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EXECUTIVE SUMMARY

This report is the second of a series of consirnetion noise programs whase prinei-
pal objectives are 1o develop and evaluate equipment usage, operational methods, or
physical means to attenuate the noise of cunstruction sites (o acceptable levels and to
deseribe quantitaively the cost associated with these reductions. The first report,
Construction Noise: Specification, Control, Measurement, and Mitigation, generally
deseribed the problem, as well as o number of accepted measurement techniques and
current state-ol-the-art- mitigative measures,

Canstruction noise reduction is generally expensive, New, quicter equipment will
cost A contractor more to purchase or rent, Mitigative measures are also costly,
hecause they increase equipment installation costs (in the ease of barriers) or slow the
construction process and raise labor and operating costs.

The objective of this phase of the continuing research was to obtain the cost/
benefit relationships associated with new, quieter equipment or construction process
moditication,

Cost/benefit analysis is a feasible estimating (ool {or eonstruction cost estimators,
but significant further investigation is required before definitive. non-site-specific
relationships are available. A significantly larger data base must be acquired that will
relate the cost to quieted equipment usage and construction processes for broad con-
strugtion areas and phases. It is desirable to provide Army construction estimators
with tables, nomograms, and equetions that describe the cost/sound-level relation-
ships for construction phases; for example, ground clearing for family housing or
landscaping for barracks construction. Currently, data are not available to provide
this informatien detinitively.

To determine the feasibility of developing cost/benefit relationships, the Cen-
struction Engincering Research Laboratory (CERL) designed a program to measure
lamily housing construction noise levels, determine feasible construction equipment
noise reduction levels and associated costs, and study feasible construction process
madification and associated costs, The Fort Hood, Texas, 1000-unit residential hous-
ing construction site was chosen for this study; family housing was chosen because it
comprises most of the construction petformed by the military,

Construction site noise madels were conpared with measured noise data and used
to estimate the effect on off-site noise of equipment and process changes on-site.
Manuficturers of construction equipment used at Fort Hood were questioned about
present noise levels of their cquipment, feasible future quieted noise levels, and
associated costs. Corps of Engincers representatives and Fort Hood construction con-
tractors provided detalls about the manpower, equipment, construction methods,
and costs for the Fort Hood residential housing construction.

The prinecipal conclusions drawn from the results of this study are:

1. Construction sound levels can be reduced oif-site by using quicter construction
cguipment or process noise control, such as barriers.

2. The cost at Fort Hood for quicter equipment would be approximately $800 per
decibel per piece of equipment, To achivve desisable levels at a particular location at
Fort Hood during ground cleering, approximately $10,000 would have to have been
added to equipment cost,



3. Usewd'two guicter machines of lower capaeity in licu of one standard maching
ml only costs more, but is ol questionable noise control value, The total noise
exposure may be significantly longer, thus negating the somewhat lower noise levels.

4, Cost/benefit relationships can be provided for construction cost estimating
purposes only afiter a signiticantly larger data base is obtained. Noise level versus
engine power, cosis versus noise level, process costs versus noise level, and off-site
noise fevel predictive models can be refined and provided in a pseful format for field
use by Carps of Engineers and contractor personnel,
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FOREWORD

The U.S, Army Construction Enginecring Research Laboratory (CERL) con-
ducted this stady for the Directorate of Military Construction, Office of the Chiel off
Engineers, under Project JA762720A896, *Poltution Conlrol Technology™: Task 02,
“Environmental Quality Technology for Operation and Construction of Military
Faeilities™' ;s Work Unit 002, **Censtruction Site Neise: Specification and Control.”

The OCE Technical Menitor was Mr. D, Spivey.

The report is the resultof a joint effort by Dr, Fred Kessler of Dames and Moore,
Dr. Robert Chonaud of Engincering Dynamics Inc,, and Dr, P, Schomer, Mr, B.
tHlomans and Mr. I. MceBryan of CERL. Dr. Kessler produced a majer portion of the
draft and Dr. Schomer performed most of the coordination and editing.

Dr, R, K. Jain is Acting Chicf of the CERL Environmental Division (EN), and Dr.
P. Schomer is Leader of the EN Acoustics Team.

COL M. D, Remus is Commander and Director of CERL, and Dr, L. R. Shaffer
is Deputy Director,
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COST EFFECTIVENESS OF ALTERNATIVE
NOISE REDUCTION METHODS FOR
CONSTAUCTION OF FAMILY HOUSING

1 INTRODUCTION
Background

Noise produced by the construction of various
U.S. Arny facilities has caused private complaims,
andl it can be assumed that the number of com-
plaings received is indicative thar many other people,
both on-past and of t-post, are annoyed by the nolse.?

The U.S. Envirosmental Protection  Agepcy
(EPA) is investigating comsmunity noise, its sources,
and responses o it. Since equipment used in con-
struction lias been ddentilied as a principal com-
munity noise source having the potential to degrade
the public health and welfare,?? the EPA has initi-
ated & progrum to develop regulations limiting noise
Trom equipment ideniified as a major noise source.

Regulating equipment noise at the equipment’s
initial pointal sale is one of o few effective means to
control construction site nois¢. Other methods in-
clude modifying the construction process and
activity at the site, and using a carfew to restrict the
time during which construction can be accom-
plished. However, these noise control methods may
result in an added expense o the owner {in this case,
the LS. Army). The Corps of Engineers, as one of
the world's largest construction contractors, is
interested in feasible methods of construction site
hoise control aml associaled costs,

The Corps' Military Construction Division s
charged with supporting the Distriers and Divigions
which act as the contracting bodies for the construc.
tion of permanent facilities. To support these con-
struetion activities, the Corps of Engincers sponsors
development research programs in the arca of pollu-
tion preventior, abatement, and control. Part of this

10, Schomer and B, Homans, Construction Noiser Specifica:
titm, Control, Meosurement, amd Mitigation, Technieal Report
E-53/ADAUSGOE {Construction Engineering Research Labora.
tary JCERL), April 1975).

Unformation on Levels of Environmentul Noise Reguisite th
Protect Public Health and Welfure With an Adequute Margin of
Sufiery, 550/%-74.004 (U.S. Environmental Prolectivn Agency
[USEPA], Murch 1974},

v ldeptifieation of Products of Major Sonrces of Maise,”
Fedveral Repfstor, Vol 39, No. 121 tlune 21, 1974),
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pollution rescarch concerns construction noise and
its control. CERL Technical Report E-534 tells Dis-
iricts How to limit construetion noise via specifica-
lion, and inctudes information on: 1) measurements
which verily compliance with contract regulations;
2) methods to mitigate noise; and 3) background of
virious laws, regulations, and case histories, One
factor not covered in E-53, however, is means of
determining (he cost to the Corps of Engineers of the
virious nofse reduction programs,

Purpose

‘The purpose of this report is to guantify the costs
assoeiated with noise reduction at construction sites
in order to create cost vs. benefit construction site
naise control, This study is a first attempt af such a
quantification and, as sueh, voncentrates on the
maximum element currently constructed by the mili-
tary—Family honsing. Other areas to be studled in
the future include hospital additions, new hospitals,
anil barracks copstruction, areas that are pro-
grammed to be major parts of military construction
over the et § years, Of lower priority are such areas
as field shops, which usually are not located near
nojse-sensitive areas.

Approach

In presenting some of the cost/benefit relation-
ships nssociated with construction equipment noise
control, this report discusses in detail {easible
changes in construction processes and activities that
have high potential for noise control, For these dis-
cussions, the construction site is considered to be a
noise source made up of numerous individual con-
tributors to construction site neise. Construction
activities may be grouped into four major cate-
gories: 4.6

1. Residentinl

2. Nonresidential (olfice and commercial)
3. Industrial

4. Public works (including road building),

At a given rime during the construction process,
an individual activity or group of activities called

I Schoner and H, Homans,

SNoite From Construction Equipment and Operations, Build-
ing Equipment. and Home Applianees, NTID JOD.1 (USEPA,
December 31, 19710,

uckground Document for Praposed Portable Air Compresior
Nofse Emission Repulagions, 550/9-74-016 (USEPA, Ocioher
1974),



phases may be taking place, These include:

1. Demolition

. Rough ground elearing
. Utilities

. Excavation

. Faundation

. Above grade

. Landscaping.
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Each of the above contains noisc-producing
clements, A discussion of the general construction
site noise conteol problem is very complex and
beyond the scope of this study. Instead, residential
housing as an element of the total problem has been
investigated and the results are reported here, As
additional investigations (by the U.S. Army, the
{ederal EPA, the construction indusicy, and others)
are conducted and results promulgated, the cost

‘benetit of construction noise control (in general) will

become known,

To keep wilhin budgetary and time constraints,
residential housing at Fort Hood, Texas, was used
for the cost/benefit model, Fort Hood was selected
due to the large number of conslruction activities
being conducted simultancously at this large site.

Five phases of construction were in progeess at
Fort Hood: clearing, excavation, foundation,
framing, and landscaping, Numerous types ol con-
struction equipment, discussed in  subsequent
sections, were being used.

The stody cansisted of four major segments,

1. Noise Survey. A site visit and noise survey were
conducted at the Fort Hood construetion site. Loca-
tions simulating site boundary points {residential
neighbors) were selected. Noise levels were recorded
both manually and on tape and were later analyzed
in a laboratory, The noise of individunl construction
cquipment was measured while it was being used,
Usage factors and the fraction of lime during which
cquipment was noisiest were determined,

2. Construction Process Noise Contral. Methodol-
ogy modifications were considered for the various
construction phases, Euch operation was studied
separalely and methods were tnbulated and com-
pared, The cost of each operation or method and its
estimated sound levels were obigined, Construction
phases were considered in lerms of noise level, cost,
neise reduction techniques, amd noise reduction
costs,

J. Noise Control. A construction site noise model
wus gdapted for use and was evaluated by using
actual field noise data. The model required individ-
wal equipment sound levels and usage factors to
compute site noise levels. Information relating to
future equipment sound levels and processes was
used in the model to estimate construetion site noise
retluetions, a benelit which was then compared to
the cost ol achieving equipment and process noise
reduction,

4, Cost-Bencfit Analysis, Site naise reductions
resulting from equipment noise and process noise
contruls were quantified when possible and com-
pared with the costs of respective abatement tech-
nigues.

FORT HOOD SOUND LEVEL DATA
2 ACQUISITION AND ANALYSIS

The site selected for this cost/benefit analysis
study was the ongoing construction of 1000 family
housing units at Fort Hood, Texas, The construction
at this base is carried out in five major phases which
are summarized together with the equipment used in
Table 1. Sound level measurements at Fort Hood
were performed by the CERL acousties staffl. The
locations for these measurements were chosen to
minimize the number of measurements required
while maximizing the information obtained. Each
measuremenl location was at the boundary ot a work
area in which a particular construction phase was in
progress. Thus, the constriction noise measured was
that of a specific construction phase. Figure | pro-
vides the loeations at which sound level measure-
ments were nuede, Table 2 summarizes the loeations
andd the construction aetivity relating to ear

The encegy equivalent sound level, Lyg, for each
site boundary lacation wus caleulated from measure-
ments made either manually or by tape recording.
Appendix A describes the equipment used by CERL
personnel and speeilic details for the construction
neise peasurements,

Dala Acquisition Methods
Manual Method

The Society of Automotive Engineers (SAE)
recommended procedure for measurement of con-

struction site boundary sound level (see Appendix B)
provides an estimate of the equivalent sound level,
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Tahle 1

Phases of Construciion und Equipment Fresent at ihe Fort Hood
Famlly Housing Conytrucilon Slte

Table2

Beseription of Measurement Logatlons at Forl Hved
Cunstrucilon Slie

Phase of Comstruction Equipmeat Locutlon Actlyhiy
1. Finishing, Road Flu Roller 1.1 Interior Finishing an Howses, Rolling Roadled in
Brepatation tinall, Air Compressor Preparation for Paving
Landseiping f_;:;l:':;} 21 Rowrting of Houses, Ditehing
22 Ruoufing and Sheathing
3. Ereetion of Homse Circular Saws (2} N P . . .
N e . .3 Hio ] g s and Road Gradi
Frames, Ruad Supply Track 4% Tan) Erection ol Honse Frames and Road Grading
Freparation Air Compresser 24 Ercetion of Houses and Digging
Farklin seadbiten i i sparati
Backhaes (2) 4.1 Gradting und Siie Preparation
Seruper 1.2 Fikl and Grade for Howse Foundation, Grading and
Graler Cunepaction af gl
Mabile Crunc A Cleating and Removal of Dirt {taken 10 Location 4.1)
3. Foupdation Front Ewd Loaders (2)
Hyidraulic Hammer the total number of samples noted on the data sheet
. . (N}, The level {dB) correction is ten times the
4. Eacavativm, Gradiog Compacior loparithm of the | s N E sssed
Site Preparation Gradurs (2} “t“lr, un of the draction n/N. Expressed as an
Bump Trucky th cguation:
Bulldorers (1)
Svruper eorrection (B} = 10 Log,e (n/N)  [Egl]

& Clearing, Initinl Bulldozers ()
Envavidion, Uniliies Seraper
Instatlation Backhoe
Front End Loaders ()

NOFE: Numbers in purentheses denote that maere than one picce
of [his equipment was ohseryed,

Log- This estimaie Is abtained [rom the arithmelic
avernge of a special group ot the sampled data, One
must sample the A-weighted sound level for o [0-sec
period each 30 see and note (Figure 2) the maximum
soussd level that oceurs during that time, The rotal
measurement perind may be 30 min in duration,
Samples within 6 dBA of the maximum nofed value
are arithmetically averaged, One would  prefer
“energy' averaging all samples,* but this may prove
cumbersome, 11 ¢can be shown that the special
averaging technique provides a result within 1 dB of
the “cnergy’’ average,

A durational correction must b used to obtain the
construction site equivalent sound level, Ly, The
durational correction relates ta the fraction of time
during which the site is in its noisiest mode, This
fraction is abtained by dividing the number of data
samples {n} within 0 dBA of the maximum valuc by

- ra 1]

*Eipery uverage b defined as 10 Logg X 10 ¥, where n; are

the individual values in 48 to be averaged.

<15

Allernitively, one may use the correction table
shown below:

w’N Carrection dif

0.t =10
1o ik -7
0.2t 0.3 -3
0,3100.4 -4
O.4taild -3
0,510 0.0 - 2
n.Oto 0.8 -1
0.8t00.9 - 0.5
0.9 1.0 o0

Tupr Recording and Analysis Mothod

An alternale sound Tevel measurement and analy-
sis procedure consists of recording the sound on
magnetie tape simulianeousty with the acquisition of
manual data. The 30-min sample of construction
sind i aequired by using a l-in. (24 mm) con-
denser microphone with windsereen, @ preeision
sound level meter used as & linear pre-amplifier, and
an instrument-quality magnetic tape  recorder,
Laboratory analysis of the recorded tape is accom-
plished by a system consisting of an instrumeni-
guality tape recorder and a computer-controlled
data reduction system developed by CERL. The
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Figure 1. Fort Hood SAE measurement locations.
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CONSTRUCTION NOISE EXPOSURE DATA SHEET
Instructions:

1, Calibrate sound-Jevel meter using acoustic colibrotor,
2, Instal) windsereen, select A-weighting netwark, select “'slow” response.

3. Observe for 102 2scconds at the start of cuch wminitie and %2 minuie for Mminutes, \’ 't ey
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Construetion Site, Date Tine

Wind Veloeity . mph. Temperature °F. Engineer

Remarks

Figure 2. Typical site data sheet.
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analysis system contains an edit feature for deletion

of intrusive sounds which are not characteristic of

the construction neise (people talking nearby, over-
loads induced by wind gusts). Figure 3 shows typical
analysis printout. The analysis contains A-weighted
sound level cumulative distributions Ly (the sound
level exceeded 99 percent of the measiurement time)
to Ly, Also included are the standard deviation, the
energy equivalent sound level (L.}, and other
parameters relating to the federal I:JI’A day/night
cquivalent sound level (Lgp). (Lygy is not used for
this study.}

During measurement by the precedures described
above, all manufacturer specilications fur the
measuring and recording equipment were followed,
The two measurement systems were calibrated using
calibrators supplied with the equipment. Meleoro-
fogical parameters were alse noted, 10 high wind
speed {greater than 10 knots) or excessive relative
humidity (greater than 90 percent} oceurred during
the measurement period, the recording session was
lerminated.

.0 ] Number ol hlocks skipped
1. 1400 H Muonth, day, hour and minute
10, C Samples per second
120, B Full seale g level

107228, A Totul number ol samples

[t A Number of wind samples

0. A Number ofoverseale samples
E8,3604 L Iy
555908 L Ly
47,191 L Ly
56,78 L Ly
470000 L Luy
48,0000 L Ly
S1NKK} L Ly
56,0000 L Ly
67,0000 L L,
72,0000 L L,
70,0000 L Ly
770000 L Ly

5077 D Standard devintion

Figure3, Typical siatistical analysis of tape-recorded
consiruction sound levels.
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Discussion of Results

Table 3 summutrizes the equivalent sound level,
Leg. for cach property line measurement location,
obtained from the manual and tape-recorded meas-
urements. Generally, the Leq values obtained by
both metheds agree to within £5 dB. The diserepan-
cies between the equivalent sound levels from the two
methods are greatest when the eonstruction activity
is impulsive in nature, such as hammering and saw-
ing, The agreement between the Leg evaluated by
the SAE procedure ond the computer-controlied
analysis procedures is best when the construction
activities produce relatively constant sound Jevels,
such as grading or carth removal,

Appendix A summarizes all dola obtained during
this phase of the sindy. Included are the data
samples recorded during the manual measurements
ateach location and the cumulative distribution and
Leg values obtained from the tape recording and
analysis method.

Table 3

Summary of Equlvalent Sound Levels Calculated
Fram Mensured Sound Data at Representative Site
Boundary Locations—Fort Hood, Texns

CALCULATED Leg
From
From SAE Caomputer-Controlled
Lueation Procedure Analydls Procedure

L 45 [t
21 td (LI
2.2 n [ r A
2.3 72 ({1 N
24 ol 63
4.1 68 70
4.2 10 70
51 73 73

Construction Site Noise Model

It is desirable to (ormulate an analytical model of
construction site noise to quickly and economically
evilluate numerous construction scenarios. With this
madel, one may estimate consteuction site noise due
to various arrangements of (1) present construction
cquipment, and (2} future quicted construction
equipment.

The model used in this study is similar to one
developed for the federal Environmental Prolection



Ageney (EPALT It is simple and  reasonably
aceurate, Use of the model results in an estimation
ol the equivalent (energy average) sound level, Ligs
einitted rom the site during an §-hr duy.

The model basically consisis of (wo components:
the equipment maximom* {(A-weighted) sound level
and the fraction of time the cquij)mum is in ity
nuisiest e, r“”'l L

M !j'

' Eju& Vi ”LF!»'

——— — — == Ny

~ = — — — NLyilp

MOISE LEVEL

TIME
Flgure 4, Explanation of Lp. Lhe average sound level
ul it backhoe in its noisiest mode,

Equipment Sonud Levels

In the course of a typical work cycle, a unit of
cquipment spends part of the eyele idling or pre-
paring Lo perfarm a task, During some part of s
work eyele, in which the machine performs a 1ask,
the noise it emits is Digher than it i a4t any other
time. Combining the maximum sound level, Lp.
umitted by the machine with the fruction of tatal
cycle time that this maximum sound level occurs
provides an estimate of the cquivalent (energy aver-
aged sonnd Jevel emitted by the machine during its
total work eyele. The fraction of total eyele time thut
the equipment is in its noisiest mode is designated as
the usage factor (UL F.)L The usage lactor depends on
the type of machine and the sk it performs, Gener-
ally, Fort Mowd construction equipment emitted
nuise in three time-varying modes:

fuckground Dcument for Proposd Portuble Afr Compresiar
Noise Emivsion Hegulagions, 587974016 (USEPA, Octaber
194

*Mazimun sounl kevel, Ly, iy the overage sound level of the
cyuipmen in itk anlsiest mode, To better Blustrate L. Figure 4
shuws i iypicat work eycle for o backhoe at Fare Hood. KLy s the
thnine bevel therissg srenehdnge andd i the manimun sound Jevel (I.l,]
for e eyele, NI is the poise fevel occurring when the bucket is
userd, ‘The haseline nolse level oceurs while the eguipment is idling
berween Jobs amd iy avery low Jeve] compared o l.p. Various trun-
sivnts in the level above e average maximuom soand level thal
weenr rom tinse i tme are indicated as NLy,
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Mode 1: The cquipment is stationary but works
eyclically; for example, o baekhoe may
generiite maximum saund while trench-
ing but significantly less ssnd while
employing the bucket,

Mude 2: The equipment moves throughout (e
site; for example, o fron-end duader
maves earth fram an excavation to a pile
o truck.

Mude 32 An operition is performed sporadieally,
possibly only onee during the period of
ablservation. (This mode is a special case
ol Mode 1.)

Figure 3 illustrates the possible time histories
applivable to each maode. The usage factar, ULF., is
computed from tie Iraction of time the equipment is
in its noisiest mode,

Eguipment eperating ut a site may not operate in
its nuisicst mode continiously, In fact, the portion of
time an itemy of constriction equipment is in s
nuisiest mode may be guite short, Figure § illustrates
the three modes discussed above,

Slillit!rlili‘}' equipment may ot be operating, may
be idling while other preparatory activities are in
process, or may be operating ot full load tnd magi-
mum nnise Tevely., These operations may be repeated
olien during a typical construction day. This activity
is shown in Figure § its Made 1,

Mabile equipment may operate at maximum noise
levels for a short duration; for example, a front end
foader while Joading, The cquipment (the Toader)
many travel a considerable distanee to place (his load,
AL o reeeiver, sound levels drop signilicantly as the
logieler leaves the seene eves though the souree nolse
level has not diminished, Mode 2 of Figure S illus-
trates 1his aietivity,

Asingle event is lustrated by Mode 3 of Figure 5,
The tatal period Ty is assumed 0 be the construction
duration, perhaps an H-hr day,

The equivadent sound tevel for o machine in ils
work eyele is evaluated from:

(Lp/ 10}

ch = 1) Lop,e (LLE. x 1D [Eq 2}

Fhe maximum sound levels and usage factors are
nsed to evaluate an Log for each item of equipment.
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Figure 5. Evaluation of usage factor (ULF.},
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Theser individual  contributions are extrapolated
from the equipment work area to a property line
location and are added onin energy basis 10 obtain
the equivalent sound level resulting from the simul-
taneous use of all construction equipment at the site,
Tale 4 ilusteates this webnique, based on data
gathered at the Fort Howd property line measure-
went loeation 4.2, The construction activity nearest
this location is il and grade for housing founda-
tions, road grading, and compaction. Table 4 con-
tains the maximum sound level, Lp, 50 i (15 m)
from each picce ol equipment and the observed
usage factor, The sound is extrapolated to the
observer location, assuming hemispherical sound
propagation to estinale the contribution at the
observer. Individual contributions are then added to
compule the lotal equivalent seund level, Leg. at the
observer,

Tabie 4

Estimated Energy Equivalent Sound Level Dain
al Locatiun 4,2* of CERL Survey—Fort Ilﬂ;‘q\)Tuu

Al

Muaimium :’{i‘m{i‘;’ ;Y:m
Sound "1g% 0 LFrom Equivalent
Level 2 n,.\tﬂ',k.ll‘liqnlpmml Sound Level

(dBA i 50N . ta Olmener (di})

Equipment  [tSm]) U.Ese (feel) a1 Observer)
Compactor a2 B 185 (56m) 0
(Rnllert

Grader K2 B0 210 tedon) %
Grader w7 £l 0022 m) bt
Darer B2 1.0 A00 (122 m) [}
Tractor X} Rl 4000122 m) 0}
ump Ht Rt HKY U122 63
Truek

Lyyy ot abservation poing Wl = %

SActivity=1ill snd grade of Tonsing foundations, road greding
and coampaction,
*Eraction of thme in noisivst operning mode—based on CERL
nicasurements.

Estimated Site Boundury Equivalent Soumnd Levels

Eqguipment location and  equipment operation
duta were collected during the site boundary sound

o level measurement sessions, These data were used to

eslimate usape factors needed for the consiruction
noise model. In addition, maximuen equipment
sopned levels were also measured, usually a1 50 ft (15
m). Where maximum sound levels were not
measured at the Fort Hood site, supplemental data
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were obtained from manudacturers or from the liter-
ature, The equivalent sound levels, Beg, at vach
measurement location (Figure 1) were computed
using the noise madel, Table 5 provides these re-
sulis, The estimated equivalent sound levels in Table
5 may be compared with the equivalent sound levels
olained from measurements. The equipment maxi-
mum sound levels, nsage fiactors, and equivalent
sound levels for all measurement locations are sum-
marteed in Appendis B,

Table §

Summary of Evjulvalent Sound Levels at Boundary Line
Measurement Locations of Fort 1lood Constructen She

CALCULATED L“ltdll)
Computer
Anslysieol  Construction
SAE Tape-Recorded Nulse
Lacation Prucedure Data Model
I 65 6t
21 (2] 6l
22 n 67
23 n 7
24 [} 63
41 W a7
S b s
BN B £ B 72

The equivalent sound levels caleulated using the
muodel agree to within 25 JdB with the I-cq vilues
caleulated from manually observed data and within
+2 dB with the L,_-q caleulated from computer-con-
tralled analysis,

The data base used to confirm the model is un-
furtunately small, While the equipment sound levels
are lairly well documented, the usage factor infor-
mation is sparse. It has been found that the usage
fictors obtained during this study differ significantly
from those tabuluted in the EPA publication refer-
eneed below.? As an example, the usage factor pre-
sented in this publication for u bulldozer during the
excavation phase of residentinl construction is 0.1,
This value diflers significantly from the usage {actor
lor i bulldozer observed during the excavation phase
at Fort Hood, The Fort Hood observed usage factor
is 1.0, The usage factor for a tractor Joader, which at
Fort Hood was found to be 0.6, is listed 2t 0.1 in the
EPA data. The usage factors listed by EPA are based

Shuckpround Rocument fur Propoted Portable Air Compressor
Noise Emission Regulutions, 550/9.74-016 (USEPA, Qclober
1974),



on an average of numerous residential construction
sites. The approach discrepancy between the EPA
datn and Fort Hood data must be rectified, since the
construction site model depends not only on accurate
equipment maximum sound level data, but alse on
valid estimates of the usage lactors.

3 TECHNOLOGY AND COST (GENERAL)
General Site Nolse Control Methods

CERL Report E-53 describes means to lessen the
noise of construction sites.?

This study is concerned with the cost of various
operalional alternatives. To this end, a large amount
of basic data has been gathered and tabulated for
use in estimating costs of various noise reduction
alternatives. In Section 5 of this report these data are
used to develop various site-specific examples,

Basically, four general categories are considered
for operational noise reduction methods:

1. Shiclding

2, Time controls

J. Site masking noise

4, Fixed equipment height,

Shiclding

One general method of controlling the noise emis.
sion from a construction site is to block and redirect
the sound in a dircetion which is less sensitive (o
noise, Another alternative is to block and absorb the
sound. The former might be called a *“barrier,”
while the latter may be called an “enclosire.”
Appendix C discusses these methods specifically
with regard to the means of creating them,

Blocking a noise source can be a simple and effec-
tive means of reducing noise ¢emissions if the specific
direction of the sound is known. Barriers can do
many things on a construction sile to reduce noise
und do not hecessarily requice additional building or
consiruction of units specifically for the purpose.
Barriers arenclosures are not considered part of any
specific picce of machinery, but rather part of the
construction site. Barrlers can be any object which
interferes with sound transmission.

P, Schomer and B, Homans, Constructivn Noise: Specifica-
tinn, Congrod, Measurement, and Mitigation, Techuical Report
E-53/ADADDYOE (CERL, April 1975
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The use of barriers or enclosures on & construction
site to reduce noise emission to noise-sensitive areas
appears to have merit. Depending on the configura-
tion of the land and the specific construction tech-
nique, significant neise reduction ean be obtained.
For the situations where only small reductions occur,
that small reduction can be used (o supplement
other reductions. such as time controls or machinery
noise reciction.

There are several  siuations  where  effective
barriers can be installed and there are several where
a barrier can do no good, 1n general, barriers are
pood for both stationary and moving cquipment.
Fences on the order of 1011 (3 m} may be useful in
contined construction sites where source and receiver
are close together. Berms, vither in conjunction with
a fence or not, material stockpiles, existing or newly
constructed buildings or other equipment may be
useel as shields. Appendix D provides the costs of
such structures.

Enclosures, either as a barrier, or a partial or
complete enclosure, are perhaps the most elfective
site noise control method for stationary equipment
or almost stationary operations,

Within this group, the lollowing are explicit
methods:

l. Fences S, Enclosures

2, Earth berms 6. Machine location
3, Stockpiles 7. Blankets

4. Buildings 8. Unuscd equipment

These methods are discussed in detail in Appen.
dix C,

Time Comrofs

The regulation of operations time by the con-
tractor ean be a valuable tool in noise control. By
knowing how long a given operation will take and the
Factors that will influence its expected emissions, the
contractor is more able to regulate his scheduling
and procedures to keep noise al low levels, Factors
influencing noise control and time relations are dis-
cussed below,

There are several elfective time (or scheduling)
controls, particularly time of day and those which
affect the level vs, duration curve, Data available to
date do net make it elear whether it is preferable
from the receiver’s viewpoint to have high, short-



duration noise, or low, long-duration noise. Con-
plaints are generatly based on exposure to high-level
suurees over a certitin time period, Since a main con-
strietion industry eriterion s work to be performed
in the shortest time period, any atiempt to go toward
fuw-level, Tong-duration operations will be strongly
resisted,

Until more positive criterta are developed, the
acdvantage of time controls is pot clear. This com-
ment applies during the normal working hours;
nighttime restrictions are definitely required.

Within this group of time controls, the following
are explicit methods:

L. Time ol day

. Day of week

. Season

. Duration of operation

. Multiplevs, single aperation
h. Operator efficiency,

LTI i AV ]

o

These are discussed in detail in Appendix C,
Site Masking Noise ’(),,-
]

Noise from the site can be masked by taking
advantage of natural sounds emanating from the
surraunding areas, By ereating an ambient level on
the site, nuisy operstions can be masked and their
impact reduced,

Taking advantage of naturally oceurring noise can
be o feasible noise abatement technigue. Natural
sounds have the disadvantage of not always being
predeterminable, but have the advantage of costing
noliing, (See Appendix C.)

Fixed Equipment Height

Fixed equipment can be shielded maore easily thin
mobile equipment, but in addition the elevation of
equipment also presents a problem. Height is the
ondy explicit control in this group (see Appendix C).

Itemizad Noise Control Methods

Based on the specific noise reduction methods dis-
eussedd in the General Site Noise Conirol Methods
sevtion, the following list of feasible general site
noise comtral methods is presented.

1. Fenees . 2. Earth berms
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3. Stackpiles 1. Season

4. Buildings 12, Duration of operation
5. Enclusures 13, Multiple vs. single use
h, Machine location 14, Operator efficiency
7. Blankets 15. Natural sounds

8. Unused equipment 16, Height

Y. Time ofday 17, Groumd,

10. Day ol week

General and SpecHic Slie Noise Contra!
by Task

The noise due to any specific operation can be
conteolled by the general methods listed in the pre-
vious seetion, For example, the poise of a backhoe
used for clearing and grading of trees and brush can
be controlled by fences, carthberms, enclosures,
duration of operation, operator cfliciency, and
natturad sound,

For any given operation, a number of alternatives
usually exist, Following is a list of operations for
which altermative methods, and methods of noise
comrol for cach alternutive are presented  {sce
Appendix £,

DBemolition

A Roadways

b, Buildings

¢, Material removal

2, Clearing and Grading
a, Trees and brush
I Rock removal
¢ Earth removal
d. Griding

3. UDhilities instadlation
i Exeavation
b Draining
¢, Placement
d. Backtilling
v Compaction

N

Foundlation excavation and backfilling
a. Barth removal

. Roek removal

¢. Backlilling

d. Compagtion

e Additional equipment

5, Foundativn—Tlorming and placing
a. Forming
. Pile driving



Tuble 6
Wiustratire Example for Site Nolse Control Cleardng and Grading—Hock Renoval

F ; £
g E g X T 4
- = ] - ) - Ed = H
t = £ R S s 5 4 3
2 & § a2 & B8 = B4 ¥ 9
E £ 2 & £ £ 3 § S § 3 =z & & =
— E ¥ F 3 : §F 8ot ;P oz i § 3 P o2 3
METIODS 4 & = w = 2 =] = =) & a = = v =
Bulldurer X X X X X X X X X
Rk Drill
and Ulasting X X X X X X X X X X X
Rock Drill
aml Splitters X X X X X X X X X X
Rippers X X X X X X X X X
Laaders X X X X X X X X
Dump Truvks X X X X X X X X X -

v. Concrete supply
d. Conerete handling
¢, Placing and finishing

6. Ercetion—{raming and exterior-interior work
i, Material supply,
b, Material movement to building
¢, Construction
. Exterior work
e. Interior work

7. Lundseuping
a, Grounds preparation
b, Roads

Table 6 is an example of data contained in
Appendix F, dor elearing and grading—rock re-
moval (liem 2b}, The various rock removal methods
are listed in the table, along with appropriste noise
conlral alternatives,

Noise Levels and Cost by Specific Method

Each specific construction site opueration {as listed
in the previous section) and alternative methods for
accomplishing them {as listed in Appendix E) are
presented in Appendix D with sound levels and asso-
ciinted costs. These values were dilftealt 10 obtain,
No sound levels could be obtained fur many of the
alternative methods, which produces a weakness in
the final result, sinee what is desired is the trade-off
between sound and cost, Further study is required to
abtain these data,
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Apother weakness is the lack of data on opera-
tional time of these allernative methods in order to
determine total eguivalent noise level vs. cost, The
cost data were based on the hourly rates for the
rental of the equipment used, which appears to be
the method preferred by contractors themselves,

Equipment Noise Control

For construction activities in residential arens and
in arcas sensitive 1o high noise levels, noise from con-
struction activities is to be kept at as low a level as
pussible. The previous sections discassed the reduc-
tion of construction site noise by employing alternate
construction methods, This seetion presents varieus
noise contrab 1echaiaques available Tor redieing eon-
struetion equipment noise, A sumnary of the cost of
quicting construction equipment noise is presented
in Table 7.

Enclosures

Sound radiation ean be reduced considerably by
cither enclosing the entire itemy of construction
cquipment or ils  individua!  components, e.g.,
engine, The publication referenced below deseribes
the use and design ol enclosures to reduce construce
tion equipment noise.?® With o properly designed

R eputuiion uf Construction Activity Noise, BBN Report 2887
{Bolt, Berunek, and Newman, November 19745,
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Table?
EPA Basle Informaetion on Construction Equlpment {1974)*

Qulet Products Dlest Technology .
Presenl Level 1 Level 2
Sound Average Sound Average Sound Average Unlis
Equlpment Level Unle Level Unlt Level Unlt Produced

Tipes ial Price (a) Price s Price Per Year (b)
Air Comprussur LYl § B,500 T $ 9,500 05 $ 12,000 12,000
Backhoe LY 18000 80 18,500 76 19,800 18,000
Conerere Mixer 85 25,000 83 25400 % 27,500 7,000
Conerete Pump H2 50,000 B0 51650 78 55,000 500
Conerete Yibrator 76 2,000 0 2.060) bh 2,200 0,000
Crune, Derrick BH 110,000 R0 111000 To 112,000 2,200
Craaie, Mobile LA 51,000 2] 51,000 Th 53,000 4,300
Daver 87 28,00k K3 28,500 78 30,800 18,000
Generator 78 1,000 | §. 00 6s 1,400 70,000
Grader 45 22,000 BO 22,600 76 24,200 7,000

Jackhanwmer (P.B.) 48 #0 80 N30 75 950 (20,000)(c)
Londler B4 20,000 80 20,600 76 22,000 30,000
aver 89 42,000 50 43,000 76 44,200 t1]
Pile Driver 101 13,000 X 13,500 80 37,000 350
Pacumatie Too) 85 00 75 n 65 400 (100,000)
Pump 76 430 k! 450 0s 580 50,000
Ruck Drill ] 35,000 W) 36,000 ] 39,000 (1,000}
Roller o] 11,000 75 11,330 mn 12,100 6,000
Saw 78 HX 70 1o 63 150 {500,000)
Scraper BM 0,000 43 71,500 78 15,000 5,000
Shovel K2 TLEX0 #1 T2.000 76 4,000 3,000
Truck L] 18000 %] 18,250 75 19,500 75,000

ay Suund level refers to average level during operation in dBA ot 5010t (15 m).
b Estimated (rom Depariment of Commerce published data and industry sowrees (sales may include ather industries),

¢. Parcntheses enclose preliminary estimate,

*From Regulation of Construction Activity Noise, BBN Report 2887 (Balt, Beranek, and Newman, November 1974),

enclosure and vibration isolation system, construc.
tion equipment noise can be reduced by abour 25
B, This can be achieved by: (1) reducing vibrations
al resonanee frequencies by using special material
such as lead iodl bonded to metal; (2) increasing
absorption by covering the inner walls with high

“sound absorptive muaterial such as mineral wool

sheets or porous artificial foams: (3} isolating the
enelosure from equipment vibrations; and @) avoid-
ing vpenings or acoustical leaks.,

Partial Enclosure

For construction cquipment where the use of
enclosures will interlere with the funciioning of its
companents, servicing, or air circulation, a partinl
enclosure can be used, Partial enclosures can be con-
structed from boards, sheets of wood, or metal, and
are eflective in reducing excess sound emission in
specitic directions, A well-designed partial enclosure
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with vibration isolation can provide approximately a
10-dB reduction in equipment noise,

Mufflers

For earth-moving cquipment where the major
noise souree is the diesel engine, such as bulldozers
ad serapers, an improved mufiler will be effective
in reducing the cquipment noise. With an optimal
muffler design at the engine exhaust and cool-air in-
take, the construction equipment noise can be re-
duced by as much as 10 dB.

Altered Caoling System

Fan cooling noise is a major source of noise in
tractivn vehicles, An improved cooling system can
reduce the fan noise by about [0 dB. This can be
achieved by using thermatic fans and improved fan/
shroud assemblies 1o provide efficient air pumping
with attendanl Lan speed reduction.



Isolutors

Noise radiation due to the transmission of vibra-
tion to exterior surfaces can be reduced by resilient
isolators, When resilient isolators are used in place
of rigid mountings, & 10-dB reduction in vibration
often is achieved,

Dumping

A 5.dB reduction at the resonance frequency {or
frequencies) can be achieved when viscoelastic or
constrained-layer coalings arc applied to noise-
eadiating surfaces which are vibrating in a resonant
mode.

TECHNOLOGY AND COST
4 (rorT HoOD)

Estimaied Feaslbla Quieted Fort Hood
Equipment Sound Levels

To estimate feasible site boundary sound level
reductions due to equipment noise control, future
quieted equipment sound levels are required. One
source lor these sound levels is the manufacturers,
The manufacturers of equipment used at the Font
Hood site were contacted by letter (Figure 6 is o
sample letter), and requested to indicate the present
sound levels emitted by their equipment, achievable
future cquipment sound levels, and the cost to the
renter or buyer of this quieted equipment, For uni-
formily, it was requested thac the sound levels be
those obtained in accordance with SAE JB8 proce-
dures (Appendix B), A list of manufucturers con-
tacted by letter is shown in Figure 7. In some in-
stances, it was necessary (o follow up the letter con-
tact with phone calls to the manufacturers. Where
estimutes of quieted sound levels were not available
from munufucturers, best estimales of future levels
were bosed on sources such as EPA surveys or
general manufacturers data. ¥ In some instances,
cquipment sound levels were very low and no further
noise control was planned by the manufacturer,
Table 8 summarizes the construction equipment in
use at the Fort Hood site, the present sound levels,
anticiputed future quicted sound lfevels, and the esti-
mated increase in list price due to neise control.

VW N, Putterson and T, Freeze, Traction Vehiclos—Nodse und
Cost of Abutement, Report 2655b (USEPA, 1914),

USiutement by ), B, Codlin of Flat-Allis at USEPA public hear-
ing, July 8.9, 1971,

Typieal estimates from equipment manulacturers
indicate that o noise reduction of 4 1o 8 dBA is con-
sidered feasible, at an increase in list price of be-
tween 3 and 5 pereent, Table 9is a summary of noise
control methods indicated by manufacturers,

Table 8

Summary of Sound Level and Cast Estimnies
From Avallable Data

Prerent Anticipated
Measured Level  Future Level
LidBA) at 5001 L{dBA) at 5011 Increassin

Equipment (15 m} {15 m) Cast to Buy, %
Al Bl 73 S
IStativnary)  (Stationary)
4l 5
{Drive-By)
Al #7? LUTKH 6
Al ™ kN
(Stationary) {Stationary)
Lh L}
(Drive-By)
Ad HH 420 L}
AR 7 74 [
Ab H2 LA b
A7 K7 Lra%I} fy
Al LN} h
A9 H3 FR| [
[} Kt 2 3
B2 72 None Planned
C1 Fl] Note Planned
jol} T i (Kit) $56.00
El th 80 4
{Special Orden)
Kl 75-85 Mikdel Discontinued—
[{EY B None Available
¥ B1-M7 Speciu) Order ]
(High idle— 4-84B
depends on
engine)
2B Y] Reductlon
(Engine loaded)
Gl K2 ’ iy 3}
G2 et o 3
G3 ]| 1] 3
fe7] H5 Bl 3
as 0 &0 J
Gh L1 L.i¢} ki
L1} B30 ki) 2.5
H2 7.3 ™o 3.8
H3 No sound leve) duta availalle—noise
sippression kit can be retrofined—
same as op other machines  $183,00
H4 #).0 8.0 2.3
1 05770 None Planned
I T8
(9] #2 Th 19 6
L1 75717 73
M1
M2
NI 52 m 5
ol 4 15 33




February 13, 1975

Mr. John W. Barnett, Vice President
Ingram Manufacturing Company

P. 0. Box 2020

San Antonio, Texas 78297

Dear Mr., Barnett:

Dames & Moore has been retained by the U.5. Army Corﬁs of Engineers
Construction Engineering Research Laboratory {CERL) to study the cost-benefit
of construction equipment noise control as it relates to construction site
noise, We have developed a medel of construction site noise which utilizes
construction equipment sound levels and usage factors. OQur desire, at the
end of the study, is to obtain information on the cost of reducing site sound

levels by

a} reducing equipment sound levels,
b) changes in the construction process.

We are directing our efforts to family housing construction being undertaken
at Fort Hood, Texas. Field measurements are being made there and compared

with engineering analysis. ;

The following Ingram equipment is operated at the Fort Hood con-
struction site: Flat Roller (Metal); Pneumatic Roller (Tires). HWe would
appreciate any infarmation you could forward us on present sound levels
{JB8), feasible future quieted sound levels, and the estimated added cost
to the purchaser or leaser of this quieted equipment.

Your earliest assistance in this matter would be greatly

appreciated.
Very truly yours,
DAMES & MOORE
IMkenalor
Frederick M. Kessler, Ph.D,
Associate

FMK/ht

c¢c Dr. P. Schomer - CERL

Flgure 6, Sample letter sent to manulacturers,
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1. F.M.C. Corporation

2. Ingersoll-Rand

X Pachin

4. 1,1, Case

5. Vihramax Corporation, Divisian of J. I, Cuse
6, Clarke Equipment Company

1, Wacker Corparation

B, Ingrum Manufacturing Company

. Komutsu-American Corparation

1), John Deere & Company

11, Fiat-Allis

12, Koehring Company

13. Euclid, Inc.

I4. Caterpillar Tractor Company

15, Puwer Touol Manufactirers {Varions)

Figure 7. List of manulacturers contacted whose
equipment is used at Fort Hood,

It was found that some equipment in use at Fort
Hood meets operator noise level aceeptability criteria
{OSHA). Some manufacturers are not involved in
ongoing spectator (community) noise control efforts;
however, several of these manufacturers indicated
that they could provide 1echnical assistance for noise
control on a “per piece” basis. It is estimated that
“speeial”  noise  control  efforts  could  reduce
spectator sound levels about 4 to 8 dBA, at an in-
ercase in list price of between 4 and 10 percent.

The data in Table 8 are summarized in Figure 8,
where the maximum sound level (siationary opera-
tion) is plotted against {lywhee! horsepower, for
present carthmoving equipment and for future
quicted carthmoving equipment. Many numerical
lechniques are available which provide “trends" or
empirical relationships, The equipment parameters
and noise levels provided by the construction equip-
ment manufacturers do not initially appear to be
related. A fease-squares cugve-fitting computer pro-
gram was used with the manufacturer-supplied
equipment horsepower values aud sound levels 1o
provide the equations shown below. Six relationships
were evaluated by summing the square of differences
between these relationship estimates and the actual
data, The relationships used are:

Y=A+BX [Eq 3]
Y =A Exp (BX) IEq 4]
Y =AXB [Eq 3]
Y =A+(B/X) [Eqé]
Y =1/{A +BX) [Eq 7]

Table9
Summnry of Nolse Control Methods Indicated by Manufacturers

Equlpmeni Type Nalse Contral Method

Side panels and other engine encloswres, im-
praved mulllers, use of absorptive materiols,
baftles un fan intake, vibration isolution of
engine mounts, noise-suppression fan, baf-
fles In byd raulic system,

Bulldosers
Serapery
Front-end ivaders
Back boes

Gradens
Rollee-comjlaciors
Dump iruck engine enclosure, thermatic faan

Add-on silencer kil avallable from manulae-
turer; new equipment includes kit as stand-
ard,

lHand tamper

Y =X/{A+BX) [Eq 8]
The best "fit" is ¥ = A + BX, where X is the loga-
rithm of horsepower/ 100, and Y is the sound level
(dB) at 500t (15 m), Again it should be noted that
the data base was sparse and thi these relationships
should only be considered “trends™ until a sulfi-
ciently large sumple is available 1o provide improved
conlidence. A Jeast sgquares “best fit™ through the
dain indicates that the present maximam sound level
a1 50 ft (53 m) for carthmoving equipment used at
Fort Houod may be related to flywheel horsepower by:

Lyt (at 50 1t [15 m]) =82+ 7.0log,o (HP/100)
[Eq 9|
where Lyg is the present sound level in dBA,

By contrast, the fitnre maximum sound level for
the sume equipment afler nuise control efforts is re-
Latedd to flywheet horsepower by:

L2 1 S0 LIS m) = 77,6 46.3 lug 4o (HP/100)

{Eq 10}

where Ly is the quicted sound level in dBA,

Cosl of Equipment Noise Control
Present Equipment "Cast o Buy”

Estimites of “'cost to buy' of present equipment
were obfained from the manufcturers and [rom
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Figure 8. Equipment sound level (dBA at 50 ft [15 m)) as a function of {lywheel horsepower for construction

equipment at Fort Hood,

surveys of equipment veadors. Although equipment
eosts vary throughout the country and depend on the
individual cquipment dealer, the cost estimates
obtained are representative of the overall equipment
cost to the contractor. The “cost to buy™' of present
machinery is plotted against flywheel horsepower in
Figure 9. A least squares “best {it"” through the duta
indicates o linear relationship defined by

C,=452xHP [Eq i1]

where C, is present cost to buy in dollars,
Future Quieted Equipment “Cost to Buy™

The estimated increase in list price shown in Table
8 for equipment noise control is combined with the
present “cost to buy,” and plotted against horse.
power, as shown in Figure 9, A least squares "best
fit'" through these dala indicates that the ‘'cost to
buy™ future quicted equipment Is also linearly re-
lated to flywheel horsepower by:

C; = 468 x HP |Eq t2)

where C, is future (quieted) cost to buy in dollars.

As seen from these two curves, an average overall

29

increase in list price of quieted equipment of 3.5 per-
cent is indicated.

Cost to Operate Preseut Equipment

The operating cost (including maintenance) of
construction equipment varies throughout the coun-
try, depending on the availability of parts and
service. However, average overall maintenance costs
have heen compiled from sources such as manufac~
turcrs' handbosks'™* and previous surveys, '

The houtly cost to operaie the censtruction
machinery includes: (1) fixed costs, such as depre-
ciation, insurance, intcrest, and taxes; and (2)
opetating costs, such as fuel, lubricants, filters,
tires, repairs, and labor. The operating cost does not
include the operator's wage.

UCaterpdllur  Performunce Handbook, Ed, § (Caterpillar
Corpotation, lanuary 1975),
Yhasie Estimating, Ed, 3 {Inlernatlonal Harvester Company,
1972). '
BEguipmen Ownerskip and Operating Expense Manual (U.S,
Army Curps of Engincers, Narth Pacific Division, April 1974).

WA Study 1 Determine the Economic Impact of Noise Emix-
sivn Standerds in the Coastruction Equiptnent Industry—Porta-
bie Air Compressor Report (USEPACONAC, fune 1914),
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Flgure 9. Purchase price as a function of flywheel horsepower lor construction equipment used at Fort Hood.

Aviilable data on the cost per hour to operate the
Fort Hood construction equipment are summarized
and plotted aguinst Qywheel horsepower in Figure
10. A least squares “best fit” through these data
indicate that the hourly cast to operate is related to
the flywheel horsepower by;

CR,=0.096x HP |Eq 13]
where CR, is presenl operating cost rate in dollars
per hour,

Comparing the cost 1o operate for | hour to the
cost ta buy presemt equipment indicates that the
haurly operating cost is, on the average, 0.021 per-
cent of the purchase price,

Cose to Operate Future Quicted Equipment

An adequate assessment of the cost to operate
future quicted cquipment is hindered by lack of
available information on the continuing cost of con-
structien equipmeni noise control, Increased aperat-
ing costs could result from increased power demands

3o

on heavier equipment or equipment required to run
harder due to noise control accessories, Also, since
enclosures, balfles, and vibration isolators niay be
labricated from materials whose cificiency is
degraded in time by the harsh environment of con-
struetion sites, frequent replacement could result in
increased maintenance costs,

The uncertninty of noise control on operating
and/or maintenance cost gives rise o considerable
variation in the estimates of the cost of operation of
guieted construction equipment. One estimate, by a
minufacturer of carthmoving equipment, is (hat
noise control will increase the cost to operate by 6
prereent for machines in the 100 to 200 horsepower
ringe, and by S pereent for larger machines. Aller-
natively, results of previous surveys on the costs of
air compressor and diesel teuck noise control indie
cite o negligible increase in the operating cost,

Buckpeoud Document for Proposed Portable Aér Compres:
stor Naise Emission Regolutions, 550/9-74-016 (USEPA, Oclaber
1974),
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Figure 10, Machine operating cost/hotr as a tunction of flywheel horsepower for construction equipment used

ut Fort Hood,

5 COST/BENEFIT ANALYSIS

To assess the noise level reduction (benefit)
achievable at Fort Hood, four lechnology ap-
proaches are considered. Analyses of fensible con-
struction sit¢ boundary noise reduction and associ-
ated costs were made for equipment noise control
and process changes for noise contral.

Equipment Noise Control

Estimate of Sound Level Reduction
vs. “Cost o HBuy™

The estimated quicted equipment sound levels
and increases in “cost 1o buy* supplied by manufae-
turers (as seen in Table 8) were used to estimate a
generalized relationship between change in operat-
ing sound level and change in equipment cost.

Numetous relationships between equipment sound
and list price were investigated (o locate the most

FLYWHEEL HORBEPOWER

representative relationship, The data, such as
chinge in sound level as a ratio of intensities or
chiange in sound level s o Tunction of flywheel horse-
power, were analyzed by computer, using various
curvefitting programs oas  discussed earlier, The
equations, representing linear, exponentiol, or other
relationships, were compared on the basis of "'hest
fit.” In Figure 11, o decrease in operating sound
level tin dBA) is plotted against the change in list
price {in dollars). It was found that the relationship
shown in Figure 11 was valid for machines such as
dozers, loaders, etc. Smaller construction machin-
ery, such as portable air compressors {160 cu ft/
min), torklifts, and flatbed trucks, were considered
separalely as special noise control problems for
which the cost of noise reduction was estimated (o
reyuire approximately a 1 percent inerease in list
price per decibel. The cost of reduction of radial
power saw noise was estimated at 33 percent increase
fr o 10-dB reduction,



EQUPNENT NOISE REDUCTION (¢B)

o EPA DATA {SEE TABLE 7)

® FORT HOOD DATA {DOZERS, LOADERS, GRADERS  ETC.)

QUIETED EQUIMMENT COST (DOLLARY 1 1000)

Figurell. Equipment nuise reduction vs, cost for manufacturer supplied Fort Hood equipment and EPA data.

Similar cost for construction equipment noise con-
tral dita were colleeted Tor the federal EPAY These
tirtan s & Dest it relationship are shown in Figure
1, Tt is seen from this ligure that the benclit to cost
relationship (22 dBA/S1000) reported in the publi-
sition relerenced below is considerably grepter than
for similar types of equipment used at Fort Hood
(.9 dBA/31000}.

Construction Site Cost-Renefit

Estimated equivalent sound levels, Leg. based on
{uture quicted equipment (Table 8) were computed
ut boundary Yocations, The property line sound levels
{quieted equipment) were computed using the model
discussed in Chapter 2. Usape factors and distances
o operating machines were kept constant while the
equipnient sound levels were reduced by amounts
considered {easible. Estimates of the increases in
“eost o buy™ the quicter equipment were also made.
These estimates were made by comparing the total
incrensed list price (present list price plus percent
cost inerease, in dollars) for all equipment at each
construction site to the total present value of alk
equipment 1 each site. Appeadix D containg g
sitmple ealeulation and supplemental cost informa-
1o,

BRegufurion af Construction Activity Noise, BON Report 2487
(Bl Beranek, and Newman, November 1974),
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The results of the calenlations are summarized in
Table 10, which contains 1he equivalent sound levels
at each measurement location calealated by using
present and tulure quicted equipment sound levels.
The estimated increases in present equipment cast
(eost to buy) 1o achieve (hese reductions are also
shown in this table. 1t can be seen from Table 10 that
the largest noise reduction (benefit) for the leasi cost
oceurs it Jocation 4. b, where a decrease in Leg of 7
(B is estimated with the accompanying increase in
cquipment cost of 4.3 percent. The construetion
activity contributing most (o this loction's noise
level is grading and site preparation, which requires
carthmoving equipment such as dozers sad sergpers,
The smallest cost/benefit relationship occurs at
locition 2,1, where the noise is afteeted by roofing of
huises and ditching sperations, These tasks require
smaller machines such as forklifis and backhoes,

Site Noise Level Criterion v, Cost

Use of the aforementioned cost/benefit relation-
ships to estimate the increase in equipment cost re-
quired to reduce property line sound levels to a
desired criterion level is Mlustrated in the following
example for measurement loeation 5.1, The phase of
aclivity at this location is clearing and initial excava-
Hun,

The minimum distance from the observer to the
predominant work area is 170 (eet (52 m). The



Tuble 10

Estimaicid Equivalent Sound Levels msd Peecentage Increase
In List Price of Quieted Equlpment at Slte Bousndary
lLacatlons—Fort Hood Consiruction Slte

Entimated %
Estimaied Equivalent Increase in
Sound Level (dB) List Price~
Future Quieted
Locstlon Present Future Quieted  Erjulpment
1See IIgure §) Equipment Equipment [verall}
1. ity 62 RN
2l tl B 5.3
22 Y 67 0
2] 71 by Lh
24 [} 3 5.4
4.1 153 bl 4.3
4.2 75 72 5.1
51 72 BT L]

equivitlent sound level estimated by the construction
naise model fop present equipment is 72 dB,

A reeenmt docnment!? recommends  permissible
saound levels in residential areas near construction
siles. CERL recommenids that the sound level during
the excavation phase of construction should not
exceed 57 dB in a residential area 150 m trom the
predominant work area, For this example, where the
work area is only 32 m (rom the residential bound-
ary, the equivalent sound level at measurement joca-
tion 5.1 should pot exceed 66 dB. But at location 5.1
the sound level with present equipment is 72 dB,
indicating that a reduction of 6 dB is required.

Twa Traat end Joaders are operating at this site,
Unit No, Fhas a maximum sound [evel of 89 dBA
S0/ (15 m) while Unit No. 2 has a maximom sound

i, Schomer and B, Tlonans, Construciion Noise: Speeifica-
tion, Control, Mewsurentens, wmid Mitigazion, Technical Report
150 ADAEGON (CERL, April 1975},

level of BR dBA at the same distance. Each has 2
wsage factar of (W15, At this site, the distance to
ubserver is about 170 11 (52 m). Alter o lew trial
assurmptions, it ean be ealeulated that i each Tront
end loader emitted 82 dBA at 50 fi (15 m), the site
Log would be reduced to 66 dB. To achieve this,
Unit No. | must be reduced 7 dB while Unit No, 2
must be reduced 6 dB,

Use of Figure 11 shows thar these noise reductions
world require an increased purchase price of $5500
and 84300 for Units No. ! and No, 2, respectively, or
a total of $9HO0, These data are summarized in
Table 11, :

Estimated Feasible Sound level Reductions
by Process Changes

Te estimate feasible site boundary sound level
reductions due to changes in the way a particufar
operation is conducted, two example situations from
the Fort Hood construction site have been chosen.
The first example is the rough grading operation
near lecation 4, 1 shown in Figure 1, and the second
is a rrenching operation, The first operation gains
little from barrier atienuation and the second gains &
significant amount. The costs associnted with each
change are also estimated so that the cost-benefit
analysis can be made in terms of dollars/dB,

Example 1—~Grading-Site Preparation

During the period of observation at Fort Hood,
the primary noise sorces contribuling to the levels
measured at locations 4.1 and 4.2 {see Figure 1}
were: (1) Case 450 bulldozer; (2) Caterpillar D6 bull-
turer; (3) Allis-Chalmiers 2608 scraper; and (9
Caterpillar DOH bulldozer. Each of these vehicles
were closely tracked Tor one day so that their position
with respeet o location 4.1 and their noise output
were known as a funetion of time,

Table 11

Sample Computation (Fort llood Locatlon 5,17
Criterlon Propeny Line Sound Level 66 dl ll.u'l

Prescnt Qulerd Origina Tt reased
Sound Level Soumd Level Cout io Buy Cont to Huy Increase
Equlpment AR SGNMIIS m) B SUfeilE m) 3 %
Front Enk Joader #1 X4 H2 5100} S50 10.4
Front Emd Loader #2 L 82 47,0000 AN 91
L,y = 7248 Lyg = 048 H4,000 YR} 0.0




From these data, it was possible to obtain aciual
usage factors, as well as the sound levels caused by
both moving and fixed noise sources. The bulldozers
moved only distances near 30 11 (9 ) and so could
be considered as fixed sources, while the sceraper
traveled nearly 4000 £t {1219 m) in ene cycle, since it
seraped dict and carried it offsite.

To measure the effeet of each operation, a com-
puter program was written which aceepred position
and sound power data for small increments ol time
and for cach nuisc source. Log was then computed
over some specified cime greater than the longest
eycle time of the equipment; distances for Loy 55
were determined; and contours of constant Leg were
plotted. Three of the computer printouts are shown
in Figures 12, 13, and 14. Figure 12 shows the Case
450 bulldozer (source 1) and its associated Leg 65,
Leq 55 contours, The maximum sound power level
Ly was 120 dB, the effective radius of source motion
15 ft (S m) compared with the radius of 675 ft (206
m) for the Leg 55 contour, so the source is acousti-
cally “compact” in that the ratio of the source mo-
tion radius to the Leq 55 radius is much less than
one. Figure 13, with a different scale, shows the Leg
contours for the sum of the Case 450 and the Cater-
pillar D6 bulldozers {Ly = 120 dB). The Leg 55
contour is virtwally a circle, indicating that the
source is stlll acoustically “compact.” Figure 14
shows the influence of adding source 3, the 260 B
sceaper. The scraper spent considerable time (53
percent) at low speed collecting dirt with an Ly =
120, and also at high speed (45 percent), delivering
the dirt offzite with an Ly = 123, This is an example
of two maximum sound levels, each associated with a
different speed ond a very high usoge factor, [t is
clear that the tolal source is no longer acoustically
“compact,” but the Leq 55 contour is still nearly
circular,

The important resuft of the preliminary caleula-
tions is that the construction site ean be treated as
acoustically*compact" if the Luq 55 contour is con-
sidered. This has important bearing on the accuracy
of the equation given in the equipment sound levels,
The actual equation for a sum ol conlinuous noise
sourees is

(L, /10
10
Log = 10 Loy Fop =—
ty 10 Logyy §U Foy 7

{Eq 14]

whieh for an acoustically compite! source becomes

kY]

1 Ly ),/ 10
L‘_.q = i) Log, I-_-iIU.F.,, 10
n

{Eq 15]

Fur the present example, L and r are known lor the
exael sinwion, so an effeciive ULF. or operation
U F. as

Lyay/10
TUF., 10
—__n

Vb =i

Zn
n

[Eq 18]

can be determined where Ly is interpreted as the
mgxinpi sound power of the nek source. That is,
I0F. is o camposite usage factor containing the U.F,
Jor each sopree and accounting for sound powers
uther than ke maximum for each of the sources,
The three equations yield:

U.F.
Souree Tunly 46
Sources | +2 82
Sourees 1 +2 43 .72

With these data the change in radius of Leq 55 ean
be estimated through the following equation.

UF . lo(Lwnll())
ch = 1) Log;p e z
{Eq 17]
ar
- (Lw, /1)
U.F. Z 11}
n
r=| e

|Eq 18}

“The results of using allernative equipnient for the
jub are shown in Table 2. Case | (Table 12a) applies
to only one bulldozer operating, Case 11 (Table 12a)
applies to two bulldozers operating, and Case 1)
(Table | 2b) applies to two bulldoezers plus a scraper,
Operating cosl data for Caterpillar products were
available, aleng with performance data snd esti-
mates of maximum sound power level, Cost esti-
mates must be based on the amount of work per-
formed, rather than the cost per day or hour, so the
reference work was set to 13,000 cu yd (9939 m'), the
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gmount of dirt that can be moved by a DIH in an
&-hr shifi with a 50 1t (15 m) dozing distance. Two
significnnt results oceur: (1) as the Nlywheel horse-
power decreases, the noise decreases and the cost in-
creases {such a job requires more than $40/dB of
reduction or over 33,10 per 1000 cu yd for each
devilie] of reduction); (2} associated with the noise
reduction is the increased time o accomplish the
task. For the example given, a sixfold increase in

time i required (7.8 dB) for a 3-dB reduction in -

noise, Thus, i’ a measurement seale is wsed in which
duration of exposure is weighted  equally with
intensity of exposure, the ferger machine is both
cheaper und canses fess total exposure, Beeause the
larger machines cause a larger radius for the Leg 55
contour, more people would e exposed 1o noise
above this threshold, The following measurement
scale can be used.

TD (me? - Agjge!

sooos —  [Ed 19

Poy — Days =
where Py is the population exposed over Leg 55
T is the time of exposure (hours)
Dis the population density (pop/sq mi)
risthe Log 55 radius ()
Agite is the area of the site {sq 1),

Using 20X 1t (61 m} as the radius of the site and using

100 people/sg mi as the populatton deasity (other
densities ean be corrected for by a multiplier) jeads
to the results for Case | shown in the last calumn of
Table 124, The above conclusion s stlf the same,

The result of Case ! is that replacement of equip-
ment by smaller, less nolsy equipmoent dovs not
result in less total noise exposure.

The results for Case 11 must qlso be the same,
sinee two bulldozers are operating simultanconsly.

Table 12b provides the results Tor Case 11, in
which various sizes of seraper were used, including a
very large one requiring a DOH pusher bulldozer.
Apain, the very lurgest pieces of equipment are the
mast costeffective, and the smaller velicles cost
approximately $30 to $40 per dB of reduction, or
between $2,.30 and $3.07 per 1000 cu yd {765 m¥) for
cach decibel reduetion. The smaller vehicles also re-
quire longer times, so i a measnrement scale is used
in which duration of expasure is weighted equally
with intensity of exposure, the larger machines cause
less exposure. Ineluding the namber of people
exposed as i eriterion, such as Pey — days, the table

shows that the larger muchines cause less total expo-
sure even though they are lower, The result for Case
Hlis that replacenrent of equipmernt by smaller, less
uolsy equipment does not provide less total noise
expusire,

Example 2—Trenching Operation

‘The following deseribes one ditehing operation
that was not direetly micasured ar the sites noted in
Figure 1. In this operation, wn excavator wis digging
autifity trench across open ground, Two process
changes could be utilized: (1) the equipment conld
be made smaller and (2) barriers could be erected.

Table |3 presents data resulting from the analysis.
Case 1 reduetion in excavator size using duration
and intensity of exposure equally ax eriteria for total
nuise exposure; in this ease, the inerease in time re-
guired to perform a task is olfser by the reduction in
machine noise, Beeause these machines dre large,
the eost per decibel of reduction is high—being in
the hundreds of dollars per dB. If the number of
people exposed to the noise is also incorporated, us it
wits in Hie previous seetion, there is an oplimum size
which is non the Jargest machine as before. I more
duta were available a better estimate could be made.

Case 1T deals with the erection of a plywood bar-
rier % in. (1.6 em) thick in 8 ft (2.4 m) sections for
portability. Four subeases were examined:

8B A2 e high, 10T (3.0 m) {rom source
- B2 m) high, 2080 (6.1 m} trom seurce
. 1614t (4.9 m) high, 10t (3.0 m) frem source
L M dt .9 my highs 2011 (6,1 m) from source.

— L I

The somree was estimated 1w be 6 £t (1.8 m) high and
the observer (o be 71t (2.1 m) high, Because ol the
large angle change associated with (he line-ol-sight
in this geometry, the elfective shadow zone extends
i very [arge distances as shown in Figure CU, The
s atennation of cach octave band ol an internal
combustion engine source was  computed  and
sammed into a sound level reduction, The engine
neise speetrum is an imponant aspect of barrier
nuise reduetion,

Table 13 indicates that an 8 fi (2.4 m) fence is
wjtivalent to reduetion in equipment size, in that
reductions vn the order of 5dB are oblained, A 6+t
+9m} high harvier increases the neise reduction by
nearly 20 dB, which is now well worth considering,
Material cost estimates were based on the construe-
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Table 12

Nolse-Cost Trade-offs—Ruugh Grading

n, Bulldoger Size Change

Teactor Flywheel ~ Capaclty Time for Cost Total Eat, fiadlusof  Average  Pog-Dap
Type HP BCY/hr  13,000BCY  Per Hour Coat$ Lw Lyg = 55 5/dB Esposure
D4D 75 270 48 I $12.00 §576 n7 4531 57 15.5
D5 I 405 k7] 1410 LH] 18 o954 40 13.2
DoC 140 495 20,2 17.60 46l 1ne 1075 57 13,7
DG 200 900 144 21,20 305 120 1206 L} 9.6
D8K o 1200 10.3 28,90 297 121 1353 L} 8.7
DY 410 1620 ] 36,20 289 122 1518 0 4.5
b. Scraper Slze Change
Scraper Flywheel  Capaclly Time for Coat Tatal Est. Radlusof  Aversge  Poy-Daps
Type He cY 13,000BCY  Per Hour Cost$ Ly Leg = 55 /4l Esposure
Co21B 30 20 32.5 28.83 937 119 1M5R a2 27
cone 418 30 .7 39,60 859 120 1509 23 2.8
CodIB 550 kL] 17.1 53.13 904 121 169 41 7
C B 550 4 14.7 54.89 407 121 1h93 16 19.5
Chbip* 550 5 8.0 93,04 744 125 2683 0 26,9
AC200B X0 0 32.5 274 692 119 1M5 25 26,9
AC2018 0 2 8.5 214 97 119 1345 29 23.6
ACHOIC 422 kA 19.7 4.9 826 120 1509 i6 20.6
TEREX SIIE 144 " 59.1 16,27 %1 17 1068 27 30.5
IH E-200 130 L] 72.2 14,59 1053 nz 1068 39 37.}
*with D%H pusher
Table 13
Nolse-Cost Trade-offs—Trenching
Cane [
Time for di
Excavation Fiywheel Cupacity  Cycle 13,000 Logof  CostPer  ‘Total Radius Are.  PegDap
Type He pCcY Time ney Time llour Cost Ly 55 §/dB  Eiposure
€225 125 2 9130 +3 40.00 J6s2 1154 $425 59.4
€235 195 1.8 25 65.4 +1.3 45,00 2943 140 Pk} 539
C245 325 208 2 48.5 0 49.00 237 1687 0 63.9
Case 11* Dlusiice
from Nolse Cont
Helght Excavation Reducilon Material Per ‘Total Radlus Pog-Dags
It it dDA Cost Hour Cosl S/dpe* Leg 55 Esposure®*®
4 10 7 534 $40 § 764 10%62} 753 B2
# w0 45 324 40 Ted 1798} 1005 A422)
13 10 0.5 051 50 1200 59{27) 159 10)
b 20 18 65! 50 1200 6731 22 INm
[H 0 1} 0 0 0 1687 &9
*Using C245 Excavator

wapigreniheses are lor reuse of barriers
sesBased on [50° zone of protection
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tion aF o fence whose transmission Joss is ol sutficient
mapniwde so that these atenuation estimates may
be reasonably achieved. The vost per deeibel of
reduction was based on the assumplion that the
materials were purchased specitically for the job and
not used elsewhere, which will not jlways be the
case. The 16-1t (4.9 m) high barrier appears to pro-
vide reasonable value, The numbers in parentheses
represent the cosis associsted only with moving the
barriers, presuming they aee revised,

Barriers do not change the duration of noise expo-
sure, Hased om these eriteria, there is no duration-
intensity frode-ofl. Praciical barriers can only be
ereeted on vne side, beeause the excavated soil must

be wnloaded on the other, Using the number of

peaple exposed as an additional criterion, the Peg —
diys expusure index as shown in Table 13 is ob-
tained, The numbers in this table are based on the
sarrier profecting onby o 180-degree zone. I, in lact,
the excavated soil is stored as an carth berm on the
ather side, the exposure indices in parentheses are
applicable.

The results from this example suggest that tile is
o be gained by wsing Yirger, tfaster equipment in
wenching but that significant redwetions can be
obtained by the use of phewood barriers and/or varth
forms,

CONCLUSIONS
6 AND RECOMMENDATIONS

The results discussed earlicr and the conclusions
and recommendations discussed in this section pro-
vide additional intormution (owirds the desived con.
structivn (noise) cost-estimating guidetines, Much
work i sfill to be ecomplished.

Conclusions

1. Cost/benelit relationships for site noise control
miy be derived from consieuction equipment manu-
facturer date and from records of the U.S. Army
Corps of Engineers and its contractors. The relation-
ships and examples presented in this report are of
questionable accuracy due to the sparseness of the
data colleeted. They should only be considered
treads, More data will be gathered during subse-
qUenl years to improve aceuracy.

2. Construction site noise can be madeled, and
the madels used to evaluate construction equipment
and construction process noise level seenarios.
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Y. The construction madel, it used with care, pro-
vides estimates ol ofl=site noise levels which agree
within 5 dB with noise measurement and analysis
accomplished by tpe recording/compuiter analysis
ur by manual SAE procedures,

4. Construction equipment manulacturers were
mast cooperative in providing noise and cost daa,
They are an excellent source ol data needed for
relinement of the equipment noise control/cost rela-
tionships,

5. The ULS, Army Carps of Engincers has well-
ducumented files containing manpower, malterial,
anth equipment usage records of construction activ-
iy, The Fort Hood lamily housing construction
records comtained this in formation for cach day and
will be analyzed in further studies to provide a base-
line from which additional noise control costs could
be extrapolatel,

& A significant diserepingey exists between usage
lactor (feaction ol time equipment is in its noisiest
made) information abtained at Fort Hood and that
reported by the EPAZ%2 This discrepancy may be
due to the method of investigation used at Fort
Houdl, the possible atypical nature of Fort Hood con-
struction, the averaging methods vsed by EPA, or
sonte otber unexplained reasons,

7. 1t is possible 1o relate cost to noise reduction in
a general manner, Since this study considered only
Fort Hood equipment and construction methods,
this was very diflicull because:

a. Each site is ditferent. The oflsite acoustieal
environment varies significantly from site to
site.,

b, The mix of equipment types and the site-
specilic nature of their use introduces variabils
ity.

¢ Many day-te-day options are available to
the contractor with very Few days being typical,

Whackpround Document for Proposed Poraie Air Compres
sar Noise Emisaion Regulatives, 55075R 74010 (USEPA, October
197,

BRegubation of Construction Activity Noise, BRN Report 2887
Cbale, Beranck, and Newman, November 1974),
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Recommendations

Since a great deal of data describing noise levels,
feasible neise control methads {or equipment and
sites, and associated costs are required to success-
fully develop cost/benefit (noise reduction) relation-
ships, the fallowing recommendations for additional
pragmatic studies are suggested,

I, Construction site sound fevels should be ob-
tained at additional family housing consicuction
sites during each construction sctivity listed in the
Background scetion of Chapter 1. These data should
be obtained in 2 manner similar to these for Fort
Hood bul for o sufficient period to insure that the
data are representative of the site activity. The site
saund levels, usage factors, and equipment sound
levels should be analyzed statistically to determine
means, standard deviations, or distributions, This
requires a large body of data. The analysis should be
accomplished by construction activity prior to group-
ing in a manner reported by EPA,

2. Construction site noise level studies, including
equipment noise uand usage factors, should be
obtained at more Corps construction sites. Construe-
tion activity groupings should be maintained. Also,
fulure requirements for noise sections of Environ-
mental Impact Statements for projects can be ful-
filled using information gothered during these pro-
grims.

J. An in-depth inquiry into construction equip-
ment manufacturess’ programs for noise control

41

should be made, All major equipment should be in-
cluded and more speeific data than gathered during
this program shonld be obtained, Cooperation be-
tween CERL and the EPA in this area, for products
designated as major noise sources, should produce
optimum results,

4. Individual metheds for site noise control
should be investigated, perhaps site by site, uniil a
sullicient data base is available for development of
trends or empirical relationships, The variation in
site construetion methods is very broad, requiring
that the program be carcfully planned and examples
selected for maximum effect.

5. As the data are gathered and anelyzed, tables,
graphs, nomographs, equations, ete., should be for-
warded to U.S, Army Corps of Engineers construc-
tion activities for inclusion into the estimation guide-
lines. Contractors should be required 1o meet site
noise eriteria.?? Estimators should be provided with
u means of evaluating added construction costs as
early as possible, As changes in relationships are un-
covered by additional data gathering and analysis,
notices of modificutions should be forwarded to
appropriate personne! for their use,

1P, Schomer and B, Homans, Constaictiun Noise: Specifica-

tion, Controd. Meusurement, and Mitigation, Technical Repart
E-S3/ADA%GE (CERL, April 1975).



APPENDIX A:

EQUIPMENT USED FOR DATA
ACQUISITION AND SUBSEQUENT
ANALYSIS AT FORT HOOD, TEXAS

Data Acquisition

Instrumentation was used at Fort Hood 1o gather
data for the SAE Construction Site Noise Procedure
{described in Appendix B) and for the sound levels of
individual equipment. The readouts from computer
analysis of the tape-recorded data, including cumu-
Iative distribution {percentage of exceedance) and
equivalent sound level, Leq. are summarized in
Table A1, Table A2 gives the individual equipment
sound levels. Both of these procedures used o B&K
2209 Type 1 sound level meter and a B&K 4144 1-in,

{24 mm) condenser microphone connected by 2 B&K
A0 0028 10-m extension cable, The microphone was
supported by a 4 ft (1.2 m) camera tripad, protected
by a B&K (207 polyurethane windscreen and cali-
brated by B&K 4220 pistonphone. Magnetic linear
tape recordings were made from the sound level
meter by a Nagra DJ full track recorder with the
Nagra QCIA step attenuator, The system was moni-
tared with a set of headphones.

Meteorological deta were gathered by using a sling
psychrometer to measure temperature and refative
humidity, and 2 simple anemometer and compass to
note wind specd and direction. [n addition, the SAE
Construction Site Noise Procedure used two sets of
microphones, windscreens, extension cables, tri-
padds, and sound level meters to facilitate infrequent

Table AY

Summuary of Cumulative Distributlon and Equivalent Sound Level
From Analyaiy of Tape-Recarded Data~—Fort Hood, Tean

Messurement Cumulative Distreibution Measuremeni Cumulatire Distritbution
Locathon® Percent Exceeded  Sound Level (dDA) Location* Pervent Exceeded  Sound Level (JIA)
1! 99 53 24 99 50
90 55 o 53
5 al 50 57
10 69 1t 62
I 76 | 7
Qa ™ ] 47
ch = bb , Lyg =03
21 *«\ 5 4.1 9y 57
%0 55 ) o}
50 57 50 o7
10 03 H kL)
1 09 ! 75
0 ™ L¢] .04
Lg = Loy =0
2.2 9 53 4.2 94 H2
w0 - o0 it}
S 57 50 69
[[4] 72 n 72
1 i) I 7
4] 43 [t} 84
ch =67 l"r:q =70
2. a9 57 Al o 62
40 54 ) b5
50 (i3 S &9
1 7 10 78
] 79 | 80
1] 49 0 4
Lyg = 69 Leg =13

*See Table } for description of activities ot measurement locations.
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BR&K 2209
TYPE | SOUND
LEVEL METER

BaK 0207 WINDSCREEN

BAK 4144 I-INCH MICROPHONE

TRIPOD

e

NAGRA
QCJA
ATTENUATOR

B&K A00028 I0M EXTENSION CABLE

BAK 4220
PISTON PHONE

LS VR RO e e Sl

N3
£

50

NAGRA DJ
FULL TRACK
TAPE RECORDER

HEADPHONES
DATA SHEETS
STOPWATCH

Il

g

TAPE MEASURE  SLING PSYCHROMETER

ANEMOMETER
COMPASS

Figure Al. Equipment used for data aequisition at Fort Hood, Texas,



Sotind Levels of Individux] Equipment al Fort Hood, Tesas

Sound Level at 5014 (15 m) Operatlon Performed
Bulldozers
Cane 450 BYdRC 30dRA Finishing site preparation (moving tight sand)
LI SEABA - Idle
2 diic T4 4B A « Backing
Cuterpiliar Db SH4BC BB ABA - Forward & Backing Rough site preparation {leveling mounds of dirt)
Caterpillar DoC 94 dRC B4 dBA Backing
54 diC H5dBA Forward seraping
Carerpillar DEK HY dBC T9dBA Passhy (moderate load)
Caterpitlar DHK T dBC BN dBA Digging furrows
M dBC e dBA Racking up (Fasth
Cuterpillar Db Yo 4BC W7 4BA ’
92 dBC 44 dBA - Avernge Passby with muxlerate load (forward & reverse)
Johin Deere 1508 90 dBC K1 dBA - Forward Filling in trench (10 f1 below microphone)
0 dRC Bl dBA - Forward
K9 dBC 79 dBA - Forward
#h dliC 78 dBA - Backing
Compactors
Caterpillar DW20 S dBC B dBA Road preparation
84 diC 42d4BA
Graders
Caterpillar 12G B9 dRC  754BA - Forward Site preparation Heveling sandy soil)
B4 dlC e dBA - Backing
6771 dBA - 1dle
Caterpillar 1 2F 100 dBC B5dBA Hoad preparation tgrading)
Catcepallar 12F 9795 d3C KO-B2 dBA Road grading imaderale load)
95.96 dAC 7941 ABA - Backing
Caterpillar 14E #6 dBC T3dBA Site preparation leveling sandy soill
92 dBC HOdBA
B2 dBC 65dPBA
Caterpillar 126G 85 dBC #2dBA Road grading (linishing sand)
Allis-Chaloers M65 79dlic 71 dBA - Fopward Road grading (finishing sand)
81diic 70:75 d DA - Backing
T80 dBC 71 4BA - Foarward
B3 dBC 13-76. dBA - Backing
8YdRC T2 dBA - Forward
Caterpillor 12F &1 dicC B dBA - Backing
KO dBC B dABA - Forward
Caterpillar ME LERLH S S0d4dBA Grading roadway (making 4 in. cut)
93 dBC 19 dBA - Slower
B8 dBC T8 dBA - ldic
Front End Loaders
Caterpiltar 93} YIJBC  B74BA Remaviny piles of hard dirt
Y24BC  BEABA - Forward
#5dBC BIABA - Leaving site

H7diC

T9dBA . Farward



Table A2 (cant'd)

Sound Level at 501t {15 m)

Operatlon Petformed

Tahn Deere 644-B

Caterpillar 930

Caterpillar $30C

Caterpillar 950

Caterpillar 930

Caterpillar 930

Clarke Mhl{)

Hydreautlc Hammers
BMC

Sceapers

Allis-Chalmers 2608
Allis-Chalmers 2608
Allls-Chalmers 2608

Allis-Chalmers 2608

Hand Tampers
Wacker 51005

Cranes

Skyhook -
S-section (elescopic

%96 dBC
2 dBC
anh dBC
9248C
H1dRC

95 dBC
93dBC

93dnc
BYdBC
9 dBC

H74BC
#5dBC
$24BC
LIN: [ 18

45 dRC
HWdBC

JdBC
M d4BC
21 dBC
LETI: I
90dBC
92dBC
93dBC
91 dBC

84.87 dBC
Blanc
84 dBC
s dBC

102 4B peak

R 4BA - Lifitng

A5 dBA - Lifting

B9 dBA - Backwards while scraping
82 dBA - Backwards while seraping
T3 dBA - Leaving site

H#44BA - Nearidle
H2dBA

H2dBA
73dBA
#1 dBA

W dBA

k0 dBA - Backing (na load)
82dBA - Picking up tile

74 dBA - Dacking

HdBA
T9dBA - Backing

81 dBA
1 dBA
52dBA
81 dBA
1 4BA
1 dBA
8)dBC
B2diA

T3 75dBA
M dBA
1dRA
T2dBA

99:105dB peak (1 /sec)

§94BC
92 dHC

87dBC
B2dAC
93 dAC

q1Jac

874BC
90 dBC
K6 dBC

H1-83dRC

.LEIEL Y
¥9dBaA

T8dHA
72dBA
87dBA

87dBA

TJadBA
H5dBA
874BA
HUdBA
A3 dBA

75.78 dBA

45

Remoaving piles of hard dirt

Scooping dirt from pile

Picking up dirt

Haullng 4-1 tile sections

Scooping dirt from pile, then leaving

Scooping dirt

Dumping dirt intadump truck

Bucking

Picking up sand

Forward
Passhy

Tamping Il over sewer line

Fully loaded, 1raveling down 10 %shope
Unloaded, traveling up 10°stope
Backing

Idle
Startiog up

Dumpinyg dirt for road bed

Shielded by operator
Unshiclded

Side

Faring

Shielded

Ralsing framed trusses 1o second story



Tabie A2 (cont'd)

Sound Level at 50 {1(15 m) QOperation Performed
Backhoes
Case SH0B 71 d4C 594d8A Idle
HOADC  wBdBA Setting up in sandy soil
174RC 66-67dBA Tdle
Kanc 49-71 dBA Ditching and emptying shovel
8-T4dBC 49 M dBA Idle
T0-B1 dBC 72.74dBA Ditching with fusler idle
Case SHOEB 78.804BC 66 dDA Filling in plumbing trench using feant loader
John Deere 410 Y8 dRC H2dBA Digging trench for sewer lipe
45.-87dBC H1-H3dBA
Case 530 86 dAC Filliny in 1elephone rrench (Backhoe used as trencher
Hy Hoes
Caterpillar 235 85d8C Digging 10 (0w x 20 £t D trench in hard chay
R ABC Tt 4BA Steady
Kb dBC Bl dBA Digging, clanking
74dBC 65 dBA Tdle
Jehn Deere 904 H2dBC TIEBA (Sconping! Digging plumbing trench
89 dBC H7 dBA - Impulyive
Jaohn Deere 690A 88 dRC :
H9dBC 79 dBA - Maving
49 dRC 85dBA - Seraping
Sell-Propelled Rollers
Vibramay 42-83dBC 84-H50BA Rotling sandy soll
Ingram Flat 924RC Hh dBA Passby up grade
T8dDA Passby down grade
Ingram Preemutic #3idnc B0 dBA Pasiby
HOJBA
[rsgram Pacumatic 7940C 7548A Dewnhill §° geade
19dBC 71 dBA Uphill
85d0C 81 dBA Uphiil revving engine
81 dRC THdBA Downlill
&hdiC BN dBA Uphitl 1wl speed
Ingram Flag §74BC 774BA Finishipy road bed (slow)
WdRC B4 ABA
Compressors
Ingersoll Rand BIdBC  BIABA - righ side Testing plumbing for leaks
DRAF 160CFM
Unidentifed LY ] 0-THdBA - ldie Plastering
R4dBC 7580 dBA Rear operating
77-78dBC 076K dBA Right side apecating
Trenchers
Direhwiteh R6S Ko dBC Bl dBA - lefl side ‘Trenching for telephone cable Bin, wide
KB AHC BI-BYdABA - right side
8648 81-83dBA - hard clay subsoil
Dirchwiteh R6S 89dBC Bt dBA - continunus Trenching
91 dBC 85 dBA
91 4BC 83 dBA - roek
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‘Table A2 {coni'd)

Sound Level at 30 f1 (15 m) Operatlon Performed
Forklifis
Tuhn Devre 48} B9 dBC R dBA Passby - nio load
Ko dBC T dBA

Small Cement Mizer

Unidentified 1978 dUC 6T-6HABA
Cement Truck
Unidentitied RE-90 d0C oY dBA

T9dBA

Mortar mixing for brick facade

atlenuator setting changes for the A-weighted read-
ings. Figure Al illustrates the equipment used in
block diagram lormat,

Measurement and recording equipment  were
operated and calibrated according to manufacturer's
spucifications and instructions, and all applicable
standards were followed, Meteorological parameters
were noted. 1f high wind speed (greater than 10
knots) or excessive relative humidity (greater than 90
pereent) oceurred during the measurement period,
the recording session was terminated.

Analysis of SAE Construciion Site Noise
Tape-Recordad Data

All SAE tapes were analyzed in the lnboratory
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using the CERL analysis system. (See Tape Record-
ing and Analysis Method section.)

The CERL system is an extension of the monitor.
ing systems assembled for use at EPA regional
wllices, Basically, dato are played back from a Nagra
tpe recorder,  A-weighted,  digitized, and then
classified at a rate of 10 Hz by a Wang 600 comput-
ing ealeulator, Statistical calculalions are performed
by the caleulator and these datd are output onto
digital cassette tape for further analysis, Intrusive
noise (wind gusts, conversations near the micro-
phone, ete,) may be edited so that they are ignored
by the system,

A comparison of the equivalent sound levels for
the SAE procedure and computer analysis of this
procedure is shown in Tuble 3.



AFPENDIX B:
TEST METHODS AND RESULTS
Draft No. 6 (15 January 1975)

SAE Recommended Practice: Measurement
Procedure for Determining a Rapresenlative
Sound Level at a Construction Site
Aoundary Location®

1, Scope

This SAE Recommended Practice sets forth pro-
cedures and instrumentation to be used for deter-
mining a representative sound level during a
representative time period at selected measure.
ment locations on a construction site boundary, It
concerns the community adjacent to the consiruc-
tinn site, and it is not intended for use in deter.
mining occupational hearing damage risk,

2. Introduction

The procedure set forth in this document may be
used by construetion site management for self
regulation and construction site planning or by
state and local officials for the enforcement of
construisction site noise regulations, As is demon-
strated in the compinion document (Reference 1)
to this recommended practice, the representative
souncl  Jevel obtained  using 1his  procedure
approximates the “‘energy’ equivalent sound
level, qu. {Reference 2) obtained from more
suphistieated data acquisition and analysis tech-
niques. Use of this recommended practice pro-
vides sound level data representative of the com.
Mex time-varying sounds emitted by construction
aetivities which may be applied using various
methods {Reference 1) to estimate community re-
action to the construction activity,

Detinitions

Construction Site—~That arca within the defined
boundaries of the project, This includes defined
boundary lines of the project itself, plus any stag-
ing area owtside those defined boundary lines
used expressly for construction or demolition,

*From SAE Recommended Practice: Measurement Provedure

o Determining a Reprosentarive Sonnd Lovel ur 4 Consiruction
Site Houndary Locuiion, Draft 6 (Society of Automotive Engis
neers, 1475),
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Boundaries of the Construction Site—The outer-
most limit lines ol the construction site,

Noise Sensitive Area—Inhabited property such as
that used for public, commercial, religious or
educational purposes, or home dweliings, parks,
and other special purpose areas where the back-
ground ambient sound is less than the construc-
tion site sound Jevel,

Background Ambient Sound—The all encom-
passing sound associated with the given environ-
ment, when the construclion site is inactive,
being usualty a composite of sounds from many
sources far and near,

Representative Sound Level, To—It is the aver-
age of sound level samples accomplished in
accordance with procedures outlined in 6,1.1,-
6.1.5.

Instrumentation

4.1 A sound level meter which meets Type 1 re-
quirements of the American National Stand-
ards Specilications for sound Jevel meters,
S1.4-1971 (Reference 3).

4.2 As an alternative 1o making dircet measure-
ments with the sound level meter, a micro-
phene or sound level meter may be used with
a magnetic tape recorder and/or graphic
level recorder or data analysis instrumenta-
tion (either analog or digital) providing the
system meets (he requirements of SAE
Recommended Praciice: Qualitying a Sound
Data Acquisition System. J-184 (Reference
4).

4.3 An acoustic calibrator with an accuracy of
(1.5 decibel {see Paragraph 7.2.4),

44 A windscreen (see Paragraph 7.3),

4.5 An anemometer with =10 pereent accuracy.

Sile Determination

5.1 Obtain specific drawings, survey stake loca-
tions, and other pertinent information in
arder 1o sketeh the boundaries of the con-

struetlon site and noise sensitive areas on a
laesimile of Figure 1,



Feazm

e

IR

e

e e T T

PR ST R T O

e

L —

{Canstruction Site)

1. Skutch Appropriate Site Boundurles, Adjacentt Communities, ond Measurement Locatians

2. Cunstruction Site

Type

Maxlel

5/N
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4. Weather Conditions

5. Remarks

Flgure 1. Sample sketch format.
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5,2 Obtain information in sufficient detail neces.

sary to defermine location and activity pat-
tern of the construction site during the period
used for measurement, as well as the loca.
tions of noise sensitive areas, in arder to aid
in the selection of sound level measurement
locations,

6. Measurement

6.1 Sound level measurements at construction

site boundary adjacent to noise sensitive
areas shall be taken in the following manner:

6.1.1 Calibrate the sound level meter betore
and after each measurement period,
using an ncoustic calibrataor,

6.1.2 Locale the microphone at five feet (1.5
m) above the ground and, if practical,
10 feet (3.1 m) from walls, buildings,
or other sound reflecting structures
when they appear at the construction
site boundary, When circumstances
dictale, measutements may be made at
greater distances and  heights and
closer to walls, providing these lactg
are noted,

6.1.3 Set the sound level meter to the A.
weighting network and slow response.
Observe the sound level meterduring a
10 22 second sempling period at the
start of each minute and one-half
minute for any representative  30-
minute period of construction activity,
If, during any of these observations,
the measurements are ailfected by any
intrusive noise sources outside the con-
struction site, such as aireralt, emer-
geney signals, and surface transporta-
tion, measurements made during these
periods should not be considered, but
the number of one-half minue obser-
vation periods should be extended un-
til 60 valid measurements are ob-
tained,

On/oli highway vehicles, such as
dump trucks, truck/mixers, cle.,
which occasionally enter, operate on,
and leave the site, shall be considered
as part of the censtruction aclivity
while within the site boundaries, How-
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ever, pass-by of such vehicles, in the
arca of the measurement  lecation
causing dilficulty in obtaining valid
measurements, shall be considered as
intrusions, and handled as in the pre-
ceding  paragraph.  An  atlternative
measurement system, Paragraph 4.2,
may be required to augment the direct
measurements lot these construction
site conditions.

6.1.4 Tabufate the maximum values, La,
observed during the sample peried,
using a data sheet such as shown in
Figure 2.

tl.5 Dctcrn_liﬂc the representative sound
level, LA, using:

n
LA ={ZLaln
1

Arithmetic average of Ly values,

LA vitlues: those sound levels which
fall within a range of from 6 decibels
less than the maximum level to the
maximum level,

n: the number of La values used for
contpuling the arithmetic average,

The use of this technigue provides o re-
sult which is comparable 1o “energy
averaging' ol of the observed values,
Corrections may be upplivd tsee Table
13 which results in o computation of
Leg for the representative measure-
ment period,

7. General Comments

7.1 Iiis often desirable to obtain the background

ambient sound level on the same day as the
sound survey 1o obtain represenlative con-
struction site sound levels, It is suggested
that this be accomplished when the construe-
tion site is inactive, such as before start-up,
during the luncheon break, or after shut-
down, The above procedure (6.1.1-6,1.5)
should be used,

7.2 Ivis recommended that persons technically
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Instructions:

CONSTRUCTION NOISE EXPOSURE DATA SHEET

1. Calibrate sound-level meter using aceustic calibrawor,

2, Instolb windsereen, select A-weighting newwork, seleet **slow " response.

3, Ohserve for 10 £ 2 secands ol the start of each minue und Y2 minute for 30 minutes.
4. ‘Tabulate maximum reading Ly,

Coenstruction: 2 Activity

[J No Activity

Determine Arithmetic Average Ly

M.
15,
.
17,
.
m,
J.

SUM:*

L, (dBA]

ki
a2,
1,
M,
35,

7.
8,
39,

A1,
42,
4,
.
45,
0.
47,

49,
s,
52,
53,

85,

JELELAA

57,

59.
i,

*Consider fot the sum only thase valucs within & dBA of the maxitium value observed.

EA-Sum/n:

Construction Site

Date Time

Wind Velocily

Remarks

mph. Temperature °F. E

Figure2, Sample construction noise exposure data sheet,
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trained and experienced in the current tech-
niques of sound measurements select the
equipment and conduet the tesis,

Proper usage of all test instramentation is
essential 1o obtain valid measurements.
Operaling manuals or other literature fur-
nished by the instrument manufacturer
shoull be referred to for both the recom-
mended operation of the instrument and pre-
cautinns to be observed, Specific items to be
considered are:

7.3.1 The type of microphone, its directional
response characteristics, and its orien-
tation refative te the ground plane and
source of noise.

7.3.2 The ettects of ambient weather condi
tions on the performance of all instru-
ments  {for example,  temperature,
humidity, and barometric pressure),
Instrumentation can be influenced by
low temperature and caution should be
exercised.

7.3.3 Proper signal levels, terminating im-
pedances, and cable lengths on multi.
instrument measurenient systems.

7.3.4 Proper acoustical calibration proce-
dure, 10 include the influence of exten-
sion cables, ete. Field calibration shall
be made immediarely before and after
vach test sequence. Internal calibra-
tion means is acceptable for field use,
provided that external calibration is
accomplished immediately before or
alter field vse.

A microphone windscreen shall be used pro-
vided that its effect on the toal sound level
measuring system does not degrade the sys-
tem below the requirements of ANSI S1.4-
1971, {or Type 1 sound level meters. Dt is
recommended that measerements be made
only when wind velocity is below 12 niph (19
km/hr),

Measurements should not be made if signifi-
cant changes in extraneous and non-con-
struction related noise-making activities or
patterns accur during the sampling period.

o]

Examples of changes in noise-making activi-
ties or patterns which affect the data are:

(1} Nearby wnoise sources, such as power
mowers, pavement breakers, brush cut-
ILrs, OF POWLT SIWws.

(2} Changes in vehicular traffic flow, such as
dlosed street, detours; or shift-change
periods near indwstrial plants,

REFERENCES

. Companion Document (Unpublished SAE Re-

port},

. EPA, Information on Levels of Environmental

Noise Requisite to Protect Public Health and
Welinre with an Adequate Margin of Safety, 550/
9-74-004, March 1974,

. American National Siandard §1.4-1971, Specifi-

cations for Sound Level Meters.

. SAE JIB4 Sound Level Acquisition System,

. American National Standard 51.1-1960, Acousti-

val Terminology.

American National Standard $1,2-1962, Physical
Measurement of Sound.

TABLE |

Corrections to Ly to Obtain Leg

N/at Caorrection - dB
Htol 0

Tt B -1

bt 7 -2
Sto.6 -3

At 5 -4

Jto 4 -5
2ol -7

<.2 -10

Fort Hood Results

Table B1 is a summary of equipment sound level
and usage factor data for measurement locations at
Fort Hood, Texas.,
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Summary of Equipment Sound Level and Usage Factor Data
for Measurement Locations—~—Forl Hood, Texas

Pesk Peak
Sound Sound
Level Distance Level Distanre
(dBARLS0Ft  Usage (0 Observer Ly (dBAatS0(t  Usage o Observer Ly
Equiprent (Sm) Facior** (feet (m))  (dB} Equipment 15m)} Factor** (feet (m))  (dI3)
Location * 1.1 Lawation 2.4
Ratler 77 3 1000 (305 47 Backhoe 77 43 20 w80
Air Compressor 43 il M40 N 57 Backhoe n A3 270 7)) 58
Gruder 87 .03 1000 (J05F 46 Air Compressar §2 08 300 (5D 5
Forklift 85 JB s (10 M4 Forklift ] .0 280 (B5)
Saw {Radiat} #0 W30 e ®h 59
Equivalent Sound Level at Qbserver (IB} = 6]
Equivalent Seund Leved ot Observer (dB) = 66
Lowition 4.1
Laeation 2.1
Seraper K7 BL] 154 (108)
Backhoe b .07 20 (W 52 Duzer [} A7 200 6N
Hackhoe b 036 50 e S BPuzer 82 A7 00 O
Forklift 1) 004 150 w51 Traeter L] 53 400 (13%
Saw (Radial) L] .10 R0 (w57 o -"".\\
Equivalent Sound Level st Observer (dil) ﬂ\b& o
Equivalent Sound Level at Ohserver (dD) = A1 -
Location 4.2
Locatien 3.2
IRl ler Compacior H2 80 185  (54) 70
Truck=—=4%¢ Ton 73 .70 150 (6 62 Grader W2 A0 210 {64) 69
Saw (Radial) 80 .43 130 {0 65 Grader w7 A8 400 (122 6o
Iorer H2 1.00 X012 64
Equivalent Sound Level at Observer (dB) = 67 Tractor . LA ol 400 (122 63
Dumyp Truck L 3 400 (122 63 !
Location 2,3 !
Equivalem Sound Level st Observer (B = 75
Scraper #7 17 166 49 69 .
Grader 2 33 1 {49 67 Lowution 5.1
Crane (Maottile) H A5 100 30 59
Forklift 1Y O 160 (49 52 Front End Laader LU 15 170 (52) a9
From End Loader L& A5 170 152) 0

Equivalent Sound Level at Observer (dB) = 71

Equivalent Sound Level at Observer (dB) = 72

#For construction actlvity near measurement location see Table 2.
*#1sage faclor—Efraction of time in nolsicst mode—based on data collected on site by CERL personnel.
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APPENDIX C:
CONSTRUCTION SITE NOISE CONTROL

Shleiding
Fences

Fences of one type or another usuatlly surround a
construction site. The primary purpose of fencing is
nal to keep noise in but ta keep people out. To con-
struct an entire sound proof or sound-reducing fence
around a construction site of any kind would be
quite expensive, However, if properly constructed,
fences can he etfective barriers lo sound as well as
people, The basic principle of sound attenuation by
a barrier is to place the polential sound receiver in as
much of the shadow zone of the barrier as possible,
The angle formed between a fine [rom the source to
the top of the barrier and the line from the receiver
to the top of the barrier should be as great as possi-
ble, as shown in Figure Ct. When it is zero or less,
no shielding occurs. Thus, there are certain cases
when o barrier can be quite effective. Some of these
are:

When the souree is at ground fevel or in an
excavation

r

W lien the batrier is high

). When the source is close 1o the barrier

4, When the receiver is at ground level or down 2

slope

w

When the receiver is close o the barrier

BARRIER

6. When the frequency of the sound is high.

The shadewing of 4 source is poor at low frequen-
vies {because the sound can diffract around the
barrier), whereas ut high frequencies, a larger
shadow is cast.

These advantages can be applied to certain
specific eircumstances:

—

< In populous areas where the distance between
source and receiver is short

2. Where one-story residential homes are pre-

duminant

3. When clearing, grading, or other ground
aperations are being conducted

4. When stockpiles are available on the site
boundary

5. When buildings are constructed starting at the

noise-sensitive area and moving sway, leaving
the mew buildings as barriers.

Bactriers are valueless in the following circum-
stances:

1. When the major noise source is predominantly
low [requency

2. When the noise source is elevated from the site
boundary such as upstepe or on a building

J. When the receivers are in mullistory structures,

RECEIVER

* X2 A T

Flgure C1. Basic principle of barrier attenuation.
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RECEIVER TO SOURCE DISTANCE

Flgure C2, Shiclding caused by barriers for diesel engine source 100 f1 (3015 m) from barrict.

When barriers can be used, their etfectiveness
depends upon both the distancee between source and
receiver and the height of the barrier. Figure C2
gives some example situations of that effectiveness
Tor a diese] engine seurce (a bulldozer) operating 100
ft (JO m) From various height barriers on tlat ground,
A 10-ft (3.0 m) high barrier provides measurable
recuction for the receiver il he is within 100 1t (30 m)
of the barrier, When the barrier is 20§t (6.1 m) high,
a vitluable reduction ot 10 dB will extend out to 1000
ft (305 m). It is not recommended that a 20-ft {6.]
m) high fence be built, but rather that lumber stock-
piles be set to act a5 2 seund barrier. The Oceupa-
tional Salety and Health Act limits such stockpiles (o
20 £t (6.1 m). When the barrieris 40 £1 (12,2 m) high,
very high levels of reduetion oceur, Such heights are
typical of two-story construetion, Neither siockpiles
nor homes are continuows barriers, so these large
reductions cannol be realized in practice,

Simplicity, mobility, and effectiveness are the keys
(o keeping costs down in noise reduction, As o bar-
vier, fenees can be constructed of wood planking,
plywood, or any other sturdy material and may be
hung with rubber or canvas matting, These materi-
als can be used repeatedly as needed and setup and
takedown times are minimal.

As a structura) support, the lenee is ideal sinee it
must be stiurdy lo prevent unwanled entrance, As
mentioned previously, the fence can be hung with
matting backed by plywood, Since leaks are o prob-
lem, overlapping is cssential 1o improve sound
reduction, Plywood gives added retlectivity and the
matting aids in absorption,

Many materials can be found oasite or ean be used
for other purposes. As examples, chain link fencing
Lan exceltlent structural support} may already be in



use to prevent unwanted entry, Plywood is usually
found on a construgtion site, so its cost as additional
material is nominal. Maiting would be an added
cost, but ifs use in other areas, such as protective
covering for materials or shielding from flying debris
in other operations would make it more an asset than
a liability onsite,

Sections of fence, or the entire fence, depending
on the length and height, can be made into 2 sound
shield either enfirely or in localized sections. A fence
can be considered as the sound enclosure for the
entire site; however, since some noise sources within
the site will be mobile, it does not necessarily have to
be a sound shield at all points at all times, Factors
from both inside and outside the site will determine
which sections of fence will become shields at differ.
ent times, Used in conjunction with other methods of
noise reduction, which are discussed later, the fence
enclosure can be effective in a wide variety of situ-
ations, either as a primary or secondary noise reduce-
tion technique,

Earth Berms

On most home construction sites, earth is moved,
the site is physieally changed, and the ground is re-
distributed. Often, large amounts of carth are
loaded into trucks, hauled away, and duniped. This
material can be used onsite to form an earth fence or
carth berm which can reduce noisc emissions from
the site. Earth from read excavation, [oundation

“excavation, or high-spot excavation can be durmnped

on the perimeter of the site or between impacted
areas and those areas where construction activity will
take place. The earth should be piled as high or
higher than a lence or other sife enclosure—10to 15
ft (3.0 to 4.6 m), if possible. Earth berms can be
used as o hase Jor o fence, raising the effective
height, provided the soil is available before the fence
is needed. Planning belorehand is important,

Ifiris known that a great deal of earth is to be re-
moved but that back(illing around fonndations will
be needed at # later date, piling excavated earth in
the form of an earth berm around the site can be a
benetit, both in terms of noise reduction during con-
struction and stocking for later use. The vost of
creating a temporary earth berm would be compara-
ble to immediate removal, the only difference being
that removal would take place at a later date. No
additional material is dovolved since the seil is
readily available. In this way the material can be
utilized more elfectively on-site than off-site,

Earth berms are not practical to use around small
areas where operutions will be completed in a short
period of time {since the earth will have to be moved
too much), but they can be of great benefit to the site
as a whole,

Srockpiles

Malerial stockpiles on a construction site can be
used as shielding cither by proper placement of
materials  around noise sources or by placing
machinery behind nacerizl piles.  According to
OSHA regulations, material cannot be piled higher
than 20 t (6.1 m} {this height should be more than
adequate for shielding in most cases). Any material
can be used and can, il needed, be covered or draped
with sound-absorbing material (matting} to reduce
reflectivity and increase sound absorption, Bundles
of lumber can be placed to provide shielding {or &
great distance, if necessary, or ¢can be used to plug
gaps in other types of shiclding, This method is
simple, mabile, effective, and the cost is nominal,
since the maierial will be eventually used on-site in
the process of constructian, :

A primary basis for minimizing noise reduction
custs i to efteetively use the materials on hand, In
sone instances, stocks of straw in bales for use in
muddy conditions can be used as sound shields until
they are needed at another time lor another ase, By
maximizing the use potential of material on-site, it
becomes more versatile and valuable as an invest
ment and can substitute for or replace additional
material which would otherwise be required. As o
particular operation progresses, the material can be
maoved with it or can be used in the lollowing opera-
tion, For example, if stockpiled bundles of lumber
were shiclding a basement excavation and founda-
tion pouring sequence, the material would be availa-
ble for the next eperation (lTooring and traming),
Planning material placement is a key to smooth
sequential operation teansition and, in this case, also
reduces the noise emitted from the site,

Buildings

Buildings can be ¢tfective sound-shielding devices,
as noted carlier. On home construction sites, build-
ing operations should  proceed away from the
impacted areas o create a noise barrier for loter
aperations. ' (he site is surrounded by areas of
impact, building should proceed toward the center
of the site, using the existing homes as surrounding
shields,



Stationary machinery should be placed behind
buildings lor use as barriers. [f the wall surfaces are
covered with sound absorbing material, their
absorption characteristics can be increased, depend-
ing on material and thickness.

As mentioned carlier, planning is important, By
determining the direction of building operations, the
newly built structures can act as shields; and there is
no cost involved, since they are to be built anyway.
They can act in place of shielding devices which
would have had 1o be used had the operations been
directed toward the impacted area. Existing buoild-
ings should be used to their maximum extent, but
the direction of actual construction can be even more
beneficial on lurger sites,

Enclosures

Machinery sound enclosures can effectively reduce
noise emissions if the machinery is stationary. Enclo-
sures can be built of plyweod and two by four's and
covered inside with an absorbing material. Tent
enelosures can be made of heavy fabrie, rubber, or a
similar heavy material, fnced inside with a sound-
absorptive material. Tent enclosures are not as
physically strong as rigid enclosures, but they can be
used when protected by other structures. Tent enclo-
sures also do not provide as much sound nbsorption
as rigid structures,

Enclosures can be used to quiet various types of
stationary machinery (compressors, generators,
pumps, engines) and to shicld noise emissions from
manual aperations {drilling, sawing, hammering), if
it is possible to perform these operations within the
enelosure. One problem of enclosing machinery is
heat buildup inside. The enclosure must be venti-
lated to minimize overheating and reduction of
machinery performance. Partial enclosures aver-
come the heat problem and should use exisling
structures as part of their structure, Bales of straw
can be very useful for this purpose. Enclosgres can
be built and taken down rapidly and moved where
needed and should use available site material as
much as possible,

Locution of Machinery

Noisy machinery on a construction site should be
lecated as far away from the impacted areas as possi-
ble. IF this is not possible, the machinery should be
located behind structures, shiclds, or enclosures,
Stationary machinery should be located so that it can
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be used over as large an arca as possible and thus
avoid relocation. Compressors and generators run-
ning different tools on the site should have as great
an cifective opernting radius as possible. This re-
duces the takedown and setup time for sound shiclds
andd related materials, but it may degrade the per-
formance of hydravlic and pneumatic tools. If the
tonstruction site is planned beforeband, stationary
cquipment can be located and building can proceed
within their cfiective operating radius. Using the
stationary equipment as & focal point for operations
and extending the working radius of the equipment
can mean more cfficient noise control, since the
sources will be less mobile and vasier to contain,

Blankers for Concrete

In the demolition of concrete, reflected sound can
be reduced 5 dBA by using matting or fabric blan-
kets to absorb the sound. This method will be most
effective if the space is enclosed. The matting or
blankets can be of the same type hung on fences or
buildings at other areas on the site. Canvas filled
with minerat wool, or thick cotton fiber or foam can
make suitable spund-phsorbing hlankets which can
e psed for various operations,

Unused Equipment

Many times on a construction site, equipment not
in use can be used as a sound shield if it is parked at
puints where shielding is required. Idle machineryis
unptroductive and is a cost; if the machinery can be
put to use in reducing noise, it becomes productive,
The parked machinery can be used as a structural
mechanism for sound-reflection or sound-absorbing:
material which can be leaned against or hung on it.
Machinery and equipment then become mobile
supporting mechanisms for other nolse-reducing
matetials, Bulldozr blades, loader buckets, and
scrapers set lengthwise to noise sources can provide
shiclling and reduce the costs invelved in construct-
ing other types of shiclding. This minimizes addi-
tional costs incurred in constructing shield support
structures,

Time Controls

Time of Day

Noise imtpact can be reduced by regulating and
scheduling operations on a site throughout the day to
coincide with ambient noise levels of the surrounding
arey, although this mey prove difficult at times. The



noisiest operations  should be  performed  while
ambient levels are highest in the impacted areas; for
example, times of day when trafTic flow is the great-
est are well suited for conducting noisy operations.
Such times zre morning rush hour—7:30 to 9:00
a.m.; noon hour—11:30 a.m. to [:30 p.m.; and
evening nish hour—3;30 p.m. to 6:00 p.m. Other
relatively quiet times such as early in the morning,
should be reserved for quieter operations, Daily
scheduling of activities with reference to survounding
ambient levels should be considered when planning
operations on the site, Evenings are preferable in
business districts,

Day of Week

Most construction operatlons are performed an o
S-dny work week basis, but in some areas, weekend
work is advisable, If impacted areas surrounding the
site are heavily occupied during the week, excessively
noisy operations can be conducted on weekends
when the impacted areas are less occupied, In
business districts, weekends are preferable, while in
resifential areas, weekdays are preferable.

Season

The season of the year will atfect noise from a con-
struction site. In dry weather, machinery will pet
better traction and ground conditions will cause less
slippage and thus less high engine neise; however,
dry wenther also means more noise reflection from
hardened ground surfaces. In addition. people open
windows and increase the impact of transmitted
noise during warmer, drier weather. In wer seasons,
ground conditions make operations more difficult
and add time to operations. Traction levels are re-
duced and higher engine reving is required to per:
form vehicle operations; however, the moisture
reduces sound levels. Thus, seasonal work can be-
come a trade-off between operational elficiency and
noise levels, Operations should be carried out when
ground conditions are dry and stable since these con-
ditions malke other control measures easier ta imple-
ment.

In general, colder weather is preferable to warmer
weather  for conducting operations, since most
people are then indoors.

Duration of Operation

By controlling the length of time an operation
takes, the duration of noise is controlled. Using the
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most elficient methods can reduce the time an opera-
tion takes, but the most efficient method is nat
alwiys the guictest. However, if the scheduling is
sueh that the operation coincides with high ambient
levels, the eftuct of a shert noisy eperation can be
reduced, By determiining the quickest way to com-
plete an operation, the duration of the noise is re-
duced and the operation can create o higher noise
level than can one having a long duration. The best
choice is to reduce both duration and noise by effi-
cient operations and other suitable methods dis.
cussed in this seetion. Controlling duration is only
one way to reduce noise and should be used in con.
Jjunetion with other methods (o maximize its noise
reduction potential,

Multiple vs. Single Operations

Since noise levels are not appreciably increased
during multiple operations of approximately equal
sowrces (i.e., two operations at 90 dB vach generate
only 93 dB combined). scheduling multiple opera-
tions on o site can be beneficial in neise reduction,
Since single operations can extend tolal duration
time on a site, multiiple operations can reduce noisc
duration time. Again it is a matter of scheduling
operations both in relation to time and to spatial
characteristies to achieve reduction in either noise
level or noise duration. Multiple scheduling can
achieve efficieney in both total operations time and
in neise-level reduction. For example, if two or three
of the noisiest operations are conducted st the same
time and scheduled at times of the doy when ambient
levels are highest, the impact of the emission may be
felt less than i the operations were conducted singly
throughout the day. Multiple operations are then
preferable to single operations if planned carefully.

Fram the regulatory viewpoint, il one uses the
Day-Night Average Noise Level (Lg,).* there is no
advantage in multiple operations since that measure
is based on a tolal sound energy concept (the total
energy emitted as sound remains unchanged). How-
ever, there may be some advantage in multiple
operations §f percentile levels ave used,

Operaror Efficiency

The ellicient operation of machinery by proficient
aperators can couse increased noise levels over those

*Lgn is the energy.averaged A-weighted noise level integrated
over & 24-hr period with o penalty applicd for noise levels occur-
ring in the nighttime,
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caused by less proficient operators, Highly trained
and experienced operators, in order to gain maxi-
mum etficiency from the equipment, will bring their
machines 1o their operating limit consistently and for
long periods, Operating in this manner will reduce
the eycle time of zn operation and will bring about
Job completion in a shorter period. Less trained
operators are of two types: (1) the cautious learner
who is slower bul operates his machine within its
limit (he will cause less noise but increase the eycle
time of the operation), and (2} the hot-rodder who is
carcless with his equipment and overdrives his
machine {he will cause more neise but will decrease
the operation cycle time),

Thus it can be concluded that highly trained
drivers, in general, are likely to cause more noise
than less proficient operators and are not an effec-
tive means for site noise control.

Slte Masking Noiso~-Nantural Sounds

Naturally occurring noise in areas surrounding the
site (ambient levels) can be usced to mask neise from
the site. Scheduling daily operations to coincide with
times of high ambient levels will then be necessary
but may prove difficult at times, Scheduling can be
achieved if’ ambient levels can be determined and
occur regularly, but in some cases this may be a hit-
and-mliss system,

Site Abaorption

The site itself will absorb sound to a degree; how-
ever, it is not considered feasible to increase site
absorption by deliberate use of absorbing materials
except within specifie enclosures or in exceptional
cases where adverse reflections are present.
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There are two broad areas of absorption on a sile.
The Grovind

Hardened ground or rocky conditions on-site will
rellect sound more than absorb it. Moist or loose
ground conditions will have the opposite effect. IF
possitile, noisy equipment should be kept away from
areas having characteristics that will increase their
noise levels and should be placed in sreas having
liigher absorptive characteristics. Covering areas
with absorprive material is also possible but is more
expensive. Ground conditions can be changed in
locatized areas, however, to increase absorption and
reduce noise.

Burdlcdings

Buildings can be covered with absorptive matting
or draping material to reduec sound levels. This
would entail additional costs b the material could
be re-used for soupd reduction and could be used to
proteet equipment and materials on-sile.

Fixed Equipment Helight

Noisy machinery should tre kept at ground level, if
passible, 0 more easily attain shielding or absorp-
tion,

At ground level, fencing, buildings, machinery,
construction shields or enclosures, and any of the
other methods previously discussed can be used as
noise shiclds, By locating machinery on the ground,
the noise dispersal area is reduced and sound can be
more easily contained. Noise equipment should be
placed on low spots at the site in order to use the
surrounding higher arcas as shields.
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APPENDIX D:

NOISE LEVELS AND COSTS
FOR EQUIPMENT AND PROCESS
NOISE CONTROL

Noise Levels and Costs—Equipment Control

‘This section contains a sample calculation of the
increase in equipment list price and the decrease in
equivalent sound level, Leg. for a i) and grade con-
struction getivity at Fort Hood, Texas. Location 4.2
is used for this example.

The equivalent sound level at location 4.2 is com-
puted from maximum equipment sound levels, their
usage factors, and the distance of the center of
equipment operation from location 4.2.

Leq — (dB} = 10 Logyg

(Lo)i/ 10 ~20 Logy, Dy
.. o' P! B Dl
|

[Eq D1]

where Leg is the equivalent sound level at the ob-
server (site boundary)

U.F.j is the usage factor, Usage factors were
obtained from on-site measusements of equipment

operating cycles or from federal EPA data.™

Bgepulation of Canstruction Aciivily Noise, BBN Report 2547
tBatr, Heranck, aml Newman, November 1974),

{Lp)i is the equipment operating sound level
as measured at 50 fi (15 m) in dBA

Dj is the distance in feet from the center of
equipment operation to the observer.

Table Dla summarizes the equipment observed
on site during this construction phase, the present
equipmenl operating sound fevels, the distances and
usage factors for cach unit of equipment, and the
present list price of the equipment. Table D1b sum-
marizes the equipment sound level and cost based on
manufacturers’ estimates of feasible future results.
1t is seen [rom the equivalent sound levels and total
cquipment costs that the equivalent sound level with
future quieted eguipment at location 4.2 is estimated
to be JdB less than the present level, at an estimated
increase of 5,1 percent in total equipment list price.

Noise Levels and Costs—Pracess Control

Each specific construction site operation and
alternative methods for accomplishing it are tabu.
lated in Tables D2 through D36, along with sound
levels and associated costs. Sound levels could not be
obtained for many of the alteenative methods, nor
could operational time be determined.

The cost data were based on the hourly rates for
the rental of used equipment, which appears to be
the method preferred by contractors themselves,
Equipment entries marked with an asterisk (Tables
D2 through D36} are generally preferred methods,

Table Dia

Current Sound Level and Cost Duis—Prevent Equipmeni at Locatlon 4.2*
of CERL Survey—Fort Hood, Texns

Present Diatapce [roth Equivalent
Sound Level Equipmeniio  Seund Leve] Lint
(dBA a1 5016t + Usege Observer Leg (dI) Price
Equipment {15 m)} Faciot** (Fe) (st Obwerver)  (Dollars 2 10")
Compactor (Roller) 42 B0 185 (Sh.4m} 70 618
Grader 52 B0 40 (e4.0m) 69 610
Grader H? A8 40 {(121.9m) 66 7.0
Dozer a2 1.00 400 (121.9m) 2] 69.0
Tractor %) 0 400 (121.9m) 63 03
Truck bty J0 400 (121,9m) 6l 70.8
q Total Equipmeni
Al Observation List Price
Paini {dB) = 75 {Dollars x 100 =
3654

*Activity—Fill and Grade of Houslng Foundations, Read Grading, and Compaction.

**Eraction of Time in Noisiest Operating Mude.

e



Table D1k

Estlmnied Sound Level and Cost Datu—Future Quieted Equipment at Locstlon 4,2*
of CERL Survey—Fort Hood, Texas

; Future

i Quleied i from Equlval Future List

i Sound Level Equlpment o Sound Level  Price (presenl)

Ly (dDA a1 501t Usage Observer (dB) Plus % Increass

' Equipment (15 m)) Factor** t{0] (st Qbeerver)  (Dollars x 10°}

! Compacter 8 40 185 (56,4 m) 66 71.9

i (Roller)

Gradeg 82 40 210 (6400 69 4.6

R4 Gruder 12 48 400 1120.9m} 6l 75.3

i« Duzér 7 1.00 400 (121.9m) 55 725

& Tractor 77 60 400 U21.9m) 57 21.3
Truck 80 30 400 (1219 m} 57 79.9

LU PPt e v e

Sy )

o T LT LR

leg
at Observation Point (dB)

Total Equipment
List Price (Dallars x 10°) =
J85.5

*Activity=Fill and Grade of Housing Foundations—Ruad Grading and Compaction
**Fraction of Time In Noisiest Operating Mode

Talle D2
Asphali Roadway
Methods dBA et 15 m Cost/hr
Asphalt Saw {18 HP}H 1 3,4k ¥) 78 $2,50 + ftade + Operator
Juekbammer K 51,80+ Compressor + Operator
(W 1o 55Thkil A.bto 24.9kg)
Areaker Took $1.60 + Compressor + Operator
* Rubber-Tired Loader 83 Vayd (0.38mY) — 512,50
Jtadyd (2.3-3.1 mY) ~ 830,25
5106 yd (1846 m" — 546,75
Bio 10yd{6.1-7.0 m} —$73.25
*Track Loader 86 Jyd (2,0 m?) — 535,75

Ayd (3,1 m) - $46.75
2yd (1L5m') - $16.00
2% yd (1.9 m?) - 522,00

Campressor {Gas) $4.70
160 cu It/min (4.5 m¥/min}
Compressor (Diesel) $5.25
160 cu L/ min (4.5 m/min)
Campressor (Eleciric) 3125

160 cu ft/min (4.5 m*/min)
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Table 113

Concrete Roadway
Methods dBAst15m Cost/hr
O:ylnnéu 535.00 + Operator
Concrete Saw {18 HP) 50 $3.75+ Blade + Operatar
(114kW) Gas 337,00 {Complete)
Electric 340.00 {Complete)
Jackhammer {3010 50 1) 88 $1.80 + Compressor + Operator
(13600 22,7 kg}
Breaker Tow $1,60 + Compressor + Operator
Rock brill 95 $1.30+ Compressor + Operator
. $15.060+ Compressar + Operator
Conerete Splitter 62
* Mobile Crane + 14 ton (12700 kg) — $3).50 + Ball
48 15 ton L1360 kg) — $3-4.50 + Hall
Headuche Ball 22 10n (19958 kg) ~ $39.50 + Ball
Compresser
Gas $4.70
160) cfm Diesel $5.28
(4. 3m}/min)  Elect 51.25
Table D4
Wood Frame Dulldlngs
Methoda dBA m115m Cost/hr
Mohile Crane 14 10n {12700 kg} - $30.50 + Rall
+ 88 15 ton 413608 kgh - 534,50 + Ball
Headache Hall 22 ton {19954 kg) - 839,50 + Bull
Mohile Crane 14 1on {12700 kg) — 530.50 + Bucket
+ HB 15ton (13608 kg) — $34.50 + Buckel
Clamshel] Bucket 22 (oo (19958 kg) — $39.50 + Bucket
Track Bulldozer H6 1181 (3.4 m) blade — $28.50
12-ft (3.7 mi blade ~ 536,50
131 (4.0 m) blade ~ 548,50
Rubber-Tired Bulldozer 83 13-fi (4.0 m) blade — $50.50
16-f1 (4.9 m) blade ~ 570,50
*Track Loader Bt dyd (2.3 m") - 535,75
dyd (3.1 m") — 346,75
2yd (1.5 m¥) - 516,00
2% yil (1.9 ml) - 322.00
*tubtwerTired Loader #3 Ya yd (0.4 m®) — $12.50

Jndyd (231031 m?) — $30.25
Swbyd (341w4.6m?) —- 540,75
Hio 10 yd (6.1 to 7.6 m?) — 371,25
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Table D5

Relnforced Concrete Dulldings (Upper Structure)

Methods dBA At 15m Cost/hr
Mulile Crane 14 ton (12700 kg) — $30.50+ Ball
+ BH 15 ton {13608 kyl — 534,50+ Ball
Headache Ball 22 ton (19954 kg) — $29.50+ Hall
*Hlasting 535.00+ Material (0.40/[h}
Nuallernative o use ol headache ball,
Table D6
Reln{orced Concrele Bulidings (Foundation)
Methods d0Aatl1Sm Caei/he
Dlusting 535,00 + Material {.4/1h)
(.K8/kg)
Juvkhummer &R 51.80 + Compressar nnd Uperator
Ruwk Dl 98 51,30+ Compressor and Operator
Concrete Splitter 62 $15.60 + Compressor and Operator
Hreaker Toal $1.60 + Compressor and Crperator
Concrele Suw 18 HP (13.4 kW) 40 $1.75 + Nlagle nnd Operator
Oxylunce $15.00 + Operator
*Track Bulldozer 13 11.ft (3.4 m) blade ~ $28.50
12-ft (3.7 m} blade — $36.50
13-t {4.0m) blade — $48.50
*RubberTired Bulldorer 83 13-t {4.0m} blade — $50,50

16-ft (4.9 m) blade — $70,50

Compressors 54.70

I6heu fi/min - gas 55.25
diesel

4.5m) electric 53.25
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Table D7

Renoral of Materlal From Siie
Methods dBA at1Sm Coei/hr
*Track B& Jyd (2.3 mY) - $35.75
Loader 4yd (3.1 m?) - 346,75
*Rubber-Tired Loader B3 V2 yd (0.4 m?) — $12.50
! Jd yd (2,310 3.1 mY) - 530,25
! 5106 yd (3.8 to 4.6 m¥) — 546,75
| Bto 10 yd (6.1 10 7.6 m'} - §73.25
]
I
i Mabile crane 48 14 tan (12700 kg) — $30.50 + Huckel
+ 15 ton {13608 kg) — $34.50 + Bucket
Clamshell Bucket 2210n {19958 kgg) —~ $39.50 4 Bucket
Bump Truvks 91 6 yd (4.0 ) ~ 51500
12yd (9.2 m?) - $18.00
i‘ 0yd (15.3m%) - 527.50
i
Table DB

Clearing and Gradlng Trees aod Brush

Methods dBA at15m Cost/he
*Teack Bulldozer 86 11-ft (3.4 m) Made - $28.50
12-ft L7 m} Wade — $36.50
1J-ft (4.0 m} ade ~ $48.50
*Rubber-Tired Bolldoser 83 13:ft (4.0 m) blade — $50,50
16:01 (4.9 m) hlade — $70.50
*I'rack Loader Hh Jyd (2.3 m?) ~ §35.75
Ayd (L1 m" - 844,75
2yd (1.5 m?) ~ $16.00
2% yd (L9 m?) - $22,00
*Rubber-1ired Loader 8 Vayd G4 m?) — 512.50
Jodyd {2.310 3.1 m¥) - 530,25
S10 6yd (1B 10 4.6 m¥) —$46.75
B10 10yd 6.1 10 7.6 m3) ~ $72.25
Tuckho K2 RrATm -521.00
i 43 m) ~ 324,50
181 15.5m) - 332,50
Tasling $35.00+ material {.40/11)
(.B87kg)
Chain Saws 11 181000, {0.46 10 0,51 m) - 52,50
+operator
Lump Jrucks 91 6yd (.6m?) —$15.00

12y8 (9.2 m?) — $18.00
20yd (15.3 m¥) ~ $27.50

Lse bnlldozers in conjunciion with [oaders.,
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Tablo N9

Clearing and Grading Rock Removal

Methods . dBA af15m Coat/hr
*Track Bulldwrer K6 11-ft {3.4 m} blade — $28.50
12-1113.7 m) Made -~ $36,50
13-t (4.0 m) blade - 504,50
*lubiber-Tired Bulldoser 83 1311 (4,0 m) blade — §50,50
16+fi (4,9 m) blade — 570,50
*Track Loader &6 Jyd 2.3 m’) - $35.75
Ayd (3. m?) - 846,75
2yd{1.5m}) - 516,00
2% yd (1.9m¥) — $22,00
*Rubrber-Tired Loader H3 1 yd (0.4 m?) - $12.50
Jtodyd (2.3 10 3.1 m?) — $30,25
Stofyd (3.8 10 4.6 mY) - #4675
B1o 1 yd (.1 to 7.6 m?) - $73.25
Rippurs 80 Truck Loader — $42,50 {4 yd)
(3.1mY
Track Dozer — $60.50 (14 i)
H.3m}
Hock Drill and Blasting 9% 51.30+ Comprussor + Operator
515,60+ Compressor + Operator
Dump Trucks L] fiyd (4.6 m’) —~515.00
12y 49.2m%) - 518.00
20yd (15,3 m") — 527,50
Compressor
gas $470
Ifllew ftrmin  diesel $5.25
HSm¥/min)  electric §3.25

Use bulldozers or londers with ripping blades to lensen rovk, The same machine is to be used for

removal,
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Talde D10

Earth Remoral
Metbods dBA st 15m Cost/hr
Truck Bulldozer i 1M1 11,4 m} blade — $28.50
12-11 (2,7 m} blade — $36.50
13-ft (4.0 m) blade — 348,50
Rubber-Tired Bulldozer &) 13:-ft (4.0 m) blade — $50.5}
16:f1 (4.9 m) blade — §70.5)
Track Loader L1 Iyl (23m')—$3575
4yd (1t m'} ~ 546,75
2yd (1.Sm'} ~ $16,00
2% yd (1.9 m") - 522.00
Rubber-Tired Loader 83 Ve yd (4 m?) - 512,50
Jwodyd (2.3 to 3.0 mh) ~ $30.25
Swoyd (3B 1a4.6m?) - $46,75
Bru 10yd (6.1 to 7.6 m"} — §73.25
*Seraper RS 23yd (17,6 ) - $57.50
155d (11.5m?) — $43.75
Yyd (6.9m*) ~ 532,50
Dunip Trucks 9] 6yd (4.6 m?) — $15.00
12yd (9.2m") — $18,00
20yd (15,3 m?) - $27.50
Table D11
Graing
Methods dBAs1Sm ‘ Coat/hr
Track Bulldoeer 13 11-1t {3.4 m} blude ~ $24.50
12:1143.7 m) Bade - $36,.50
131t {4.0m) lade — 348,50
Rubber-Tired Bulldoser LX) 13-1t (4.0 m) Blade - 550.50
18-t {4.9m) blade — §70.50
Trick Loader tity Jyd 12.3m)) — 835,75
4yd (1.1 mY) — $46,75
2yd (1.5m') ~ $16.00
2% 9d (1.9 m) ~ $22.00
Rubber-Tired Loader K3 Viyd (4 mT)—$12.50
Jiedyd (2.310 3.1 m?) ~ 530,25
Stebyd(3.t0d.6m?) ~ 546,75
B 10yd (b ta 7.6 m") — $73.25
Seruper [H] 23yd (17.6 m?) - $57.50
15yd {11.5m” - 543.75
9yik (6.9 m?} — 532,50
*Muator Grader 81 13+ft (4 m) blade — 534.25

13-fi (4 m) blade —§36,25
(6 wheel drive)
13+ (4 m) blade — 539.50
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Table D12

Excavation and Dralnlng
Methods dDA at15m Coat/he
*Trencher BS Hin, (0.15m) wide - $12.50
+ Operator
60in, (1.52m) deep
*Backhe 82 121{3.7 m) — 521,00
14 1t (4.3 m) ~ $24.50
18 11 (5.5 m} ~ 532,50
Exvavator 82 35,400 1b 116057 kg) ~ $30.00
37,0001b (16783 kgh — $15.00
44,1601b {20001 kg) — $39.00
* Electric Pump 4 $1.90
and
Gunerator (5 kW) 76 51.9%0
Gias Pump ™ 51.40

i (7 hem}
Centrifupaly

Use trencher for straight streiches pnd backhoe for ireegular spots.

Table DI3
Utliitics Placement

Method dBAst15m Coat/hr
Maolik Crane B8 14 100 {12700 % g) — $30.50

15 ton {13608 kg) ~ $34.50

22 ton (19958 kg) ~ $19.50
Excmator #2 J5,400 b (16057 kp) — $30.00
andd 17,0001k (1678 kyh - $25,00
Houk 44, 16016120031 kgl - $19.00
Loader #3 Ya yd (kA mi) - $12.50
und Jtodyd (21001 mY) - 530,25
Huok Stobyd (L8 104.6 m?) - 540,75

Bto 10yd (6,0 to T.6m?) ~ $72.25
*Buckho B2 1211 (3.7 m) - $21.00
and 14 60 (4.3 m) — $24.50
Hook 18 1 (5.5 m) — $32.50

9 16 11 {49 m) Trailer

Fliebed Trucks

$4.50 + Operator

Other methods du not apply to residential construction,
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Table D14
1 Bachfilling
Methods dBA A 15 m Cot/hr
f Track Bulldiece # 11 1t (0.4 m) blade - $28.50
1211 {3.7 m) blade — $36.51
1311 {4.00m) blade — $48.5)
) Rulher<ired Bulldogser K3 L3t 4.0 m) blade - $50.50
i 16-11 (4,9 m) blade - $70.50
|
I Track Lasder 8 Jyd (2.3 ml) —$35,75
! Ayd (1 m) -$36.75
! 2yd (1.5 m?) - $16.00
: 2% yd (1.9 m?) - $22,50
Ruhber-Tered Loader LAY Viyd (4 m?) 512,50
Ttodyl (2.3 6.1 m!) - 330,25
Storbyd (3.8 to 4.6 m}) — 546,75
81 fyd (6,1 10 7.6 m¥) — 57175
. *Rackhire H2 120t (1.7 m)} — $21.40
: it (4.3 m) - $24.50
! 1811 (5.5 m) - $32.50
t
J ' [
Table D15
Compacting
Methods dBAat15m Cont/hr
i Jumping Jack - Hand Tanspens 101 $1.75+ Operatar
F Machine-Muutied Tamjen un $23.50+ Operawr
Skl Compaciurs ' H1 $7.50 28 in (0,71 m) + Qperator
*Fliav Rollery H 58.45 (20 in. }{0).66 m} + Operator
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Table DI

Bascruent
Mettiods dBA a3 m Cost/hr
Triek Bulldvger Ho 11-£1 £ md hlade -~ 328,50
12:1 13,7 i) hlade - $36.50
1)1t (4.0 m) hhode — 548,50
Rubber-Tired Buldoser LX) 130 M40 m) blade - $50.50
161t 14,9 m) blade — $70.50
"Prack Licler it Jyd (2,3 m" -835.75
4yd 3,1 m'}- 346,75
2yd (1,5m’) - 516,00
2% yd (1.9 mY) -- $22.00
Rubhee-Tired Laatles k) 1 yd {04 m¥) - $12.50
Modyd (231030 mh - 330,25
Siwbyd (JBo4.6 m') - 346,75
810 10yd (6.1 10 7.6 m}) ~ §71,25
Encavator 2 35,400 1b (16057 kg) — $30.00
JT.000 b {EATHS kgh — 535,00
44,160 th (2000 kg) — $39.00
Biekhume 42 129043.7 m) - 321.00

.3 m) - 324.50
I8 11(5.5m) - $32.50

U s arack bulldozer, robber-ticed tulldozer, track loader, or rubber-tired loader is recommended.

Table D17
Slala on Sall:
Meilwd: dDA at15m. Cost/he:
Trencher BS fin. (D, 15 m) wide — $12.50°
+ Operatar
*Backhoe, 82 1211 (3.7 m)- $21.000°
14 ft14.3 m) - $24.50°

(811 5.5 m) - 532,50




Table D18

Rock
Method . dBA at 15 m Cost/hr
Ruck Dritt ' L] 51,304 Compressor + Operator
and )
Blustiog $35.00 + Material {,40/1b)
(5. 8K/ k)

*Rock Drilt ' o $1.30+ Compressor + Operatar
and 62 515,60 + Compressor + Operator
Splinter ' '
Jackhammer (0to 55 1) B4 3180+ Compressor + Operator
(13.0-24.9 kyf :
Breaker Tool $1.60 + Compressor + Qperator
Compressor

s 54,70
Ieeu lt/min diesel 55.25
HEmY/min)  eleciric $3.25

Table %

Foundatlon Excavaiion Hauling

Methods dBA at1Sm

Cont/he

Track Laider 86

Jyd (2.3 MmN~ 835,75
Ayd (11 ml) - 846,75
25d 1.5 m— 316,00
24 yd (1.9m?) - $22.00

*Rubber-Tired Loader 83

Vi yd (0.4 m?) - $12.50

Jtodyd (2360 20 mi)— 53,25
Stotiyd {18 1046 m?) — $46,75
B 10 yd (6,110 7.6 m?) 571,25

Dumsp Truck 9

6yd (4.6 ml) ~ $15,00
12yd (9.2 m) — $18.00
Wyd (15.3m") — $27.50
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Table D20

Plie Driving and Calveon
Methods dbAatiSm Coatflie
Drllk Auger $60,00
Diesel $120.00
Air $120.(x}
Dyop Weight SR0.00
Sunic $1510010 520000
Walur Juey 5120.00
Hydeawlic 0% $140.00
Bensio Methusi

Table D21

Fuundation Forming

(In-Place Steel, Wood, and Prebullt)

Methods dBA a1 13 m

Coal/tr

Power Suws

51,25 110-in. Skitlk{0.25-m)
+ Qperator

Hammers T 57.00 (Corpenter's hourly rate)
Muhile Crane L1 14 ton (12700 kg) - 530,50
15 o {1608 kg) - $34.50
22100 (19958 kg} - 339,50
Luguter ynd Mok H Y yd (L4 m) - $12.50
Jtodyd (210 )i m} - SI0.25
Stotyd (3.8 104,06 m¥) - 840,75
Hin l0yd th.1 (o T.oml} - $73,25
*Hackhoe und Hiwk H2 12i113.7 m) — $2100
140 (4.3 m) ~ $24.5%0
THA (5.5 m) — $32,50
Table D22
Cuncrete Supply
Meihods CLHEYIRET Cost/hr
*Conerete Truck i3] $25.060 (6.5 yd) (5.0 mY
Giyor Eleetrie Sire L $1.51+ Operator

Miser (3% cu (1) (0, 10 mY)
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Table D23

Concrete Transler
Methods ABA w15 m Cosl/hre
Conerete Pumps 52 375,00
*Conerele Trucks L3 52540 10,5 yd) ¢5.0m)
Muohile Hoist Crane 14 ton (12700 kg) - 530,5) + bucket
and 15 ten (LIGO8 kg) — SH.50+ huckel
Buekel i 22 ton (19958 k) — 539.50 + bhuvkel
Power Buggivs (Mechimsical) $2.75+ Operator
Crhier metheds o pot apply oeesidential cistruction,
Table D24
Pouting nnd Finishing
Methods dBAat15m Cost/hr
*Llectric Vibeator 51,30+ Operatar
Gas Yibrnor 5180+ Qperatur
Vitsputing Sereed 1Gas) $2.25+ Operator
Mechanical Trowel (Gas) Jain. 10.9] m) -~ $L80+ Operator
Hin (1,22 m) - $200+ Operator
*Electrie Teawel 36 in. (0.1 m) ~$2.504 QOperator
4K in. (1.22 m} - $3.00+ Operatne
Table D25
Backlling
Methads dBA s 15m Cost/hr
Track Bulldoser Bty 1111434 m) blade — $28.50
121143, 7 ) blade - $30,50
& 1301 14.0m) blade - $8.50
Rublwr-Tited Bulldwecr K3 131t 43,0 blade - $8),50
l6+1t 4.9 m) blade - §70.50
“Trank Loader B 2yd (1L5mY)  S16.00
Wayd (59 ml) - $2L00
Jyd (LAmy - 535,75
N A yd (11 md) — §40.75
Bubber- Tited Lader -4 ViydihAm)—$12.80
Ttodypd {2310 3,1 mh) - 330,25
St tyd (3B e d.0 mi- 546,75
Ko 0y th,] o 7.0m") - 573,28
*Havkboe 1} 120437 m) - 321.00

141t m) — 32400
1K 5.5 m) — $32.50

n
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Tahble D26

Material Supply
Methods diAa 15 m Cost/hr
Flatbsed Frucks bl 1o-41 (1.9 m) trailer
$4.50 + Operator
ForkBilis qgzus) K3 6000-1h {2722 kg pacwmatic
15-f¢ (4.6 mb lify -~ $10.30 + Operater
N alternative to using trucks and forklifis.
Table D17
Material on Bullding
Methods dBA Rl 15m Cosl/hr
Marsile Crane LAl Jdron {12700kg) - 530,50
' 15 ¢om L EM0OR k) — 534,50
2210m {T9A5H kgl — $39.50
Forklilt (i) K3 000113 12722 k) priceamatic
1501 (4.6 m) ~ LY+ Operator
*Conveyor (electric) Do 20 10 (4,900 7.8 m) - $4.00
Canveyin (gay) A0412.2 m) ~ $H.00
Table D78
Construetion
Meihods dBA st 15 m Cost/hr
Puwer Sawy 8 51.25 (10-in. Skill) (0. 25 m) + Qperator
Hand Himmers 71 $7.00{Curpenter’s haurly rate)
Mail Gun and [ 51,06+ Operator
Cimprewor 52,0 (b to B eu 1/ min)
10.17 10 0.23 m?} gas/eleciric
*#Pre-ah alisite 0
. Muobile Crane B4 14 1on (£ 2700 kg) — $30.50
15100 (13608 kgl — $34.50
22 ton (19958 kg) — 539,50

Strong recommendation given for prefubrication offsite,
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Table D29

Exletior Work Masonry
Meihods dBA =t 15m Cost/hr
Cian or Bhevtric 1 I cu UL 10 m? ~ $1.5H Operater

Site Miner

No alieraative except tareliain from using brick ot all,

Table D30
Rooling
Method diAm15m Cuoni/hr
*Nail Guaand hs $1.00+ Operatwr
Compresser
1Land Hiemmer " $£2.00 (han K e ft/min)
Wh A7 o .20 m mink gas ar electric
Sragrte Gun and SLKH Ciperator
Lompresor 200 (6 to Ben A/min)
(0, 17 10 4L 23 in*/mind gas or cledtric
Tarring .1 $30.00
Rall Tailing 320,00
Waoed Shukes 52500
Alwrniinum Shingles SB.00
‘Tabie D31
" Exterlor Siding
Meihods dBAaLlSm Cost/lir
*Nail Gun (13 $1.00+ Operator + Compresine
Haned Hamawr Hl $7.00 (Hourly Rate}

Coppressor gay
{2 M ew (1 min)
0.7 w2 b min) cleerriv

L RAL]
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Table D32

Interdor
Methiods dDA atifim Coat/he
Lisulation Blowing N/A
*isulation by Hind Staplers $7.00 (Hougly rate)
Weliders Gas MK Amp - 33.00 + Operator
Eleetric 0OAmp  SL%) 4+ Operator
Pipe Theeinbers $3.00 + Operator
Powser Drilts 30,50+ ity + Operatons
Pamser Sams, 12500k, SKEHY 0,25 oy + Al
+ Operar
el Siws 31.75 ¥ Blide + Operator
Table D33

Grounds Prepueation aad Spelakler Ssatem

Cosl/hr

PEfe d3d mad blacle 528,50
1200 (37 mb Wade - 86,50
Edbt L0 m3) Dlake - $46.580)

1300 4.0 Blade 33,50
Tt 1 64,9 o) Dlade - $70,.5)

1311 44,0 @) Blade - $34.25
1300 4.0 m) blade - $36.25
{w heel drive)

1300 L m Wady - $39,50

$H.45 (26 in.) dll.6t m) + Operator

Methodds diA at 15 m
Tk Bulldoser Hh
Hublwer-Tired Bedlidoeer 83
*Mutar Grader L1
*Rollers ™
“Diher K&

din, wide, [Hin, devp

03tk m /A6 my - $4.50+ Opertor
Gin, wide, 3bin, deep

S mALIm) 55,75+ Operalar
frin, wisde, 60 in. tvep
0.15m/1.52m) - $12.50 + Qperitor

Uae mlar gricer for fine grading,.
T insall sprinklers, g diteher is best,
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‘Table D34

Planting
Methads dBAat 1Sm Conl/he
*heerding 5.02 to M/ 1t (3.2] to $.43/m?)
Seuleling tEarklidisg S0% 10, Wy 148,91 10 $)].08/m")
ik Inwe K2 13- (LT m) - $2140
Tlnees) BTt 4.0 m) - SH.K)
141t (5.5m} - §32.50
Sprinde Showet 5600
T BHipgeinsg $4.00 .
*{ruvhy 9l I6-11 14, 9-md trailer $4.5 4 Qperator
Table D35
Cutbing
Methiuls dBA a1 15 m Cost/hr
Haal Hammmers H| $TA0 (Flourly Rate) + Material
Omwrete D riecks 3] $25.00 16,5 et yil 1 5.0 M"Y
Coirn ur Bectriv She Misey
LA en i) mh KY $1.50-+ Operator
b e SHLO+ Qperantor
Talde 1136
Roads
Methady dBAat15m Cost/hr
*hotur Grader L1 130t 4.0 an) blinde - $34.25
1L bladde - 330,25
{fi-wheel drive)
13-t G480 htide - $349.50
Comwiere oer S350 Qprerator
Aspibadt Paner $20,00 + Operitor
Rullvr 8 $H.45 (26 in.} (.60 m) + Operator
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APPENDIX E:

RECOMMENDED NOISE
REDUCTION METHODS

Asphalt Roadway (Tabla E1)

Use front end loaders for demolition of asphal
roadways. Since loaders can be used for both break-
ing up and loading out, less equipment will be neces-
sary, and therefore costs will be reduced. Loaders
are less noisy than jackhammers and faster than
asphalt saws, The noise can be reduced by tinting the
aperition to coineide with high ambient levels in the
surtounding area.

Concrete Roadways (Table E2)

Use the mobile crane and ball for demolition of
conerete roadways, 1t is fuster than other methods
and requires less equipment and manpower,

Wood Frame Buildings (Table E3)

Use frant end loaders to push or pull down woad
buildings, 14 is the chempest and quictest method,
sinee the sume machine ean bath demolish and Toad
out the material, See corresponding table for noise-
rectuction methods,

Reinfarced Concrete Buildings
{Upper Structurs) (Table E4)

Blasting is the cheaper and less noisy of the two
methods, but may pot do the job adequuotely dae to
the presenee of reinforcing material, In such cases, a
crane and headache ball is the only alternative,

Reinforcad Concrete Bulldings
(Foundation) (Table E5)

Use bulldozers 1o remove the remaining portions
af buildlngs; they are the cheapest and quietest
method, If reinforcing material prohibits the use of
bulldozers, impact tools, splitters, ind torches may
have 1o be used.

Removal of Material from Site (Table EB)

Use frontend loaders Instead of crane and
hueket; they are cheaper and quicter,
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Clearing and Grading Trees and Brush
(Table E7)

Use bulfclozers and oadees for clearfng trees and
brush. If trees ave too large, chain saws will have to
he used. Shielding can be used to reduce saw noise,
Roots ean be cut and stumps pulled out with bull-
dozers or loaders.,

Rock Removal (Table EB)

Loose rocky ground area should be broken up with
ripper blades attached fo loaders or bulldozers; 1he
same vehicle can remove the loosened material,

Blasting should be considered only in solid rocky
areas or in areas where pravity can aid the work
process, Since toaders and & dozer will be required
after blasting in some cases, they may also be used o
do the work of blasting, Blasting requires drilling
and is therefore louder than the loaders and dozers,

For large boalders, drills and splitters should be
useed for brepkup instead of blasting, They both re-
suvire driliing bue splilters are cheaper and quieter,

Earth Remova! (Table E9)

Use serapers as much as possible for carth re-
maoval, They have larger eapacities than loaders and
are quicter than Toaders and hauling trucks. In some
cases, combinations of equipment sieh as bulldazers
o push maerial 1o loaders (which load material 1o
waiting trucks) are necessary. For shorter discances
t the dump site, scrapers ire less expensive and

+ naisy {han leaders and hauling trucks.

Grading (Table E10)

Muagor graders should be used, sinee they are the
cheapest amd - quictest equipment,  For  reough
grading, however, dozers, loaders, or serapers may
have to be used but are nol the best choice, Some six-
whevled drive graders can handle heavier loads and
may be able to handle rough grading on some sites,
See  corresponding  toble  for noise  reduction
methods,

Utilities Instaliation Excavation
and Draining (Tabla Ei1)

Usce a trencher for long, straight distances and a
buckhoe lor short, irregular distances. Backhoes are



versalile and can also place pipe aflter excavation.
Distance and depth are important tactors and must
be considered when estimating specific job require-
ments. Backhoes should be adequate for most
residentinl utilities excavation, Pumps should be
electric, since they are quicter and not prohibitively
morg expensive.

Utllities Piacement (Table E12)

Use o backhee and hook 1o place wiility pipes.
They are quicter than cranes and less expensive since
hey can also dig the necessary trenches; thus, less
equipment will be required on-site. Their versalility
is a factor which must be considered when planning
the operation. Flatbed trucks are not i feasible alter-
native,

Backilliing {Table E13)

Use backhoes for backfilling, since they are
cheaper and quieter than cither dovers or loaders
and can also excavate trenches and place utility
pipes. OF all the eguipment, they are the most versa-
tile, nnd are cheaper and quicter by comparison,

Compacting (Tabla E14)

Use rollers to compact carth over residential utili-
ties. They are the least noisy and the cost is not pro-
hibitive. Hand tampers are much cheaper per hour
but their noise emission is much louder,

Foundation Excavation Basement
(Table E15)

Use loaders or dozers Tor basement excavaltion,
They are cheaper and faster than excavations and
the rubber-tired types are not appreciably noisier,
They can handle more 1oad than backhoes and move
front-londed carth Taster. Rubberdired loaders or
dozers are recommended over track-type because of
mereased speed and mobility,

Slabs on Soil (Table E16)

Use o backhoe over a trencher sinee it is more
mobife and can move more quickly around the site
lor each sab, 1t s alsa quieter, but costs appreciably
mae,

Rock {Table E17}

Use rock drills and spliters instead ol blasting,
although in some cases, blasting may he the only
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method possible, Splitters are quieter and less
expensive,  Paving breakers would take longer,
extend noise duration, and may in the long run be
mare cxpensive, Electrie compressors should be used
where possible instead of gas or diesel,

Hauling {Takle E19)

Use rubber-tired loaders rather than track-type,
since they are more mobtle, can carry heavier loads,
are quicter. and the cost difference is not prohibi-
tive,

Hauling trucks offer no alternatives over use of
other equipment except by manufacturers design of
i quicter model,

Foundation Forming {Table E19)

Forming done on-site with saws and hammers can
be shielded to an extent or, if the forms are large
enough, they can be buill in enclosures and set in
place with backhoes and hook artachments. The sec-
tians mnst still be nailed wogether at the site, how-
ever, andk should be shiclded where possible.

Backhoes are guieter and less expensive than
loaders ar cranes, and should be used if the forms
are nat oo large,

Caoncrete Supply (Table E20)

Use the concrete truck to supply concrete for
foundations, 1t is less costly and less noisy than mix-
ing on-site, Mability of trucks is also an advantage,

Concrate Transier (Table E21)

Use concrete trucks for conerete transfer. They
are less costly than pumping or buggics and would
already be onesite to deliver conerete, Pumps, bug-
gies, and hoists are specinl-purpose methods and do
not apply to residential foundations, )

Pouring and Finishing (Table E22)

Use an electric vibrator and trowel rather than
gas-operated types. The only alteenative to a vibrat-
ing sereed is hund-sereeding with a two by four,

Backlilling (Table E23)

Use a backhoe for backfilling. They are cheaper
and quicter than either dozers or loaders.
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Compacting (Table E24)

Use rollers for foundation compacting. They are
the least noisy equipment for this purpose and their
cost is not prohibitive when compared with other
methods. Hund tampers are much cheaper, by
mueh louder,

Framing, Malerial Supply (Table E25)

Flathed trucks and torklifts are the anly teasible
methods of muerind supply (framing).

Material on Building (Table E26)

Use eleetric conveyors (o transport materials to
upper {loors of buildings, They are the cheapest
method and can be shielded il excessively noisy,

Construction (Table E27)

Power saws should be shielded or enclosed to de.
erease noise emissions, Nail guns are less noisy than
hand-hammering and are faster in the long run. Nail
guns should be used where possible.

The use of oft=site prefabricated structures is
quicter, faster, and cheaper than on-site construe-
tion, The following ure some characteristies of pre-
fabricated sivuctures,

* Al preliminary site work s the same as for con-
ventionally built homes

* Townhouses and condominiums can be pre-
fabrieatel

¢ All brickwork is done on-site {e.g., fireplace)

® Structure is bolted to the foundation

s Struciure is ready lor utility hookups

o Module units are bolted together

& Subfloors are glued and nailed in faciory

® 1000 s {1 {93 m?} homes require 17 working
days in the fuctory and 2 days on-site (brick-
work may require more or less work), Building
a conventienn) home of equal size may take 5 to

7 weeks, depending on weather conditions

& The cost of prefabricared housing is about $20/
sq ft ($215/m?) not inchuding foundation cost
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1B1700 (0 $3500), The cost of conventional
housing is about $26/5q ft (3280/m%, but this
price includes foundation costs

¢ I'he cost will be o funciion of site location and
marerkl used

¢ $1.90/mile is the estimated interstate rale lor
trLnS portation

¢ Prefabricated structures are delivered by Nat-
bed truck, and crane-set or slid onto the foun-
dation.

Prefabricated structures require the use of o erane
and truek 1o set the building on he foundation. In
the long  rin. pretabricated  structures  would
produce less noise at competitive costs. They are
recommended and shonrld be seriously considered.

Masonry (Table E28)

There is no leasible alterpative to mixing mortar,
exeept to relrain from using brick,

Rooling (Table E29)

Use nail gins or staple guns instead of band-ham-
mering o tarring. Tarring requires o heating kettle
whieh is lowd and diftienlt to enelose because of the
head,

Siding (Table E30)

Use nail guns instead ol hand hammers, They are
quicter, Taster, and cheaper in the long run. Use an
eleetrie or gas compressor for the nail gun,

Interlor {Table E31)
Use hand staplers for insulating,
Use eleetrie instead of gas-powered welders,

Far all sther interior work, no alternative methods
exist exeept use of prefabricated steuctures,

Landscaping, Grounds Preparation
and Sprinkler System (Tabla E32)

Use o motor grader for fine grading on sites, Itis
quicter und costs only slightly more than bulldozers.

Rollers and ditches are the most feasibic means
tor installing sprinkler systems,
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Planting (Table E33}

Use seeding instead of sodding: it is cheaper and
requires less equipment, Use a backhoe for tree
planting; itis cheaper and can dig and transport the
trees i the same manner as a spade shovel. Hand
digging wonld cost more in the long run and a
muchine would be necessary to iransport the trees.
There is no allerniative 1o use of trucks.

Curbing (Table E34)

Use concrete trucks instead ol on-site mixing, be-

cause of mobility, cost, and noise advantages.

Use eurb pavers over hand-built forms. In the long
run, they will be ¢cheaper and faster.

Roads (Table E35)

There is no [easible alternative te motor graders
for fine road grading.

Asphalt paving is cheaper than concrete paving,
I is Jess durable, There are no feasible alternatives
1o the paving methods.

Table EI
Asphall Roadway
£
£ B 3
E g 5 s ¥ s
3 I O 5 & 8§
g s B v oz £ 2 £ g ¢ o: 2 =
e 205 2§V} 0% o5 f o2 ¢} gl
Methois E 5 5 303 2 4 EE 2§ & 2 & 5 2 &
Asphalt Saw X X X X X X X X X X X
Jackbammer & '
Compressor X X X X X X X X X X X
Lasnler X X X X X X X
Table E2
Concrete Rondway
. P
£ g & 5 % =%
§ R s & 5 8
.E g2 p B 3 ¢ 4 & ¢ g 2 3 -
SEEREERRENRER RN
b -]
Methods uimaﬂdzn:ﬁés‘i:’:ﬁ -
Oxylance X X X X X X X X X X X X
Cancrete Saw X X X X X X b X X X X X
Jackhammer
& Compressor X X X X X X X X X X X X X X X
Rewk 1rilt
Conerete Splitter
& Compressor X X X X X X X X X X X X X X X
Crane &
Hewdbache Ball X X X X X X X X X
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Tahle E3

Wood Frame Buildings
g
- k-] c.
£ g £ g
§ i & 4 2 %
F &l a8
i s E oy 2 S £ _ 5 ® % ,
A {103 BEER
f 3 F 3 iiEPirji:is
Meihods I in 0 = =2 =] [=] =) z S =Z i 4]
Crane &
Hendoche Nall X X X X X X X X X
Bulldozer X X X X X X X X X X
Crane &
Clamshell Bucket X X X X X X X X X X
Loader X X X X X X X X X X
Table 24 T
Reinforced C te Bulldings {Upper 5 )
. i i
£ L & g 2
o
gni g & 3 4 3
i B y § 4 2 = s
BEEEREEREEREREER
Methods = E i é é ] é ] j = 4
Crone &
Headache Bal) X X X X X X X
Blasting X X X X X X X X X
Tabie ES

Relnforeed Concreie Bulldlngs {Foundation)

Duration of Operation

P 3 g 2
-
j B a E 'g IE' a8 E - 3
2 5 £ 5 g 2
SEEERRRRDEREREED

Methods [ 5 [ .H g 5 é a = ¥ =
Blasting X X X X X X
Jackhammer &
Compressor X X X X X X X X X X X X
Rock Drill
Conerene Splitter
& Compressor X X X X X X X X X X X X
Oxylance X X X b X X X X X
Concrere Saw X X X X X X X X X X
Bulldozer X X X X X X
Steel Saw X X X X X X X X X
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Table E&
Removal of Matesial From Site

punoLn

mhay

fpuneg pmey
faapgy 1oieindg
T o Py
uofizdad() jo uogpeing
noTRag)

N# S Jo dvgh

fuqy o svmy
inamdmby paenuy
vy

UoRmo] IR
sunsopmy
1iopang
sfdypog

TRy gy

ey

Methuds

X

Luaders

X

X
X

Clamsheli Bucket

Dump Trucks

Table E7
Trees und Brush

punatsy
gk
spunog funjeN|

Qg aoeradg| >

A upEpy
nojwuadey jo woppemqgf >
Lol -
narg o lng| s
fegosmy)
Imendniyy paensy
naxeug
uofeae sugoRgy |
wmsopuy
upmg
spdpag

HOUNF) e

Meihols
Bulldozer

Chain Saws

X

Blusting

Backhoe

Loaders

X

DumpTrucks

Table E4
Rock Removal

prmeiny
sy
punog ey | >
fuapy doadg| =
201G 18 Iy
uoezadQ Jovopmingl
uosmag| e
Ay jo leq) ¢
feqpaany| 5
nudinby pasnun
aauy
L U ug R U T e
samsopug
Huajpimg
2pdypas)
SRy yuey| e
womay| .

Ruwek Dl

Methods
Bulldozer

et P e e

& Wasting

Rock Drill &

Splitters

Rippers

Londers

X

Dump Trucks
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Tahte E12
Utllitles Placement (Includes Material Delivery)
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Table E4
Compacting

Bulldezer
Lasder
Buckhoe
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Table E15
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Loader

Table E16
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Trencher

Backhow

Table E17
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Table EI8
Hauling
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Takle E19

Foundation (In-Place Steel, Wood, and Prebulli)
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Tabie E20
Cuncreie Supply
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Table E21
Conerete Transler
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Table £22
Pouring and Fialshing
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