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PREFACE

This Constructlon Noise Assessment Manual has been
prepared by Dames & Moore for the Office of Noise Abatement
and Control of the U,S. Environmental Protection Agency under
Contract 68=-01-3388. This manual provides technigues to be
used +0 estimate offsite community average sound levels due to
the operation of numerous pieces of construction eguipment on
a site. The validity of sound level estimations is dependent
upon the quality of information used as input. The computed
construction site sound levels can be used to assess potential
community noise impact or non-compliance with adopted ordinances
or standards and can be ugsed to select cost-effective construc-
tion equipment and site noise control approaches.
Comments regarding this manual are welcome and
should be submitted to:
U.S. Environmental Protection Agency
Cffice of Noise Abatement and Control (AW=-471)

Technology and Federal Programs Division
Washington, D. C. 20460

vi
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1.0 INTRODUCTION

construction site activity is recognilzed as a source
of significant community noise pollution.’ Recent studies?’?’*
of construction site noise have led to the development of
models for estimating site noise. This manual summarizes
the present state-of~the-art in construction site noise pre-~
diction. It provides a straightforward approach to predict-
ing offsite community average sound levels, The methods pre-
sented are not intended for use in estimating construction
worker exposure to egquipment and construction process noige.

It is not intended that the user of this manual be
trained in engineering or acoustics. However, a knowledge of
gome fundamentals of sound and nomenclature would be helpful.

Chapter 2.0 presents a general description of the
construction process. Chapter 3.0 contains a description of
technigques which can be used to measure baseline sound levels
representative of the community sound environment prior to
the congtruction of the proposed project. Descriptors of con-
struction equipment operational data and noise levels are pre-
sented in Chapter 4.0. A method for estimating construction
site noise levels emitted from the site to the adjacént com-
munity is provided in Chapter 5.0. The estimated construc-
tion site noise together with baseline community sound levels
provide the major elements needed to assess non-compliance
with applicable regulations or the degree of impact.

Chapter 6.0 provides some guidelines for accomplishing

1-1
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this assessment. FPFeasible construction noise control methods

are described in Chapter 7.0. They form the basis for miti-

gative actions needed to reduce impacts or comply with com-

munity noise standards.

The manual concludes with five appendices:

Appendix A - Acoustical Concepts, Decibel Addition
and Bibliography

Appendix B -~ Construction Equipment Noise Levels

Construction Equipment Usage Factors

Appendix C
Appendix D - Illustrative Examples

Appendix E ~ Current State and Local Noise
Regulations

l.1 Refarences

1.

2.

;g?? Urban Noise Survey," EPA 550/9~77-100, August

Schomer, P.D., Kessler, F.M., et al, "Cost Effective~-
ness of Alternative Noise Reduction Methods for Con-
struction of Family Housing," CERL Interim Report N-3,
July 1976.

Reagan, F.A. and Grant, C.A., "Highway Construction
Noise - Measurement, Prediction, and Mitigation,"
U.S. DOT/FHWA Speclial Report, January 1577.

"Background Document for Portable Ailr Compressors,”
EPA 550/9-76~004, December 1975.
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2.0 CONSTRUCTION PROCESS

2.1 Introduction

The construction process includes the demolishing of
old buildings, roads, and other structures, the remowval or
moving of earth, the preparation of supporting foundations,
as well as the above grade assembling or modification of
structures. The installation of services (i.e., water, gas,
electricity) and the final landscaping are also included in
the construction process.

2.2 Construction Project Categories, Phases, and Schedules

2.2.1 Construction Project Cateqories

Construction projects are typically classified into
four categories. These categories are:
a) Residential buildings:
1) Cne- to four-family
2) PFive-~family and larger
b) Non-residential buildings:
1) office buildings, hospitals and hotels
2} Schools, public works buildings
3} Parking garages |

4) Stores, service stations, recreational
buildings, and religious buildings

c) Industrial

d) Public works (e.g., sewers, water mains, munici-
Pal streets and highways)

2-1
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2.2.2 Phases

Construction, whether it is for an urban residential
building or for a nuclear power plant, is carried out in
several reasonably discrete steps, each with its own scope and
mix of equipment, and consequently, its own noise character-
iétics. In the case of larger projects, several of these
steps may or may not coincide.

In general, a construction project consists of the
following phases:

¢ Demolition

Demolition can be carried out by workmen using pave~
ment breakers, explosive charges, cranes and wrecking balls,
and hand tools. The material is then removed from the site.
Thia operation may require cranes, bulldczers and dump trucks
of various capacities,

¢ Clearing and Grading

Trees and brush are removed either by logging proce-
dures {for pogsible sale), or, where the cover is less dense,
by using bulldozers.

Earth and rock are removed, in some instances by
drilling and blasting operations, and the site is graded or
leveled in preparation for the next phase. Trucks may be re-
gquired to transport earth from, to, and within the site.

® PFoundation Excavation and Backfilling

Powered shoveling tools, bulldozers and dump trucks

are commonly used during thig phase.

2~2
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& Foundation Forming and Placing

If required due to local geological conditions, piles
are driven to provide bearing members for the foundation. The
concrete is then poured to form the foundation, requiring the
use of concrete trucks, concrete pumps and vibrators, and

¢raneas.

# Erection -~ Framing and Exterior

The processes and equipment used vary, depending on
the type of structure and the primary structural material.
Erection of the structure may require structural
stael work or carpentry work, depending on the project. Con-
crete structures require additional concrete work with at- ,
tendant trucks, concrete pumps and cranes. A process common
to all projects is material supply, usually requiring a large

number of trucks.
® Finishing ~ Interior and Exterior Details

Noise emitted in this phase is generally not of great
concern since heavy equipment is seldom used, Instead, manual

jobs are performed often with powered hand tools.

The beoundaries of a construction site are a function
of the type of constructicn which is in progress. The physical
boundaries of a construction site are considered to be the
outermest limits of a site which is under the control of the
contractor. Construction of an interstate highway, for ex-
ample, will have completely different boundaries than the con-

struction of residential housing., Although for most sites

2«3



Nt e Y

S

g

1%

the physical boundaries are fairly constant, temporary
boundaries may exist as the work progresses.

2.2.3 Typical Construction Schedules

The type and location of a project will affect the
specific construction processes and/or equipment to be used,
Fer example, a project planned for a heavily wooded site will
require clearing of trees, a process not generally reguired in
an urban setting. This, in turn, will affect the noise ex-
pected during construction.

To illustrate the variability and complexity of con-
struction schedules, two examples are presented in Appendix D
which reflect the differences in scope and duration of con-
struction processes.

2.3 Construction Plans

2.3.1 physical Data

The preparation of an Environmental Impact Statement
for conatruction of a specific project requires certain informa-
tion such as the size, dimensions, and location of the site.

A plot plan, showing the general features of the proposaed con-
struction, is helpful in locating where specific construction
activities will take place. The access roads to the site
should be shown since transportation of equipment and ﬁaterials
is often a substantial noise producing element,

Also, the location of the site as well as principal
noise sensitive land use areas (e.g., chools, churches, homes,

ate.) should be indicated on an area map. Distances from these

2=4



neise sensitive land use areas to the locations of principal
construction activities should be carefully noted,

2.3.2 Scheduling Data

The evaluation of construction noise impact requires
a construction schedule (for examples, see Appendix D) which
détails the various phases of conatruction, their duratien,
and the activities occurring during each phase. In addition,
an equipment use schedule is required. The subject of equip-
ment usage will be discussed in detail in Chapter 4.0.

A construction schedule and an equipment use schedule
should be obtained from the contractor or architect/engineer re-
spensible for the project. Important details, regarding the
time and duration of each phase as it relates to the other con-
struction phases, must be supplied. The total number of pro-
cesses being carried out on the site at any given time due to
one or more phases ¢f construction are used to determine the
length of time and identify of the noisiest time period.

If the assessment is being prepared during the very
early conceptual phase of the project, and the construction
and equipment use schedules have not been determined, a schedule
for construction of a similar fagility can often be used. Be-
cauge certain construction phases depend on the type of site
being considered, knowledge of site topography and geology is
necessary to determine the applicability of these substitute

phases.
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References 1, 2, and 3 provide information desecribing
typical construction site scenarios for the major categories of
construction projects (see Section 2.2.1):

1. Residential building construction ,

2, Non-residential building construction

3. Industrial construction

4, ©Public works and highway construction

The data provided by these referenced documents are
from national averages and may not lend themselves to accurate
estimates of construction schedules for specific cases. Thisg
is particularly true for large scale projects with unusual
site features. These data should only be used for guidance
in the ahsence of more site specific data.

2,4 References

1. "Background Document for Portable Air Compressors,"
EPA 550/5-76-~004, December 1975.

2. Patterson, W.N., Ely, R.A,, Swanson, S.M., "Regulation
of Construction Activity Noise,” Bolt Beranek and
Newman Report No. 2887, November 27, 1974.

3. "*Noise from Construction Equipment and Operations,

Building Equipment and Home Appliances," Environ-
mental Protection Agency NTID 300.1, December 1971.
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3.0 MEASUREMENT OF BASELINE SOUND LEVELS

3.1 Need for a Baseline Survey

The magnitude of the noise impact of a conatruction
site depends on both the noise contribution from the site and
the existing ambient sound levels. A survey of pre~construction
baseline sound levels is therefore necessary to fully assess
construction site noise impact.

3.2 BSelection of Measurement Locations

The first step in performing a baseline sound level
survey is to determine where measurements are to be made. The
purpose of these measurements is to describe existing sound
levels:

1) At the principal noise gensitive land use
areas, and

2} Around the boundaries of the construction site.

It is desirable to survey all the ncise sensitive
areas in the vicinity of the project. Noise sensitive land use
areas8 are described as follows:

1) Regidential -~ This cateqory includes all areas
where people reside. It also includes patential
residential areas (residentially zoned areas
where housing may not yet exiat).

2} Schools, religious institutions, or hospitals =
These areas are especially sensitive to noise,
since quiet is important to their operation.

3) Pristine areas - This category includes wilder-
ness, rural, or park areas which are valued for
the low level of ambient sound.

It is helpful to acquire topographical, rcad, zoning

and population digtribution maps of the area surrounding the

3-1
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projeet, From these maps, noise-~sensitive areas can be deter-
mined and existing noise sources located. Note that certain
noise sources such as highways, airports, and railroads can
establish high noise levels in an area that would otherwise be
qpiet. Therefore, more than one location in the same area may
need to be surveyed to characterize different sound climates.
Measurement locations should be chosen as close to
the site as possible, since these locations will experience the
greatest impact. 1In choosing the measurement locations, a maxi-
mum radius of 3-4 miles from the center of the site should be
used as a limit, This maximum would typically be used when the
study is for a very large project. Smaller projects will re~
quire congiderably smaller radii. If no noise sensitive land
use areas lie at a site boundary, an additional separate loca-
tien at the site boundary nearest to the center of construction
activity should be used. Other possible sound levél survey lo~

cations include:

1) The site center: This is used as a reference
point for documentation. Impact analysis at
this point is not required.

2} Access roads: If there are roads which will
carry most of the truck and worker traffic to
and from the site, it may be necessary to se-
lect sampling locations at sensitive land use
areas aleng these rocads. In this way, the
noise impact due to movement of construction-
related vehicles over and above the normal
traffie¢ on the road can be analyzed.

After the preliminary measurement locations are

chosen, a site visit will help to determine the choices. It
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is useful to select more measurement sites than will actually
be surveyed, and then reduce the final list after the site
visit. The precise location of the final measurement sites
selected should be designated on the map which identifies the
noise sensitive areas. To reduce costs, the site visit is
often made in conjunction with the start of the baseline sound
level survey. Reasons for eliminating measurement locations
include:

1} change in land use from that indicated on maps.
If the maps are not very recent, certain features
may have changed. Residential areas not indicated
on the map may now exist; new roadways may have
been built; schools may have been relocated.

2) The activity taking place near a tentatively se-
lected location may not be typical. For ex-
ample, if there is some other construction
project already being carried out near a loca=~
tion, measurements will not reflect typical
ambient scund levels.

3) The site may be unsultable from an acoustical
standpoint. For ingtance, measurement locations
should be away from large reflecting surfaces or
noise sources not typical of the general area.

An example of gelecting baseline measurement loca=-

tions, shown in Appendix D, is for a project to construct a
new parking garage for a New Jersey suburban hospital.!

3.3 Sampling Pericds

Ambient sound levels, in general, are not stéady with
time. Due to varied activity and the operaticn of many dif-
ferent noise sources, ambient sound levels fluctuate consider=-
ably over time. Figure 3.1 illustrates the wvariation ¢f urban

sound levels when measured during a typical day.? 1Ideally,
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Figure 3.1.- Variation throughout a Day of Average Noise Levels
in an Urban Site., Time~Averaging of the Noilse
Levels Carried Out over l-Hour Intervals,
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an actual record of the sound levels throughout the day is de-
sired, From such data, two useful descriptors, the Eguivalent
Sound Level (Leq) and the Day/Night Sound Level (Ly,)
can be computed quite accurately. For those unfamiliar with
these descriptora, they are explained in Appendix A. 1In the
absence cof continuous measurements, short-duration measurements
made at selected times of the day will permit adequate estimates
of these descriptors for a typical location.

It has been recommended that measurements be taken
during the following time periods:?

® The midday period (9:00 a.m. to 4:00 p.m.)

® The local traffic rush hour (7:00 a.m. to 9:00 a.m,
or 4:00 p.m. to 6:00 p.m,)

¢ The evening peried (6:00 p.m. to 12:00 midnight)

® The early morning period (12:00 midnight to
7:00 a.m.}

It is most meaningful to perform these measurements during a
wegkday, since construction activity usually occurs on a Monday
through Friday schedule. If noise in the area under study
fluctuates widely throughout the day, additionzal mcasurement
periods are necessary to obtain an accurate description of

the typical sound climate. Certain state noise regula;ions
define the periods during which measurements are to be taken.
Table 3.1 is an example of a sampling schedule from a New York
State Regulation.® Should the construction project be of a leng
term nature, it may be desirable to cbtain noise measurements

during different seasons. Por instance, where foliage and

3-5
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TABLE 3.1

EXAMPLE OF SAMPLING SCHEDULE
REQUIRED BY STATE REGULATION

NEW YORK STATE PUBLIC SERVICE COMMISSION

Season

Winter

Note:

SOUND SURVEY GUIDELINES

NOISE
SAMPLING PERIODS
Day Time
Monday through Friday"* Daytime
" Evening
" Nighttime
Saturday or Sunday Daytime
N Evening
" Nighttime
Monday through Friday® Daytime
" Evening
" Nighttime
Saturday or Sunday Daytime
" Evening
" Nighttime
Daytime 7:00 AM. -~ 7:00 P.M,
Evening 7:00 P.M, - 10:00 P.M.

Nighttime 10:00 P,M. = 7:00 A.M,

*The requirement is for any of the five
weakdays.
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human activity depend heavily on the time of year, sound
levels vary sufficiently to justify separate measurements.

3.4 Recommended Measurement Methodology

This method requires a few hours time of someone
trained in the use of a sound level meter and the sampling
procedure, It can be used to monitor hoth baseline ambient
sound levels and sound levels during construction.

The sound level meter should meet Type 2 requirements
of the american National Standards Institute specifications for
sound level meters (ANSI S51.4-1971). Also, a sound level meter
calibrator with an accuracy of :l 4B and a windscreen whose
effect on the measurements is less than 1 dB are necessary. A
sound level meter and accessories may be rented from various
sources. The procedure for making sound level measurements is
as follows:*

1) Calibrate the sound level meter before each
measurement period.

2) Locate the microphone 1.5 meters {5 ft) above the
ground and at least 3 meters {10 ft) from walls,
buildings, or other major sound reflecting sur-
faces. If these conditions cannot he met, the
measurement may still be made, but the condition
must be properly noted.

3) Set the sound level meter for A-weighting and
"slow" response. .

4) Observe and note the maximum sound level during a
10 22 second period at the start of each minute
and half minute for any representative 30-minute
period (a total of 60 measurements), If, during
any of the 10 $2 second observations, the mea=~
surements are affected by abnormal sound sources,
such as emergency signals, someone speaking close
to the microphone, vehicle stopped by the measure-
ment location, etc., measurements made during

3-7
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these measurement periods should not be con=-
sidered, but the number of measurements should
be extended until 60 valid measurements are ob-
tained. Figure 3.2 shows a typical data sheet
for use with this procedure.

5. Find the arithmetic average A-weighted sound
level, Lp, using

n
T".A = (.E LAl/n

where the L, values are those sound levels which
fall within six decibels of the maximum level ob-~
served, and n is the number of Lp values used for
computing the arithmetic average., Corrections
may then be applied in accordance with Table 3.2
to obtain Leq from Lp.

6. Measurements should not be taken when the wind
exceeds 5 m/sec (12 mph).

3.4.1 Alternative Measurement Methods

A more sophisticated and accurate method of acquiring
the necessary ambient sound level data is the use of one of the

many digital data acquigition systems now available.

Thege systems usually are self-contained units which
are placed in the field and left for a period of time during
which samples of the sound levels are recorded in digital form
on either a 1/8 inch magnetic tape cassette or an internal
memory device, The data are then processed either by the unit
or by a companion unit (often a desk-top programmable calcu-
labor) teo yield Egquivalent Sound Levels (Leq)'

A drawback of such a system is that the data, avail-
able only in digital form, provide no indication of the sound
sources. Therefore, there is no way of determing whether the
sound was caused by typical environmental sources or by non-

typleal sound sources such as those resulting from the presence

3-8
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FIGURE 3.2 CONSTRUCTION NOISE DATA SHEET

Inagruyctions:

1. Calibrate sound level meter using acoustic calibrator,

2, TInstall windscreen, select i-weighting natwork, selact "slow" response.

3. Obaserve for 10+ 2 saconds at the start of each mianute and 1/2 minute
for 30 minures,

4, Tabulate maximum reading LA'

Decarmine Arithmatic Average EA

QA(dB) Remarks FA {dB) Remarks
1. 31.
2. 3z.
3. 33.
4, 34,
5. 3s.
8. 34,
7. 37.
8. 38.
- 39.
10. 40,
11. 41,
12. 42,
13. 43.
14, 44,
15, 45,
16. 46.
17. 47,
18. 48.
19. 49,
20. 50,
21. 51,
22. 52,
23. 53,
25, 54,
25. 55.
26. s6.
27. 57.
28. 5a.
29, 59.
0. 60,
N .

SUM:

*
Consider for the sum only chose values withia & d2 of the maximum value cesarved,
Ly = Sum/n:

Locazion Data Tine
Wind Veloedirsy aph. Tamperacure °F. ZIngineer
Ramarks

3=9



e o e e

L

Pl

e

LIS L

R 8 R bt i 1 n

P

TABLE 3.2

Corrections to Ij to Obtain Leg

n/6d Correction dB

.8
o7
l6
W5
.4
3
02
<.2

to 1 0
to .8 1
to .7 2
to .6 3
to .5 4
to .4 5
to .3 7

1o

Leq = Iy - correction

where n is the number of T
values used in com~
puting the average

3=-10
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of the data acquisition system itself {(e.g., person talking into
the microphone, insect landing on windscreen). ~ The advantages
of these‘units include ease of operation, long term acquisi-
tions resulting in increased statistical reliability, and the
ability to measure Egquivalent Sound Levels and bay/Night Sound
Levels, directly and accurately.

The cost of these units can be quite high. They range
from approximately $3,000 to $10,000 depending on their capa-
bilitiea. They may be rented, although this still requires a
substantial outlay. {As a general rule, a monthly rental fee
for such equipment is approximately 1/10 of the total purchase
price.)

Another method of measuring sound levels is to make

an analog tape recording for later analysis. An advantage of

this technique is that it provides a permanent record of the
actual sound at the measurement locations. Therefore, it per-
mits the ldentification of particular noise sources and the
uge of different analyais technigues. The tape recorder used
for these measurements must meet stringent technic¢al spacifica-
tionsg and for most applications must have a self-contained
power supply.

The tape recorded data can then be analyzed using a
strip chart recorder, if available, after the output signal is
corrected using an A-weighting network. Eguivalent Sound Levels
can be computed using the method described in Appendix A-2.4.

Equipment is also available which will provide

statistical analysis of the tape recorded data. These analysis

3-11



systems consist of a computer or sophisticated desk calculator
and a real time sampling system. This equipment is generally

quite costly and complex.

3.5 Nonmeasurement Methods of Estimating Baseline Ambient
Sound Levels

If actual field measurements of ambient noise levels
cannot be made, there are alternative methods which can be em-

ployed to estimate the baseline sound levels. The use of non-

measurement methods iz dliscouraged andactual measurements

ragommended, since ambient sound levels are usually very de-~
pendent upon the specific site. Estimates based upon data
found in the literature may not reflect the actual sound climate
peculiar to the site being studied. An error of greater than
10 decibels in an estimate of this nature is not unusual, and
it can make the difference between construction noise projec-
tions yielding major or minor impact. Nonmeasurement estimates
should be used only when absolutely necessary.

The primary sources for ambient sound level estimates
are environmental impact statements accomplished for nearby
projects. Inguiries should be made at local community Enviren-
mental Commissions and Planning Baords. The state's Department
of Environmental Protection may be aware of results of sound
surveys conducted in the vicinity of the proposed project.
Current federal gnvernmeﬁt literature can be used as a source
of community sound level data. A large number of surveys,
with the goal of deseribing the range of the United States

sound climate, have been carried out in the past 20 years.

3-12
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These may be used as a means to estimate the approximate am-
bient sound levels in the area under consideration. Figure 3.3
provides representative sound levels for land use categories
and data typical of past surveys.?

A site visit is suggested, perhaps during wvarious day
and night periods,in order to obtain a description of the
physical and acoustical environment. Even without a sound
level meter, the investigator should be able to identify vari=
ous noise scurces present in the area. Where no dominant noise
sources (industrial plant, highway, etc.,) are observed, the
noise climate of the area is principally due to local automo-
bile traffic noise. The Day/Night sound level, Lgp, for
these areas may be estimated from a knowledge of the com-
munity's population density. The approximate relationship
between population density and Lgp is

Lgn = 10 Log p + 22 dB®

where p i3 the population density in people
per square mile.

Typical values of Ly obtained from this equation are pre-~
sented in Table 3.3.°

If a site's sound climate is established by a nearby
airport, sound level contours may be available from the
Federal Aviation Administration's local office or the loecal
alrport staff. These contours can be used to estimate sound
levels at the site under study. Composite noise rating (CNR)
or noise exposure forecast (NEF) contours can be translated

to Lgn values by the following approximate relationships:
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DAY-NIGHT
QUALITATIVE  SOUND LEVEL

DESCRIPTIONS DED;:ELS

OUTDOOR LOCATIONS

LOS ANGELES — 3rd FLOOR APARTMENT NEXT TO

FAEEWAY

LOS ANGELES — 3/4 MILE FROM TOUCH DOWN AT
MAJOR AIRPORT

CITY NOISE —80~ L0S ANGELES — DOWNTOWN WITH SOME CON-
{DOWNTOWN MAJOR STRUCTION ACTIVITY
METRCPOLIS) "\ HAALEM — 2nd FLOOR APARTMENT

-
m
p- ]
=
=
o
%]
-

[ “-75: BOSTON — ROW HOUSING ON MAJOR AVENUE
NDISY URBAN = ‘
- -+ WATTS — 8 MILES FROM TOUCH DOWN AT
= :; MAJOR AIRPOAT
E ==\ NEWPORT — 3.5 MILES FAOM TAKEOFF AT
a iy SMALL AIRPORT
2 -\ LOS ANGELES~ OLD RESIDENTIAL AREA
SUBURBAN  fm
+ FILLMORE - SMALL TOWN CUL—da-5AC

SMALL TOWN A -0 SAN DIEGO — WODOED RESIDENTIAL
OUIETﬂliUHBAN

CALIFORNIA'= TOMATO FIELD ON FARM

Figure 3.3 - Outdoor Day-Night Sound Level in
Decibels (re 20 microPascals) at Various
Locations®
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Table 3.3 Typical Values of Yearly Day-Night

. |

Sound Level for Various Residential Neighbor-
hoods Where There Are No Well Defined Sources
of Noise Other Than Usual Transportation Noise®

S I T e e
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Very Nolay Urban

3-15

Population Denaity Lg, (dB)
Description {PeoplefSq. Mi.)

' Rural (undevaloped) 20 35
Rural {(partially devaloped) 60 40
Quiet Suburban 200 45
Normal Suburban 600 50
Urban 2000 55
Noisy Urban 6000 60

20000 65
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Lg, = NEF+35 = CNR-35

For most situations involwving alrcraft noise, these relation-

ships are valid within a 23 dB tolerance. If CNR or NEF con-

tours are not available, a method of roughly estimating them

is presented in the "Noise Assessment Guidlines," prepared by

the U.S. Department of Housing and Urban Development.’
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4.0 CONSTRUCTION EQUIPMENT NOISE LEVELS

4.1 Introduction

To asseas the potential noise impact of a construc-—
tion site, information regarding the ecuipment to be used must
be cbtained. This information is required to estimate overall
construction site sound levelsa. It should include an equipment
usage schedule for each construction phase that contains when,
what kind, and how many items of equipment.
4.2 Equipment Usage Schedule

An equipment list may be compared with the construce
tion schedule to determine the total number of equipment types
used during each phase of construction activity. Table 4.1
presentd a typical equipment sSchedule for a fossil fuel elec-
tric generating plant.

An equipment schedule can often be obtained from the
contractor or architect/engineer in charge of the project. If
an equipment schedule is not available, it may be prepared
jointly by the contractor and the individual making the noise
assessment based upon experience on similar projects and avail-~
able information regarding the project and project site, If
the project ig at toe early a stage for these schedules to be
prepared, various sources can be used to develop a representa=-
tive equipment use schedule. EPA document 550/9-76-004, "Back-
ground Document for Portable Air Compressors,"! includes equip-
ment lists for each construction phase for the four major cate-

gories of construction projects. Note that usages given in

4-1
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1.
2.
3
4.
3.

All work to ba pacformad B:0D a,m=4e30 P Honday=-Friday
Pruck dolivarlea throughout sntirs projectesvarage fiva par day
100 cail car doliveriea from January 1976 to April 1978
Blanting Lf raquired done durqu rermal working hours

e} g BAbimaLEd nunbar places of cquipsant

Figure 4.1 - Sample Equipment Usage Schedule for
Construction of Fosail Fuel Generating

Station
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this decument are only averages obtained from a national sur-
vey of construction projects. Thus, an unknown degree of error
may be incurred by using these data for a specific project.

4.3 Egquipment Noise Levels

Nolise levels of equipment to be used during the con-
struction project are needed. A list should be prepared which
includes 1) a description of each item of equipment, with its
specific model number, if possible; 2) the A~weighted sound
level measured during the noisiest meode of operation; 3) the
position and distance from the unit at which the sound level was
measured; and 4) the gource of the data. The significance of
each of thege items to the equipment noise level data is dis-
cussed below. Knowledge of the type, model and manufacturer of
a piece of equipment will often expedite identificaticn of
noise levels, If the specific type or model is unknown, a
elass {such as range of horsepower) should be estimated.

During operation, the sound levels produced by the
equipment while in its noisiest mode (as typically used) is re-
quired. This information, along with the usage factors for the
equipment {see Section 4.4 and Appendix C), will be used to es-
mate the Equivalent Sound Levels for construction activity at '
the site. These data are availble from various sources. The
most desirable source is, of course, actual sound levels pro-
vided by the manufacturer of units which are similar to those
considered for the proposed project.

In the event that manufacturer data are not avail-

able, it may be possible to obtain sound level data from other
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gources. The literature (particularly, that promulgated by EPA)
contains information regarding equipment operational sound
levels. Sources include:

@ U.S. EPA 550/9-76~004, "Background Document for
Portable Air Compressors," December 1975.!

e NTID 300.1, "Noise from Construction Equipment and
Operations, Building Equipment, and Home Appliances,"
December 1971,%

8 Construction Engineering Research Laboratory, De=
partment of the Army, "Cost Effectiveness of Alterna-
tive Noise Reduction Methods for Construction of
Family Housing."?

A table of typical A-weighted sound levels for vari-

ous types of construction equipment is included as Appendix E.

The distance at which the socund level measurements
were made should always be included. Since the sound level will
vary with distance from the source, this information is neces-
sary to estimate sound levals at different distances from the
site under study. Note that data obtained at short distances
from the construction eguipment (less than three times the
machine's major dimension) cannot be used with confidence to
estimate sound levels at distances far from the eguipment (more
than geven times the machine's major dimension).

The source from which the sound level data were ob-
tained should be included in the event that substantiation is
required at some later data. Sound level information should be
obtained from as reliable a source as possible. EPA data are
available, as explained, but these data are usually averages.

The range of equipment sound levels is large, and extreme care

must be taken when using averages,

4-4
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4.4 Usage Factors

Since sound levels produced by constructien equip-
ment vary cyelicly with construction activities, some method
of including these variations must be used when calculating
construction site noise. The Equivalent Sound Level, Legq.
iﬁ defined as that sound level which, for a given period
of time, would provide the same acoustic energy as the time-
varying sound (see Appendix A-2.4). To compute this
Equivalent Sound Level, the maximum sound level of the egquip=-
ment and its usage factor are used. The usage factor is
determined from a typical cycle of equipment performance and
the number of cycles which occur in the time period being con=~
sidered (one hour, an eight-~hour shift, etc.). The usage fac-
tor, as used in this manual, is the ;atio of the time the equip-
ment operates in its noisiest mode to the total time for one
cycle of coperation multiplied by the ratio of the time for the
total number of cycles to the time period being considered.’
This ¢oncept assumes that sound level contributions for modes
other than the noisiest mode are not significant.

Acquiring these data may prove diffiecult. Appendix B
presents a detailed description of usage factors, hew they are
used, and sources for cbtaining them. Usage factors as used in
other EPA documents''? are based upon averages and are obtained
from data relating to the number of equipment at a site, con=-
struction phases, and construction sites. Whenever possible,
usage factors should be determined from actual measurements or

predictions for the specific project at hand.
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5.0 ESTIMATING CONSTRUCTICON SITE NOISE

Estimates of construction site sound levels at se-
lected noise-sensitive land use areas should be made for each
phase of construction activity. The construction site sound
level is estimated by adding construction equipment Equivalent
Scund lLevels and extrapolating these levels to the location
of interest. 1In this chapter, a technigue is presented which
simplifies this process.

This estimating technique provides the construction
site Equivalent Sound Level, Legs for the time period ¢of in-
terest, i.e., one hour, one shift, one day, etec. Some state
and local jurisdictions have adopted criteria other than
Equivalent Sound Levels for enforcement or environmental im-
pact assessment., Some of these criteria can be approximated

using the construction noise estimating technique presented here.

5.1 Construction Activity Worksheets

The Construction Activity Worksheet, presented as
Figure 5.1, can be used to aid in estimating sound levels. It
organizes the information obtained from the architect/engineer,
contractor, owner, or other sources to ease the computations
which follow. The worksheet contains rcom to sketch the con-
struction site and indicate the locations of major equipment
to be used during a particular ceonstruction phase. Distances
from the centers of construction activities to noise sensitive
land use areas can be shown and tabulated. As much detail as

necessary is included. The equipment, used during the phase

5~1
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Figure 5.1 - Construction Activity Worksheet "A"

Project Name

Conatruction Phase

Construction Activity

Site Map Designation

Duration of Activity

Distance to
Construction
Activity

Hours of Daily Activity *
*Excludes mealtime
Sketch of Site Area
Equipment List
Noise
# of Ly Distance Usagel| Sensitive
Iype Model Units (dB) (meters) Factor|| Land Uase Location

5-2
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belng studied, are also listed. An example is presented in
Appendix D which illustrates how the worksheet is used.

5.2 Estimating Construction Site Noise Levels

The procedures discussed below are used to estimate
construction site Equivalent Sound Levels, Lgq, for the time
period of interest. It may also be used to estimate maximum
sound levels emitted from the site. This is accomplished by
assuming that each equipment unit operates in its noisiest
mode continuously, i.e., the usage facter is eqgual to unity.

A recent study’® has indicated that the construction
site Equivalent Sound Level, Leg+ and the sound level exceeded
10 percent of the time, L,,, are approximately related by:

Lyg = Lgg + 2 4B
The above relationship is suggested when L,, criteria must be
used for meeting state or local standards.

5.2,1 Stationary and Almost Stationary Sources

At a construction site, a large number of machines
are usually at work at numerous locations, each performing its
function using different work cycles. The methods provided in
this and the following sections are used to calculate the off=~
site sound levels. 1In this section, those sources which arae
stationary, or nearly so, as they carry out their task are con-
sidered. Section 5.2.2 presents a method to compute the noisge
from sources which move from point to point. Figures 5.2 and
5.3 are worksheets which may be used to calculate offgite

noise from stationary equipment. Most of the information
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Pigure 5,2 =~ Construction Activity Worksheet "B' =

Project Phana Conatruction Pariod _
(1) (2) (3) (&) (5) (6) ()] (8) (9)
Usage
Activity Equipment L, Dist, L, @ 15m # of Unit Usaga Factor
Dascription Type dsy () (dB)  Units Adjustment PFactor Adjustment

(10)

L @ 15
eq gy ¢

T
L

Hours of Construction

(11)
otal

@15m
9 (an)
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Figure 5.3 - Construction Aetivity Worksheet "C"

(1)

Noise Senaitiva
Land Use Area

(2)

Construction
Actiricy

(3

Distance

Phase - Construction Period
(4) (5) (6 (N (8) (9)
Total Est. T
Activity Conat. Const. Daclkground Ambien
Leq @ 15n Distance 1, Contribu~ Anbient Lgq Noise
(dB)  Adjustmont (ffu) tion Lgg(dn) (dB) Lgq (4B
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required to complete the forms should have been obtained and
entered on the construction activity worksheet, Figure 5.1.
Steps necessary to complete the worksheets are
given below. An example illustrating these steps is presented
in Appendix D.
' Worksheet "B" - Figure 5.2

1) Enter the project name, construction phase
(e.g., foundation, erection, etc.), the con~-
struction period (e.g., month of year, weeks
after start, etc.), hours of construction
{e.g., 0700-1800).

2) For each activity at the site, enter the ac~
tivity description, Column (l); equipment used
at the activity, Column (2); equipment sound
levels, Column (3); distance at which noise
measurements were made, Column (4); number of
units, Column (6); and applicable usage factor,
Column (8).

3) Calculate the equipment sound level at 15 meters i
(50 £t} and enter this in Column (5). Eguipment i
sound levels may have been provided for distances
other than 15 meters (50 £t). This calculation
normalizes the distance for all subsequent noise
calculations. Use one of the methods described
in Appendix A to make this caleculation.

4) Determine the adjustment to the equipment sound
level for the use of more than one piece of
equipment and enter the adjustment value in
Column (7). Use Figure 5.4 to determine this
adjustment.

5} Determine the usage factor adjustment using
Pigure 5.5 and enter this value in Column (9).

6) Add the values in Column {(5), Column (7) and
Column (9) to obtain the value of Leg at 15 meters
(50 ft) for each eguipment type. Enter this value
in Celumn (10).

7) Combine the Leg values in Column (10) for each ac-
tivity description by adding them on an energy
basis (see Appendix A-2.3) to obtaln an activity
Leq. Enter this value in Column (11) and in
Column (4) of Worksheet "C," Figure 5.3.
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Figure 5.4 =~ Adjustment in Sound Level for Multiple

tnits in Use (Column 7 of Worksheet B)
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Worksheet "C" - Figure 5.3

1)

2)

3)

4)

5)

For each noise gensitive land use area (e.g.,

school, residential area, hospital, etc.) and

each construction activity, list the distance

from each activity to the noise sensitive land
use area in Column (3}, activity Leg at

15 meters (50 £t) in Column (4), and the back-
ground ambient Lggq (See Chapter 3.0) in

Column (8}.

Determine the distance adjustments using tech=-
niques described in Appendix A~2.6 and enter
these adjustments in Column (5).

Add the activity Leq, Column (4), and the dis-
tance adjustment, Column (5), to determine the
activity contribution to the ambient sound at
the noise sensitive land use area. Enter thig
value in Column (6).

Add the values in Column {6), using addition
techniques presented in Appendix A-2.3, for ac-
tivities contributing to each noise sensitive
land use area. These results are entered in
Column (7).

The congtruction site contribution, Column (7),
and the background ambient sound levels,

Column (8), must be added on an energy basis
(see Appendix A-2,3) to obtain the estimated
ambient average during the construction phase
for each noise sensitive land use area. Enter
the resulting value in Column (9).

5.2.2 Mobile Sources

For noise sensitive land use areas which are far from

the construction site (e.g., more than five times the major

site dimension), mobile sources and fixed sources are treated

the same. The location for all sources is assumed to be the

general center of construction activity.

The computational procedures described in

Section 5.2.1 are complicated if the equipment moves an ap-

preciable distance on the site. This is not unusual for
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dump truck or earthmoving eguipment which transfer material from
one location to another. If the equipment path length is com-
parable to the distance from the noise source to the observer,
then the construction operation cannot be considered stationary.
The various categories into which eguipment can be classified
area;

Category l: Equipment moves from one peint on a site

to anotﬁer. The transit time is short and the equip-

ment spends most of its time being stationary. Pile
drivers, rock drills, and dozers are examples of

this type of equipment.

Category 2: Equipment moves in a simple predictable

pattern from one point on the site to another and

spends the majority of its time moving. A road
grader is an example of equipment operation for

this category.

Category 3: Equipment moves in a random or complex

path, spending part of the time in motion and part

of the time stationary. Examples of equipment for

this category are delivery trucks and water trucks.
These various categories are illustrated in Figure 5.6, Fully
illustrative examples are given in Appendix D.

The first category is dealt with by assuming that
the equipment gpends all its time at the different site loca-
tions. Transit time is ignored. The eguipment is entered
once on the construction noise worksheet for each location at
which it operates. The equipment usage factor is adjusted to
reflect the separate location operations. A separate usage
factor is used for subsequent calculations for each location.

Calculations for Category 2 are somewhat more complex.
To apply the caleulation technique presented below for Cate-

gory 2 mobile operations, the distance between source and
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receiver must be at least three times the length of the path
over which the eguipment travels.® Equipment operations which
meet thié criterion may be treated as a stationary point source
at the "acoustic center" of the path. Figure 5.7 presents the
agsumed "acoustic center” for a numher of different typical
péths. It is assumed that the equipment moves along the de-
fined path at a relatively constant speed throughout its work
cycle. With the "acoustic center™ having been selected, the
computation is accomplished in the same manner as for fixed
sources.

Equipment operating throughout the site in a random
manner is not common and therefore contributes little to site
noige., Thus, for Category 3 mobile operations, assume the
equipment noise emanates from the approximate geometric center
of the construction activity. Consider the equipment as
fixed, operating at this point, and use fixed source noise
calculation methods.

5.3 Calculation of Lag(2s) and Lgn

At each noise sensitive land use area, the average
construction noise level contribution, Column (7) of Work-
sheet "C," is combined with the background ambient sound
level, Column (8) of Worksheet "C," to estimate the community
noise during construction. If the congtruction period is
eight hours, then the combined noise level represents the

average sound level for eight hours of the day. This is noted

*1f the source moves in a complex path, then the longest straight line dig-
tance between two points on the path i1s used for this criterion.

5-12
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as Leq(a)' Were the construction activity to occur from 0700
to 2200 with a one~hour break during lunch (1200-1300) and a
cne-hour break during dinner (2000-2100), then the Equivalent

Sound Level would be noted as an L ) for 13 hours of the

eg (13
day.

Two additional descriptors of environmental sound
may be required to assess the neise impact. They are the
24-hour Egquivalent Sound Level, Leq(as) + and the Day/Night
Sound Level, Lgn.

Calculation of "Lgq(,,) requires the Equivalent Sound
Level during construection activity, Column (9) of Worksheet “C,"
and the background ambient sound levels during periods othar
than construction (e.g., Lg -~ daytime and Ln -~ nighttime). A&
detailed background ambient sound level survey provides in-
formation of average sound levels for many different periods
of the day. Assuming only two background ambient sound levels
for daytime (0700~2200) and for nighttime (2200-0700) are

available, a 24-hour Equivalent Sound Level is calculated from:

1
Leg(zs) = 10 209y, [5r ¥ (z x 1gleq(z)/10

10%n/10,

+ (15-2) x 1074710 L o ]

where z is the number of hours construction activity

is carried out (during the daytime), ang Leg(z) is

the estimated average sound level during construction

activity.

The Day/Night Sound Level, Lan., can be calculated
using the same method except that nighttime (2200-0700) sound
levels are penalized 10 dB before incorporating them into the

above equation for the Leg(24) -

5-15
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These calculations can be performed on a scientific

calculator: however, as an alternative, the following tech-

nigque using Worksheet "D" as shown in Figure 5.8, is sug~

gested (detailed examples are given in Appendix D):

1)

2)

3)

4)

5)

6)

Determine the number of hours of construction ac=~
tivity during daytime (0700-2200)} and its cor-
responding Equivalent Sound level, Leg. Enter
the number of hours in Column B of Worksheet "D"
(Pigure 5.8} in the column corresponding to the
Lag value for the construction activity in
Column A.

Enter the number of hours of daytime (15) minus
the number of hours of construction activity in
Column B next to the Day Sound Level, Lg, without
construction activity, located in Column A.

Enter the number of nighttime hours (2200-0700,
nine hours) in Column Bnext to the Night Sound -
Level, Ln, in Column A,

Multiply each number in Column B by its cor-
responding "relative sound energy" in Column C.
Enter the result in Column D.

Add all the values in Column D to determine
Sum P, Divide Sum D by 24.

Locate the value in Column C that is approxi-
mately egual to Sum D/24. The corresponding
value in Column A is equal to the 24-hour
Equivalent Sound Level, Leg(24) -

The Day/Night Sound Level, Lapns can be calculated

using the above steps by including a 10 4B penalty for the

nighttime sound levels in Step 4. HNote that the procedure

must be modified accordingly if any construction actiﬁity

takes place between the hours of 10 p.m. and 7 a.m.

5.4 References

1. "Construction Noise Survey," Bureau of Noise Control,
New York Department of Environmental Conservation,
April 1974.
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6.0 ASSESSING THE IMPACT OF CONSTRUCTION NOISE

6.1 Introduction

What levels of noise are acceptable? How much time
and money should be spent to reduce noise? What justification
ig there to control construction site noise? These are im-
portant questions which must be considered when assessing noise
impact. They are discussed in this chapter,

Assessing the impact of construction noise can be a
simple process. There is a substantial body of information
that relates human response to the noise environment. By
utilizing the available information and considering the con-
strainta on the specific situation, a good estimate of the ac-
ceptability of construction noise c¢an be obtained,

In many instances, specific construction site noise
regulations have been established by communities. Considera-
tion of state and loecal standards is therefore the first step
to be taken in assessing the impact of construction noise.

6.2 State and Local Requlations

The magnitude of construction site noise, estimated
using the method discussed in Chapter 5.0, is used to evaluate
potential non-compliance with state and local requlations and
ordinances. Appendix E contains a summary of several current
regulations adopted by local jurisdictions. The most common
type of regulation establishes the maximum socund level pe;-
mitted to cross a boundary line. For construction activities,

this line is generally the boundary of the constructien site.

6=1
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Often it is the property line of a nearby noise sensitive land
use. The permitted maximum sound level may be expressed in
terns of‘octave band sound pressure levels (for steady sound),
A-weighted sound lavels, or the average A-weighted sound level
as discussed in Chapters 3.0 and 5.0. The permissible noise
levels generally vary with the land use, and may also vary
with the time of the day and fregquency content of the noise.

Another type of regulation which may be found at the
local level is a curfew or restriction on the allowable hours
of construction activity.

EPA has published a report! which presents the re-
sults of an EPA survey of state and municipal environmental
noise control activities.

6.3 Pederal Guidelines

In March 1974, EPA published a report entitled,
"Information on Levels of Environmental Noise Reguisite to
Protect Public Health and Welfare with an Adequate Margin
of safety."? This document identifies protective noise levels
for a variety of activities and land uses. These levels are
baszed only upon health and welfare effects and do not consider
the cost or feasibility of achieving the levels. Consequently,
they should not be viewed as standards, but as long=-term goals.

Regardless of the feasibility of achieving these
levelg, they do serve as a hasis for judging the impact of
noige and the need to take abatement measures, PFigure 6.1,

which is based upon this report, illustrates the impact of
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environmental noise in certain areas. It is generally accepted
that sound levels below an Lan = 55 dB do nhot generally cause
gsignificant impact, while sound levels above an Lgp = 75 dB

are unacceptable for sensitive land uses.

Figure 6.2 summarizes the results of several com~
mﬁnity attitudinal surveys dealing with noise effects, such
as annoyance and community reaction. The magnitudes of the
effect of noigse on speech, community reaction, complaints, an-
noyance, and attitude towards community are presented in
Table 6.1 for Day/Night Sound Levels of ‘55, 65, and
75 dB.

The Department of Housihg and Urban Development (HUD)
has established criteria® to discourage the building of new
hougsing in areas where sound levels are high. These guide-
lines indicate that it is acceptable to build in areas where
the ambient A-~weighted sound levels do not exceed 45 dB more

than 30 minutes per 24 hours, while it is normally acceptable

to build in areas whers the ambient A-weighted sound levels do
not exceed 65 dB for more than 8 hours per 24 hours, 2Above

this exposure level, the area is considered normally unacceptable.

The National Academy of Sciences'Committee on Hearing,
Bioacoustics, and Biomechanics (CHABA) has recently published
guidelines for preparing the noise section of Environmental Im=
pact Statements." This report provides a technique which can
be used to quantify the level of impact in terms of the magni~

tudes of the average sound levela and the number of people
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exposed to these sound levels. This impact descriptor is
known as the Sound Level Weighted Population (LWP). Another
useful concept proposed in this report is the Nolse Impact
Index (NII) which is used to compare the relative impact of
one noise environment (alternatives} with that of another.
It is defined as the sound level weighted population divided
by the total population under consideration.

6.4 Assessing Construction Noise Impact

The assessment of construction noise impact requires
good Jjudgment and common sense. There are four factors which
should be considered. These are:

1) The magnitude of the ambient sound existing
without the construction activity;

2) fThe magnitude of the noise expected during
construction;:

3) The contributicn of the construction activity
to the total sound level; and

4) The characteristies of the construction noise
irrespective of its magnitude.

The following example will illustrate these factors.
Consider a construction site near a residential area where the
Day/Night Sound Level is Lgp = 60 dB. The construction ac-
tivity is expected to emit a sound level of Liy = 65 dB. The
resultant total sound level will then be Lgn = 66.3 dB (using
the method in Appendix A-2.3).

In assessing this situation, we first see from
FPigure 6.1 that a Day/Night Sound Level of Ly = 60 dB

creates mild impact in residential areas. The construction

6-7
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noise contribution of Lgp = 65 dB itself will create significant
adverse impact and, in fact, will dominate the combined
Day/Night Sound Level of Lj, = 66.3 dB. From Figure 6.2 we see
that over 30 percent of the people exposed will be highly an-
noyed and 5 paercent can be expected to complain.

| With a situation such as this, a significant amount of
impact should be anticipated. The large change in the noise
level from Lgp = 60 dB to Ly, = 66.3 dB will be very obvious.
Since the construction activity is a primary contributor to the
total noise, measures should be taken to abate the construction
noise.

The duration of this construction activity should be
strongly considered when deciding the level of effort to place
on reducing the noise. For a cne or two day job, perhaps no
reduction measures would be necessary. For construction lasting
a week or s0, a portable barrier around the principal sound
sources could be used. For longer jobs, other more comprehen-
give measures could be required (see Chapter 7.0).

As a general rule, the least expensive and least dis=-
ruptive noise abatement measures should be applied first. As
the severity of the noise impact increases, the complexity and
cost of the noise abatement procedures will alsc increase. 1In
particularly noise sensitive areas, noise reduction measures
may be combined to achieve the desired noise levels.

To summarize, the questions that need to be con-

sidered are:
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1) What is the current level of noise?
2) What level of construction noise is expected?

3) What portion of the total noise is construc-
tion noise?

4) How sensitive is the surrounding area to
noise?

5) What will be the reaction of the exposed people
to the noise?

6} What measures are available to reduce the con-
struction noise?

7} What is the effectiveness of these measures
and how will they impact the cost and duration
of the construction activity?

The following chapter discusses a variety of the techniques

used to reduce noise at construction sites.

6.5 Referances

1.

"State and Municipal Noise Control Activities 1973-1974,"
EPA 550/9-76-006, January 1976.

"Information on Levels of Environmental Noise Requisite
to Protect Public Health and Welfare with an Adeguate
Margin of Safety," USEPA 550/9-74~004, March 1974.

"Noise Abatement and Control: Department Policy, Im-
plementation, Responsibilities, and Standards," U.S.
Department of Housing and Urban Development Circular
1390.2, August 1971,

"Guidelines for Preparing Environmental Impact State-
ments on Noise," Report of Working Group 69 on Evalua-
tion of Environmental Impact of Noise, CHABA, National
Academy of Sciences, 1977.
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7.0 NOISE CONTRCL METHODS

There exist various cost effective procedures which
can be used to reduce the noise impact of construction activity.
These techniques involve equipment noise control {actual machine
medifications) and process noise control {changes in construc-
tion process, equipment and site configquration). Often, use of
these technigues in combination can result in a significant de-
crease in construction site noise levels.

7.1 Equipment Noige Control

7.1.1 General Methods

A major noise aource at the construction site is the
internal combustion engine and ité accessorles., Most construc-
tion equipment is driven by gasoline or diesel engines. The
major engine related noise sources are:

a) Exhaust

b) Intake

c}) Panel vibraticn
d} Transmission

e) Cooling gystem

Exhaust mufflers are the principal means available to
the construction contractor to reduce engine related noise.
Mufflers provided as standard equipment, however, often do not
roduce the noise enough for the specific construction site
negds. More effective mufflers may be available and should
be considered when the specific situation warrants a change.

Engine noise can be further reduced through the ap-
plication of other techniques. For instance, reduction of

engine vibration, and a corresponding reduction of noise, can

7-1
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be achieved by the use of better engine mountings., Enclosures
and/or sound-absorptive material can be used on the engine
housing, and damping materials can be applied to the sheet
metal cagings. For the most part, modifications such as these
can only be carried out by the equipment manufacturer. However,
Qome measures can be carried out by the owner after consultation
with the manufacturer. These noise control techniques can also
be applied to noisy components other than engines to produce a
significant noise reduction.

Another general noise control technique is the uge of
substantially gquileter equipment whenever possible. For example,
electric motor driven equipment is usually significantly quieter
than gasoline or diesel engine egquipment.

7.1.2 Specific Measures

Various noise control techniques can be more clearly
described in terms of the specific equipment to which they may
be applied. However, noise control methods outlined for one
type of equipment are often applicable to other similar equip-
ment types. The purpose of this chapter is not to provide
specific solutions, but to guide the reader to sources that de-
scribe these techniques in more detail.

& Crawler Tractor Noise

Intake and exhaust mufflers can be installed on the
engine or existing mufflers improved. With optimal muffling,
an A~weighted scund level reduction of 10 decibels in exhaust

noise can be achieved., Cool air intakes can be shielded,
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enclosed, or fitted with silencers. This would result in a

10 decibal reduction in cool air intake noise.’?

e Pile Driving

Steel or concrete piles are driven into the ground by
impact pile drivers, which may be steam, pneumatic or diesel
dfiven. Noise emitted from the driver can be reduced by using
mufflers and enclosures. Although these methods are sometimes
aeffective, substantial noise reduction ig usually only posgsible
when the pile is enclosed. A rubber apron, lined with sound
absorbing material can be used for this purpose. Telescoping
pipe is also often used as an enclosure. These measures often
result in a 12 dB to 15 dB noise reduction.?

¢ Portable Air Compresseors

Noise reduction can be achieved by using mufflers or
encloaing the unit in a wooden shed or sheet metal skin. Large
sheet metal panels should be treated with vibration damping
material. Sound levels of new quieted versions of portable
air compressors are 10 dB to 15 dB lower than older models and
should be considered whenever possible.?

& Pneumatic Tools

Air exhausts on the tools should be properly muffled,
The operator should also be aware that newer models are avail-
able which have sound levels approximately 10 decibels lower
than those of older models.'

® Chain and Circular Saws

When pqssible, electric powered, as opposed to gaso-

line powered, saws should be used. Often damped circular saw

1-3
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blades can be purchased which emit less noise. If conditions
allow, clrcular sawa should be operated in enclosed areas. A
simple wooden shed can reduce the sound level by 10 decibels.!

® Concrete Mixers

Electric motors are preferable to internal combustion
engines. Friction wheels and V-belt drives are preferable to
gear drives. The application of damping materials to the mixing
drum and the motor housing can also reduce noise emissions of

concrete mixers,'®

¢ Blasting Operations

Blasting procedures are a source of high intensity
nioise often encountered during construction operations. Bury-
ing the primer cord, used to detonate the explosive, can re-
duce the sound levels 19 dB to 26 dB.? Blasting mats consist
of heavy rubber and steel mesh sheets. They are used to reduce
the noise and dust emitted from the blast. They also increase
the effectiveness of the blasting operation and reduce the
amount of f£lying debris.

_7.2 Process Noise Control

7.2.1 Scheduling and Substitute Procesgses

It is often possible to reduce daily average noise
levels during construction by conscientious scheduling. Equip~
ment should be shut down between separate operations as long as
this does not excessively interfere with the work progress. By

scheduling various operations simultaneously, especially if one
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machine's noise emission predominates, quiet periods can often
be achieved while noise levels during active periecds are not

changed significantly.

Whenever pogsible, alternate procedures and/or equip-

ment should be investigated. One example has been previously
mentioned, that is, the use of electric motor powered, as op=
posed to internal combustion engine powered, equipment.
Equipment and procedure substitutions aremore easily aec-
complished, by a contractor, than machine specific noise con-
trol techniques and therefore warrant careful consideration.
Pile driving is a good example of how alternate equipment or
processes may be used to achieve noise reductions. Possi-
bilities include:
a) Vibrating pile drive method.! TInstead of im-

pact pile drivers, vibrating units are used,

This posaibility is limited since vibrating

pile drivers can only be used in certain

types of seoil. Earth vibrations caused by
vibrating plile drivers also may be undesirable.

b} The "English" pile driver method.! Steel
piles are driven inte the ground hydraulically.

c) The gsite "concrete" method. Deep, narrow
ditches are dug, which are then filled with
concrete, eliminating the need for piles.
This method is limited to the proper struc-
ture of supporting rock and soil and bearing
weight requirements.

d) The "Benoto" method.,! Piles are hydraulically
inserted into the ground using rotation.

Other processes and equipment substitutions provide

noige reductions for specific construction phases.’
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® Democlition ~ Front end loaders can be used for break-
ing up and removing asphalt roadways. Less eguipment will be
necessary, and since loaders are less nolisy than pavement
breakers, noise reductions will be achieved. Concrete build-
ings should be domolished using blasting instead of cranes and
wéecking balls, when possible, since this will reduce average
sound levels. Use of front end loaders instead of cranes ang
buckets for material removal is cheaper and quieter.

# Clearing and Grading ~ Use bulldozers and locaders

instead of chain saws to clear trees, wherever possible. Use
tractors equipped with ripper blades to break up rocky ground
instead of blasting. Blasting requires noisy rock drilling
equipment. Use scrapers instead of loaders for earth removal
since scrapers have larger capacities and are quieter than
loaders. Motor graders should be used in place of tractor=
dozers or scrapers for grading.

-® Foundation Excavation -~ The use of loaders and

tractor-dozers for basement excavation instead of excavators
is desirable in terms of speed and mobility. Backhoes are
quieter than trenchers and are therefore preferable for slab
laying. For hauling material, rubber tired vehicles are
preferable to track types due to their lower sound levels
and superior mobility.

® Foundation ~ Concrete trucks are less noisy than an
on-gite batch plant and should be used where economically

feasible. Electric vibrators and trowels are preferable to
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gasoline engine operated units. For foundation £ill and com-
pacting, rollers are preferred over tampers; although they are
more expensive, they are much less noisy.

© Erection - The use of off-gite prefabhrication should
bg considered whenever possible to decrease on-site activity
and consequently noise emigssions., Prefabricated structures
are economically competitive to on-site fabrications and their
erection produces much less noise. Nails, guns and staples
should be used in place of hammers wherever possible.

8 lLandscaping ~ Use of motor gradersg instead of tractor=-
dozers will reduce noise.

These techniques are not applicable to all gites due
to site-specific or project-specific features. In addition,
smaller projects may not be able to support the cost of extra
equipment necedsary to accomplish some of the substitutions
outlined above. The contractor should carefully examine all
alternatives to minimize noise impact. ;

7.2.2 8ite Noise Control Measures

In this category are included all those noise mitiga-
tion procedures which are not specific to equipment, but in-
stead result in a potential noise reduction for all equipment.

They include the operating of eguipment as far from thé im-

_ Pacted areas as possible; the rerouting of traffic to avoid

sensitive areas; the use of barriers; and the use of natural
Site features as barriergs. Barriers are often the most effec~
tive noise control measures which can be applied to many

phases of the construction process.

7-7



s ey FaweIW WA

sy

Barriers can be constructed of boards, sheets of wood
or metal, or masonry. If excavation is extensive, the excavated
earth can be left on site and used as a shield until the noisy
phase of construction is completed. Existing structures on or
near the site can be used as effective barriers, as can equip-
ment not in use or stockpiled materials. A properly built
barrier should have a surface weight of 20 kg/m? as a minimum
and should not have any acoustic leaks or open seams., If pos=
sible, a sound absorptive material should be applied to the
aide of the barrier facing the noise sources, This prevents
increased sound levels in the direction opposite the sound-
shield and also reduces amplification between the bharrier and
the machine.

A sound barrier funetions in a similar manner as a
barrier to light rays. "Acoustic® shadows, though, are not as
clearly defined as light shadows due to their longer wave-
length. Also, sound is not shielded equally at all fre-
guencies. A barrier is more effective at high frequencies
than low fraguenciss; the shorter the wavelength, the more the
nolsge reduction. Care must be taken to have the barrier suf-
ficiently long 3¢ that the noise traveling over it has the
shortest path (Figure 7.1}.%? fThe efficiency of the barrier
can be reduced if other machines or objects reflect sound
"around" the barrier. This problem can be eliminated with

proper barrier design (Pigure 7.2}.%
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When using a barrier to control noise at a construc-
tion site, it is useful to keep in mind that a barrier's effac-
tiveness increases with increases in its height and its
proximity to the noisge source or to the receiver. A barrier's
effectiveness is limited, in practical situations, by atmos-
pheric effects to a noise reduction of 25 decibels.

For construction equipment nqise, useful predictions of
A-weighted sound level reduction due to the presence of a barrier
can be made using the graph shown in Figure 7.3. An example of
the use of this graph is presented in Appendix D.

Other measures which can be implemented include using
the noisiest equipment at as great a digtance as possible from
the noise sensitive areas. Whenever possible, noisy tools
should be used in an enclosure, possibly a trailer. Certain
jobs, such as woocdworking, can often be done inside.

7.3 References
1. "Construction Noise: Specification, Control, Measure-
ment and Mitigation," Construction Engineering Research
Laboratory Technical Report E-53/ADA 009668, April 1975.

2. "Background Document for Portable Air Compressors,"
EPA 550/9~76-004, December 1575,

3. Viskne, A., "Measurement and Reduction of Noise from

Deteonating Cord Used in Quarry Blasting," Bureau of
Mines RI 7678, 1978.
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APPENDIX A

ACOUSTICAL CONCEPTS, DECIBEL ADDITION AND BIBLIOGRAPHY

A=l The Nature of Sound

Sound, in its simplest terms, is a form of aerodynamic
vibration which transmits energy from one point in space to
another, It is a pressure fluctuation to which the ear re-
sponds. Sound waves behave like the ripples in a pond produced
by throwing a stone into the water. Like the ripples, sound
waves move away from the source at a constant speed.

The speed of sound in air varies slightly with tem-
perature and humidity, but for most purposes may be regarded
as having a constant value of 340 meters/sec (1120 ft/sec).

The two basic properties used to define socund are its
frequency content (as indicated by its piteh) which is ex~
pressed in Hertz {(ocne Hertz is equal to one cycle per second)
and its amplitude (as indicated by its loudness). Since sound
is a pressure phenomenon, the amplitude of a sound should be
expressed in units of pressure, but to simplify matters, it is
commonly expressed in decibels (discussed in Section A-2.1}).

To develop a clearer idea of the magnitude of common
sound signals, Filgure A.l is presented, Note that the'range'of
sound pressure perceived by many is quite large, on the order
of 1:1,000,000. However, the magnitude of the sound pressure

variation relative to local atmospheric pressure is quite
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small. ‘The loudest sound the ear can tolerate (140 4B re
20 microPascals) is a maximum pressure variation that is
1/500 of normal atmospheric pressure.

Most sounds are composed of a number of frequency
cpmponents. Often sound is analyzed (using electronic instru-
ments) in bands of frequencies. The preferrad bands for
acoustic measurements cover the audible range (nominally
20-20,000 Hz) and consist of ten octave hands. The range of
frequencies in each band increases as the frequency increases.
The upper frequency of each band is always twice the lower fre-
guency. For example, the 1000 Hz cctave band extends from
707 82 to 1414 Hz. The preferred octave band center fre-
guencies are 31.5 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000 Hz,
2000 Hz, 4000 Hz, 8000 Hz and 16000 Hz. Note the éoubling here
as wall.

For more detailed analysis of a sound's frequency
content, still narrower bands, such as 1/3 or 1/10 octave
bands, are used,

A=2 The Mathematics of Acoustica

A=2.1 The Decibel
The extent of the variation in pressure corresponding
to an acoustic signal is commonly measured in terms of.micro-
Pascals. A microPascal is approximately equal to one hundred
thousandth of normal atmospheric pressure.
Due to the large range of sound pressures encountered

(as seen in Pigure A.l), it is more convenient to express the
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sound pressure on a logarithmic scale, This compression in
scala to smaller numerical values is easier to use, The

Sound Pressure Level, Ly is defined mathematically as:
2

- P = 2
dB=20 1 B
Ip 10 log,, T_T";‘T ody (p f) d

(The symbol, 4B, represents the unit of sound
level, decibel.)

where p is the root mean sguare sound pressure, and
Praf is a reference pressure

The standard reference pressure is 20 microPascals which cor-
responds approximately to the faintest sound that an average
young adult can hear in a quiet surrounding. The important
point to remember is that the decibel is non~dimensional and is
a ratio of two pressures.

A-2.2 Weighting Scales

The apparent loudness that we attribute to a sound
varies not only with the sound pressure but also with the fre-
quency of the sound. For instance, a low frequency sound will
not seem as loud as a high freguency sound of “equal" sound
pressure. To account for this variation in human perception,
weighting criteria were developed many years ago. Three cri-
teria are shown in Figure A.2. By far, the most common of
these is the A-weighted criteria which attempts to refléct the
human ear's decreased sensitivity to low frequencies at normal
sound levels. Sound levels are measured with meters using
electrical networks which automatically apply these weighting

criteria. A sound measured with a device using such a network
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providing a value referred to as an A~ (or B-, or C-) weighted
sound level. i

A-2,3 Combining Decibels i

Very often there are two independent sound sources
radiating concurrently. To determine the combined effect of
éhe two sources, we add their contribution on an energy basis
{sound pressure levels are not added directly but instead are
converted to pressure squared terms, which are added and then
reconverted to decibels). In other words,

100 dB + 100 4B does not equal 200 4B
Instead,

100 dB + 100 dB = 103 dB
One method of combining decibels is the use of the graph in
Figure A.3. By knowing the two levels and therefore the dif-
ference between the two, the increment to be added to the
higher level is determined. This yields the resultant sound
leval,

A-~2.4 Equivalent Sound Level, Lgq

Environmental noise is not steady but fluctuates con-
siderably in level as a function of time. To fully characterize
the exposure of an individual to time-varying sound levels, a
history or cumulative distribution of the sound levels would be
necessary. This requires a large number of samples. To sim-
plify matters, noise from both individual events and quasi-
steady state sources are averaged. This time weighted

average is known as the Equivalent Scund Level, Leq' The



Bquivalent Sound Level is the steady noise level,which in a stated

period of time, would contain the same acoustic energy as the

actual time-varying sound. The mathematical definition of Leq

_1

F

X

for an interval T is:

Leq = 10 log (%

IT p2{t)
0 po2

where p(t) is the time=~varying sound presgsure, and

Po is the reference

dt) 4B

pressure.

An approximation to this integral is:

n
n 1 ;
Leq = 10 logy, (3 igltllo

where L; is the A-weighted sound level for time interval i,

Li/lo)

t; is the length of time interval i, and

n
T is the period of interest { | t,).
i=1

The steps used to calculate Leq are given in the

following example:

Example: 24 backhoe has a l0~-minute
For E minutes, it produces a steady
For 5 minutes, it produces a steady
For 1 minute, it produces a steady
For 2 minutes, it produces a steady

duty cycle.
gsound level
sound level
sound level
sound level

of 83 4B,
of 79 dB.
of 87 dB.

of 90 4B.

-l —
B e cnccmcecrenam

o - -l evh En A W g W M S e B e sk Em B e L
Y eq
it of 1 |
sl b
T

g

'32 L ] 1 L 1 1 1 L i g

1 2 3 4 5 -1 7 8 9 10

Time (minutes)

Duty Cycle of Backhoe

betermine the Eguivalent Sound Level, Leq' for the duty cycle.
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Using the mathematical formula for Ly, and a scien-
tific calculator, the calculation of Lgy for this example is

performed:

Log = 10 log,, [fy % (2x1083/1045x107%/204151087/10

90/10

+2x10 1] = 85 dB

A=2.5 Day/Night Sound Level

The development of Eguivalent Sound Level was fol-
lowed by the development of the Day/Night Sound Level. This
is the average A-weighted sound level during a 24~hour time
period with a l0-decibel weighting ({penalty) applied to the
nighttime sound levels (10 p.m. to 7 a.m.). This may be ex-
pressed mathematically as

Lan = 10 log,, 3 [15(10%4/10)49 (107n*10/20)

where Lg = Lgg for the daytime (0700-2200) hours, and

Lp = Lgg for the nighttime (2200~0700) hours,

An example demonstrating the calculation of Lgn is

presaented below.
Example: Measurements made at a proposed construction site
erIg a Day Sound Level of 60 dB and a Night Sound Level of
55 dB. Determine the Day/Night Sound Level.

Using the mathematical formula for Lsnp and a scien-

tifie calculator, the calculation of Lan for this example is

performed:

Lan = 10 log,, [35x(15x2060/204052665/10)) = 63 ap
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A=-2.6 Distance Attenuation

sound waves for many situations may be approximated
by a free spherical progressive wave. The emitted sound power
spreads out from the source with continuously increasing radii.
Since the sound power must remain constant (conservation of
energy), the intensity at a given distance from the source must
be proportional to the inverse of the spherical surface area
(radius squared). The sound level attenuation as a functicn
of distance can easily be computed. The "inverse square law"
of attenuation, as it is commonly called, predicts a six~decibel
reduction for each doubling of distance from the sound source's
origin. Figure A.4 can be used for determining the sound pres-
sure level at different source~receiver distances.

For example, if the sound level at 200 meters is
92 4B, the sound level at 550 meters 1s estimated by using the
graph in Pigure A.4. Enter the X-axis at a ratio of (350/200) =
4,75, and move upward to where this value intersects
the curve, The corresponding Y-axis value is the distance at~
tenuation, 13.5 dB. Subtracting 13.5 frem 92 provides the
aound lavel of 78.5 dB. Alternately, a calculator can be used
for determining distance attenuation. fThe corresponding
mathematical solution is presented below. '

Exam lé: An observer 200 meters from a noise source measures
a sound level of 92 dB. What is the sound level at 950 meters?

950

Attenuation = 10 log,, (gég)z = 20 log,, (200

200 )

= - 2—5..9- = gﬂ
Lpaso © Tp2oe = 20 109,, (355! = 92 - 20 log,, (55p!

= 78.5 dB



e e AN

SRR ST DT

L

e

o i

Attenuation (dB)

~50

=40

)
[ ]
w

1
[ %]
(=]

1
[
w

]
™
j=)

1
b
w

U
—
(=

+5

+10

T TTTTTH UL LILRILLLL R RILL | i
S -

]
u .
= ™
p. -

Xeaxig

iRy JEETNIl L L. Llitiu i 1 11111 1 L1 1il

W1 1 10 100 1000

Distance from Source to Observer
Distance from Source to Location
at Which Sound Level is Known

Figure A.4 - Digtance Attenuation

a large distance from a large source. Distance to source

ig at least three times typical dimension of source.
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Note that this relationship only holds for small
sources or for large distances (three times the major dimen-
sions) from large sources,

Sound level attenuation calculated by this procedure
does not include the attenuation due to air absorption and ef-
fécts of ground cover, such as trees and brush.? Discussions
of these additional attenuation effects which can be signifi-
cant over very large distances are available in several refer-
ences found in the Bibliography at the end of this Appendix. '

A~3 References

1. Noise and Vibration Control, edited by Beranek, Leo L.,
McGraw Hil1l, 1971.

2. Handbook of Noise Measurement, Peterson, A. and Gross,
E.E., General Radio Company, Massachusetts, 1972,
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APPENDIX B

CONSTRUCTION EQUIPMENT NOISE LEVELS

Included in Table B.1l is a list of typical construc-
tion equipment and their A-weighted sound levels. Also in-
cluded is a brief description of the item, and the source for
the data. Note that the sound levels presented are typical
values. The range of values for actual equipment isg quite
large. Differences of 20 decibels between two equipment modelsa
with the same function are not unusual. Furthermore, as new
noise control measures are instituted by manufacturers, the
sound levels presented in the table can be expected to change.

It is therefore of great wvalue to either directly
measure, or obtain from the manufacturer, sound levels of the
specific equipment to be used on the construction project. The
levels provided in the table should only be used when specific
noise measurements cannot be obtained. Measurements when per-
formed should be made during the equipment's noisiest mode of
typical operation znd the sound levels measurad should be caly
from the machine being studied (i.e., background ambient sound
levels without the unit operating should be at least 10 decibels
lower than the sound level of the machine being measured).

A major noise source not on this list, but which is
often present at very large scale construction projects which
require a considerable amount of concrete, is a concrete batch

plant, which allows on-site preparation of concrete instead of
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requiring a large number of trucks to deliver the prepared
concrete from off site. The sound level usually associated
with an operating batch plant is 69 dB measured at 76 meters
{250 ft). The noise results from plant operation and concrete
trucks being loaded. The plant usually operates continuously

during the workday (24 hours) when concrete is required,

References

1., "Regulation of Construction Activity Noise," Bolt Beranek
and Newman, Inc. Report No. 2887, November 1974.

2. "Construction Site and Equipment Noise in New York City,"
Lewis S§. Goodfriend and Associates Report prepared for
Bureau of Noise Abatement, Department of Air Resources,
city of New York, 1974.
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A-WEIGHTED SOQUNL LEVELS OF TYPICAL CONSTRUCTION EQUIPMENT AT 15 METERS

Itoa

Mr Comprasaot

Dackhon

Explosives
Concrate Mixar

Concrata Pumpe

Concrate Vibratora

Crane, Derrick

Crana, Hobile

Dozar

Caneratocs

Gradax

Yavamant Breakars

Laaders

FAver
Pile privar

Pruanatic Tool
Puap
Rock prill

follsr

Saw
Scraper

Shavel
Trucks

*thaso levels rasult wha

that thoe blasg onar
thvironmant,

TABLE B-1

Boseripeion

Supplie pewer ln tha
faem of compressed alr during
all phases of conatruction

‘Earth moving devices used
malnly at residancial and
public wark sites, Commoniy
fitted with paving braakers,
cranes, booms, and dozer bladas

Used for bresking up large
concantrations of rock during
clearing phase of constyuctign

Supplies concrete for found-
ation and sraction phases of
building

Uasd for copcrets pouring
oparationa

Usad to femova entrained air
bubbles and maintain hopo=
gantity of concrete mizture

Raiaing and movemant of con=
structioh componsnts

Used for placenent of materials
agd squipmant

Zarth maving devices used
primarily during the clearing
and sxcavation phases af
construction

Used to supply slectric power

to lighting and handtools during
construction phases befors
utility lines ate {nstalled

Usad primarily in highvay
constructiop

Uned for braaking up axisting
structures during axcavation

phass of construction

Track or wheal mounted earthe
maving machines

Spread and finizh bitusincus
And concrate pavamsnta

Used to drive load bearing
mambers during foundation phass

Hand cperated toola (wrenches,
chippars, grindera) uaed for
finighing of stcucturas

Uaed to ramove water from
axcavations

Used to drill holas in
rock-for fitting eax-
ploaive chargas,

Uned o mooth Lounda-
tlon ot pavements during
finiahing phase of public
warks projacts

* Used to cut wooden componenta

Strip, transport and spread
earth duting excavation phass
of projsct

Unad for sxcavation

Uasd an haulars of sarth,
£1i11, and rubbla as well as
ocher applicatians duging
all phasos of constructign

Typical Sound

~Levels - d8

b}

L

g2

”

H]

al

”

"

LH

Y-}

74

78
L]

82
L1

R PFopar precautions (macd) are taken to ensure
Gy gqoas into the rook, inatoad of tho aurrounding

ALl sound levels are from Aefornpes 1 unless otherwige hotad.

B-3
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APPENDIX C

CONSTRUCTION EQUIPMENT USAGE FPACTORS

C=1 Description of Usage Factor

In the course of a typical work cycle, construction
equipment spend part of their cyele idling or preparing to
perform a task. During some part of its work cycle, the noiae
the machine emits is higher than it is at any other time. Since
Leg is an average value representing the total sound energy
emitted during the period of interest, the maximum scund level,
LA,* and the duration of maximum noise as a fraction of the
total period must be known to determine the equivalent (energy
average) sound level emitted by the machine during a total work
period: for example, a typical work day. The fraction of this
period that the equipment operates in its noisiest mode is
designated as the Usage Factor (UF)}. The usage factor is con-
sidered to consist of two component elements; an operating
factor (F,) and a utilization factor (F,). UF =F, x F,. The
operating factor is that portion of the typical work cycle that
the equipment is emitting its maximum noise., This factor is
illustrated in PFigure C.l, where F, = T:/Tz' Three possible
time-varying modes of equipment noise emission are possible.
They are listed below:

Mode 1: The equipment works cyclically; for ex-

ample, a backhoe or front end loader may
generate maximum sound while trenching

but significantly less sound while using
its loader.

#*The maximum sound level, Lp, i8 the average sound level of the equipment in
its noisiest mode. To better illustrate Ly, Figure B.1 shows a typical work
cyele for a unit of construction equipment.

C~1
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Mode 2: The eguipment moves throughout the site.

Mode 3: An operation is performed sporadically,
possibly only once during the observa-
tion pericd.

The utilization factor is that portion of the work
period (e.g., B8-hour work day) that the equipment is on the
site and is being used. Thus, the utilization factor con-
giders the number of work cycles for the equipment during
typical cperations during the work period. Figure C.2 il-
lustrates possible time histories applicable to each mode.
The operating factor (F;} is computed from the fraction of
time the equipment is in its noisiest mode. The utilization
factor is then multiplied by the operating factor to vield
the usage factor.

Stationary equipment may not be operating, may be
idling while other preparatory activities are in process, or
may be operating at full load (and maximum noise level),
These operations may be repeated often during a typical
construction day. This activity is shown in Pigure C.2 as
Mode 1.

Mobile equipment may be operating at maximum noise
levels for a short duration; for example, a front end loader
while loading. The equipment (the loader) may travel a con-
siderable distance to place this load. At a receiver, sound
levels drop significantly as the loader leaves the scene even
though the source noise level has not diminished. Mode 2 of

Flgure C.2 illustrates this activity.
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Figure C.1  Operating Factor - Time History
Construction Equipment

MODE 1 (STATIONARY)

____,i:f;:;2:}_,1"‘f-\¥'"\~..l

T2

ROISE LEVEL

TINE

MODE 2 (MOBILE)

M

e T2
TIME
MODE 3 (SINGLE EVENT)
s :
-

NOISE LEVEL

u F--J:-l—
T
Total

TIME

KOISE LEVEL

Operating Factor Fy = T,/T,
Utiltzation Factor F2 - TZ/TTota]

TTota] Mmight be construction duration
{(an 8-hour day)

Figure C,2  Usage Factor = Examples of Time Histories
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A single event is illustrated by Meode 3 of Figure C.2.

The total period T, is assumed to be the construction duration,

perhaps an 8-hour day.

The maximum sound level of the eguipment and its

usage factor are used to evaluate Leg as shown below:

Leq = 10 log , (U.F. x 10'%p/10))

Cperating factors and utilization factors are best

determined from measurements at a construction site where

gimilar operations to the site under study are occurring.

The references listed below include discussion and

tabulations of usage factors and may be used with cauntion in

the absence of measured data.

*"Cost Bffectiveness of Alternative Noise Reduction Methods
for Construction of Family Housing," CERL Interim Report N-3,
July 1976.

"Noise from Construction Equipment and Operations, Building
Bgquipment, and Home Appliances," USEPA NTID 300.l1, December
1971.

*Background Document for Portable Alr Compressors,”" USEPA
550/9-76=-004, December 1975.

"Pechnology Analysis - Noise Pavement Breakers and Rock
brills," Dames & Moore, 1976, EPA Contract No. 68-01~3288
(to be published).

Report of Symposium, PFebruary 1-2, 1977, "“Highway Censtruc-
tion Noise," Dames & Moore, FHWA Contract No. DOT-FH~11-9191
{to be publighed).
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APPENDIX D

ILLUSTRATIVE EXAMPLES

D~1 cChapter 2.0 - Construction Phase Schedules

Any construction project can be described by a series
af discrete phases of construction activity. Often these phases
will coincide either totally or in part., Two examples of con-
struction phase schedules are presented here to illustrate this
concept, which is discussed in Chapter 2.0.

The first schedule presented is for construction of a
large fossil fuel electric generating station located in a
rural, densely forested area in the nertheastern United States.
The schedule is presented in Table D.1,

The second schedule is for a small drive=-in banking
facility. The schedule is pregsented in Table D,2., Note that
only four of thé possible seven construction phases are neces-

sary for this small project.
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TABLE D,1

SONSTRUCTHON PHASE SCMEDULE FOR FOSSIL FUEL GENERATING PLANT

14t Year ind Year Ird Year
JFNANJIJASOND JFHAMIJASOIND JFaAn

Genaral Sfce Preparstion
Back Hows, Claaring and
Grading Trucks, Corzers,
Saraoar

1l Excavation and Back#ill
Sack Moas, Front-gnd
Loaders, Dump Trucks.
Serapery, Dozers, Graders,
Pile Orivars

{11 Foundatlon Concrats York
Concrdte Trucks, Concrata
VYlbrators

RO
]
]
t¥  Structural Stesl

Sractlon {Plant and Fual TSR IR T

Tanks)

Cranes, Al¢ Comprassors,

Impast Wranchas, Yeldars

N AT

¥ Geal-Handiing Facillty
(Alternata)}
Congrece Trugks, Cranas

Y

Rallrcad Congtructlion
bozers, Gradars, Rallrcad
fquipmene

Vit Trugk Daliveriasw

#Genaral dalivaries might average a3 low as two dallveriss per day to 11 delivaries per day,

TABLE D.2

CONSTRUCTICN PHASE SCHEDULE FOR DRIVE-IN BANRING FACILITY

Jam. Fabi, Mareh april May Juna July

Dattolizion

{remaval of existing Loy

goncraca alab on stte} %
Froat wnd loaders, pava-

zant breakers
Eraction

(Prefabricatad building)

foncrate sTusk, Irane, 3 moncha

<onpressor
Finishing } manchs

Landscaping
Tpacsar 1 zonth
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D-2 Chapter 3.0 - Baseline Sound level Survey Locations

This example illustrates the selection of baseline
measurement locations for an underground parking garage for a
hospital located in a suburban residential area of New Jersey.
The construction site and the locations surveyed are shown in

Figure D.1. They are:

Location 1 - Private Residence
Location 2 -~ Private Residence
Location 3 - Small Park
Location 4 - Church

Location 5 - The Hospital

Although measurement locations around the construction
site boundary were not selected in this example, they are recom-
mended in order to establish a baseline for future reference.
Note that each of the major categories of noise sensitive land

use areas has been included in the survey.
»

i

o,
ILi

=

; . fiss

Note: Existing hospital in croashacen;
Projected parking garaga shadaed.

Figure D.1 Baselipe Sound Laval Survey Locaticns for

Suburban Hospital Parking Garaga Construgtion
froject

D=3
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Chapter 5.0 ~ Estimating Construction Site Noise

Examples illustrating the use of the four construc-
tion activity worksheets are presented below. They are pro-
vided as examples of how information may be organized to aid
in estimating the noise emitted from a construction site. This
ihformation must be as detailed as possible to assure the ac-

curacy of the estimated sound levels.

D=3 Section 5.2.1 ~ Worksheet "A" - Site Plan and Equipment List

A shopping plaza is to be built in an urban community.
The project regquires demolition of abandoned warehouses and the
erection of a shopping mall, an office building, an on-grade
parking lot and a three-story parking garage.

On the site plan, shown in Fiqure D.2, the areas of
construction activity are indicated by solid shading with num-
ber designations, and nearby noise sensitive land use areas
are indicated by crosshatching with letter designations.

A construction activity worksheet for the excavation
phase for the multi-level parking garage was filled in and is
shown as Figure D.3. A sketch is included on the worksheet
showing the construction site and an area surrounding the site.
A description and the amount of constructicn equipment-used is

listed.,
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Surrounding Noise Sensitiva
Land Use Areas Major Plaza Features

A - House of Worshdp 1l - Office Building

B - Hospital 2 - Parking Area

C - Park 3 - Shopping Plaza
4 - Parking Garage

Figure D.2 - Urban Shopping Plaza Site Plan
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Figure D.3 - Construction Activity Noise Worksheet "A'"~ An Example

Proj'e.ct Name ShGPFm:.‘ P\mg:

Construction Phase Excmmon

Construction Activity Pacwiws GAtAsE

% [ -
Site Map Designation 4 X
Duration of Activity 3}'/‘76- 9fio)76
Hours of Daily Activity ©700 —leco * o Joy
\
*Excludes mealtime \J
&
¢
Sketch of Sita Area
Equipment List
bistance to
Noise Construction
# of Ls Distance Usagei| Sensitive Activicy
Iype Model -Units (dh) {meters) Factor|| Land Use Location (Meters)
" down Dimar T
BackioE  jome ! 85 15 16 Howse A 228
\{cmg.m?
Doagr Cappau | 87 I3 -4
KervoRT I5 4 H"%P\' AL B J04
| Truek P 2 88 . 1
Conprasr s 1 81 15 f.o Park c 52



| SR SRS

i

i ¥ T i a

w

X

D=4 Section 5.2.2 - Mobile Operation Categories

There are three types of mobile operation for con-
struction eguipment. In Category l, eguipment spends time at
gseveral different locations with very little time spent in
transit. Category 2 equipment spends the major time moving
from one spot to another in a simple operating pattern. 1In
Category 3, the eguipment spends part of the time in transit
and part of the time staticnary. Its movement is random or
complex and is approximated by choosing a central point

within the path to use as the equipment's location.

D~4.1 Mobile Operation Category l: A crawler tractor

with a front end lcader is used to move earth from an excava-
tion area to an earth berm. In doing so, it spends approxi-
mately 45 percent of its time at the excavation, 50 percent
of its time building the berm and the remaining 5 percent of
the time in motion. Pigure D.4 shows the location of the
excavation, the berm, and the noise sensitive land use area
being considered.

The usage factor (per location) for this crawler

tractor is calculated for each activity from:

Operating Utilization Usage
Activity Factor Factor Factor
Excavation 0.70 times 0.45 0.315
Berm 0.70 times  0.50 0.350

(Usage Factor determined as in Appendix C)
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Earth Berm

Figure D4 Example Tllustrating Category 1 Mobile Operation

NOT TO BCALE
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D-4,2 Mobile Operation Category 2: A grader is used to

prepare a parking lot for pawving. It mowves back and forth on
the gite covering the area shown in Pigure D.5. To calculate
the noise exposure at the noise sensitive land use area, the
grader 1s assumed to be located at the center of the parking
lot area at all times. Note that the "acoustic center" of the
grader's path, in this case, is equal to the geometric center
of the area it travels across. The distance from gource to
the noise sensitive land use area is 300 meters, as indi=-

cated in Figure D.S5.

Excavation

" e m /g
Acoustic Centur Excavation

of Area | 0 B Schaal

T

0 m

Graded Aven for
Propased Parking Lot

Figure D.5 -

Barm

Exanple [llustrating Cacegory 2 Moblle Seurce
Operation

NOT TO SCALE

D~9
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D=5 (Constructieon Activity Worksheets "B" and "C"

Entries for the crawler tractor in Example D-4.1 are
made on Construction Activity Worksheets "B" and "C" as shown
in Figures D.6 and D.7. The usage factor was calculated in

the above example D-4.1.

Figure D.6 Construction Activity Workshast “B” - An Example

Projact G 3= Orrices fhaze_Edeavation  Censtruseion Patiod_S1e-9fs  Mours of Conacrucrion_ 8

(1} (2) (3 W (5 (8) N (8} 9) (10} (1)
Usaga Total
Activi Equd £ L Dist. L8 Mo # of Unic Unaga Pactor Lo@15a L. 231lina
n..m;!m -r;p.m (.1':‘» o) “(dB) Units Adjuscoenc Factor Adjustmmue  S{di) a3y
@ Exaapanap
Bacom fomh, | Dosgr. | 87 | ¥ | 87 ! o % TH -5 82 82
& uulﬂ.\ur(n
o - 83
F Semm Dower. |87 |17 | 87 ! c -35 4 8%
Figure D.7 construction Acitity Hoiss Worksheet "C" - An Example
Progect__ B e S Sy Shase_ Emcavation Construccion Pariod_ 8. -9y
(1) {2) (3) (&) £} (8 (n (8) [32]
Tozal Est, Total
Agtivity Const. Const, Baskground  Asbient
Hatme Senaitiva Comstruction Lag @ 150 Distance L, Caneribu= Azbiant L.. MNodan Leusl
Land Usw Arsa Activicy Listance {28) Adjustmant (41 tiem Ly, (25 {3 L.q (dB)
Semoon Excavarom of 150 g2 -2 G2
B\llm;-.fmn
BHriom -
Comi@anT o0 225 B3 -161 5.3 — 3
63 54 63
D-10
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D=6 Section 5.3 - Computation of the 24-Hour Average Sound
Level, Lgg(;4)r and the Day/Night Average Sound

Level, Lgn

Illustrative examples of the computation of Leq(zu)
and Lg, are presented below. The basic equations and a scien-
tifie caleculator or the Construction Worksheet "D" (Figure D.8)
and graphs may be used to complete the calculation, fTable D.3
gives the results of hourly measurements of the preconstruction
ambient sound levels and the estimated noise levels emitted

from a construction site uszed in the examples.

D-§.1 Computation of Lgg¢,,) and Ly, Using the Equations

If hourly measurements, such as those in Table D.3,

are available, the following eguation may be used:

24
- 1 L(iy/10
Leg(as) = 10 109, [5% x 121 207 ¢ |

where L ;) is the Lgg for each of the 24 hours of a
day.

Inserting the values from Table D.3 into the

equation:

Leqzs) = 10 log,, [1/24 x (105-8+108-8,  10%-Br10%+9),

1]

10 log,, [1/24 % 6.3 x 107}

10 log,, [2.6 x 106] = 64 aB

Adding 10 4B to the nighttime (2200-0700) hourly sound level
measurements before insertion into the above equation permits

the calculation of the Day/Night Sound Level, Lgp.
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If hourly measurements are not available, and instead
the daytime (0700~2200} and nighttime (2200-0700) average
sound levels, Ly and Ly, and the eatimated aquivalent sound level
fpr construction activity, are available, another equation is

used. The eguation as presented in Section 5.3 is:

}/10

= 10 log,, [f% % (2 x 10Leqtz +

Laq(z4)

(15-2) x 1004720 4 g x 19In/20),
where 2 is the number of hours of construction
activity, and

ig the estimated equivalent sound level
during construction activity.

Lag(z2)

If Lg = 62 dB, Ly = 51 dB and the construction
activity Leqg = 68 dB for eight hours, the equation can be
golved in the following steps:

6.2

Leq(zu.) = 10 10910 [1/24 x (8 x 105.8 + 7 % 10

+ 9 x 1071y

il

10 log,, [1/24 x (5.1 x 107 + 1.1 x 107
+ 0.1 x 107)]

]

10 log,, [1/24 x (6.3 x 107)]

10 log,, (2.6 x 106) = 64 aB

D=12
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D-6.2 Computation of L

eqlza) and Ly, Using Worksheet "D"

The 24-hour Avergage Sound Level can be calculated

with the Construction Worksheet "D" given in Figure D.8 using

the following stepsa:

1)

2)

3)

4)

Count the number of hours at each sound level.
Enter these values, the counts, in Column B
next to its corresponding sound level located
in Column A.

Multiply the counts in Celumn B by the correspond-
ing "Relative Sound Energy" in Column C and enter
the results in Column D.

Add all values in Column D to determine Sum D,
and divide sum D by 24.

Locate the value in Column C that is approxi-
mately equal to Sum D/24. The corresponding
value in Column A ig equal to the average sound
level, Leq(zh) for this period.

Figure D.9 is a sample worksheet using the hourly sound level

measurements in Table D, 3.

Calculation of the Day/Night Average Sound Level

using Construction Worksheet "D," Figure D.8, is very similar

to the method for calculating the 24~hour equivalent sound level.

The only difference is that sound levels for the nighttime

hours (2200-0700) are penalized by adding 10 dB to them before

counting the values. A sample worksheet for the computation of

Lgn using the hourly sound level measurements in Table D.3 is

presented in PFigure D.10.
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TABLE D.3

NOTE:

EXAMPLES OF HOURLY SQUND LEVELS

FOR A CONSTRUCTION SITE

Time of Day

0700~0800
0800-~0900
0900~1000
1000~1100
1100-1200
1200~1300
1300-1460
1400-1500
1500-1600
l600-1700
1700-1800
1800-1900
1300~2000
20040-2100
2100~2200
2200-2300
2300-2400
2400-0100
0lo0-0200
0200-0300
0300-0400
0400-0500
0500-0600
0600=-0700

levels.

D-14

Hourly Average
Sound Levels
dB

68
68
48
68
58
68
&8
68
68
65
66
62
60
58
55%
547*
52*
52%
50*
48*
48*
48™
48%
4g*

Italics indicate construction sound

*10-decibel penalties are added to these
nighttime values for the computation of

Ldn ]
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SCUND
LEVEL RELATIVE RELATIVE TOTAL
4B . COUNT SOUND ENERGY S0UND ENERGY
100 X 100,900 -
X 79,400 -
X 64, 20 -
x 50,10 =
M x 34,80 -
93 X 31,600 -
LI X dr, LU0 -
33 - JU, LAd [
34 ] — 15,300 -
91 X 12,000 -
50 = 10,000 -
43 x s 54 =
% 5,31 -
a7 13 5,0l =
13 x 4,98 -
3 X 4,16l -
X e, 210 -
X » 000 -
x 3 3930 -
Bl x 280 -
] x .0 ]
i X 7 -
ki x g [3
7 % 11 -
i6 x 19 -
i) 3 iib -
T4 x 2431 -
73 * 20U =
1d B3 15§ -
71 X ld -
70 x L -
[¥] x . -
[13 X I -
67 X Su. L -
(11 X 33, -
[ x 31, =
4 X 25, -
k] X 20, =
< x 15.9 =
i X l2.6 -
[1:] X 10, n
HE) x .94 -
B x [ -
. 5, -
x . -
x J.l6 =
- x Z.31 -
3 X 7. 00 =
] x 1.55 =
H = 1.2 =
2 3 1.00 -
4 x 84 =
(Y] x A L -
X - -
x .39 w
x LIl -
x -45] =
43 x ) )
: X 150w
x 1o6 =
] % P )
4 X ki) -
E O8] =
a7 X L0570 =
kL E: 04D 2=
EL] x L0328 =
Sum D Sum D/24
Laqiz41 or Ly, —

Figure D.8 Construction Worksheet "D

D=15
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A ] [» ha
souND
LEVEL RELATIVE RELATIVE TOTAL
d5 COUNT SQUND ENERGY SOUND ENERGY
100 x 100,000 -
g £ 15,400 -
d X 4,100 -
7 X 4 14d =
b % , 300 -
- X J1l, 00 B
X 25, 100 -
X L UO0 =
2 X 15,900 -
; 2, 600 -
1] X 0, Jdd =
LK) X L1 -
X y 31T =
L x ¥, 013 O
X L9380 -
E X +1od -
X 4,310 -
i X 2, 00U ]
£ X , 290 =
X e ehl -
44 ¥ , 000 3
79 X pEE] L]
bk X odl -
17 X 5 a
ki X 394 -
bk * 3 -
7 d X i -
73 X SO0 =
i X 155 -
! X 48 -
X []4) =
X J9.4d [
- X B3, L = T4 &
[ X ad, 1 A
[ I X 35, 3 L] 159, %
5 y] % il.a = TR
“ x a3, L »
k X U, 0 =
! ! X .9 - [EX ]
X 12,8 =
) | % 4.0 - iag
3 % 34 [
> 2 X L 3L -
E X .01 =
] 3. -
] X 4,49 - 3.1
L I X 4.3 - 2.5
3 : X .00 =
H - X 239 = E Y
1 B i L) T
] X 00 - )
7 x L S S
: ] X B = 1.8
A A -1 -
3 X 5 -
X M- =
L X a3l -
3 X i) -
P! X 21 L]
1 [ 1lh -
30 X .10 ]
i X k] -
+d * LUo3 =
17 ® R
6 x Al -
13 X EN =
Sum D 6214 sum py24 _ *O.%
Lag (24 S S ar Ly,
Figure D.9 Sample Worksheet "D" for Caleculation of Leq(ak)
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SOUND
LEVEL RELATIVE RELATIVE TOTAL
4B COUNT SQUND ENERGY SOUND ENERGY
100 X 140,000 - '
EE] x 19,40 L]
EE] x od, L1 =
37 % 50,1 -
gn E3 k] =
g5 X 31,00 [
3 X 33,100 -
Bk X " 20,000 =
g3 X __ 15,900 -
g1 X Id, 600 L]
x 10,400 -
) X 7,340 -
dH X 6,210 =
ki % 3,d1 -
X [1] -
2 X ’ -
X 1) -
J X 1,000 =
P X L, Sy =
% a0l -
X .40 L
7 N E) =
ki) X nl -
i X 501 -
7a X bR} =
bk X ix L]
74 X b -
73 X P{] ]
72 E 13 =
Ji X 12 -
Jo % 1040 L)
3 % 79,4 L]
B X [N - o4 b
X S0, =
8 I X N - 30,8
(1 2 % . = %3, 7
[ ! E . a FI
[ X . a
p. E) % 3.9 - Fi N
X £ - !
[\ 2 E ) = 2.9
g T L ]
.| 4 z 7 S T % 7% .2
57 X 3. -
E % 3. [
33 1 X J.1ib [
3 X 4,54 ]
X . ]
L % - -
x Y- -
E X ] -
E: 134 -
L X LBdl w
-1 -
16 ] C}
3 . i
] =
3 X .2 =
x . k) -
gl ® 128 =
4 U E3 ] -
33 X kEl C
43 X .09 4 £l
37 X —.J8 =
~in K3 o =
38 i LJ3. -
3um 0 40, suem p/2¢ 304
Faqiz4) 02 igp o5

Figure D.10 Sample Worksheet "D" for Calculation of Lan

D-17
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D=7 Chapter 7.0 - Noise Reduction Due to a Barrier

This example illustrates the method used to predict
the reduction in sound level due to a barrier as described in
Section 7.3,

A crawler tractor produces an A-welghted sound level
of 75 dB at a receilver 15 meters (50 f£t) away. A barrier is to
be erected betwesen the crawler tractor and the receiver as
shown in Pigure D.lla. The barrier is 10.5 meters (35 ft) from
the receiver and extends 1.5 meters (5 f£t) above the ¢rawler

tractor.

The A-weighted sound level reduction is determined

as follows:

l) Determine the path length difference {i.e., the
difference between the straight line path from the
tractor to the receiver and the path from the
tractor to the top of the barrijer, then to the
recaiver).

2) Locate this path differaence, .35 meter (1 ft)

on the horizontal axis of the graph in Figure D.1llb.

J) Draw a vertical line from this location to the
curve.

4) Draw a horizontal line from the curve to the
vertical axis, The intersection of this hori~
zontal line and the vertical axis indicates the
value of the reduction in sound level due to
the barrier, about 14 dB.

D-18
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Position of Barrier, Noise Source and Recelver

Bnouoa

= 4,75 meters
= 10.6 meters
= 15,0 meters

19.5 m

.75 + 10.6 - 15,0 = 0.35 meters
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Figure D.11b

A-Weighted Noise Reduction Due to a Barrler as a
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APPENDIX E
CURRENT STATE AND LOCAL NOISE REGULATIONS

The reader should be aware of the numerous state
and loecal ordinances which must be considered in assessing
impact or compliance. The EPA report, "Noise Source Regula-
tion in State and Local Noise Ordinances," 550/9~75-020, 1975,
lists land use noise requlations for over 54 local jurisdic-
tions, and lists approximately 100 more with enabling legis-
lation permitting the development of noise regulatiens. A
summary of the type of regulation and the sound level limits
are provided in tables contained in this Appendix.

The user of thisg manual is strongly encouraged to
obtain noise regulations for the local jurisdiction in which
the proposed project is to be constructed and to determine how
they apply to the proposed project. A careful review of these
documents will provide the proper nomenclature, measurement
procedure, and other information necessary to assess compliance

with local criteria.
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(A1l levels in A-weighted dB unless noted otherwise)

TABLE E.1

STATE LAND USE NOISE REGULATIONS

1

Criteria Maximum Conptinuous (| Max, Nojsg Max,
ll"”d Hé::‘:" Nolse Level Impulse Comitnent
Saate - Ly Ly Lowx |  Noise
1. California || Large B 1-[-76 80 Existing
Alrports A 1-1-76 75 Existing
A 1-1-81 70 Existing
A l-1-86 65 Existing
Small B1-1-76 10 Existing
Airports A 1176 £5 Existing
New 65
Airpotts CNEL
2, Colorado Jam/7pm | Tpm{Tamn
Residential N/§ i5 su Exempts A/C
Ly 65 N/A Exempts A/C
Commersial NfS 60 55 Exempts A/C
Ly 70 NfA Exemprs A/C
Light N/S 10 65 Exempis A/C
Induyst. L, 80 N/A Exempts A/C
Industrial N/S 80 75 Includes raile
L,; 90 NfA t0ad right-of-
wiys,
Jam  i0om
3. llitnola 7am/10pm | 10pm/Tam iOpm  7am
Class A 8.9.73 Lt 11 345 5Q 45 || From Class A
(Resident) *33 45 50 From Class B
*5] *51 57 From Clasa C
Class B £.9.73 *5s N/S 50 45 || FromClass A
{Commar- 51 N/S 57 FromClass B
cial) *66 N/S 57 From Clasa C
A/C - Ajrenaft; RR - Railroad; N/A = Not Applicable;
AP -~ Aitporty; N/S — Not Specified; A ~ After; B — Before

*Estimated from Octave Band SPL, (dB) data
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TABLE E.l (continued)

STATE LAND USE NCISE REGULATIONS
(A1l levels in A-weighted dB unless noted otherwisa)

Criteria Muximwn Continuous fMax. Noise Max,
t!and mnﬁ:m Noisg Lavel Impluse Comment
State e Id Ly L max Nolss
3, Ililnols Jam  l0pm
(Cont) Tun/10pm 109 Tam] {Opm Tam
Class € 8.9.73 *%61 N/S 56 46 From Clas A
(Industrial) *51 N/S sl From Class B
. *70 Nis 65 From Class C
4, Now 7am/10pm |10pm/7am
Jersey Residential || 1418-74 65 55 80 Also Qctave
.76 50 80 Band Lavels
Commercial 65 80 Also Octave
Band Levels
5. Oregon Tam/10pm [10pay/Tam Includos opera-
All Private &0 55 tion of 3l motar
Property vehicles,
A/C - Aircraft; RR -~ Railroad;
AP = Airports; N/S ~— Not Specified; A = After; B — Before

*Estimmated from Octave Band SPL (dB) data’
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TABLE E.2

SUMMARY OF LOCAL JURISDICTIONS WITH CONSTRUCTION NOISE REGULATIONS

Construction Site Conatruction Equipment

Communi ty Regulaticn Operation Sale

Baltimere, Md. X
Boston, Mass, X
Broward Co., Fla. X
Chicago, Ill. X
Cleveland, Ohio X X
Colorado Springs, Col. X
Caok Co., Ill. X
Des Plaines, Ill. X
Fort Collins, Col. X
Framington, Conn, X X

X

Grand Rapids, Micl.

Helena, Mont. X

Kalamazoo, Mich, X

Notes
exempts enmergency work

includes agricultural and
mercial equipment

includes agricultural and
mercial equipment

excludes pile drivers

includes agricultural and
mercial equlpment

includes agricultural and
merclal equipment

includes agricultural and
mercial equipment

com=

com=-

com-

COl~=

coty=-
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Communi ty
King Co., Wash,

Lakewood, Calif.
Louisville, Ky,
Madison, Wis.
Minneapolls, Minn.
Montgomery Co., Md.

New York, N.Y.
Newarlk, N.J.

Palo Alta, Calif,
Pausadena, Calif,
Rochester, Minn,
Saint Paul, Minn,

Salt Lake City, Utah

San Diego, Calif,

pry
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TABLE E, 2 (continued)

Construction Site

Congtruction Equipment

Regulation " Dperation Sale
X
X
X
X
X
X
X X
X
X X
X
¢
X
X
X

Notes

includes agricultural and com-
mercial equipment

uses industrial zoning levels

includes farm tractors

includes air compressors and
pavement breakers

alr compressors and pavement
breakers only

includes agricultural and com-
mercial equipment
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TABLE E.2 {(continued)

Conatruction Site Construction Equipment

Communitz Regulation Operation Sale Notes

San Francisce, Calif, X X exenpts impact tools and
emergency construction

Savannah, Ga. X exenpts impact tools

Seattle, Wash. X

Toledo, Ohio X exempts emergency construction

Colorado, State of X uses industrial zoning sound
levels

i
X only near multiple dwellings

=) New York, State of
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TABLE E.3

SUMMARY OF LOCAL JURISDICTIONS WITH LAND USE REGULATIONS

Community dp# Octdve Band Other Notes

Amarilio, Tex. X old octave band (requen-
cies

Anghelm, Calif. X general regulation- not

. by zones

Baltimore, Md. X cotrections for time
duration

Bellevue, Wash, X

Boston, Mass. X

Broward Co., Fla, X

Colorado Springs, Colo. X

Columbiz, 8.C. X old octave band frequen.
cies

Cook Co,, Il * X X

Coral Gables, Fla, X

Chi¢ego, Iil, X

Dayton, Ohlo X

Fremont, Cafif. X maximum levels in (20-
300Hz, 300-2400, > 2400)

Grand Rapids, Mich. X X

Honolulu, Hawail ’ A old octave band frequen-
clos

Inglewood, Calif, X

Kansas City, Mo, X old octave band frequen:
cles '

Kalamazoo, Mich. X includes rallroad right-
of-way

Lakewood, Caio, X mavimum Jevels in dB

Los Angeles, Calif. X '

Las Vegas, Nev. X maximum jevels in dB

Madison, Wisc. X maximum Jevels in dB

Mason Co., Wash, X maximum [evels {n dB

Miami, Fla. X old octave band frequen.

cles

* A-Weighted Sound Level
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Table E.3 (continued)

SUMMARY OF LOCAL JUISDICTIONS WITH LAND USE REGULATIONS

Octave Band Other

Community dB* Notes

Milwaukee, Wise, X

Minneapolis, Minn. X

Now Orleans, La, X old octave band frequen-
cies

Niskayuna, N.Y. X maximum level In dB

Qakland, Calif. X

Pawtucket, R.L X

Pasadena, Calif, X maximum levels in dB;
tine corrections

Pontiae, Mich. X maximum levels in dB

Orlando, Fla, X old octave band frequens
cies

Racine, Wisc. X maximum levels in dB

Richland, Wash. X ald octave band frequen-
cles

Salt Lake City, Utah X corrections for time
duration

San Diego, Calif, X

San Francisco Calif. X

Silverton, Ore. old octave band frequen-
cles

Springfleld, Mass. old cctave band frequen-
cies

Tacoma, Wash. old octave band frequen-
cles

Tortance, Calif, X maximuen levels in dB

Warwick, R.L X old octave band fraquen-
cies

Westland, Mich, X maximum levels [n dB

Winston Salem, N.C. X old octave band frequen-
cles

Virginia Beach, Va, old octave band frequen.
cies

*A—Weighted Sound Level
E-8
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TAELE E.4

SUMMARY OF LOCAL JURISDICTION

INTRUSIVE NOISE SOURCE REGULATIONS
(A1l levels in A-weighted dB unless noted otherwise)

Criicria s Operstions New Sales
Nobe Source Max, Meas, EfffMig Aceepl,
Jurisdiction Du:tlplion_ Level Dist. Dm_ Level Comments
1. Arzona,
Tucson HWC TdBC sof.
2. Califomia,
&) Dutbank M/E 50 Residentid—10 pm7 am
‘ 60 Residential=7 am-10 pm
0 Conunerclal-mytime
‘ 5 All Other-anytime
&) Downey Outdoot E/E < PL Abave Amblent
<} Inglewood HW.C, <30 300 {8, ' ,
M/B 4} FL Above Amblent
d) San Diego Outdoor BfE <30 s0ft. 10 see, durationf10 min.
H,We . L 300 1t. ‘
Rafuss Yehicla 16 sor Al12311
Refusa Vehicls B - 50 ft. A12.31-.17
Power Model Vehicls <3 Abave Zoning Amblent
) San Francisco |  Refuse Vehicle 1] 501t Ad1873
] 0f. AX1878
Bower Model Vehicle L son. Ad1EN
] o A¥1878
Hw.C <78 P/L
£ Tarranca HWe <30 300 fe, .
E/B; M/E <3 Pii. Abova Ambient
3. Colarado,
Lakewood LINE L] 5N,
4. Florida,
3) Meoward Co. Outdoor E/B 80 an Industrin] Ares
k] 8. Dusiness/Commerclal
Prahibited Resldenud

H-Horna; W--Whistles; C--Claxons; M/E~Fans, Al Canditioness, Etc.; PfL—~Property Line; E/E~Elestronis Equlpmem,
LIR/E-Light Residential Equipment
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TABLE E.4

(continued)

SUMMARY OF LOCAL JURISDICTION

INTRUSIVE NOISE SOURCE REGULATIONS
' {All levels in A-weighted dB unless noted otherwise)

Criteria. _ Operations New Sales
Nokse Source Max. Mens, Eff/Mig Accept.
Jutadictiow Description Level Diist, Dtz Level Comments
4. Florida {Cont.)
b) Comnl Gables | M/E <60 154 Or 15 ft. from P/L
+ €} Hollywoad M{E <60 Pflor
15 Whicherer [s greater
5, Lilinols,
4) Chlcago LIKE 00n, AL 72 74
10 ft, AL175 0 '
500 Al.1.78 3
b) Cock County{ L/R/E 50 ft, b1-1-75 7+
501t A L1475 70
G All-78 65
€} Mazengo M{E <5 Above Amblent
M/E < 5dB Any Octave Band re Amb.
H <h9 30011,
B <1s ML Aboro Ambient
<50 RadiofTV In Residenual Z
6, Indiana, .
Indianapolis EE * <ﬁg‘é
7, Maswchusetts,
Boston L/NE 500 A 172 74
A 178 70
A 1178 65
8. Michipan, ]
Grand Raplds L/RE 5011, AT1.73 88
o, Al-118 6
5011, AlL80 B0

H-Horns; M/E~Fas, Alt Conditioners, Etc.; P/L~Property Line; EfE~Electronic Equipment; L/R/E~Light Rexdenua!

Equipment

E-10




TABLE E.4 {(continued)

SUMMARY OF LOCAL JURISDICTION

1 . INTRUSIVE NOISE SOURCE REGULATIONS
(All levels in A-~welghted dB unless noted otherwise)

H
P Criteria Cperations New Sales
i Noise Source Max. [Meas EfIiMIy Accepl,
t Juchdictio Desctiption Level Dist. Daite Level Comments
i ;
b 9, New York,
| New York City| HW.C 75 PLA(R 1974 75
i o= Emerg. Vehicles 90 - S0 fe.
P M/E 45 3 Inside nearest open
o Refuse Vehicla 104t AlLI4 10 window of dwelling
: . afTected
; 10, Unah, — :
o SaltLakeCity | L/R/E 501, Al ™
t o f, AL 70
S : 50fe. Al 65
i Hwo <90 0h Unless danger signal
o .
11, Whconsin,
1) Madison L/RJE < Shp k] s0ft,
i L/R/E - 3.20hp 18 0. .
|.. L/R/E > 2hp 1 sa ft. .
b) Milwaukes M/E (Alr Cond, In D605 Specified inoctave bands
= Residentlal Aren) N&0.5 Violatlon if >5dD an;
i band :
- N
¢) Racine Alr Conditoning <5 Over ambient in slecp-
e Residential Area Ing roam of adjacent
S dwelling_
. E/8 <3 Above unbient in any
adjecent dwelling
i
- H—Horu; W~Whistles; C~Claxons; M/E~Fans, Alr Conditlonen, Ele.; EfE-Electranlc Equipment; L//E-Light Rerldential
Equlpment; D=-Day, N=Night
it}
P
| E-11
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TABLE E.S

MISCELLANEOUS NOISE REGULATIONS

Aspen, Colorado }
Boulder, Colorado

Clifton, New Jersey

Glenville, New York

Indianapolis, Indiana

Marengo, Illinois

Pocatello, Idaho

Specifies a limir of B0 dB, A-weighted, at
2% ft from noise source or 25 ft from the
property line on which the noise acurce is
located.

Any source of sound is in violation if it is
more than 10 dB above the ambient in daytime
(7 am to 10 pm) and 5 dB above the nighttime
(10 pm to 7 am) ambient,

A source cannot exceed 70 dB at the property
line.

General limit of 115 dB, C-~weighted.

Less than 70 dB, A-weighted, or 70dB in any
octave band within 200 ft of a school, hos-
pital, or churxch.

General regulation - lesa than 92 dB,
A-weighted, at 20 ft.

Enclosed Places of Entertainment

Lakewood, California

Salt Lake City, Utah

A~Heighted Sound Levels

8 hrs - 90 dB 2 hrs - 100 dB
6 hrs = 92 dB 1 hr - 105 dB
4 hrs -~ 95 dB 30 min - 110 dB
3 hrs - 97 dB 15 min ~ 115 dB

Less than 100 dB, A-weighted, or provide
a warning sign.
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