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PREFACE

In eariy 1976, the Federal Highway Administration {FHWA) initiated
a two-part program designed to study, evaluate and provide guidance in
the area of construction noise, Part one was a short-range effort to
prepare a manual for use by highway oriented groups and individuals
in coping with construction noise during the various stages of project
development. The manual would be a state-of-the-art review dealing with
measurement, prediction and mitigation. Part two was the sponsorship
of a workshop on the mitigation of construction noise. The purpose of

the workshop was to develop long-range strategies for contralling
construction noise,

This manual represents the completion of part one of the program,
This manual does not represent FHWA policy. It is an attempt to. summarize
the rapidly evoiving technology in controlling and mitigating construction
noise. Tiis manual represents a logical starting point into the evaluation
and control of highway construction noise. Users of this manual are
encouraged to update this material as better information becomes available.
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CHAPTER 1

1.0 BACKGROUND

In our ever expanding guest for an {improved environment, we are
concerned with the evaluation and control of transportation noise. For
saveral years, Federal, State, and local attention has been directed
toward operational noise impacts resulting from the operation and move-
ment of transportation vehicles. Recently, considerable concern,
particularly in urban areas, has been focused on the construction noise
associated with the development of the transportation facility. This
manual deals specifically with the measurement, prediction, and mitigation

of highway construction noise.

1.1 EVALUATION AND CONTROL OF CONSTRUCTION NOISE

In order to evaluate and control highway construction nojse, the
following information must be known:

1. The existing noise environment.

2. The expected construction noise levels.

The criteria that relate the existing noise environment and

3&
' the expected construction noise levels to human responses.

Mitigation strategies that can be used to contrel the
construction noise.

The first three 1tems are used to evaluate the noise associated with

the construction of the highway to see if a noise impact does exist,
If a noise impact does exist, the last item provides mitigation strategies

that can be used to control construction noise.

4.

1.2 CONSTRUCTION NOISE CRITERIA

Section 1.1 indicated that criteriz were needed before constr%ction
While

noise impacts could be quantified in terms of human response.
progress is being made in this area, criteria for evaluating construction
noise have not been developed. It appears that several years will

elapse before such criteria are established. In the interim, the user
of this manual must select his own criteria. In selecting such

criteria, the following factors should be considered:

1. The difference between the existing noise environment and
the expected construction noise levels.



2, The absolute Tevel of expected construction noise,

[#5)

. Adjacent land uses.

-

. The duration of construction.

1.3 NOISE METRIC

While it is not possibie to provide criteria for evaiuating
construction noise impacts, a noise metric must be selected which can
be used to describe noise levels. A noise metric to describe construction
noise should meet the following criteria:

1. It should be an easily measurable quantity.

2. It should account for the temporal variations in the
noise levels of individual pieces of equipment.

3. It should account for the temporal variations in the overall
noise level (site).

4, It should be an easily predictable quantity.

5. It should relate to people's subjective responses to
construction noise.

The metric chosen for use in this manual is_the hourly, A-weighted
equivalent sound level (energy basis), Lgg{h). This metric satisfies
the first four requirements. It may also'satisfy the fifth requirement,
but there 1s not enough information presently available te select any
metric on this basis.

1.4 MANUAL ORGANIZATION

Chapter 2 discusses noise measurements. Unfortunately, only
limited measurements of highway construction noise have been made.
The data availabhle in the literature are often quite vague on what
noise levels were measured and how they ware measured. While measurement
procedures are being developed, they have not yet evolved to the peint
where they have been standardized.

In Chapter 3, a prediction procedure is presented. The prediction
procedure describes a method that can be used to calculate the noise
levels resulting from a construction operation. It also permits the

evaluation of alternative strategies to control the noise level.

(18]
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Chapter 4 discusses mitigation metheds and techniques. Methods
of lessening the impacts of noise produyced by construction activities
are outlined, ranging from equipment modification to community awareness.
Included in this chapter are examples of regulations or specifications
that may be used in controlling construction noise. The sample spec-
ifications have been devised and used by various agencies to abate
construction noise. In some cases, the construction noise specifi-
cations are not strictly highway related, but may be applicable {in many

situations.

Appendix A lists noise levels for various types of construction
machinery. This section gives the reader a very basic indication as to
the wide range of noise leveis produced by different individual pieces
of equipment. It should be noted ‘that the levels provided in Appendix A

are peak values based on limited data. Users of this manual are
encouraged to supplement, refine, and update these values.

?ppendix B provides the measurement procedures referenced in the
manual.



CHAPTER 2

NOISE MEASUREMENTS

2.0 BACKGROUND

At e e

Excluding Occupational, Safety and Health Administration {OSHA)
requirements, noise measurements related to highway construction are
generally made for only one purpose: to obtain information needed to
jdentify, evaluate and mitigate highway construction noise impacts.
Basically, three types of information may be needed:

1. The existing sound jevels in the vicinity of the project
prior to the start of construction.

2, The sound levels generated by the individual pieces of
equi pment.

3. The overall sound levels associated with the construction
of the project.

Obviously, the amount of fnformation needed will vary from project
to project. Im some environmental assessments, it may be possible to
obtain all of the information needed without any measurements.

in this manuail, all of the information needed to identify and
evaluate highway construction poise impacts is expressed in terms of
the hourly, A-weighted, equivalent sound level, Lgg(h). Although
equipment {5 available that will measure this metr?c directly, this
manual assumes that only a hand-held sound level meter (SLM) is
avajlable, Therefore, it will be necessary to record the instantaneous
sound levels measured by the SLM and compute the Legq(h). This is
illustrated graphically in Figure 1.

This approach was chosen for two reasons, First, 1t was felt that
the hand=held SLM was in more common use than the Leq meters among high-
way agencies. Secondly, standardized measurement procedures for
construction noise are now under development by several national and
international organizations. Unfortunately, these organfzations have
not adopted a standard metric to describe construction noise, Use of
the Lan(h) permits the use of the measurement procedures that have been

developed to date and allows data comparisons to be made using a common
metric,
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CALCULATED Lgq(h)

X—MEASURED INSTANTANEOUS SOUND LEVELS

SOUND LEVELS
{dBA)

TIME (MINUTES) t=60

Figure 1: Sound Level Versus Time

The remainder of this chapter discusses measurement procedures that
can be used to measure the existing sound Jevels (Section 2.1}, the
sound: levels of individual construction equipment (Section 2.2), and the
overall construction sound level (Section 2.3). Each section will define
the sound level being discussed, indicate when the measurements are made,
what uses are made of the sound levels, and how they are measured,

2.1 EXISTING SOUND LEVELS

Ex1st1ng sound levels describe the acoustical environment prior to

modification of an existing highway or construction of a new one. The
ex1sting sound levels include all natural and manmade sounds present at

the site.

Information on existing sound levels is routinely developed during
the noise studies for a highway project. If the project involves the
reconstruction of an existing highway, or if the new project is located
near another highway, and if the existing sound levels are predominantly
due to highway traffic, the Leq(h) can be computed. This can be done




using the traffic noise prediction models. In other situations, sound
level measurements are needed to quantify the existing acoustical envi-
ronment. In either case, the information on existing sound levels is
normally developed in the early stages of project development, often
years before construction of the project is started. In some situations,
1t may be necessary to reevaluate the existing levels prior to the start
of construction,

The existing sound levels serve as a reference where the magnitude
of the increase in sound levels, due to some changed highway condition,
is indicative of the degree of impact. Construction noise impacts can
be expected whenever the expected sound Tevals significantly exceed the
existing sound Tevels,

Chapter 3 of the text!, "The Fundamentals and Abatement of Highway
Traffic Noise," discusses environmental or existing noise measurements.
Information is provided on the use of sound Tevel meters, the selection
of measurement sites and when the measurements should be made. In addi-
tion, a detailed measurement procedure is provided for determining and
recording the existing instantanecus sound levels. Based upon these
sound level observations, a procedure and a criterion are given which
insure computation of a statistically valid Lip for the time interval
over which the measurements were made. Although this time interval is
generally shorter than one hour, it {s assumed that the sound levels are
cqnita?ﬁ)over one hour and the calculated Ljg value is representative of
an 10 L]

Once a statistically valid L1g(h) has been obtained, the Leq(h) can
be calculated as fo]Tows{ 1o(h) eq

1 Lit1o

N
Legiht =10 log & o 10

i=1 (2-1)

Where Leq(h) is the hourly, A-weighted, equivalent sound Tevel,

N 1s the number of sound Teve! readings taken to obtain a
statistically valid L1p.

ny 1is the number of sound level readings in the ith class.

L; 1is the level of the ith sound level reading taken during the
measurement period.



SOUND LEVELS (dBA)

Problem No. 1; Compute the Leqth) of the sound lavel readings shawn in figure 2,

Lo=49 T1dBA
Lyg Criterion met after 50 samples

e, |

=

§ -9 1s,]
1

LS
=%
1)

0 20 30 40
NO. OF OCCURRENCES

Figure 2; Noise Leval Roadings
{Source: Sketch 3.4, page 3.9, Fundamentals and
Abatement of Highway Traffic Noise)

N
Solution: Logth) =10 log = X n; 10410
i=1

Logh) =10 Iogg}[z (8)(10%9/10) 4 (27)(1097/10) +c151(1o45“°)]
=10 log 2463010/80 = 10 log 49260

=47 dBA



Problem No. 1: {Continuad}

Alternately, the following procedure could be used,

Tabile 1; Alternnte Computation of Lsq by <IB Additian

Measured No. of dB Sum
Sound Level Occurrences 101eg N L+10lag N {dB addition}
L
49 8 9 58
47 27 14 61 64
45 15 12 57

Leqth) =dB Sum~10iog N

=64-17=4740A



Sound Levels {(dBA)

Problem No, 2: Carnpute the Lyg(h) of the sound level readings shown in Figure 3.

Lig =47 £3 dBA

80 Lqp Criterion met after 200 samples
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10 20 30 40 50
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Figure 3: Noise Level Readings

{Sourca: Figure 3.2, Fundamantals and Abatament
of Highwiy Traffic Noise}

Solution:

N
Lol =10log &= % n. 10410
q N 1

i=1

= 10 log 5 [£11088/19) 4 (2)(10%519) + (1083/19)

- +“059a'101+(1057n'10)+l2u1055”01
+{1653710) +(2)(1051/10) + (3)0104/19)
+N1077710) ¢ (10110%5/ 10 4 (&) 10743/ 19)
F17H10%710) 4 128)(10%%/ 10} 4 (461110777 10)

+(43)(10%5/10) 4 25)(10%¥/10) + (3)(107/10) ]

=10 Iog-é!ﬁ (20563972} = 10 log 102820
—50.1 dBA [Note: Lyg-Lyq = ~3.1 dBAI



2.2 CONSTRUCTION EQUIPMENT SOUND LEVELS

In this manual, construction equipment sound levels are the sound
levels emitted by the equipment under actual field operating conditions.

Canstruction equipment operates under two primary modes - mobile
and stationary. Mobile equipment such as dozers, scrapers, graders,
etc., operate in a c¢yclic fashion in which a period of full power is
followed by a period of reduced power. Stationary equipment can be
subdivided into two groups. One group contains such ftems as pumps,
generators, compressors, etc., and generally operates at a fixed power
and produces a fairly constant scund Tevel under normal operation. The
other group contains impact equipment such as pile drivers, jackhammers,
pavement breakers, etc. Figure 4 shows typical idealized graphs of
instantaneocus sound levels as a function of time under field operating
conditions for each group. This figure also indicates that the variations
in sound levels are actually a function of the work cycle.

Data on equipment sound levels can be obtained by two methods:
review of current technical publication and by measurements, Information
on equipment sound levels being published in technical publications
should be used with caution, These values are often peak values and must
be adjusted to account for the variations in sound levels over the work
cycle, Appendix A presents information on peak sound levels developed by
the American Road Builders Associatjon (ARBA). These values, once they
are converted to Leqlh), are suitable for use in the environmental assess-
ments conducted in project development. Appendix A also provides L,
values for air compressors developed by EPA. Accurate equipment souﬁd
levels can best be developed by measurement, These values can be measured
at any time, and if the equipment is well maintained, need only be
measured once, Detailed evaluatfon of mitigation strategies generally
require accurate equipment sound levels.

Equipment sound ievels have two basic uses:

1. They provide overall sound levels that can be used for
comparing the noise emission levels from different makes
or models of equipment,

2. They can be used as emission models in noise prediction
models.

To maximize their usefulness in these functions, the sound level must
be in terms of the A-weighted, equivalent sound level measured over the
equipment's work cycle., This requires a different measurement procedure
for each of the three groups of equipment shown in figure 4,
Unfortunately, standardized measurement procedures have not yet been
developed. Until they are standardized, the following procedures cap

be used:
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NOISE LEVEL

NOISE LEVEL

NOISE LEVEL

WORK
CYCLE

{a) MOBILE EQUIPMENT TIME

"'—‘-—/—w
WORK

!
[ CYCLE "

TIME .
(b) STATIONARY EQUIPMENT :

 WORK
T CYCLE

TIME
{c STATIONARY EQUIPMENT —IMPACT

Figure 4; Sound Lavel Versus Time
far Construction Equipmant
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MOBILE EQUIPMENT

The Society of Automotive Engineers (SAE) test, J88a, "Exterior Sound

Level Measurement Procedure for Powered Mobile Construction Equipment,"
sets forth a procedure for measuring the exterfor noise level for the
certification of construction equipment, The sound Jevels obtained dur-
ing these tests "...are repeatable and are representative of the higher
ranges of noise levels generated by the machinery under actval field
conditions, but do not necessarily represent the average sound level over
a fleld use cycle." Figure 5 illustrates the differences between the

SAE J88a sound level, the instantaneous sound levels produced by the
equipment, and the equivalent sound Tevel. Thus, the first steps in
datermining the equivalent sound level of the eguipment is to measure the
sound level using the SAE JB88a test procedure. A copy of this procedure
is included in Appendix B.

MAXIMUM 1 APPROXIMATE SAE J8Ba
INSTANTANEOUS SOUND LEVEL (L5} SOUND LEVEL (L))
SOUND LEVELS

L N[

7T

o ta 1B _} EQUIVALENT
T SOUND LEVEL (Lyg)
1. WORRK CYCLE o

MINIMUM
SOUND LEVEL (Ll®

SOUND LEVEL

TIME {t}

D —

Figure 5: Sound Level Versus Time at 15.2m
1. The maximum sound level {Lm) measured during the duty cycle is assumed
to be approximately equal to the SAE 18Ba Sound level (Lj) when Lp is
measured at 15.2 meters.

2. The minimum sound level {Ly) is measured during the duty cycle at the
same distance as Ly. In tﬁis figure, it is at 15,2 meters.

12



; To convert the SAE JB8a sound level, Lj, to an Leq, the time spent

| at the various sound levels must be accounted for. Since mobiie

equipment produces an instantanecus sound level curve that is rectangular
in form, an approximate Leq(h) can be calculated as follows {see Figure 5}:

- 1a10Lm/10 4 1p1gke/10 (2-2)
Leq‘h) = TO Iog[ tat 1 ]

Since Ly =~ L; equation 2-2 reduces to

Leg(h) = Lj+ 10 1og 42 + 10 log (1+42 10~Itm~Le10)

E Whera: Lag{h) is the A-weighted equivalent sound level assuming that
! tﬁa work cycle is repeated continuously over a one~hour period.

Lj 1s the sound level measured using the SAE JB8a test procedure.

cycle.

|

’ ta is the time spent at the maximum level (Lm) during the work
i
§ FW is the maximum sound level (approximately = to Lj).

'i:> Ly 1s the reduced sound Tevel of the work cycle.
. tp is the time spent at the reduced sound level.

T 1s equal to tz + tb and represents the work cycle fime.

In this manual the expression

10 log%+10 !og[1+% 10'“‘“'1'*’”10] (2-3)

will be called the equivalency factor (E.F.).

Therefore, equation 2-2 reduces to

Legtht = Lj+E.F. (2-4)

Table 2 contains E.F.'s based on the difference beiween the maximum

and minimum sound level, Ly and Lb, and the percent of time spent

: at the maximum level. Lm and Lb can be measured at any distance,

i but both values must be measured at the same distance. Note

! that Lm is approximately equal to Lj when Ly is measured at 15.2 meters.
This procedure was chosen because it allows the calculation of Lj by a

i 13



standardfzed procedure that is readily available. The measurements of
the absoTute levels for Ly and Lp are not critical since the maximum
difference {Ly ~ Lp) Is tﬂe parameter needed.

Table 2: Equivalency Factors (E.F.) in dBA

ta/T

Lm-Lb

i o | ol o0

i 2 |-2)-2) -1 -1 -1} =1]-1] 0 0

5 83 | -3 -2 -21 -2|-1{~-1] =-1] 0o o
4 | -3( -3 -2 -2 -2 -1 -1 -1 0

-2 1| -1] o
-6| -5 ~4 -3| -2 -2| -1 -1 0

-7 | -8 4| -3| 2| -2| 1| -1 0

(=] o« ~& L2 152
|
=2
!
E-N
|
E-N
1
(1™}
[
[X]

1M |-8]-6|-a|-3|-3l-2|-1]-1{0
12|-8{ -6| 5| -4| -3 -2]~-1] 1] 0
13)-8|-6|-5|-4|-3|-2]-1{-1]0

14 |-9| ~6f-5|-a|-3| -2 -1(-1]0

1.
=

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

15 -9| -7 -6 ~4/{ ~3| -2 -2] -1 0
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Thus, to obtain an Leq(h), the following steps can be used:

1. Determine Lj using the SAE J88a test procedure or use the
sound level given in Appendix A. (Note: The ARBA's sound
levels in the Appendix are peak values measured at 15.2 meters
and are approximately equal to Lj. The EPA values are Leg
values and need no adjustment.)

2. Measure the maximum {Ly} and minimum (Ly) sound levels of the
equipment in the field, at the same distance and concurrently,

measure the time spent at these Tevels,

3. Subtract the minimum fram the maximum sound Tevel
(approximately Ly - Lp) and compute the time the
equipment operates at {ts maximum sound level over the cycle

{ta/T).

i
l 4, Determine E.F. from Table 2,
! §. Compute Leq(h) using equation 2-4.
]
e

)
[—
!
_§ Problem No. 3: Compute the Lyq(h) for a D-8 dozor which has an Lj of 92 dBA. Under a
‘ normsl work cycle, the dozer operates at a maximum sound level of 81 dBA for 30 seconds.
: This is followed by a reduced level of 70 dBA for 20 secords.
. Selution:  Lgqth) =L;+EF ,
i Ln—-L,=81-70=11dBA {Step 3)
i ta/T=30/80=.6 {Step 3)
i . From table 2, E.F.= -2 {Step 4
! Loglh) =92-2=90dBA {Step 5)
|
!
?
H
i
. ﬂ—"".
\—



STATIONARY EQUIPMENT-

The procedure used to determine the Laq(h) for all stationary
equipment, except impact equipment, is iden%ica] to that used for
mobile equipment with one exception. For stationary equipment, Lj s
measured using SAE J952b, "Sound Levels for Engine Powered Equipment."
A copy of this procedure 15 included in Appendix B.

STATIONARY EQUIPMENT ~ IMPACT

There are no current procedures for measuring the Leq(h) for impact
equipment. The measurement of sound levels for this type of equipment
will require an impulse sound level meter. It is suggested that the
instantaneous sound levels be determined over an extended period with
particular attention given to peak values and that Lgq(h) be computed
from this curve. The measurement setup should conform to that used
in SAE J952b, Additicenal information in this area will be developed
3y the Federal Highway Administration (FHWA) and furnished at a later

ate.

2.3 DVERALL OR BOUNDARY NOISE LEVELS

Overall or boundary noise levels are the resultant sound levels
produced by a particular construction operation at some point outside
the construction site boundary. These values represent the sound levels
heard by the community.

The construction of a highway is accomplished in several different
phases. These phases can usually be characterized by the following:

1. Mobilization
2, Clearing and grubbing
3. Earthwork
4, Foundations
5. Bridge Construction
6. Base Preparation
7. Paving
8. Cleanup
Each of these operations occurs over some period of time. A simplified

construction schedule using the above phases is presented in Figure 6.

16




{3) EARTH WORK . (6] BASE PREPARATION

@ / jm

) GRUBBING - - - = T8
CLEANUP
MOBILIZATION

<
{4} FOUNDATIONS (5) BRIDGE CONSTRUCTION

| ,2 4 6 8 10 12 14 16 18 ,20 22 {24
TIME (MONTHS)

Figure 6: Simplified Construction Schedule

Each phase will have its own noise level. Thus, the expression
"construction noise" {5 rather meaningless unless ft 15 expressed as the
noise level during some phase of the construction operation.

Obviously, overall or construction noise measurements can only be

made after construction starts. These values can be used for the

following purposes:
1. Assessing construction nojse impacts,
2. Evaluating the effectiveness of different mitigation strategies.
3. Enforcing noise control regulations.
4. Evaluating the accuracy of noise predictien models.

Draft No. 7, “SAE Recommended Practice: Measurement Procedure for
Determining a Representative Sound Level at.a Construction Site Boundary
Location," can be used to compute and approximate Laq. A copy of this
procedure is included in Appendix B, Users of this %anua] should
recognize that this is a draft procedure.



CHAPTER 3

PREDICTION OF CONSTRUCTION NOISE

3.0 BACKGROUND

The purpose of this chapter is to present a prediction methodo~
logy that can be used to estimate the construction noise levels associated
with the construction of a highway. This prediction methodology serves

two useful purposes.

1, It provides a mechanism for identifying potential noise
impact areas prior to the start of construction.

2. It provides a mechanism for assessing the potential noise
reduction resulting from certain mitigation strategies.

To completely fulfill the first purpose, the prediction methodology
must provide as accurate an estimate of the construction noise level as
the situation warrants. For exampie, during the early stages of project
development, only a rough estimate of the expected construction noise
effects 1s needed. This estimate is used to define general areas where
construction noise may have an adverse effect, Conversely, a contractor

‘preparing a bid on a project may need an accurate estimate of the expected

construction noise levels. This estimate may indicate the extensiveness
of abatement measures needed. This would likely influence the bid the
contractor will submit.

To completely fulfill the second purpose, the prediction methodology
must be sensitive to changes in the input parameters. This sensitivity
allows the evaluation of those strategies for mitfgating constructfon
noise which are affected by the fnput parameters. Indeed, a knowledge of
the relative effects of various mitigation measures will aid in the
selection of the most cost effective abatement measure oy measures.

The remainder of this chapter is organized into three sections.
Section 3.1 presents the construction noise prediction methedology.
Section 3.2 discusses how the prediction method can be used to identify
construction nojse impact areas. Section 3.3 deals with the evaluation
of alternative measures,



3.7 CONSTRUCTION NOISE PREDICTION METHODOLOGY

The basic methodology presented here for predicting construction

noise is fdentical to that used in predicting highway traffic noise.
It requires:

1. A noise metric to describe the magnitude of the
construction noise level and its variation with time.

2. An emission model to determine the noise generated by
the equipment at some reference distance.

3, A propagation model that shows how the noise level will
vary with distance.

These three items can be related by the following expression:

Loq equipment = E.L.+10log U.F. -k log D/Dg (3-1)

Where:

Log equipment is the A-weighted, equivalent sound Tevel at a
regeptor resulting from the operation of a single piece of
equipment over some time period. '

E.L, is the noise emission Tevel of the particular piece of
equipment based on jts work cycle, j.e., recall egquation 2.4z
E.L. = L+ E.F. @ 15.2 meters (Dp = 15.2 meters)

K 1s a constant that accounts for topography and geometric
spreading.

D is the distance from the receptor to the piece of equipment.

Dp is the reference distance at which the noise emission level
was measured from the piece of equipment,

U.F. s a usage factor that accounts for the percent time that
the equipment is in use over the time period.

Our primary interest lies in the overall construction noise
Tevel produced by the simultaneous operation of several pieces of
equipment. The overall construction noise level at some point is

simply the sum {on an energy basis) of the individual contributions of
each piece of equipment. Mathematically, the overall construction noise

fevel at some point 1s expressed as:

Lggfh) site=10 log 3 10 ealeaunmenti/o
i=1 {3-2)
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Where: Leq equipment is given by equation 3-1.

Leq site is the A-weighted, overall equivalent

construction noise sound level obtained by sumning the

individual equipment noise levels on an energy basis, and

n is the number of pieces of equipment included in the summation.

The accuracy of Equation 3«2 depends upon the accuracy of the
input parameters. This 1s shown in Tabie 3.

Table 3; Estimate of Accuracy of Pradiction Method

E
r PROJECT STATUS ASSUMED ACCURACY OF
| PARAMETERS ESTIMATE *-
! (dBA}
!
} Environmental Studigs Equipment, E.L,, 'Unknown
‘ K. D. U.F,
i
: PSEE Preparation Equipment, E.L,.* Unknown
i K., D., U.F,
Contract Award K., U.F. + or—5
Under Construction None +or -2

* Maximum vatues may be specified in plans,
** Estimate basecf on limited data (see references 3, 6, 7, and 8],



Equation 3-2 can be used to identify potential construction noise
impact areas or it can be used to evaluate various mitigation measures.

3.2 IDENTIFICATION OF POTENTIAL CONSTRUCTION NOISE IMPACT ARFAS

_Equation 3-2 can be used to identify potential construction noise
impact areas by providing an estimate of the expected construction
noise Tevel. The accuracy of this estimate is directly related to the
accuracy of the input parameters. This can best be shown considering
the two extreme situations, that is, where equation 3-2 provides its
Teast accurate estimates and when it provides its most accurate estimate.

Least Accurate Estimate

For projects not under construction, equation 3-2 can he used
to provide a rough estimate of the expected construction noise levels,
Equation 3-2 provides its Jleast accurate estimate when conditions or
values must be assumed for all of the input parameters, This generally
occurs during the early stages of project development. In an example
of this situation, the following assumptions are used,

1., One hour is selected as the time period of interest.
This is reaspnable since most construction equipment
operates continuously for & one-hour period; the usage
factor (U.F.} then becomes unity and 10 iog U.F. is
equal to zero.

2. Free field conditions are assumed, ground effects are
ignored. Since each piece of construction equipment
acts as a point source, the expression k Tog D/Dg
reduces to 20 Tog D/Dg.

3. A representative noise emission level for a class of
construction equipment is used. Note that E.L. =
L% + E.F., 1.e., the equipment hourly sound Jevel
at 15.2 meters is the noise emissian level.

4. The equipment is assumed to operate on -the centerline
of the highway.

With these assumptions, equation 3-2 reduces to

n .
Logih) site = 101og Z_ 10 ealeipment/o (3-3)
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Where:

Leq(equfpment) = (E.L. - 20 log U/D,} equipment,
Legth) site is the one-hour, A-weigﬂted, overall
eqﬂiva]ent construction noise level, and Dp equals
15.2 meters.

One additional problem exists with the prediction of construction
noise for projects not under construction. An assumption must be made
about the numbers and types of equipment at the site, It appears at
this time, that the overall construction noise_level 1s governed
primarily by the noisiest pieces of equipment.® The quieter pieces do
not effect the overall level, but they do reduce the magnitude of the
fluctuations in the noise level. Therefore, a rough estimate of the :
noise level nead only incude the noisiest pieces of equipment expected !
at the site., Problem No. 4 illustrates this procedure. :

Problem No. 4; Conslderation is being given to the construction of a two-lane road on new s
ailgnment between two towns, The project has advanced to the point where a preliminary L

#ssessment of potential construction impacts is nesded, Make a preliminaty rough estimate s
of the hourly equivalent sound lavel that will be generated for each construction phase,
Average distance from the centeriine of the road to the ROW iine is 30.5m.

Solution
Step 1: identify the main construction eperations or phases which must be parformed to completa thae
projact, This will require a simplified construction schadule which is shown in Figure 7.

Stap 2: Determine the types of equipment that will ba noeded to complata each construction phase
Idontified in Step 1, Appendix A can he used to determine a reprasentative noise emission lavel .
for each typa of equipment. : ‘
Step 3: Based upon the results of Step 2, prepara a iist, complete with reprasentative noise ermission
lavals, of the two nolsiest typaes of equipment that will be used in each phase. This list is
shown in columns B and C, Tabls 4.

Step 4: Use equation 3-3 to compute the Ly, (hl for ench type of equipment at 30.5 meters {distance
to AOW lina). The result of this calculation In column E, Table 4,

Step 5;: Campute the overall sound level for each phase using dB addition. The results are shawn in
Table 4, Column F.
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{3) EARTH WORK _, (6] BASE PREPARATION

2) -
CLEARING AND N
(1)  GRUBBING - 18]
CLEANUP
MOBILIZATION

. o
{4) FOUNDATIONS (5} BRIDGE CONSTRUCTION

| ,2 ,4 6 8 10 12 ,14 16 18 ,20 L2 |

TIME {MONTHS)

Figure 7. Simplified Construction Schedule

Table 4: Calculations, Problem 4

A B c D E F
PHASE EQUIPMENT [EMISSION LEVELS| DISTANCE [ EQUIPMENT| OVERALL
(dBA} FROM Legth) AT Lagihl AT
EQUIPMENT TO| pecepToR | RECEPTOR
OBSERVER {dBA) | FOR EACH
imetars) PHASE (dBA}
Mobllization - - - - -
Clearing and Dozer 87 30.6 81 83
Grubbing Backhae 85 30.5 79
Earthwaork Scraper 88 30,6 B2 85
Dozer a7 30.5 81
Foundation Rackhoa 85 30.6 79 82
Loader B4 30.5 78
Superstructure | Crane as 30.5 82 a3
l.oader 84 30.5 78
Base Trueks 8g 30.5 82 85
Preparation Dozer a7 30.5 a1
Paving Paver 89 30.6 83 86
Trucks 88 30,8 82
Cleanup - — — — -

1. EL. =1, +E.F. where L, is the psak value from appendix A. {A represantative E.L. was chosen and

it was assumed that Lm-Lb>10 dBA and ta/T =50%).
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Most Accurate Estimate

Fquation 3-2 provides its best estimate when all of the input
data are measured, i.e., the project is under construction,

For projects under construction, some investigators have recently
reported good agreement between measured and predicted noise levels
(+ 2 dBA) using equations which have the general form of equation 3-2.
However, to achieve this agreement, precise measurements of the
following parameters were reguired:

1. The site topography.

2, The noise emission level of each piece of equipment
used at the site.

3. The location of each piece of equipment while it was
working.

4, The % of the time that the equipment was in use during
the measurement period.

As a result of these measurements, accurate values were determined for
the E.L., D and k for each piece of equipment operating at the construc-
tion site. This presents a problem in assessing canstruction noise
inpacts. ‘Item 1 can be determined any time after the highway location
is established., However, items 2, 3, and 4 can only be measured after
construction begins. Conseguently, the most accurate predictions of
construction noise can only be made after construction begins. This is

$T1lustrated in Problem No. 5.
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Problem Ng, 5: The project discussed In example 4 has now progressed to the paint whare contractors
are bidding on the project, The spacial provisions require that the exterior L,,q{h) on school grounds

ba less than 75 dBA during school hours, A long fill Is to ba constructed adjacent to a school. One
prospactive contractor would like to use two dozers and three scrapers to construct this fill, The
contractor has collected the foliowing data on his equipmant from pravious projects.

L Lol T/T
Dozer 1 86 10

Dozer 2 as 12
Scraper 1 B6 12
Scraper2 84 12
Scraper3d 82 12

WwWwwom

Compute the nolse emission level of tha equipment and estimata tha Lagth! at the school,

Solution
Stap 1: The noise amission levels (Lggih) at 15.2m} of the equipment Is calcuiated by:

EL =L+EF.

The noise emission levels are shown In table B,

Table 5: Computation of Noise Emission Levals

{dBA} {Table 1) EMISSION
LEVEL (dBA)
Dozer 1 86 3 83
Oozer 2 88 q g5
Scraper 1 86 5 81
Scraper 2 84 5 7
Scraper 3 B2 5 7

Stap 2: Assign st averaga location to each place of equipment,
Thia1s shown in figure 8.
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Problam No. 5; {Continued)

Step 3: Computa the Ly4{h} for each piece of equipment using equation 3-1and the overall
construction noise lavel using equation 3-2. The results are shown in table 6, The censtruction
Lagth) of B0 dBA exceads the specified goal by 5 dBA. )

N\ 4

&  [un LD/
el

N o A !

SCHOOL

Figura 8; Construction Sita

Tahle 8; Calculation, Prablam 5

A B c D E F

PHASE EQUIPMENT | NOISE EMISSION | DISTANCE FROM|EQUIPMENT | OVERALL

LEVEL EQUIPMENT TO | Ly,th) AT Lagthl AT

(dBA} OBSERVOR | RECEPTOR | RECEPTOR

{metars) {dBA) (dBA)

Earthwork Dozer No. 1 83 183 61
Dozer No, 2 B85 30 79
Scraper No. 1 8 162 61
Scraper No, 2 79 61 67

Scraper No. 3 77 46 67 BO dBA

The 80 dBA value in column F was obtained by dB addition. The value could also have been
determined by:

Laglh! site = ZL,q{h) equipment
=10 log 31081+ 1072 + 1081 + 1087+ 1057 = 80 dBA.

26



P

3.3 EVALUATION OF DIFFERENT MITIGATION STRATEGIES

Chapter 4 contains a detailed discussion of various mitigation
strategies. The relative effects and effectiveness of a few of these
strategies can be determined by the use of equation 3-2. This is done
by holding all input parameters constant except the one affected by the
particuTar mitigation strategy under study. Problem No. 6 illustrates
how this s done.

Problem No. 6; Problem No, 5 indicates that the expected construction noise Jevel exceeds the
specified goal by 5 dBA, Evaluate different mitigation strategies that would give a reduction
of 5 dBA,

Stap 1: Analysis of table 6 indicates that Dozer No, 2 must be quieter if the desired goal of 75 dBA is
to ba met, If possible, one strategy would be to exchange Dozer No, 2 for Dozer No. 1.

Dozor No. 1: Lyg{h) =83-20 log 2 =77 dBA

No. 2; L,,th)=85-20 log 183 =63 dBA
Dazer No, 2i Lyyth) ag )
Lggth! site =10 log ED"-THO'B-:l +106.1.4106.7 + 106-7] =78.1 dBA

Continued

The expected noise level exceeded the éoal by 3 dBA, This strategy, by itself, is not enough.

Step 2: One mitigation strategy would be to replace Dozer No. 2, What would be an acceptable nofse
emission javel for the replacemant dozer 30 meters from the school? To answer this question,
sat the overall construction nelse level aqual to 75 dBA In equation 3-2 and solve,

Loq!h) site=10 lopZ 10Laq (experiment)/10 )
75 dBA =10 log [10*”°+ 1083 + 108 4 1087 +1o°-’]

28 10g[ 10%/19+1071]

10761671 =10%
107%=10"" 728 x10

3 Lyq(h} =73 dBA at 30 meters,
D
Lgq(h) @quipment=E,L. - 20 '°9'EE

30
dBA=EL - =
73dBA=EL, -20 Ich15'2

El.=73+6=79 dBA,

Conclusion; This strategy accomplishes the deslred goal,
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CHAPTER 4
MITIGATION

4.0 DBACKGROUND

The effective control of highway construction noise can be achieved
in much the same manner as operational traffic noise is controlied by
using a three-part approach, This consists of:

1. Control of the noise at the source.
2. Control aleng the path of the noise.
3. Control at the receptor.

The three-part approach was taken in developing this portion of the
manual.

This chapter presents various state-of-the-art methods and
techniques of noise contrel that can be used to reduce noise impacts
associated with highway construction. Most of the measures presented
have been contained in either construction specifications, special
provisions, or supplemental contract documents. The measures can
be employed independently or in combination, depending on the scope of
the project and the resultant effects that are desired, Section 4.1
outlines the factors necessary for identification and selection of an
appropriate abatement measure to control construction noise, Section
4.2 details various metheds that can be used. This section includes
five subsections. Each subsection explains the methodology in general
terms and then presents specific control strategies found under these
broad methodologies. The control strategy is described, the db reduc-
tion resulting from implementation is provided if known, the advantages
and disadvantages are given, and a brief discussion is provided listing
other characteristics of the specific control strategy. Sample spec-
jfications or examples are provided for each methodology. (Note:
Values used in the specifications may not be practical or achievable,
The manual user is encouraged to develop his own criteria.}

4,1 IDENTIFICATION AND SELECTION OF CONTROL MEASURES

After the potential impacts resulting from the construction
activities have been established, the final step in the process is
the selection of appropriate control measures to be implemented on
the project. This can be approached in two stages:

1. Identification of feasible measures.

2, Final selection of mitigation strategies,
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The first stage involves identification of control strategies
that could be implemented that would bring about the desired reductions

in noise impacts. Some of the factors that influence this identification

process include:
1. Amount of reduction needed,
2, Local sentiment toward the proposed project,
3. Local noise ordinances,
4, Length of the construction period.
5. Effectiveness of control strategies.
6. Cost of control strategies.

On the basis of these and other factors, different noise mitigation
strategies can be examined to determine what measures could be
implemented for a specific project.

The last stage is the selection of a reasonable control strategy
from the group examined in the identification stage. The measure or
measures chosen should be weighed as to their benefits compared to
their adverse effects. This weighing should take into consideration
the monetary costs involved, problems with implementation of the
measures, the sensitive receptors in the area, and the degree of noise

reduction achievable.

4,2 APPROACHES TO CONSTRUCTION NOISE CONTROL

Techniques for abating construction noise may vary from simple,
inexpensive, easily implemented measures such as a requirement that
all engines be equipped with a properly operating muffler, to more
expensive, elaborate methods, such as equipment enclosures.

The control techniques outlined in this manual have been divided
into five general categories, These categories have been further
divided into different specific strategies. Figure 9 shows the break-
down and indicates how the remainder of this chapter is organized.
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Construction Noise
Control Strategies

|

Section 4.2.1 Section 4.2.2 Segtion 4,2,3 Section 4.2.4 Section 4,2,5
Group 1 Group 2 Group 3 Graup 4 Group 6
Design ‘ Time & Activity Community
Considerations Source Contral Site Control Constraints Awaragness

1) Site Control 1} Time & Activity 1} Public Relations

1} Design & 1} Muffler
Project Layout Requirements ol overall Limitations
noise levol
2} Seguence of 2} Maintenance &
Operations Operation
3) Alterpate 3} Emission Level
Methods Requirements

Figure 9: Control Strategies

It should be noted that a measure that may be suitable in one situation
may not be suitable in another. Care should be taken in selecting the

appropriate mitigation measure.

4.2,1 DESIGN CONSIDERATIONS AND SPECIFIED ALTERNATIVE CONSTRUCTION
METHODS

Noise impacts to senstive receptors can occur on any project
involving the construction or reconstruction of a highway facility.
While the magnitude of these impacts may not be knownh precisely early
in the project development stages, certain measures can be implemented
during the des+ign phase that can reduce the anticipated noise impacts.

These measures fall into three categories:

1. Design considerations and project layout.

2. Sequence of operations.

3. Alternate construction methods.
The measure outlined are typically decided upon in the early stages of
project development and included in the project plans and contract
documents., Ideally, these strategies should be used in conjunction
with other control methods,
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Mitigation Group One

Mitigation Strategy One
DESIGN CONSIDERATIONS AND PROJECT LAYOUT

Description:

During the early design stages of project development, the sensitive
noise receptors can be established. By identification of these receptors,
steps can be taken to lessen the construction noise impacts. During
location studies, natural and artificial barriers such as ground elevation
changes and existing buildings can be considered for use as shielding
against construction noise. During design, waste material dump and
storage sites can be designated in areas where they also serve as noise
barriers. Haul roads can be designated in locations where the noise
impacts caused by truck traffic will be reduced.

dB Reductian:
Undeterminable at the design stages of project development.

Advantages:

These techniques provide early consideration of the Tmpacts caused
by construction activities. A better understanding of potential problems
can be obtained.

Disadvantages:

Design changes and modification to project layout are not always
practical or feasible. The magnitude of the dB reduction is difficult
to determine prior to construction,

Discussion:

The responsibility for development of these measures is born by
the designer. The problem is analyzed prior to preparation of plans
and other documents. The measures to be implemented are then pilaced
in the contract documents at the appropriate time in the project

development.
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Mitigation Group One
Mitigation Strategy Two

SEQUENCE OF OPERATIONS

Description:

When planning for construction of a highway project, certain steps
can be taken in scheduling work operations. Several noisy operations
can be scheduled concurrently to take advantage of the fact that the
noise levels produced will not be significantly greater than the level
produced if the operations were performed separately. MNoise barriers
ultimately to be constructed as part of the project for traffic noise
abatement can be constructed in the initial stages of construction to
reduce the noise impacts of the construction.

dB Reductian:

Undeterminable at the design stages of project development.

Advantages:

These techniques tend to lessen the ongoing impacts as the project
progresses.

Disadvantages:

The magnitude of reduction is difficult to determine in the early
planning stages, These measures may not be feasible or practical to
implement,

Discussion:

These measures are typically used in conjunction with other contral

measures and are contained in the project documents.




e G amrrm

T e mtmerrmeam
U
h

AL L U T

et

Mitigation Group One

Mitigation Strategy Three

ALTERNATE CONSTRUCTION METHODS

Description:

Certain phases of highway construction work such as pile driving
may produce noise levels in excess of acceptable 1imits, even when
feasible noise reduction methods are used. The impacts resulting from
this type of situation may be lessened or avoided by using alternate
methods of construction. Generally, piling is driven using an fmpact
hammer. This operation often produces excessive noise levels., Same
reduction can be attained by varjous dampening and shielding methods
discussed later, However, such methods rarely reduce the noise Tavel
to an acceptable level for the sensitive receptors close to the site.
As an alternative to driving piles, vibration or hydraulical insertion
can be used. Drilled holes for cast in place piles are another
alternative that may produce noise levels significantly lower than the

traditional driving method.

dB Reduction:

Significant reductions may be realized by using less noisy construc-

tion methods.

Advantages:

New and innovative methods of construction may be evolved by
considering alternate methods.

Disadvantages:

Alternate methods produce their own noise jmpacts and may produce
other adverse effects that have to he weighed.

Discussion:

Great care should be exercised in choosing alternate construction

1

methods. The choice should be weighed as to its desirablility and feas1b111ty~

(The measures decided upon are placed in the contract documents.)
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4.2,2 SQURCE CONTROL

In devising construction noise control strategies, one important
option s controlling the noise at the source., By specifying and/ov
using less noisy equipment, the noise impacts produced by construction
of a highway facility can be greatly reduced or even eliminated.
Source control requirements may have the added benefits of promoting
technological advances in the development of quieter equipment.

Lessening the impacts from highway construction through source
control techniques may be approached from three different ways:

1. Muffler requirements.
2. Maintenance and operational reguirements.
3. Equipment emissfon level requirements.

These methods may be used separately or in combination in order to
achfeve the desired results.
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Mitigation Group Two

Mitigation Strategy One

MUFFLER REQUIREMENTS

Description:

Most construction noise originates from equipment powered by either
gasoline or diesel engines. A large part of the noise emitted is due to
the fntake and exhaust portions of the engine cycle. A remedy for
controlling much of the engine noise is the specification and use of
adequate muffler systems.

dB Reduction:

Redgctions of 10 dBA or more can be achieved with optimal muffler
systems.

Advantages:

Muffler requirements can be easily written in contract specifications,
complied with and enforced. Inspection and enforcement are simple and
easily done. They are effective in reducing engine produced noise at a
low cost to the user.

Disadvantages:

Only effective for machinery powered by internal combustion engines.
Does not effect operational noises, i.e., the noise produced by doing the

wark.

Discussion:

This noise coantrol strategy would lead to replacement of worn
mufflers and to retrofitting where mufflers are not in use, The user of
the equipment has the responsibility to comply with the specifications
provided 1n the contract documents. Routine field inspection will be
necessary by both the contractor and enforcement personnel to ensure

compl fance.
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Example Specification: Mitigation Group Two - Source Control

Mitigation Strategy One - Muffler Requirements

Sound Contral Requirements.-~The Contractor shall compiy with all Federal,
State, and local sound control and noise Tevel rules, regulations, and
ardinances which apply to any work performed pursuant to the contract.
In addition, each internal combustion engine, used for any purpose on
the job or related to the job, shall be equipped with a properly operating
muffler of a type recormended by the manufacturer. Mo internal combustion

engine shall be operated on the project without safd muffler,

This specification {5 provided for example purposes only, The contents
do not necessarily reflect the official views or policy of the Department

of Transportaticn,
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Mitigation Group Two

Mitigation Strategy Two
MAINTENANCE AND OPERATION OF EQUIPMENT

Description:

Poor maintenance of equipment may cause very high noise levels.
Faulty or damaged mufflers, loose engine parts, rattiing screws, bolts,
or metal plates all contribute to increasing the noise level of a
machine. Careless or improper handling and operation of equipment can
also increase construction noise levels. Poor loading, unloading,
excavation and hauling techniques are some examples of how lack of
adequate guidance may lead to increased noise levels. Specifications
can be written to require that all equipment be regularly inspected
for deficiencies in the maintenance area. Likewise, specifications can
require that equipment users be properly trained in the use of construc-

tion equipment.

dB Reduction:

Significant reductions are achievable through correction of
maintenance problems and adequate training in the use of equipment.

Advantages:

Proper maintenance can result in less down time for equipment,
thareby shortening the time the equipment may be required in the area.
Repair costs resulting from improper maintenance can be avoided.

Proper training increases the efficiency of the operation as well
as reducing the equipment produced noise levels,

Disadvantages:

There 15 no procedure for determining the magnitude of noise level

decreases prior to operatijon of the equipment, This type of specification

1s weak when used by 1tself,
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Examples Specification:

Noise Abatement Measures

Mitigation Group Two - Source Control

Mitigation Strategy Two - Maintenance and
Operation of Equipment

The Centractor shall take such noise abatement measures that are necessary

to comply with the requirements of this contract, consisting of, but

not limited to the fellowing:

Proper maintenance of all equipment to insure that

nojse is kept to a minimum,

Conducting truck loading, unloading and hauling

operations so taht noise is kept to a minimum.

Routing of construction equipment and vehicles
carrying spoil, concrete or other materials aver
streets that will cause the least distrubance to
residents in the vicinity of the work., The Engineer
shall be advised in writing of the propesed haul
routes prior to the Contractor securing a permit

from the Tocal government.

This specification is provided for example purposes only.
do not necessarily reflect the official views or policy of the Department

of Transportation,
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Mitigation Group Two

Mitigation Strategy Three

EQUIPMENT EMISSION LEVEL REQUIREMENTS

Description:

One of the most effective methods of diminishing the noise impacts
associated with individual pieces of construction equipment is to employ
Tess noisy machinery. This may be accomplished by specifying the.quietest
available equipment. Specifications can be provided that set an upper
noise level for equipment, or they may be worded so as to group certain
pieces 1intoc a single category and then set upper 1imits for that category.

Modifications such as dampening of metal surfaces is quite effective
in reducing noise due to vibration. Another possibility is the redesign
of a particular piece of equipment to achieve quieter noise levels. These
modifications can usually only be done by the manufacturer or with factory
assistance and can be costly, time consuming, and possibly ineffective in
reducing the overall noise levels.,

Another method of source control is employing shields that are
physically attached to the particular piece of equipment. For stationary
equipment and in cases where considerable noise reduction is required,
enclosures have proven to be effective.

dB Reduction:

The reduction is controlled by the imposed 1imits and on the tachnical
capabilities of the manufacturer or the equipment user. go1se reductions
of up to 5 dBA can be achieved using dampening materials.

Shields such as sound skins may achieve reductions of 20 dB at high
frequencies and 10 dB in the middle frgquency range. Sound aprons may
achieve noise reductions up to 10 dBA.

Advantages:

Significant noise reductions are achievable through emission level
requirements. -

New equipment emission level standards provided by the Environmental
Protection Agency (EPA) can be specified for use for various types of
construction equipment.
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Disadvantages:

Noise Jevel limits may be relatively difficult to set. Enclosures
are not practical if they interfere with the machines function or impede
air circulation or servicing of the piece of equipment. Modifications
or adjustments to the particular piece of equipment may not be feasible
because of the costs involved or technical limitations.

Discussion:

The EPA is in the process of developing noise emission level
standards for new equipment. Standards are currently set for portable
air compressors. MWork is progressing in setting standards for wheel
and crawler tractors, mobil earth moving equipment, and pavement
breakers and earth drills. Once identified as a potential noise source,
other construction equipment may be regulated. Source control techniques
may be limited to employing shields that are physically attached to the
particular piece of equipment. This type of shield is used to reflect,
contain or absorb the noise emitted from construction machinery. Sound
aprons and sound skins are two examples of such shields.

Sound aprons generally take the form of sound absorptive mats hung
1ike curtains from the piece of eguipment or on a specially built frame
physically attached to the equipment. The aprons can be constructed of
rubber, Tead-filled fabric, or PVC layers with sound absorptive material
covering the side facing the machine. Additionally, quilted material is
currently available. Sound aprons are useful when the shielding must be
frequently removed or if only partial covering is possible.

Sound skins are similar to sound aprons but differ in that they
should be close fitting and air tight. Allowance must be made, however,
to let air in for cooling. Any openings should be equipped with mufflers
or angled air ducts lined with sound absorptive materials.

Enclosures for staticnary work may be constructed of wood or any
other suitable material and should be lined with sound absorptive
material to prevent an increase of sound levels within the structure.
They should be designed for ease of erection and dismanteling.

These source control methods are generally initiated or devised by
the contractor in order to meet the noise emission level specifications
or site nojse leveis. However, they may be actually specified in the
contract documents.
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1. Example Specification:

Mitigation Group Two - Source Control

Mitigation Strategy Three - Equipment Emission
Level Requirements

i
’n Equipment Regulations:
;’, Effective January 1, 19__, canstruction equipment on the project
ij is prohibited from exceeding the prescribed limits shown in the
1
f following table, measured in dB{A) at a distance of 15m, in canformance
i
with SAE Standard J 952 and SAE Recomended Practice J 184,
L
1m
E Equipment Requlations
L EQUIPHERT
B {dB(A) measured at 15 m) 1 00,
g EARTHHOVING EQUIPHENT
é FRONTLOADER 75
u BACKHOES 75
{ DOZERS 75
I TRACTORS 75
b SCRAPERS a0
- GRADERS 75
L TRUCKS 75
P 4 PAYERS B0
w f
i MATERIALS HARDLING EQUIPMENT
B
& CONCRETE MIXER 75
3 CONCRETE PUMPS 75
4 CRAHE 78
2 DERRICK 75
i STATIONARY EQUIPMENT
‘ PUMPS 8
- GENERATORS 75
COMPRESSORS 75
[MPACT EQUIPMENT
" PILE DRIVERS 95
JACK HAMIERS 75
ROCK DRILLS a0
PNEUMATIC TOOLS 80
OTHER EQUIPMENT
SAWS 75
- VIBRATOR 75
§
} This specification 1s provided for example purposes enly, The contents
do nat recessarily reflect the efficial views or policy of the Department
[N
p of Transportation,

The values aiven may not be practical or achievable.
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Example Specification: Mitigation Group Two - Source Control

Mitigation Strategy Three - Equipment Emission

Level Requirements

Construction Equipment Noise

Powered equipment, truck or power hand tools that produces a maximum
sound level exceeding the following Timits shall not be used during
construction operations. The sound level limits specified are referenced
to a distance of 50 feet from the equipment. Sound levels shall be
measured fn substantial conformity with Standards and Recommended
Practices established by the Society of Automotive Engineers, Inc.,
including the latest revisions to SAE J366a and SAE J952b,

Where required by agencies having Jurisdiction, certain neise producing
work may have to be performed during other than regular working hours

or only at specified perijods.

Type of Equipment Sound Level Limits

(a) Construction and Industrial
machinery, such as crawler-tractors
dozers, rotary drills and augers,
loaders, power shovels, cranes,
derricks, motor graders, paving 90 dBA
machines, off-highway trucks,
ditchers, trenchers, compactors,
scrapers, wagons, pavement breakers,

!
conpressors, ahd pneumatic power equipment.

{b) Highway Trucks 88 dBA

This specification {s provided for example purposes only. The contents
do not nocessarily reflect the official views or policy of the Department

of Transportation,

The values given may not be practical or achievable.
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3.

Example Specification: Mitigation Group Two - Source Control

Mitigation Strategy Three - Equipmept Emission
Level Requirements

Hoise Abatement Measures
The Contractor shall provide such equipment, sound-deadening devices,
and take such noise abatement measures that are necessary to comply
with the requirements of this contract, consisting of, but not limited
to the following:
(a) Shields or other plysical barriers te restrict the
transmission of nofse.
{b} Soundproof housing or enclosures for nofse producing
machinery,
(c) Efficient silencers on afr intakes of equipment.
{d} Efficient Intake and exhaust mufflers on internal
combus tion engines.

{e) Line hoppers and storage bins with sound deadening material.

This specification s provided for eaample purposes cnly, The contents
do not necessar{ty reflect the official yiews or palfcy of the Department

of Transportatfon,
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4.2.3 SITE CONTROL

The ultimate purpose of construction noise control is to reduce
the impacts on the sensitive receptors. In order to achieve this geal,
another abatement technique is to specify and employ site noise limits
and noise control measures. Site noise control typically involves
Ymiting the amount of noise reaching the sensitive receptors. Speci-
fications may be written that set certain Timits at the receptors, thus
aliowing the equipment user to devise his own methods for meeting the
requirements or thay may directly specify certain actions that may be
taken to achieve a noise reduction at the receptors.

Description:

In order to meet site or receptor limits, various methods to
reduce noise impacts have proven successful. The methods described
are normally used in conjunction with other mitigation strategies to
achieve an overall noise level reduction at identified locations.

One way to reduce the nofse impacis at sensitive receptors is to
operate stationary equipment such as air compressors, generators, etc.
as far away from the sensitive receptors as practical. Pit areas or
excavate portions on the job site may provide suitable locatfons for
stationary construction activities and at the same time serve as noise

barrters.

In some cases, activities such as form building, bridge and culvert
construction, or other work involving stationary activities can effectively
be accomplished inside an enclosure in order to reduce the noise fmpacts.
In all cases where enclosures and excavation are involved, proper ventila-
tion, access, egress and safety for the construction worker must be

considered and maintained.

In some situations, such as in urban areas or on isolated sections of
a project, 1t may be beneficial and indeed necessary to construct barriers
adjacent to the work area,

dB Reductian:

The reduction in noise levels will vary with the method employed.
Measurements are necessary to determine the exact levels.
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Advantages:

Site noise 1imits are useful and advantagecus because they tend to
allow the contractor more freedom in developing means to reduce the noise
impacts to the surroundfng areas.

If properly designed and erected, barriers can not only be very effec-
tive in reducing sound propogation from the work area, but can also serve
as physical, safety barriers to the site.

Disadvantages :

It may become very complex to set reasonable yet effective 1imits.
Limits can not be set so Tow as to make the specification impossible

- or impractical to meet. Limits should not be set so high as to make

the specification meaningless.

This type of contral is extremely difficult to enforce, particularly
when the noise metric involves long term averaging, i.e., leg .

In employing some site control methods, the noise levels in certain
areas within the construction area boundaries may be increased which
will in turn affect project personnel working in the area.

Some imeasures may be costly and not easily implemented. Care must
be taken to insure that 1f some type of barrier is used it wiil not
create a hazard for the traveling public or the project personnel.

Discussion:

Special prefabricated panels are currently manufactured that can
be relatively easily moved and erected. These may be ideally suited for
controliing overall site noise in some situations.
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Example Specification: Mitigation Group Three - Site Control

Mitigation Strategy One - Site Control

The noise Tevel from the Contractor's operation shall not exceed:
1. x dBA @y metres;
2. y dBA @ ROW or
3, z dBA @ t receptor

This requirement in no way relieves the Contractor from respansibility

for complying with local ordinances regulating nofse level,

The Contracter shall purchase, modify, and operate equipment; erect
barriers; attach aprons and skins; etc., and take any other measures

necessary to meet the specified site noise 1imits.

sald noise level requirement shall apply te all equipment on the Job
or related to the job, {ncluding but not limited to trucks, transit
mixers or transfent equipment that may or may not be awned by the
Contractor. The use of loud sound signals shall be avoided in
favor of light warnings except those required by safety laws for the

protection of personnel.

Full compensation for conforming to the requirements of this section
shall be considered as included 1n the prices paid for the various
contract ftems of work involved and additional compensation will

be allowed therefore.

This specificatfon is provided for example purposes only. The contents
do not necessarily reflect the official views or palicy of the Department

of Transportation,
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4,2,4 TIME AND ACTIVITY CONSTRAINTS

Construction activity and the associated noise can be quite annoying
and disryptive during leisure hours, during the hours of sleep, and,
any time where Toud continuous noises may effect certain special activities.
Time constraints and use of equipment regulations can be very effective
in reducing the impacts caused during these hours of the day.

Description:

During leisure hours and during periods of sleep, disturbance from
equipment use can be kept to a minimum. The basis for the noise control
strategy is to Timit the times that certain noise construction activities
may be prosecuted, Generally, this can be accomplished by requiring the
contractors to perform such work during daylight hours when the majority
of individuals who would ordinarily be affected by the noise are efther
not present or are engaged in less noise sensitive activities or limit
nighitime work to that which 1s less than certain specified values,

Loud continuous noises around such critical noise receptors as
schools, hospitals, etc., are disturbing at all times. Time constraints
that restrict the construction activity to 1imited time periods can be
effective in lessening these impacts.

dB Reduction:

During hours that the activity is restricted there 1s no impact
assoctated with the particular activity.

Advantages:

.Time constraints are effective in reducing noise impacts during
critical periods of the day.

Disadvantages:

Time limitations may increase the overall length of time necessary
to complete the project.
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Example Specification: Mitigation Group Four - Time Constraints

Mitigation Strategy One - Time Constraints

Kaise Control ~ The Cantractor’s construction operatfons shall be
performed in such a manner that noise levels established for destignated
Tand use activities and time perjods, when measured at designated
distances from the Right-of-Way, will not exceed those shown in

Tahle [-1. However, this pr'uvisfon is not applicable {f the amhient
nofse (noise caused by sources other than copstructfon operations) at
the doing of reception s in excess of the construction noise level at

that point.

The Department reserves the right to monitor construction operatfons as
deemed necessary, In the event construction noise level(s) exceeds those
levels shown in Tahle I-], the Cantracter shall take such action as
necessary to conform with this provision prior to proceeding w tr}l his
operatfon. The Contractor shall be responsible for all cosis arising

from dalay of operatfon(s) due to non-compliance with this rofse control

provision,
TABLE [-1
MAXIMUM ALLOWABLE CONSTRUCTION NOISE LEVELS
"LAND DSETACTIVITY MAXTMOM ALLOWABLE APPLICABLE
EXTERIOR NOISE TIME PERIOD
LEVELS dB (A}
residential, hospitals, i1} 6 a.m. -~ Bp.m, ’

nursing homes, schonls,
churches, lbraries,
pffices, parks, pienic
areas, recreatfonal
areas, playgound,

active spart areas 67 g p.om = 6 a.m

\

This specification 15 provided for example purposes only, The contents
do not necessarily reflect the officfal views or policy of the Department

of Transportation,
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2. Example Specifigation: Mitigation Group Four - Time Constraints

Mitigation Strategy One - Time Constraints

Mabile Equipment

Sound levels from moblle construction equipment: shall not exceed the
following:

Residential Areas

Daily, except Sundays 85 dpa
& Legal Holidays

7:00 a.m. to 7:00 p.m.

Daily, except Sundays 65 dBA
& Logal Holldayo

T:00 p.s, te 7:00 a.m.

?:Db p.m. Stturday to 65 dbA
7400 a.m. Monday
& Legal Holidoys

Business ~ Commarcinl Areat

Daily, including Sunday & Legal liolidays, all hours, & maximum of 50 dBA,

Stationary Equipment

Soupd levels from stationary equipment shall not exceed che following:
Reasidential Arens

Dally, except Sundoya 70 dpA
& Legel Holidays
7:00 a.n. te 7:00 p.m.

Daily, except Sundays 55 dBA
& Lagal Molidayn
. 7:00 p.m. to 7;00 a.m.

7:00 p.m, Saturday to 55 dBa
7:00 a.m. Hondoy
& Legal llolidays

Business - Commarcinl Areas:

Daily, including Sundays & Legal Holldays, all hours, and maximum of 75 dBA.

This specification is provided for example purposss only. The contents
da not necessarily refiect the official views or polfcy of the Department
of Transpartation.

The values given may not be practical or achievable.
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4.2.5 COMMUNITY AWARENESS

Although not a physical method of noise abatement, public relations
and community awareness is a positive method of lessening the impacts of
construction-ralated noise and disturbances. There are numerous instances
during the various phases of activity where noise reduction is not feasible
or warranted. In these cases, it is especially helpful for the impacted
property owners to be made aware of the upcoming activity. It 1s also
possible to forestall a great deal of adverse community reaction by
implementing early public involvement into the project.

Description:

There are various techniques that may be employed to inform the
public of upcoming noise impacts related to the construction activity.

" Depending on the scope of the project, the lengths of time involved in a

particular phase of work, and the degree of unavoidable impact, the
methods used can be as simple as distributing flyers to the adjacent
property owners or may be as complex as conducting public {nformational
meetings. The most important consideration in any method chosen is
early communication. The scope of the proposed work and when possible,
the time span of the activity should be spelled out in order to allow
residents to plan their activities accordingly.

Advantages:

This method promotes better relations between the public, the
contracting agency and the contractor,

Disadvantage:

This method may not physically reduce the construction noise
impacts.

Discussion:

The contracting agency should aiso take an actfve role in insuring
that the communication lines are open and the public is properly informed
of upcoming construction activity. This may be accomplished by seeing
to it that all questions and inquiries from the general public are
courteously and reasonably responded to. '

The highway agency may require the contractor to alert the public

in a timely manner in the contract documents or the agency may.take
on the public relations function itself,
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Example: Mitigation Group Five - Community Awareness

Mitigation Strategy One - Public Relations

TO THE PUBLIC
OQur purpose 1n distributing this curcular is to keep you informed
concerning the Metro Construction in your neighborhood., As is
METRO policy, it 15 our aim to cooperate with property owners, tenants,
businessmen, businesswomen and ordinary citizens who are directly affected
or inconvenienced by the work. In turn, we would appreciate your
indulgence during the construction period. Inquires should be directed

te Resident Engineer,

'
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Description of Work: Drill and blast 20' diameter shaft 150' deep
through rock, Blasting will be monitored by
instruments to 1nsure against any damages to
adjacent bulldings.

Duration of Work: April 1 to February 1.

Pays of Operation: Manday through Friday 7:00 a.m. to 10:00 p.m.

This 1s provided for example purposes only, The contents do not
necessarily reflect the official views or policy of the Department

of Transportation.
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APPENDIX A

CONSTRUCTION EQUIPMENT NOISE LEVELS AND RANGES

The noise emission levels listed for various types of construction
related machinery are, with the exception of the compressor data,

based on 1imited samples. The values are presented in order to give
the reader a basic understanding of whera particular pjeces of machinery
fit on a noise-range spectrum of levels. Additional data and updated
material should be added when it becomes available.

The majority of the data was provided by the American Road Builders

- Association. This data was taken during a 1973 survey in which

member contractors were asked to secure readings of noise exposure to
operators of various types of equipment. Additionally, the contractors
were asked to take readings at 50 feet from the machinery. These 50~
feat peak readings are provided in the appendix. The data was produced
under varying condition and degrees of expertise, however, the values

are relatively consistant.

The data provided for portable air compressors was taken from the

U.S. Environmental Protection Agency publication EPA 550/9-76-004

which was used in the development of the final Portable Air Compressors
Regulation, The data represents average noise level readings taken

at 7n{23 ft.) using the CAGI/PNEUROP measurement method.



Construction Equipment Nofse Levels*

fmsed on Limited Data Samples

*Except where noted, all dats was provided by ARBA

A-2

Peak Noise Level
Manufacturer Type or Model! Exhaust {dBA) Remarks
Cranes
Northwastern 80p I Within 15m 1958 mod
" 8 84 4 1540 mod
" § 72 " 1965 mod
Anerican J260 82 u 1967 mod
¢ 599 76 " 1969 mod
" §299 70 u 1972 mod
# 4210 82 u 1968 mod
Buc Ere 45C It " 1572 mod
o ans 74 " 1968 mod
» 308 73 b 1965 mod
: aop 70 " 1959 mod
Link Balt L598 76 " 1956 mod
Man{towoc 4000 94 n
Grove RF59 B2 " 1973 mod
Koghr 605 76 " 1967 mod
435 86 " 1965 mod
405 B4 u 1959 mod
Backhoe
Link Belt 4000 a2 Hithin 15m 1971 mod
- John Deer 609A 85 " 1911 mod
Case 680C L) " 1673 mod
Drott 40 yr. &2 u 1571 mod
Koghr 1066 81 &84 " 2 tested
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Construction Equipment Noise Levels*

Remarks

Front Loaders

CAtan111nr

BT EEEERESEEES

"
Michigan

1]
L]
Hough
#
n
"
Trojan
"

Manufacturer Type of Model] Exhaust | Peak Ngisﬁ)Level
dB
880 84
977K 79
817 a7
an 94
966C 84
966C 85
966 81
956 7
866 85
5561 90
855K 79
855H 94
950 78 & 80
850 7
950 88
g50 86
944A ao
850 82
758 90
475A 96
275 85
125 87
65 82
60 a1
4008 94
H90 86
3000 B5
RT 82
H50 85

Payloeder

“Except where noted, all data provided by ARRA

Hi&h1n 15m }972 mod

L]
]
]
]
n
"
"
"
"
"n
1]
]
n
n
"
H
n
"
H
]
"
n
"
"
n
"
"

969 mod
1571 mod
1967 mod
1973 mod
1672 mod
1972 mod
1972 mod
1966 mad
1973 mod
1969 mod
1963 mod
1972 mod
1968 mod
1967 mod
1965 mod
1965 mod
1968 mod
1569 mod
1967 mod
1971 med
1967 mod
1571 ‘mod
1561 mod

1956 mod
1965 mod
1963 mod
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Manufacturer Type or Model { Exh2ust | Peak N?;gi)l.evﬂ Remarks
Dozers

Gntarfﬂhr 1] 83 Hithin 15m 1967 mod
t D6 85 "

" 05 86 u 1954 mod

“ D§ a1 " 1967 mod

" DéB a3 " 1667 mod

" Déc 82 " 1962 mod

ol 0 8BS " 1956 mod

" 0? g5 a 1965 mod

. 0 84 u 1969 mod

" 4 78 " 1970 mod

o o 78 " 1672 mod

“ pIE 86 " 1965 mod

u DIE 78 u 1970 mod

n e 84 " 1973 mod

" DIF 80 u 1972 mod

" 1)1 922 " 1954 mod

" ps ‘0§ " 1968 mod

“ 08 86 " 1972 mod

" 5 . |

" H m
‘ 1
: : o]

u 0§ 90 " 1963 mod

u 0 87 " 1985 mod

" D9 90 u 1955 mod

" 09 e " 1968 mod

" 1] 92 " 1972 mod

u D96 BS " 1965 mod

Allis Chalmers Ho41 93 :: 1870 med

e il 2| L

" TD25 80 " 1972 mod

" TD3 83 " 1970 meod

Case 1150 g2 :'I 1872 mod

o g = A 4
’ 70 n

£ : L

Mich‘lﬁnn gag 90 " 1562 mod

Caterpillar 624 90 " 1968 mod



Als Chalmer

A-S

Manufacturer Type ¢r Model | Exhaust Penk’m(:‘iigg)uvn‘l Remarks
Graders
Caterpillar 16 91 Hithin 15m 1969 med
" 16 86 u 1968 mod
n 140 83 " 1970 mod
" 14E 84 " 1972 mod
" 14E B85 " 191 mod
" ‘14C 85 a
H 148 84 “ 1967 mod
" 12F Bg o " 156172 mod
" 12€ 581.3 " 195967 mod
80-83
" 12 84.7 " 195067 mod
82-88
Galfon TS00 g; :: 1964 mod



Manufacturer Type or Model | Exhaust | Peak N?%;ﬁ’l.evel flemarks
Scrapers
CaterpiNar 660 ' 52 Hithin 15m
. 6418 85 u 72 mod
. 6418 86 "
" &M 80 & 84 " 1972 mod
" 641 83489 o 1965 mod
" 637 87 " 1571 mod
" 633 87 " 1972 mod
" 631C 89 " 1573 mod
# 631C 83 " 1972 mod-
" 6318 94 " 1968 mod
“ 6318 84-87 " 1968 mod
85 avg.
" 621 g0 " 1970 mod
" 621 86 " 1967 mod
" 613 76 " 1972 mod
Terex 1524 87 " 1972 mod
84-91
w T524 a2 " 1971 mod
81-83
" 1824 94 " 1966 mod
92-98
" 1524 84.7 " 1963 mod
94-95
Ll 514 82 " 1969 mod
u S35E 84 " 1971 mod

A-6
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i Roise Lovels of Standard Compressorsw

‘ $11enced ) Test fva,
: Manufacturer Hodel or Type Type Cond. ansg Lav.
: Stapdard  Eng. Comp. {cfm,psi)  (dBA) at Tm*
L
i
i Atles 5T-48 Standard  Diesel Reciprocal 160,100 83,6
! Atlas 57«55 Standard Diesel Reciprocal 330,105 80,2
i Atlas ¥s$-1700d S{lenced Diesel  Reciprocal 170,850 70,2 -
l" Atlas ¥T-850d Standard Gas Reciprocal 85,100 81.4
l Atals VS-B6Dd S1lenced Gas Reciprocal 85,100 5.8
) Atlas ¥55-1250d S{lenced Diesel Reciprocal 125,100 70.1
i Atlas §TS-350d 5{1enced Diesel Reciprocal 125,100 73,5
! Atias ¥55-1700d Silenced Diese) Reciprocal 170,100
) Gardner=-Denver SPHDA/2 S{lenced Diesel Rotary-Screw 1200,000 73.3
I Gardnar=Denver SPQDA/2 S51lenced Diesel Rotary«Screw 750,000 78,2
i Gardner=Denver SPHGC Silenced Gas Rotary-Screw 185,000 A
; Inpersol-Rand pyL 1200 Standard Diesel  Rotary-Screw 1200,125 92.6
j Ingersoll=Rand (dDXL 1200 ) Standard [Diesel Rotary-Screw 1200,125
onrs open

— Ingersoll-Rand DiL 900S S{lenced Diesel  Rotary-Screw 900,125 76.0
i Ingersoll-Rand DXL 9005 Silenced Diesel Rotary-Screw 900,125 75.1
i Ingersol1-Rand LCU1 050 Standard Diese] Rotary-Screw 1050,125 90.2
) Ingersoli-Rand DXL 9008 S4lenced Diese) Rotary-Scraw 900,125 15.3
! Ingerso?l~Rand DXL 900s $ilenced [iese]  Rotary-Screw 900,125 76.0
i Ingersoll1~Rand DXL 800 Standard Diesel Rotary-Serew 900,125 89.9
! Ingersoll-Rand DXL 750 Standard Diese) Rotary~Screw 760,125 87.7
! Jasger A Standard Gas RotarysScrew 175,100 2,2

Jagger Aldoors open)  Standard Gas Rotary-Screw 175,100

Jaeger E Standard  Gas Yane 85,100 81.5
[ Jaeger E{doors open)  Standard Gas Vane 85,100
| Horthington 160 G/20t  Silenced Gas vane 160,100 74.2
i Horthington 750-QTEX Silenced Diesel Rotary-Screw 750,100 4.7

.

*Data taken from EPA Report - EPA 550/9-76-004.
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f APPENDIX B

é

I Measurement Procedures

!

; The measurement procedures referenced in the text are provided for easy
f referral,

}
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EXTERIOR SOUND LEVEL MEASUREMENT
PROCEDURE FOR POWERED MOBILE
CONSTRUCTION EQUIPMENT—SAE JBBa

SAE Recommanded Practice

Rapon of Nthwcht Sound Levrl Commuire approved November 1927 and fast resived, fume (91, Hationdie paement aviilibi

2, Srepe—This SAE Recammended Pracsice sein forth the instrumeniation
andd procedure ta be used in meaauring exterior sound bevels for (he certificar
tion fest of powered mohile eontiruetion equipment of 20 rated bhp and aver,
It §e nat Intended (@ cever eperation of salety devices (such as backup alsmmal,
air cornpressars, jack hamemen, pile drivers, pavement breakers, and machine
ery dealgned primarily for aperation on highway: or within factories, altgralt,
of recreational vehicles such as snowmobites and boai. The sound Jesels
obtained by using the teat procedwres st forth In this SAE Recommended
Practlce ate repeatable and are representative of the hiper range of saund
leveli generared by she machinery under actuul feld operaring candirions, but
dao pot pecewarily represent (hie average tound level over a ficld we cycle,

2, Iaatrumumiation

2.1 Aound Jevel meser which meens the Type ) or SIA requiremenn of
tshr American National Standard Specification for Sound Level Meren,

1.4=1971,

22 Axan alternarive 10 making direst meaturements uting a sound Jevel
meict, & microphaone or sound level meter may be used with 8 magnetic mpe
recorder and/ar graphic level recorder ot indicAting instrument, providing the
ayttem meets the roquil of SAE R dect Pracuce 1184 Qual)-
o & Soung Data Acquimnion Systru,

2.3 An scoustical calibmior (see paragraph 4,24—accuracy within
=05 4dD),

24 A microphione windscreen shall be wsed that does not permit the
effect on the microphone and frequency rep toexceed 0.5 dB o 5 kHe
and *2.0dB 1o 12kHz

23 An anemometer or othe? device for memurement of ambient wind
speed and direction {accuracy within =109, ‘

It x
= {33} —efe (33}

& ’

2.8 A power source mpm indicator (sccuracy within =2%),

47 A thermometer for of [ {accurscy
within ="}
4.8 A baromater for ring pheric f [( Y within
=%k
3, Frocadurs

3.t Test Site—The 1es1 area shall comist of a fint apen space free of any
farge reflecting susfuces, such & & signboard, building or hillide, locsied
withip 30 in (100 [t} of either the microphane or the machinery being meass
wred (see Fig. [). It iy dedd (hat be made enly when
the wind speed is below 19 kinsh (12 mph),

34 The minimum mesuremens area (see Fig. 1) shall eonsise of (he
trinngle faymed by the picraphone location, poinias A and B, and the rectan-
gle formed by peinrs A, B, C and D, Bath detignaied arta thall be snaoih
concrele or smocth and sealed saphali or & simifar hard and wnooth wurface,
“The reciangle formed by poinn €, D, E and F shall comlst of hard-packed
earth. The planes between the icfophone locatian wnd line All 1od planes
encompassed hy pointy A, B, €, F, E and D thall form a rontikuous, udiforth
plane, If a minimum mewurement area tew nise is used, it will require
reciientation of the maching for ¢acl major surface messuremmient during the
atationaty €1ls, and the moving tests will have ta be run in twe uppotint
dirtctions, The orher option is to have & larger meassurement asea test siee and
relocate the microphone for the series of preseribed jest conditions with the
machine is ote pouilion for stationary teats and driving by in only one direc-
tion for the moving eatn.

3.1.2 Becsuse byranders have an appeeciable influence on the merer re.
sponse when Ihey sie in the vitlnity of the construction machinery of mitro-
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¢, 01 mare [han one penan, other than the observer reading the ineter,
shall be within 17 m (3 i) of 1he construction machinery and 1.0 m 16 1) of
the measuring mierophone, an<d thai peran shall be direcidy bohind 1he
observer who i reading the meter, on a line thraugh the micraphone aad the
obwerver (see Fig. 1),

3.1.3 The ambient sound Jevel due to sourcer nther than the connruction
machinery being meanired {including wind ¢ffecta) shall be at Jeast 10 dB
:;:r than the sound level of the machinery being measurrd, (See paragraph

3)

314 The surface between and wnder the conssuction machinery and
microphone shall he smoath and free of acoustically absatptive materiul, jueh
&1 thaw or AR,

3,1.5 For all umticnary tcsis the machinery shall be locared on the hard
nuiface area forined by poinis A, B, C and D in Fig. 1.

3.0.6 Moving Tiwrs -

3.1.6.1 For moving tens of al) rubber tired machine, the'path of travel
shull be acrow the area defined by poines A, B, © and D in the directions
shown in Fig. 1,

3.1.62 For moving tens of sl sieel wheel, sicel drum or trackiype
machines the path of travel shall be aczuas the area defined by G, [, E and F
In ke dircctions shown in Fig. 1.

32 Tesis Required

{a} For mobile eomirucrion machinery sha is used primaily in a stmions
ary mode, 1t per paragraphs 3.2.1.1, 3.2.1.2, and il applicable 32.1.3.

(b) For sell-propelled construction machinery that is wied primasily in a
mahile mode, tesi pet paragrapks 33,10, 2212, 3203 and 322 For
entistruction muchines which have an ausiliary power source, such ws a truck
mounted crane, the main engine and Auziliary engine thall be run wparaiely
during 1esn 3.2.1,0 and 3.2.),2 wilh 1be other engine shut down.

During test 3.2.1,3 anly the auniliary engine shall be run and anly the main
propulsion engine run during the 1es1 preseribed in 3.2.2. For combined
conalruciion machinery (such as small [oader with backhoe) test per pura-
graphs 12011, 3.2.0.2, 3213 and 2.2.2,

3.2.1 Swationary Tewss with Ground Propehion Tramimisvion Shifi Selecior
in Neutral Pasitian.

1211 Operace ali mobile cameruction machinery engines al no [nad
with all companent drive systems in neutral pesition and maximum govesrned
apeed Chigh idle a1 oo loads al a s1abilized condition.

3.2.1.7 Operate all mobile connruction machinery engines at no Joad
with all componcns drive symedny in neutral position thiough the cycle “low
idle-muximum governed speed dhigh idle a1 pa load) low idle™ as rapidly as
poatlble, ber allewing the engite tn wabilite for at fcast 105 at maximum
governed speed {high idle a1 no kaad) before it is permiiesd 10 rewirn 10 low

idle,
3.2.1.3 With the engine at the maximum governed speed thigh idle 31 no
load} in a mabilized condition, activate the sppropriate hydraulic circwits,
mechanical, eleetrical, hydrontatic, or lorque canverter drive sysiems 10 cycle
the major compuncnts or companent fram the most reiracted and, or lowered
pasition to fully extended and/or maximuin height potition and then back ta
ariginal poation. This eyeling should be dune as fast a1 practical, 1aking into
considerution all the pertinent salety factors that can be accomplished withowy
blawing reliel valves, For tafery reasons and undesirability of change of
location of major moise source in relation 10 miciophone, 4 major portion of
the moblle muchiae, such as the tracior ol a scraper wnit, drum eof A compace
tor, of the upper roastional structure of an cxcavatar, shall not be moved or
placed in & vibrainry mode of aperation during this statianary machine tess.
3.2.2 Constant Sexsn Movine Tesw—3Scll-prapelled cunatruction ma-
chinery shall be operated in a forward intermediate gear ratio at na load at &
location as spetified in paragraphe 3,161 or 3.1.6.2, The power scurce shall be
operated at full governor conwrol sciting. Intermediate i iniended 10 mean
second gear ratlo fur machines with three or four gear ratios, third gear eatio
for saachincs with five or six gear ratios, fourth gear ratio for machines with
scven or eight gear ratios, c1e. (Cear ratio refers 10 overal! gear reduslions.} I
there Is a problem with the Iransmission shifiing up ar dawn in this phave of
this test, one gear lower or higher may be uwed to elimisate the problem.
Hydrmatic or eleciric drive machinery will be operated as near as pousibile 10
one-hall foy maxi ground speed. Machinery that has majer noise-generat-
Ing components which could be used r the above ground speed, such as on an
clevating sciaper or on a vibraling compacior, shall have these major compo-

nents in operation during this moving teat.

1.2.3 Conutrucrion machinery that has a major attachment thai is normally
wiedd for the main nperating function shall be equipped with thit stachment,
Examples of this are buchers on laaden snd dozers on either wheel or track-
type sracion. For all 1eats these attach thall be in a mini wanspart
patition of 9.05 m {(Gin.} to 03 m (124n.) for dozers, scrapers, eic., and far
laaders use carry ponition as specified by SAE Standazd J732 Srecincations
Densimost=Froxt END Loapea.

3.1 Menuremenis

3.3.1 The microphnne thall be Jocated a1 a height of 1.2 m (4 1) abave the
ground plane.

3.3.2 Thesound Jevel meter shall be st for slow response and the A-weighte
ing network,

3.3.0 The ambieny windepeed and direction, ambient temperature, atmos.
pheric pressure, and ambient Asweighicd sound fevel shall be measred and
recorded at the heighi of 1.7 m (4 ft) and within at least 3m (1071) of the one
specified locatien of the microphone as thwn in Fig. 1.

3.34 The stabilized maximum governed engine speed shall be measured
and recorded.

333 The sound level meter needle movement shall be observed during
each 1en sequence av the apecified microphane location, The highest value
ohserved, disregarding sounds of short duration that are cut of characier with
the test on the machine, (example) impact sound wieh 81 buckes rack againu
uiops, thall be recorded for cach teut sequence. Fur sabilized 1€t condisions
{3.2.1.1) & sipgle reading shall be recorded for each measurement poinr. Far
tycling and moving sest conditions [1.2.1.2, 3219 and 1.2.2) a minimum of
three readings shall be 1aken for each measuring poim. If none of these
teadings are within 2 dl} of cach other, then additional reading shall be 1aken
until there are two that ure within 2 dB of each other. The reparied value
shall be the average of these swn values thay are withie 2 dB of each other, If
there are two pairs of readings that are within 2 dH of each ather, repon the
average of 1he higher pair. The final rewlr for each tex1 mode shall be the
highest reading for wabilized 1est cnnditions and the highest average lor the
cyelic o maving tesis and mus include the location of the microphone.

336 For urationary tea13, vecord the wouad level ohiained at a dinaner of
15 m {30 {t) sarmal io the centers of the {ovur major surfaces of 1he equipment
at the micrephone height. Generally, faur major surfaces refer to front, rear,
and sides of an imaginary box 1hat would just fir over the machine hul doey
ot include attachmen iiems sueh a1 buekets, dozen, and boon (e Fig. 2),
In the case of & crane or an excavator, the upper (reval ing supsmiruciure)
foresand-afi centerdine should be in line with the lower fore-and-alt cenlerline,
Operate the machine in & manner as apecified in paragraphs .21, 3.2.1.2
and 3.2.1.3,

3.3.7 For maving tess, 1ake measurements af a divance al 15 m (30 ft)
mexsured in a direetion normal to a majer side surface which is paralle) 1 the
mazhine path, as shawn in Fig. I Qperaie 1he machine in a manner speeificd
in paragraph 3.0.2.

330 The final reparted sound level per this SAE Recommended Pracsice
shall be the highest aof the reporied values obnained in paragraphe 3.3.4 and

23.7; the teat repart shall include she 1est mode, the machine operating
conditions during the reporird 1est mude, the sabilized maximum governed
engine speed, the location of the microphane in relwion 10 the consruction
mathine, the surface dewcriplion aver which the maghine aperated and the
sound Jevet measuremenis were made.

¥, Gmerod Comments

41 Tuis ded that persont lly trained and eapericnced
In the cuerent techniques of sound meaturements select the instrumentation
and conduct the tens,

4.2 Proper use of all te3r instrumentation i esseptial 169 obtain valid
measuremerts, Operating manuals ar other Bierature fumished by she inscru-
mear manufacturer should be relerred 10 for bath recommended apesation of
tht initrument and precautions 1o be observed. Specific item 10 be contidered
are:

4.2.1 The ype of microphone which ibal] be orienied with reapeel 1o the
socurce o that the sound atrikes the diaphragm ai the angle for which the

Reprinted with permisaion, "Copyright £+ Scciety
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mlerophone was calibrated o bave the Ratcst freque .
fslic aver the frequency range of interen, #fequeney mmm‘. Charactet.
4.22 The effccua of ambient weather conditiom on the perfurmance of alt
j'nnrummli [!'or example; temperature, humidity, and barometrie pressuse].
can be infl d by low 1re and caytion should be

encrciied,

4.2.3 Proper signal levels, cerminating impedances, and cable lengths on
multi-inatrumens meaturemen wysicms.

4.24 Proper acountical calibratian pracedure, to include the Influence of
extenaion cables, ote, Field acoustical salibration shall be made immedialely
belare ard aflter cach test sequence of & piece of contruction machinery,

* ansy

S1 5111960 (R1971), Acoustical Terminolagy
32 ANS] §1.2=1962 (R1971}. Physical Measurernent of Sound
33 ANSI 814=971, Specification for Sound Level Meters
Im'l,'* ANSES113—1971, Methods for the Measurement of Sound Preasure
s
5.% ISO R362=Mlcasurement of Naiwe Emitied by Vehicles
3.6 SAE Recommended Practice J184, Quatifying a Sound Data
Acqns.iainnn Syirem
7 SAE Standard JRc—-Specification Definilions—Front End Loader
38 C.AGL—=PNEUROP Test Code for Measurement of Sound for
Breumatic Equipment
?pplluticm For copics of the ANSI and SO docurenis should be sddiened
o0:
American National Standands Tnatiture, Inc,
1430 Broadway
New York, New York 10018,

SOUND LEVELS FOR
ENGINE POWERED EQUIPMENT—SAE J?52b

—r] a00Y
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F10, 2—MAJOR SURFACE OUTLINES

$AE Slandord

Roapani ol Sombiructin and inavitridl Machnny rchnaal Cumminiey spproned May 16 and s rrvwd By Sinck ownd

change Junt 101

1, {ueraduction=This SAE Standard estublishes maximum sound Jevels for
engine powered equipment and describes (he ten procedure, environmens,
and i piation for de ining 1hese weund tevets, W does noy include
machinery designed for operation nn highways or within factories and build-
ing areas, _
2. Masimum Sound Levels—See paragraph 5,2 and Table 1.
& lnstrumentation
$.4 A sound level meter which meeit the requirements of Internationasl
Electtalcchnieal Commistion Publication 179, Preciion Sound Level Mries.
3.2 A sound Jevel calibrator {see paragraph 5.3).
$3 A calibraledt wintscreen Liee paragraph 5.4,
4, Procedure
&1 Test She="The 11 area shall consie of a fat open space Irecof any
large teflecting sufaces such as a signbeard. building. o hillsile focared
within 100 fs of either the micraphane ar the cquipment being recarded.
4.1,1 Dyscanders may have an appreciable influgnee an meter reipamc if
wich perwm are in the viginity of the cquipment or the micruphone, No
peh:an athet than the observer reading she meter shall be pear the micro-
phone,
4.1.2 The ambient sound level fincluding wind effects) due 1o sources ather
than the cquipment being measured shatl be at lean 10 dbA lower than the
Jevel of the tested cquipment.

Lave) Commiire Jasuany (89 Eduanal

4.1,3 The path of equinment fravel shalf be aver a surface which is typical
of the particular machine applicavion,

42 Equipment Operations—Qperate the equipment al the combinasion
of Joud and speed w hich produces the maximum sound level withous violating
the manulacturer's operaijan specifications.

4.3 Mexsuremenis

4.3.) The microphone shatl be located &1 a height of + 1 abave the ground

plane, .
4.3.2 The merer shall be sey fur *fae” reaponse and the Aweighting nets

work,
4.1 For equipmeny which is noy rruveling, record the highent sound level
obinlned at 5G N from the nearest surface of the tquipment.

4.3.4 For raveling equipmont, take mesurcinenu at 3 0 noema froal the
centerline of the path of ursighy line travel. The applicable reading will be
the highest couad Jevel abrainedt lrom she loudey vide a1 the EQUipmens movés
aleng the Jine of vavel.

445 The wupd level which is reported shall be the wverage of the 1wo
highest applicable readings which are witkin 2 B af cach ather.

Reprinted with permission, "Copyright £ Society
of Automotive Engineers, Inc,, 1976, All righta
. reporved.”
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& General Comments

30 I iv surongly recommended that technieally srnined persannel sleey
equipmeny and that tesis be conducted only by qualified perions srained in
the current 1echniques of sound mearsrement.

32 An addillonal 2dD allawance over the seund Jevel limit i recoms
mended (o provide for vatiations in test vite, vehicle operation, temperaiure
gradicats, wind velocicy gradients, test equipment, and inherem differences in

y
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70
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Pl il procadera, pas BAL A8,

ral vehicles,

3.3 Instrument manufacturersspeeificalians far arieniation of the micra.
phene relative 1o the souree of iound and the focation of Lhe obsepver relative
\a the meter should be adtiered 10,

3.4 When a windscreen is required, a previously calibrated windicreen
should be used. nis ded that me be made wnly when
wind velocity is below 12 mph.

A8 Manufaciurcr's rreommendred calibration practice of the instruments
should be fotlowed. Field calibratinn should he made immediately helnre and
alter ench tea sequence. Either an external ealibratar ar iniemal catibration
meant in aceeptable for field use, providing that external callbrating is accom=
plished befure or afier fiekd wre,

A6 Honepreer sizes wiilieed In determining equipmen eateguries in
parsgraph 2 shall be in accordance with SAE JB16 or SAE 607,

& Refreney Maiprie!—Suggrited reference malterial is as follows:

USAS| 51,1-1960a Atounic) Terminalogy.

USAS] 51.2.1962, Physical Measurement of Snund.

International Electroirchnical Cammision Publication £79, Prechion
Sound Level Meien (available [rom USASYE),

{Applications for copies of these doeurnents thauld be addresed 10 U5 A,
Standirdy Inualsute, tU Exat 40ik Sueer, New York, N.Y. 00i6)

Raprinted with permissien, "Copyright ¢ Sociery
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DRAFT NO. 7
SAE RECOMMENDED PRACTICE:
MEASUREMENT PROCEDURE FOR DETERMINING

‘A REPRESENTATIVE SOUND LEVEL
AT A CONSTRUCTION SITE BOUNDARY LOCATION

Scope
Tthis SAE Recommended Practice sets forth procedures and in-

gtrumentation to be used for determining a representative
sound level during a representative time period at selected
measurement locations oﬁ a construction site boundary. It
concerns the community adjacent to the construction site,

and it is not intended for use in determining occcupational

hearing damage risk.

Introduction

The procedure set forth in this document may be used by
conatrucﬁion site management for self regulation and con-
struction site—ﬁlanning or by state and local officials for
the enforcement of construction site noise regulations. As

is demonstrated in the companion.document (Reference 1) to

- this recommended practice, the representative sound level

obtained using this procedure approximates the "energy"

equivalent sound level, Leq'

more sophisticated data acquisition and analysis tech-

{Reference 2) obtained from

nigues, Use of this recommended practice provides sound
level data representative of -the complex time-varying

sounds emitted by construction activities which may be ap-

B-6
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plied using various methods (Reference 1) to estimate com-

munity reaction to the construction activity.

Pefinitions

Construction Site ~ That area within the defined boundaries
of the project. This includes defined boundary lines of
the project itself, plus any staging area outside those de-
fined boundary lines used expressly for construction or

demelition.

Boundaries of the Construction Site - The outermost limit

lines of the construction site.

Noise Sensitive Area - Inhabited property such as that used
for public, commercial, religious or educational purposes,
or home dwellings, parks, and other special purpose areas
where the background ambient sound is less than the con-

struction site sound level.

Background Ambient Sound - The all encompassing sound as-
sociated with the given environment, when the construction
site is inactive, being uswally a composite of sounds from

many sources far and near.

Representative Sound Level, iA - It is the average of sound
level samples accomplished in accordance with procedures

outlined in 6.1.1.=6.1.5.

B-7
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Instrumentation

4.1 A sound level meter which meets Type 1 requirements of

4.2

4.3

Site

the American National Standards Specifications for
sound level meters, S)l.4-1971 (Reference 3).

As an alternative to making direct measurements with
the sound level meter, a microphone or sound level
meter may be used with a magnetic tape recorder and/or
graphic level recorder or data analysis instrumenta-
tion (either analeyg or digital) providing the system
meets the regquirements of SAE Recommended Practlce:
Qualifying a Sound Data Acquisition System, J-184
(Reference 4).

An acoustic calibrator with an accuracy of 0.5 decibel
{see Paragraph 7.2.4).

A windscreen. (see Paragraph 7.3).

An anemometer with +10 percent accuracy.

Determination

5.1

5.2

Obtain specific drawings, survey stake locations, and
other pertinent information in order to sketch the
boundaries of the construction site and noise sensi-
tive areas on a facsimile of Figure 1.

Obtain information in sufficient detail necessary to
determine location and activity pattern of the con-

struction site during the period used for measurement,

B-8
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ag well as the locations of noise sensitive areas, in

order to aid in the selection of sound level measure-~

ment locations.

6. Measurement

6.1 BSound level measurements at construction site boundary

adjacent to noise sensitive areas shall be taken in

the following manner:

6.2.1

6.1.2

6.1.3

Calibrate the sound level meter before and
after sach measurement period, using an
acoustic calibrator.

Locate the microphone at five feet (1.5m)
above the grfound and, if practical, 10 feet
(3.1lm) from walls, buildings, or other sound
reflecting structures when they appear at
the construction site boundary. When cir-
cumstances dictate, measurements may be made
at greater distances qnd heights and closer
to walls, providing these facts are noted.
Set the sound level meter to the A-weighting
network and slow resporise. Observe the
sound level meter during a 10 *2 second sam-
pling period at the‘ggggg of each minute and
one~half minute for any representative 30~

minute period of construction activity. 1If,

B-9
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during any of these observations, the mea-
surements are affected by any intrusive
noise sources cutside the construction site,'
such as aircraft, emergency signals, and
surface transportation, measurements made
during these periods should not be consid-
ered, but the number of one-half minute ob-
servation perieds should be extended until

60 valid measurements are obtained,

on/off highway vehicles, such as dump trucks,
truck/mixers, etc., which occasionally enter,
operate on, and leave the site, shall be con-
sidered as part of the construction activity
while within the site boundaries. However,
pass~by of such vehicles, in the area of the
measurement location causing difficulty in
obtaining valid measurements, shall be con-
sidered as intrustions, and handled as in

the preceding paragraph. An alternative mea-
surement system, Paragraph 4.2, may be re-~
quired to augment the direct measurements for
these construction site conditions.

Tabulate the maximum values, Ly observed
during the sample period, using a data sheet

such as shown in Figure 2.
B-10
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Determine the representative sound level,
iA' using: n
Iy= (1 Lp/n

1

Arithmetic average of LA values,

LA values: those sound levels which fall
within a range of from 6 decibels less than

the maximum level to the maximum lewvel.

n: the number of LA values used for comput-

ing the arithmetic average.

The use of this technique provides a result
which is coﬁparable to "energy averaging®
all -of the observed values. Corrections may
be applied (see'fable 1) which results in a

computation of Le for the representative

q
measurement perlod.

AT

|

7. General Comments

7.1 It is often desirable to obtain the background ambient
Bopnd level on the same day as the Eound survey to ob-
tain.representative.construction site sbund levels.

It is suggested that this be accomplished when the con-
struction eite is inaétive, such as before start-up,
éuring the luncheon Break, or after shut-down. The

above procedure {6.1.1-6.1.5) should be used.

B-11
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7.2 1t is recommended that persons technically trained and

7.3

experienced in the current techniques of sound measure-

ments select the equipment and conduct the tests.

Proper usage of all test instrumentation is essential

to obtain valid measurements. Operating manuals or

other literature furnished by the instrument manufac-

turer should be referred to for both the recommended

operation of the instrument and precautions to be ob-

served.

7.3.1

7. 3.4

Specific items to be considered are:

The type of microphone, its directional re-
sponse characteristies, and its grientation
relative to the ground plane and source of

noise.

The effects of ambient weather conditions on
the performance af.all instruments (for ex-
ample, temperature, humidity, and barcmetric
pressure). Instrumentation can be influ-
enced by low temperature and caution shoﬁld
be exercised.

Proper signal levels, terminating impedancas,
and cable lengths on multi-instrument mea-
surement systems.

Proper acoustical calibration procedure, to

include the influence of extension cables,

B-12
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ete. Field calibration shall be made immed-
iately before and after each test sequence.
Internal calibration means is acceptable fér
field use, provided that external calibration
is accomplished immediately before or after

field use.

7.4 A microphone windscreen shall be used provided that

its effect on the total sound level measuring system

does not degrade the system below the requirements of

ANSI S1,4-1971, for Type 1 sound level meters. It is

recommended that measurements be made only when wind

vaelocity is below 12 mph {19 km/hr).

Measurements should not be made if significant changes

in extraneous and non—coﬁs;ruction related noise~making

ncfivities or patterns occur during the sampling per-

ioad. éxamples of changes in noise-making activities or

patterns which affect the data are:

(1) Nearby no;ae sources, such as power mowers, pave-
ment breakers, brush cutters, or power saws.

{2) Changes in vehicular traffie flow, such as closed
street, detours; br shift-change periods near in-

dustrial plants.

B-13
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REFERENCES

, date

EPA, Information on Levels of Environmental Noise Requisite
to Protect Public Health and Welfare with an Adequate Mar-—
gin of Safety, 550/9-74-004, March 1974.

American National Standard S1.4-~1971, Specifications for

Sound Leval Meters.

SAE J184 Sound lLevel Acquisition System.
American National Standard 51.1-1960, Acoustical Teminology

American National Standard S1,2-1962, Physical Measurement

of Sound.

TABLE, 1

Corrections to LA to Obtain Leq

n/s60

.8

¢ N

<

2

to 1

to
to
to
to
to
to

-

8
7
6

= LN

Correction ~ dB

0
-1
-2
-3
-4
=5
-7
~10
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(Construction Site)

1. Sketeh Appropriaie Sile Boundaties, Adjacent Communities, and Measurement Locations

2, Construction Site - Type
3., Sound-Level Meier: Manuf. Madel S/N

4. Weather Conditions

‘5, Remaiks

Figure 1 Sampie Sketch Format
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