The amount by which a person's hearing 15.\\,\,
' worse than some selected norm. RSN
@}‘?
Hear1na Loss for Speech - The difference in dec1be1§\g§>
between the speech Tevels at which the “a%eraae
normal" ear and a defective ear, respect1ve§y,
reach the same 1nte111g1b111ty, ocften- a? batrarily
v\\\o

set at 50 percent. Q%::f

Hertz - Unit of measurement of frequepcy, numeyrically
equal to cycles per second. <EE?

- Impact - A word used to expr <::Re extent or severity

of an environmental p?hiib

Infrason1c - A frequed % Below the audible sound spectrum
(in genera1,<3i§5ﬁ than 20 Hz)}.

inverse Squar aw - That acoustical situation where the
mean q\\t sound pressure decreases in inverse pro-
port1§h> 0 the square of the distance from the source.
This amounts to a decrease of 6 decibels with each
doubling of distance from a point source.
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Ldn - Sound level, day, night. This is a 24 hour Le
with the daytime Tevel from 0700 to 2200 hours and
the nighttime Tevel -from 2200 to 0700 hours. A 10 dB
penalty is added to the nighttime period.

Leq - The equivalent steady state sound level which in
a stated period of time would contain the same
acoustical energy as time- vary1ng sound level during

the same period.

L10 - The sound Tevel exceeded 10 percent of the time. 2
S
Corresponds to peaks of noise in the time history Q§;$?

of environmental noise. ig>

L50 - The sound level exceeded 50 percent of the t1m 3;
Corresponds to the average level of noise.
. ERANSYS
Level ~ The value of an acoustical quantity (ggg cibels.

e

2N
Loudness - The judgement of intensity of %-sound by a
human being. AN
N

Masking - The action of bringin x\gg sound {audible when
heard alone) to 1naud1b1{q§§> to unintelligibility

by the introduction of\§§> er sound.

Medium - A substance caﬁxkgng a sound wave.

pa

( _
Microbar - A microﬁqf%}ubar) is a unit of pressure equal

to 1 dyne per square centimeter (10 ubar = 1 pascal).

N
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Microphone - An electro-acoustic transducer that responds
to sound waves and delivers .essentially equivalent .
electrical waves.

Noise - Any sound that is undesireable because it interferes
with speech and hearing, or is intense enough to
damage hearing, or is otherwise annoying (unwanted
sound).

‘Noise Reduction Coefficient {NRC) ~The average of a material's
absorption coefficients for frequencies 250, 500, 10060
and 2000 Hz.

).
/fv

~
:\:\
)

\d

Octave - The 1nterva1 between two sounds having a basxcii???
fregquency rat1o of two. <§§§§

Octave Band - A1l of the components in a sound spectrum

7(?

whase frequencies are between two sine av§>components
separated by an octave. g;3>

Octave Band Sound Pressure Level - Thez;nteurated sound
pressure Tevel of only those s1ﬁ§ wave components 1in
a specified octave band for no1se or sound having
a wide spectrum. <§E?

Pascal - A pascal (Pa) is §<§\j$ of pressure equal to

1 newton per squaré&meter (1 pascal = 10 microbar).
Peak Sound Pressureé&%ﬁ e maximum instantaneous sound

pressure for a“%?ans1ent or impulsive sound of short

durat1on<$b n a spec1f1ed time interval for a sound

of longgSp at10n.

()
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Pink Hoise ~ Noise where the level decreases with increas-
ing frequency to yield constant enerqy per octavé
band width.

Presbycusis - The decline in hearing acuity that normally
occurs as a person grows older.

Pure Tone - A sound wave whose waveform is that of a sine
wave.

Random Incidence - If an object is in a diffuse sound

Y
field, the sound waves that comprise the sound field ‘€£§x
\_";' o,
are said to strike the object from all angles of /€SE>’A
incidence at random. ' <§§S? ’

Random Noise - An oscillation whose instantaneous 5%:91thde
is not specified for any given instant of, ﬁﬁme T1t
can be described in a statistical senses \\K‘fbbab111ty
distribution functions giving the frad%1qp of the
total time that the magnitude of thegii1se Ties within

a specified range. <Qg.

Rate of Decay ~ Rate of decay 15(%;: t1me rate at which
the sound-pressure level her stated characteristic,
such as a vibration 1e ecreases at a given point
and at a given time afEE the source is turned off.
The commoniy use<i§%$: 1s decibels per second.

Refraction - The béh g of a sound wave from its original
path, e1ther be3

anothear Q;“ because (in air) of a temperature or wind
qrad1eﬁ}

ause it is passing from one medium to

the medium.
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‘Residual Noise Level - The noise that exists at a point

as a result of the combination of many distant sources,
individually 1ndistingﬁishab]e. In statistical terms,
it is the level that exists 90 percent of the time.
(Acousticians should note. it means the same level to
which they have customarily applied the term
*ambient.")

Resonance - The relatively large amplitude of vibration
produced when the frequency of some source of sound
or vibration “matches® or synchronizes with the

natural frequency of vibration of some object, gtgsa
component, or system. «’«Qfﬁﬁ

O
Resonator - A resonator is a device that resounds grQ§S§>

‘vibrates in sympathy with some source of sound a5

vibration. ‘
o &

Reverberant F1e1d - The region in a room wb3| he re-
flected sound dominates, as opposed{tgafhe region
close to the noise source where ¢fe direct sound

dominates. <§§;f'

Revérberation - The persisten QQQ
space, as a result oerJﬁap e reflections, after
the sound source has stopped.

| \ |

Reverberation Room 7§§§%pgﬁ having a long reverberation
time, espec1afl esigned to make the sound field
inside it: as d1Ffuse (homogeneous) as possible.

Also ca1{sgﬁa Tive room.

N

ound in an enclosed
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Sine-Have

Reverberation Time (RT) - The reverberation time of a

room is the time taken for the sound energy {or
sound intensity) to decrease to one-millionth of its
steady-state value when the source of sound energy
is suddenly interrupted, (This corresponds to a
drop of 60 dB in sound pressure level.) It is a
measure of the persistence of an impulsive sound in
a room and of the amount of acoustical absorption
present inside the room.

Room Constant - The room constant is equal to (a) the

product of the average absorption coefficient of
the room and the total internal area of the room, ‘\

{

divided by (b) the quantity one minus the average<NQ?

absorption coefficient. diggg

Root-Mean-Square {RMS} - The root-mean square vadue of

>
a quantity that is varying as a funct1on*o “fAme

is obtained by squaring the function at\Qach instant,
obtaining the average of the squared va]Ues over

the interval of interest, and taklng f‘e square root
of this average. For a sine wéVe muitiply the RMS
value by vZ2, or about 1. 43 q £ the peak value

of the wave. The RMS val q% Aso called the effec-
tive value of the sound<q?e Sure, is the hest

measure of ordinary con%ﬁhuous sound, but the peak

N
value is necessaryS&or assessment of 1mpu1se noises,

Shielding - The atte;§§§1on of a “sound by placing walls,
bu11d1ngs, or é%her barriers between a sound source
and the récgaver

’55 g sound wave, audible as a pure ‘tone, in which

the sound pressure is a sinusoidal function of time.

IA-12
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Sound - ThéNEOmpFessioh and rarefaction of the air.

Sound Insulation - (1) The use of structures and mate-
‘rials designed to reduce the transmission of sound
from one room or area to another or from the
exterior to the interior of a building. (2} The
degree by which sound transmission is reduced by
means of sound insulating structures and materials.

Sound Level (Noise Level) - The weighted sound pressure
level obtained by use of a sound Tevel meter having .
@ standard frequency-filter for'attenuating part of ;i\kx
the sound spectrum. R\

: : <

Sound Level Meter - An instrument, comprising a micn&\\§_
phone, an amplifier, an oufput diﬁp]ay, and fgé ency -
weighting networks, that is used for the_ﬂsésurement
of noise and sound levels in a specified\ﬁagher.

’/ ~
e N

Sound Power - The total amount of energyfgéﬁjated into
the atmosphere per unit time by gggothe of sound.
\ ':| »

Tl
Sound Power Level - The level of<§i2nd’power, averaged
over a period of time, thé%%ﬁ o~12
‘watts. A 7"

erence being 1

Sound Pressure - (1) Th‘Qminufe fluctuations in atmo-
spheric pressure Q;P‘abcompany the passage of a
sound wave; tHESE)eésure fluctuations on the
tympanic memb?%%% are transmitted to the inner ear
and give; iﬁé to the sensation of audible sound.
(2) Ep"\\s&gady sound, the value of the sound

Sy . .
pressung averaged over a perlod of time.

TA-13
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(3) Sound pressure is usually measured (a) in dynes
per square centimeter (dyn/cmz), or (b) in newtons
per square meter (N/mz). 1 N/m2 = 10 d_yn/cm2 10
times the atmospheric pressure.

-5

Sound Pressure Level - The root-mean-square value of the
- pressure fluctuations above and below atmospheric
pressure due to a sound wave; expressed in decibels
based on a reference pressure of 0.0002 microbars
(2 x 1073 newtons per square meter),

Sound Shadow - The acoustical equivalent of a Tight
shadow. A sound shadow is often partial because
of diffraction effects.

\\l
Sound Transmission Class (STC) - The preferred 51n§%\¥§>

figure rating system designed to give an eQ@}ma%e

of the sound insulation properties of a 3 t1t1on

or a rank ordering of a series of partl%i s, It

is intended for use primarily when speech and office
noise const1tute the principal @@Jse problem

Sound Transmission Coefficient - he fraction of incident
sound energy transmitted tES& h a structural

configuration. <§§3§

Sound Transmission Los&é%Transmission Loss (TL)) - A
measure of sound, s‘ﬁat1on provided by a structural
conf1gurat1on:>ﬁ%§pressed in decibels, it is 10
times the 10g5§ﬁ¢hm to the base 10 of the reciprocal
of the s Q transm1ss1on coefficient of the con-

f1guratig

IA-14
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m'Speéfrum'—‘fheﬁdescription of a sound wave's resolution into
componénts, geach of different frequency and {usually)
different amplitude and phase.

Speed (Velocity) of Sound in Air - The speed of sound in
air is 344 m/sec or 1128 ft/sec at 70°F and an
atmospheric pressure of 29.92 inches of mercury.

Spherical Divergence - Spherical divergence 'is the condi-
tion of propagation of spherical waves that relates
to the regular decrease in intensity of a spherical
sound wave at progressively greater distances from QSRA
the source. Under this condition the sound- pressureﬁ\\\,\
lTevel decreases 6 decibels with each doubling of rﬁ\;ﬁg
distance from the source. See also cy11ndr1ca%?§3§
divergence. <\§9 '

/§3> .

. : ) AR

Spherical Wave - A sound wave in which the s ~F&5és of
constant phase are concentric spheres’l.B mali
(point) source radiating into an open_ipace produces
a free sound field of spherical wayes

§\

Standard - (1) A prescribed method, of “measuring acoustical
quantities. Standards in {9sense are promulgated
by professional and 501 MEIFic societies Tike ANST,
SAE, IS0, ETC.., as we]tgé by other groups. (2) In
the sense used 1in ‘%deral environmental statutes, a
standard is a sg§§lf1c statement of permitted
env1ronmenta1ft 1t1ons

ca
Steady-State Soqggs - Sounds whose average characteristics

rema1n cqnstant in time. An example of a steady-state
sound«ﬁs an air conditioning unit.

TA-15
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Structureborne Sound - Sound that reaches the point of
interest, over at least part of its path, by vibra-
tion of a solid structure.

Temporary Threshold Shift (TTS) - A temporary impairment
of hearing capability as indicated by an increase in
the threshold of audibility. By definition, the ear
recovers after a given period of time. Sufficient
exposures to noise of sufficient intensity, from
which the ear never completely recovers, will lead
to a permanent threshold shift (PTS), which constitutes
hearing loss. See hearing loss, threshold shift, :€2>§?
threshold of audibility. N\
‘ Q>\§;>
Third-Octave Band - A frequency band whose cutoff frequépc1es
have a ratio of 2 to the one-third power, wh1ch\}s—
approximately 1.26. The cutoff frequenc1e§3of 891 Hz
and 1112 Hz define a third-octave band {§§§ ﬁ%on use.

~

See also band center frequency. pd
{ede-" 2
T
Threshold of Audibility (Threshold of¢Detectability)
The minimum sound-pressure 1evé¥§g¢‘which a person

can hear a specified sound {Sgpa specified fraction

of trials. : :<::>

Threshold Shift - An 1ncrea;§§3n a hearing threshold level
that results from. ‘Q—osure to noise.

Transducer - A dev1$§§éapable of be1ng actuated by waves
from one %Blndré transmission systems or media and
supp1y1nq\h&/ated waves to one or more other trans-
m1551on stems or media. Examples are m1crophones,
and 1ou dspeakers.
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ﬂavefofmw~‘A pfegéntation of some feature of a sound wave,
e.g., the sound pressure, as a graph showing the

moment-by-moment variation of sound pressure with
time. |

Wavefront - An imaginary surface of a sound wave on its
vay through the atmosphere. At all points on the
wavefront, the wave is of equal amplitude and phase.

Wavelength - For a periodic wave (such as sound in air),
the perpendicular distance between analogous points 2
on any two successive waves. ‘The wavelength of sound Ciﬁ“‘
in air or in water is inversely proportional to the\} ~
frequency bf the sound. Thus, the lower the frqu;:ty,

the longer the wavelength. <§§Q§>_

White Noise - Noise whose energy is uniform ovefi%}wide

range of frequencies, being analogous 1ﬁ§§§-ctrum
characteristics to white light. White

\\.——»" >

"hissing" sound. See also broadband- ngise.

Uttrasonic - Pertaining fo sound frégﬁén&ies above the
audible sound spectrum (in 6%g§ra]; higher than

20,000 Hz).. @@
™
D

?2\
¥

se has a
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Where To Find Help With

Noise Problems

Foilowing are addresses and telephone humbers of agencies, groups

and organizations that can help to answer questions about noise

problems,

Acoustical Society of America
335 East 45th Street

New York, NY 10017

(212) 661-9404

Institute of Noise Control
Engineering

P.O. Box 3206, Arlington Branch

Poughkeepsie, NY 12603

(914) 462-6719

National Council of Acoustical
Consultants, Inc.

881l Colesville Rd., Suite 225

Silver Spring, MD 20810

{301) 587-0233

National Institute for Occupational

Safety and Health

U.S. Dept. of Health, Education
and Welfare

Parklawn Building

5600 Fishers Lane

Rockville, MD 20852

{(301) 443-1530

National Safety Council
444 North Michigan Avenue
Chicago, ILL 60611

(312) 527-4800

California Dept. of Health
Office of MNoise Control
2151 Berkeley lay
Berkeley, CA

(415) 843-7900 \%

Ca11forn1a Highway
2555 First Ave. \\b

Sacramento, CA Qﬁgg@

(916) 445-1865

Transportation Laboratory
5900 Folsom Blvd.
Sacramenta CA 95819
(916) 739-2413

nthn DC
Qégyjb 655-4000
Q&

Noise Control Products & Materials
Association

410 North Michigan Avenue

Chicago, IL 60611

{312) 326-1646

Occupational Safety and Health
Administration

U. S. Dept. of Labor

l4th 8t. & Constitution Ave.,

Washington, DC 20210

(202) 523-5224
Occupational Safety and\§€§>

J&gﬁ

Review Commission
1825 K Street, N.W. -
Washington, DC ZOOQ@
(202) 634-7960-8N 7

U. 5. Dept. ofl T£§nsportatlon
Federal nghway,Admlnlstratlon
Bureau of MotorlCarrier Safety
400 Sevengh Street, S.W.
Washlngton DC 20590

{202) 426v4000

\<§§v1ronmental Protection Agency
40 reet, S.W.
20460

Environmental Protection Agency
100 California Street
San Francisco, CA
(415) 556-4606

California Division of Aeronautics
1120 § Street
Sacramento, CA
(916) 322-3090
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“Center for a Quiet Environment
University of California

Richmond Field Station, Bldg 167

1301 So., 46th Street
Richmond, CA 94804
(415) 231-9463

The National Association of
Noise Control Officials

P.0. Box 2618 . .

Fort Walton Beach, FL 32549

(904) 243-8129

U.S. Dept. of Transportation
Federal Highway Administration
0ffice of Environmental Policy
400 7th Street, S.W.
Washington, DC 20590

(202) 426-4836
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N

6316-3-76-07. Q%g) .

"Feasible Qp1se Limits For Construction and Maintenance
Equ1pme &<§ Study of Hoise Reduction Methods", July
1977, 083-77-18.
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1. Introduction

This Quality Assurance Program {(QAP) is designed to
provide relatively simple procedures for administration,
training, equipment calibration, operator certification
and documentation. The purpose of the QAP is to assure
valid data.

Calibration of instruments is intended to detect seriocus
malfunctions or deficiencies and establish a record of

immediate and long term stability. No attempt is made ’é\Ka
to "type test" sound level meters for full compliance \’wj

with ANSI S1.4-1971 specifications. \\QQ

N2
II. Objectives _ <§§>
1) To establish uniformity in the n01s$§£§§€1ng

program within Caltrans.

o Sal
2) To insure the reliability. and\va]1d1ty of
noise data for environmental and ]egaﬁ>act1v1t1es.

3)" To insure that stan% <§$%hodo1ogy and
techniques are followed w1tnfut¢§hortcuts or other
variations.

4) To maintaiQéégéﬁa¥f of trained personnel.

5) To capgy a program of instrument
calibration t igg@k traceable to the National Bureau
of Standargsgi b

ID-5
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I1I. Administration

The Office of Transportation Laboratory (TransLab) of
the California Department of Transportation (Caltrans)
will be responsible for preparing, updating, administer
ing and carrying out the Quality Assurance Program (QAP
on a statewide basis.

Translab will perform the following functions:
1) Provide a coordinator to make periodic Tield

reviews of the District's noise programs, instrument
calibrations and operator audit of procedures. Reports

will be prepared. . <§§\>

2) Provide instruction and assistance on §5
things as equipment maintenance, field ca11brat%£ﬁ§,
and noise measurements. 43\

CL

3) Provide formal training coursés.

N

4) Disseminate information Qé&fhang s in policy

and procedures. :<::>

5) Assist in purchasingyx \%roper equipment,

\,

)

S

<§§$?

6) Prepare or ¢ /§%§ California test methods under

certain circumstanceffg re it may be more advantageous
than following natﬂon 1T standards.

7) As9§§§§%he Districts in finding and correcting

problems 1in n Se measurement.

I1D-6




‘Each district has the ultimate responsibility for
maintaining their equipment, periodic calibrations,
following proper procedures, and having trained
personnel capable of producing reliable test data.

Each District will be responsible for the folliowing.
specific functions:

1) Obtaining calibrations of instruments so
"they will be traceable to the National Bureau of
Standards. TransbLab can perform this function.

2) In-house calibration of instruments o
according to established procedures.

3) Maintaining instruments (repairs are <§§§§>

generally made by manufacturer). 2%?

4) Keeping permanent records of . f\runent
calibrations and repairs in bound volumes. E;Qﬁ records
will have a b5 year retention period. Some decuments

such as'backup.worksheets, certificate\;apd manufacturers

repair records are kept in a binder_orgfﬁle.

5) Maintaining a recordﬁ;Q§ aéh SLM sensitivity
calibration in a bound notebﬁgk>ﬁo be kept with each
SLM. If a SLM is calibrated @ number of times in
the field, each qa]ibrgéi?hhtime, date and any adjust-

ment should be nqt%%§§§>_-

6) Selec’%ﬁg training and certifying personnel
for noise neag nsnent work. TranslLab will assist the
District onﬁ%é% orm these functions.

7) Keeping a current list of qualified operators.
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IV. Standards Maintained by TranslLab

A, TransLab Standard Microphones (2 ea)
~ equivalent to Western Electric 640A
Standard Microphone

Two Laboratory Standard Microphones (B&K 4160) which

are equivalent to the Western Electric 640A will serve

as the California Department of Transportation (Ca]trané)

Standards for acoustic measurements. Thesé Translab

Standard Microphones will alternately be sent to the ' {325

National Bureau of Standards (NBS) every six months for 52%5‘

calibration until a history of stable performance has <é§§§>--
been established (about 2 years). Then the HNBS ca]ibrgz

tion interval can be extended to one year. These <§§>> -

TranslLab Standard Microphones will be kept at the .

Transportation Laboratory where they will be used&Nn?’

conjunction with B&K 2607 Measuring Amp]ifietiigggsignated

as the Translab Standard Sound Level Meters{%@b;ca]ibrate

the TransLab "working standard" microph%&sz cl

\ .,’.
B. TranslLab Standard Sound H&%;: Meters (SLM) (2 ea)

TranslLab will designate one B&K<Q6QJ Measuring Amplifier
as the "TranslLab Standard SLM™)  ‘$ second B&K 2607 SLM
as the "Working Standard Sgy". It is on the latter
instrument that all testﬁﬁﬁ*bf District microphones and
calibrators will be do§§§> The TransLab Standard SLM
will be used only in bench calibration" capacity

and will never ngggfjected to the rigors of field use.

QB
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“The following performance characteristics of these two
instruments will be checked prior to District visits
and at least every three months in accordance with
Section VI below:
1. A-weighted frequency response to a constant ampiitude
AC voltage input signal at each of the 9 octave band
frequencies from 37.5 through 10,000. Hz.

2. Step attenuator deviation from a true 10 dB increment
at 250, 500, and 1,000 Hz.

3. Linearity of the SLM meter dial (i.e., meter responsgs?
tc 1 dB changes in finput voltage) at 250, 500 and 1, Q\Eggg

4, Internatl c1rcu1t noise of the SLM. <3é?

C. Working Standard Microphone (1 ea, ?§53>

One B&K 4134 microphone will be ca11brat§d v1a ‘comparison
with the TranslLab Standard M1crophonéQ§§}ng the B&K 4220
Pistonphone (Section V). This migyophone will be
designated as the TranslLab "wor\iQ) tandavrd microphone"”
and will be used on the Trans_gﬁ\ rking standard sound
level meter to calibrate the h\§t}'1ct s calibrators and
to characterize the outpuﬁxof the TransLab Genrad

1562-A "slave" ca11brat driven externally by a Hewlett-
Packard 3317A Funct{3§§§gnerator

D. Norktnq> tandard Sound Level Meter (1 ea)

One B&K 2607 e suring amplifier will be designated as
the TranslLab "working standard sound level mgter" and
will be calibrated by comparison with the "TransLab
Standard SLM" (Section V).

ID-9
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E. Pistonphones (B&K 4220) (2 ea)
These instruments will be kept at TransLab as "transfer"
calibration standards. Their gutput will be defined _
on the TranslLab Standard Microphone and used to calibrate
the working standard SLH.

F. Standard Frequency Counter (1 ea)

TransLab will designate a Hewlett-Packard 5306A Multimeter/

R
Counter as the "Standard Frequency Counter". Accuracy t?ik%”
of the counter will be checked annually using tuning <§fﬁ§2
forks of certified frequencies, and will be sent for N

manufacturer's calibration every two years. disb

G. Standard Voltmeter (1 ea) Ry
4§$t?

. . LAY
Translab will designate a Fluke 8030A Mu]t1maﬁeﬁ digital
TRMS) as the "Standard Voltmeter". This ing%§?1ent

Will be factory calibrated (traceable tQUBS) on an

annual basis. QSg}”'
H. Standard Attenuator Seﬁ<f§§?é

TransLab will designate a Hew é§%«backard 350B Attenuator
Set as the "Standard Attem@i?or Set"., The accuracy of

its step attenuators 1Ei§§§v?ﬂfng true 10 dB and 1 dB

changes in attenuatigi 1 be checked by using the
Standard Voltmete;-¢o étermine the voltage ratios
corresponding toQgggiattenuation changes.

N\
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V. catibration of Working Standard Microphone and SLM

The Working Standard Microphone (WSM) to be used in the
calibration of District equipment will be a B&K 4134, a
1/2 inch condenser-type microphone. It will be used
with the B&K 2607 measuring amplifier (this is the
working standard SLM). This instrument allows calibra-
tion with respect to the pre-defined sensitivity of the
microphone one chooses to use on it. This means that the
system can be calibrated in the field without the use
of acoustical-type calibrators and their attendant error. ‘Eéis“
One simply adjusts the input sensitivity of the B&K 2607 Ry
RN s
to provide the specified sensitivity (mv/Pa i.e., mv/94 H€§:§>-

N

dB), readable on its meter scale. <§§§§

The sensitivity to be specified for the WSM wi11( e
determined by "comparison" with B&K 4160 Laboraf\ry>'
Standard Microphone (LSHM) whose sensitivity,{%%é? ined
semi-annually by the National Bureau of Sg?ﬁﬁardé.
This comparison technique is outlined 2§1pw?2

TR\
1. Connect the LSM to the LabératorywStandard SLM by
means of a B&K 2619 preamp.- ¢

2. Set the SLM controls ag™

Input Attenuaé%f&»... 0.1
!
patohting SR ¢
‘ L \-\_/_oo ......

Gainlfﬁhgro1 ceeeaa.. Cal,
MetexORuriction ...... RMS, Lin
Adé\q*1ng Time ..... . Fast
Input ....... cees e .. Preamp
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3.' Install the SAO056 meter scale on the SLM.

4, Activate the SLM's "50 mv RMS Ref." signal.

. ~ Adjust the SLM's “Preamp. Input Sens." screw to
provide the LSM sensitivity reading on the lower (red)
meter scale. (This LSM sensitivity will be determined

semi-annually by NBS.)

6. Deactivate the "50 mv RMS Ref." signal,

R
7. Adjust the SLM Input Attenuator to establish the \’\17
zero point on the meter scale as 120 dB. N 53

8. Mount the B&K 4220 Pistonphone on the LSM and read dggé
the meter response. This is the true output of the
Pistonphone.

Q7

9. Connect the WSM to the Working Standard. §E§33§1ng
a B&K 2619 preamp. gi ’

_4@

10. Install the SA 0057 meter scale. —'

11. Set SLM controls as in Step Z§§§Q09Pt Input

Attenuator must be set at "1V"

12. Mount the P1stonphon n the NSM and adjust the
"Preamp. Input Sens.” ﬁd$§50v1de a meter reading equal
to the true P1st0hphoﬁ€\vutput level determined in

Step 8. §

13. React1vat{$§§3 “50 mv RMS Ref" signal.

" 14. Reset the Input and OQutput Attenuator to "0.1V" and
"S$1", respectively.
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“15. 'Read and record the sensitivity of the WSM indicated
on the lower {(red) meter scale.

These working standards can now be taken to the District
Offices, where, prior to their use, the sensitivity of
the WSM (determined) must be set on the Working Standard
SLM, thereby establishing a "true reading" system.

VI. Calibration and Testing of Districts' Equipment

A. Geheral _ ' Eﬁk&?

Y
Each of Caltrans' eleven District 0ff1ces will be visite ééﬁ
at least once a year by TranslLab personnel. During th JQ%;
visit, the District's noise measuring equipment w1]f33§§>
calibrated and subjected to tests that will ver1£¥-1ts
compliance w1th operational tolerances. A]tho zﬁ
equ1pment will not be tested for comp]1ance\ﬁ a11
aspects of the ANSI S1.4-1971 ”Spec1f1cat10nuf r Sound
Level Meters", enough tests will be ruglto d1sclose
major deficiences in the equipments' ﬁ%rfdrmance. Tests
to be performed are described be]oﬂ, /

S

B. District Equ1pment (he g& Performed by Translab
(Record all data onl: ?g re D2, D3, & D4.)

o/

1. Ca11brator Sound Pre@Sure Leve] (SPL) will be
determined for each ofgzh;\¥requency settings by measure-

ment on the Working ard SLM The District's
calibrator will be abe]ed as to its exact SPL at each
frequency sett b1f it is a multi-frequency calibrator).
It the Ca]abfaL:} s actual output level varies from its
nominal spec1 1ed output level by 0.5 dB or more, the
internal potentiometers will be adJusted to provide the
specified nominal output,

. ID=-13
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2. Calibrator Frequency settings (where applicabie)
shall be verified to be accurate within iS%] by mount-
ing the calibrator on the TransLab Working Standard SLHM
and measuring the frequency of the SLM output signal
using the Standard Frequency Counter.

(Items 3, 4, and 5 may provide an electro~acoustical check
of the SLM;microphone combination or simply an electrical
check of just the SLM (w/o microphone) behavior. 1In the
former, an acoustical signal is input through a Genrad

1562 "slave" calibrator from a H.P., 33T1A Function !E§§s>
Generator. The output Tevel of the "slave" calibrator \
as related to frequency will be characterized on the <E$?

method checks both microphone and meter behavior.

Laboratory Standard Microphone. This comprehensive dgég;

idal
electrical signals of various frequencies w144 Be input
through a shielded "dummy" microphone ogggqual impedance

arrangement. Q%; ,-
r /e

The Caltrans calibration program Qib use the electro-

desired, the microphone wiil be removed and s?%

If only an electrical check of the SLM c1rcu1tpx:§§§2

acoustical method as a primary . The electrical
check will only be used in Ifg\\B
whether suspected prob]ems&ére mﬁcrophone or SLM based.)

\Q\

]Accuracy Timit ig;j;gﬁ)ﬂationa1 Institute for Occupational
Safety and Hea \iéﬁNIOSH) sound lTevel meter certification
criteria (E§§§§§> Register 10/8/76).

or to determine

i~
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3. Linearity of the SLM meter scale's graduations will
be checked using a Hewlett Packard 350 B Attenuator Set.
With the input signal amplitude adjusted to produce full
scale meter deflection, the signal will be attenuated

5 dB at a time. The resulting change in meter scale

indication will be observed. Perm1ss1b1e total error for
any 5 dB meter scale segment w11] be 0.4 dB. This test
will be performed at the 250 Hz, 500 Hz, and 1,000 Hz
frequencies.

4.. The SLM's 10 dB step attenuator accuracy will also

be checked using the Hewiett-Packard 350 B Attenuator Q;‘\\
Set. 119 dB input signals of 250, 500, and 1,000 Hz w111\\ &
be reduced by true 10 dB increments to provide signals . o

as low as 59 dB. After the SLM attenuator has been Aq\\s
switched to accommodate each signal, the resulting c§g§ge

in meter response and SLM output voltage shall bé?i?iv

0.5 dB. - 4%553?-‘

The maximum net cumulative error allowed at ipy point on
the SLM's step attenuator will be #1.0/dB for an SLM
adjusted to read "true" at its 110 dﬁtéttenuator setting.

The exact procedure for determj ﬁ:f%S%LM attenuator accuracy
is outlined below: <§§§;>

a. Arrange equ1pmé§t as shown in Figure DI.

S
SLM should be set on M aﬁg}ght1ng
b. Set SLH-a

enuator at "110" and attenuator

A - tt
box HP350B at Qéi%%both dials).

yd .
S d .
c. Adjust function generator output to provide a

SLM reading of "+9" (119.0 dB) at 250 Hz. Record the
SLM output voltage.

. ID-1%
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d. Switch attenuator box dial to "10".
e. Switch the SLM attenuator to "100".

f. Note the new reading on the SLM scale and new'
output voltage.

g. Determine algebraic difference between the
known change 1in signal provided by the attenuator box
and the change (both scale and SLM output) provided by
switching the SLM attenuator. Difference should be no N
greater than 0.5 dB. ' kﬁ%%?

h. ° Reset the SLM needle to exactly "+9", <§§§§>

i. Switch attenuator box dial to "20". 65339
. Switch SLM attenuator to "90". 25533

k. Repeat Step 7. 63;

- S

‘ 1. Repeat this procedure forl att nuator box
settings "30" through "60" (SLM C\h

through "50"). <§§S}

Me Repeat the ent1ng<froredure using 500 Hz and
1000 Hz s1gna1s

ator settings "80"

n. In eva1u9t<;g the SLM attenuator accuracy,
the following c¢é§§h1a will apply:

Ifgibihe change in attenuation provided by
each change of the SLM attenuator should be 10 + 0.5 dB.
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2. 'The cumulative error resulting from any
series of SLM attenuator changes should not exceed
+ 1.0 dB.

5. The A-wéighted frequency response of the SLM (with
microphone) will be checked for compliance with ANSI
S1.4-1971 using the electro-acoustical method. Response
will be measured at each octave band frequency from 63 Hz
through 8,000 Hz using a 90 dB (@ 1000 Hz) input signal.
Allowable deviation from the A-weighted responses at

each frequency will be those specified in ANSI S$1.4-1971 @;ii*»
for Type 2 SLM's, If the A-weighted response to the <§\?3'

acoustical input does not meet the ANSI criteria, the ;§§3§3

using electrical input as described above. In this<c;§3;
the A-weighted response should be within the 1im{}£

establiShed for SLM electrical weighting (Tabli { f?

e
S,
o 30
The exact procedure for determining the SLM}Z?ﬁeighting
" accuracy is outlined below: IS h

- .._“.-)"
e

a. Use "slave” calibrator s shown in Figure DI.

_@{p
b. Mount "slave" caliQf%%?y'onSLM to be tested.
Set SLM to provide "A-weightfiﬁ‘:
A

c. Set HP 350B -A¥tenuator Set on "30".
R
d. With tgﬁ S%%%ai generator frequency control

set at 1000 Hz< ?@just its output amplitude to read "+10"
when the SE%§§Q “attenuator is set on "80".

ID-17
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e. Adjust the signal generator's frequency control
to provide signals at all the octave band center frequencies
from 63 Hz through 8000 Hz, Record each SLM reponse
reiative to the "+10", 1000 Hz response in Step 3.
(Example: A SLM reading of "+6.5" would mean a "-3.5"
relative response.) '

f. For those frequencies that produce a SLM reading
off the Tower end of the meter scale, the HP 350B Attenuator
Set should be switched in 10 dB steps to bring the SLM
needle back into scale range. These reductions in attenua- ) <$24'
tion via the Attenuator Set must be included in the Q%E?“
relative response determination. Example: At 125 Hz the <E%? )
SLM needle falls below the scale range. Switching the
Attenuator Set to the "10" setting (from "30") produc€§§§>
an on-scale SLM reading of “+6". The total relati
response would be (-20)} + (-4) or -24 dB. a%?

» 1

6. The internal (electrical) "noise" of the SLﬂ
will be checked by replacing its regular mlcrophone

with a short-circuited "dummy" (equa1f§gpedance)
m1crophone. Under this condition the meter shall
indicate less than 30 dB on the A§%
NN
7. The SLM output voltage Si¢ s will be checked at

the same time that tests axe run for scale linearity

and 10 dB step attenuat Elgkcuracy (items 3 and 4 above).
Accuracy will be mea&u % y connecting a graphic level
recorder (GLR) to therLM output and observing the GLR
deflection res uégg?q from the changes in the "slave"
calibrators' o the SLM. If no GLR is ava11ab1e,
output vo1tagk:§§Furacy will be determined via output

~voltage rat1os using the Standard Voltmeter. In ejther

w_ht1ng scale.
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case the SLM output voltages must correspond to the 10 dB
changes in acoustical input within + 0.5 dB, Qutput
Tinearity error must be less than 0.4 dB for any 5 dB
segment of the meter scale.

8. GLR response accuracy will be measured as described
in.Item 7 or may be determined by putting electrical
signals from the HP 350B Attenuator Set directly into
the GLR, . Tolerances for the GLR response will be the
same as those in Item 7.

9, GLR "overshoot, undershoot, and creep” will be fﬁﬁ ’

checked by effecting a sudden 20 dB change in input signaiS} o
and observing the immediate amount of GLR pen travel Q?Q?,'
at the fastest writing speed seting. OVershoot/unde}és\Dt
of 1.0 dB or Tess will be considered acceptable, . u£5§9
every attempt will be made to eliminate or miniﬁiﬁg}it
where instrument adjustments are provided. ,Q§§§geep

2

X o,
will be permitted. (O

10. GLR chart speed stability will bqgghécked for
stability by determining it at two di}fg?ent segments

of a continuous running period, hééchart Speeds
determined for these two segmeﬁ§§>_ust be within 10%

of each other. This test mus ~made at (1) the chart
speed setting normally used duting routine use (1.5 in./
min) and at (2) the faq&§fi>5peed setting offered on

the GLR. N4
D

11. GLR wrifin@?ﬁpeeds will be determined by suddenly
applying and S \Q§¥ng an input signal that will cause
full-sca]e-ﬁiﬁ> eflection. This should be done with

the chart advancing at its fastest speed (actual speed
determined in Step 10). From the s]bpes of the resulting
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o

traces (both rise and fall) the writing speeds (inches/
sec) can be determined. This test will be run for the
writing speeds commonly used in Caltrans field measure-
ment (3 or 10 inches/sec for Genrad GLR's). An actual
writing speed between 3 and 10 inches/sec must be obtain-
able at one of the settings. Other settings will be
tested as necessary. Rise and fall speed must be equal,

C. Supplementary Equipment Tests to be Performed
by District Personnel.
N
1. The following items should be checked prior to each %Fggih
use or at least once per month: ' <:§>-

‘ Q%. |
a. battery condition ‘ <é§i§3-'

b. general operabitity of both SLM and ca1i?rat0
¢. SLM calibration @ 1000 Hz é%i??‘

. o .
2. The items mentioned in C.1. above shouE@TaJso be
checked during field use at the fo]]owizg\tiﬁég:

.-

a. - jmmediately before and aﬁge:Q;%ch'measuring
. : o

_ period <§§§S¥

b. upon installation of figpibatteries

c. upon changing instﬁﬁ%ﬁ@t‘operator

d. after instrumentQhas eén transported or

N\ .

subjected to’aﬁi?Ywugh handling

e. whenever o éé%g;? suspects calibration to have
drifted. 855) -

a\x% >
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3. With reference to item 2-a above, the "before" and
"after" calibration response levels should be recorded

on the noise data documents for the particular measuring
period. Also, this information should be recorded on a
running record of SLM "drift" (Figure D5) to be kept with
each SLM,

4. The larger Districts, which use noise measuring
equipment on a regultar basis, should send their cali-
brators to Translab for calibration at least once between

the annual visits by TransLab personnel. This requirement

can be waived in those districts that have more than
'y

one calibrator. In these instances, interim accuracy {
TN
can be verified using comparison methods. {§§g

&

VII. Certification Program for Noise Measurement -Personnel

2
. - \w/‘>
A, Training QS§>&‘
NG
_ _ 57 '
Each Caltrans distrie¢t is responsible fer maintaining

trained personnel capable of performin§nhpise measure-
ments and studies. - NS

&

raining course upon

TranslLab presents a 32-hour nof
request from the Districts. R
ment personnel should have completed this course.
QA
Supplementary trainj'&%&- ough academic classes, equip~-
2 AN .
ment manufacturers'x§§m1nars, FHWA courses and various
reading materia(é%ﬁs also encouraged.
. FR

*district noise measure-

%\
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B. Annual Audit of Procedures

District personnei responsible for making noise measure-
ments will be examined and reviewed annualiy as to their
ability to determine the Leq value for a tape recording «
of traffic noise. This Le determination will be made
using two different methods:

1. the manual check-off method using the FHWA
"Ambient Noise Survey Data Sheet" and SLM only

2. the graphic method using a GLR connected

to the SLM output. ' jQS? 2

Operators will be expected to use those methods tauqﬁ€§§§> )
and acceptab1e to TranslLab and FHWA. <3é§\Q7

These tests will determine operators' ab111tx\f\\use
both the SLM and the GLR, as well as the1r\ab111ty to
interpret the measurement data and make qp acﬁ%rate

Leq determination. Leq values w1th1n'%>JdB of the known
mean Leq for the test tape will be<§3;§§dered acceptable.

If the operator being tested dqeg™hdt meet the above
criteria on the first test1n§*3%> ingle retest will be
alTowed with the operatorNQSTEE a different SLM. A
minimum of two operator u§% interpret any run of the
test tape for this t&gél ‘to be valid.

Upon comp1et1on 6?>qperator performance testing in each

District, a§§§.1cate (Figure D6) will be presented .
listing all e fied personneld. )
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Frequency (Hz)

100
400
1000
2000
5000
8000

Etectrical

A-Weighting (dBA)

-19

-5

-0.
+0.
-0.
-2.

.8
.4

4
7
5
1

-18.1
-4.,2
+0.4
+1.8
+1.5
-0.1

«N?
&

Table D1 A-Weighting Electrical To?eranéaégg?

(1

SL M'S(
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.Signal
Generator
(HP3311A)
. | Frequency
Y 1 Counter
(HP5306A)
Ampiifier
HP 467A ,
L § !
Attenuator
Set
{HP350B)
ELECTRICAL SIGNAL ACOUSTICAL SIGNAL
PRODUCTIGON PRODUCTION
OR
Shielded connector i — " o
reploces microphone Slave calibrator
AGenrad 1562 A}
District District
SLM SLM
District /-‘W§¥éfd{
GLR A ANGLR
NNV
NOTE: @:—lvz
The agoustical output of the “slove" & S~
calibrator inrelation to frequency, must ) ’
be characterized on the working stondard SLM. % 4
¢ A
\::) .
STave"

ACOUSTICAQ> 1GNAL

P&u\é‘now
Q>

306A HP467A

CQNHP33]1A

HP350

Flgure pl, EQUIPMENT SET-UPFOR GENERATING

ACOUSTICAL AND ELECTRICAL SIGNALS
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h 'E‘#”Ca'lifornia ‘Department of Transportation

TRANSPORTATION LABORATORY
Enviro-Chemical Branch

NOISE SECTION
RECORD
oF
CALIBRATOR CALIBRATION
_ DISTRICT- ' - CALIBRATOR TYPE
e Responsible Person SERIAL NUMBER
' Phone :
CALTIBRATOR OUTPUT **
DATE Before Calibration After Calibration* Tested
1251250 [500 (1000|2000 125]25G15001(1000]2000 By "Remarks
Lo
TINSA
! N
s
)
KON
,'vQ’Z,;
~ v
~ Sg\\ :
.—.\'\- \“\>‘
N b
- L
A
Sk
AN
L2 )
ONNNE
AN
/\\\\\.':)
Y
_ S
m_‘\\‘
CR
NN
NN
SN
* - —
e
*Calibrator ouput m"s\\t\;\@timately be within +0.5 dB at any output
frequency. Adjus\-‘t:‘m At of a calibrator's output potentiometer{s)
- will only be made\gien this criterion is not met. '

N

*'*For each date, upper figure is measured frequency (Hz), lower figure
is level (dB).

"TL-746 (Orig. 12/78)

Figure p2, Documentation Form For Calibrator Calibration

ID-25
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CALIFORNIA DEPARTMENT OF TRANSPORTATION

TRANSPORTATION LABORATORY

Enviro-Chemical Branch
NOISE SECTION

CALIBRATION WORKSHEET

FOR :
SOUND LEVEL METERS{SLM)
AND
GRAPHIC LEVEL RECORDERS{GLR)
District SLM TYPE
Responsible Person SLM S/N
Phone GLR TYPE
Microphone S/N GLR S/N
Tests Where
By Performed Date
Phene {t _
SLM A~Weighting Network SLM 14 dB Step Attenuator Internal e :L}
Noise ANy
Frequency ® 1 Actual Step SLM Scale SLM Qutput {dBA) . (\ .
(Hz) {dBA) 2501500 ]1000]| 2565001000 Y-
110—=100 @ Actua]\/) :
8000 -20.3 ¥6.5 - =30] NSO
100— 90 S
4000 -20.3 ¥3:3 g‘\E§>A
90— B0
2000 -8.6 3.0 . .
80— 70 ;? - :
1000 ° 0 ref. ANV
70— 60 ,«vV§>
500 -1.0 22,0 o
60~= 50 Lo {
250 -8.8 2.5 Cumulative|a | b |c a | b K:c»
Ket Error
125 -24.0 *2.5 e ) )
+ . t h
63 |-42.5 *3.0 o |Ine sismator met aifovhuee 10,0 f0ssgh coch scer
; Algebraic sum of steps\errt}rs =0. 3zccurr factor'
. " At AP .
GLR Checks “® lactual \\S?
1. Chart Speed(i0-) | n/A <::>
Maximum (\f\\ﬁ\ﬁ
2. Writi S de_in - 5.1 dB Linearity
riting Speed(z5g) | 3 1q ScaleNYgPermitted
3. Response to 10dB " Sq@mentvCumuIative SLM Scale SLM Output
change in input{dB)=0.5 . Error {dB){250]500[1000|250]500[1000
4, Response to 5dB + <~ 0——+5 0.4
change in input(dB)_0'4 1$§\§L
5 o N?Te {%}- )+ 5— 0 0.4
- Lreep allowed
- —ah IN) Iy
. Overshoot (+ ’0.5
Undershoot(-dB) (\\.;3\
: AN,
REMARKS : AN
- \\\')

& Performance guidelines for CALTRANS equipment
1.These values are an algebraic sum of slave calibrator frequency
respaonse and A-weighting per ANSI 51.4-1971

TL-745 (0rig.12/78)

Ca]ibratidn_wofksheet
ID-26
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California Department of Transportation

TRANSPORTATION LABORATORY
Enviro-Chemical Branch
NOISE SECTION

District (916)444-4886 Date
o . CERTIFICATE OF CONFORMANCE,
f{ - | Lab Std. Mic. Ho.

Lab Std. SLM Ro.
Working Std., Mic. No.
Working Std. SLM No.
Pistonphone No,

o
ANTD
This 1s to certify that the equipment Tisted below has been tesééd\i
and calibrated to Caltrans Performance standards using instruments’

whose calibration is traceable to the Natijonal Bureau of Standé?Es.

Make Model No. Seria]_Néf\
-
| -
AN
&z
l é{"

&
CQ§§§§>‘

TL-747 (Orig. 12/78)

Figure D4. Calibration Certificate

Earl C. ShirTey, Chief.
Enviro-Chemical Branch
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DISTRICT

Enviro-Chemical Branch
NOISE SECTION

RECORD

SLM CALIBRATION DRIFT

Responsible Person

Phone

CALIBRATOR TYPE
SERTAL NUMBER

SLM TYPE

SERIAL NUMBER

California Department of Transportation
TRANSPORTATION LABORATORY

DATE

TIME OF
DAY

CALIBRATOR
OUTPUT @
1000 Hz(dB)

INITIAL SLM

RESPONSE
(dBA)

CHECKED
BY

NN

JONN)

Y
o

R )

AN
7

-

(fi)c

NN

oW

!
2.

(‘<'

X
N

- ~
NOTE: This form afﬁﬁ
with the SLM.

TL-750 (Orig. 2/79)

Figure D5, Record Of SLM Calibration Drift

ID-28
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SR T - E% y California Department of Transportation
‘ TRANSPORTATION LABORATORY
Enviro-~Chemical Branch

 NOISE SECTION
(916)444-4886

()

District - Date

PERFORMANCE CERTIFICATE
| FOR
f}," | No1sE MEASUREMENT PERSONNEL

This is to certify that the individuals listed below have been audited for

. ‘ . . R
proper performance of procedures used in Caltrans noise measuremeng;ﬁgrk.

- Earl C. Shirley, Chief
G%gi - Enviro-Chemical Branch

TL-749 (Orig.2/79)

Figure D6. Operator Qualification Certificate -
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SECTION I
PROBLEMS

Determine the sum of the following sound levels by
"decibel addition" to an accuracy of + 1 dB:

a. 86 dB b. 81 dB c. 90 dB
89 dB 81 dB 76 dB
72 dB - 81 dB 78 dB
77 dB 80 dB
Ans. dB | dB LI

AN
Suppose the noise level from one noise source (as§umeQ5-

a “point source") is 56 dB at a certain distance awWay.

Mow, suppose that 16 of those same noise sour @%xy re
turned on at the same location as the firsiysource.

What noise level would you expect at theaﬁégé)distance

away? C3§%§>
G

Ans, dB ~

— KX
. W,

Suppose highway traffic prodgfesxa noise level of 64 dB

at a certain position from yroad for a traffic

flow of 2000 vehicles Eef%%%hr. What noise level

could be expected fordlth arious rates of fiow listed

below, assuming tthSamé’éenera1 type of traffic?

A
>

S)
Ans. 5000 vehigle$, per hour dB
i\ Q _ e
1800 yehﬁ@ﬂes per hour dB
A
Aiqgg&§h1c1es per hour | dB

IE-2



-Sﬁﬁhosé ihe;octaVe_bahd sound pressure levels of a
truck are as listed below. Find the overall sound
Tevel (+ 1 dB accuracy is adequate).

Octave Frequency Sound Pressure

Band (Hz) Level (dB)
31 : 74
63 90
125 89
250 ‘ 84
500 82
1000 80
2000 74 2
4000 72 . XN
8000 65 - f.é%ggr
AN LA
Ans. dB overall, dBA N §;§>

A
Find the A-scale sound level for the truck 1n\pn051en
4 (+ 1 dB accuracy is adequate). ' <39

Suppose a s1ngle automobile produces a ;\\b Tevel of
65 dBA at 50 ft distance. What wou1d~1t9 sound level
be at the following distances, a%&ym1n good sound
propagating atmospheric cond1tvﬁ§§?,

at 200 ft <3% dBA
at 500 ft S§§§;>

dBA

at 2000 ft <:% ) d8A
@

Suppose the nGEL level of a passing truck is found to
be 80 dBA when measured at a distance of 100 ft., What

would b§§§§P}A ~-scale sound level of that truck at 50 ft

d1stan‘§:b

Ans. __ dBA

at 1000 ft

EI-3
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10.

11.

Suppose the sound Tevel of a bus is found to be 76 dBA
at 160 ft distance. What would be its A-scale sound
level at 800 ft distance?

Ans. - dBA

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

Ans. _____ dBA for 4.5 dBA/DD Q\\":?j"
) . <N
dBA for 3 dBA/DD | Q\lﬁ'
&
A
Suppose the average noise level produced at a\ﬁqp Tt

distance from an existing highway is about<32 dBA.
The highway now handles about 1200 veh1c]'§\per hour.
Foliowing a proposed improvement progrgm Sit is
expected that the highway traffic w11}fnncrease to
3200 vehicles per hour. Assum1né33 dBA drop-ofT per
double distance, at what d1stan€é from the improved

highway will the 72 dBA 1evé$sgpp1y

Ans. __ __ft §

A Targe number of re§1de ces located at 260 ft distance
along an existin ghway now receive average nighttime
noise Tevels OF g\\,dBA Future traffic is expected to
quadruple the\Q:esent traffic. The present neighbors
are alreadyrunhappy with the 68 dBA noise levels. The
future @E§>> w111 expose still more people to 68 dBA

or h1g If noth1ng is done about the increased

IE-4



12.

k ﬁ§i§e,;how'¥ar from the road will the 68 dBA levels be

heard for the increased traffic conditions, assuming

3 dBA/DD drop~off and assuming that the ﬁouses are far
ehough apart that they do not provide any appreciable
barrier effect,

Ans., ft

The Occupational Safety Health Act (OSHA) establishes

“a maximum permissable exposure in hours to various

sound levels. What duration per day in hours is per- L
missable for a sound level of 90 dBA? T

B 2D
S
D
KB
NS

2
v

N

Ans. hours

5

1

IE
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SECTION II

FHYA NOISE PREDICTION MODEL, :
BARRIER DESIGN PROCEDURES, %Q’b
CONSTRUCTION NOISE AND NOISE REPOR %
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INTRODUCTION

This section covers the procedure for performing the tech-
nical work, a discussion on special situations, mitigation
measures, performing, and reporting the results.

Chabter I1-1 covers the procedures for noise prediction
and barrier design. The manual entitled "FHWA Traffic
Noise Prediction Model® is a separate manual.

A discussion and some suggestions on how to handle special re
situations are given in Chapter II-2. Eé;;
. “:/

Construction noise is addressed in Chapter II-3 becaus(i?@}
is a FHWA requirement as outlined in FHPM 773. 3

Chapter II-4 provides instructions on the use ., ngputers
for assisting in the prediction of noise and KB

ng—;

Mitigation measures by barriers and of%er means are discussed
in Chapter II-5, ' \§“

design of
noise barriers.

Chapter II-6 provides an overyééﬁ) f the steps which may
be followed in performing %§§§> € study.

Chapter II-7 out11nes wr1t1ng of the Noise Report and
Chapter II-8 shows 1ewer Checklist for compieteness
of Noise Reports.

@@’

IT-vi
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CHAPTER II-1

FHWA TRAFFIC
NOISE PREDICTION MODEL

N
§§ '
. %®

N

IT-1-1
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Chapter II-1
FHWA Highway Traffic Noise Prediction Method

This chapter is the Manual entitled "FHWA Highway Traffic
Noise Prediction Model", Report MNo. FHWA-RD-77-108,
December 1978.

It is the procedhre to be used for Caltrans projects after
December 31, 1979, for predicting highway noise and design-
ing noise barriers.

An abstract from the publication is shown below: <i§;;>

This report presents the FHWA method for pred1ctA§§§
ing noise generated by constant speed highway \\
traffic., The report is intended to be a users
manual as well as a reference document detaqﬂgnq

the development, use, and limitations of th Bre-
diction method. In the main body of thes rt,

the prediction procedure is presented $ﬁ\ step-
by-step fashion and incliudes numerous= example
probiems designed to highlight 1mportamﬁ concepts
and features. For those 1nterestgﬁ in the theoret-
ical deve10pment of the model, dp\extreme1y detailed
derivation is presented in the append1ces The
bas1s of the model s the eq’byalent sound level,

, although an adjustmen ry conversion to L1o
1§qprov1ded The method Q%é}?ﬁ;}orates three classes
of vehicles--automobiles edium trucks, and heavy
trucks, Adjustments for\ sorptive ground covers
and finite length barr1ers are also included.
Certain special top &s such as nonuniform highway
sites and determir a ién of equivalent day-night
levels, Ldn’ arqgg) 0 included.

This pub11cat10n is available from

‘isb ational Technical Information Service
Springfield, Virginia 22161

I1-1-2
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SPECIAL SITUATIONS
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Chapter II-2
Special Situations

NMote: " Metric measurements are used in this chapter
because some parts of this chapter are tied
to the FHWA manual which is in metric.

The manual entitled "FHWA Highway Traffic Noise Prediction
Model1" (FHWA-RD-77-108) does not always provide procedures

for predicting traffic noise under certain conditions.

These may be things such as vehicle speeds below 50 Km per S
hour, stop and go traffic, vehicles not representative of. \vﬁ{“
the Reference Emission Levels, traffic in metropolitan i\
areas near tall buildings, and very small distances fSQ:\$7

source to receiver. _ ' <§§>>

When special conditions are encountered, it 1823 ecdbmmended
that field measurements be made whenever possq d¢. The
reported noise levels should then be carefu1Ty def1ned S0

that the reader will understand the coQ§1t1ons under which
measurements were made. : ,
%'x

similar existing s1tuat1ons Y be found for taking

In those situations where new Qé%%puct1on is involved,
@U

field measurements.

In those cases where méﬁ%hrements are not availtabie, the
suggestfons'offere (f& \his section for some situations

may be considere@ -\ﬂp backup data or procedures are avail-
able and the yser:

3
suggestions<§§§> '
AR

The methodo]bgy for predicting future noise levels under
these special situations is not available.

must exercise caution when using these

!

[1-2-2




I11-2.1 Vehicle speeds Below 50 Km per Hour

A) For automobiles: Use a constant Reference Energy
Hean Emission Level of 62 dBA.

B) For medium trucks: VUse a constant reference Energy
Mean Emission Level of 74 dBA.

C) For heavy trucks: Usé a Referehce Energy Mean

Emission Level which goes from 80 dBA at 50 Km/h to
87 dBA at 40 Km/h. Use a constant 87 dBA at speeds NN

SR

below 40 Km/h. \,\\
\\\
Y

X>

I11-2.2 Stop and Go Traffic é\
‘ <§:Q§>

This condition occurs when signal Tights control tra

on highways. It does not refer to traffic s1tu\5>ons Where

highways become overloaded. In this latter the noise

“Tevel usually does not represent the worst*c t10n.

It is recommended that Ffield measuremeﬁ%s be made in these
cases. Similar s1tuat10ns in terms o \;Taff1c and terrain

should be selected. ' <:§§%>

I1-2.3 Vehicles Not Represerf\é\k> ve of Reference
Emission Leve1s

An example for this sﬁg tion could be a highway with low
traffic volume carry1 a large number of buses or delivery
trucks, In thi Q&ype situation, field noise measurements
are made of tg {ﬁak1nds of vehicles and converted to energy
mean em1ss1Q\<EQVels for use in the FHWA Highway Traffic
Noise Pred1ct1on Model. '

I1-2-3
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The detailed procedures for performing the work are in the
manual entitled "Determination of Reference Mean Emission
Levels” FHWA-OEP/HEV-78-1, July 1978.

This pub11cafion is available from:

Mational Technical Information Serv1ce
Springfield, Virginia 22161

II-2.4 Traffic in Metropolitan Areas Near Tall Buildings

A combination of factors such as multiple reflections,
upper floors, shielding, side streets, traffic signals €2>$7
and short source-receiver distances make it extremely <%S? )

difficulit to obtain an estimate of the noise Tevels \ S
through prediction procedures,. <§§§§>

It is recommended that f1e1d measurements be ma esin these
cases. Representative sites should be sele f\ﬁ tor the
sensitive receptors that may be impacted.gﬁﬂéﬁrurement
conditions and locations should be carefuT{Q described in
the noise report and related to the<s§?b]em.

37

II-2.5 Small Source to Receiv%5§§§§tances

o

Field measurements are recoéa‘ ed for these situations.
Small distances are def1ne5\€s Tess than 15 meters.
Several examples areE%thussed in the FHWA Highway Traffic
Noise Prediction , FHWA-RD-108 (p. 89) which is

referenced anggggter II-1 of this Manual.
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Chapter TI-3
Construction Noise
II-3.1 Introduction

FHWA has a legislative mandate to act to reduce or, if

possible, to eliminate adverse environmental effects of

highway construction noise. FHPM 7-7-3 requires that land

uses and activities which may be affected by construction

noise be identified during project development., It also )
requires determination of the measures needed in the p]ans{giéi?
and specifications to minimize or e11m1nate constlr*uct'lon\ltg’g}“1
noise impacts.

I1-3.2 Estimating Construction Site Noise 4§;SP

<a,,

",

The noise produced at construction sites oriqinkgég from
sources of varying intensity and nature. f?hegb variables
are best described by identifying the d1ffeppﬁt phases of
a project and relating it to various 3nd uSes and activities,
In general, these construction phaség§gpn be 1jsted as:
° Mobilization -- Moving equfé?%ﬁt on to a project and
setting up offices and. a Qﬁ 1pment storage and
maintenance area.
%\

® C(Clearing and Gruégipé)~~ May require the demolition
and removal ofpeXiisting structures by jackhammers,
exp1os1ves, hand” tools, loaders, dozers and trucks
to remov k‘cﬁ%bms
N
° Earthgkbk -- Dozers, graders, earthmovers and trucks
are the main noise sources.

IT-3-2



Structure Construction -- Backhoe, cranes, dozers,
trucks and compaction equipment are required to
prepare sites for draihage and utility facilities.
Pile driving may be used for structure foundations.
Carpentry work for form cOnstrgction.

Structural Section -- Concrete, asphalt and aggregate
p1ants,'trucks, concrete mixer trucks, pavers, loaders,
compactors., '

° Finishing -~ Cleanup, landscaping and moving out are
the primary consideration. Little noise is assoc1aued’¢\Km

with this phase. | , <)

| | | <{§\\
Once the phases are identified, construction schedul. \\}n
be est1mated, eguipment can be identified, noise 1eé@L
the equipment can be obtained from the manufactgﬂers, usage
factors applied and noise Tevels can be pred1c\s‘y is

eq

an appropriate descriptor for construct1on<ﬁbgsé except
when a pile dr1ver or other impact equ1pméh§}1s involved.
Figure II-3.1 pr0v1des a worksheet for?pred1ct1ng con-

o

struction noise. NN

I1-3.3 Mitigation <:§§§2"

No specific gu1de]1nes are<§§§?1able for assessing con-
struction noise -impact, Qggéwever, various local ordinances,
FHPM 7-7-3 and other. x;te and Federal requlations may
provide guidance fé& nces)

\9

The California qgiandard Specifications (1978), Section
7-1.61H, Se ‘<§$>42 1.02, Section 42-2.02 and Standard

I1-3-3
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Special Provisions Section 5-1, may be referenced in the
plans and specifications when they apply to minimize or
eliminate construction noise.

Figure I1I-3.2 illustrates other mitigation measures that
can be utilized to minimize impact. Barriers should be
constructed first on those projects where they are part
of the highway improvement contract.

11-3.4 Construction Moise Monitoring

A noise survey of the community should be made prior to x@é?&?
construction. Measurement sites are Tocated with regarqit} )
to Tand use and activity. They should be 1r*epr'esentati\,‘\\(%)> a

of the receptor that might be impacted. <§§§§>

A subsequent noise survey during construction p~$y1des an
. : - . . Y .
in-progress means of assessing impact due to.gonstruction

. . . AND o .
noise. It also allows monitoring to checky$qy63pec1f1cat10n

. : . . (6~ s .

compliiance and to evaluate predictions an {g1t1gat1on
measures. <f§
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Chapter I1-4

Computer'Programs
for the
FHWA Noise Prediction Model

The FHWA has developed two computer programs to facilitate
the calculations necessary to predict highway traffic noise
and to design barriers to mitigate rioise. '

One is called Simplified Noise Analysis Program (SNAP 1)

which is the FHWA Level 1 program for simple roadway - (=
receiver geometrics, It is on the TENET System, writtenif\zgg
in BASIC language and instructions for its use are in
chapter. The user should supplement these 1nstruct1un
reading the publication entitled "Users Manual: FHHA\9

Highway Traffic Noise Prediction Model, SNAP 1;g§:Report

No. FHWA-RD-78-139; January 1979, <:}>
AN

The second FHWA program is called STAMINA\and ‘it is the
Level II program for complex roadway r§%91ver geometrics.
This program could not be placed on éﬁé,TENET System
because of insufficient capacity £3,1t is placed on the
\\i3a11ab1e for District
use. Instructions for its u<§$3re in Chapter I1I-4.4,

\”‘5\’/‘

Teale Data System Cbmputer and

II-4.17 Instructions fo\SMs1ng SHAP 1.0 Program
{(Program Nam\:ffb“ﬁ SENV;SOUND 2A")

Use the worksheig\(Figure 11-4.1} for SNAP 1.0.

\J
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I11-4.2 TInput Options

The program may be used with or without a previously
created file. The program will ask: "Enter Filename or
NONE?" |

a) If the user enters a filename, (Problems 1 & 2) the
computer will ask if the filename is new. If "N" (no) is
input, the computer will assume that the file was previously
created, in the same format as the answers on the worksheet
(multiple answers separated by commas). If the user answers{{
the question "Is this a new file (Y/M)?" with "Y" (yes). Qggg?
file will be created by the program at the time the 1npu
questions are answered, and will be given the f11ename<§§\/

entered on the previous Tine.
A

b) If the user enters "NONE", the input data- é%?)the

program will have to be entered at that t1me bx;answerlng
~questions asked by the computer in the same brégr as on

the worksheet (Problems 3 & 4). \ .32
I11-4.3 Multiple Answers <§§}’

When data is input at the time<E§§§grogram is run and
multiple answers to a quésti?- are-a11 the same, only one
answer needs to be entéred\*§fhen in the above instance

the input data is store n a new file, the program will
enter the same mu1t1p1ez.nswers in that file. For example,
if coordinates for"£\ree lane qroups are entered and the
teft end 2- coordxnates are the same for all, (e.g., 9 feet,
worksheet queQQQSp 7), the user may answer the question by
entering ong§>> nly. However, if the data is stored by the
program, line 7 in the new file will read: 9,9,9.

11-4-4 ;




11-4.4 Chahging Data

Regardless of which of the previously discussed imput
options are Lsed, (input from old file, input data stored
in new file, or input data not stored) the program will
provide an opportunity for the user to see the input data
and make line by line changes if necessary, before and
after running the program (sample problems 1, 2, 3, 4).
If a previously created input file is used, data changes
will be stored in the old file.
L5

The program can be repeated with the same or a different 222

T
A=)

set of data, whether data set is in a file or not. Thefiﬁ$‘\1
above flexibility in changing inputs allows the user té§§?
run noise predictions for various wall heights and/rﬁégihers.

. 'y
. . ‘ . . . 7
The criterion for problems including barrlgﬁt\rs set at

I1I-4.5 Criterion for Parallelism {éi?&.
| N

. HENE 4
+ 1° in the program. This means that all-lanes have to
be parallel with the barrier within 163~h0rizonta]1y and
vertically. For a "no-barrier" sitﬁﬁtioﬁ, this eriterion

is set at 90°. <§é?“

11-4.6 Equivalent Lanes vsé?fﬁgﬁﬁidua1 Lanes

For the purposes'of thééggfogram the highway lanes are
categorized; into 1angégepups'which are defined as one lane

or a composjte'of(ﬁﬁse,than one tane treated as one set of
calculations bxbyb;\tomputer. Figure 11-4.2 illustrates

some roadwa%gggfﬁﬁgurations and their respective lane groups.

e
‘w
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FIGURE 1I-4.2 -~
The number of lane

of the worksheet. This
number 1 thru 12. {i.e.:
groups, then there will

EXAMPLES OF LANE GROUPS

groups is recorded on line 2

corresponds to the column
If there are 4 Tane
be 4 columns of data

@

Infinite 2 lane highway -

8 Lece/ e
If-the equivalent lane distance is

used, there is 1 lane group.

If each Tane is treated as
separate noise sources, there

are 2 lane .groups.

4 Lane Highway with 2 segments

Infinite 4 lane highway

@Lece/ Ve,

If equivalent lane distance

\
Qﬁs
used for 4 1 s, k% g

If equivalent lane d15§§§§§
used for the two EB wo WB

lanes there are 2 T3ﬁ3 groups.

there 1is

is

If each lane is treated as

separate noise sources, there

are 4 lane groups.

If equ1va1ent Tane*ﬁfgghnce is
used for 4 1anes, tﬁére are 2

lane groups (F\dkoup in Segment

A and 1 qro v\i- Segment B).

If equ1valent Tane distance is
used {or the two EB and two WB
1ang$, jthere are 4 Tane groups

2 roups
‘ oups in Segment B).
“*§

in Segment A and 2

f each lane is treated as

separate noise sources, there
(4 groups
in Segment A and 4 groups in

Segment B).

are 8 lane grouns,
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FHWA manﬂéT-77;f58 describes these situations as a segment
and equivalent Tane.

a) Equivalent banes. Each lane garoup is described by
the coordinates of each end of the centerline of the lane
nearest the receiver (worksheet questions 3-8) and the
number of Tanes in each lanegroup (worksheet question 9),
The program then assumes all Tane centerlines in each lane
group to be 12 feet apart. ’ '

b) Individual Lanes. If lane-by-Tane data is available,

&
these inputs can be entered by treating each lane as a ) é;itT
‘separate lane group of 1 lane. The equivalent lane dis~ E\»
tance then becomes the actual Jane distance. <<;:\

' '\

Sample problem 3 shows both the equ1va1ent lane and‘qane-
by-lane methods. In deciding which method to fé%iew, the
user should consult FHWA manuau] 77-108 and Cﬁ TRANS Noise
Manual. The final dec151on, however, is dqctagzd by the
availability of detailed traffic 1nformat1qn_and use of
_sound engineering judgment. ‘ 6;—

11-4.7 Limits of X, Y Axis Rogi§§§g

Normally, the simplest way £ “1ent a coordinate system
relative to the roadway, ba£\§er and rece1ver, is to make
the x- ax1s parallel to-$ﬁ$ roadway and barrier and to place
the receiver either« e origin or somewhere between the
origin and the bar@igi {or roadway).

Figure I11I-4,3 <§§Qs the limits permitted x, y rotations,
1nd1cat1nq \\hormal situation, counter-clockwise and

1I-4-7
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/@ Near Lane '

—
\\Barrier

Recerver\'ﬁ+y

+X

-y
NORMAL ORIENTATION

.
+ X | . A

o .y <§E?'* -
' B

e 4 S
'COUNTER-CLOCKWISE ROTATION (<90°) 2l
R \ . | AN
ight end 'y may be negative -
. %}—
@ (& ' —
& ~ \\/ -

& e

CLOCKWISE ROTATION (< 90°)
Left end y may not be negative

v

LIMITS OF PERMITTED ROTATIONS OF X AND Y AXES

_ Ficure II-4.3
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clockwisée rotations of 1éss than 90°. Note that within
these 1imits, the left-end y coordinate may never be nega-
tive. The right-end y coordinate, however, may be positive
or negative.

II-4.8 Infinite vs. Finite Roadways

Although there never is a truly infinite roadway in real

1ife, there are situations where, for practical purposes,

a roadway may‘be considered infinite, The FHWA highway
Traffic Moise Prediction Model (Manual FHWA-RD-77-108) «
shows that for a hard site, a roadway segment of 161° wil] "\tﬂ
produce noise levels that are within 0.5 dBA from noise \\ <
levels produced by an "infinite roadway The 161° segmgqsx
translates into 12 times the distance from receiver t§:> e
centerline of the Tane considered (12D measured a]ong\%he
roadway, 6D Teft and 6D right). A segment of 1ZB°¢ or 30D
(15D 1eft and 15D r1ght) results in noise 1evai>>of only

0.1 dBA less than. those of an infinite roadwayfl Coord1nates
for the end p01nts of an “1nf1n1te" roadway.shou1d therefore
be chosen to reflect at least the 60 J&ft and right from

the rece1yer (measured along the PO§EWay) Any large

negative and positive x—coordinaﬁ:%¥1l1 suffice. The

program is capable of handliqg§§§j es up to 108,

I1-4.9 Sample Problems anﬁsﬁ%mputer Runs
: \X
The following examp!es§$j ustrate some applications of the
"55 ENV; SOUND 2A":E> dram. The problems shown do not
necessarily dep1ct “real world" situations. They are
intended to 13% out some of the most imporitant capa-
=

bilities.a itations of the proqram

1I-4-9.
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Problem 1 shows a rotation of the x & y axes relative to

the roadway and barrier. This rotation from the normal
orientation is within the limits of permitted rotations
depicted in Figure II-4.3. Note that the right end

coordinates are the same for both Tane groups. This is
permitted as long as the roadways are sufficiently 1long

in one direction of the receiver (in order not to violate

the criterion of parallelism for barrier problems) and

short in the opposite direction {in-order not to introduce

an error in the'1oéat10n of the tanes and bdrrier). As a

rule of thumb the ratio between long and short "legs" of p
the roadway should be at least 100:1 and the far end of (/Q\s?
the Tanes at least 100x the distance between the nearest.. FE%?D
and far lane, before a common terminus may be used (see5\$?

Sketch 1I-4.1). | " %§

Problem 2 111ustrates a curved roadway w1thout ’?Q?rr1er.
The roadway is d1v1ded into 4 stra1ght11ne se 8;lts to
approx1mate the curbed and tangent portions- Qf&the roadway.
The 4 segments are then treated as 4 nonparalfe1 Tane
groups. For this reason, the programgWJTI not solve this
type of problem if a barrier is 1nchaeﬂ The criterion

of paralielism is 90° for a nonba® ier’ problem and 1° with

a barrier. If barrier calcula a\g?a\r‘e desired for a
curved roadway, each segmeg&?x\sﬁ have to be run separately,
and the results combined by QJC1be] addition. (Not part of

this program). ‘ <f§§b

Probiem 3 1nd1cate\i§?ﬁethods of inputting roadway geometry
and traffic data°

A. HaQi Tane
\/\.
B. Twolequivalent Tanes

I[I-4-10"




- AT LEAST 100 D,

(To keep error in Df within
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X X % FROGRAM ‘SIENVSOUNDZA’ X % X

FHWA NOISE FREDICTION MODEL
(BNAF 1.0)

SAMPLE LLOLBLEAT /

Enter filenazme or NIONETFRORBIL

Is this a new filel(Y/N)PTN
o wou want to look at the datalY/N)TPY

Fast view(Y/N)PY - NN

:: Y g Ny

4. 100000 100000 ,<31&_
5. 250 322 ‘ ¢3§>\-
b, =50000  ~50000 \ Q%?‘"
8. 0 0 G
90 3 - 3 "\..‘L

10+ 55 - 55 A

11 4625 4380 NS

12, 165 110 NS

13, 275 210 <§§%

14, 0 0 < ;

15. 4.5 4.5 <:3> A

16, RECEIVER Z \
17, 100 40 <§%§>
i8. i A o
19. 70 Cgi}

20. 290 Q

21, 170 - C .
22, 50 Q§§§§l
23, 15 “
‘24, 15 -

Chande dati§§§§$?N

Run{Y/N)?Y

il
-




RECEIVER Z

TOTAL LEQ WITHOUT BARRIER= 74.2 dBa
TOTAL LER WITH RARRIER = &48.9 dRA

LEQ FROM LEFT UNSHIELDED SEGMENT = 635.3

LEQ FROM RIGHT UNSGHIELDED SEGMENT= &65.95
LEQ FROM MIUDLE SHIELRED SEGMENT = 38.8

fum adain with the same daltas(Y/N}TN

Rurm the rrodgram from the beginming{Y/NI)TN CR§§§>‘

1=RERUN s2=RACK TO SYSTEM »3=5TOF 3

| A

’ §§ |
o
&
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qEDPY FRORBZ 10 TEL TEXT

a
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Oy 250543355433
H00,500,433¢250
500r433,2505y~8410
Or0s09¢0

Dr 0§00

222y 2
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~1824y1824,1824,1824
 62!62762962
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GG 4005

.
.

T1-4-19




X % X PROGRAM ‘S3ENVISOUNDR2AY X % X

FHWA NOTSE PREDICTION MOREL
(8NAF 1.0}

Enter filername or NONETFROR2

ot

Is this o rew FilelY/N)?N QES -
QQ%!
o =ou want to look at the datas(Y/N)TY in%?_‘

Fast view(Y/N)TY <2§$Q?.
S
2 @=
4 - <
—-10000 QO 250 R
4] 250 433 G433 ’
500 500 433 250

40 40 40y 40 _
1824 1824 - Qu824 © 1824

62 62 \ 42 T en
164 164 hi;é 164 164

0 0 "~ 0 0
4.5 XN 4.5 4.5

FROBLEM 2 RECEIVER A

~40 Q%ﬁp 5

Chanse dati§§§§$¥N '

Rund(Y/N)?Y
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FROBLEM 2 RECEIVER A

TOTAL LEG WITHOUT BRARRIER= 6%9.3 dEA

Rur adain wlbh fhe same data(Y/NITY

2§>C?
o sou want to lock at the data(Y/N)TN <:3>
N\

‘\1
Chande data(ﬁ/N)?Y ~
Which line?14 | <§§?‘
16, Receiver (lescrirtion) ?PRO§§§§?E RECEIVER R

Chande data(Y/N)?PY <§§§>E'
Which 11:.9'?17 Q&)

17, Rece1v9r XrYrZ 00063£§S s 7160740045

Chande qataiggggéﬂ
Run(Y/N>?;£§b-
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TOTAL LEG WITHOUT BARRIER= 72,7 dEREA

Rur agaiq¢with the same dats(Y/NITN.

Rum the erodram from the beginningd(Y/N)TN Y
1=RERUN »2=BACK TQ SYSTEM »3=5T0OF T3 <§S?"
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7
8.

P
10.

11,

13,

14,

¥ ok Xk PROGRAM “SFENVSSOUNDZAT X X ¥

FHUWA NOISE FREDICTION MOLEL
(SNAF 1.0

Enter filename or NONETNONE

L

INFUT? ALl Distances should be in Feet. fgégEa-
: Serarate Multirle Answers with Commas or sraces. \«yﬁ'

/
1'(‘.

7

SAMPLE PLOLSLLEA NO. 34 SN
!

LAAMERY~ LAMNME BT S §§§

Is There & EBarrier :

(l=wes » 2=p0) 71 ﬁgiié‘
%_‘

No. of Lsne Brours i) y

(&=
| 22
ROADWAY GEOMETRY &
S
Leftend X coordinate ?“140!“1%§;;1977"2139“230

Rishtend X coordinate - ?120@i?0y185;198

S
Leftend Y coordinate {@nu 14051521164

Rightend Y coordinaste Cgib?i60r112y140r152r164

Leftend Z cmordinate<<zé PO

Rightend Z coordiné@b 7’

N

No., of lanes idgéﬁne grous T1

Sreed (msh) §§§§>‘ P45 45,5533 53

Auto volu;;§h¥- T120051500,110051000B00
Medium truck volume/hr T80»30,5,40+75

Heavg truck volume/hr P105,50210,60+100

Heavy Truck Sound-level

II~2j26




Adiustment Faramater O

iS5, Droroff ratel{d or 4.5 4RA) T4,

RECEIVER GEOMETRY
14, Receiver (lescristion) PRECEIVER A

17, Receiver XsYrZ Coordinstes T0r0¢5

BARRIER GEOMETRY

18. Epsilon Tor Earrier

(0=Wall ¥ 1=Rerm) O

19, Leftend X coordinate P

20. Righterd X coordinate 110 :;élx
Ly

21, Leftend Y coordinaste . 7RO AN

AN

22, Rightend Y coordinste 80 - <£§§§

23, Leftend Z coordinate il A <§3?

24, Rigshtend Z coordinste <39‘.

\

e
D
g

Chandge data(Y/N}TN

|
Rurn{Y/N)?TY ' ' 43¢

J

‘n
(1l Af\
bt V2

RECEIVER & (gglg‘
S

TGTAL LEQ UITHUH% BA&RIER= 71.8 dRa

TOTAL LEQ wITHi&?ﬁFIER = 45.0 dBA

LEQ FROM LE$§$§ SHIELDED SEGMENT = 43.7 dBA
LEQ FROM RIGQ SUNSHIELDED SEGMENMT= +0 dBA
= 9.0 dRA

LEQ FROM MIDDLE SHIELDED SEGMENT

N
.

11-4-27




4iﬁf 

A

Rurm asain with the same dat

Run the #rodram from the bhe

FHuWAa NOISE FREDICTI
{(SNAP 1.0)

Ernter filemsme or NONEPTNQONE

INFUT?! All Distances should
Serarate Mulbtirle Al

a{Y/NITN

ginnind (Y/N)TPY

ON MODEL N

be in Feets
SWETS withi?ommaa Or SRICEeS.
. I

SAMLE LCORLEAS ANOSSA

S EQRUNVALEANT ANES

1. Is There a Earrvier <§§§§§g
[N B

(l=wes y 2=nrno)

2. No. of Lane Grouss <i§§b
N\
)
ROADWAY BEOMETRY
3, Leftend X q%ﬁk%jﬁate
4. Rightend Xééggrdinate
5. Leftend Y coordinste
6. Rightend Y coordinste
7. Leftend Z coordinste

8. Rightend.z coordinate

?. No., of lanes in lane grour

<Q§?44u£4fmwocw'2zﬁmas
& LRINNE SCOLP Of 3 LAMNES

T

T-140,-197
TI20+170
7100140
T100s140
7O

TO

723 11-4-28



‘16,

17,

Séeed (mPHf"“
Auto volumeshr
Medium truclk volumeshr

Heavwy truck volumes/hr

Heavy Truck Sournd-Level

Addustment Farameler

Droroff rate(d or 4.5

RECEIUER GEOMETRY

Receiver (llescription)

Receiver XrYvZ Coordinzstes

BARRIER GEOMETRY

Ersilon for Barrier

(O0=Wz1l » 1=Berm?

Leftend
Rightend
LLefternd

Righternd

"Leftend

Righterd

coordinate
coordinate
coordinate
coordinate
coordinate

coordinate

Chanste data(Y/N)TN

Run{Y/N)?Y

RECEIVER A

L B

PTATH, TG
TR700:2900
P110,120

TLEGL 170G

PO

4G

PRECEIVER A

Pe (e

70

PO

110 ,. %
NV

78O Njerdig

TOTAL LEQ WITHOUT BARRIER= 71.7 dBRA

[T-4-29
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ST T kel WL T ANV R BRI T O e S LI

LEEG FROM LEFT UNSHIELDED SEGMENT =
LEQ FROM RIGHT UNSHIELDED SEGMENT=
LEQ FROM MIDDLE SHIELDED SEGMENT =

o+

Rur adain with the sane dets(Y/N) TN

633 cdRA
+ O cRA
52.0 olA

Run the srogram from the bheginmins(Y/N)TPN

1=RERUN »2=RACK TO SYSTEM »3=5TOF T3
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X% X

X % % PROGRAM ‘53ENVSSOUNDRA

FHWA NOISE FREDICTION MODEL
(SNAF L.O)

Enter filename or NONEPNONE

INFUT? All Distances should be inn Feetl. 2

Serarate Multisrle Arnswers with Commss or seraces.

1.

Is There 3 Barricr

sy Do
{1=veg r 2=no? Ti 4§§§?

2+ Mo, of Lane Groupss T2 ¢

ROADWAY GEOMETRY <

A ' 63\‘
3..Leftend X coordinate ?=15000 <§§;f'
4, Rishtend X coordinate ?1500§§§> B
3. Leftend Y coordinate 7 Qé;;%o
b+ Rightermd Y conrd:nate Egzrluo —
7+ Leftend 2Z ooordlnafﬁ Q§§>?
8. Rishtend Zcmord:n6§§§§§g ?=20
€

9. No. of lanes in lame srour T2
10. Sreed (m?h) 55
11. aAuto volumeshr ?2?00;2300
12, Medium truck volume/hr 750540
13. Heavu.truck volume/hr ?1105 90 II'4'33



14,

17,

18,

19,

SRR LA D LT e 8 o TR T T o R

Iroroff ratel(3 or 4.5 dEA) 732

RECEIVER GEOMETRY

Receiver {(lescrirtion) | TRECEIVER 70 FEET S0DQUTH OF TOF CUT
Receiver XrYyZ Coordinales P0s0+3
BARRIER GEOMETRY

Ersilon for Barrigrp :

(O=lall y l=Rerm) ‘ 71
Leftend X coordinaste T—~18000
Righternd X coordinate S T18000 2
Leftend Y coordinste T70 <S§§§Q
Rightend Y coordinate 770 | ‘ <ig” '

S
Leftend Z coordinate ?0 : <é§§§}_-
Rightend Z coordinate PO E <§é§ '
Chandge data(Y/N)TN / <$E>‘
. ‘Q{\ \ "

. N3y
Rund{Y/N)?Y | T

RECEIVER 70 FEET SDUTHiif TGF cuT
t\ -

TOTAL LEQ MITHDUT §3h 7.5 dBA

N

TOTAL LER WITH RARRIER = 43.8 dBRA

LEQR FROM LEFT UNSHIELGELD SEGMENT = +0 dBRA
LEQ FROM RIGHT UNSHIELDEDN SEGMENT= «0 dBA

LEQ FROM MIDDRLE SHIELDED SEGMENT = 63.8 dBA

11-4-34



For the iane—ﬁynﬁahe method each lane is considered a
separate lane group of 1 lane. For the equivalent Tane
method, the 2 E/B lanes are grouped together as one lane
group of 2 Tlanes (deschibed by. the centerline of near
lane), and the 3 W/B lanes are combined as one lane group
of 3 ]anes,'described by the centerline of near lane,

In this instance the difference hetween the two methods
is 0.3 dBA with the barrier and 0.1 dBA without.

Problem 4 shows an infinite cut section where the top of

cut breaks the line of sight between the receiver and all 2
‘ R
lanes, The top of cut acts as a barrier and should be «éébkr

treated as such when running the program. As with any -
barrier problem, this program can only handle lanes /Q,\\Q>
parallel to the top of cut (horizontally and ver+1ca31g§

Any parallel cut section should be handled as a barﬁTer,
whether the cut shields all lanes completely 0E§$C?'

The four ahove problems show some of the. ca(;;;11t1es and
Timitations of "SOUND 2A". Some of these 11m1tat1ons will
be eliminated by the Level II proqraMﬁkhen it becomes

operational. (ther problems, such 39 double line of sight

breaks need special treatment an ood o]e engineering
judgment. For further quest{? ca]l Rudv Hendriks

(ATSS 497-2475) or Dick Wogo TSS 497 2472).
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11-4.10
INSTRUCTION FOR

LEVEL II .PROGRAM

"STAMINA"®

TO BE INCLUDED LATER-. -
N

N

N
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Chapter II-5
Mitigation of Highway Noise

This chapter discusses various mitigation measures which
can minimize or eliminate highway noise. Most of these
items dare beyond the scope of the Department of Transpor-
tation but are sometimes covered in noise reports.

Figure II-5.1 shows a schematic of the noise source and
receiver. The mitigation measures to quiet the source are ’d
listed below the source. Those measures to protect the Qé;?“
receiver are listed below the receiver. A third way is £o él
increase the distance or interrupt the noise path. <§§§;
N

A brief description of each mitigation measure is. coVYgred

in Section II-5.1. Cgéiéy-
N .

. i .
Section II1-5.2 is devoted to a brief disq%ﬁ%ﬂgﬁjon barriers
because it is a significant part of Caltrads program to
minimize effect of traffic noise. D

&
NN
@‘ o
&Y
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I1-5,1 MITIGATION OF HIGHWAY NOISE (Figure II-5.1}

Highway Design - Consider things such as grade, alignment, type
» of surfacing, cut aor fill.

Manufacturers Certification - Undeyr EPA jurisdiction where trucks
manufactured for sale in interstate commerce meet
certain noﬁse levels. California also has a
vehicle code which regu]ates noise levels of new
veh1c1es

Vehicle Inspection - California Highway Patro] enforces about 12
vehicle codes related to operation, nmufflers, etc;

User Operator Control - Educate operators in vehicle maintenances’ \
reroute traffic, set speed Timits and night i{Q\§>

\\\?3

restrictions. _ <:g
Alternate Transportation - Bicycle ' \
Buffer Zone ~ Purchase additional R/W or use wide mediansf?
Barriers - Artificial or Natural. ' Q

~

Land Use - Control through zon1ng regulations 15 4& ised by cities
and counties so noise sen51t1gg reEZptors are not
constructed near h1ghways \\gﬁ

Building Des1gn - Ca11forn1a Administrati ﬁg\Code Title 25. HNew

E
b

<
construction must meet CN of 45 dBA (interior).

Commercial bui]dingsﬁ&%g e regulated by local
N |

codes. )

Building Codes - Local ordinances <;\§ring builders to meet an
interior noise $§§e1 of CNEL 45 dBA. Certain
Jur1sd1ct1o&§ also regulate exterior levels and
apply maxi Um dBA level criteria. :

Compensation - Paying d?ﬁ} s for noise Tevels from highway which
‘exceeds @ spec1f1ed Timit. ' -

Insulation - Add1n§§§hsu1at1on to existing homes which reduces

?&}@ erior noise and provides a secondary benefit

6f energy savings.

I1-5-4




11-5.2 ﬁofse Béyrier

The effectiveness of a barrier is a function of how much
it extends above the line of sight between the source and
the receiver. It must also he of sufficient lenagth to
minimize flanking noise around the ends of the barrier.
The noise that goes through the wall (transmissijon Toss)
is neqligible if the material weighs at least four pounds
per square foot.

Aesthetics is aﬁ important consideration in construction

of barriers. Appendix 1C, References, Items 7 and 23 2
)

provides FHWA manuals to help incorporate aesthetics into ;:\\*

the design of barriers. Landscaping is an integral part\v\J‘
of the h1ghway where suff1c1ent right of way is ava11a51q,

Hoise that ref]ects off noise walls and median barf%égﬁ to
receptors on the oppos1te side of the h1qhway,5%§> been
perceived as a problem by some people. The/no;\e source
is doubied if the vehicle is very close to~- he)harr1er

If all the noise were reflected, this s1tuat;0n would
result in a-3 dBA increase. This doéﬁinot occur because
the vehicle 1tse1f blocks some of the no1se and some

decrease results from the incre éig d1stance sound travels
to the wall and back to the géiy

There may be special s1tuat3§hs where paralliel barriers

are constructed on botﬁ&51des of the highway where multiple
reflections can occu Th1s may result in degrading barrier
performance by more han 3 dRA on either side of the highway
if the barr1er5>are situsted at a certain elevation.. This
situation cago éicorrected by using sound absorbing material
on the fac the barrier or by tilting the barriers about
5 degrees off of vertical, sloping away from traffic,*

*Menge, C., H.3; "Sloped Barriers For Highway Moise Control,"
Internoise 78 Conference; San Francisco, Catif.; May 1978.
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Chapter I1-6
Elements of a Highway Noise Study
Ii-6.1 Planning the Study

Noise studies generally fall into two major categories.
The first case (Type I Projects) includes construction or
reconstruction of a‘section of highway. This may involve
a2 new alignment, adding a Tane, or replacing a structure,
The second case (Type II Projects) involves retrofitting

noise barriers to existing highways (Community Noise ‘ziikg
A7
Program). A noise report is required in both situationSQESMEL
. /24 :
NS

' RG
An outline of the study plan might involve the fo11qg$§3>_
elements: ' ]

Preliminary Planning 63§$

° Coordination g3§§§> L
Field Investigation Q%i{S

° Land Use 7 ¢
© Community Involvement <§i.’

° Noise Report <%%? 2

Specific requirements for th-ﬁ%} dy are shown in FHPM 7-7-3.
D |

Figure 6.1 shows a f1owéhjagram for project development,

In general, the varipﬁ§3efbments are covered for both cases.

This section does-@é%% 0 beyond the Noise Report.

N9

11-6.2 P i'@*’% Planni
. e 1%4’1&}’ anning

The resouﬁgﬁggneeded and available are placed in proper
perspective. Time, money, manpower, and equipment deadlines

I1-6-2



and schedules are planned. Maps are obtained and project
objectives are estabTiéhed.. These might be to determine
ambient sound levels and potential or actual impact to
various sensitive receptors. Traffic data are obtained and
a preliminary estimate can be made of the potential impacts
upon sensitive activity. |

I1I-6.3 Coordination

Yarious organizations suph as local officials, other state
agencies, landscape, environmental, traffic, maintenance,
and structures may become a part of the study team or be. &%Bt
made aware that the noise study is being perforied. This’® )
coordination is important because it may affect the pléﬁﬁ%ﬁg
for 1mprovement of the total transportation system. A§i&§
study team should hold preliminary meet1ngs ear1y Fﬁvthe
planning stage. Appendix II-B, FHPM 7-7-3, Pavh@gpph 10,
Policies for coordination with Local 0ff1c1a1 rovides

the suppliementary information needed by thé s:%hy team.
Caltrans requirement for a Citizen Aesthetic Adv1sor is
‘covered in Appendix III-L. <3Lf

11-6.4 Field Investigation %

A field review is made forxp \3 ct familiarization and to
study feasibility, generai 1ocat10n of facility. landscape
and ut111t1es cons1der ‘ons for possible mitigation purposes.
7EL'lcnf-e located so that they are repre-
sentative of the gﬁh itive receptors or activities that

Sites for measuremen

might be 1mpactad ~Traffic counts are made at the same

time as n01$ Surements.,

I1T-6-3
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As part of the field investigations, noise levels are deter-
mined for the present, future, no-build and build situations
projected 10 to 20 years. Mitigation measures are considered
and preliminary barrier designs are developed. Construction
noise analysis is performed and mitigétion measures proposed
for the project.

1I-6.5 Adjacent Land llse

Certain land uses are synonymous withkhuman activity. Poten-
tial impact is determined as part of the study. FHPM 7-7-3,

paragraph 8 (Appendix H) provides design guideline acti- 1€§\
vities which allows the study team to assess impact. Q}\7$

The investigators should be especially aware of things §§350 ’
such as parks, schools, churches, hosp1ta1s, residence {>
motels, hotels, public meeting rooms and other area

o
where human activities occur. ’<39.7
%:?
[I-6.6 Community Involvement Vki§§>
RN
71
Public meetings are held to obtain cifizen Fnput into the
project. : <Si}’
For the community noise'proqra_aié\ reliminary letter or
p _
postcard survey may be used., he citizens indicate they
do not want barriers, no furﬁher project development fis

necessary. If the respdﬁge 1s positive, project development
proceeds and public {:§3 ings are held to complete the study.
Community input is \gk a one time jnvolvement but should

be cont1nu0us<$§§gughout a harrier project.

I1-6-4




C1T-6.7 MNoise Study Report

Approval of the noise Study and project reports by FHUA
results in preparation of the final design, plans, speci-
fications and estimates to construct the project.

The requirements for federally participating projects are

covered in FHPM 7-7-3, Section 7C (Appendix IIC) of the
manual shows the requirements for a Noise Study Report.

()
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Chapter I1I-7

Noise Study Report

1)

. This chapter is a discussion of the contents of technical

environmental reports. Its purpose is to provide gduidance
to the writer in preparation of the Noise Study Report.

The initial Noise Study Report is the basis for the Project
Report for noise barrier projects. The Noise Study Report

along with a transmittal letter constitutes the Project 2
AN
Report. S
é\v_
/zﬁqs_

be submitted with the PS&E. The report is short n&?
outlines any changes occurring during the design :éiﬁé'and
verifies that the noise mitigation measures arégfdequate
to accomplish the project objectives. It aggégb

S

s
any exceptions to federal guidelines or sgandird

A final Noise Study Report is required by FHPM 7-7-3 ‘t%

tlines
Ny

i
o
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" NOISE STUDY REPORT

Content and format for various technical environmental
reports are very similar. Certain functions have to be
performed by the report regardiess of whether the study
involves air qua]ity; water qué]ity, noise, or environ-
mental resources such as energy.

The primary funetion of an environmental document is that
of communication. Impact information has to be presented

to two basica]ly'different groups of people, the technical

and the non-technical. The report must communicate equa]1y’b\E~
with both qroups In the non- technical sense, 1nformat1uﬁ\\§)
must be in a form su1tab1e for presentat1on at a pub11c\\v,
‘hearing, for use by executives and lay groups in decq\\ég
making, and for incorporation into an EIS. From a\\QQ
technical standpoint, the document must fully sﬁﬁport the

EIS and must satisfy the needs of the techn1c‘1\,ev1ewer,

who wishes to assess the va11d1ty of the,g;udyeand its
compliance with environmental Taw. Cl

To satisfy these two Tevels of need t%he)report is written

in two parts. The technical par 1; written first, the

first part is then rewritten mar1ze, in nontechnical
lTanguage, the more 1mporta §é§y41ngs of the study. This
summary can be presented ding on the study objectives,
in a form suitable foziiigfrporat1on in an EIS.

In a Noise Study’ Rg Q%i, particularly in the summary, the
values reported;shdhld reflect the accuracy of the analysis.

Reporting f§§§§b al decibel values is never warranted.

11-7-3
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A report may involve a broad category (planning, design,
construction, or operation and maintenance), The fdnctions
to be served by a rebort will vary widely depending on the
objectives defined in the study phase. A relatively com-
plete study might serve several of the following functions:

1) To describe existing ambient noise as a baseline
against which future changes can be evaluated.

2) To provide traffic noise data, any impacts, and
mitigation information for input to the environmental

impact statement. ' <€ﬁ$&>

N2
3) To provide planners with noise information which'w ?$>
enable logical trade-off analyses in system p]aQ
mode selection, and corridor Tocation. <§§§§?-

4) To provide des1gners with noise 1nformat1a§>ﬁ%1ch will
enable logical trade off analyses in geoqg ric design,
volume and flow alternatives, and mater1als used for
barriers, 4&‘_ &

N

U

5) To provide information on cogst

for mitigation. <i§3&9
6) To provide noise 1nfof%£§jon which specifically
addresses noise seq§1t1Ve receptors such as schools,
hospitals, chuziﬁéi}Ores1dence, etc.
Considering the yagf@us'functions of a relatively compre-
hensive report{%ﬁhe following outline presents a basic and
} _
flexible fo(@: Tn which to present a noise study. The
process must\ e executed for each alternative proposed
including ths "No Buiid".

ct10n no1se and methods

I1-7-4




11-7.1 INTRODUCTION

The introduction should be a short narrative statement des-
¢cribing the existing situation, the need for the proposed
1mprovement, and the location and extent of the various
alternatives in sufficient detail to provide the reader
with a mental picture of the work to be done. The project
description must give the reader some indication as to the
background of the project, including public concerns, so
that the reader fully understands the context and the
transportation system into which the project fits.

Some items of consideration are as follows: SN NS

A. Project Description | N

Location {maps)

2. Proposed improvement :.<§{
\.'\ \\_)
B. Scope of Analysis : ‘:\ \\5
1. Time period _ 162

C. Highway Noise Fundaménta]é%i”
1. Reference to 1nf0rmat1ve Titerature

N 2. Definitions (¢Ei§§§t?’ etc.}
11-7.2 CONCLUSIONS OR SUMM;;;>

The conclusions are, <;%pnted early in the report. This
allows the person&wg\\does not desire to dig through the
detail to readgghe proaect description and the conclusions
and thus obt &lcursory knowledge of the project. 1In the
conc]us1ons>a§§% first thing to be discussed should be
answers to Qhe questions for the environmental impact state-
ment. Secondly, the findings, as they apply to the following

IT-7-5
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headings, (a) potential problems in planning (b) design
mitigation and possible enhancement, and (c) construction
control, should he presented briefiy. The final portion
of the conc]usions'shou]d-present the written and tabular
data summaries covering the above items, These can be
interspersed with graphic data presentations.

In this manner, the conclusions, in conjunction with the
project description, enable the Tayman to understand the
impact of noise, provide the EIS writer with some basic
answers to the noise aspects of the questions he needs to
answer, and provide transportation engineers, in the £
planning, design, construction, and maintenance areas, - 6%%%’
with warning flags marking areas which need further ,i§§§§*
A

. . . S
consideration.

II-7.3 Existing Noise Environment

The background discussion provides informagi‘m m the
project in terms of-its npise setting. {g&iﬁpws measure-
ment data related to the sensitive regeptors. It also
provides a "memory freshener™ for stqulreview in the

future. d

A. Description of thelgtudj‘area (maps)}
:S;\ .
1. Show measuremz‘t»SItes {maps)
e receptors {(maps)

2. Show sens“\Q}
SN
RO
B. Tabu]atio(@?nd discussion of ambient measurement data
1.  shgwend discuss ambient conditions

Some items of consideration m@§§§g %0110ws:

<§i ‘On new alignment
b. For improvement of existing route
c. Combination of the two

I1-7-6




C. Traffic Data (ambient)
D. Ambient Noise Contours.
I1-7.4 Predicted Noise From Proposed Improvement.

A description of the analytical approach is necessary for
the technical reviewer. Reference should be made to the
procedure atceptab]e to the FHWA. This proyides an
indication of the technical adequacy of the document.

The approach should be discussed in sufficient detail to

allow review of the important steps and show continuity
- . ’\\K's

\,_..

in the analysis.

Some items of consideration are as follows: ii?&?
A. Summary of Predicted Traffic Data (peak hour te;;%1c,
speed, percent autos, medium and heavy tgggbi}
_ N\
B. Maps showing predicted noise jevel w%gldjstance to
sensitive receptors and measureme%f sites (this may
be shown as part of III D). .
N2

1. from main lines g o
2. =~ from ramps and feed§§§§ﬁads
. N
cC. Noise control from,RarrL rs
\
Cuts Q |

1
2 Fills Qgg)

3. Vegetat1on

4, Qét

5. <§:¥u ures & Buildings
6.

N015e contro] expected from normal design features
D. Noise Contours -~ predicted post-construction

11-7-7
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I1-7.5 Impact Assessment

The antic%pated beneficial and adverse noise impact of

the various alternatives should be discussed. (1) Noise

impact is broadly defined as being significant when it

will substantially exceed the existing noise levels;
(2) when it will exceed the FHWA design guidelines;
(3) when it is decreased by a build option but will
still exceed the guidelines. )

Some jtems of consideration are:

A. Compare predicted with amb1ent {measured)

és,«

&
- B. Compare predicted and ambient with . Des1gn Cth%i\a

(FHPM 7-7-3) on a build and no build bas1s '\\\>

1. Impacts may occur even though the‘Des1gn Criteria

&

are not exceeded. As an e{€ p]e, the present
amb1ent level may be 50 dBAxpnd the future predicted

level may be 60 dBA w
Criteria but it has~

A
]eveI. <§§§> ,

Z% is below the FHWA Design
ed the perceived noise

2. Discuss and . ﬁﬁ%u extent of impact and numbers and

types of q3§3g1t1es affected
N

3. Exten%éﬁf impact in decibels

A§§§§§> 3

I1-7-8




-temporary “n

D, Ideﬁt%fytSpgcial Problem Areas

1. Present a site plan with general land use super-
imposed over the predicted noise ltevel contours
or this may be identified in general terms.

E. Mention adverse effects from construction of barriers
such as reducing open space and view, creating a shadow
zone and blocking air circulation.

I1-7.6 Special Noise Problems

_ “Xa

AN
This part identifies items which may create problems requln\ 9\

special attention. Items for consideration are:

Q';\
A. Special noise sensitive Tocations <§§§§>

B. Ratio of outside to inside noise in sens1t}§é7bu11d1ngs
(hospitals, churches, schools, etc.)
‘ 49_

Y.
C. Special needs for Jower design standards
4Q>-r

N
D. Detailed noise reduct1on des n ana]ys1s

E. Special Problems in urb Qig;g

F. Construction No1se4}
11-7.7 M1t1gat1onn§§§§%ancement

This sect1on s gs as input to the project design. It
describes %§§ y the permanent measures but also those

Q\Bures which can be foreseen as des1rab1e
during the constrUct1on process and which should be
encompassed by the project design,

I1~-7-9
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Items for consideration are:

A. Discussion of size and types of noise reduction treat-
ment required. {(Barriers, cuts, fills, vegetation,
buiiding insulation, etc.)

B. Discussion of feasible designs and approximate benefits
to be gained. Make mention of future noise levels which
may be Tower than present ambient if this is the case.

C. Discussion of impact situations where fully adequate
noise reduction treatments are not feasible. (Request\’
exception from FHWA). \::;5\“‘

D. Construction of barriers as a first item dur1ng&%h§
construction project. <3§ |

E. Use of Standard Specifications and Specigl Provisions
to minimize noise impact. (;il§> |

&l

11-7.8 Bibliography %3\

, >

In this section the sources of thedYhistorical data used in

the report and sources for st é§§;

be listed for the benefit oﬁ?ﬁ>

\b

1I-7.9 Appendices <:g 8
The detailed data a K\1Jroc:l=:du'res are usually placed in this

part of the report Informat1on of this type is usually not
f LON .
0 1nterest«%b\$ﬁe average reviewer

@

nts that were made should
reader,

IT-7-10
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Items of consideration are as follows:

A. Moise Measurement Procedures, Data, Instrumentation
System, Calibrations, Quality Assurance Systems.

B. -~ Tabulations of Traffic Data and, Analysis Used

C. Discussion of Prediction Methodoloqy and Sample
Calculations ) ’

D. Noise Reduct1on Methodo1oqy and Sample Design Ca1cu1at1ons

o\ R
N Y

E. Special Prohiem Analysis and Computations Aéiisg,

Mote: Data from II-7.,3, I1I-7.4, II 7.5, 11-7.6, ang\<::
should he displayed in a table and simply trahgferred
to the EIS. An example table is on the€§§130u1ng

page (F:gure II-7.1). /2§S$>
- R
RECOMMENDAT IONS . o
X

N . -
For dinclusion in an

EIS. This section might be wri {ég>to-summarize information
presented as an 1nput to the ﬁaSipus phases of a project

Recommendatidns would not be written

and serves to identify opppr ﬁ} jes for abatement of noise.
For studies not concerned w?fh an EIS input, the section
might pr0v1de recommenga‘gyns as to a preferred alternative

action from a noise(%%ivdpoint.
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CHAPTER II-8

REVIEWER'S CHECKLIST <3%?

) o
FOR N
NOTSE STUDY REPORTS QKS§§> |

AND (§3§¢
NOISE PART OF EIS AND EIR -
A
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Chapter II-8

Reviewer's Checklist for Hoise Reports and Noise Part df
EIS and EIR

General

Environmental Noise Reports, Environmental Impact Statements
(EIS) Environmental Impact Reports (EIR) and Megative
Declarations are communication documents. They are intended

to fully disclose any adverse impacts, mitigation measures

or enhancement of the environment due to construction of a¢»<124

transportation facility. . é§§>

Substance of the 1nformat1on conveyed rather than thef&%@gth
or detail of the statement should he stressed. Ideéﬁﬂy, the
Moise Report is a combination technical documentzgonta1n1ng
details and a summary which can be 1ifted and- usgd?1n the
EIS or EIR, The summary should be easily quer %bod by a
Tayman. Enough 1nformat1on should be prov1ded so that the
readers can reach the same conclus1onszpased on the data

Ppresented. <§§>f

A "Noise Review Checklist® (Fig <§E§I-8.]) is provided as
an aid to reviewers., To use ﬁ% hetk list, the reviewer
should check the appropr1ate§§§s, No, Not AppTicah]e column
for each item 11sted X there are any comments concerning
a particular 1tem, a raference number is noted on the
“Comment No," co1umgi§§ggure II-8.1) and is also repeated
on the "Amp]1f1cat10ﬁ‘of Comments" (Figure I1I-8.2) with

the reviewers guss1on Mormally a check in the Yes or
Not App]1caQ§§§@ Tumn would not require a comment but may
be offered~to™vimprove the report. A check in the No column
"would always have comments.

I1-.8-2




District

Reviewed By

Figure II-8.1

MHoise Report Review Checklist

Co. Rte. PM

Date

Covered In Report

Hot
' Appli- |Comment
Item Yesj No| cable lHo.
1. Project Description.

a. Proposed improvement
b. Alternatives 25

e . 2NN
c. Anticipated benefits iif:?“
d. Maps : »”:ﬁwa

' . . . f§§\a
e. Scope of analysis (objectives) ’*&Q§\J
f. Time period Aﬁb.
g. Highway noise fundamentals X —f\\'
h. Reference to informative literature _i§SE?
i. Definition ,4<§§>5'
[
_ TN
2. -Background 43
. . SN
a. Applicable Taws, regulations, \\;v
codes, etc. .

b. Population affected <:§§&2.
¢c. Public attitudes .<:3>_
Conclusions or Summary

~7
N
S
Environmental sefitang/project
o

Impacts
Mitigatidn
Enhanceme@

Potentiﬁg\ oblems (design, con-
structioﬁ} maintenance)

I1-8-3
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Figure 11-8.1

Noise Report Review Checklist

District Co. Rte. PM W.0.
Reviewed By Date
Covered In Report
Not
Appli~ | Comment
Item Yes| No| cable No
4, Existing Noise Environment
a. Map of study area {show all
alternatives) e
b.' Measirement sites identified 2%
c. Sensitive receptors identified (3§>”,
d. Ambient conditions <§g§?
e. Traffic data “bkb
. \k\\y
f. Noise contours AN
q. Current traffic data . /i\g :
NNV
5F
” » s -
5. Predicted Noise (Qﬁ ﬁf?
a. Predicted traffic data 43 <&
(how obtained) |,
b. Predicted noise levels QE}‘
c. Methodology for predictin <&g/e
d. Prediction affected by cu
e. Prediction affected by ﬂs'
f. Prediction affected bJ\Vegetat1on
g. Prediction affecte Qy trees
h. Prediction affected> by structures
i. Prediction affsE}ed by barriers
J. Pred1ct1onwaffected by highway design
k'

Pred1ctg%§§9159 Tevel contours

11-8-4




Figure II-8.1

Noise Report Review Checklist

District Co. Rte. PM W.0.
Reviewed By Date
Covered In Report
fNot -
AAPPIT: | Comment
Item Yes | No [cable No.
'6.' Impact Assessment -
Positive or negative impact
b. Compare ambient, predicted and 2.
Design Criteria NSNS
. \\:':')\'
c. . Number, extent and types of /\QQ\;g
activities affected N
QAN
d. Special problem areas -&\$
e. Land use site plan ﬁﬁﬁSP
f. Adverse effects of barriers Ae
. AP
. ANt
7. Special Situations ﬁ¥3:§}?
o I
a. Schools (Section 216, Streets \‘fz
_ and Highways Code) A
b. - Hospitals, churches, etc. <§;2'
c. ards

d. Inside-outside measureme, f::>
(sensitive receptors) fﬁ§§>‘_
. N
e. Detailed mitigation ahah)sis
a\?

Special problems N

&

A
g. Construction noige) impact and

Special needs for Tower sta@i?

imurban areas
A\

mitigation (§§>
&

TTA

II-8-5
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Figure II-8.1

Noise Report Review Checkl

ist
District Co. Rte, "PM W.0.
Reviewed By Date
| Covered In Report
Not
Appli- { Comment
Ttem Yes { No |cable No.
8. Mitigation - Enhancement
a. Benefits from barriers
b. By highway design (cuts, fills, ‘”;ikﬂ
vegetation, etc.) Qi?p’
c. Heights and length of barriers ,)Q\_;f‘
(for design guidance) ,r§§§;
Q) _
d. By traffic controls 4&S§y
. €. Build barriers first on <§§>>-
T construction projects <3¢, '
f. Use of Standard Specs and 51\:?
Special Provisions /?Q;\\
g. Any impacts from mitigation efforts‘/$“~>_
h. Exception request where mitigation| )
is not feasible
i. Cost estimates <§§,’
Lo
9. Bibliography Q§§;> A
AN
10. Appendices N

-d .

b.
c.
d.
e.
f.
g.
h.

A\
/ \\'

Measurement prqcéigfes and systems
Noise Tevel ¢f§§

. 25N .
Graphic Tevel recordings
Quality q\iﬁ%ance
Traffi&§§§a and how derived
Prediﬁ%ﬂon methodology
Barrier design methodology
Special problem analysis

IT-8~6




Figure I1-3.1

d/

a. Language (lay or technical) . 17
b. Simple, clear charts and tables

c. Conciseness

Noise Report Review Checklist .
District Co. Rte, PM W.0.
_Reviewed By Nate
Covered In Report
Not
Appli- | Comment
Item Yes| No { cable No.

10. Appendices (Continued)

i. Identify study personnel

J. Identify public contract/

_ coordination RN

\
k. Public input (phone calls, letters|, 5%3}>
_ petitions) (g;\.SVu
1. - Location where report is available NG
_QQS\
R ", \)

11. Recommendations <§~ Q%?

a. Do not include in EIS or EIR (‘£§$3>

b. Might provide for other reports ;3.§§?'

O
- L

12, ‘Suitability EIS, EIR Vs Technical Regdr

I1-8-7
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Figure 11-8.2

AMPLIFICATION OF COMMENTS

Comment

IT-8-8
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"California Streets and Highways Cdde Section 216 .83 >

REFEREMNCES

FHPM 7-7-1, December 30, 1974

Process Guidelines (For the Development of Environmental
Action Plans)

FHPM 7-7-2, January 2, 1976
Environmental Impact and Related Statements

FHPM 7-7-3, May 14, 1976 _ )
Procedures For Abatement of Highway Traffic Noise and
Construction Noise

Environmental Handbook

<~

Caltrans' Office of Environmental Planning ~ N
- TN
_ ATy
Preparation of Environmental Impact and 4(f) Statements )
FHYA Training Manual ,€§§%§>

I11-8-9
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APPENDIX IIA AN
- N
Refereﬁces for Section II % |
| <Y

(%Q?
P
The References listed in Sectiom>l are

applicable to both sections I and )II.
A supplementary list for Secgtion TI is

shown on the next .page., | %}}..'
&
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Appendix I1IB

Federal Laws and Requlations

The following are various laws and regulations that directly and
indirectly apply to Caltrans activities.

1. PubTic Law 91-190; Mational Environmental Policy Act of 1969;
January 1, 1970

This Act specifies the Environmental Protection Agency as the

Federal Agency responsible for administering the act and ; \E?
establishing standards for environmental qua]ity. It dec]aresg§§?§
national policy for harmony betweer man and his environment

An. Environmental Impact Statement (EIS) is required for a

Federal projects. \QSP

2. Federal Air Highway Act of 1970 ﬁ&bc>

This Act requires the Secretary of the U.S. Department of Trans-
portation (USDOT) to promulgate guidelines q?s1gﬁ%d to assure
that possiblie adverse environmental {(air, RD1SE, water) effects
relating to any proposed project on an{ F\Hera; Air System have
been fully considered. It also req'§% the USDOT to establish

noise standards. <:3>
©

3. Pubijc Law 92-574; No1sq§Contro1 Act of 1872

October 27, 1972 Q\>
Q>

A national policy to prohﬁ}e an environment for all Americans
free from noise th »mxght jeopardize their health and welfare.
The primary Fede espons1b111ty is for noise source emission
control while thngégﬁtes and other political subdivisions retain
rights to estab11sn and enforce controls through licensing,
pperat1on, and restrictions on use or movement,

IIB-2



4. Public Law 93-87; Federal Aid Highway Act of 1973;
August 13, 1973

]

This Act required promulation of Moise Level Standards by the
Secretary of Transportation.-

5. Department of Transportation, Federal Highway Administration;
Interstate Motor Carrier Noise Emission Standards;
September 12, 1975 ’

The Bureau of Motor Carrier Safety establishes measurement proce—
dures and methodologies for determining whether conmerc1a1 motbr
vehicles conform to the Interstate Motor Carrier Noise qus 1on
Standards of the Environmental Protection Agency. ?Qﬁo
S
6. Department of Labor; Occupational Safety and ﬁ§3$%h
Administration (OSHA}, Occupational No1s§A§§iSsure,

October 24, 1971 ?i§3>

Established maximum permissible noise exposume Tevel for employees,
It also requires employer to take certﬁﬂn actions when permissible
Tevels are exceeded. \5}’

7. Environmental Protection<§ﬂgﬁwﬁ; Moise Emission Standards
for Transportation Equﬂ\még-, Medium and Heavy Trucks:
April 13, 1976 ‘

Established maximum <;g§1on levels for the years 1978, 1982
and 1985 as 83 dBchéadeA and (reserved} for trucks with a
gross veh1c1e we1 HE rating greater or equal to 10,000 pounds.

N

¢)

IIB-3
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8. Environmental Protection Agency; Portable Air Compressors,
Noise Emission Standards; January 14, 1976

Establishes an emission level of 76 dBA at 7 meters, Establiishes
maximum average sound levels of 76 dBA at 7 meters., These regula-
tions become effective January and July, 1978 depending on the size
of the unitb

9. Environmental Protection Agency; Railroad Noise Emission
Standards; January 14, 1976

Establishes limits for stationary and operation under moving Q;{&N
conditions for locomotives manufactured after December 1976 and}bsﬁ

1979. - 4§§§§$?

. 10. Federal Highway Administration; Federal Highway Prgégéh'

Manual (FHPM) 7-7-3; May 14, 1976 <33?

Establishes noise standards related to h1ghway nBﬁE}Z acceptab?e
descr1ptors and methodologies for predicting n01ie and requires
some general steps concern1ng constructiong ho1se FHPM 7-7-3 1is
printed in Appendix H since it is one of<>he fnost important
documents for highway projects re]aued{to Noise.
11. Environmental Protection Age ;é;%andated 5/28/27) and

Proposed in Federal Reg1sterQiﬁ978)

S

Wheel and Track 4§5d€r Regulations
Wheel and Trackapzer Requlations
. Truck Trangport/Refr1gerat1on Units Regulations
Truck Mounf d Solid Waste Compactor Regulations
Mototc (4 Regulatxons

. Bus ﬁ%yz ations

RS T o 1 S 5 & S Y Y T o Q|

Pavement Breaker and Rock Drills Regulations
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APPENDIX IIC

U.S. DEPARTMENT OF TRANSPORTATION

FEDERAL AID HIGHWAY PROGRAM MANUAL

VOLUME 7 RIGHT ;OF-WAY AND ENVIRONMENT

CHAPTER 7 ENVIRONMENT s

SECTION 3 PROCEDURES FOR ABATEMENT OF HIGHWAY TRAFFIC
NOISE AND CONSTRUCTION NOISE

Transmittal 192

May 14, 1976
Par. 1. Purpose HEV-21 'Vgl
2. Authority _ 55'
3. Noise Standards 0\5
4. Definitions : %
5. Retroactivity - - . 8
6. Applicability \\0
7. Analysis of Traffic Noise Impacts and Abatemer
Measures
8. Design Noise Levels : /?\\
9.

Procedure for Requesting Exceptions to\th
Achievement of the Design Noise Levé%%)for
Type IA Highway Projects A3

10. Policies for Coordination With Locﬁ}”Off1c1a15

11. Noise Abatement Measures for Lands WhHich Are

Undeveloped on the Date of Rﬁp ic Knowledge
of the Proposed Highway Progect

12. Federal Participation
13. Construction Noise <§%ﬁ
14. Traffic Noise Pred1ct10ﬁ§§s hods

1. PURPOSE ® ; X )

To promulgate: <§§
2. policies and pﬁggg'ures for noise studies and noise
abatement measu? B,

b. design neggfwlevels, and

¢. requirg for coordination with local officials
for us\\ n the planning and design of highways
approved pursuant to Title 23, United States Code.
2. AUTHORITY
23 U.S.C. I09(h}), 109(1), and 42 U.S5.C. 4331, 4332.

*Regulatory material is italicized.
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‘Federal-Aid nghway Program Manual Vol. 7, Ch. 7
Transmxttal 192, May 14, 1976 Sec. 3

NOISE STANDARDS -

The highway traffiec noise studies, noise abatement
procedures, coordination requirements, and destgn
noise levels in this directive constitute the noise
standarde mandated by 23 U.S.C. 109(1). ALl highway
projects which are developed in conformance with
thie directive shall be deemed in eonformance with
the FHWA noise standards.

DEFINITIONS (as used in this directive)

a. Buffer Zone - lands, properties, and parcels (or
portions thereof) adjacent to a highway acquired
either in fee or a lesser interest for the purpose

of preempting development which would be adversely "52
tmpacted by traffie noise and for other noise Q> ~
abatement purposes. TN <\)

N

. b
b. Control of Access - the condition where the rzght <§§>¢
S

5
44

of owners or occupants of abuttzng tand or other
persons to aceess, light, air, or view in conned
with a highway <8 fully or partially controlled\
publie autherity. .

AN
(1) Full control of access means that th ”3§>
autharzty to control accesgs tis exerczge
to gtve preference to through trafficYby
providing access connections with-gelected
public roads only and by prokgbttt%g erogsings
at grade or direct przvate ' veway connections.

(2) Partial control of accegs meaﬁs that the
-authorzty to control ad%ess 18 exercised to
give preference to thro ¥ traffiec except
that, in addition to gvs connectione with
selected publie rq? here may be some
erossings at grade some private driveway
connections.

(3) Uncontrolledag (\Eﬁess meang that the authority
having jur: \d%ptzon over a highway, street,
or road'do%§ not 1limit the number of points
of 1ngress or egress except through the
exerocise .} control over the placement and

th ‘gggyetries of connections as necessary
'%QE> safety of the traveling publie.

£
/1%

c. Date“af ublic Knowledge of a Proposed Highway
Progect - the 'date that the highway agency offiecially
notitfies the public of the adoption of the location
of a proposed highway project.

IIC-3
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Federal-Aid Highway Program Manual ° - Vol. 7;lCh. 7
Transmittal 192, May 14, 1976 Sec. 3

d.

Design Noise Levels - the noise levels established
by this directive for various activities or lund
uges which repregent ‘the upper limit of acceptable
traffie noise level conditiona. These levels are
used to determine the degree of impact of traffic
noige on human activities. '

Design Year - the future year used to estimate the
probable traffie volume for which a highway is
deaigned. A time 10 to 20 years from the start

of construetion is8 usually uped.

Existing Noise Levels - the noige, made up of all

the natural and manmade noises, consgidered to be
usually present (unique noise evente may be ezcluded)
within a particular area's acouetical environment,

Highway Section - a finite length of highway proposed \36'
for development between logical termint (population

centers, major traffic generators, major craaaraads,» N\Sf“
ete.) as normally included in a loecation study or ﬁ\

multiyear highway improvement program. ‘“\\b

Elﬂ - the sound level that is ezceeded 10 percg?f
of the time (the 90th percentile) for the period-
under consideration. This value 18 an indjedtor
of both the magnztude and frequency of occﬁrrence
of the loudest noise events. /1‘§
(h) z STV
Lo -~ the hourly value of “10. ﬁQ;»EL
90 - the sound level that is exd&gded 90 percent

of the time (the 10th percentzlq&kfor the pertiod
under congideration. (,,

Leg - the equivalent stea g\h #ate sound level whieh
m

in a stated period of ti 1d contain the same
acougtic energy as the-t varying sound level
during the same time p

Egg(h) - the hourl@iuatué’&f Leg-
\,

Level of Servtcéﬁé \ytraffzc conditions (used and
deseribed in. tk;}ﬂtghway Capaeity Manual -~ Highway
Research Bodga peeial Report 87, 1965) where speed
and- maneuveraﬁﬂlzty are closely controlled by high
volumeg, -dnd where drivers are restricted in their

freedoﬁi%?ibelect apeed, change lanes, or pass.

@
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Federal-Aid Highway Program Manual Vol. 7, Ch. 7
Transmittal 192, May 14, 1976 Sec. 3

Wl

Location Approval - the approval which establishes
the general location for a highway section based

upon a location study report (in accordance with

FAPM 7-7-5) or the adoption of a final environ-
mental impact statement or negative deeclaration

(where the highway agency has implemented paragraph
11b(7) and (8) of the Process Guidelines--FHPM 7-2-1).

0

Metropolitan Planning Organization - the organization,
destignated by the Governor, as being responsible,
together with the State, for carrying out the provi-
sions of 23 U.S.C. 134, as required by 23 U.s.cC.
104(f)(3), and capable of meeting the requirements

of 49 U.S.C. 1603(a).

Noige Level - the sound level obtained through use 2
of A-weighting characteristics specified by the N
American National Standards Institute (ANSI) Ay
Standard $1.4-1971. The unit of measure is the <\ N
decibel (dB), commonly referred to as dBA when SNy
’%\w

A-weighting is used.
SN

. . . . D0
Noise Standards - the highway traffic noise 3tud¢gs§
noige abatement procedures, coordination requirements,
and design noise levels in this directive.

s
2SS :
Operating Speed - the highest overall speééé&} which -
a driver can travel on a given highway  updér -~ (;
favorable weather conditions and undenqgﬁgﬁailing
traffic conditions, without at any time~,exceeding
the safe speed as determined by the design speed on
a section-by-section basis. QQ";

S

Partial Noise Abatement Measures “Smeasures taken to
reduce the noise impact but ﬁgééﬁo a level below

the design noise levels. g::>
sta

Project Development - ad degeribed in State
action plans developed Ry nt to FHPM 7-7-1

(Process Guidelinee), and specific studies, surveys,
ecoordination, revi S&é approvals, and other activities

and steps normall%}gngaged in to determine the location,
h

to perform the ign, and to prepare the plans,
specificationﬁ} eatimates for a highway project.

Traffic Noige Impacts - impacts which occur when the
predicted&érﬁffic noise levels approach or exceed the
design. éiievels, or when the predicted traffiec
noiseqéé % substantially exceed the existing

noisen. xia.

Truck - any motor vehicle (including buses) having
a gross vehicle weight greater than 10,000 pounds.




Federal-Aid Highway Program Manual Vol. 7, Ch. 7
Transmittal 192, May 14, 1976 Sec. 3

w. Type IA Projeet - a proposed Federal or Fedeval-aid
highway projeet for construction or reconstruction
of a seetion of highway (or portion thereof) which
has either partial or full control of access and
for which the highway location is approved after
July 1, 1872, or the authorization to advertice for
bids for the major grade and drain elements is given
after July 1, 1976. Projects unrelated to traffic
noige such as lighting, signing, landscaping,
safety, ete., are not considered construction onr
reconstruction of a highway section.

x. Type IB Project - a proposed Federal or Federal-aid
highway project for construction or reconstruction
of a section of highway (or portion thereof) on
which the access is uncontrolled and for which the 2
highway location is approved after July 1, 1972, or :}ziﬁ
authorization to advertise for bids for the major K \133
grade and drain elements ig given after July 1, 197 éi;) .

5

Y. Type Il Project - a proposed Federal or Federalféégs ,
highway project for noise abatement on an existin
highway (located on a Federal-aid system) whichvdgés
not include construction or reeconstruction of &<
highway section (or portion thereof). -

1

z. Undeveloped Lands ~ those tracts of Zan'fﬁ%}portions
thereof which do not eontain improveméntdcor activi-
ties devoted to frequent human habiﬁ@iib_ ‘or use
{ineluding low density recreational\uafff and for
which such improvements or acti%gfieé‘are unplanned

and not programed.

N
RETROACTIVITY . >

The requirements of this diré&é%&? are not retroactive.
Approval actions taken priof the effective date of
this directive, in confon@? >with Poliey and Procedure
Memorandums 90-2 dated A?;}“ 6, 1872, subject: Interim
Noise Standards and Ppocedu¥es for Implementing Section
109(i) Title 23, U.SQEN, and February 8, 1973, Subject:
Noise Standards andQ?raéedures; and FHPM 7-7-3-1 dated
February 20, 1974f%§5§11 remain tn effect.

APPLICABILITY

a. Type I G%@Wects (Partial and full control of access) -
all n ipéments of this directive (FHPM 7-7-3) apply
tow'éggﬁge IA projects unless it is speeifically
indééq ed that a paragraph applies only to Type II
projects.

IIC-6
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b. Type IB Projects (Uncontrolled access) - all
requirements of this directive (FHPM 7-7-3), with
the exception of paragraphs 7b(6) and 9, apply to
all IB projects unless it.is specifically indicated
that a paragraph applies only to Tupe II projects.

¢. Type II Projects (Specifically for noise abatement) -
the devalopment and implementation of Type IT
projects are not mandatory requirements of 23 U.S5.C.
109(7) and are therefore not requirements of this
directive. When Type II projects are proposed for
Federal-aid highway fund partiecipation (at the option
of the highway agency) the provisions of paragraphs 7d,
e, 12a, e, d, e, and 13 of this directive shall apply. RN

d. Type IA, IB, and II Projects - the plans and spectft—:w
cations for Type TA, IB, and II projects shall not bely
approved by FHWA unless : \\/

(1) the noise study report has been cancurred zﬁ§§§>
by FHWA, and

(2) .the project has been developed in aeco{é;@be
, with the requirements of this directi

e. Type IA Projects - in addition to the rgqﬁ;rements
of parajgraph 6d, the plans and speczftcaﬁzons for
Type IA projects shall not be apprdkpd by FHWA

unless: ,
§

(1) noise abatement measuressydre incorporated to
attain reductions to o low the design noise
levels for those activitied and land uses where
pradicted noise levelsd2Xceed the design noise
levels in Figure 3€!§ r

f2) partial noise qé?tement measures are incorporated,
whare feasihlegyapd exceptions to the design noise

levels have:@igg,approved by FHWA where the design
notse levels\pgannot be reasonably achieved.

f. Type IB Projgets -~ in addition to the requirements of
paragraph &dsathe plans and specifications for Type IB

- projects t"not be approved by FHWA unless the
noise as ent measures identified as feasible (as
determin by the analysis in paragraph ?b(5)) have

been incorporated in the plans and specifications for
Type IB projects.
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7.

ANALYSIS OF TRAFFIC NOISE TMPACTS AND ABATEMENT MEASURES

a.

In type IA and IB project development, the highway
agency shall determine and analyze expected traffic
noise impacts and determine the overall benefits
whieh can be achieved by noise cbatement measures
to mitigate these impacts, giving weight to any
adverse social,

effects.

economic, and ehvivonmental
The level of analysis may vary from simple

ealeulations for rural and low volume highways to
extengive analysia for high volume controlled
access highways in urban areas,

The
the

(1)

(2)

{3}

traffic noise analysis shall be conducted in
following manner:

Identify existing activities or land uses

which may be affected by noise from the

highway section.

A
Predict the traffic noige levels for each QSQE?

alternative under detailed study (including

the "do nothing™ alternative). Steps 3 (£§§>
through 6 of the traffiec noise analysis

may be eliminated if it <ie analyticallil.-
determined (in accordance with steps. l. and 2)

N

that activities or developed land ugeg-ure
not sufficiently close to the proppseéd-
highway improvement to be adveragtﬁB&?fected
by traffiec noiae. K%Ez

Measure the exisgting noise‘fgveZs for existing

activities or developed land .uées. Measure-

menteg may not be necesaary where it 18 clear
that the existing 1qu1\§gre predominantly

4 2

]
from the highway beiﬂgk
satisfactorily estima

proved and can be
uging approved noise

prediction methodﬁ\ggghe purpose of this

. . )
noise level tnfd%@§>
exiating acougtic™

>ton 18 to quantify the

é nvironment and to provide

a base for qggfssing the impact of noige level
tnereages.
to quantif
conpietent With the deseriptors used for the
predicféggjevels and the design noise levels
in Figure 3-1

54

N

1971.

by

Hhe>deseriptors (L,, or Lig) used
ese measurements ghall e

Meagurement syatems shall, as

a minimum, meet the requirements for Type 2
g%gﬁments

as specified in ANSI Standard

R

S
NG

S
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(¢4) Compare the predicted ﬁraffic noise level~ for :
each alternative under detailed study with the -
exigting noise levels and with the design noise
levels in Figure .3-1. This comparison shall

(5}

also ineclude predicted traffic noise levels
for the "do nothing" alternative in the design
year. Such information shall be used primarily
to deseribe the noise impact of proposed high-
way improvements in contrast with noise levels
likely to be reached in the same area if no
highway improvement is undertaken. Noise
impacts can be expected when the predicted
traffic noise levels (for the design year)
approach or exceed the design noise levels in
Figure 3-1, or when the predicted traffic
noise levels are substantially higher than

the existing noigse levels. The comparison ¢Q§2A
between predicted traffic noise levels for QE:?«

the proposed action and the "do nothing" ’§5\\J
alternative (for the design year) may be used _513Q3>
in the consideration of exceptions to the ’Q§\§?

design noise levels. <§E§>
Examine and evaluate alternative noise <EE9
ting

abatement measures for reducing or elimihatin
the noise impact on existing activitieﬁ'-t)
developed lande; and undeveloped Lands To¥
which development is planned, designedand (;
programed. This examination shald incdlude a

thorough consideration of traffié:ﬁ&ﬁhgement

measures (e.g., prohibition of, certéin vehicle

types, time use restrictions r certain

vehicle types, modified spégﬁmlfmits, exclusive

lane designations, traffic cuntrol devices or

combinations of such mgé%;;es). Federal law

requires a determinat‘é&x 1at noise abatement
measures needed to imk$§¢ent the noise standards
have been incorpor §§§}nto project plans and
specifications be5g§§> hey are approved.

Because decisions‘5h>noise abatement are prereq-
utgites to de#émmining environmental impacts,
and because 'ﬁﬁbgﬂimpacts influence deeisions

on adoptio 5$? a highway location, it 1is
importants?\ht a preliminary determination be
made. Bé?gg adoption of a highway location,
the highwdy agency shall identify:

=

(a néfse'abatement measures which are likely
0 be incorporated in the project, and

( noise impacts for which no apparent golution
i3 avatilable. :

8

()
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(6) Identify for Type IA projects those lengtha
of highway (separately for each side of the
highway) and those individual land uses where
noige abatement measures appear impracticable
or not prudent and which may qualify under the
exception procedures (paragraph 9a and b).

e. Upon completion of the notse analysis for Type IA
or IB projects, the highway agency shall prepare
a noige study report for FHWA concurrence.

(1) The noise study report shaZZ include the following:

(a) detailed noise analysis and evaluation
information (paragraph 7b},

{

(b} propesed noise abatement measures NN

including descriptive information which 2
portrays their design details, anttctpated\%;$ )
effectiveness in relation to the deszgn«‘“< :
noise levels (paragraph 8) and/or exis oS
noise levels and estimated coste and Qf\) ;
benefits, \\Q?

(¢c) requests for exceptions to the & ighn

(ﬁﬁ noise levels and supporting in Qqhtion

L as required and outlined zn\parzg?aph 9
(Type IA projects only), KM"$>‘

(d} discussion of construction ﬁbmse analysis
information, as requz 2 in paragraph 13,
zncludzng proposed colitract provigiong to
minimige or eszzngte adverse congtruction
noise impacts, and?} .

{e) discuseion and o umentation of coordination
with local 4f qzals as required in para-
graph 10, <Q£§§

(2) The noise &8 Q\g report may be in preparation
throughout‘ ‘brogect development process but
shall be Q éluded prior to approval of the
plans aﬁQSQ ectfzcatzons. Preliminary versgions
of the rebort shall be prepared as necessary for
'envtronmental statementg and for input to

ém&}ors on selecting a highway loeation.
&ding on the scope and timeliness of a
/iéépplete noige report vartous sections of the
ort such as noise impact evaluatzons, proposed
jioise abatement measures, noise exception

requests, ete., may be processed separately and
included in the final report.
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(3) FHWA concurrence in the noise study report
shall constitute its approval of all requested
exceptions to the design noise levels contained
therein and approval of proposed abatement
measures contained therein.

Highway agencies proposing to use Federal-aid
highway funds for Type II projects shall perform

a noige analysis similar to that deseribed in
paragraph 7b and shall prepare a noise report with
recommendations. This noise report shall indicate
and describe the noise impacts that have been
identified for these type projects. The design
noise levels in Figure 3-1 are a suitable yardstick
for thies determination,. :

In requesting Federal construction funding for a
Type II projeet, the highway agency shall indicate
the nature of the proposed Type IT projeet and the
relative priority with other potential Type II
projects in the State. Some of the suggested

&)
factors which may be considered in the developmentfg\\Q>

of this relative priority are: /i:\o .
\,)

N

(1) applicable State law, 25_ ’

S =

(2) type of development to be protected, <§;§ >

—

NI

(3)  magnitude of the traffic noise impq§§?>6f
(4) cost - benefits, 2 o

{5) population density of the affaéted area,
cre
(6) day-night use of the pro éégg,
(?) feasibility and practéQSi:iify of noise
abatement at the sité\\:éb—
. N :
(8) availability of {?nda,ﬁ
(9} existing nois %.:ﬁpls,

(10) achievabZﬁgfggéggkeductian,

(11) <intrusiyenede of highway noise (Lip - Lgg),
gen :

(12) pubé§§; ﬁatfitude, ‘
(13) zé@a\ Jovernments' efforts to control land

uge-adjacent to the highway,

(14) date of construction of adjoining development,
10
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(15) increase in traffic noigse since the development
wae constructed,

(168) loeal noise ordinances,

(17) feasibility of abating the noise with traffic
control measures.

8. DESIGN NOISE LEVELS.

a.

The design noise levels in Figure 3-1 repregent a
balanecing of that which may be desirable and that
which may be achievable. Consequently, noise
impacta can occur even though the design noise
levels are achieved. The design notse levels for
Categories A, B, C, and E should be viewed as

maxzimum values, recognizing that in many cases, 2
the achievement of lower noise levels would result 2
in even greater benefits to the community. Every L@fﬁ?“
reasonable effort shall be taken to achieve <§5§§;-

substantial noise reductions when predicted noise |, <§E§3‘
levels exceed these design noise levels. However,'gh
any significant reduction in the existing or A ;
predicted noise level will be a benefit, and paﬁ%i@ﬂ‘
‘noiase abatement measures shall be included in thel/
project development where they are consistqﬁﬁﬂwith
overall social, economic, and environmenﬁg&5<t?
econsiderations. On the other hand, the dugrse
soeial, economic, and environmental eﬁfgcﬁg of
providing abatement measures may be toqe. high. For
each case where the circumstances warrant, this
directive provides for FHWA approval of exceptions

to the design noise levels for Jﬁ?eJIA projects.
Exceptions are not required forQE?pe IB and Type IT
projects. : :

The design noise levels aﬁéggégée applied to:
_ RO\

(1) those undevelopadgké:\% for whieh development
is planned, designed; and programed on the
date of publig knowledge of the highway
project, \

{2) those agéiéggges and land uses in exigtence
on thef\gffibf public knowledge of the highway
project N\

(3) aredniphich have regular human use and in
dﬁfgb a lowered noise level would be of

2pefefit. Such apeas would not normally

f\%nclude service stations, junkyards, industrial

areas, railroad yards, parking lots, storage
11
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The intericr design noise levels in Category E
apply to:

(1) 4indoor activities for those parcels where

yards, and the unused open space portions of
other developments and faeilities. Design
noise levels should, however, be applied to
those parks and recreatzonal areas or portions
thereof where serenity and quiet are considered
essential even though suech areas may not be
subjeet to frequent human use, and

(¢4) those places within the sphere of human

getivity (at approximately ear-level height)
where activities actually oceccur. The values
do not apply to an entire tract upon which

an activity i1s based, but only to that portion
on which such aectivity normally occurs.

\

exterior noise sensitive land use oxr actv'ﬂﬂP

is identified; and - : @gsg

(2) those situations where the exterior ac¢#%ztzes

on a tract are either remote from, é&e htghmay
or shielded in some manner so tha} the exterior
activities will not be smgnmfch\ﬁ}y affected
by the noise, but the tntermor\gf ivities will.

The interior design noise levels- tﬂ Category E may
be considered as a basis for.moise insulation of
publiec use institutional strigetures in special
situations when, in the Judgment of the highway
agency and concurrsd in py tre FOWA, such consid-
eration is in the bestﬁ ublzc znterest

Interior noise Zevel\pr dictions may be computed
by subtractzng fro 5}@% predicted exterior levels
the noise reductzas\factors for the building in
question. If foeld measurements of these noise
reduction facgbrgvare obtained, (or if the factors
are calculat\géfrom detatled acoustzcal analyses)
the measured

or caleculated) values shall be used.

(1) Iﬁ»the absence of such calculations or field

géurements, the noise reduction factors
ay be obtained from the following table:

13
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Noise Reduction
Due to Exterior

‘ of the
Building Type Window Condition Structure
All Open 10 dB
Light Frame Ordinary Sash
. : (elosed) 20
Storm Windows 25
" Masonry ~ Single Glazed 25
Masonry Double Glazed 35
(2) The windows shall be considered open unless .
there is firm knowledge that the windows are "§<K
in faect kept closed almost every day of the N >
year. ' SN

\f}\\J.
: 3:3),
(3) Situations where open window periods do not <§\ .
' coincide with a high traffic noise level ma EQ,
qualify as a closed window condition, In'Z%\>
sueh znstances, the optional noise predzctt
procedures in paragraph 14c shall be usad

9. PROCEDURE FOR RE%UESTING EXCEPTIONS TO THE AC%%EVEMENT
OF THE DESIGN NOISE LEVELS FOR TYPE IA HIGHWAY~PROJECIS
a. There may be situations along Type Iéghtghway

projects where the predicted noise levels exceed
the destgn noise levels and the &55erse sectal,
economic, and environmental effébts of noise
abatemunt measures are consa ered to exceed *he
abatement benefits. If thi vondition is expected
to cceur, the noise anaZyéﬁa\ hall inelude evalua-
tions of adverse effpcts Sand the benefits of full
and partial reductiong %}% e predicted noise
levels. ‘\£§

b. The highway agencééﬁgy request an emceptzon to the
achievement of tH2) specified design noise levels
for Type IA pra¥ 3s where it can be demonstrated
‘that the adveﬁ%eveffects exceed the overall benefits.
To request aﬁ‘?xceptzon the highway agency shall
provide a@fthe noise study report required by
paragra”&hgg_phe results of the following:

(1)<£% en'tification of the individual noise sensitive
\%zvztzes or groups of activities (inecluding

the number of persons affected) along the
sections of highway which are

14
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subjected to existing traffic noise levels,
or are expected to be subjected to future
traffic noise levels, in excess of design ’
levels.

{2) An examination of the overall benefits and
adverse effects of partial noise abatement
measures,

(3} A weighing of the overall benefits which
can -be achieved by the noise abatement
measures against any adverse effects and
other conflieting values such as economie
reasonableness, air quality, highway safety,
adjacent neighborhood desires about esthetie’
impact (and other desires), or other similap

values. Such weighing shall establish that {3{
measures for reduction of noise levels to AN
more desirable levels for that particular Nl
activity, land use, or groups of activities <\ -

are not in the best overall public interest. <§é
I\\‘

A prineipal factor in this weighing shall be\i&g}
the concern for publie health, publiec welfare T
and the gquality of life. These decisions \<37

must ultimately be based upon case-by-casge
determinations. However, every effortgsﬁé%}
be made to obtain detailed information oh -
the costs, benefits, and effects inqggégﬂ -
to assure that final decisions utilize\s
systematic and factually based asgessment.
<

(4) Recommendations fonr incorporaﬁgon in the
project plans and specifications .of the
partial noise abatement measudeés determined
to have benefits consistént with adverse

effects <§§Bk§
Exception approvals shallg%ib e granted without

a showing that all reasona gjoptions for noige
reduction (excluding measuPes provided by para-
graph 12e) have beep\ezplored and that the
partial noise abatgﬁéﬁy measures recommended
provide the greatesih attainable noise reductions
eonsistent mit&31§}\overall public interest.

In most casgs, \gzeptions will be approved when
the predi 'éﬁgtraffic noise level from the highway
project Qi@ss than the existing noise level
(origiwéi from sources other than the highway
beingimproved or replaced) for the activity or
land usz>in question. In these instances, there
should be a reasonable expectation that the noise
from the other sources will not be significantly
reduced in the future.

15
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10.

11.

POLICIES FOR COORDINATION WITH LOGAL OFFICIALS - (.

Pursuant to this directive, FHPM 7-7-1 (Process
Guidelines), and FHPM 7-7-5 (Publie Hearing and
Location/Design Approval) highway agencies have the
responsibility for taking measures that are prudent
and feasible to assure that the locaticn and design
of highways are compatible with existing and planned
land uses. Local governments have responsibility
for land development control and zoning. Highway
agencies can be of considerable assistance to

local officials in promoting compatibility between
land development and highways. Therefore, for each
Type IA and IB project, highway agencies shall
cooperate with metropolitan planning organizations
and with loeal officiales (within whose jurisdiction

the highway project is located) by furnishing: “Qikx
N ' Q’—:—:—\l
N N
a. approximate generalized future noise levels (for SO )

various distances from the highway improvement) L

for both developed and undeveloped lands or A’Eﬁ 7

properties in the immediate vicinity of the proje%i5§§>
b. information jthat may be useful to local communith;;O

to protect future land development from becomiﬁg 7

incompatible with anticipated highway noise;k%g%}s,

and . :

: AN —
e. the FHWA poliecy regarding land use deveéé%hgnt or

changes which are initiated ‘after issuanecg of this
directive (as described*in par&gragﬁg}2cf£)].

NOTSE ABATEMENT MEASURES FOR LANDS WHIEH ARE UNDEVELOPED
N T b F PUBLI W \PRO
PROJECT _ .

a. Noise abatement measures aﬁé:§5 required for lands
whieh are undeveloped an$ﬁhﬁ ate of public knowledge
of the proposed highway<pﬁ3f et (except as provided
in paragraph 11b). .- > -

-\
b. For lands which arégyndeveloped on the date of

publie knowledge @R &he highway project, the highway
agency should —r_\h he activity or land usge as :

Y

developed lan ‘an' e following situations:

(1) the dé&%%@pment was planned, designed, and
rro Q\ &3 before thé highway studties and there
i <§E§$}euidence that the development has been
dﬁ2¥>\emporarily delayed, or :

16
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c.

{2) the development i8 planned, designed, and
programed during the highway project planning
and design; there is a very high probability
of the development being constructed; and the
developer has considered the noige impacte to
the extent reasonable and practicable.

A highway agency may request Federul-aid participa-
tion in the cost of providing noise abatement
meagsures for undeveloped lands aleong Type IA and
IB projects when the noise analyszs demonstrates

a need in the feollowing situations:

(1) development oeccurs between the date of publice
knowledge of the proposed highway project and
the actual construction of the project, or 2
b .
(2) the probability of development oceourring E%“S?
within a few years ts very high and a strong <L

=
ecase can be made in favor of providing noise <3§;;>
Q

=

I

abatemeni measures as part of the highway
project based on consideration of need, A&»
expected long term benefits to the publie
interest, and the difficulty and 1ncreaeed

cogt of Zater incorporating abatement mégéu

into either the highway or the developﬁ ng;

12. FEDERAL PARTICIPATION

a.

PR

| et .
General. Federal funds may be used f&i;nozse
abatement measures in those situaﬁfens phere:

(1} a traffie noise impact has‘%ﬁbyﬁidentified,

(28) the noise abatement me /Z es will reduce
the noise impact, and¢ a\Q?

(3) the overall noise ¢ éb ent benefits are
determined to Outw gﬁ the overall adverse
social, economic, aw d environmental effeects

of the noise gbatement measures.

S i
Type IA and IB Prgdects. The followtng noise abate-
ment measures; mag%be incorporated in Type IA and

IB projects toQﬁ?duce highuway-generated noise impacts
and the costs of such measures may be included in
Federal- {qaaartzczpattnq project costs:

QBQ? ie management measures (e.g., traffie

rol devices and signing for prohtbttzon

of certain vehicle types, time use restrictions
for certain vehicle typee, modified speed limits,
and erclusive lane degignations),

17
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e,

(2)

(3}

(4)

(5)

Type

alterations of horizontal and vertical -
alignmentes,

acquigition of property rights (either in
fee or lesser interest) for installation or
congtruetion of notse abatement barriers or
devices,

installation or construction of noise barriers
or devices (ineluding landscaping for esthetie
purposes) whether within or outside the highway
right-of-way, and

acquisition of real property or interests

therein (predominantly unimproved property)

to serve as a buffer zone to preempt develop- -3y
ment which would be adversely impacted by
traffic noise and for other noise abatement SN
purposes. Acquisition of a few improved /€}Q>.
parcels may be included in such buffer zone <Gi£\?
acquisitions to provide a uniform treaqtment, S

In quthorizing any buffer zone acquisition, Q@
consideration shall be given to the needs and
desires of the community, the demonstrated
efforts of the community to implement effecti De
land use control for compatibility, and P} N )
overall public interest. It is preferr d - (‘
that buffer zone acquzsztzon be perPonmed Nn

econjunction with local zoning, land use&: 7

controls, or other loeal governmen}t controls

imposed or exercised in accordande with a

comprehengive plan. Buffer zoné%}ﬁhall be

obtained by acquisition of the Zagst real

property interest practzcab‘a,that ts suffi-

eient to prevent incompati ises of adversely

impacted lands while pernmk g uses compatible

with the highway envirown “fe.g., negative

easements that regtrid ntors' use). In

certain cases it may besjecessary to aequire

additional right- o-%way in fee simple with the

intent to disposéq Nexcess interests in a

manner compatib, \\ébth the highway environment.

Proposals of Qﬁ ind ghall be submitted to

FHWA for prto <hpprova1 Any conveyance of

excess right- of—way shall be in accordance

with par gﬁgyh_:c of FHPM 7-4-2.

II Proge

(1)

N

The Federal share for noise abatement measures
on Type II projects shall be the same as that
for the Federal-aid system on which the project
is located. For Type II projects on the

18
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Interstate System (including completed sections),
the Federal share shall be from Federal-aid
Interstate Ffunds.

(2) For Type II projects, noise abatement measures
will not normally be approved for those activ-
ities and land uses which come into existence
after the effective date of this directive.
However, noise abatement measures may be
employed to protect activities and land uses
which come into existence afiter the effective
date provided loeal authorities have taken
measures to exercise land use control cover
the remaining undeveloped lands adjacent to
highways in the local jurisdiection to prevent
further development‘of incompatible actiuities.

(8) The following noise abatement measures may be~o§tﬁ
ineorporated in Type IT progects to reduce . :Eﬁu
highway-generated noise impacts and the ,‘\ )
costs of such measures may be included in ‘3
Federal-aid partiecipating progect costs{i§§9

(a) acquisition of property rzg%ts ?@aéﬁ%r
in fee or lesser interest) for inStallation
or construction of noise abaéement barriers
or devmces .

(b) installation or constru3$tgn of noise
barriers or devices (Zneluding landscaping
for. esthetic purposes) whether within or
outside the highwdy rtght of-way, and

{e) traffie management measures (e.g., traffic
control devices and signing for prohibition
‘of eertain 72 %cle types, time use restric-
tions for cqw/ {in vehicle types, modified
speed 1am\\3 exclusive land designations,
trafftc\§h>trol devices, or combinations
of such- Wasures) .

Noise Insuldbfon.  In some specific cases, there may be
compelling> reasons to consider measures to noise
insulaﬂqbb :%tures. Situations of this kind may be
conszdered\on a case-by-case basis for Type IA, IB, and
IT projects when they involve such public use or
nonprofzt institutional structures as schools, churches,

7

¥tes, hospitals, and auditoriums. Proposals of this

‘% together with the State's recommendation, shall

Sxéubmttted to FHWA for prior approval actzon.

i9
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e. Other Abctement Measures. There may be situations
where:

~t

(1) especially severe traffiec noise impacts ezist
or are expected, and

(2) the abatement measures listed above are phys-
ically infeasible or econpmically unreasonable.

In these instances, noise abatement measures other
than those listed in paragraph 12b-d may be proposed
Ffor Types IA, IB, and II projects by the State
highway agency, and approved by the Régional Federal
Highway Administrator on a case-by-case basis when
the conditions of paragraph l2a have been met.

13. CONSTRUCTION NOISE. The following general steps

are to be performed for all Type IA, IB, and II

projects after the effective date of this directive. “¢21
ESRN

- C . - NN

a. Identify land uses or activities which may be affected >

C.

by noise from construction of the highway. The ,Q§E;§>
identifieation is to be performed during the projécing
development studies;: : SIS SN

/2/3 i
. N . Wi
Determine the measures which are needed zn-ﬁh:\\/
contract plans and specifications to minimize or

eliminate adverse construction noise impacts’to the
community. This determination shall ingbude a

weighing of the benefits achieved aqﬁQﬁh%ﬁbveralZ

adverse social, economic and envirog@gﬁ%al effects
of the abatement measures. L

Incorporate the needed abatemeni measures in the
econtract plans and specificatihﬁﬁa

14, TRAFFIC NOISE LEVEL PREDICTION\ME?HODS

ad.

<5
Any traffic noise predé%?%ﬁ% method is approved for

use in any noise andT‘ﬁgﬁ'required by this directive
if 1t meets the fg}ldmi g two conditions.

(1) The methoqai%ﬁy is consistent with the methodology
in the Fﬁm&ﬁﬁighway Traffie Noise Prediction
(Report No. FEWA-RD-77-108).
~ .

Model
(2) :Tﬁebp;zkiction method uses noisq emisston levels
oé%é%}ed from one of the following:

R

N

20
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b.

(a) Attétachment 1, National Reference Energy Mean
Emission Levels as a Function of Speed.

(b) FReport No., FHWA-QOEP/HEV-78-1, Determination of
Reference Energy Mean Emission Levels.

In predicting noise levels and assessing noise impacts,
the following traffie characteristics shall be used.

(1) Automotive volume - the future volume (reduced for
truck traffic) obtained from . the lesser of the design
hourly volume or the mazimum volume which can be
handled under traffic level of service C conditions.
For automobiles, level of service C is considered
to be the combination of speed and volume which creates
the worst noise conditions. The average day for the N\,
design year may be used for those highway sections ~ N5y
where the design hourly wolume or the level of serpie jv-
¢ ceondition is not anticipated to occur on a regul%§§5'
basis during the design year. ‘ d§§g :

N

{2) Speed -~ the operating speed which correspondg%@ th
the design year traffic volume selected inm para-
graph 14b(1) and the truck traffic predié%$%>from
paragraph 14b(3). The operating speed ﬁﬁ%f"be

consistent with the volume used. ,1fﬁ ,
S,
. o~ ~ * .
(3) Truck volume - the design hourly trick/volume

shall be used for those cases where “3ither the
design hourly volume or level 6t service C was
used for the automobile voluman Where the average
hourly volume for the highest\q;hours on an average
day was used for automobi g traffic, comparable
truck volumes should be %% N

As an alternative to paragnm 14b, the highway agency
may select traffic chardetdQdistics to correspond with
the eritical times ofﬂﬁay\and night which will ereate
the most adverse traffic noise impacts upon the nearky
activities and Zand?ﬁgéé. When such alternative traffic
characteristics arexised, a thorough discussion of such
alternative chargoteristies shall be included in the
noise study repbné}

Traffic noﬁéé%brediction methods approved pursuant to
paragrapﬁh ib&f'FHPM 7-7-3 dated May 14, 1976, remain
approve ugdi'l December 31, 1979. Any notse analysis
performed\dfter December 31, 1979, must comply with the
requirements of paragraph 14a.

21
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“-—o}E REFERENCE ENERGY MEAN EMISSION LEVELS (dBA)
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AND FOUR WHEELS
2. ‘/\E%}M TRUCKS: ALL VEHICLES WITH TWO AXLES
AND SIX WHEELS.

@HEAVY TRUCKS: ALL VEHICLES WITH THREE OR

MORE AXLES.

National Reference Energy Mean Emission
Levels as a Function of Speed
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. APPENDIX 11D

This Appendix provides some additional background information
to the person writing the noise portion of the EIS. The items
listed are requirements for the EIS. '

L2,
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INTRODUCTION

This section covers the procedure for complying with two
specific California State laws and other State and Agency
codes, policies and guidelines.

Chapter III-1 describes the procedures for performing

studies to evaluate the peak noise from trucks that

intrudes into school classrooms. A possible mitigation

measure using a barrier is presented in those cases where

peak noise level exceeds the statutory limit of 50 dBA. (115
. Qg%% .

Chapter I11I-2 describes the method for development of noz§3§§4

contours along State highways for city and county usg<§§%?

their general plan. EQQSD_

The appendices prbvide 1nf6rmation on the vario ‘\§tate

laws, codes,.p011c1es and guidelines. g@?%g? .
(G
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CHAPTER III-1

CALTFORNIA TEST 703
METHOD FOR MEASURING,
PREDICTING, AND MITIGATING
PEAK HIGHWAY TRAFFIC NOISE
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STATE OF CALIFORNIA—BUSINESS AND TRANSPORTATION AGENCY

L3 N T | T

et

DEPARTMENT OF TRANSPORTATION

DIVISION OF CONSTRUCTION
Office of Transportation Laboratory
P. ©. Box 19128

Sacramento, California 95819

(916) 444-4800

California Test 703
1978

METHOD FOR MEASURING, PREPICTING, AND MITIGATING PEAK
HIGHWAY TRAFFIC NOISE

A. SCOPE (GENERAL DISCUSSION) .

This method provides procedures for measuring
highway traffic noise using a sound level meter
(SLM) with and without a graphic level recorder
{GLR). A graph is included for predicting peak truck
noise and a nomograph seclution for designing noise
barriers to attenuate peak truck noise.

The principal application of this method is for
compliance with Section 216 of the California Streets
and Highways Code which establishes 50 dBA as the
peak noise limit in primary or secondary school class-
rooms.

This method is not applicable to measuring, pre-
dicting or mitigating noise where descriptors such as
Lio or L. are used.

A Sound Level meter measures the intensity level
of sound in decibels (dB). Sound intensity in high-
way work is measured on the A-weighting scale and
is denoted as dBA. The A-scale is used because it
more nearly parallels humans’ frequency response ko
the measured noise than to other scales (B,C,D).

The procedures using a SLM with and without a
GLR are described for measuring peak traffic noise.
Both methods use the same SLM and have the same
inherent accuracy. Using the SLM without the GLR
permits the operator a greater degree of freedom in
reaching difficult locations. It also permits convers-
ing with an assistant when necessary without includ-
ing this noise as part of the record.

The SLM used with the GLR provides a chart
which becomes a permanent record for later anaszm

or verification, but may restrict mobility in thefeld

because an AC power source is required forosome
units. The operator must also identify the}o‘g’r e of
noise peaks on the chart (airplanes, dogﬂbarkmg,
etc.) so that unrelated sources are.not cotinted as
highway noise. A wider dynamie rar_lge-w1th the SLLM
and GLR system eliminates th iriute changing
of the decibel range switch,, %1 often be done
when using the SLM by 1tse]

This method is divided into two parts.

Part L. Measuring Peak Highway Traffic Noise.

Y,

Part II. Predicting and Mitigating Peak Highway
-Traffic Noise.
PART I MEASURING PEAK HIGHWAY TRAFFIC

NOISE
A. APPARATUS FOR SLM MEASUREMENTS

1. SL.M meeting American National Standard Iﬁz
stitute Specifications; (ANSI) S 1.4-1971, Typ I»B’JI"

2. Sound Level Calibrator designed for tb

3. Supporting stand or tripod (a trxpoq\ d a‘c’lap
tor may be obtained for the SLM at a.&dmera-supply
store).

4. A windscreen (a porous sphéfe, tha covers the
microphone to reduce wind turbula jce without re-
ducing the sound signal).

5. A high impedance g %1 ho}'le to detect wind
noise or other false nomnaco (g ic signals.

6. Note pad and pencﬂv

B. APPARATUS FOR” Sl.h ~AND GLR MEASUREMENTS

1. All items listeddn’ Part IA “Apparatus for SLM
Measurement?x

2. A GLR aemgned for use with the SLM.

3. Forno \:)attery powered recorders; a power in-
verter 12 volts DC to 110/120 volts, 60 Hz AC rated
at 7 100 watts with adaptor cord and connectors

&? truck battery.

es: ATR—Model 12T-RME
Terado—Model 50-127
CDE—Model 12 B-8 or equal

4. A 12 foot (3.7 meters) AC extension cord to

~ connect the inverter to the GLR.

5. Cable: 30 feet (9.1 meters) of RG/62U (or RG
59/U) coaxial cable with appropriate fittings to con-
nect the SLM to the GLR.

C. PRELIMINARY PREPARATIONS BEFORE LEAVING
THE OFFICE

1. Test the batteries for the SLM, Calibrator and
GLR using a battery tester or following the manufac-
turers instructions using the instrument.

2. Check the operation and calibrate the SLM
acoustically using the calibrator and manufacturers
instructions.

I171-1-2






straight line between the source and the receiver
(i.e. line of sight). A is the distance from the source
to a point perpendicular to the top of the barrier. B
is the distance from the receiver to the same point.
H is the optical height of the barrier. The optical
height is the perpendicular distance from the line of

California Test 703
1978

sight to the top of the barrier. If the line of sight
passes over the top of the barrier, the optical height
is negative. The optical height is zero when the noise
source is just visible from the receiver. These dimen-
sions are illustrated in Figure 2.

v

(21.3m)
B 70

T\

E. USE OF THE NOMOGRAPH

The “Determine V/H factor” nomograph (Figure
5) is entered first. The dimensions A and B are locat-
ed on their respective lines and a straight line is
drawn between them. In the example (Figure 2)
distance A is 30 feet (9.1m) and distance B is 70 feet
(21.3m). The V/H factor is then 0.195. H is positive
so the next step is to enter the “Determine Sound
Level Reduction” nomograph (Figure 6). The V/H
factor is located on its line and the height H is located
on its proper line (H>O). A straight line drawn
between these points intersects the SLR line at 12.3.
The sound level reduction of the example barrier is
12.3 dBA. If the line of sight between the noise source
and the noise receiver had passed over the top of the
barrier then H would have been negative and the
H <O line would have been used.

F. DETERMINING EXPECTED PEAK SOUND LEVELS

In the example, Figure 2, the receiver is located
100 feet (30.5m.) from the noise source s the max-

|

. \ ' A
||

FIGURE 2

R
l’é_:"_\‘{'\
1y ‘\,4

N
AN
imum peak noise level expected from a.l¢gal: Nifuick
will be 84 dBA. The sound level reducfion’deter-
mined from the nomograph is subtradted>from this
value. The example sound level rédqui)n was 12.3

dBA, so the projected maxirum peakDoise level will
be 71.7 dBA at the shxe‘ded {ee&ver

G. DETERMINING HEiGHT O BARRIER

Figures 5 and 6 can\B ¥ed to determine the

height of a barrier-for" a8 g ?}tlan peak noise and dis-

tances A‘and B. As? an exdmple, if the conditions are

as shown in Eigure‘2<and a required reduection in

noise level i5.J0 dBA, the H value is 2.4 (Figure 6).
(. ¢ - REFERENCES

American National Standard Institute (ANS!) Specifications 1.4—
1971 ~
Call rﬁu_\Sireeis and Highways Code; Section 216; Control of Free-
way’ Ne LY +'in School Classrooms; September 17, 1970.
Do J. L., Bourget, L.; Traffic Noise Near Highways, Testing and
'Hon, California Depariment of Transportation, Transportation

(’\
/\<\\§byru!ory, Research Report No, CA-HY-MR-6316-2-72-42.

End of Text (7 pgs) on Calif. 703
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“California Test 703

1978 ‘
Department of Transportation
Division of Construction California Test 703

Office of Transportation Laboratory

SCHOCL NOISE STUDY

District ' CO Rte P.M.

Name of School

Address City ' Zip
Contact Person Title : Phone
" "
' Field Noise Measurements By Date_____gg.}-A
' R,
' N
ID. No. Date of Last Calib..
- >
SLM Model & Type <€g p
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Chapter I1I-2

(916) 444-4886

November 10, 1976

District Birectors of Transportation 01-11

Noise Level Information for City and County General Plan

The purpose of this memorandum is to provide guidelines to : Eégz”
be followed by the Districts when responding to local N
agency requests for noise levels as required by SB 860. N S

SO
N
Background _ (3&

T
Section 65302 of the Government Code was amended by the <§§¥§?‘
Legislature (SB 860) to become effective on January 1, 19762
The amended Section requires the noise element of thg}%@gies
and counties General Plan to be presented in terms.ofipoise
contours using new noise descriptors jdentified q§;%bmmunity
noise equivalent Tevel (CNEL) or day-night avenqge:l§$e1 (Ldn).
(gt 4
Responsibility for providing the noise contours wa's prescribed
in Senate Bill 860 as follows: S
"The State, Tocal or private ageR%y‘responsib1e for
the construction, maintenancéd,or aperations of those
transportation, 1ndustria1,q§ ther commercial facil-
ities specified in paragra of this subdivision
shall provide to the ]ogh1§3yency producing the
general plan, specific<qﬁ§3 relating to current
and projected levels.of ‘activity and a detailed
methodology for the*ﬂeve]opment of noise contours
given this supp]jé@?ﬁﬁ%a, or they shall provide noise
contours as specifed in the foregoing statements."
The 0ffice of Noise Coné%&@ {ONC) of the Department of Health
is mandated under SB/860 to provide guidelines for the prep-
aration of the noiséighément of the General Plan. They have
expressed an opiqﬁg‘\t%ht Caltrans could best serve the needs
of the various cQiml Eﬁities conducting noise studies and satisfy
the intent of SB 8560 by preparing CNEL or Ldn noise contours
for the roadways under their control rather than providing
data and methodology. ‘

I11-2-2



" District Directors of Transportation 01-11

Page 2

November 10, 1976

The ONC also stated that the;noise element should be updated
every 5 years, and at that time, the forecasted noise exposure
- be projected an additional 5 years,

- Implementation

1)

2)

4)

5)

. 6)

7)

8)

9)

included.

The Ldp noise-descriptor shall be used by the Districts

when developing noise contour maps.

Local agencies shall be given the option of receiving
current and projected traffic data and a detailed

methodology (attached) for the development of noise _kax
contours using this supplied data or receiving noise I

contour maps developed by the Districts according to,(iégi‘
these guidelines. :

RN :
QY
Noise Tevels shall be shown as contours on a strifh\>

map. The contours shall be shown in increments(%é;E
dBA and shall continue down to 60 dBA. Although
desirable, it is not necessary to have buildihgs
shown on the map. ANV

D
A scale map of 1" = 1000*' or larger sca¢35§5311 be used.

The larger scale maps (down to 1" = 500%) may be de-
sirable, where sensitive faci?itieszﬁaYabb affected.
A

Variations due to buildings, barriers-or other struc-
tures outside the highway right of\yay shall not be

Variations due to local tra;f;B

sources emanating from Out\{JE the right of way shall
not be included. <3§>

The Ldp value near hﬁ%bways with ADT over 30,000 may

be obtained by subtrdc®ing 3 dBA from the Lyp value
obtained for the 'é§k>traffic hour.

<§§§ 6? noise from other

Present and p(OJeﬁked traffic data and worksheets for
developing the.noise contours shall be supplied with
the strip m&ﬁ%ﬁto the requesting local agency.

Most 0t % &noise levels needed to develop the required
noise contours can be obtained from traffic counts and
the attached procedure. Supplemental noise measurements
may be needed in some instances, such as at locations

ITI-2-3
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where a noise barrier has been constructed within
the highway right of way.

10) 1In many cases, cities and counties will need to modify
the noise contours to show the influence of other noise
sources adjacent to the State Highway. Local agencies
will also be developing noise contours adjacent to
Tocal major arterials. .They may be provided copies of
this memorandum and whatever instructions are necessary.

The attached "Estimation of Community Noise Exposure in Terms 7
of Day-Night Average Level Noise Contours” by the Office of NoiselRn
Control dated May 1975, has been verified for traffic volumes ~ 205
over 20,000 ADT. For traffic under 20,000 ADT, some refinemenﬁ\‘“-
to the procedure needs to be made. Future modifications AR

be transmitted to the Districts. Qié
Development and submission of the required information<é§§§ﬁe
local agencies is included in the HD-21 program and should be
done under EA 600200 drawn against the Districts’ 9D8%39nera1

Ledger allotment. ”Y§>

, PN
It is requested that the Districts submit an g§%§;;%e of this
activity's funding and man-year needs for theﬁh@ﬂénce of the
1976-77 fiscal year. Please submit this inform&tion as soon
as possible to the O0ffice of Highway Planning and Research,
Attention Mr. C. A. Pivetti. Future required effort must be
included in HD-2/GL908 one and five year Work programs.

Local agencies are required to upda€§§§ﬁeir general plan every
five years, Considering that soméxplahning agencies completed
their noise element as early as (9¥4>and others have not even
started, it. appears that the Disﬁh;cts will have a continuing
program for this activity. anpower needs for this activity should
be included in the Districtﬁiq§nnua1 P&0E budget request.

O

Mas Hatano(ATSS 432-4886)\e)>Walt Whitnack(ATSS 485-6780) may be con-
tacted if further infOrﬁE on is required for developing contour
maps. N

C. E. FORBES 43§> cc: WRGreen-Planning & Design

Chief Engineer AELowe~Qffice of Noise Control(DOH)
ACEstep - 0ffice of Local Assistance

Attachment JRGordon- Environmental Planning
CAPivetti-Planning and Research
MMH:bd Translab
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ITI-2.1  ESTIMATION OF NOISE EXPOSURE FROM HIGHWAY TRAFFIC

Two highway traffic noise nomograms have been developed

which provide an estimate of the Ldn noise exposure value

at a defined distance from the roadway given typical vehicle

flow volumes expressed in terms of an average ADT (Average

Daily Traffic Flow Volume)., These nomograms have been

Prepared for the general categories of highways defined as

"High Speed Highways and Freeways" and "Low Speed Arterials"
(typically 35 MPH). For each case, a generalized day-night

split in vehicle flow volume of 87 percent day and 13 percent
night has been assuméd. Additionally, nominal day and night:5<1\
heavy truck percentages of 4 percent for arterials and 101\<%§i’
percént for freeways have been assumed. General 2 and‘4(1§§3>
lane road configurations have been assumed for arteriaisgs

~a

A
highways while 6 to 8 lanes have been assumed for fnegﬁﬁ s.

Both nomograms are also based upon the roadway bgjng e
same elevation as the sideline terrain. 5&{??
. dsr

From these basic nomograms are derijved a n@ﬁiﬁhl‘Ldn noise
exposure value at the site location. The it parameters
upon which the nomograms have been fah§q1ated are typical.
However, to cover a broad variety %f %ké%fic flow situations,
additional adjustments are provic ;0 account for variations
in day/night traffic flow per, ﬂﬁxége,'variations in heavy
truck flow percentage, vehiéfégggged, number of traffic lanes
and relative elevation on&@eﬁ?@ssion of the roadway with
respect to the sideIin&S%f%Tain. '

<§§)

The following progedqu yields the Ldn noise exposure value
at the site qgiv ﬁﬁthe above described traffic flow descrip-
tions. In théiggggi certain flow data is not available or

ITI-2-5
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a rough estimate of the noise‘exposure is desired, the
procedure may be stopped after Step 3, which yields a
nominal Lcln value given a number of aséumptions cqncerning
typical flow parameters. The entire 9-step sequence should
be followed whenever possible to insure the most accurate
assessment of the noise exposure and fairness to all |
concerned, |

This procedure has been experimentally verified for traffic
flow volumes of over 20,000 ADT. For flows under 20,000
vehicles per day, the following general rules of thumb
should be followed:

Low Speed Highways: Lyp = 65 dB within 100 feet af- <)
the roadway. 60 dB ovr 1e§§$ Sb

beyond 100 feet. Ecgsb -

High Speed Highways: L, = 70 dB within 40y feet of
' the roadway. Q;§§>
Lyp = 65 dB betweeﬁ 100 and 200
feet from the- roadway 60 dB
or less bé&ond 200 feet.
N

S,

A highway noise exposure computafiﬁ; worksheet has been
provided in Figure III-2.1 tqqééé) itate this analysis.
. \b v A

Instruction for use of the<%$ﬁffic nomograms are as follows:
_ N )
Step 1: Determine th \50110w1ng typical traffic flow
parameteriig enter on the work sheet:

° ADT (Tota$giyp1ca1 flow in both directions for

24 ho io

® Typical % of ADT flowing during dayt1me hours
{7 AM - 10 PHM).

ITI-2-6




" percent usage by heavy trucks for day and night.
Number of traffic lanes.
Average Vehicle Speed.

Elevation or depression of the roadway with respect
to the sideline terrain.

Distance to the site measured from the center line of
the closest traffic lane, 2
'"‘"'\‘{‘s
\_—‘-.
Step 2: Determine general category of roadway under con«\ S~
sideration as either "low speed arterial"” 0¥ ¢ $§\;°
“high speed highway or freeway" and use F18{:

I11<2,2 or III-2.3 respect1ve1y.

Step 3: Determ1ne the 1ntercept point for th h0r1zonta1
Tine drawn through the ADT 1in thgps;hds on the
lTeft axis of Fiqure I1I-2.2 or TILHZ 3 (as deter-
mined in Step 1) and a vertital 11ne through the

"distance (measured from the\tenter11ne of the
closest traffic lane) t he 1nvest1qat1on site,
Interpolate 11near1y “ﬁ en L4n COntour curves to
_determ1ne the nom{\bizﬁh~s1te noise exposure,

If the traffic flow para\sters determined in Step 1 do not
correspond to those, é:\bwh1ch the nomoqrams were developed
(summarized in F1gur I1-2.2 and 1I1-2.3 under "Traffic Flow
Parameters"), p Obgé with Steps 4 through 9 which account

on

-~

for variati ssgg the assumed traffic flow parameters,

.”K
™~

I11-2-7
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Step 4:

Step 5:

The nomographs utilized in Step 3 incorporated

~an 87/13 day night % split in traffic flow. If

the observed day night split differs from this,
Figure III-2.4 shou?d be used. Enter the left ax1s
at the daytime f]ow percentage and read across
until the curve is intersected. The correction

(+ or =) to the nominal values appears directly
below. Enter this value on the work sheet.

Heavy Truck % Adjustments.' If the day and night

Step 6:

time heavy truck % is not constant and 4% and 10%
for low and high speed highways respect1ve1y as
assumed, Figures III-2.5 and III-2.6 should be used

%

e

-

‘\ (s

Enter the bottom horizontal scale at the dayt1mels§
heavy truck % and read vertically until the N’
corresponding to the nighttime heavy trucKﬁP
intersected. Read the correction to the no%?nal
Ly, in dB on the vertical axis direct?y -laft of

the intercept point. Enter this adEE?ﬁment (+ or =)
AN

on the work sheet. Ty

Vehicle Speed Adjustment ( bwi.Speed Only). The

Step 7:

nomogram in Figure III- 2 was developed assuming
35 mph average veh1c1e &eds For vehicle speeds
up to 45 mph, enter ”\\ ed adjustment factor of

+ 2 dB on the'work 9\9 t. (For higher speeds, use
Figure III-2. 3*\H1g Speed Highways.)

@\’
Number of IW¥ ¢ Lanes.

5 -
a. LowﬁSQeed For Tow speed highways, only 2-4
1an’}£?ﬁf1gurat1ons are treated. If 6-8 Tane low
sp%ed>51tuat1ons exist, enter an adjustment factor

of 1 dB on the work sheet.

IT1-2-8
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Step 8:

'“Tﬁ;j-HiQH‘SEeedi The nomogram in Figure II1-2,2

has been derived for 6-8 lane roadway confiqura-
tions. For 2-4 lane high speed roadways, enter
an 'adjustment of + 2 dB on the work sheet,.

Relative Highway Elevation. The nomograms in

" Step 9:

Figure III~2.2 and III-2.3 were developed for h1gh-
way surfaces at the same elevation as the sideline
terrain. Hence, for such Tevel roadways, thers

is no correction. For elevated highways (typically
30 feet), the adjustment varies with distance away
from the road;: providing up to 6 dB shie]ding at ‘g
100 feet and diminishing to 0 dB beyond 300 feet. \\“
For depressed roadway configurations, a 6 dB g\\\ﬁ“
reduction in Tevel is assumed at all d1stance§i;

from the roadway beyond 100 feet. The dec1b$l>
adjustment for the part1cu1ar roadway conf1§ﬂra-

tion under investigation may be detenm%nsg from

the work sheet and entered in the!aﬁ3§§ riate spot.

PRAY
) \
Adjusted Ld Exposure Value. The: @dJusted on-site

noise exposure value may now\Pe determined by sum-
ming the adjustment factors determ1ned in Steps 4
through 8 and adding th {;orrect1on to the nominal

Ldn determ1ned in Sts§?>

II1-2-9
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FIGURE III-2.1 HIGHWAY TRAFFIC NOISE WORKSHEET

Step 1. Traffic Flow Data

ADT : Vehicles/24 hours

- Daytime % of Traffic Flow ‘ : Vehicles/Daytime
Daytime % of Heavy Duty
Truck Flow H Trucks/Day
Nighttime % of Heavy Duty

i iy eiein ] STUEK Flow SRS S _ ‘ ~Trucks/Night . oy

Average Vehicle Spead : - MPH
Number of Traffic Lanes H e Lanas

Highway Elevation Relative to : -
Sideline Terrain P Feet

Distance to Site (Measured from o % -
Center Line of Closest Traffic Lane) —  Feet % T

Low High
@eed . Speed
Step 2, General Highway Classification SN .
+ Low Speed 35 = 45 mph & Fl;zure //////
Cood BT WA 7
» High Speed 55 + wph & // Figure
NS J10-2.3

\5\/
Step 3, Nominal L corresponding,@q T in |

dn
Step 1 at specified diaﬁrk\'@

&

Step 4. Adjustment fo:\@%ﬁe % of traffic

flow: Use@{}\;\_(ﬂ}f other than 87%.

=

S 7
Step 5. Ad‘j‘@n't for Variation in Day/Night : /
Heavy“Truck Volume % /

Y »-“\._.7 REAERIvY i _43'.‘.‘5"5;:‘} -?Ti';-#i-‘";" gz et e e
L OTBRTER AT e T

¢+ Low Speed: If not constant 4%, uge
' Figure [11-2.5"

. 7
. « High Speed: If not constant 10%, use //
| Figure 111-2.6 A
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FIGURE III-2. THIGHWAY TRAFFIC NOISE WORKSHEET (Continued)

Low High
Step 6. Adjustment for Vehicle Speed = Low } Spaed Speed

(-'1 Spead Onl . //
) 35 mph Average Speed:  Add 0 dB
' 45 mph Average Speed: Add + 2 4B
Step 7. Number of Traffic Lanes //// ////

. 7
6-8 Lanes (Low Speed) ¢+ =~ 1 dB //////
’::!-Io Lanes (High Speed): + 2 dB //

Step 8. Correction For Relative Highway Elevation

Noise Exposure
c on!fiigh::{ fon ' Adjustment at
gu Specific Distance. /,.

Highway at Grade T

/7

'ral

Elev, Highway (Typically 30 ft)

-6 @ 100' &
2@ 200",

0> 300'%{' ‘

Deprassed Highway
(Typically 30 feet)

7/}/////////%7/7; Q§oo'

Step 9. Adjusted L. Contox(\%

at Site Location\{xj\f
(2=
N
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0 1 | { | ] ' 4é§§> '
0 100 200 300 400 500 600 700 @?
Distance to Noise Contour in Feg§§§p
(Measured from Center of Qutermost Qg%? ¢ Lane)
N
Ly Noise Contours for Low SQA A%terlals
\.ﬁ. *
Traffic Flow Parameters /?\§3f Example
s B e LT ) » . .70 65 60 55 s

Day Night Split:

Percent Heavy Trucks: _ 30.000
Typical Speeds: ' Qs%-"-f;s mph
P pee 59 - P ADT = 30,000
, . . y yicelds:
Roadway Configurations) .2 or 4 lanes Y OB at 330 feet
&

§§\>
Figure 111-2.2%‘“‘10 NOISE NOMOGRAM FOR LOW SPEED ARTERIALS,
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200

150

100

~ ADT in Thousands

P o
o O

75dB  70dB 65dB 60dB

55dB

(1]

SEE TEXT REGARDING: LOW FLOW VO];.:UMFIS L

500 1000

<o

Distance to Noise Contour in FQ

1500

<?9
t"’\

(Measured from Center of Outermost Trago‘c Lane)

v\\%

Lgn Noise Contou1q for ngh Speed nghuays and Freewa}s

L 2

Traff;c Flow Parameters A

.
J.

Example

Day Night Split: 87%: <§§%
Percent Heavy Trucks: l\%;Q'-
Typical Speeds: .5 265 mph

Roadway Configuratﬁégé 6 to 8 lanes
éx

100,000

7570 65 60

55

1

el

1

1,000°

ADT = 100,000
yiclds:

60dDB at 1,000 feet

D" FREEWAYS.

Figure 111-2. 3@10 NOISE NOMOGRAM FOR
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ADJUSTMENT FOR VARIATION IN DAY AND NIGHT

FIGURE III-2.5
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ot : FIGURE III-2.6

ADJUSTMENT FOR VARIATION IN DAY AND NIGHT
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I11-2.2 EXAMPLE PROBLEM ON NOISE CONTOURS (HIGH SPEED HIGHWAY)

a) Step 1

Record the Traffic Flow Data on Fﬁgure I11-2.1a.

b}  Step 2

-

"General Highway Classification is Hiagh Speed since the data

~in Step 1 shows avérage vehicle speed of 55 hph.

c) Step 3

Using FigUre I111-2.3a with an.ADT of 100,000 and distancei‘ _
500 feet, the Ldn'is‘about 67 dRA., Record this data qng§<j;

Figure 111-2.1a. A
&

d)  Step 4 R
A PR
Using Figure 1I1-2.4a with a % daytime ADT-6f80%, the L
. : L - 2
adjustment of + 1.1 is determined. Record-this data on
Figure IT11-2.1a. A4S

a3
s
S

'Usihg Figure III-2.6a with QSCQFRHﬁe % HW.D. Trucks of 15%,

the truck volume adestmeqt $3°-0.3 dBA.
\

- S
f) Steps 6 & 7, dqéégi apply for this example,

%

Since this ?§§§§%épressed highway, 6 dBA is subtracted
because the cut section is agreater than 100 ft to the
"receiver., Record this data on Fiqure III-2,1la.

e) Step 5

g) Step 8

I11-2-17
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. h) Step 9
~Sum up the values in Steps 3, 4, 5 and 9. The ca]cu]éted
value is L, 61.8 which is recorded on Figure III-2,7a.

. - TII-2-18




FIGURE ITI-2.6a WIGIWAY TRAFFIC NOISE WORKSHEET

“ Step 1. Traffic Flow Data -
) : -w
ADT : : SO0, OO0 Vehicles /24 houra
Daytime 7 of Traffic Flow H 80 % Vehicles/Daytime
Daytime % of Heavy Duty
Truck Flow e /5% _ Trucks/Day
Nighttime % of Heavy Duty
Truck Flow : S Trucks/Night
Average Vehicle Speed : 55 MPH
L Number of Traffic Lanes : 8 Lanes .. .
PR Highwny Elevation Pelative to
Sideline Terrain : - 30 Feet
Distance to Site (Measured from
Center Line of Closest Traffic Lane) : 500 Feet % N
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Step 2, QGeneral Highway Clessification A
3’
« Low Speed 35 - 45 mph Fig?a //////
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+ High Speed 55 + mph Fi
&% °P P 17-% 3a
Step 3. HNominal L corresponding to ART in \.\ :
Step 1 at specified distance, .. : e
R . . : . — T i ._(?}\! ";‘-‘ - e
Step 4. Adjustment for Daytime % é&ffic
flow: Use Figure \\:other than 877, +//
II11-2, % p
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Step 5. Adjustment for Va¥fation in Day/Night /
Heavy Truck\Valume % /
N
« Low Sp@'\d\; “1If not constant 4%, use k ///
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«" High Spaed: If not constant 10%, use / 1 —03
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FIGURE III 2.6a HIGHUAY TRAFFIC NOISE WORKSHEET (Continued)

Step f, Adjustment for Vehicle Speed - Low

Low

. Speed

Speed Only

35 mph Average Speed: Add 0 dB

45 wmph Average Spaed: Add + 2 dB
Step 7. Number of Traffic Lanees

6-8 Lanes (Low Speed) t « 1 dB

2«4 Lanes (High Speed); + 2 dB

Step 8, Correction For Relative Highway Elevation

Highway
Configuration

Noise Exposure
Adjustment at
Specific Distance

Highway at Grade

77 27

Elev, Highway (Typically 30 ft)

[T

-6 @ 100'
-2 @ 200"
0> 300

S

KX

Depressced Highway
(Typically 30 feat)

~

’ “6 /\%Z'? - 6. 0
2) G| -

/) AR T AL T I TIw, d ANV

LN -
Sten 9, Adjusted I%in Contout: Vndrue'\) G/ 8
at Site location \\QS
N
Step 10, Required DWSbf¥ﬁ§ Isolation 45 dB 45 dB
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Percent Heavy Trucks:

AN 1,000°
' ' - ields:
Roadway Configuration: %to 8 lanes Zodnatl,ooo feet
' ARy -

FIGURE 111-2.3a ‘
| AND FREEWAYS.

TRAFF{T& dISE NOMOGRAM FOR HIGH SPEED HIGHWAYS
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TQURE 111-2,4a
ADJUSTMENTS FOR VARTA DAY/NIGHT _FLOW DISTRIBUTION
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FIGURE 11]-2.6a
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ADJUSTMENT FOR VARIATION IN DAY AND NIGHT
HEAVY TRUCK PERCENTAGE - HIGH SPEED HIGHWAYS
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REFERENCES

Cg]ifornia Standard Specifications; January 1978
Section 7-1.01N, Sound Control Requirements
Section 42-1.02, Construction

Section 42-2.02, Construction

Environmental Handbook; Department of Transportation;
O0ffice of Environmental P]annihg.

Proﬁect Development Procedure, Department of Transpor- v
0N

T

tation; Office of Planning and Design.
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APPENDIX IIIA
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APPENDIX IIIA

California Laws, Codes and Caltrans Directives
That are of Interest to Transportation Engineers

T. Environmental Quality Act of 1970; Public Resources
Code; Division 13; Environmental Quality

This act requires environmental impact reports to be
written for highway projects. It sets policy and defines
the duties of the various state agencies.

&

2. California Streets and Highways Code; Section 216
Control of Freeway Noise in School Classrooms; <:§Q?

September 17, 1970 %

This section requires that Caltrans abate neis <%n 50 dBA
peak or less when the noise from freeways exq_éa§ 50 dBA

in schools. (Appendix IIIB shows the ent1§%\3£ct1on 216.)

—7
NT
._/,2‘

3. Ca11forn1a VYehicle Code (As of Séﬁtember 1978)

(\\'\5‘/ )
23130 ~ Vehicle Noise Limits - Q,
23130.5 Vehjcle Noise Limit ég%;gﬁph or less speed zone
27150 Mufflers (§§§§5~
27150.1 Sale of Exhaust Systems
27150,2 Regulations Lb\fern1ng Exhaust Systems
27150.3 Study of E\\qgst Systems
27150.4 Filing of &ggulations with Legislature
27150.5 Sale.gf Non Complying Exhaust System
27150.6 Fedqéél\Ass1stance
27150.7 sal of Prosecution
27150.8 Motorcyc1e Exhaust System

IITA-2



| "é?151lﬁ$f:ﬁ0d{f?tation of Exhaust System

27152 Exhaust Pipes

27200 - Vehicle Registration and Sale Prohibitions
27201 Pre 1970 Motorcycle Limit

27202 - Motorcycle Limit '

27204, 204.5, 27205, 27206, 27207, Reference to 27200
38365 Muffler and Exhaust Systems

38370 Noise Limits

4, California Administrative Code Title 253 Article 4
Moise InSu]atiqn'Standards; February 22, 1974

) \K"s
Sets interior noise levels at CNEL 45 dBA for new construq ““3

tion of commerc1a1 or multifamily residential units. /\{\

PN
5. Department of Transportation Policy and Proceduxe>No.
P74-47; Freeway Traffic MNoise Reduct1on,‘h§%;24- 1874

This directive outlines Caltrans policy and?gg&pons1b111t1es
related to transportation noise (Append1x¥IIIC)

A

6. Department of Transportation Mé\b fTom John F. Maloney;
Policy on Traffic Generate “No1se, September 12, 1974

Contains further details ?g§§§;p;g (Append1x I1ID).

7. Senate Bill 860; Sect1on 65302 of the Governm