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SUMMARY

This repdrt presents results of the current project to characterize
construction site activity, The purpose is to develop an updated data
base for computing the health and welfare impacts of construction equip-
ment noise on the total U.5. popqlation. Key data elements complled
include: 1) construction eguipment A-wcighted noise levels at 50 feet
and 2) typical construction gite sizes according to site type, surrounding
average population density and geegraphic location within the U.5. Other
data compiled relate to: 1) construction equipment usage and noise
emission characteristics, 2) constructicn site demographic data and
boundary noise level measurements and 3) construction equipment operator

populations and operator's.daily noise exposure times.

For various generic types of construction equipment included in

.the EPA's Construction Site Noise Impact Model, revised values of the

average A-weighted noise levels at 50 feet are presented in Section 2.

These revisions were based on equipment noise data found in the open

.litcrature. A complete listing of this data, by egquipment type, is .

presented ‘in Tables A~1 through A-14 in Appendix A. Also presented in
Appendix A is a discussion of the procedures used to develop analytiecal
oxpressions relating equipment A-weighted noise level at 50 feet to

~anglne horsepower rating. The results of a limited field testing and

construction site survey program are also presented in Section 2. During
this program, fourteen construction sites were visited to cbtain data
related to equipment and site boundary noise levels and site demographic

-and cquipment usage characteristics. The construction equipment usage

characteristics are presented in Tables B-1 through B-14 in Appendix B,
Soction 3 presents the results of an investigation to determine typical
construction site size according to site type, population densiﬁy and
geographical location. Based on data obtained for 374 construction siteé
distributed throughout the U.S., the following conclusions were made:

e Tho national average construction site size can be represented
by an equivalent circular area with a radius of approximately

200 feet.

vii
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e The national average construction site size, by site
type.can be represented by an equivalent circular
area with the following approximate radii:

Radius For
) Equivelent Circular
Bite Type Arca (Feet)
Residential 200
Non-Residential ' 150
Industrial/Commercial . 175
Public Works ) . T 125

& ©On a national basis, there is little variation in the
average construction site size with respect to
geographic location ar average population.density.

The data collection and analysis procedures used to obtain
site data is discussed in Appendix C. Table C-4 presents a complate
listing of these data.

Section § identifies nine scenarios developed to estimate the
health/welfare impacts associated with variations in construction
gite sizes and construction equipment noise levels. Using the revised
baseline data presented in Sections 2 and 3, the EPA's Construction
Site Noise Impact Model was reprogrammed. Execution of the program
showed that the revised data base vesulted in an ENI decrease of approx-
imately 3.39 million. In section 6, estimates of construction equipment
operator populations and operator's daily noise exposure times are pre=-
Rented.

viii
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1.0 INTRODUCTION

1. Background

The Nolse Control Act of 1972 (Pub, L, 92-574, 86 Stat, 1234)
established, by statutory mandate, a national policy "to promate an
environment for all Americans free from noise that jeopardizes their
health and welfare". As specified in the Nolse Control Act of 1972,
-'tha'fixst step towards promulgation of noise standards for new products

is 1dentifiqation of thnse products that are major sources of noise.

Section 6(a) (1) (c) has identified construction equipment
as one of four product categories to be considered for noise regula-
tion. In determining whether a particular type of construction
equipment is a major naise sourcé and, therefore, subject to regula-
tory acticn, a health and welfare impact assessment is an essential
and neéessary consideration, To provide a quantitative assessment
of the noise impact, a construction site model was developed to
compute the number of people (on a national average) exposed to higher
lovels than the defined thresholds identified as requisite to protect
the public health and welfare with an adequate margin of safety. The
data base used in the development of this model was presented in a
repc:é prepared for the EPA in becember, 1971.46 However, this report

wag incomplete in that some of the basic data sources were not identified

and some of the computation procedures were unclear. Subsequent

gtudiesn
data elcoments but there is still a need to'£111 existing data gaps
and to revise obsolete or poorly documented assumptions., The objectives

of this study are to provide data which can be used for these purposes,

1-1

30,47, 48,49 provided updates and revisions to some of the critical
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1.2 Study Obiectives

The principal objectives of this study were to:

1) Review existing literature to obtain A~weighted
noise level data at 50 feet for various generic
types of construction equipment

2) Conduct a limited field survey to collect con-
struction equipment and construction site data

including:

& equipment noise level measurements to determine
work cyecle Leq

& equipment usage characteristics

site sizes

. surrounding population density and structure
composition

. site boundary noise level measurements

3) Investigate typical construction site size and
surrounding population density by site type and
by geographic location within the-United States

4) Roprogram the EPA's Construction Site Noise Impact
Model bhased on the data developed under items 1),

2), and 2) above

5) Provide a sumnary of the relative changes in impact
resulting from the revisions incorporated under
item 4) above for various national construction
pite scenarios

6) Estimate the number of operators and average daily
exposure times for various types of construction

equipment.

This report presents the rasults of the efforts directed towards
accomplishing these study objectives. It is intended to provide
supporting docqmentation for the revision of various data base elements
currently used in the EPA's construction site model and to present the
relative changes in noise impact resulting from these revisions,

1-2
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2.0 . CONSTRUCTION EQUIPMENT NOISE LEVELS

floise Level Measurements Obtained From Literature Search

-

2,1.1 Equipment Types Selected

A literature search was conducted to obtain A-weighted noise

lavel measurements at 50 feet for several generic types of construction
equipment included in the EPA's health/welfare construction site model.

.equipment types selected for this study were:

Small cement/condrete mixers (non-truck type)
Concrete mixers (truck type)
Conerete pumps

Concrete vibrators
Cranes-derrick type

Cranes ~ mobile type
Generators

Graders

Pavers and mixers

Pile drivers

Prnicumatic tools

rumps

Rollers

Saws =~ electric radial

2.1.2 Literature Review and Data Presentation

At the beginning of the literature search, over 50 references

wore collected concerning noise produced by construction equipment and

construction site activities, However, the data found in many of these

reforences were presented in such a way so as to preclude their use in

this study. Nevertheless, over 400 eguipment noise level measurements

wera obtained from:

2-1
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1} ‘private consultant reports, 2) government reports,
3) enginecring and professional sociecty publications and 4} trade
nsséciation survey docu:nent:s.l'la It should be noted that, in most
caseg, the mensureﬁen; and data reduction procedures and instrumentation
used to obtain the noise level data were not specified. Therefore, the
degree of statistical uncertainty in the data obtained from the litera-

ture gearch could not be assessed,

‘ In general, the measured noise data were presented in
terms of average noise level for one of the following equipment

oparational modes:

e low or idle ]
e Offemaximum or average .
e High or maximum

In addition to the equipment noise level data, several of the references
also presented operational data, usually in terms of engine horsepower.
In some cases, operational parameters were detexmined from construction

eﬁuipment specification tables.22

A complete listing of the noilse level and operational data
found in the literature survey is presented in Tables A-1 through A-14
in Appendix A. A summary discussion of this data is presented in the

following sections.
2.1.3 Data Summary o :

basod on the data presented in Tables A-1 through A-i4, the
enexgy-average and arithmotic-average A=welghted.noise levals, as a
function oé operational mode, have been determined for each of the generie
types of construction equipment identified in Section 2.1.1. .This data,
along with the noise levels currently used in the EPA's construction site
model and the revised levels for future noise impact evaluations, are presented

2=2
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in Tahle 2-1., The revised level for each construction equipment type was

computed by averaging the combined off-maximum/average and high/minimum

oquipment noise level wvalues. As seen from Table 2-1, the revised values

and their relative difference as compared with the current baseline values

are dependent upon the type of noise level averaging used. As expected, the

energy-averaged levels are equal to or, in most cases, greater than the
arithmetic-averaged lavels. However, since the distribution of noise levels
relative to the tota) population for each machine type is not known and since
energy averaging tends to apply a greater relative weighting to the higher

neise levels, the arithmetic-average level is believed to be more representative
of each machine type, '

Figure 2=) presents the range of A-weighted nolse levels at SO feet
as & function of operational mede and the range of the operational parameter

salacted for each equipment type.

. 2.2 Noise Level Measurements Obtained from Fiald Testing

2.2.1 Equipment Noise Measurements

Fourteen construction sites located throughout Fairfax County,
Virginia, were visited during the field testing and site survey portion of
thie study. Table 2-2 presents a listing of the locatiocn, the construction

company and the contact{s} for each site visited,

During the site visits, ovar 40 measurements of individual pieces
of construction equipment were taken. Measurements were obtained for all
but four of the equipment types identified for this study = 1) concrete
pumps, 2) concrete vibrators, 3) pavers and mixers, and 4) pneumatic tools.

Table 2-3 presents a summary listing of the equipment types and
thoir measured A-weighted noise levels at 50 feet. As in Section 2.1, the
noise level measurements are presented with respect to equipment operational
mode. Also shown on Table 2-3 is the estimated work cycle Laq for each of
the equipment types. The Leq is gaaed on the measured noise levels and
information concerning the equipment's operational characteristies obtained

2=3
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TABLE 2-1,

CONSTRUCTION EQUIPMENT NOISE LEVELS

+ iTF

AVERAGE A-WEIGHTED SCUND LEVELS AT 50 FEET, dBA

Energy Average , Arithmetic Average Current Rovised
oft Off faseline Holre
tow | tax. | wign{ lew | Max. | mign [ . Levels
or or or or or or & Energy Arithmetic
Equipment Type Idle Avg. | Max. | Idle Avg. | Max. | Levels Avg. (%) Avg, (%*)
. 5mall Cement/
Concrete Mixers .
{non-truck type) - a6(2} - - 19(2) - ;L] 861{2) 79(2)
Cohcrote Mixers : -
{truck type) 6712} | 84(10) - 67(2) |83(10)| =~ 78 84 (10) 83{10)
Concrate Pumps 7041) | a2(7 | B85¢2) | 70(1} |81(?) {B4(2) a2 B83{9) az2(9)
Concrete Vibrators - T1{3) - - 77(3) - 76 7743} 773
C;:nnus-burrick 70(23)| 86(29) aa(zia 68(23)| B1(29}]|83(21) es 87(50} 82(50)
Crano~Mobile 70{12)] 83{1e)| 84{15)] €9(12)| BO(1B)|BI{15) a3 83(33) a1¢33) -
Ganerators 58(1) | B2{14) - 58(1) | 75Q14) - 78 82 (14) 75(14})
Graders ) 7T(20)| 85(72} 89(22)| 74(20)| Ba(72}| 86 (22) 85 86 (95) 84{95)
havors and Mixers {75(3) | 87{16) - 73(3) | B5{16) - B9 87{16) 85(1R)
Pile Drivers = hoa{14)109(11) -~ 98 (14} 99(11) 101 106 (25} 99(25)
Pnoumatie Tools - 85{7) - - 82(7) - a5 B5{7) 82(7)
Pumpa - 7627 - - T4 (1T - 76 76(17) 74017}
tollors 70{16°| BB(43 - 73(16)| 81(43)| =~ a0 8B (43) 81(43)
Szw-Electric fadial] =~ 79{9) - - 78(9) - 78 19(9) 78{9)

HOTE)

average level, i
% . Energy average of off-maximum/average and high/maximum noize levels.
LA Mithmntic‘avernqu of off-maximun/average and high/maximun nolse levels.

2=4

Numbors in parentheais { ) indicate nusber of measurements used to dotermine
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FIGURE 2=L., SUMMARY OF CONSTRUCTION EQUIPMENRT
. NOISE LEV‘ELS FOUND IN THE LI'I‘BRJ\'I‘URE SBARCH
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1 Cparational parameter range is representative of all equipment in each type

2 A: Low or idle
B: Off-maximum or average
¢t High or maximum
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CONSTRUCTION SITE SURVEY INFORMATION

Fairfax

2=6

TABLE 2-2.
Site Construction
No. Locatien co. Contact
1 Interstate I-66 at Rt. 495 James Julian, Inc. Jim Million
Falls Church Roger Highlander
2 Gallows Rd. and Kidwell Dr. Briscoe, Inc. (Boing) John Commack
Tysons Corner ‘ {Fhil Korb)
3 Rt. 236 and Hummer Rd, belta Ratta, Inec. Frank Papsidero
Annandale
-4 Rt. 236 and burke Sta. Belleau~-Wood, Inc. Jerry Terry
Falrfax Square .
5 Guinea Rd. and Burnetta Dr. Footer Bros., Inc. John Tue
Annandala :
6. University bDr. and Rt., 236 William Mazel, Inc.
- Fairfax City
7 Rt. 123 across from Masey Bldag. L.F. Jennings, Inc, Jim Newman
Fairfax City
8  Braddock Rd., (9800 Block) Bo-Bud Const. Corp. Russel Glorioso
. Burke .
9 Twinbrook Rd. and Guinea Rd. Richards Groﬁp of Wash. Dan Graumann
Burke .
10. Greensboro Dr. and Westpark Dr. George Hyman Const. Corp. Bob Christopher
Tysons Corncr
11. Idlewood Rd. and Rt, 7 Versant Corp. Charles Ferst
Falls Church
12 Anderson Rd, and Rt. 123 Westgate Corp. Walt Fred
MelLean .
13 Anderson Rd, and Rt. 123 Westgate Corp. Walt Fred
MeLoan
14 Rt. 236 and Estel Rd. .F. Jennings, Inc. Jim Newman
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TABLE 2+3, SITE MEASUREMENT DATA FOR INDIVIDUAL PIECES
OF CONSTRUCTION EQUIPMENT .
Energy-hvorage Levels as & Functlon
of Operational Modo, (dBA at 50'}
Site Equipment Low or Off=Max. High or Work Cycle*
Ho. Type “idlie or hve. Maximum Laq
y Small Cement/Concrete - e 70(1) €6
Mixers (non-truck type)
' N I5,6,10° Concrete Mixers 68(2) 77(3) 86 (2) 82
{truck type)
2,4,12 Cranes-Derrick 7542} 88{2) 96 (3) 89
. o e Cranes-Mobile 7141) 78(2) 86(2) 79
1,2,6, Genorators 69(2) 78(4) 82(1) a0
H] .
1 Graders 70(1) 76(1) 79{1) n
1,4 Pile Drivers - - 102 (2} 102
, M . Punps - 70(1) - 10
1,6 follars 72(2) B84(2) 9443) 88
Saws - 69({1) 82(1) a2

fiote; Mumbers in parentheses { )} indicate number of measurements used to
dotermine anergy - averagoe lavel,

. % Daged on percent usage shown in Tablae 2-4, -

-

2=
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TABLE 2-4. EQUIPMENT USAGE AS A FUNCTION OF OPERATIONAL
MODE = CONSTRUCTION SITE SURVEY

, : Percent of Time Spent in
Each Operational Mode
low or Off-Max. High or
Equipment Type Idle or hve. Max imum
Small Cement/Concrete Mixers - 0.90 . 0.10
(non-truck type)
Concrete Mixers (truck-type) 0.20 0.50 0.30
Cranes « Derrick 0.40 0.50 0.10
Cranes - Mobile 0.40 0.50 0.10
Generators ' ‘0,10 0.45 0,45
Graders 0.10 ‘0.70 0.20
Pile privers - - .00
Pumps _ - 1.00 -
Rollers . 0.10 , 0.70 0.20
Saws - 0.10 0.90

2-8
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'frnm discussions with equipment operators and other construction site

personnel and from observations made during the site visits., As shown in

Table 2-4, this data, is presented in terms of the,percent of time spent
in each operational mode.

2,2,2 Construction Site Boundary Noise Measurements

‘In addition to the equipment noise level méasurements,
econstruction site boundary noise levels were obtained for several of
the sites visited. Table 2-5 presents a summary listing of the results
of these measurements, It should be noted that, iﬁ general, measure-
ments were taken for only a few minutes at each site location. )
Accordingly, the measurements are not necessarily representative of the
actual construction site boundary Leq* (B) noise levels or the boundary

noise levels predicted from the EPA's construction site noise model,

2.3 Construction Site and Equipment Data Cbtained From Field Survey

2.3.1 Site Data

For each of the fourteen construction sites visited during
the field survey portion of this study, the following site data were

obtained:

Bite typa

Approximate percent completed
Estimated site size
-Surrounding land use
Surrounding population density

A summary listing of this data is shown in Table 2-6. The site type,
approximate percent completed and the estimated site size data were
obtained from construction personnel while surrounéing land use and
population density were determined. from arca Census Tract and Land

Uoe maps.

* Bight=hour energy cquivalent noise level,

2~9
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TABLE 2~5.  SITE MEASUREMENT DATA
FOR BQUNDARY NOISE LEVELS

Nolse Level

Site Location Site Range at
No. No. Type Roundary (dBA) Dominant Noise Sources
1 1 Public Works " 60~94 Scrapers, Dump Trucks,
Watering Truck, Grader
2 1 Non-residential 62~92 Crawler Tractor, Arc
tielders, Jack Hammer,
Derrick Crane, Excavator,
Saws, Back-up Alarm
2 2 Hon-resid'entiél_ 69-82 Are Welders, Derrick &
. Mobile Crane, Crawler
Tractors, Back~up Alarm,
. Hammering, General Activity
q 1 Non~residential 64-94 Pile D'rivar, Derrick Crane,
Saws
5 1 * Residential . 66-78 Crawler Tractor, Excavator,
) Saws, Carpentry Work
5 2 Residential’  64-92 Concrete Truck
é b Industrial/commerical 64-84 Scraper, Arc Welders
6 2 Industrial/commercial 62-~83 Wheeled Loader, Crawler
. Tractor, Scraper, Excavator
6 3 Industrial/commercial 62-92 Vibratory Roller,Grader,
' Cancrete Truck
8 1 Reeidential 60-74 Concrete truck, Cement Mixers
Small) pump, Saws, Crawler:
Tractor, Carpentry Work,
. General Activity
;] -2 Residential 74-78 Backhoe Loader, General

Reotivity

2-10




TABLE 2-5.(Cont.)

T Nodse Level
| Bite Location Site Range at )
¢ No. No. Tvpe Boundary (dBA) pPominant Noise Sources
;
! 10 1l _None-residential 70-82 Excavator, Roller, Concrete
! . Truck, Mcbile Crane
i 10 2 Non-resjdential 70-82 Excavator, Generator, Mobile
i Crane, Roller, Concrete Truck,
i General Activity
!
," 11 1 Residential 71-81 Crawler Tractor, Saws,
Carpentry Work
;
: 14 1 Residential 67-82 Crawler Tractor,Roller,
pump Truck
14 2 Residential 7286 Crawler Tractor, Dump Trucks,
i : Roller
1
:
]
il
-‘I
1
i .
)
e;]
]
]
|
i
l]
i
.
-
an
-l
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TABLE 2-G. COMSTRUCTION SITE SURVEY DATA

Approx. site
Site Site Parcont Size Land Population
Ko, Type Complated (59.Ft.) V51 Density (People/Sq.Mi.)
1 Public Works 10-15 1,900,000 Residential 5,654
2 Mon-Residential 50 522,720  hosidentlal/ 1,304%
Commercial
3 MNon-Residential  10-15 108,900 Realdential/ 5,284%
Commercial
) Non=Residential 5=10 120,000 Rasidential/ 3,662
Commercial
5 Residential 10 871,200 Residential 3,073
6 Industrial/ 25-130 1,193,920  Residential/ 3,662
Commercial Commercial
7 Non=Residential 65 61,200 ' Residential/ 3,662
Comnereial
1} Residential 35=-40 392,040 Reaidential 2,285
9 Residontial 25 272,250 Regidential 3,660
10 Neon=Residential 10 435,600 Industrial/ 29
' . Commercial
11 Residentlial 50 522,720 Residential 6,348
12 Non-Rasidential 10 87,120  Residential/ 10,327
Commercial
13 Non-Residential 2 35,000 Residential/ 10,327
\ Commercial
1 Reaidential 5 152,460  Residantial/ 2,285
Commercial

* Avoragoe population density for sites which are located on two or more adjacent
denuity tracts.

" 2412
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2,3,2 ‘ Equipment Identification and Usage Characteristics

During the construction. site visits, personnel were inter-

viewed to obtain information concerning the types of equipment uged
over the course of the construction project. Using the list of
construction equipment included in the EPA's construction site nolse

1
2)
3)
4)
5)

The complete listing of the results of this survey are presented in

* model, construction personnel were asked the following:

Yas equipment used on construction project*

Number used

Time on site

Frequency of use

Duration per use ’ : .

Tables B-1 through B-14 in Appendix B. In general, the number of

pieces of equipment and their usage varied from site to site and
appeared to be dependent on the duration of the project, type of

consgtruction and specific job requirements.

Personnel were asked whether a particular plece of equipment had

been used, was currently being used or would be used on the
conatruction project. )

2-13
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5.0 INVESTIGATION OF TYPICAL CONSTRUCTION SITE
SIZE AND SURROUNDING POPULATION DENSITY

3L hreas Considered for the Investigation

For this investigation, the United States, excluding Alaska

and Hawail, was divided into five geographical regions. The states

included in each region are identified in Figure 3-1.
reglon, several Standard Metropolitan Statistical Area (SMSA) Central

Clties*, with populations of 100,000 or more, were randomly selected
These categories.

Within each

according to three population density categories**,

werot

& less than 3,000 people/sqg. mile
e between 3,000 and 7,000 people/sq. mile =
& greater than 7,000 people/sq. mile

The cities considered for this investigation are presented by
" reglon and population density category in Table 3-1.

‘3.2 Areag Selected for the Investigation

- Fifteen cities, one for each region/population density

eategory, were selected for this investigation. These cities are

presented in Table 3-2 and are identified in Figure 3-2 according to
geoyraphlie location within the U.5.

3.3 Construction Site Data Collection

. Por cach city selected, aerial photographs of the central
city and outside central city areas were obtained and evaluated by
tho Environmental Photagraphic Interpretation Center (ERIC). The
EPIC was instructed to select 15 construction sites inside and 15
sites ocutside the corporate clty limits. The EPIC was provided

* Dofinition of SMSA Central City is given Bn page 923 of Reference 55
#% Based on data presented in Tables 20 and 28 of Reference 54.

31
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Region 1

Maine
Varmont
New Hampshire

. Massachusetts

Connecticut
Rhode Island

‘New York

New Jersey

Raqion 4

. Washington

Oregon

Idaho
Montana
Narth Dakota
South Dakota
fiyoming
Utah
Colorado
Nebraska
Kansas

Iowa
Missoury .

Region 2

Ponnsylvania
Delaware
Maryland

. Virginia
Virginia
Kentucky
Tennessee

N. Carolina

8. Carolina

Mississippi

‘Alabama

Georgia
Florida

Region &
Hinnesota
Wisconsin
Illinois
Michigan
Indiana
Ohio

FIGURE 3-1. STATES BY REGION

.

Region 3

‘Louisiana

Arkansas
Cklahoma
Texas

New Mexico
Arizona
California
Nevada
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TABLE 3-1. CITIES CONSIDERED FOR THE CONSTRUCTION SITE STUDY;
ARRANGED BY REGION AND POPULATION DENSITY CATEGORY

.

1970 Census ~ Citles with Populations of 100,000 or More

-

Cateqory I
<3000

. PR

"Region 1 -

Stamford, Conn. {2,856)

Region 2 -

Newport News,Va. (2,000}
Huntsville, Ala, ({1,263)
Knoxville, Tenn. {2,267)
Rogion 3 -

Riverside, cal. (1,959)
San Bernadino, cal.(2,348)
San Diego,'cal. (2,199)

Region 4 =

Kansas City, Mo, (1,603}
Salt Lake City, Utah(2,966)
Cedar Rapids, Iowa {(2,182)

Rogion § -
Indianapolis, In. {2,113)

Category Il
3000-7000

Waterbury, Conn. (3,914)
Worchester, Mass. (4,721)
Springfield, Mass. (5,171)

Allentown, Pa. {6,153)
Pt. Lauderdale,Fla. (4,176}
Richmond, va. (4,140)

Los Angeles, Cal.{6,073)
ocakland, cal. (6,771)
ballas, Texas (3,179)

seattle, Wash. (6,350)
Spokane, Wash. {(3,357)
Omaha, Neb. (4,534)

Dayt.on ] Oh. (6 ’ 360’
Grand Rapids, Mich, (4,402)
Akron, Chio (5,082)

Category IIT
#7000

Boston, Mass. (13,936)
Providence, R.I. (9,901)
Hartford, Conn. (9,08l)

Philadelphia, Pa. (15,164)
Washington, D.C. (12,321)
Baltimore, Md. (11,568)

San Francisco, Cal.(15,764)
Berkeley, cal. (11,011}

St., Louis, Mo. (10,167)

Chicago, Ill. (15,126)
Detroit, Mich. (10,953)
Cleveland, Ch. (9,893)

Note: Numbers in parentheses ( ) indicate average population density
inside corporate city limits.

3-3
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TABLE 3-2, CITIES SELECTED FOR THE CONSTRUCTION SITE STUDY

Population Density 1 1I I1:
Catcgory
Reqi <3000 3000-7000 »7000
gion People/Sq.Mi. {People/Sq.Mi. |People/Sg.Mi.
1 Stamford, HWorcester, Providence,
Connecticut Massachusetts |Rhode Island
(2856) {4721) (9901)
2 Huntsville, . |Allentown, Baltimore,
Alabama Pennsylvania |Maryland
(1263} {6153) {11,568)
k| Riverside, Oakland, San Francisco,
California California California
{1959) (6771) (15,764)
4 Salt Lake Seattle, St. Louis,
city, Utah Washington Missouri
(2966) {6350} (10,167}
S Indianapelis, [Akron, Chicago,
Indiana ohio Illinois
(2113) (5082) {15,126)
3=-4
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- REGION 1,

[TH344
B-rz

REGION 2

REGION 3

PICURE '3-2: REGIONS AND CITIES IN THE U.S. USED IN THE
CONSTRUCTION SITE AREA SURVEY

NOTE: Numbers identify eities by region and population density category, Tespectively.
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with identification work sheets on which definitive data for each site
could be listed. The site data recorded included:

Region identifiecation

Population density category

Site clagsification

Site type

Predominant land use

Site size

Other relevant data including - USGS map identifi-
cation, site number and date of photographs used to

obtain data.

¥With the exception of Chicago, site data for all of the city areas
However, in some cases, the

selected for this study were ohtained.
Nevertheless,

required 30 sites for each city area could not be obtained.

371 individual sites were identified. 'The distribution of the sites,

by site type, is given below:

Site Type Number of Sites
' . Residential . 202
Non=-Residential 58
Industrial/Commeréial ) 90
Public Works 24
3.4 Sito Data Evaluation

Population Density Identification and Site Type Distributien -
by Central City and outside Central City lLocation

3.4.1
For cach city selected for this investigation, Table 20 of
xeference 54 presents an average Central City {¢C) and OQutside Central
City (0¢C) population density. 'During the site data collecticn phase
. of this study, it wags..found .that most of the sites were located in areas

.

* Sites inside corporate city limits werc classified as “City" while
thoso outside were classified as "Suburban/Rural®,

3-6
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which had population densities different from those listed for the CC
or OCC areas. For these sites, a "local population density"* was

determined. For those cases where the local population.density could
net be obtained, the éppropriate CC or OCC density value was assigned,

Tables 3-3 through 3-5 present a summary listing, by region
and population density cateqory, of the estimated population densities
of the areas in which the selected sites were located and the distri-
bution df these sites by site type and by CC or OCC location. The
data shown in these tables, along with site size and land use data,
were arrayed and stored on a computer file, A complete listing of this

file and a discission of the procedures used in the statistical analyses

of the site data is presented in Appendix C.
3.4.2 §ite Size Evaluation

Y

Tables 3-6 through 3-8 present listings of the average con=-
struction site sizes according to the £dllowing site classification
groupingss:

® (City plus Suburban/Rural

® City only '

® Suburban/Rural only

For cach gite classification grouping, the average site size and the radius
for an equivalent circular area are determined for the following site type

groupings, 1) all sites, 2} residential, 3) non-residential, 4) indus-
trial/commercial and $) public works. Along with the site area data,

"+ Tables 3«6 through 3-8 also show the range of radius variation for the

95 percent confidence interval assuming that construction site sizes
are normally distributed.

Bite size data for all sites by Region and by Population

Penaity Category are presented in Table 3-9 and Table 3-10, respectively.

* Table 31 in referenca 54.

3=7
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SUMMARY OF CONSTRUCTION SITE SURVEY DATA;

TABLE 3-3.
POPULATION DENSITY CATEGORY 1, REGIONS 1-8
Pop.Den. SMSA Pop.Density Other Local " No. of Sites® (CC/0CC)
igion  Category City ce/ocel . Localities Pop.Density R N/R 1/¢ P/
1 1 Stanmford, 2856 Norwalk South 3596 11 1 2 1l 15
Connecticut 2416 Pound Ridge, H.Y. 2856 10 3 1 1 15
: 21 4 3 'z 30
2 1l Huntaville, 1263 Meridianville 1263;626 .10 0 2 3 15
Alabama 626 Madison 158 1 E . 0 2 .15
' Jeff 626 17 [ 2 5 3
3 1 Riverside, 1959 San Bernardino, 8. 1751 12 1 1 o 24
California 1751 Redlands lesm Py 1] 1 6 15
Fontana 1751 26 1l 2 3] 29
4 1 Salt nake City, 2966 Fort Douglas 2966 10 4 1 o 15
Utah 2428 Sugar House 2428 1 1 3 o 15
- 2% H 4 0 30
5 1 Indianapolis, 2113 carmel 2189 3 s 4 11
Indiana 2614 Maywaod 2113 6 9 9 o 15
Clermont 2113;2614 9 ) 13 1 28
Beech Grovae 3aaas
Cumberland 2614
H] - » -— Dl
94 21 a4 8 147
1 eor 1nstde Corporate City Limits
OCCt Outside the Central City .
2 Rt Residential
N/R: Non-Residential
1/Cs Industrial/Commarcial

P/

e s e m

Public Works




TABLE -4, SUMMARY OF CONSTRUCTION SITE SURVEY DATA;
POPULATION DENSITY CATEGORY 2, REGIONS, 1=5.
Pop.Den. SMSA Yop.Denpity Other Local - | No. of sitas2 {cc/occ)

Men  Category city ' cc/ocet tocalities Pop.Density R N/R /e P
L 2 Worcestar, 4721 Paxton 254 9 3 3. (v} 18
Maasachusetts 1507 * 10 2 3 -1
19 5 6 o 30 -
4 2 Allentown, 6153 Catasauqua - 4386 4 2 1 0 7.
pennsylvania 2664 Cementon 2664 10 2 3 & . 15
’ 14 4 4 ] 22
) 2 Oakland, 6771 San Leandro 5409 5 4 5 1 15
California 3252 Richmecnd City 2462 ] 3 1 3 4
Briones Valley 3252 12 7 6 4 29

Lag Trampus Ridge 3252, ’
1 2 seattle, 6350 Des Moines 2978 6 2 7 o 15
' Washington 21717 Renton , 1779 5 1 3 b 1
. Edmonds East 8275 12 3 10 [+] 25
. Shilshole Bay 6350

P 2 Akron, 5082 Hudson 1063 4 1 3 o 8
ohie 1791 Peninsula 1791 9 9 4 2 15
13 1 7 2 23
T 20 3 T 129




TADLE 3-5., SUMMARY OF CONSTRUCTION SITE SURVEY DATA}

POPULATION DENSITY CATEGORY .3, REGIONS 1-5

Pop.Density

Qther Local

No. of sites? {cC/oCe)

Pop.Den. SMSA .
egion . Category city cc/occt Localities . Pop.Density R N/R 1/¢c P/
1 3 providence, 9901 East Providence 3620 4 2 3 1,10
fhode Island 2509 1o i a4 0 AS
) 14 3 ki 1 25
2 3 paltimore, 11568 curtis Bay 11568;2914 2 6 5 ] 13
Maryland 2914 Relay . , 2914 8 1 v 3 2 14
Middle River ’ 3692 10 ? 8 2 27
Cockeysvilla 2914 .
. Towson 4229
3 3 San Franeisco, 15764 4 k 3 3 13
California 3252 ] o 2 2 _4
4 3 5 5 17
4 3 5t. Louis, 10167 clayton, Mo. - ° 6489 2 1 10 2 15
Missourl 3157 . Granite City, Ill. 5055 B 3 3 o 14
Webster Groves, Mo. . 4654 10 4 b¥) 2 29
Cahokia, Ill. 1894
Alton, I1l. ‘ 609
.pethalte, Ill 2810
Florissant, Mo.. 7323
Columbia Bottom, I1l.,Mo. 1616
creve Coear, Ill.,Me. 1422
Kirkwood, Mo. 3583
5 3 ‘Chicago, 15126 . included
1ilinois 3091 (pata not included)
38 17 33 12 98
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TABLE 3=7, .AVERAGE CONSTRUCTION SITE SIZESy
CITY OHLY
Number Average Radius for Radius Variation
of Censtruction Equivalent for 954 confidence

Sito Type Sites Site Area {sq.ft.) Circular Area (ft.) Limits (ft.}
All 183 106,909 184 150.- 214
Rasidential &6 137,642 209, 165 - 246
Ron= .
Regidential k] 68,058 147 92 « 187
Industrial/
Commarcial 50 95,708 175 {*} = 248
Public Works 12 46,650 To122 67-- 159

& fgtandard deviation is excessively large

3-)2
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TABLE 3-8. AVERAGE CONSTRUCTION SITE SI2ES:
SUDURBAN/RURAL ONLY
Rumber Average Radius for Radiuvs Varliacion
of Consatruction Equivalent for 95% Confidence

Site Typo Sitoa Site Area (sq.ft.) Circular Area (ft.) Limits (ft.)
Al 192, 184,796 243 201 - 278
Residantial 16 240,304 27 219 - 324
Non=- .
Repidential 23 101,018 179 54 - 248
Industrial/
Commarcial 40 114,501 191 122 - 241
Public Works 12 42,213 116 70 - 148

3-13
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TABLE 349, AVERAGE CONSTRUCTION SITE SIZES:

ALlL, SITES BY REGION

+ HF

Hurber Averago Radiuva for Radius Variation
of Construction Equivalent for 95% Confidence
All Sitea Sites Site Area (aq.ft.)} Circular Area (ft.) Linita (ft.)
Regian 1 as 30,6803 499 62 = 126
Region 2 79 132,415 205 147 - 250
Ragien 2 15 227,132 269 204 - 321
Ragion 4 84 184,212 249 183 = 300
Ragion 5 * 51 165,212 229 131 = 297

3-14




e L a1t € AL s i b e v e it
L .

el
TABLY, 3-10, AVERAGE CONSTRUCTION SITE SIZES:
ALL SITES BY POPULATICH DENSITY CATEGORY
Mumbe ¢ Average Radius for Radius Variation
of Construction Equivalent for 95% Confidence
All Sites Siten Site Arca (sq. ft.) Circular Area {ft.) Limits (£t.}
Cateagory 1 147 154,541 222 174 ~ 28]
Category 2 129 148,395 n? 178 ~ 250
Category 3 98 132,652 205 136 ~ 257

318




Based oh the site size data presented in Tables 3~§ through
3~10, the following gencral conclusions can be made:

represented by an equivalent circular area with a
radius of approximately 200 feet.

& The national average construction site size, by site
type, can be represented by an equivalent circular
i area with the following approximate radii:

L)
] ® The national average construction site size can be

Radius For
Equivalent Circular
Site Type Area (Feet)

Non-Residential . 150
Industrial/Commercial 175
_Public Works . 128

] _ Residential 200

3:] & On a national basis, there is little variation in the
average construction site size with respect to
geographic locztion or average population density.

3-16




4.0 REVISIONS 'TO CONSTRUCTION SITE MODEL BASELINE DATA
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4.0 REVISIONS TO CONSTRUCTION SITE MODEL BASELINE DATA

4.1 Equipment Noise lLevels

Baged on the data obtained from the literautre search portion
of this study, the noise levels for some of the construction equipment

types used in EPA's construction site model were revised.

The following

table presents a summary of these revisions and the relative change in

baseline noise levels for each equipment type.

A-Weighted Noise Levels at 50 Feet

. Current
" Equipment Type Basoaline
Small Cement/Concraete
Mixers (non-truck type) 85
Concrete Mixers
{truck type) 78
Concrete Pumps 82
Concrete Vibrators 76
Cranes -~ Derrick 8e
Cranes - Mobile 83
Genexators 78
Graders 85
Pavers and Mixers a9
Pile Drivers - 101
Pnoumatic Tools 88
Pumps ‘76
Rollers 80
Baws 78

Reviged® Relative

- Baseline  Ghange

79 -6
83 +5
'82 0
77 +1
82 -§
8) -2
75 -3
84 -1
LT C R
959 -2
82 -3
74 -2
B8l +1
78 0

shrithmetic-average of equipment noise level data

4=1
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4.2 Average Construction Site Size

Based on the evaluation of construction site sizes presented

in Section 3, the ﬁaseline distance (site radius) from the site

center to the site boundary for each site type included in the EPA's
The following table

presents a summary of these revisions and the relative change in

distance for each site type.

‘Distance From Site Center to Site Boundary, Feet

Site Type Current Revised Relative Change
Residential ' 100 200 4100
Non-Residential . w0 150 + 50
Industrial/Commerical 100 175 T +7s
‘Public Works _ ' 50 1258 + 75

4=2
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5.0 NATIONAL CONSTRUCTION SITE SCENARIOS MODELED

5.1 Scenarios Modeled

Nine sgenariés were deﬁeloped to estimate the health/welfare
impacts associated with variations in construction site sizes and

eonstruction equipment noise levels. These scenarios were:

A. Current Baseline Case = no change in site sizes or
equipment noise levels currently used in constructiol
site model ‘

B. Change in equipment noise levels in accordance with
the revised baseline values presented in Section 4.}
and no change in site sizes

€. Change in site sizes in accordance with the revised
site size data presented in Section 4.2 and no change
in equipment noise levels .

D, Revised Baseline Case ~ change in site sizes and in
equipment noise levels in accordance with the values
proesented in Sections 4.1 and 4.2, respectively.

E., Same as D with portable air compressora regulated
F. Same as E with trucks regulated*
G. Same as F with tractors f{wheel and crawler) regulated

H., Same as G with all other construction site equipment
noise levels reduced by 5 dBA

I. Same as G with all other construction site equipment
nélse levels reduced by 10 dBA

A listing of the equipment noise levels used for each of the above
construction site scenarios is presented in Table 5-1,

5.2 Noise Impact Analyses

Py exercising the EPA's construction site model, the noise
impacts for scenarios A chrough I were determined and are presented
in Table 5-2. The results of the impact analyses for scenarios B, ¢, and

D are relative to the currant baseline case only. However, the results of the

* Including concrete transit mixers = truck type

5-1
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TADLE 5-1. CONSTRUCTION EQUIPMENT NOISE LEVELS FOR
VARIOUS NATIONAL CONSTRUCTION SITE SCENARIOS

@ $0F

National Construction Site Scoparios, dBA

Equipment Noise levels at 50 Ft, for Various

EQUERMENT
TYFE

‘A. B, | c. i b. E. F. | G. H, 1.

M.r Compressors 81,0 {p1,0 (81,0 [@l.o0 |67.0 |[67.0 67.0 |67.0 [G7.0
Concrete Mxrs, Truck Mtd. 79.0 183,0 (8.0 !83.,0 |83.0 78.0 |78.0 |78.0 8,0
Small Cement/Concrote Mixers [35.0 {79.0 [85.0 {79.0 [79.0 [79.0 [79.0 |74.0 F9.0
Concrote Pumps B2.0 [g2.0 82,0 82,0 32,0 ([s2.0 82,0 |77.0 2.0
Conerote Vibrators 6.0 [17.0 P6.0 [77.0 |17.0 [17.0 '17.0 {72.0 :ev.o
Cranes, Derrick B8.0 2.0 §8.0 [82.0 (82.0 [82.0 B2.0 {77.0 p2.0
Cranea, Mobile 3.0 81,0 B3.0 81.0 8.0 (8.0 81.0 [76.0 71.0
H & C Tractors, 20-89 HP 79.5 i79.5 [79.5 |79.5 79,5 [79.5 [12.0 (72,0 j72.0
W & C Tractors, 50-100 wp 1.0 81.0 BL.0 BL.0 81,0 [82.0 fa.0 {74.0 ha.o
W & C Tractors, 200-330 #p 33.3 83,3 B3.3 B83.3 $3.3 [83.3 pa.o [7e.0 78.0
¥ & C Tractors, 351-500 HP  [85.9 }35.9 Es.a 5.9 B5.9 |B5.9 [85.9 j80.9 [7s.9
Excevators, <375 NP 4.2 '84.2 pa.2 lea2 pa2 pa.2 [paaz |re.2 haaz
Excavators, 376+500 NP 6.7 86.7 p6.7 86,7 ts.‘r 86.7 86.7 iB81.7 [76.7
Excavators, Cable 5.0 ®5.0 p5.0 Bs.0 B5.0 [gs.0 85.0 80.0 [75.0
Generators 8.0 §5.0 8.0 P50 5.0 5.0 75.0 [10.0 65.0
Gradara 5.0 84,0 B5.0 B4.0 [4.0 34,0 84,0 79.0 74.0
Integral Backhow/Loaders 1.3 81,3 B81.3 PL.3 P23 tx.: 81,1 he.3 (713
Pavers and Mixers 9.0 B5.0 f_:a.o 5.0 BS.0 85,0 85.0 B0.0 175.0
Paving 8Sreakers, Portable 84.6 :84.6 B4,6 84,6 pi.6 [B4.G '.84.6 :79.5 F'M.G
Paving Breakers, Mounted 89.1 @9.1 B9;1 B9,1 pI.1 189.1 89.1 B4.1 79.1
Pile Drivers 101.0 99.0 102,0 99.0 99.0 99.0 99.0 94,0 .89.0
Pneumatic Tools hs5.0 £2,0 ps.o 82.0 £2.0 92,0 82.0 in.o ‘72,0
Pumps 6.0 (74,0 P6.0 74,0 74,0 J4.0 J4.0 '69.0 64.0
fock Drills, Portabls 87.8 (87.8 [97.8 |s7.8 pr.8 |87.8 [87.2 [82.8 [77.8
Rock Drills, Mounted 95.8 [95.8 [95.8 [95.8 bs.8 195.8 (95.8 90.6 | 85.0
Rollors 80.0 (81,0 |an,0 B1.0 PBl.0 BL.0 [81.0 76.0 71.0
Saws 78.0 [78.0 [18.0 [78.0 8.0 78.0 [78.0 {73.0 |68.0
Scrapers, <375 WP 83.5 {83.5 [83.5 [83.5 p3.5 83,5 |63.5 (78,5 |73.5
Berapers, 376«650 Up 95.6 |65.6 |85.6 (5.6 [B5.6 ‘85,6 |B5.6 [80.6 | 75.8
£xid Eteur Loaders 73.5 [13.5 [23.5 (3.5 Ma.s '13.5 73.5 68,5 | 63,5
Trenchors, Lodder <20 NP 71,7 1107 [ e L omLt L7 lse.t 617
Trenchors, Ladder »20 HP 6.2 |76.2 |76.2 [76.2 [16.2 '16.2 ]76.2 |7).2 ! 66.2
Trenchors, wWheol 76.2 |16.2 |76.2 [76.2 [16.2 jvs.z 76,2 71,2 | 66.2
Trucks, Off lighway pa.0 [B8.0 88,0 p8.0 pho.0 8.0 |78.0 :768.0 | 78,0
__Trucks, Rear Dump 58,0 08,0 |an.o Ea.o 8,0 78,0 |78.0 [78.0 ! 78.0
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TABLE S-2. ESTIMATED NOTSE IMPACT FOR VARIOUS
HATIONAL CONSTRUCTION SITE SCENARIOS
NATIONAL POPULATION POPULATION ‘
CONSTRUCTION EXPOSED IMPACTED ENI AENT RCI
SITE SCENARIO MILLIONS MILLIONS MILLIONS MILLIONS | BERCENT®
A 40,91 40.91 12,56
Current 4 . . e 0 o
B 38,05 38,05 11,07 «1.49 +11,86
c 40,136 40,36 . 10.94 ~1,62 +12.90
Revised 35,90 35,90 9,17 -1.39 +26.,99
Baseline
: ~3.54 +28.18
B 35,50 35.50 9.02 {-0.25) (+1.64)
~4.55 +36,23
. . 32.42 32.42 .01 (1.16) (+12.65)
-6.11 +48,65
¢ 26.33 26.33 6.45 {~2.72) {(+29.66)
_ -10.20 +81.21
It 12.70 12.7 2.36 (-6.81) | (+74.26)
-11.68 192,99
1 4.64 4.64 0.86 (-8.29) | (+30.40)

Note: Numbero in parentheses { ) are relative to rovised bascline
cage (acenario p).

* Relative Change in Impact (RCI) 4a defined such that positive values

indicate a decrcase in ENI compared with baseline case,

$=3
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'1mpact analyses for scenarios E through I are presented relative to'both

the current and the revised baseline cases.

Scenarios B and C provide'a sensitivity check on the relative

offects of changing equipment noise levels compared with changes in site

sizeg. It can be seen from Table 5-~2 that, for the revisions in base-

line data as specified in Section 4, changes in equipment noise levels

" ond changes in site size have a comparable influence on the total number

of people exposed and the total ENIX.

Based on the results of the impact analyses, the following

conclusions can be made:

Compared with the current baseline case {scenario A),
tho revised baseline case {scenarioc D) results an ENI
decrease of approximately 3.39 million

The relative decrease in ENI for the revised baseline
*  eage is due to comparable ENI reductions resulting
from the changes in equipment noise levels and the
changes in construction site sizes

o Compared with the revised baseline case, the
regulation scenarios, E, F, and G, result in ENI
reductions of 0.15, 1.16, and 2.72 million, respectively.

5=4
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6.0 NUMBER QF CONSTRUCTION EQUIPMENT OPERATORS
AND AVERAGE DAILY EXPOSURE TIME

This section presents an estimate of the number of opecrators
and of the operator exposure time for various types of construction
equipment. The followihg is a discussion of the procedures and assump-
tions used to obtain these estimates. A sumary listing of the results
is presented in Table 6-1.

6.1 ' Number of Operators

6.1.1 Data Requirements

In order to obtain an estimate of the number of operators

of a given machine type, the following information is required: 1}
number of machines in use, 2) number of hours of machine operatien for
o specified time interval and 3) number of operators that work on each
machine type over the same specified time interval,

6.1.2 Data Sourceé

For the equipment types included in the EPA's construction site
noise model, estimates of the number of machines used in construction and
of the number of annual hours of use were obtained from: 1) Table 3-4 in
reference 50 or, 2) computations based on machiqe usage and duration of

construction activity by phase.

The average annuai hours worked by various equipment operators is
estimated to be 1331 hours., This estimate was obtained by averaging the
number of hours worked in 1976 by 35 member unions of the Internatiunal'
Union of Operating Engineers (IUOB}.61 The 35 member unions were located
4in various cities distributed within 23 different states and thus, provided
data from which a representative naticnal average could ba obtained.

6.1.3 Estimation Procedure

Dazed on the three information requirements stated in Section
6.1,1, the number of operators was estimated for some of the machine

6-1
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TADLE 6=1. LSTIMATED NUMBER OF CONSTRUCTION EQUIPMENT
OPERATORS AND TYPICAL OPERATOR EXPOSURE TIME
TO SPECIFIC MACHINE NOISE EMISSIONS

PN

HO, QF NO. OF NO. OF INDIVIDUAL DATLY
NUMBER ANNUAL | OPERATORS | OPERATORS EXPOSURE TO MACHINE
USED IN HOURS PER FOR ALL NOYSE IN HNURS
HACHINE TYPE CONSTRUCTION | OF USE | MACHINE MACHINES FIRST SECGND
OPERATOR OPERATOR
Alr Compressors 15450 1300 0,98*% 14750 5.42 -
Conereta Mxrs, Truck Mtd, 16137 1800 1,15 217485 5.59 1,95
Small Cement/Concreto Mixers 13464 1500 1.13 15174 5.55 g.70
.Loncrete Pumps 28085 1600 1.20 13702 5.55 1,12
Concrete Vibrators 264485 1600 1.20 3782 5.55 1,12
Cranes, bDarrick ’ 5607 2000 1.50 B41l1 * 5,55 2.79
Cranes, Hobilo 27405 1600 1,20 32886 5,55 1.12
Wil Tractors, 20-B9 Hp 156408 1259 0.95* 148588 5,25 -
Wil Tractors, 90-199 Hp 80484 1259 0.95* 84060 5.25 -
W&l Tractors, 200-150 Hp 16886 1259 0.95" 16042 5.25 -
Wil Tractors, 3S1=500 HP 7494 1259 0.95% 7119 5.25 -
Excavators, <375 HP 17477 1448 1.09 19050 5.55 .48
Excavators, 376=500 Hp 1la1s 1432 1.08 1096 5,55 0,42
Excavators, Cable 1015 1433 1.08 1098 5,55 0,42
Generators 96757 1300 o.98* 94822 5.42 -
Graders 15795 ra0g0 1.05 16585 5,85 0,29
Integral Backhoe/loaders 104897 1519 1.14 119583 5,55 0,78
Pavers and Mixers 14245 1200 0.90% 12911 5,00 -
Paving Breakers, Portable 67932 550 0.41* 27852 2.29 -
Paving Breakers, Mounted 5712 500 0.38* 2171 2.08 -
Pile Drivers 5ap2 1000 0,75*% 4352 4.17 -
Pneumatic Tools 53170 1200 0.90* 48393 5.00 -
Fumpa’ a2 1200 0.90* 295850 5.00 -
Rock Drills, Portable 2454 700 0.5 1iol 2.92 -
kack Drills, Mounted 1548 900 0.68 1053 .75 -
Rollers 27450 1200 o0,90" 24705 5.00 -
Sawn 125078 1460 1.05 1313132 5.55 0,29
Ecrapers, 175 HE 27155 1811 1.36 3693) 5.55 2.00
Scrapers, 176-650 HP 6218 1869 1.40 9411} 5.55 2.24
Skid Steer Loaders 41392 600 0.45* 18581 2.50 -
Trenchers, Ladder <20 HP 214612 151 0.11* 21607 '0.64 -
Ttenchers, Ladder >20 yp 62071 529 0.46" 24828 2.20 -
Trénchers, Wheel 1015 1100 0.98" 995 5.42 -
Trucks, Off llighway 11466 1400 1.05 12039 5.55 0.28
Tricks, Rear Dump 5265 1400 1.05 5528 5.55 0.28

*  Implies that Machine's Oparating Time is less than tho Operator's Average Working Time

6-2




types identified in this study. The number of operators was computed
in the following manner:

1. Divide the number of annual hours of machine use
by the average annual hours worked by equipment
oporators to determine the number of operators

per machine

2, Multiply the number of operators per machine
by the number of machines used in construction to
determine the total nuwber of operators per

machine type

Roferring to Table 6-1, it should be noted that less than one cperator
per machine implies that the machine's average operating time is less

than the operator's average working time.

N

€.2 Operator's Average Daily Noise Exposure Time

The average daily noise exposure time for operators of
various types of construction equipment 16 a function of two variables:
1) the average number of operators per machine and 2} the average daily
operating time of each machine. The first variable was estimated from
data developed under Section 6.1. The second variable can be obtained
by dividing the number of annual hours of machine use by an assumed
number of days per year that each machine operates. Using 240 as the
aosumed number of days of machine operation per year, the operator's
average daily exposure time to machine noise was computed in the

following manner:

1. Determine the average daily operating time for
cach machine type by dividing the number of annual

hours of machine usc by 240

2. Determine the average daily working time for
machine operators by dividing the average annual
hours worked by machinec operators by 240

-3
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3. 1In cases where there is more than one operator per
machine, the average daily exposure time for the
£first operator is equal to the average daily working
time for machine operdtors (step 2). The difference
between the machine's average daily operating time
and the average daily exposure time for the first
operator is assigned to subsequent operators.

4. 1In cases where there is less than one operator per
machine, the average daily exposure time is assumed
to be the same. as the machine's average daily
operating time (step l).

The results obtained using the above computational procedures are

presented in Table 6~1.
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APPENDIX A

'EQUIPMENT NOISE LEVELS AND ROISE LEVEL
VERSUS ENGINE HORSEPOWER RELATIONSHIPS

This appendix presents a detailed listing of noise levels and
operational parameters obtained from the literature search portion of this
study. 1In addition, based on the literature search data, analytical
expressions relating equipment A=weighted noise level at 50 feet to

ongine horsepower rating are presented.

A-1
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Al Bquipment Noise Levels

18

Through an extensive literature search,l- noise level data

were obtained for the fourteen pieces of construction eguipment
included in this study. These data represent the A~weighted equipment
noise levels measured at a distance of 50 feet from the machine.

The levels are presented in terms of one or more of the following

three machine operational modes:

(1) low or idle
(2) off-maximum or average, and
(3) high or maximum

+
3

Tables A=l through h-ld present these data. Where it was identifiable

. from the literature search, an operational parameter value assoeiated

with a particular machine type, is also shown,

A.2 Noise lLevel As a Function of Engine Horsepower

Using the data obtained in the literature search, a least
aquares linear regression analysis was used to develop relationships
between the A-weighted noise level at 50 feet and the logyg of
machine horsepower. 1In relating the off-maximum/average noise levels

‘with l_og10 {horsepower), 98 data points were used, giving a correlation

coefficlent of 0.50 and a standard error of 5.36. The equation for

the regression line was determined to be:

L = 66,05 + 6.769 logyo (hp) Equation (1)
where L = estimated noise level at 50 feet, dBA
hp = machine horsepower

hn analysis was also performed using the combined data for both the

off~maximum/average and the high/maximum noise levels. Here, 151 data

hA=2




e i .

points were used in the regression analysis, ylelding a correlation

coefficient of 0.54 and a standard error of 5.37. The ‘regulting

regression equation was of the form:

L= 63.13 + 9.566 log, o (hp) Equation (2)

It i5 interesting to note that equation (2) is in reasonably good agrecment
with a similar function gelating machine noise level versus horsepower
presented in reference 16, This function is given by:

L=60+10 logm (hp) Equation (3)

It should be noted that the regression canstants for equations
(1) and (2) were determined using an arithmetic average of the noise

dovels in terms of db.-

However, unlike eneryy averaging, arithmetic averaging of nolse

data expressed in dB does not reflect the influence of the higher range

of levels on the overall average. Thus, in order to use the above equations

to predict average A-weighted noise levels at 50 feet on an energyr basis,
it in recommended that the regqression constants 66:05, 63,12 and 60 for

equations (1), (2), and (3), respectively, be increased by 2 dB. This 2 dB
adjustment is based on the average difference between the arithmetic~and
energy -averaged noise levels computed for each of the machine types con-

gsidered in the regression analyses.

.

Flgures A-1 through A-6 present the following:

Figure

Humbor Dascription
h=1 A=welghted off-maximum/average noise level as a function of engine
horsepower as compared with prediction equations.
A-2 A-weighted off-maximum plus high/maximum noise level as a function
of engine horsepower as compared with prediction equations.
A-_3 Arithmetic-averaged A-weighted off-maximum/average nolse level as a

function of average engine horscpower as compared with prediction
aquations. .
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‘A=4

A5

A=6

Arithmetic- averaged A-weighted off-maximum/average plus high/maximum
noise level ag a function of average engine horsepower as compared
with prediction equations.

Energy~ averaged A=-weighted off-maximum/average noise level as a
function of average engine horsepowar as compared with prediction
equations.

Energy- averaged A-weighted off-maximum/average plus high/maximum
noise level as a function of average engine horsepower as compared
with prediction equations.

A=4




', TABLE A=l. CONSTRUCTION EQUIPMENT SOUND LEVEL
P ' BATA FOUKD IN LITERATURE SEARCH |
Bqulpment Type - Small Cement/Concrete Mixers

! {Non=Truck Type)
; A-WEICHTED SOUND LEVEL AT 50 IFEET AS A
! FUNCTION OF OPERATIONAL MODE, dBA

REFERENCE ' OPERATIONAL
;, 10W OR OFF~MAXTMUM HIGH OR PARAMETER :
; IDLE OR AVLRAGE MAXINUM
; 13 85
] :13 68
.
b .
;
1-. * *
5.-:' .
'Ej....
i
B
£ .
'
é:‘ L]
'
::‘, .
i
E.
!‘J .
I
1
|
]
I
;‘ .
i
|
|

A=5
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TABLE A-2., CONSTRUCTION EQUIPMENT SOUND LEVEL
DATA FOUND IN LITERATURE SEARCH

Equipment Typa =~ Concrete Mixers (Truck Type Only)

B A-WEIGHTED SOUND LEVEL AT 50 FEET AS A .
' 'PUNCTION OF OPERATIONAL MODE, dDA
o REFERENCE OPERATIONAL
: LOW OR OFF=MAXIMUM HIGH OR * PARAMETER :

~ IDLE OR AVCRAGE HAXIHUM HORSEPOWER
- 10 as
4 1 83

11 85
N 13 83

14 85 225
- 15 87

16 66 76 250
- 16 . 68 83 250 .
) 16 80 250

18 83
-
[
o
[ . .
-

-6
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) TABLE A=-1. CONSTRUCTION.EQUIPMENT SOUND LEVEL

. : DATA FOUND IN LITERATURE SEARCH

Equipment Type - Concrete Pumps

A=WEIGIUTED SOUND LEVEL AT 50 FEET AS A

: ' PUNCTION OF OPERATIONAL MODE, dBA
REFERENCE OPERATIONAL
LOW OR OFF-MAXTIMUM HI1cH OR PARAMETER *
IDLE OR AVLRAGE MAXTHUM HORSEPOWER
2} 76
o B2
11 82
13 82
14 82 as
16 70 105
16 80 125
16 87 139
16 84 130
o1 125

i6

hA=7
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, TABLE A~4. CONSTRUCTION EQUIPMENT SOUND LEVEL
- "DATA FOUND IN LITERATURE SEARCH
: fquipment Type = Concrete Vibrators
A~WEIGIITED SOUND LEVEL AT 50 FEET AS A
. : : i : NAL MODE, dDA
P'UNCTION OF OPERATIO ' OPERATIONAL
REFERENCE PARAMETER :

; LOW OR OFF-MAXTHUM BIGH OR AETE
i IDLE OR AVLRAGE MARINUM NORSEROWER -
. 13 7% :
; ' 14 76 3
; 16 78 :
Il
;e :
1
; v
i ..
i
H
|
{
]
i .
;I
i
;J
!
; .
|
1
1 Ao

P
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" TABLE A~5. CONSTRUCTION EQUIPMENT SOUND LEVEL

DATA FOUND IN LITERATURE SEARCH
Equipment Type = Cranes (Derrick)

-
. A-WEICHTED SOUND LEVEL AT 50 FEET AS A
PUNCTION OF OPERATIOHAL MODE, dDA
- REPERENCE : OPERATIONAL
o 10W OR OFF-MAXIMUM HIGH OR ° PARAMETER :
1DLE OR AVLRAGE MAXTHUM HORSEPOWER
- 10 88 '
11 88
12 77 192
] 12 82 170
12 70 116
- 12 82 93
‘ 12 7% 110
12 94 287
12 B4 100
13 . B8
15 70 C7r 110
15 7 76 110
- 15 7 a9
15 94 287
- 15 75 10D
15 72 (2) 100
15 7 . 84 100
18 : a5 190
15 62 93
15 94
15 70 - 86
15 62 70 126
15 7 7% 116
15 72 7 . 170
15 7% 82 170
- 15 2% 77 192
15 91
. 16 64 105
16 66 130
16 67 240
16 67 170
16 68 145
16 59 220
16 &0 270
16 63 285
16 64 275
16 64 310
16 65 325

ke e ._...

Noto: Numbers in parcntheses { ) indicate nunber of moasuremonts

79




' QABLE A-5, CONSTRUCTION EQUIPMENT SOUND LEVEL

DATA FOUND IN LITERATURE SEARCH

. - Equipment Type = Cranes (Derrick)

i A-WEIGHTED SOUND LEVEL AT 50 FEET AS A

: ) PUNCTION OF OPERATIONAL MODE, dDA

REFERENCE OPERATIONAL

' LOW OR OFF~MAXIHUM HIGH OR PARAMETER ¢

i IDLE OR AVLRAGE MAXTHUM HORSEPOWER

v

: 16 69 300

- 16 70 350

' 16 72 310

T 16 75 120

- 16 78 115
16 9 140

o 16 as 160

16 B? 200.

= 16 75 280

N 16 78 310

] 16 86 320

: .16 es 330

i .16 86 370

2 16 92 400

g 16 93 390

: 16 96 260

" 16 86 700

16 75 115

57 16 83 200

o 16 74 235

16 74 280

16 a2 e

i 16 83 300

3 16 a4 320

is 2]:)

Y

¥

i

Lo

i

)

{.

i

i

[

|

i

'4

i .

i A-10
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TADLE A-6. CONSTRUCTION EQUIPMENT SOUND LEVEL
. DATA FOUND IN LITERATURE SEARCH

" Equipment Type = Cranes (Mobile)

e
Tl
———

R T

R e

b e T e

[ Wi St

A-WEIGHTED SOUND LEVEL AT 50 FEET AS A
FUNCTION OF OPERATIONAL MODE, dBA
REFERENCE : OPERATIONAL
Lov OR " OFF-MAXIMUM HIGH OR PARAMETER :
1DLE OR AVERAGE MAXIHUM HORSEPOWER
10 85
.12 79 143
13 83 '
13 . n
13 78
13 88
13 83
15 a2 242
15 88 123
15 68 73
15 69 74
16 70 . 105
16 70 120
16" 70 130
16 70 140
16 68 118
13 ‘69 130
- 16 68 135
16 - 64 110
16 . 66 180
16 75 165
16 19 105
16 74 125
16 73 140
16 75 150
16 79 155
16 80 155
16 86 190
16 86 . . 250
16 61 109
16 82 130
16 7 130
16 83 145
16 83 156
16 83 160
16 00 165
16 84 165
A-11

R




:] " PABLE A~6. CONSTRUCTION EQUIPMENT SOUND LEVEL
_ DATA FOUND IN LITERATURE SEARCH
] Equipment Type = Cranes (Mobile)
]
A-WEIGUTED SOUND LEVEL AT SO FEET AS A .
: . FUNCTION OF OPERATIONAL MODE, dDA
: ] REFERENCE OPERAT IONAL
; . LoW OR OFF=-MAXTHUM HIGH OR * PARAMETER ¢
: IDLE OR AVLRAGE MAXTHOM HORSEPOWER
]
! 16 - 84 160
i] 16 84 150
{ 16 85 170
: 16 g8 199
] 16 91 270
18 g3
i
‘]
“
; .
! .
.
<
!
1
| 4 '
|
3
1 ’
1
| .
i
=12




) . TABLE A-7. CONSTRUCTION EQUIPMENT SOUND LEVEL
DATA FOUND IN LITERATURE SEARCH

Equipment Type = Generators

,
J A-WEIGHTED SOUND LEVEL AT 50 FEET AS A
| . FUNCTION OF OPERATIONAL MODE, dBA OPERATTONAL
] REFERENCE i
LOW OR OFF~MAXIMUM 1HIGIH OR '

I IDLE OR AVLRAGE MARIIUM HORSEPOWER
I 8 Rz
| 10 78
: 11 - 78
] . 13 78 :
L bk} 16 2
| 14 78 ?
; b L] 58 79
i 15 . &2 .

15 . . 92
: 16 : 83
! 16 . 13-
fB . 17 . 57 1
¥ . *17 . 65 3
35 Y z
IH .

A=11
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TABLE A-8, CONSTRUCTION EQUIPMENT SOUND LEVEL
DATA FOUND IN LITERATURE SEARCH

.

Equipment Type - Graders

A=14

1
A A=-WEIGUTED SOUND LEVEL AT 50 I'EET AS A
' PUNCTION OF OPERATIONAL MODE, dBA
g LOW OR OFF-MARIMUM HIGH OR PARAMETER
y IDLE OR AVLRAGE MARINUM HORSEPOWER
] 84
51 8 92
;. Gl g1
: ‘30 950
1 i1 . , 85
g 12 : 91 225 -
: '12 . g6 225
" 12 ’ a3 150
; 12 84 150
12 . as 150
12 . 85 (2)
i2 ; 84 .
12 : , a2 125
12 92 125
12 81
! 12 83
¢ 12 BB .
; 12 ) . 84 160
12 . a7
' * 13 72 83 '
13 as 125
: 13 73 150
i 13 65 78 150
) 13 . 82 135
. 13 : 3 59
: 13 8L (2) 125
: 13 ' . B2 (3)
: 13. 81 (3)
: 13 . 78 80 (2} 150
| 13 a? 150
y 14 as - 100
: 15 a2 134
15 77 (3) 87 :
15 68 . 18
15 65 7
15 85 (2)
15 . . a3 (3
Note: Numbers in parentheses ( ) indicate number of measurements,




TABLE A-B. CONSTRUCTION EQUIPMENT SOUND LEVEL .
" DATA FOUND IN LITERATURE SEARCR .
Equipment Type - Groders
A-WEIGHTED SOUND LSVEL AT 50 FEET AS A
X FUNCTION OF OPERATIONAL MODE, dBA OPERAT TONAL
REFERENCE . o BR -
LoW OR OFP=MAXTHMUH HIGH oR ARAMETER 3
IDLE OR AVLRAGE MAXINUM HORSEPOWER
| 15 77 {2)
: 15 84 . 156
' 15 85 145
15 (]
15 ' T B2 (4)
15 84 (2)
; 15 g 80 (2) .
: s . 8l : .
: 15 80 ©o86 125
15 77 (2) 82 (3) : 125
: 15 .2 (%) sa . 125
; 15 - 4 80 (1) -t 125
: 15 . 89 125
5 o1 125
15 83 (2} L. 125
15 02 , . 125
15 <. 84 (2) : + 150
18 , 85 150
15 83 o 150
15 - 92 - 225
15 82 06 225
15 91 225
: 16 69 : 165
16 o 180
P 16 76 - 180
: 16 75 . ‘ 450
! 16 : 78 180
: 16 LM 200
' 16 .- 210
| 16 88 .. 200
16 S 85 . 300
! 16 T 420
; 16 9} 560
! 16 95 600
16 . n 170
16 8 . 196
16 83 210
) 16 ' a2 185
16 . 04 . 500
16 8s 500

i

1 boto:s HNumbers in parentheses { ) indicate pumbor of measurcmonts
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| mADLE A~8 CONSTRUCTION RQUIPMENT SOUND LEVEL

DATA FOUND IN LITERATURE SEARCH

Equipment Type =~ Pavers and Mixcrs

d L L

A=WEICHITED SOUND' LEVEL AT 50 FEET AS A
PUNCTION OF OPERATIONAL MODE, dDA

N Y

REPERCNCE OPERATIONAL

1OW OR OFF-MAXIMIM HIGH OR PARAMETER =
IDLE OR AVLRAGE MARIIUM

l 8 89

u 8 87

: 10 87

T' 1 . . 69

H A3 89

: 14 : . 88

] 15 79 78 {2)

. 15 69 88

! 15 70 B4 {2)

L 15 : . 85,

; 15 82

! 15 73 ’

16 )

: gt 89

] Noto,

Rumbers in parentheses { ) indicate number of measurements.

A-106
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‘I‘ABLE.A-IO. CONSTRUCTION EQUIPMENT SOUND LEVEL
DATA FOUND IN LITERATURE SEARCH

Equipment Type = Pile Drivers

s

A=WEICHTED SOUND LEVEL AT 50 FEET AS A .
ﬁrmmncg FUNCTION OF OPEM?IOIIAL MODE, dOA OPERATIONAL
’ | PARAMETER *
1L.OW OR OFF=MAXIMUM HIGH OR °
IDLE OR AVLRAGE MAXINUM Ft~Lb/BLOW
-2 107 ' 200
2 104 ‘
2 9% 25,200
2 99 : 18,800
3 81
3 90
3 92
3 104
3 109
3 124
‘A 116
4 98
6 106 .
7 92 26,200
8 80 . :
L) : .91
B : 102
9 97
- 10 92
14 101
15 83
15 94 .
16 93 : 12,000-18,000
16 104 20,000-32,000
18 103
3
3
:5
;t
1
|
i
] A3
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TABLE A~1l. CONSTRUCTION EQUIPHENT SOUND LEVEL
' PATA FOUND IN LITERATURE SEARCH

Equipment Type = Pnoumatic Tools

il
‘ A-WEIGHTED SOUND LEVEL AT 50 FEET AS A
] . FUNCTION OF OPERATIONAL MODE, dBA
i peeeremes OPERATIONAL
. LOW OR OFF~MAXTMUM HIGH OR PARMIETER ¢
! I0LE OR AVLRAGE MAXIIUM
i
l 1 76
r 1 88
'. 30 87
; 13 86
o 13 65
{ Y 86
: 16 85
-
B . .
H
Pt
»
L
Lo
?.n *
{
'i-w
s
L]
] h-1B

RO
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TABLE A~ld4. CONSTRUCTION EQUIPMENT SQUND LEVEL
DATA FOUND IN LITERATURE SEARCH

Equipment Type - Pumps

.

A-WEIGITED SOUND LEVEL AT 50 FEET AS A
FUNCTION OF OPERATIONAL MODE, dDA

. OPERAT IONAL
REFERENCE
Lo OR OFF-MAXIMUM HIGH OR PARAMETER :
IDLE OR AVLCRAGE MAXINUM
1 . 68 25
1 71 50
1 74 100
1 77 250
8 79
8 78
8 70
10 ' 70
13 78
13 76
14 74 )
g 15 78.
: 15 68
H 15 5
| ‘15 82
16 7
; 17 64
Bl .
i
;
|
:
L
| .
i
}
{
J
I
1
l A=19




TABLE A~13. CONSTRUCTION EQUIPMENT SOUND LEVEL
DATA FOUND IN LITERATURE SEARCH

Equipment Type = Rollers

em e rd rwe v mwnmeps Lt
A._ B hil poeiy )

cep

A-WEIGHTED SOUND LEVEL AT 50 FEET AS A
FUNCTION OF OPERATIOHAL MODE, dBA OPERATIONAL
REFERENCE . PARAMETER :
LOW OR OFF=MAXIMUM HIGH OR
IDLE OR AVLRAGE MAXINUM HORSEPOWER
3} 78
3] 85
.8 73
14 80
15 05 B4
15 13 (2) 85 (2)
15 76 . B2 ({5
15 68 100
15 51 <. 7183
15 75 (i14]
15 65 83 (2)
15 KL 66 .
15 79 :
15 86 (2)
15 89
15 65 .
.15 72 : 105
15 65 60
1£ ' 73 38
15 as 1]
35 83 62
15 72 78 87
15" 8o
15 pl . 8o
15 98
15 M
15 . B4 75
15 G5 86
15 72
15 76 k]
15 86 100
15 92
15 Yy 95
16 74
16 78
16 82
B 16 n
16 a2 195
16 . Bl . 145
. 16 78 l1as
X
tioto: HNumbers in parentheges ( )} indicate number of measurements,

B N

N=-20




‘] TADLE A-14. CONSTRUCTION EQUIPMENT SOUND LEVEL
e oo DATA FOUND IN LITERATURE SEARCH
] . Equipmeht Type - Saws (Electric Radial)
: ] A-WEIGHTED SOUND LEVEL AT 50 FEET AS A
' _— FUNCTION OF OPERATIONAL MODE, dBA
: LOW OR OFF~MAXIMUM HIGH OR PARAMETER:
‘ IDLE OR AVLRAGE HAXIHUM
8 79 ,
; '] 10 ‘ 79
P 13 78 (2)
! .13 B0 (3)
e ... 79
; 16 ) 70
-
; ay
» .
; + i
Em
i
. -
H
f 1
i
f i)
;1!
-
o '
! El
i
i
j
]

[

Notar HNumbers in pdrenthesea { ) indicate number

2 A=21

of measurcmonts



A-WEIGNTED SOUND LEVEL AT 50 FEET, L, dbA

Note: HNurarical values indicate
number of data points

' .
o0 - * 2 L =604+ 10 Tog,,(hp) .
* 2 ) " e : _,._?-—/ -
.
80 -
*
. » : * P : . »
. . * 2 *
7 |- , , o -
[ ] .
.
60 |- -
0 : 1 SRR NN T W I W | 1 ) ) [ W W S |
20 50 80 100 200 500 800. 1000

ENGINE HORSEPOWER, hp

FIGURE A=1. A-WEIGHTED OFP=-MAXIMUM/AVERAGE NOISE LEVEL AS A FUNCTION OF ENGINE HORSEPOWER
AS COMPARED WITH PREDICTION EQUATIONS.
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number of data points
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ENGINE HORSEPOWER, hp

FIGURE A~2. A=WEIGHTED OFF~MAXIMUM/AVERAGE PLUS HIGH/MAXIMUM NOISE LEVEL AS A FUNCTION OF
* ENGINE MORSEPOWER AS COMPARED WITH PREDICTION EQUATIONS.
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- : ® Concrete Mixers
E . o] {truck type)
S |- & Concrete Pumps -]
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% - 60 = O Pumps -
E ' : 9 Rollers
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ARITHMETIC-AVERAGED A-WEIGHTED OFF~MAXIMUM/AVERAGE NOISE LEVEL AS A FUNCTION OF AVERAGE

FIGURE A~3,

ENGINE HORSEPOWER AS COMPARED WITH PREDICTION EQUATIONS.

rrm—r




ARITHMETIC-AVERRGE A-WEIGHTED NOISE LEVEL AT 50 FEET, L, GBA

_100 i [] [} | [J [ ' . [ 4 1 [) i 1

. (hp)
| | : o 60 t_fj__,.‘“'}_?.——-"‘"

80

Concraete Mixrers *

. o l . {truck type)
. . B Concrete Pumps
0 F & Cranes, Derrick 7
4 Cranes, Mobile
0O Graders
. . O Pumps
60 [- ‘ _ ¢ Xollers T
50 1 I S T | ! ! } A N I
20 - go 100 200 - 500 Boo

AVERAGED ENGINE HORSEPOWER, hp

FIGURE A=4. ARITHMETIC=~AVERAGED A~WEIGHTED OFF-MAXIMUM/AVERAGE PLUS HIGH/MAXIMUM NOISE LEVEL AS
A FUNCTION OF AVERAGE ENGINE HORSEFOWER AS COMPARED WITH PREDICTION EQUATIONS.



ERERGY-AVERAGE A-WEIGHTED NOISE LEVEL AT 50 FEET, L, GBA

PR SO RS T T S S TN R T R SN S T S VN SRS S T B T R NN B TAN R O
100 Y T ] . 1 1 T T 1 1 1 ] 1 1 ]
(o)
90 [~ oz + 10 V00—
L [ ] /
1og,gthP)
L = 68-05 -+ 6-769 10
° 0
e
— R
VO & Concrete Mixers
(truck type)
70 |- . ® Concrete Pumps -
A Cranes, Derrick '
4 Cranes, Mobile
0 Graders
60 |~ o Pumps -
4 Rollers
‘50 t ! L1 ¢ 1t ¢ g | y L
20 50 80 100 200 goo 800
AVERAGED ENGINE HORSEPOWER, hp
FIGURE A-5. ENERGY~AVERAGED A=WEIGHTED OFF-MAXIMUM/AVERAGE NOISE LEVEL AS A FUNCTION OF AVERAGE

LIS i b i AR S 2003 0 g Bt e 3t

ENGINE HORSEPOWER AS COMPARED WITH PREDICTION EQUATIONS.



LZ-¥

"ENERGY-AVERAGE A-WEIGNTED NOISE LEVEL AT 50 FEET, L, d3A

100 [} ) J i { LN | R 1 L] [} ! i

o @ Concreta Mixers
{tzuck type)

70~ ) m Concrete Pumps

A Cranes, Derrick
4 Cranes, Mobile

O Graders
60 b= ‘ Co 'O rumps -
€ Rollers
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20 50 go 100 . 200 500 800
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FIGURE A-6, ENERGY-AVERAGED A-WEIGHTED OFF-MAXIMUM/AVERAGE PLUS HIGH/MAXIMUM NOISE LEVEL AS A
FUNCTION OF AVERAGE ENGINE HORSEPCWER AS COMPARED WITH PREPICTION EQUATIONS,
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APPENDIX B

EQUIPHENT IDENTIFICATION AND USAGE CHARACTERISTICS
DATA OBTAINED FROM CONSTRUCTION SITE SURVEY

This appendix contains the tabulated results of the construc-
tion site survey portion of this study. A separate table is provided
for cach of the fourteen sites visited, Except for sites 2, 6, and 14,
the data shown on these tables were obtained from construction site
poersonnel during the site visits. For sites 2, 6 and 14, the equipment
types identified were cohserved as being present at the time of the
site visit. '

D=1
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TADLE B=1, CONSTRUCTION EOUTPMENT USAGR DATA o ot

1 F L LY
Blte Humber OBTAINED FROM FICLD SURVI

Bite Typo~ public orks
App_ronlmatn Construction Durntiun =~ 2 Years

Equipment | t! ‘tned On Numbor Tima On | Frequency] Duration
raiest Used Site Qr ilsa Pur Use
lMl’
iCompros Sor, Yan 2-3 [h 2] v () Vv (")
iConcrete Mx. 20-30
Truck Mtd. _; . ..Yes vDh n C _(*) minutes
Sm,Cemont/ 4=5
Concrpte MxJ _ Yes 1 D L) Rinates
Concrote
Pumps, ~No
Concrote Continuoup
[Vihrators Yes 2-3 (1) D puring pofr ¥
Cranes, . 2=31 Wooks
Derrick Yes 2-3 (H - c Ab
Cranes
Mobile Yes 12 ((h] 3-2 Pavs c AD
heeleCrawl, ]
Tractors Yes 4-5 ¢4 D v (4%) v {*)
Excavators Yos 1 2-3 Honths c AD
Gonerators Yeg 4=5 t h n V_(**) vty
Gradoers Yan 1.4 { H n ¥ (4e) v {*])
Integral
Backhoe/Load.  vos v 2=1.4%h p Y tre) vy o
Pavars and i : N
Mixers Yen l=2 { T3 2-3 Mon c AD
Paving
JDbreakers Yen 1 D WO(Ah) 2«1 Weoks
Plle
privera Yoo 1 1 Year ¥ {*) v ()
Phcuratic
Tools tia
Punps . Yos 3-4 { )| 1 year v (%) v Y
; |
Rock '.'il.'.i.llll o o )
I L]
follers yen -4 ¢ M| b yoars ¥ (") v %
' 10-30
Sawa Yes vit n v (%) gaconds (%)
Scrapers Yoy 2=5_ ( Bl 1% years v (s} vit}
Bkid Steer !
leoders NG
1 .
!:‘:mchen | posgible 1 1L tonth c AD . ‘
Trucks, 0ff, -
e Re4C ' ves ' vp o o e RG]

b = Duration of the Construction Project

¥ = Varies Gver the Time Period that Equipment is on Site

VD = Varies Daily

€ - Continuous Use While Equipment is on Site

AD = Equipment Oporates Over the Entire Working Day {Assumes 6-8 hrs,
of actual cquipment operation per day)

& = Pepends on Specific Job Requirements

%% = Uged Over the Duration of the Construction Project

+ « Humbor Operating at the Samo Time Will Depend on Specific Job
Requirements
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TABLE D-2. CONSTRUCTION FOUIPHENT USAGE DATA .irt
£ite lumbor 2 ODTALICD FROM FIELD SURVEY

Bite Typo~ Non-Renidential
- Approximata Construction Duration =~ 18 Months

Equipment | Used On Humber Timo On | Frequencyl Duratinn
e TYPC froinck Uzed Site of Uso far Use
Adr
Cenprasiot. Yeg H
jConcrete Mx.

Truck, Mtdo Yo
Sm.Cement/ | Wone
lconereto_Mx, Observed
Concrete lona
Panpyg Obsorved
Concrete Noheg
Yibrators Obsarved
Cranes, .
dbexeick Yor 1
Crancs
Mobile Yos 1
ttheolaCrawl
Tractors Yes 3
Excavatorg You 1
Generators vos N
Nona
Graders o "
Integral
packhoe/Load. ves 1
favers and None
Mixers Dbseryoed
Paving
Hroakars Yos 1
Mle Nona
privers Obgerved
Pneumatic Hone
-{ieela. phaeryed
Hone
Phunps Chgegved,
' I None
Rock Drills ghanrved.
Rollers vos 2
Savs b (¥ several
Nana
Serapets Ahanpund
Skid Steer i None
7 apyngd
None
'l‘re.r_tfhera _!.._Dbﬂn.r\-'r‘ N [
Truckse, OfL . b
o Roar b | .4

D = Duration of the Construction Project

© = Varies Over the Time Period that Equipment is on Site

VD = Varjes Dally

€ ~ Continuous Use While Equipment {s on Site

AD = Equipment Operates Over the Entira Wotking Day (Assumas G-8 hrs.
of actual cquipment operation per day)

® « Depends on Specific Job Requirements )

8¢ o« yued Over the Duration of the Construction Project

4+ « Number Operating at tho Same Time Will Depend on Spocific Job
Roquircments

Notar Equipment identified above wasm observad during site viait.

p=3 '
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TABLE D=3, CONSTRICTION EQUIPHENT tISAGE DATA

. FrE
{s] 5 SURV] .
Elto tiumbor QDTAINED FROM F‘IEI:D & EY
flte Type- on-fesidential
Approximata  Construction pueation = 19 Months '
Equipment | Used On Humber ] Time On | Froquency] Duration
Type ,,__l_]'_rq_j_cg_;_ |__Used Sito of tlse Per Usp
Ar |
COMPITS ROT. . Ng
{Concroto Mx.| -3 per | 3=4 =3 Pours [I0-2U0
Truck Mtd. Yos . Day Days - |Per Day Minutes
Em.Cenent/
Concrote Mx Yoa 1 D Vv {h) v (")
concrote .
Pumps Ha
Concroete During Con~[Continuouy 1.
Vihrators fou 2-3 {‘+} |crete Pouridg dur.Pouf] ﬂinutes
Crancs, 2-3 p
jperrick fos 1 ays c AD
Cranes N
Mobile Yes 1 2-3 Days c AD
WheelkCrawl
Tractors Yeu 1 1 Hpek v (*) v (")
Excavators vos 1 1 Week v ™ TS
Generators e
Graders o
Integral , 20
Backhoe/Losd,  vaa 1 nys v_(*) v ("
Pavers and
Mixcrs : N
Paving !
Breakets [ Ho
Pile
Drivars ' No
Pneumatic [
Toolg ! Ho
Pumps ; No
Rock brills’ o
i .
Rollers i o
; 2=1 10-30
Baws i Yoo vo {+) Konths v (%) Seconds {*)
scrapers i o
Bkid Steer
loaders ! Mo
Trenchers l
Drucks, OFE .
IBpe Best ' . ves ! wp b = v_(ae) v (%)

P = Duration of the Construction Project

¥ = varics Over the Time Period that Equipment is on Site:
VD = Varics Daily

€ ~ Continuous Use While Equipment is on Site

AD » Equipment Operates Over the Dntire Working Day (Assumes 6-8 hra.

of actual equipment operation per day)

® « Depends on Specific Job Requirements }

& = {ned Over the Duration of tho Construction Project

4 = Number Operating at the Same Time Will Depend on Spect
Heogquirements

fie Job
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TABLE b-4, e

‘ Lbh SURVEY
Eite Numbor 4 ODTAINED FROM FIE su
Site Type- Hon-Roaidential ’
Approximate Construction buration - 32 Montha
| Equipment | Used On | Number Time On | Ftcquency] ouration
I Type |__Preirgt sed Sien af_use Por Une
‘A 2 liours
‘ICompresser LLL 1 o v (*#) | Per Month
Concrote Mx, 3nd 0-30
ITruck Mtd. Yes Vb Months C Minutes
Sm.Cement/ 1=-2 5= 10
Cancrete Mx. Possible 1 Montha v () Hinutes
Concrets 1-2 2=3
Pamps Possible 1 Weeka v () Hours
|Concrote Contipuoug 2-3
yVibrators Yos 1 D during Pour Minutes
cranes, I-4
JDerrick Yos 1 Weoks c AD
Cranes
Mobile Yes 1 1=-2 Weeks C D
WheeleCraw)., 2-3
Tractoxs Yos 1.3 () n v_(*4) Weaks

3=-4
Excavators Yos 1 Weeks C AD
Gonerators ves 1 o v (en) v %y
Gradera Yos 1 2 Weeks c AD
Integral
Backhog/Load,  Yos 1-2 (1) b vV (*8) vi* _|
pavers and : A0
Mixers Yos 1 2  Wapks o
paving 2 flours
mrnnkars Yos 1 D v (%) Per Honth
PMle 10 Minute
Drivers Yag 1 1=4 Weeks |par Pile Y Day
Pneumatic
Tools ! No
Pumps Yes 1 D v () v %
Rock Drills Yes 1 3-3 Months | v {*) v (%)
Rollera Yes 1 2 Vedks c AD
10 « 30

Savs Yes vD { t) b v _t*3 | saconds (#)
Serapers Yes 1 3=4_Wooks [+ AD
Ekid Steer
loadery, Ho
Trenchera
a——
Trucka, Off} :
[iiine Rear ! voq vop D y_{s2) ¥ i)

P - Duration of the Construction Project
¥ » Varies Over the Time Period that Equipment is on Site

VD ~ Varies Daily

¢ = Continuous Use While Equipment ia on Site

of actual cquipment operation poer day)
¢ = Depends on Speeific Job Requirements

80 o Uned Over the Duration of the Construction Project

AD = Equipment Operates Over the Entire Working Day (Assumes 6-8 hrs.

4 = Number Operating at the Same Time Will Depend on Speeific Job
Requirements

2]




PABLE Be5  CONSTRUCTINN FOUIPMENT USAGE DATA T .
{s)
flte Numbor 5 OBTALNCD FRhoM FICLD SURVEY
$ite Type- Rosidential
Approximate Construction Duration - 7 Manths
Equipment [ Used On Humber Time On Frequency| Duration
.. TYpC Project Ysed Site Of Usc ror Use
ALL
Comprassat_|. YO8 1 D v (1) v (%)
Concrota Mx. 20-30
Truck Mtd.. Yes vp 1 Manth c Minutes
Sm.Cement/ 5-10
concrote Hx. Yes 2=-4 (+) |45 Months v (%) Mipnutes
|Concrete
Pumpg No
Concrete '
vibzators Ha
Cranes,
Derpick No
Cranecs
IMobile No
wheel&Crawl.
Tractors Yes 1-3 (+) D e AD
Excavators vas 1 5 Wecks o AD
] 1 Hour Per
Generators vas 1 b v () Day
Graders Yes 1 2-3 Weeks ¢ AD
Integral o
Backhoa/load.  Yes 1 3-4 Months Yy (") v (v |
favers and
Mixers Yas 1 2-1 Days c AD
Paving
Broakers Yas 1 D L Ll v ("}
Pile .
privars No
Pneumatic
Loolg Ho
Tumps Yesn 2 b R LL)] v (%) !
Ro¢k Prills Yos
Rollers Yas 1 5 v {8+ v (e
10-30 "
Bawa Yos v (t+) p v {*) | socepnds
Scrapers Yonr 12 { + ) 1-2 Months v (*} ¥ (%}
Skid Steer
Loaders No :
Trenchers vea 1 1.2 Wooks o D
Trucks, Off|
iy Rear | Yan AL D Yy [ae) v (*)

D = Duration of the Construction Project
¥ « Varles Over the Time Period that Equipment is on Site
VD = Varios Dally
€ = Continuous Use Whilo Equipment ip on Site
AD = Equipment Operates Over the Entire Working Day (Assumes 6-8 hra.
of actual equipment operation per day)
® = DPepends on Specific Job Requircoments
#4 = Used Ovor the Duration of the Construction Project
¢+ = Number Operating at the Sama 'x'xme Will Depend on Specific Job

Roguircme,

nts

‘B=6




TABLE 8~6, CONSTRUCTTION EQHTPMENT UISAGE DATA Fled
HCD £ROM FIELD SURVEY
Bite tumbcr_g OBTATHE ¥
Bito Type= commercial
hpproximata Construction D furation = Unknown

l Equipfncnt' Used On “Rumber Time On | Frequency] Duratian

ﬂnc__qugj___ sed Site Of Use Por Use
Alr
IComprossor ! Yes 1
Cohcrete Mx. R
Truck. ttd Yos 2
Sm,Cement/ |
Conerata Hei..Yes 3
Concrete
Pumpe No
Congrete
\Vibrators Ha
Cranes,
Derrick No
Crancs
|Mobile You 1
ﬂhcel&crawl.ll
Tractors . Yog 5
Excavators yes 1
Gunarators vas 5
Graders vos N
Integral
Backhoe/load.  ypg 3
Pavers and
Mixors Ho
Paving |
Breakers ' No
Pile
Drivers | Ho
Pneumatic
Topols Na
Punps !

" . Ho
Rock Drills Ha
Rollers _— A .
Sawg No
Scrapers " Yes 5
Skid steer -
loaders ! No
| Trenchets l Yos
Trucka, OFF
Bm. Rear i ' Yes !o4-5 i

D = puration of the Construction Project
¥ « Varies Over the Time Period that Equipment ia on Eite’
VD « Varies Daily
€ = Continuous Use Whilo Equipment is on Site
AD = Equipment Operates Over the Entiro Working Day (Assumes 6-8 hra,
of attual cquipment operation per day)
* = Depends on Specific Job Requirements
88 = Uged Over the Duration of the Construction I'rnjcce
¢ = Humber Operating at the Same Time Will Depend on Specifie Job
Requitcementa

Moto:r Equipmont identified above was obsorved during site visit,
»

B=?




BALLE D=7, CONSTRUCTION EOQUIPMENT USAGE DATA . i
T, o] LD SURVEY
gite Humber 7 ODTAINED FROM FIE.
£ite Type= Non-Residential '
Approxinate  Constructlion Duration = 7 Months
Fquipment Usied On Numbet Time On Frequency| Duration
T Type | Project i Uned Site of_Usn Por Usc
Ar
{Compressar Yes 1 o] v v {*)
Canerote Mx. =3 Weok 20-30
Truek Htd Yen vb 2 eoks c M Hnutes
Sm,Cement/ - -
cancrete Mx Yos 1-2 2~3 Honths v (") o mMinutcu
Concrete - -
Punpe Yas 1 2-3 Weoeks v {*) 3 4Hou:s
Concrote Continuays 5-J0
Vjihrators Yog 1-2 2-3 Wecks During lour g‘.:l.nm:ﬂa
Crancs,
Iperciex Yas 1 2 Montha ¢ AD
Cranes
Mobile Yes 1 1 Honch c Ad
F'H_heela!:nul. o
Tractors Yoy 1 Y (*") v (*)
Excavators Yas 3 2+3 teeks c AD
Generators
Ho J
Graders Mo
Integral |
Backhoe/Load.  ¥Yas 1 2-3 Hontha Vi) Vv (%)
Pavers and -
Mixors Yon 1 2-3 Days c Al
Paving R
Hreakersy You 1 v (**) | 3-4 Days
pile ;
privers No
Pneuatic
Ipols Ho
Punps Yes 1 o v | v
ek .Drills
i Mo
Rollers vos 1 2-3 Heeks v (%} v ™
10 - 30
Bawe yoa__12.a () b v (%) Seconds (*)
Serapers .
Skid Steer
loaders Mg *
Trenchors -
Trucks, Off|
i¥ee Fear | yoq i » c oyl v o

D = puratien of the Construction Project

VD ~ Varies Daily
£ = Continuous Use While Equipment 13 on Site
AD « Equipment Operates Over the Entire Working Day (Assunes 6<8 hra,
©f actual equipment operation per day)

+ « Depends on Specific Job Requiremenes
¢ o Used Over the Duration of the Construction Project
% =« Humber Operating at tho Same Timo Will Depend on Speeific Job

Requirome

nta

" % « Varics over the Time Period that Equipment is on Site



e

g

o o

TABLE B-8. CONSTRUCTION EQUIPHENT USAGE DATA TR
o
Sito Humbor 8 OBTAINCD FROM FILLD SURVEY

fite Type~ Roaldential
Approximata Construction Duration - 12 Montha

Equipment © Used On Number Time On Frequency| Duration
.- TyDe Lprojecs, _Used Site 0f Uso Por Use
Ay
lcompraasat Yo N 10 Honths v (") v ")
Concrote Mx. 30.1?
Truck Mbd. Yen ' 6 Honths c Minutos .
Sm,Cenent/ 5«10
Sancrata M Yen 3 8 Months v {4} Inutes
Concrete
fumpy Hg
Conctote
Vibrators Ho
Cranes,

Joereick e -
Cranca
Hohlile Yoo 1 1 Month Vv {*} | 2=3 Hours
WheeléCrawl,|
Tractots Yed 2-3 { 2} b v {**) v (%)
Excavators Yes 1 2-3 Weaks c A
Generators No
Gradera Yos 1-2 2=1 Weeks c AD
Integral .
Backhoe/load. Yes 1 =8 Months v (*) v oY)
Pavers and
Mixers Yes 1 23 Weaks [ AD
Paving
|breakars Yes 1 10 Months v (*) v (")
pile
+ ¢ [Drivers No
Preumatic
T0pl2 No
Pumps Yes 2-3 ( +) | 10 Months v (%) v (*)
Rock Drills No
follcrs Yes 1 2-1° Wooks c AD
*)
Bava Yes w (1) | a-10 wonenl v 03 | 2°"%8econds
Scrapers No
Ekid Steer
leadery Ha
Trenchers Mo
Trucks, Off
{ippe Rear ves vb D v ("

D = Duration of the Construction Project
¥ = varies Over the Time Period that Equipment iz on Site
VD = varies Dally
¢ - Continucus Use While Equipment {8 on Slte
AD = Equipment Operates Over the Entire Working Day (Assumes 6-0 hro.
of actual cquipment cperation per day)
& = Depends on Spocifie Job Requircments
a0 o Yged Over the Duration of the Construction Project
1 « Number Operating at the Same Time Will Depend o+ Spocific Job
Regulrements .

B=3 !
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TADLE B-9. COMSTRUCTINN EDUIPMINT.USAGE DATA b rt
8ito Numbor 9 OBTAINLD FROM FIELD SURVEY

Site Typo= hoaildential .
Approximate Constructien Duration =~ 14 Months

Equipmant ! Uscd On Humber Time On Frcqunncy[ Duratian
! et .. Prodect | tised Site ot yse Por Uie
Mr |
Comprenser_; No
concroto Mx.) 20-3
wruck. Mtd.. Yoo VD 8-9 Months vD Rinutes
Sm,Cement/ .
concrote Mxl Yes 1 L Month v () v oY)
Concreto : ’
Pumpsg ! g
Concreta
VYihrators —lio
Cranes,
Dertick Ho
Cranes
Mobile Ho
WheolaCrawl.,
Tractors Yes 2-3 (+} D v (**) v (*)
Bxcovators Yaa 1 2~3 wWoeks [ AD
Generators Yes 2 1 Month c AD
Graders |, yoy .2 §-6 Weoks ¢ AD
Integral
Backhoe/Load, Yes 1 3-4 Weeks C AD
Pavers and |
Mixors : Yes 1 1 Week - c AD
Taving |
ireakers 1 - No
Trite ‘ )
Drivers f No
Pnoumatic "
Toals ]
1
Fumpe i No
Rock Drills Yo
. .
Rollers Yes 1 2-3 ‘Days c AD -
Saw 10-1 510
AWE You vD (4} ﬁonths v (") Saconda (*)
Scropers Mo
Skid Steer
lnodoza No
Trenchers Yos 1 3 Menths | v (0 v _{*)
Trucks, Off
Wy Rear Yea VD b v {40} v (4

D « buration of the Construction Project
¥ = vatics Over the Time Period that Equipment is on Site-
YD -« Varies Daily
¢ = tontinuous Usc While Equipmont ig on Site
AD =« Fquipment Opera%eca Over the Entire Vorking Day (Assumos 6-8 hre.
of actual cquipment operation por day}
¢ = Depends on Specifie Job Requirements
&4 w« Used Over the Duration of the Construction Praject
4 = Humber Operating at the Same Tima Will Depend on Specific Job
Requircments

8-10
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TADLE B-10, CONSTRUCTION LOUIPHENT USAGE DATA PRrTS
) [os] FICLD 4
Eito Numbor 10 OBTAINCD FROM SURVE
Site Type~ HNon- Residentlal .
Approxlmaca Construction Duration - 15 Months
‘Equipmont | Used On Humber Time On | Froquency| Duration
Type | _Dxeiect Lsed Site Of Use Pep Use
IMie
' leompreaser Yos 1 D v {*") v (")
Concrete Mx, - -
lruck nta Yas VD 3+4 Months Vo 15 ﬁ?nutus
Sm.Coment/
Cancrote Mx No
Concrete -
Pumps Pogsibla 1 1-2 Months v 4-5 Mtours
Concrote Contindoay) =10
[¥ihrators Yas 1=2 ( +){3-4 Months |During Powr  Minutos
crancs,
Iperrick No
Cranes
’l_!nhile Yas 1 1-2 Weecks C AD
Hheel&Crawl
Tractors Yes 24 { 1} p vV (*) v {*)
Excavators Mo
Generators ves 2 3 Months ¢ AD
Graders Yan 12 { +)| 2 Months c AD
Integral +
Backhoo/Load.,  Yes 1-2 { '} 2 Months c AD
" |pavers and
Mixers Yes 1 1 Menth c AD
Paving
Breakats Yes 1 o v (*) v ("
rile ;
privers Ho
Pneumatic
Toola No
Punps Yes 2 D v (*%) v M
Rock Drills Yas 1 D v (" v ™
10 - 12
Rollers Yes 2-3 (1) sonths v (#n) v (%)
12 = 15 ("
Saws Yog &~8 { 1') Honths v ("} 5=10 Seconds
Berapers You 1-4 { +)} 3-4 Montha | ¥ () v (%)
£kid Steer
1oadexrs No N
Trenchera Yes 1 1=2 Weeks | € AD
Trucks, Off 10 « 15 1520
Hiae Rear Yes Per Day o) 1) #fnutes

‘D = buration of the Construction Project
V¥ = Varies Over the Time Poriod that Equipment is on Site
VD = Varies Dalily
€ = Continuous Use While Equipment is on Site

of actual equipmont operation per day)
® = Depends on Specifle Jab Requirements
&% = Ynod Ovor the Duration of the Construction Project
4 « Number Operating at the Same Time Will Depend on Specific Job

Requitements

p-11

AD = Equipment Operates Over the Entire Working Day (Aasumes 6-0 hru.
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FADLE B=11, CONSTRUCTINN EQUITHENT USAGE DATA b
OTALNED FRO SURVEY
Bite Humbor OQUTAINCD FROM FIELD

Bite Type= Ronidential
Approximate Construction Duratien = 16 onths

Equipment [ Used On Numbet Time On | Frequency] Duration
| Prodece [  Used site of Use Per Use
Alr
CompEeASOT Yag 1 2 Honths v (") v {*)
Concrote Mx, 15 = 20
Pruck Mtd. Yog v B8~9 Months YV I*Y | yinutes
sm.Cement/ 45 Month 5 - 10
Conerete tx) _fos 3-4 ( #) 14-5 tonths wtey linuges
Concrete
Pumnpg o
Concrete
Vibratora lo
crancs, .
No .,
Cranes
Mobila Voo 3 1 Honth o D
WheoléCrawl,
Tractors Yos 2-4 (1 o Yfae3 v {3)
Excavatorxs ves \ 5 Honths v (*) v (%)
Genharatorsa
Mo,
Graders vaa 2 2-3 Months v (%) v (%)
Integral .
nnckhoe/I.an. Yas 2-4 { 1) D v (**) v {*)
. fPavers and
Mixets veoo 1 1 Month c AD
Paving
*. Joreakers vau 1 2 Months v (%) v (N
Plle
+! |Drivess Yo
| Pneunatic
Tool - No
Pumps Yes 2 2 Months v () v
Rock Drills No
Rollers Yes 1 1 Year v (Y v ()
132 ~I4 o= 15
Sawp You 10-12 (1% ehe v (%) |Seconds ()
Scxapers No
S5kid Steer .
taaders No
*renchers No J
Trucks, Off
_ﬂm. Hear Yos vh D v (&) () v i)

D = Duration of the Construction Project

¥ = varics Over the Time Period that Equipment 1a on Site

VYD « Varjes Daily

& = Contlnuous Usoc While Equipment 18 on Site

AD = Equipment Operates Qver the Entire Working Day (Assumes 6~B hzs,
of actual ecquipment operation per day)

# o Depends on Specific Job Sequirements

% « Uped Over the Duration of the Construction Project

t = Number Operating at the Sams Time Will Dopend on Specific Job
Reguirements

=12
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TADLE B-12, CONSTRUCTION EQUIPMENT USAGE DATA YTy
F FIELD v
Site Humber 12 ODTAINCD FROM FIE SURVEY
Bito Type= MHon Residential .
Approximate Construction Duration - 12 Months
Equipment [ Used On Humber Time On | Prequency| Duration
. Type Project Used Site of Uae Por Use
Ar
Compressar Yea 1 1 Henth v (") Vo*)
Concrete Mx. 1o ="
Pruck Med Yes Vi 23 Months | vb (%) Minutes
sm.Cement/ ' :
Contrete Mx HNo
Concrete d4=4
fumps Posgible 1 5~6 Weeks v Hours
Concrete FACEE]
Vibrators Possihle 1-2 5=6 Weeks C Minutaos
Cranos,
Derrick Yos 1 7 Months v v
Crancs
Mobile Yas 1 3 Honths Vv {*) v ()
WheeliCrawl,
Tragtors Yas 1 2 Months v (") v {*)
Excavators Yog 1 1-2 Weeks c AD
Generators Yos 1 3-4 Months C AD
Graders teg 1 1-2 weeks | ¢ AD
Integral
Backhoe/Load. No
Pavers and
Mixers _Yeu b 1-2 Hoeks [ AD
Paving
Dreakers Ho
Pila
Drivers e
Pheumatic .
Iools Ho
Funpa Yos 1 1-2 Waeks v v (%)
kock Drills
Mo
Rollers b{-1-] 1 1-2 Days [+ AD
4 -5 5~ 10
B K Yan v i Months v (*} | Seconds(*)
Scrapers Mo
£kid Steer
loaders Ho
Trenchers
frucks, Off
¥y Rear tog ¥ 0 v _(e4) v_{*)
b = Duration of the Construction Project
¥ = Varies Over the Time Peried that Equipment is on Site- ‘ . .

VD = Varies Daily
£ = Continuous Use While Equipment i8 on Site .
AD = BEquipment Operates Over the Entire Working Day (Assumcs 6-8 hrs,
of actual equipment oporation per day}
& = Depends on Specific Job Requitements
&% = yged Over the Duration of the Construction Project
4 « Hurher Opcrating at tha Samo Time Will Depend on Specific Job
Requircments .

p-13 )
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TADLE 0=13, CONSTRUCTINN EOUIRMENT USAGE DATA @
site Nurnher__)_;;_ OBTAINLD FROM FIELD SURVEY
Bito Typo- Hon- Nealdential
Approximata Constructlon Duration - 6 Montha
Equipment | Used On Humber Tima On | Froquency| Duration
™pa |_frojegt | _Used Site Of, Use Per Use

Mr
Compressort Yos 1 10 Days v (*) v (%)
Concrote Mx. 15 ~ 30
truck .Mtd. Yes vb 1 Month Vo (*} wioybna
1Sm.Cement/ ‘ 5 -AO
concrete Mx. Yes 1 5 Months v (") inutes
Concrete
Tumps Yos 1 2  Weeks v 3-4 Hours
|Concrete
Vibrators Yos 1- 2 2 Wecks C 2-3 Minutes
Cranes,
perzick No
crancs
Mobile Yos 1 2 Veeks C AD
tWheel bCrawl |
Tractors Yos 1 2 Wecks c fiie]
Excavators

Ho
Conerators | ves 1 3-4 Honths c AD
Graders yos 1 1-2 Yeeks o AD
Integral
packhoe/Load.  vas 1 1-2 Weeks [s] AD
Pavers and
Hixers Yes 1 1-2 Veeks c AD
Paving
Breakers No
Plle
Drivars Ho
Pneumatic
Tools Ho
Puapa Yes 1 12 weeks] Vv (%) v (")
hock brills

No
Follers Yoo 1 2~3 Days [o] AD
Saws 5 - 10

Yoy V() 2-3 Month ¥ (%) | Sacands (*)

ra,

Serapers Mo
5kid Steer
loaders L. No
Trenchers Yo N 2.9 Days- c AD
Trucks, Off
[l Fear o ¥D p c AD

D = Duration of the Construction Project
¥ = varies Over the Time poriod that Equipment is on Site
Vb - Varies Dally
€ = Continuous Use While Rquipment i3 on Site
AD =~ Equipment Operates Over the Cntire Horking Day {Assumes 6-0 hra,
of actual cijuipmont operation per day)

4 o pepends on Specific Job Requirements
28 ~ Used Over the Duratlon of tho Construction Project
4 « Number Operating at the Same Time Will Depend on Specific Job
Ronuircmenta

Be14
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TABLE B=14, CONSTHUCTION EQUIPMENT USAGE DATA

! * " . a e
gite lumhor 14 ODTAINLD FROM I'ICLD SURVEY
Bito Type- Nenldential
Appreximaca Construction Duration = 9 Months
gquipment | tued On Humbar Timu On | Freyuency]l Ouratinp
. Type....|-Froject | Used 5ite af Use Per Uao
Mr
Compreisor., Na )
concrote Mx,
Truck Med. Ho
{5m.Cement/
Concrete Hx No
Concrote
Punps. Na
Concrote
Vibrators No
Cranes,
perzick No
Crancs
Mobile Mo
WheelsCrawl, |
Tractors Yoq 1
Excavators
Mo .
Generators 1o
Graders i
Integral
Backhoa/Load.  Ng
Pavers and
Mixors Mo
Paving
Breakers No
Pile
Drivers Na
Pneumatic
Tools Ng
Punps ™
Rock Drills
Rollers von \
Laws i
Scrapers
kid Steor
londers . .. o
Trenchors
Mo
Trucks, Off
& Hear voa ”

D = Duration of the Construction Project

¥ » Varies Over the Time Period that Equipment is on Site

VD « Varies Daily
€ = Continuous Use While Equipment ia on Site

AD - Equipment Operates Over the Entire Working Day (Assumcn 6-8 hra.

©f actual cquipment operation per day)
% = pepends on Speclfic Job Requirements

4 « Uacd Over the Duration of the chs:ructinn.Project
+ « Number Operating at tha Samp Time Will Depend on Specific Job

Requirements

Boto: Equipment identified abovo was observed at tho construction site,

+ ~ N
B=15
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APPENDIX C
INVESTIGATION OF TYPICAL
CONSTRUCTION SITE SIZE

This appendix presents a discussion of the data collection and

analysis procedures used in the investigation of typical construction

site sizes, In addition, a tabulated listing of the site data obtained

during this investigation is presented.
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c.l Data Collection Procedure

Aerial photographs of construction sites throughout the U.S.
were reviewed by the EPA's Environmental Photographic Interprctation
Center (EPIC) and each site was located on a United States Geological

Survey (USGS) map. Information abtained from the photographs and maps,

such as site size, site type, site classification, etc,, was recorded

on a construction site ldentification work sheet. A sample work sheet

is presented as Figure C-)., The construction sites included in this

survey were chosen randomly from the areas inside and outside the
corporate limits of the cities selected for the construction site study.
For each population density category and each geographical region,
approximately 15 sites were reviewed for ﬁhe two site clagsifications
shown on the work sheet. To facilitate site identification, descriptions
of .cach construction site type and of typicai land uses were provided to

" the EPIC personnel. These descriptions are presented in Fiéures c-2

and C-3.

c.2 Construction Site Data

The data presented on the work sheets, along with population
density and computed site size data, were arrayed and stored oh a
computer f£ile. Table -4 presents a l.tstinc] of these data. The
columns in Table C-4 are identiﬁied as follows:

Column No, Desceription of Information

Geographic Region

Population Density Category

Site Classification

Site Type

Land Use

Site Area (S5q.Ft.)

Population Density-Local
{people/sq.mi.)

Population Density-Central City
{people/sq.mi.)

Population Density-putside Central
city (people/sq.mi.)

L o - OV LN B W A

C=2
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Computation of Average Site Slze and Variatlon in Equivalent
Site Radius,

Using the data in Table C-4 and a computer program from the
Statistical Package for the Social Sciences (SPSS}, the average site
size, in sq.ft., and the standard deviation were computed £ér various
site type combinations. Assuming a normal distribution of site
pizes, a "Student's t* approximation was used in calgulating the upper and
lover bounds for the 95% confidence interval, The equation used to
caleulate fhese values was:

Bty /41
where R = mean site size

§ = gtandard deviation

R = nunber of sites

gl& N-1) = tabulated value for a given confidence
! interval and number of sites

.

From ‘he mean site size and confidence inte¥vals, the radii for
oguivalent circular areas and radius variations were determined

using the equation:

R= VA1 .

vwhere
R = radius for equivalent site area
fl = 3,142

C-3
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FICURE C-l.

.CONSTRUCTION SITE IDENTIFICATION WORM SHEET

REGION POPULATION SITE CONSTRUCTION SITE IDENTIFICATION DATE ©OF )
IDENTIFICATION DENSITY CLASSIFICATION LAND LOCATION PHOTOC-
(1=-5}) CATEGORY (1=3) . . TYPE | USE |SIZE {USGS MAP SITE NO.; REMARKS GRAPH .
I I Suburhan/Rural 1 1 a0t Stamford 1 1977
Stamford, ’ x .
Connecticut 60"
2 1 |120¢ Norwalk 1 L~=Shaped 1977
x South addition to
120 existing
x building
60!
1 1 48' | stamford 7 1977
x .
. 28!
1 1 60' | Norwalk 2 L-shaped 1977
x South house
» 60'
X
30"
POPULATION DENSITY SITE CONSTRUCTION SITE IDENTIFICATION
CATEGORY CLASSIFICATION TYPE LAND USE
1. <3000 Peoplu/s'q. Mi. 1. .City-Inside 1. Residential 1. Residential
2. 200p0-7000 "~ ™ * ' Corporate Limite 2, Non-Redidential 2. Residential/Commereial
3. »7000 L 2. Suburban/Rural = 3. Industrial/Commercial 3. Industrial/Commercial
. Outside Corporata 4. Public Workas 4. Other (Agriculture,

Limits

(Excluding Highwaya)

Forest, Wat Lands,
etc.)




| VO R W

e e e et ek At ey e e a4 AT TEOT. s £ e TR R kb AL it TR R, ST e i gy e

L

Rasidontial -~ Single family, buildings with 2-4 units, buildings
with 5§ or morao units.

Non~Residential - Education, hospitals, religions, other buildings,
Industrial/Comercial - Industry, stores and other mercantile buildings,
soervice stations and repair garages, amusement,

other non-residential.

Public Works - Road and gtreet sites, road maintenance sites, water,
sewer, gas, clectric.

FIGURE C-2. SITE TYPE DEFINITIONS.

Residential ~ Residential areas wiin single family units only.

Rdsidential/Commercial « Residential areas with single family units,
apartments and hotels, open space recreational.

Industrial/Commercial = Industry, office buildings, retail stores, ete.,
with primarily daytime occupancy. Open space
parks and suburban areas’ near highways or high

speed boulevards with distant residential buildings,

Other « Agricultural, Forest, Wet Lands.

FIGURE C=3. LAND USE DEFINITIONS.
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TABLE C=-4. CONSTRUCTION SITE DATA USED TO DETERMINE
AVERAGE CONSTRUCTION SITE SIZE
12345 6 7 8 5
11132 10000 3056 2856 2416
1114 1800 _ZA56_ 2956 2416 .
S I I THOU 3356 2856 2476
11111 3700 7956 _2956__ 2416
1T 1117 - 30000 5256 2556 416
11132 25000 %856 2856 2416
T 1111 2500 2356  2A56 2416
11111 2400 2356 2856 2u%6
T 1137 3300 2956 2856 2616
14121 54000 %956 2856 2416
11111 “u56 2856 2856 2416
C 11111 4248 956 2856 2416
g I I T30 2956 2856 ZU9E
11141 24000 2956 2956 2416
T 1111 “208 2356 9856 2415
112119 uA0O 7416 2856 2416
117221 10800 596 2856 2416
11211 130U Z816 2856 2416
11213 2700 2596 2856 2416
11241 2160 3596  2R56 2415
T 123 2 3500 5596 2856 2876
112171 BAOO 2416 2856 2u4§
T1219 3 2744 416 2856 2416
11221 3000 3416 2856 2416
T3 291 1260 2496 2R56 2416
—la218 1092 416 2856 2416
U774 1 32000 416 2856 2416
112121 7500 _ 7416 256 2416
1172717 TR Su16 2856 2416
e 17211 1800 zu16_ 2856__ 2476
1212 800067 w721 T0i21 15079
- 12317 120000 4721 4721 1507
1217373 2240 TEPZT LT 1507
. %2 4.1 1__ 660000 4721_u121__ 1507
12 113 15127747217 07217 "1507
L. 12,994 t3mu w721 4729 1507 _
1 2717372 20700 w721 w21 9507 T
1.2.1.2.2_ __ 8800 721__u721_ 1507 _
127472717 450000 4721774721 T 150777
1.2 8.3 2.__.23'0C_ 4721 472% 4507
172 %73 377740000 T 421 ".4721 1507
12111 200 @721 4721 1507

C-6
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TABLE C=4. Cont.

' L2345 6 ? 8 9
7249191 210000 "4721 4721 1507
16111 2160 4727 4721 1507
12111 18000 472% 47217 1507
1.2221 4800 _ 2544721 1507
1272 v 1 330000 254 4721 1507

el 2.2 4 %2000 _ 254 _8721__1507_______
122132 18900 254 4721 1507
12211 1680 1507 47211507
12 2 41 “456 4507 4721 1507

e 12233 350001507 _472% 1507__
122113 1248 1507 4724 1507
12,241 “RO0_*S07._ 4721 1507
12211 1344 1507 4721 1507
12211 T34y 1503 4721 1507
122132 16000 1507 4729 1507
12214 2400 _754_ 4721 _1507
12244 3600 254 4724 1507
12211 1206954 4729 _ 1507 _
121133 4000 9991 9901 2509
13122 14000 €901 990" 2509
111223 18000 99019909 2509
13132 2800 €901 9901 2509
13 3.2 2000069099901 __2509.
12111 1560 €901 9801 2509
1.3.1.1 1 40000___9907_ 9904 _ 250 . _
121911 1100 €901 990* 2509
12442 23600 _©901_ _©990% 2509
1723122 18000 ¢S901 9901 2509
12211 936...7620_.9901_ 2505
132132 600C 3620 990% 2509
1322 1 4 1RRO0_ 1620 9901 2506
1321 *E6E 2620 9901 2506
14727214 1456 3620 9901 250¢

"4 22 21 *5600C 3620 9901 2509
1.2.2 11 2304 3620 9901 2506
12211 200000 2620 9901 2509
1. 3231 12600 620 9901 25Q¢
172211 822 320 9901 2509
412132 2000 2508 9904 2509
132133 800 2Z50§ 9901 2506
4. 32211 B 75p9 _aqan4  25Q0¢
IR 1420 250§ 9901 2509
4 292 1 1 uAQ0Q.. _Z509__ %901 2509
211132 21000 1263 1263 626

— 2l 14 3 J8Q00__1%63 1263 2%
21133 18000 1263 1263 626

. 2.8 042 6750 _1263__1263___626
21112 5000 1263 1263 626

L2 A 2u00 12631263 626

c-7
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TABLE C-4. Cont,

12345 6 7 8 9
21111 1200 263 1263 628
21111 J800 _1263__1263___626
21141 50000 *263 1263 626
2.1, 873 12631263 ___ 66 __ ..
21111 2460 1263 1263 626

L2411 0 - 2160.._1263__1263__ 626, ___
2911 4 1344 1263 1263 626

LAA e Azt 1263 1263 626
211+ 4 1920 1263 1263 626 _

2241 1344 626..._1263 __ 626 .. _
21211 g6l 626 1263 626
2.1.211 RGN ___626._1263___626_____
21224 240513 626 1263 626
2. 1.2.2 1 90000 158 1263 __626 .
21211 4248 158 1263 626 .

———— 2 352 958 263 676
241211 120¢ 158 1263 626
2 1.24 1 2922 159 __1263___626_____
21244 28800 1892 12631 6726
2 12112 6200 158___1263 62€
21222 25000 1586 1263 626
2.1_2.1 1240 . 158. 1263626,
21221 6400 158 1263 626

——2.1.2 2 1 576 158__ 1263 __.626

. 21122 BT420 €153 6153 2664
2 2111 2722258 €153 Hh153__26614

. 22117 87120 €153 6153 2684
22131 162350 __€153..6153__2664 e
221172 S00940 €153 6153 20664
2. 211 2 93150 F%51 6153 2664

— 22012 653400 €453 6153 2664 _
2229 2 43560 664 6153 266W
222114 1361244386 6153 2664

. ¢ 2 2 3 4 366400 L3868 6153 2664
222113 653400 4286__6153 266K
222773 163350 4386 6153 2864
2 2221 uORME  I664_ 6153__2€64
27272 1 § 2003760 ie6u 561537 2664
22212 10R90 &3B6 6153 2664

T2 £ 2 1 4 G5187E  LhEh 6153 2664
22214 S5L450 W3IBS 6153 2664
2722 171 272250 43186 6153 2664
22212 19057¢  U3g6 6153 2664

TR 27 %9 10790 2664 6153 2664
2 22172 54727% uB6 6153 2664

2 2223 462RITT I6E4 6151 ZEbU

2 3122 240000 1°F68 *1569 2914

2 2122 255000 11568 11568 2614
2311112 49500 14568 11568 2914

c-o
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TABLE C-4. Cont.

1 2345 6 7 ‘8 9
TTTETITITITY T 120000 11568 11568 2514
2 2112 44100 14568 11568 2814
2 21213 27000 11568 11568 2914
23442 52000 11566_11568 2914
23122 30000 11568 11568 2514
2:3132 20800 11568 11568 2574
2 373 2 36100 11568 11568 2614
——2 21132 75000 17568 11568 2914
2312 2 33000 13568 11668 2514
.2 7432 160000 11568 11568_ 2914
2 2727373 92000 z314 11568 2914
23244 200_ 2914 11568 2914
223201 21600 2914 11568 2994
23211 M40 7914 11568 2914
2 3723 % 33000 2949415568 2974
2 3,213 5980 2914 _11568_ 2914
2 77231 15500 1692 17568 2814
23214 18000 3692 11568 2914
2737 10000 3692 11568 2674
22214 8000 2914 11568 2814
231214 1364 2544 11568 26¥5
.2 721 %  £30000_ 4229 11568 _2814_
2 32771 55200 4229 11568 2614
232121 60000__2914 11568 _ 29%4
AT Y 57750 1959 1259 1751
31121 660000 1959 _ 1959 1751 ___
371111 150000 1959 15959 97¢1
——3 1144 2u00__1959 1959 1751 B
2 1114 400000 1959 1959 1751
—— 3 113919000 _ 1959 1959 1781
31111 420000 1959 1959 1751
3.1 111 _1210000__1959 1959 1751 _‘
34111 237500 1959 1959 1789 .
. 21,141 475000__1959. 1959_1751__
31111 203500 1959 1959 1751
e 314 % 1 280000 1959 1959 475%
341911 450000 1959 1959 1751
21149  Au%000_ 1959 _1959__ 1751 _
. 349211 068750 175% 1959 1781
3_1.2.3_2__  10000__1668__1359 _17S1.__
371 2.1 1 1260000 1751 1959 1751
———3.1.210 . 2304_1751 1959 175Y
.3 1211 2560000 1668 1959 1751
31211 540000 1668 1959 1751
21244 4500001751 1959__1751
312113 12600 1751 1953 1759
3.1.2.0.1___ 700000 .1751._ 1959 _1754___ .
371274 300000 1751 1959 1754
——3.1.2%.1__810000___1751_ 1959 __1751 .
c-9
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TABLE Cc-4, Cont.
123 45 6 ? 8 9
31212 10000 1751 1958 1751
31211 337500 1751 1959 17614
31211 21875¢ 1751 1959 1751
31214 253750, 17591959 _ 118 _
3.¢1 21 13500 ETTY 6771 3152
12117 120000 _ €77 6771 3252 . .
32122 8000 €771 6771 1252
3,21 11 *a0n __ET7TY 6771 372572
32112 440000 €771 6771 3252
A21%122 16000__E771 6771 2282
371233 200 €771 8771 3252
3.21 232 4o0n? €771 6™ 32972
32111 2600 €771 6771 3252
A2111 RO ETTY 6771 3252
221313 1400C €771 6771 3252
3214 13 16500 €771, 67711, 3252
321317 17671 €771 6771 3152
321 3 13 15000 €71 677133532
32121 12000 5409 6771 3252
— .3 221y 13y 2ug2 371 1352
32213 125000 24€2 &H771 3252
....... L2248 3 50000 2462 6371 3252
122143 25000 24€2 6771 3252
— 32.2.0.4__200000...2252_.6721.___3252_____
. 32211 2520 3252 6771 3252
3222 —.3000...2252__6771 52
3222?7 630C¢ 2252 56771 3252
L3 A L2 520003252677 _3282
az2224 30000 3252 6771 3252
— 422701 1300000 2252 6721 3352 __
322211 2250 3252 5771 3252
-2l 2.2.08 4 3581235 2252 6771 3252
322212 812“0 3252 "H77T1 3252
e o323 102250000 18764_15764_ 23252 _ . .
3131122 4200C 157¢4 15764 3257 .
—r 327500 35764 257643252
331112 12100 15764 45764 3252
31122 T500. 38764, 15764 __3252
331112 210000 Y5784 15764 3252
—— A 2. 2000 15764 15764__.3252
311131 ?5000 18764 15764 3257
31122 24750 15764 15764 3252 .
3314 2 44250 15764 15764 2252
21112 SI60_%5764 15764, 3352
31112 4900 15784 15764 3252
——eded 14,3, 100000.45764 15764, 3252 . ___
33222 “TROC 2252 15764 1252
—3.3.2.48 2 __ _55000...3252. 15764 ...3252 .
- 21231 70000 3252 15764 3252



TARLE C=4., Cont.

g

H

12345 6 7 g 9
——3o22 4.2 45000 .3252_15764_ 3252,
. 51111 1920 2966 2966 2428

g 1111 1872. 2966 ..2966..2428._

"RERE 275 i566 2966 2428

i_4.9.1 19 1536, 22662966, _ 2428

311721 39900 32766 2966 2479

4111 90000 7966 7966 2418

1113 fuS€_ 3966 2966 2u28

I B I 79207 i966 29662428

4_1 1.1 7 90000 2966 2966 2428

12T 12500 77 066 2966 2019

4 1111 420000 2566_ 2966 2418 _

T W I 37500772366 2966 2424

§ 1111 550000 3766 2966  243A

W7 1 27 -30000 <3966 2966 2439

41123 25447 29662966 _ 2428

1211 54000 (429 2966 2428

412111 1208 74289 2966 2478

"2 730 7990 2428 2966 24328

41211 1S6E  ZH28 2966 2420

A 123 3 30000 3428 2966 2474

41233 20000 2428 2066 2u3p

i 1221 18000 2428 2966 2478

I 1211 420000 3439 2066 2428

% 1 2 3 2 30000 zuig 206G 2438

4 121 3 360000 7428 2966 2478

412119 6200 2428 2966 2428

01211 302500 7429 2966 2628

41291 200000 27428 2966 2428

4 1214 “RO0DQ 2429 2966 2428

41202 V800 2629 2966 2018
.. 821172 10000 €150 6350 2471

4271733 363000 €350 6350 2177
. &2111 _ 36300 E350 6350 2177

B2 373 163350 €350 6350 2177

B 2132 76230 €350 6350 2177

& 27771 Y0000 TE350 6350 2177

42133 43560 €350 6350 2171

4277 277 T BS340 €350 6350 2177

Q.2 1.3 3__408900_ €350 6350_ 2177 _

6 213 ¥ 980107 €350 6350 2177

§ 2113 10000 €350 6350 2'77

A2 Ty TGS 0 35063507 28T

_.8.2.1.2.2 21780 €350 6350 2477

G 27177172 10000 TEI50 635072177

LB 71,33 21780 _€350 6350 _2177

4°2°273737 566280 T 2978° 6350 2177
2233108900 2978 6350_2177
. 472"y T 43560 TT1779 7 63507 2477

c-11
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TABLE C-4.

2345 6

2"‘)?!:

3
3.

2 326700
3_....2722¢8

471900
.. 36300C

= &=
[

543 B3 (i3 Has A3

|

|

= &
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1

1

? 22500
b _ 40000 _
1

2

AT R A R T

‘57600

3 22500
3___ 87000
2T 97000
3
3

el o
i
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)
i

= e

l

25600

W3 £a3 403 £A3 200 403

43560
QU430

Cont.

? . 8

1779 6350__
1779 " 6350
1975 6350
177 8150
$578 6350
£275 6350
__1779_ 6350 _
€4B9 10167

2177
2977
2177
2177
2477
2177

2477

Ta4s7

___87000,

4800 _

_Eugg
€uBs

_E0S5,

€055
__ 5055
TTepss

€055,

€055
_4654
T
1994
1994

70767 3157 _
10167 357

10967 315%

0167 2157
A0v67 3157
10167 3157

10167 3157

10167 3157
10767 . 3157_.
10167 3157
10167 2157
10167 2157

]
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) 35 [tad Lok £a8
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JbB3sooc
"306500C

45120¢C
112890¢€
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208000 _

1304

L

2609

2920

7323
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101673157 _
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2323 1067

3157

Lecnca

1302000
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Y Y e

Jg150¢
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7800

[ A} N EFRY
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28900
528500

870000
2000
62500 __

<616 10167

212 435000 1616_10%67.

1616 10167
1616 10167

3159

M52

3157
2152

1422 10167
142210167

3157
157

1422 10167
EuB3 10167

3157
1157

I583 10467
654 10767

3157
1157

1080¢C
11400

2189 2113
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942500
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2 34000
2.... 64000
1 2400000
3

2

_srl -ih.‘b _\'-. -
N\nuncfgh;m

4000

c-12

.2880

413 1113
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2674
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2313, 2103 _2€Ah
13X S



e b sl i

TABLE C-4, Cont.

2345 6 7 8 9

[

I D k-1 ‘6111 29932690
3 26400 2614 2113 2614
A _60000.. 2574 _.2113, 264 .
1 836 4614 2913 2614
31500_ 2614 21713_ 2694 __
766 ZE14 2113 2644
L2880, Z614_.2113 . 2€6Tu____ _ _
Y0500 614 21137 2614 .
425000 2614 2113 _ 26 ___
45000C 3785 2113 264
78403614 _2193_ 2614___
810000 2614 2113 264
H9000C__ 2614 2173 _ 2674 __
1800C 614 2113 2614
105000, Z614..2913 . 26%4. __ . _
762300 €082 5082 1791
145200, 5082 ..5082 1794 ...
15040 £082 5082 1791
12250__€082._5082__179
- 4074 082 5082 1791
L 130680 _ 5082 . 5082 1799 ...
4356C 5082 5082 1791
. 14520, _£082 5082 1791 _ ..
15000 1063 5082 1791
1560 1063 _ 50824794
4920 1791 5082 1791
1568 _4791..5082. 1791
12523 1791 5082 1791
405006 _1063_6082..1791
3gy00 1063 5082 1791
7600 1063 S082 1594
2°00C 1063 5082 1791
49500¢ 1063 508271799
5100C___1063_ 5082 1791
16007 *063 50827 1791
31501063 5082__ 1731
19927 1791 50827 1791
168C 1063 5082 1791
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APPENDIX D

INSTRUMENTATION AND PROCEDURES USED
IN CONSTRUCTION SITE NOISE SURVEY

. At the beginning of each test day, the data acquisition
and analysis systems (Figure D-l).were calibrated using a General
Radio sound level calibrator which produced a tone of known frequency
and amplitude. As noted in Figure D-1, the sound measured by the
microphene was transmitted to a sound level meter through a pre-amplifier,
 The sound was recorded on a magnetic tape recorder with the sound level

meter setting on the linear scale at fast response.

For analygis, the tape was played back through an oscilloscope
{to obtain a visual representation of the data) ard the sound level
meter (A-weighted, fast response). The signal was transmitted to a
éraphic level recorder, where sérip charts were produced for further

analysis., Table D-1 presents these components,

* TABLE D-). INSTRUMENTATION COMPONENTS

Egquipment/Instrumentation Manufacturer Model sérialft
Sound Level Calibrator General Radio 1562«A 12075
Microphone General Radio 1961-9601 1285
Sound level Meter General Radio' 1933 2019
Milti Chanpel Tape Recorder Nagra . Iv-57 10005
Dual Trace Oscilloscope Bruel & Kiaer 1470 11125
Graphic lLevel Recorder Bruel & Xjaer 2305 152074
Hindsereen General Radio
Extension Cable General Radio
Tripod ' General Radio

D=1
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Mlc., Pre Amp & Windscreen

GenRad Sound Level Meter

N Data A i t ) NAGRA SJ
(o) Nolse Data Aquisition System DR RELORDER
7.5 ips RECORD SPEED

NAGRA SJ
TAPE RECORDER
., GenRad Sound Level Meter
BeK 2305
GRAPHIC LEVEL
22— RECORDER
7.5 Ips PLAYBACK SPEED , ‘
- L | —— STRIP CHART
S A
(b) Nolse Data Analysis System
. FIGURE D~1. DATA AQUISITION AND ANALYSIS SYSTEMS.
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