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SUMMARy

This report presents results of the current project to characterize

• oonstructlon site activity. The purpose is to d0vclop an updated data

• base for computing the health and welfare impacts of construction equip-

meet noise on the to£al U.S° population. Key data elements compiled

Inolude_ i) construction equipmenu A-welghted noise levels at 50 feet

and 2) typical construction site sizes according to site type, surrounding

• average population density and geographic location within the U.S. Other

data compiled relate to: I) construction equlpmentusage and noise

!_ _Isslon characteristics, 2) construction site demographic data and

boundary noise level measurements and 3) construction equipment operator

_opulations and operator's, daily noise exposure times.

I

Per various generic types of construction equipment included in

ii ¢hQ EPA's Construction Site Noise Impact Model, revised values of the

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

17 Th_se revisions were based on equipment noise data found in the open

: lltorature. A complete listing of thls data, by equipment type, is
m

_i_ presented 'in Tables A-I through A-14 in Appendix A. Also presented in

i Appendix A is a discussion of the procedures used to develop analytical

ii-I oxpreeslons relating equipment A-weighted noise level at 50 feet to
_" angles horsepower rating. The results of a limited field testing and

i_ construction site survey program are also presented in Section 2. During: this program, fourteen construction sites were vlsited to obtain data
1

related to equipment and site boundary noise levels and site demographic

i? 'and oquipment usage charactorlstics. The construction equipment usage

i characteristics are presented in Tables S-i through B-14 in Appendix B.

i_ Soction 3 presents the results of an investigation to determine typical
I construction site size according to site type, population density and

!_ geographical location. Based on data obtained for 374 construction sites
distributed throughout the U.S., the following conclusions were made_

,_ • The national average construction site size can be represented

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

i

vii



• The national average construction site size, by site
typo¢cn be represented by an equivalent circular
•rea with the following approximate radii:

Radius For

E_ulvalent Circular
Bite Type Area (Feet)

Residential 200

_on-Rcsidentlal 150

Industrial/Commerclal 175

Public Works ' 125

• On _ natlonal basis, there is little variation in the
averaga construction site size with respect Io
g0ographic location o_ average population,density.

The data colleotlon and analysis procedures used to obtain

! site data is discussed in Appendix C. Table C-4 presents a complete

listing of these data.
|

I

Sootion 5 identifies nine scenarios developed to estimate the
i li

i h0alth/wolfare impacts associated with variations in construction
_I site sizes and construction equipment noise levels. Using the revised
_I
. baseline data presented in Sections 2 end 3, the EPA's Construction _i i

.,i" Site Noise Impact Model was reprogrammed. Execution of the program I
!J showed that the revised data base resulted in an ENI decrease of approx- 1

:!

I JJ_ately3.39 million. In section 6, estimates of construction equipment

:] operator Npulatlona and operator's d_ily noise exposure times are pre- !

s0nted. !

i
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1.0 _NTRODUCTION

1.1 Background

The Noise Control Act of 1972 (Pub. L. 92-574, 86 Star. 1234)

established, by statutory mandate, a national policy "to promote an

anvlronment for all Americans free from noise that jeopardizes their

health and welfare'_. As spscified in the Noise Control Act of 1972,

• the first step towards promulgation of noise standards for new products

is identification of th_se 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-
!

ties. In dete_ning whsther a particular type of construction

o@Ipment is a major nalse source and, therefore, subject to regula-

tot'y action, a health and welfare impact assessment is an essential

_Id necessary consideration. To provide e quantitative assessment

of the noise impact, a construction site model was developed to

cumpute the number of people (on a national average) exposed to higher

Iovsl8 tha_ the defined •thresholds identified as requisite to protect

thQ public health and welfare with an adequate margin of safety. The

t data base used in the development of this model was presented in a

rs_e._t prepared for the EPA in December, 1971. 46 However, this report
i

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

and some of the computation procedures were unclear. Subsequent

Btudles 38'47'4H'49 provided updates and revisions to some of the critical

data elements but there is still a need to'fill existing data gaps

an_ to rovlse obsolete or poorly dusumentsd assumptions. The objectivesq

o_ this study are to provide data which can be used for these purposes.

]
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1.2 Study Objectives

ThQ principal objectives of this study were to:

I} Review existing literature to obtain A-welghted

noise level data at 50 feet for various generi¢

types of construction equipment

2) Conduct a limited field survey to collect con-

struction equipment and construction site data
¢n¢luding:

• equipment noise level measurements to determine

work cycle 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) Reprogram the EPA's Construction Site Noise Impact
Model based on the data developed under items I),

i 2), 'and 3) above

! 5) Provide a su_nary of the relative changes in impact

i rssultlng from the revisions incorporated under
item 4) above for various national construction
site scenarios

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

oquipmunt.

T_Is report presents the results of the efforts directed towards

&o_ompllshlng these study objectives. It is intended to provide

supporting documentatlon for the revision of various data base elements

currently used in the EPA's construction slto model and to present the

rolatlvs changes in noise impact resulting from these revisions.

1-2 I
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2.0 CONSTRUCTION EQUIPMENT NOISE LEVELS
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2.0 CONSTRUCTION EQUIPMENT NOISE LEVELS

2.1 No_se Level Measurements Obtained From Literature Search

2.1.1 Equipment Types Selected

A llterature search was conducted to obtain A-welghted noise i

level measurements at 50 feet for several generic types "of construction

equipment included in the EPA's health/welfare construction site model. The

equi_ent types selected for this study were: I
J

m Small cement/conCrete mixers (non-truck type)

o Concrete mixers (truck type)

m Concrete pumps

• Concrete vibrators

• Cranes-derrick type

m Crones - mobile type

• Generators

• Graders

• Pavers and mixers

• Pile drivers

• pneumatic tools

• Pumps

• Rollers

i_: "• Saws - electric radial i

i 1

2.1.2 Literature Review end Data Presentation

L

At the beginning of the literature search, over 50 references ,}'d

wore collected eoncsrnlng noise produced by construction equipment and i

construction site activities. However, the data found is many of these

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

this study. NeverthelesS, over 400 equipment noise level measurements

wore obtained frems

2-I



I) private consultant reports, 2) government reports,

3) nnglneetlsg and professional society publications and 4} trade

association survey documents. I'18 It should be noted that, in most

oa6oes the measurement end 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 lltera-

tqro search could not be assessed.

In general, the measured melee data were presented im

i terms of average noise level for one of the following equipment

operational modes:

Ii • Low or Idle

• Off-maximum or average t,

I!il . .igheroaximum
I I41 addition to the equipment nols_ level data, several of the references

also presented operational data, usually In terms of engine horsepower.

il IJ1 some cases, operational parameters were determined from constructionOqul_ent specification tables. 22 '.

i] A oomplete listing the and operational data
of noise level

!_ found in the literature survey is presented in Tables A-I through A-14

An Appendix A. A summary diseossion of this data is presented An the

i following seetlons.
; 2.1.3 Data Summary

Daaed on the data presented In Tables A-I through A-i4, the

energy-average and arithmotle-average.A-welghted.nolse levels, as a

J f_letlon Of operational mode, have bonn determined for each of the generic I

typos ofeoas_ruotlon squipmentldnntlfled in Section 2.1.1. .Thls data, i

along with the noise levels currently used in the EPA's construction sate

model and the revised levels for future noise impact evaluations, are presented

if 2-2



in Table 2-I. The revised level for each construction equipment type was

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

oquipment noise level values. 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 levels. However, since the distribution of noise levels

relative to the total population for each machine type is not known and since

energy averaging tends to apply a greater relative weighting to the higher

noise levels, the arithmetic-average level is believed to be more representative

of each machinetype. i

Figure 2-I presents the range of A-welghted noise levels at 50 feet

; as a function of operational mode and the range of th_ operational parameter iJ

selected for each equipment type.

2.2 Nols_ Level Measurements obtained from Field Testinq

:i 2.2.1 Equipment Noise Measurements

Fourteen construction sites located threughout Fairfax County,

i] Virginia, were visited during the field testing and site survey portion ofthi_ study. Table 2-2 presents a listing of the location, the construction

; ©ompany and the contact(s) for each site visited.

During the site visits_ over 40 measurements of individual pieces

!l, of construction equipment were taken. Measurements were obtained for all

i but four of the equipment types identified for this study -- i) concrete
i

iJ pumps, 2) concrete vibrators, 3) pavers and mixers, and 4) pneematlc tool's.

Table 2-3 presents a summary listing of the equipment types and
their measured A-welghtad noise Iovsls at 50 feet. As An Section 2.1, the

. noJ.sc level measurements are presented with respect to equipment operationalmode. Also shown on Table 2-3 is the estimated work cycle L for each of
eq

the equipment types. The Leg is based on the measured noise levels and

information concerning the equipment's operational characteristics obtained

2-3 :



J
• _,+t •

4

| T_LE 2-1. CO85TRUCTI08 EQUIPMEh_ NOZSE LEVELS

_VERAGE A-WEIGIITED SOUND LEVELS AT 50 FEET. dl]A

l Energy AverAQo Ar£thmot£c Average Current P_v_edrl
O_f Off ]_seline NOiSe

Levol_
_, LOW Nax. High Low Max. I,Igh Noise

or or or or or or Energy Arlthmeclc

EquiF_nent Type Idle Avu. Ksx. Idle AVU. Max. Levels Avg.(*) Av9, (**)

i_ .S_II Cement/
(_nc_ete Nl_e rs

(non-truck type) 96121 79(21 85 66121 79121

' Concrete Mixers

i_ (truck tyl_} 6712) 84 {10} 57(2) 83(10) 78 84(10) 83(10)

Concrete P+pl ?0(1} 82(7) 65(2) 70(1) 81(?) 84(2) 82 83(9) 82(9)

i'I Concrete vibrators 77(3) 77{3) 76 ?7(3) ??(3)
m

! Cranes-Derrlck 70(23) 86(29) 88(2i: 68(23] 61(29) 63{21) 88 87(50) 82(50) .

it Crano-Mob£1o 20(12) 83(18 84(15: 69(12) BO(1B) 83(15) 83 83(33) 81(33)
p

im

'_ _nerators 58(1) 82(14 56{1) 75(14] - 78 82(14) 75.(14) •

i+ Oraders ??(28) 85(72 89{23] 74(20) 83(72] 86{23) 85 86(85) 84(55) : !
,m+t
: _vors and MlxetD ?5(3) 67(16 73(3) 85(16} - 89 87(16) 85(]_) '_

i_ Pile Dr,vet. LO2(14:109 (11} - 98 (14)59 (11) 101 106 (25) 99 (25)

Pneu_at tc Tools 65(?) - 62(7} 85 65(7) 82(7)

/I Pro,p,, _6(17: -, 74(17> _5 78(17> _4(1_)
141

" J;olloro 78(16 88[43] 73(16) 81(43) 80 68(43) 81[43)

Saw-Electric P_d la I - 79191 - 78191 "78 79191 7815)

_| NOIE, Nu_rs in p_renthe,i_ ()indicate number of measurements used to d_e_mine _ iIE

* £ner�y avorage of off-e_ximu_/avera_o and hlsh/maxlmum noise levels.I_ Atithmo_lc _ver_qo of off-maximum/average and hlsh/maximum noise levels. I

: I
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FIGURE 2-_, SUMMARY OF CONSTRUCTION EQUIPMENT
NOISE LEVELS FOUND IN THE LITERATURE SEARCH

I

m
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TABLE 2-2. CONSTRUCTION SITE SURVEY INPOR_TION

S£te Construction

i - .NO. Location • Co. Contact

1 Interstate 1-66 at R_. 495 J_mes Julian, Inc. Jim Hillion
Falls Church ROger Highlander

i?

2 Gallows R_. and Kidwell Dr. Brlacoe, Inc. (Eolng) John Co_unack

- Tysono Corner (Phll Korb)

'' 3 Rt. 236 and Hummer Rd. Delta P_tta, Inc. Frank Papsldero
_ Annandele

_,_ 4 Rt. 236 and Burke eta. Belleau-Wood, Inc. Jerry Terry

Falrfax Square

! S Guinea Rd. and Burnetta Dr. Foster Bros., Inc. John _e

Annondalo

' 6 University Dr. and Rt. 236 William Hazel, Ins'. f

_ F_irfax city

? Rt. 123 across from Mosey Bldg. L.P. Jeeslngs, Inc. Jim Newman

i_ FalrfamClt¥ I

-- 8 Braddock Rd. (9800 Block) Be-Bud Const. Corp. RusselGlorloso

_l i_ BUrke !

-- 9 Twlnbrook ad. and Guinea Rd. R/chards Group of Wash. Dan Graumann i
. Burke

_i 10. Greensboro Dr. end Westpark Dr. George Hymen Const. Corp. Bob Christopher

Tyaoss Corner

iI. Idlewoed Rd. and Rt. ? Vorsant Corp. Charles Ferst
- Falls Church

i r_ 12 _derson Rd• and Rt. 123 Wnatgate Corp. Walt Fred

-- M=Leon

}_ 13 Anderson Rd. and Rt• 123 Waatgate Corp. Walt Fred
MCLean

14 Rt. 236 and Estel Rd. L,F. Jennlngs, Inc. Jim Newman
Falrfox

-°

L_

,= 2-6
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fro• discussions with equipment operators and other construction site

_rsonnel and fro• observations made during the rite visits. As shown in

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

in each operational •ode.

2.2.2 Construction Site Boundary Noise Measurements

In addition to the equipment noise level measurements, 1

Construction site boundary noise levels were obtained for several of

the sites vislted. Table 2-5 prerents a summary listing of the results

of these •easurements. It should be noted that, in general, measure-

ments wrre taken for only a few minutes at each rlte location.

_ooordlngly_ the •easurements are not necessarily represestative of thr

aQtual construction site boundary Leq* (8) noise level's or the boundary

n•iBe levels predicted fro• the EPA's construction site noise model.

I] 2.3 _onstruction Site and E_ui_ment Data Obtained From Field Serve?

iJ siteD ta

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

!1  tnlned
• Site type

IJ. a approximate percent completed

•_ • Esti•ated site sire

i] • Surroundlng land are

• Surrounding population density

i] A uummary llstlng of this data ir shown in Table 2-6. The site type,

approxlmate percent completed and the estimated site slze d_ta wereobtained fro• construction personnel while rurrounding land use and

popuZatlon density were determined, from area Census Tract and Land

t Uf)O mapr,

t a _lqht-hour enerqy equivalent noise level, il

! 2-9



i : TAB_ 2-5, SITE _IEASUTm_4_ .DATAFOE BOUNDARY NOISE LEVELS

Noise Level

-- Site Location Site Range at

No. No. Type Boundary (dEA) Dominant Noise Sources

'--" 1 I Publi,eWorks 60-94 Scrapers, Dump Trucks,

!. Watering Truck. Grader

i-- 2 1 Non-resldentlal 62-92 Crawler Tractor, Arc
i_.' Welders, Jack Hammer,

i I Derrick Crane, Excavator,
-- Saws, Back-up Alarm

,q 2 2 Non-resldcntlal• 69182 Are Welders, Derrick &'
-- Mobile Crane, Crawler

Tractors, Back-up Alarm,

Hammering, General Activity

4 I Non-resldentlal 64-94 Pile Driver, Derrick Crane,

!j Saws

!3 5 1 "Resldeatlal 66-78 Crawler Tractor, Excavator,• Saws, Carpentry Work

_ 5 2 Reaidentlal' 64-82 Concrete Truck

¢: 6 1 Industrlal/oommerical 64-84 Scraper, Arc Welders

]
: 6 2 Industrial/commerclal 62-83 Wheeled Loader, Crawler
! Tractor, Scraper, Excavator

ii 6 3 Industrlal/cammezcial 62-92 Vibratory Roller,Grader,
Concrete Truck

i 8 1 Residential 60-?4 Concrete truck, Cement Nixers l
Small pump, Saws, Crawler •

! •TEeetor, Carpeetry Workq i

i General activity ii
i r'

8 2 Res_dumt_al ?4-?8 Backhoe Loader. General
i Activity

i , , , ,
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TABLE 2-5. (Cont.)

! Noiao L_vel
, Sito Locatio8 Site Range at

No. No. T_pe Boundar_ (dBA) Dominant Noise Sources

i0 1 Non-r_sldcntial 70-82 Excavator, Roller, Concrete

Truek_ Mobile Crane

lO 2 Non-ro_Idential 70-82 Excavator, Generator, M6bile

Crane, Rollor, Concrete Truck,

Goneral Activity

11 1 Rosidential 71-81 Crawler Tractor, Saws,

Carpentry Work

,. .,_

14 1 I_sidentlal 67-82 Crawler Tractor, Roller,

Dump Truck

14 2 Residsntlal 72-86 Crawler Tractor, Dump Trucks,
Roller

i

}
L:

?

I

P 11'

F

]
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TABLE 2-6, CONSTRUCTION SITE SURVEy DATA



I

I 2.3.2 Equipment Identification and Usage Characteristics
i

i During the ¢onstruction slts visits, personnel were inter-, viewed to obtain information concerning the types of equlpmsnt used

i over the course of the construction project. Using the list of
construction equipment included in the EPA's construction site noise

_dal, construction personnel were asked the following:

]
! i1 Was equipment used on construction proJeee*

i] 21 . er use
i 31 Time.on site

i] 4) Frequcncyof use5) Duration per use

i] 'The complete listing of the results of this survey are presented in

_: T_bles B-I through B-14 in Appendix B. In general, the nu_er of

_J pieces of equipment and their usage varied from site to site end

i] _ppearedt°bedependent°ethsdurati°n°ftheproJeet'tYPe°f
construction and specific Job requirements.

!].
t

I

i !

I e. Personnelwereasked whethera particular piece of equipmenthad
been used, was currently being used or would be used on the
construction project.

,]
; 2m13
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5.0 INVESTIGATIO_ OF TYPICAL CONSTRUCTION SITE

SIZE AND SURROUNDING POPULATION DENSITY

3._ Areas Considered for the Investi_ation

! FOr this investigation, the United States, excluflin_ Alaska I'4iij

ii and Hawaii, was divided into five geographical regions• The states i

I included in each region are identified in Figure 3-1. Within each

i Eogioe, several Standard Metropolitan Statistical Area (SMSA) Central

I Cities*, wlthpopulations of 10O,OOO or more, were randomly selected I1

i' according to three population density categories**, These categories |

? weroz

I

i= The citleseconslderedlessthanfor3,000 people/eq, mile I|i!'i

, • between 3,000 and 7,000 people/sq, ntile

!)
,, • greater than 7,000 people/sq, mile
i:
t

il this investigation are presented by
region and population density category in Table 3-1.

: 3.2 Areas Selected for. the Investigation i

• Fifteen cities, one for each region/population density

category, were selected for this investigation. These cities are i

presented in Table 3-2 and are identified in Figure 3-2 according to

_cographle location within the S.S.

;- 3.3 .Copntructlon Site Data Collection

For eaoh city eelected, aerial photographs o_ the central

i_ Clty and outside central city areas were obtained and evaluated by. the Environmental Photographic Interpretation Center (EPIC). The!.
EPiC was instructed to select 15 construction sites inside and 15

sites outside the corporate city limits. The EPIC was provided

i] '• DoEinltion of SMSA central City is _iven on page 923 of Reference 55

as _asad on data presented in Tables 20 and 28 o_ Reference 54.

3-I



Region 1 Re_Ion 2 _Ion 3

Maine Pennsylvania 'Louisiana

Vermont Delaware Arkansas !
New Hampshire Maryland Oklahoma
Massachusetts W. Virginia Texas !

COnnecticut Virginia New Mexico

Rhode Island Kentucky Arizona
New York Tennessee Callfornla :

NOW Jersey N. Carolina Nevada "
So Carolina

M/nslsslppi
'Alabama

Georgia
Florlda

flexion 4 flexion 5

Washington Minnesota

Oregon Wisconsin
Idaho Illinois

Mantane Michigan
W_rth Dakota Indiana

South Dakota Ohio

Wyoming
Utah
Colorado
Nebraska
Ennsas

Iowa

Missou=i.
i

¥1GURE 3-1. sTATES BY REGION



TABLE 3-i. CITIES CONSIDERED FOR TIIE CONSTRUCTION SITE STUDY,

ARRANGED BY REGION AND POPUr_TION DENSITY CATEGORY

1970 Census - Cities with Populations of i00,000 or More

Category I Cat99nry II Category III

.<3000 3000-7000 _7000

Region 1 -

ii1J Stamford, Conn. (2,856) Waterbury, Conn. (3,914) Boston, Mass. (13,936)
Worchester, Mass. (4,721) Providence, R.I. (9,9015

Springfleld, Mass. (5,1715 Hartford, Conn. (9,08].)
5

:I Region 2 -

m

i Newport News,Vs. (2,0005 Allentown, Pa. (6,153) Philadelphia, Pa. (15,164)

!] lluntsville, Ale. (1,263} Ft. Lauderdale,Fla, (4,1765 Washington, D.C. (12,3215

*J Knoxville, Tenn. (2,2675 _chmond, Vs. (4,1405 Baltimore, Md. (11,568)

i Ro_ion 3 - "
i Riverside, Cal. (1,959) Los Angeles, Cal. (6,073) San Francisco, Cai_(15,764)

San Bernadlso, Ca1.(2,348) Oakland, Cal. (6,771) Berkeley, Cal. (ll,Oll}

!] San Diego,'Cal. (2,199) Dallas, Texas (3,179)
J

Region 4 -

ii_" Kansas City, Me. (I,5035 Seattle, Wash. (6,350) St. Louis, _. (10,1675
Salt Lake City, Utah(2,966) Spokane, Wash. (3,357)
Cedar R_plds, Iowa (2,182) omaha, Neb. (4,534)

11 Re_lon 5 -

IndianapOlis, In. (2,113) Dayton, Oh. {6,360) Chicago, Ill. (15,126)Grand Raplds,Mich.(4,402) Detroit, Mich. (10,953)
: Akron, Ohio (5,082) Cleveland, Oh. (9,893)

i

Note: Numbers in parentheses { ) indicate average population density
Inaldo corporate city limits.

!

]
1
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TABLE 3-2, CITIES SELECTED FOR T}IECONSTRUCTION SITE STUDY

ulation Density I II III

<3000 3000-7000 >7000

People/s_.Mi.. People/Sq.Mi. Peoplo/Sq.Hi_

! 1 Stamford_ _orcester, Providence,

i COnnecticut Massachusetts Rhode Island
(2858) (4721) (9901)

2 }luntsville, Allentown, Baltimore,

! Alabama Pennsylvania Maryland
(1263) (6153) (11,588)

_t

_: 3 Riverside, Oakland, San Francisco
!b
_i California California California
_, (1959) (6771) (15,784)

_r 4 saltL_ Seattle, st._ouls,
_L City, Utah Washington Missouri

(2966) (6350} (i0,167)

5 Indianapolis, Akron, Chicago,
Indiana Ohio Illinois

(2113) (5082) (15,n8) i t

|,

I

t

:1 3-4
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j
i] with identification work sheets on which definitive data for each siteJ could be listed. The sits data recorded included:

iJ • Region identification

i._[ • Population density category• Sits classification*
#

I • Sits type

iI • Predominantlanduse
• Site size

] • Other relevant data including - OSGSmap identifi-cation, site nu_er and date of photographs used to
obtain data. !

il
i With the excsptlon of Chicago, site data for all of the city areas
I_ selected for this study were obtained. However, in some cases, the
fJ
I zogulrcd 30 sites for each city •red could not be obtained. Nevertheless,

1 374 individual sites were identified. The distribution of the sites,

by site type, is given below:

L

!I SiteT_e Numberer Sites
j,

• Residential 202

!I Non-Residential 58

i Z,dustrial/Co_ercial 90

!] PubllcWorks 24

3.4 Site Data Evaluation

I] 3.4.1 Population Density Idontificatien and Site Type Distribution
by Central City and Outside Central city Location

i

FOr each city selected for this investigation, Table 20 of

i. reference 54 presents an average Central City (CO) and Outside Central
City (C_:C)_pulstion density. During the sits data collection phase

, Of thle study, it wag.found.that most of the sites were located in areas

• Sites inslda corporate city limits were classified as "City" while

those outside ware olassifled as "Suburban/Rural".

3-G



which had population densities different from those listed for the CC

j Or OCC areas. For these sites, a "local population de_slty"* was
determined. For those cases whore the local population density could

I not be obtained, the approprlate CC or OCC density val_le was assigned.
"m

Tables 3-3 through 3-5 presee_ a summary listing, by region1
and populatlon density category, of the estimated population densities

of the areas in which the selected sites were located and the distrl-

1
I butlon of these sites by site type and by Cc or Oct location. The

data shown in these tables, along with site size and land use data,

"1 were arrayed and stored on e computer file. A complete llstlngof this
"m

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

-I of the site data is presented in Appendix C.
I

3.4.2 Site Size Evaluation

"I

,= Tables 3-6 through 3-8 present listings of the average con-

7 atructlon site sizes according to the fSllowlng site classification

.. = groupings :
5

• City plus Suburban/Rural

_ '! _ • City only

• Suburban/Rural only

i_'m For each site classification grouping, the average site size and the radius
!

iI I for an equivalent circular area are determined for the following site type
I

:,a grouplnge, i) all eitea_ 2) residential, 3) non-residentlal, 4) indus-

!__ trLal/eo_ereLal and 51 public works. Along with the site area data,Tables 3-6 through 3-B also show the range of radius variation for the
!

"I 95 percent confidence interval assuming that construction site sizes

I _ ere normally distributed.

!!
_, Site size data for all Bites by Region and by Population

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

i

• • Table 31 in reference 54.

,.p
i
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TABLE 3-3. SUMMARY OF CONSTRUCTION SZTE SURVEY DATAI
POPULATION DENSITY CATEGORY i, REGIONS l-S

Pop,Dan, 8MSA Pop.Denslty O_he_ Local NO, of Sites 2 (CC/OCC)
_gAon Category City CC/OCC 1 Localities Pop.Denslty R N/R X/C P/W

1 1 Stamford, 2856 Norwalk South 3596 II 1 2 1 15

Connecticut 2416 Pound Ridge, N.Y. 2856 iO _ 1 1 IS
21 4 _ _ 3_

2 1 Xunt,vllle, 1263 Merldlanville 1263;625 i0 0' 2 3 15

Alabamn 626 Madison 158 __.7 _ _ E • 1_5
Jeff 626 17 8 2 5 30

3 I Riversld,, 1959 San Bernardlno, S. 1751 12 1 1 0 14

California 1751 Redlands 1668 14 _ _ O 15
Fontana. 1751 26 I 2 _ 2"_

4 1 SaZt Lake Oi_, 2966 Fort Douglas 2966 i0 4 1 0 15

Utah 2428 Sugar Houss 2428 ii _ _ 0 15
2-_ s 4 _ 37

5 1 Zndianop011s, 2113 Carmel 2188 3 ' 5 4 l 13
Indiana 2614 Maywood 2113 5 0 9 0 15

Clermont 2113;2614 _ _ _" 1" 2-8"
Beech Grove 3285
Coastland 2614

b

1
COt Inside Co,Operate City Limits

OCct Outside the Cen_al city

2 Rz R_sidantial
N/Rz Non-Resld_ntlal

I/Cs Industrisl/Co_srols_
P/Wz Public Works



TABLE 3"4. SUmmARY OF CONSTRUCTION SITE SURVEY DATA_
pOPULATION DENSITY CATEGORY 2, REGIONS. 1"5,

O_her Local No. o_ SI_u2(CC/CCC)
Pop.Den. SMSA Pep,Dennit'T

rAon Category city' Co/oct 1 Localities , pop.Density" R N/R I/C P/_f

L 2 Wo_ceste=# 4721 Paxton 2S4 . 9 3 3, 0 " 1515

| 2 Allentown, 6153 Cetasauqua .4396 4 2 1 0 ?

pennsylvania 2664 Cementon ' 26641-_10 _4 _3 _0 • 2"_15

I 2 Oaklandp 6771 San Leand:o 5409 5 4 5 1 15
Cal£fornla 3252 Richmond City 2452 7 3 1 3 14

Brtones valley 3292 1"-2 _ E _" 2-_
Las T_empus Ridgn 3252

| 2 S=_tln, 6350 Des Molnes 29?8 6 2 ? 0 15
Waehlngton 2177 Renton . 1779 6 _ 3 0 10

Edmonds East 8275 i'_ ' 3 1"O _

Shilshole Bay 6350

| 2 AkE6n, 5082 Hudson 1063 4 1 3 0 8
Ohio 1791 Peninsula 1791 9 0 4 2 15

70 20 33 129



TABLE 3-5. SV_4ARY OF CONSTR_CTIO_ SITE SURVEY DATAt
POPULATION DENSITY CATEGORY•3, REGIONS 1-5

Pop.Den. SMSA Pop.Denslty Other Local NO, of 61tes2 (CC/OCC)
D_lon _Categox'y City CC/OCC 1 Locelitles Pop.Oens£ty' R N/R Z/C P/W

l 3 P_ovldsnoe, 9901 E_st Provldenee 3629 4 2 3 1 10

Rhode Island 2509 i0 1 4 0 15

2 3 9altlax)_e, 11588 Cuttls Bey I1568;2914 2 6 5 0 13

Rarylend 2914 Relay . 2914 8 1 _ 2 14
Riddle Rivet 3692 i'O 7" 8 2 27
CockeysvillG 2914 ;

.Towson 4229

3 3 San Fzanols_, 15764 4 3 3 3 13

California 3252 0 0 2 -2 ._4
3 6 5 17

4 3 St. Louis, 10167 Clayton, Ha. • ' 6489 2 "i I0 2 18

_aaQur_ 3157 Granite City, Ill. 5055 8 3 3 _ 1_4
Webster Groves, _). 4_54 I'_ • _ 2 29
Cahok_a, Ill. 1894
Alton, _11. 3608
SethaZto, Ill 2830
FlorIssant, Me. 7323

Colun_la Bob_om, IIZ.tMJ_.1616
Greys Coodr, III.,Mo. 1422
Kirkwood, Re. 3583

S 3 C_Ica_o, 15126 (Data not included)
Illinois 3092

• 38 17 33 12 96
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| TABLE 3-8. AVERAGE CONST_CTION SITE SIZES;
_ SUBURBAN/RURAL ONLY

Number Averaga _tadius for Radius Variaeiono_ Const_ction Equivalent for 95t Confidence

! Site Type S_tas Site Area (sq.ft°) Circular Area (ft.) L£m_ts (ft.)

i
_11 191 184.796 243 201 - 278

R681dontial 116 240,384 2?7 319 - 324

i] .oo.
l_aidontlal 23 101,018 2?9 54 - 248

1 Industrial/Commercial 40 114oS01 191 122 - 241

l Public W_rks 12 • 42,333 116 70 - 148

t

!]
i' :

J
I

U

: 3-_3

I

]



_
z

_
_

_
m

>=
o

_
_

_
_

_
o
_
o
_
o_

_
Z

s.
-c

_

•
i

,
,

,
,

,
_

-,
¢.

_
¢0



!g

TABLE 3-10, AVERAGE CONSTRUCTIOH SZTE SIZESz

ALL SITES BY POPULATION DENSITY CATEGORY

N_t AvoraQo Radlus for Radlua Variation

of Construction Equlvalent for 95% Confid_nco

All SLten Bites Site Aroa (sq. ft.) Clrcular _rea (ft,) Limits {fC°)

Catogory 1 147 154,541 222 174 - 261

,C_t°g°rY 2 129 148,395 217 178 - 250

j : Category 3 98 132,_652 205 136 - 257

I
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J

Based on the site size data presented in Tables 3-6 through

3-10,the foilowing general conclusions can be made_

:_ • _he national average construction site sire can be
_J • ep_esented by an equivalent circular area with a

radius of approximately 200 feet.I

? • The national average construction site sire, by sits
[ type, can be represented by an equivalent circular

i area with the following approximate radii:

;?
i Radius For

Equivalent Circular

i_ SitsType Area (Feet)

! Rooldentlal 200

Non-Rosldential 150

i_ "_dustrial/c°[_I_erolal 17_'
P_,lic Works 125

• On o national basis, there is little variation in the
,, owerogs construction site sire with respect to

geographic location or average population density.

,]
J

].
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4.0 R_VISIONS TO CONSTRUCTION SITE MODEL BASELINE DATA

4,1 Equipment Noise Levels

Based on the data obtained from ths litersutre search portion

i o_ this study, the noise levels for some of the construction equlpmonttypes used in EPA's construction site model were revised. The following

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

l "baseline noise levels for each equipment type.

!:] ..

I :

A-Weighted Nolse Levels at 50 Feet

Current Revised* Relative

Egulpstent Type Baee_ine Baseline Chanae

I Small Cement/Concrete

Mixers (non-_ruok type) 85 79 -6 .Concrete Mixers

(,',_ruck type) 78 83 ÷S

i] Concrete Pumps 82 82 0
_d

Concrete Vibrators 76 77 +1

Cranes - Derrick 8B 82 -6Cranes - Mobile 83 81 -2

_I_ _norators 78 75 -3

!J Graders 85 84 -I

I Pavers and Mixers 89 85 -4

Ji Pile Drivers• 101 99 -2

I PnQumatlc Tools 85 82 -3

. Pumps '76 74 -2
I _llern 80 81 +1

5awe 78 78 0

JAzlthmotio-avorage of equipment nolso level data

]
4-1

]



4.2 Avnra_o Construction Site Size

! BaBcd on the evaluation of construction site sizes presented

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

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

¢onstructlon site model was revised. The following table

presents a summary of these revisions and the relative change in

dlstance for each site type.

Distance From Site.Center to Site Boundary_ Feet

Site Type Current Revised Relative Change
m

Residential IS0 200 ÷i00 ,
J

_on-R_sldentlal 1O0 150 + 50

! Industrlnl/Commerical I00 175 + 75 I

!_ Public Works 50 125 + 75

ii] , i

*'! ]

!.] ,: i

f

!l
r
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J 5.0 NATIONAL CONSTRUCTION SITE SCENARIOS MODELED

J 5.1 Scenarios Modeled

Nine scenarios were developed to estimate the health/welfare

! impacts associated with variations is construction site sizes and

J oonatruction equipment noise levels. These scenarios were:

I A. Current Baseline Case - no change in site sizes orequipment noise levels currently used in construction

alto model
]

i|_ B. Change in equipment noise levels in accordance withthe revised baseline values presented in Section 4.1

and no change in site sizes

C. Change in site sizes in accordance with the revised

81te 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
pEssantad in Sections 4.1 and 4.2, respectively.

E. Same as D with portable air compressors regulated

F. Same as E with trucks regulated*

i] G. Same as F with tractors [wheel and crawler) regulated
}|. Same as G with all other construction site equipment

nolsc levels reduced by 5 dBA

i) X. Same as G with all other construction site equipment
n61sc levels reduced by I0 dBA

[
:|

_I A llstlng of the equipment noise levels used for each of the above

I construction site scenarios is presented in Table 5-1.

5.2 Noise Impact Analyses

_y exorcising the EPA's construction site model, the noise

impacts for scenarios A zhrough I ware determined and are presented

in Table 5-2. The results of the impact analyses for scenarios B, C, and

D are rolativa to the currant baseline case only. 1[owever, the results of the

tZncluding concrots transit mixers - truck type

5-I
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• TABI,_ 5-1. CONSTRUCTIONEQUZP_OT NOZSEI_'V£L5 FOR
VARIOUS NATIONALCONSTRUCTION5ZTE 5CSt_ARIOS

Ecjulpmont NO_.SOLevo_.s nt 50 FC. _or Various
I_QUIP_'NT National Construction 8_co Sconac_oss dBA

_¥P8
_A° 8. 0. i 6. 0° F. i G. 8. I.

_r Co_ 81o0 B1_0 31_0 01.0 87_0 57.0 _87.0 67.8 _7.0

Concroto 8XrBt TrUck Mtd° 79.0 B8.0 P8_0 B3.0 83.0 78_0 178.0 78.0 78.0

• Smelt CementConcrete 8txers 88.O 79.0 ;5.0 79.0 79.0 79.0 !79.0 74.0 _9.0
Concrete P_ps 82,0 )2.0 ]2,o 82.0 32.0 32,0 182.0 77.0 P2.0

Conctoto Vlbcatota 76.0 ?7.0 r6.0 77.0 77,0 77,0 ;77.0 72.0 _67.0

Cradles, DerrLck 88.0 82.0 '8.0 32.0 82.0 ]2.0 _2.o 77.o F2.o
Cr_es, Mobile 83.O 81,0 i3,o ]1.0 81,0 ]1.0 al.0 76.0 ;71.0

74.0 i

If 6 C ?ractorsf 20-89 HP 79.5 _79,5 '9,5 79.9 79.5 19.5 72.0 ?2.0 2.0

• If & C Tracl:ors, 90-199 OP 01.0:81.0 _1.0 81.0 81.0 ]1.0 ?4.0 4.0

If t C Tractors, 200-350 8P 83.3 _83,3 _83,3 63,3 83.3 33.3 78.0 ?8.0 ;70.0 t

,croo 0oo,oooo,Iolo0,0, o;o• Excavators, <375 8P 64.2 4.2 4.2 4.2 _4.2 34.2 '84.2 ?9.2 4.2 ',

;. EXCaVators, 376-800 lip 36.7 _86.7 16.7 _6.7 _6,7 36.7 66.7 ]1.7 17o.7 ;

if Excavators, Cable 85.0 [85,0 ,5.0 L'5,O _5.0 ,5.0 85.0 ]o.o 75.0

• t: Generatocs 78.O 5,0 8.0 9,0 5,0 PS,0 _9.0 0,0 6$.0

Zntegral Backhoe/Loaders 31.3 81.3 81.8 |1.3 1.3 11.8 01.8 _6.3 71.3

i Pavers and Htxors ]9.0 _]5.0 J09.0 _5,o 5.o _8,o 85.o m,o

I1 Paving Breakers, Portable 84.6:84.6 194.6 84.6 14.8 ]4.0:84.6 ?9.6 !74.6
Pav_llg Oreakerl, Hounted 89.1 89.1 09:1 _]9.1 69.1 ]9.1 89.1 !84.1 79.1

p110 Drivers IOl. O 99.0 101.0 99.0 9.0 )9,0 99.0 _4.0 .89.0Pne_tlc ¢_1s 85.0 ]2.0 15,0 82.0 i2.0 182.0 82.0 i77.0 72.0i
: P_ps 16.0 7_.0 6.0 7_,0 '_.0:74.0 ,74.0 '69.0 64.0

J I_ck 0r111_ Portable 87.0 ]7,8 17.0 67,8 _7.8 87,8 87,8 182.8 77.8I_ck Dr'ills# t_unted 95.8 )5.8 ;95,8 95.8 _5.8 i95.8:95.8 90.8 85.8
: I_ollers D0.0 ]1.0" 8_.0 )1.0 ;1.0 81.0 81.0 76.0 71.0

i] '6awa 70.0 _8.0 78.0 78.0 8.0 78.0. 70.0 73.0 168.0

i O¢_=por_ <378 lip 83,$ ]3.5 83.5 ]3.8 11,5 83.8 03.5 78.5 J 73.5
Ocraporll_ 376-650 lip 85,6 ]8.6 85.6 )5.6 ;5.6 98.6 85.6 50.6 78.6

skid8¢eorla=_or= 72.5 _,,.5 73.8 73.s 8.5 ?z.8 73.8 J6e.s6',.5
I

Trencher=, ladder <20 HP 71.? 71.7 71.7 11.7 1.7 (71.7 71.7 66.7 61.7

:] i; T_enchor=_ _dde¢ >20 IlP 76.2 ?6.2 76,2 ?6.2 6.2 '76.2 76.2 171.2 66.2
I Trenchers# Wheel 76.2 _6.2 76.2 76.2 6.2 :76.2 76.2 ,71.2 66.2

TrUCka_ Off Illqhway )0,O i8.0 88,0 ]0.0 8.0 78.0 78.0 176.0 78.0

,!: Crucko, Rear Dump ]0.O ,O8,O 80.0 ]0,0 8.0:78.0 78.0 ]78.0 !78.05-2
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iJ

j IT_LES-2. ESTIHATED NOZSE IRPACTFOR VARIOUS

: NATIONAL CONSTRUCTION SITE SCENARIOS
J

iJ
-I NATIONAL POPULATION POPULATION

| CONSTRUCTIOH EXNSED IMPACTED ENI _ENI RCI
SITE SCENARIO MILLIONS MILLIONS MILLIONS MILLIONS PERCENT*

:7 A 4o._1 4o.,I 12.s6 o oCurrent
Baseline

IV E 3S.06 26_05 11.07 -1.49 ,1L.86

i C 40.36 40.36 10.94 -1.62 +12.90

I_v__ed 35.90 35.90 9.17 -3.39 +26.99
Baseline

-2.54 +28.18
E 35.50 35.50 9.02 {-0.15) (+1.64)

-4.55 +36.23
• 32,42 32.42 8.01

F ('1.16) (+12.65)

-6.II +48.65

G 26.33 25.32 6.45 (-2.72) (+29.68)

' II (-5.81)(+74.26)

i_ , 4°4 4°4 os5 492.99

(-8.29} (+90.40}

NOtut Numberm In parentheses ( ) arc relaClva to rovlsed bas@l£ne

CaSe (_enar£o D). , ,

Relative Change in Impact (NCI) la defined such that poslctve valuer

, _dJ.OatO & dQcraaBo _n ENI compared wlth basolino Case,

5-3 _
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'Impact analyses for eeonarlos E through I are presented relative to both

the current and the revised baseline cases.

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

@Elects Of cha_glng equlpmont noise levels compared with changes in site

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

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

_d changes in site slzs have a comparable influence on the total number

OE people exposed and t_e total ENI.

Bnse_ on the results of the impact analyses, the following

conclusions ea_ be made_

• Compared with the current baseline ease .(scenario A),
the revised baseline case (scenario D) results an ENI

dQereaso of approximately 3.39 million

• The relative decrease in ENI for the revised baseline

ease is due to comparable ENZ reductions resulting

from the changes in equipment noise levels and the

changes in construction site sizes

• CemI_red with the revised basellno case, the

regulation scenarios, E, F, and G, result in ENI

zeductlone of 0.15, 1.16, and 2.72 million, respectively.

i

]
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J 6°0 NUMBER OF CONSTRUCTION EQUIPMENT OPERATORS
AND AVERAGE DAILY EXPOSURE TIME

i_ This suction presents an estimate of the number of operators

i_ _Id of the operator exposure tir_ for various tyl_s of constructionequipment. The following is a discussion of the procedures and assump-

i floss used to obtain these estimates. A eur_nary listing of the results

J is presented in Table 6-1.

i_ 6.1 Number of Operators

o.1.1 Pete qulramants
!:

2 In order to obtain an estimate Of the number of operatorsof a given machine type, the following information is required: I)

12 n=or°fmaohlneslnuse' 2)numberofhosrs ofmachlne operation fora spoclfled time interval and 3) number of operators that work on each

machine type over the same specified time interval.

11
i 6,1,2 Data Sources

ii For tha equipment types included in the EPA's construction site

12 noise model, estimates of the number of machines used in construction and
nf the number of annual hours of use were obtained from= I) Table 3-4 in

reference 50 or, 2} computations based on machine usage and duration of

!I construction activity by phase.

!!i _hS average annual hours worked by Ysrlous e,ulpmen_ operators is

cstlmated to be 1331 hours. This ostlmate was obtained by averaging the

i_ number of hours worked in 1976 by 35 member unions of the International
Union of Operating Engineers (IUOE}. 61 The 35 member unions were located

I _n various cities distributed within 23 different states and thus, provided

J data from which a representative nationalaverage could be obtained.

I_ 6.1.3 Z.timation Procedure

i Dassd on the three information requlremonts stated in Section

[I 6.1.1, the number of operators was estimated for some of the machine

6-1
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J T_l_: 6-1. ESTIHATEDNUHBEROF COIISTRUCTIONEQUIPHENT
OPERATORSANDTYPICAL OPERATOREXPOSURETZHE

j TO 5PECZFIC HACIIINE NOISE EHZSSION9NO. OF NO. OF NO, OF INDIVIDUALDAILY
HUMBER ANNUAL OPERATORSi OPEP_TORS EXPOSURETO HACIIIN_

j U_ED IN IIOURS PER FOR ALL NO_S_ _!J 8_tl_
MACHINE TYPE COSSTRUCTZON OF USE HAC8INE MACIIINES FZI_T 5ECGND

OPERATOR OPERATOR

j I Air Compressors 35490 1300 0.98' 34780 5.43Concrece Nxrs. Truck Htd. 16137 18oo 1.35 21785 5.55 1.95.. . , ,

S_all C,emen_/Conerete Hixers 13464 1500 l.l] 15174 5.55 0.?0

J Co.nc_ete Pumps 28005 1600 1.20 33702 5.55 1.12Concrete Vibrators 26485 1600 1.20 31782 5.55 1.12

Cranes. Derrick 5697 2000 1.50 0411 ' 5.55 3.79

Cranes, Mobile 27405 1600 1.20 32806 5.55 1.12

W&CTractors, 30-89 lip 156408 1259 0.95* 148586 .,5.25 -

j H&C Tractors, 90-199 _IP 88484 1259 0.95* 84060 5.25H&CTractors. 300-350 HP ., 16886 1259 0.95* 16042 5.25
W&CTractors. 351-500 lip 7494 1259 0.95* 7119 5.25

Excavators, <375 HP 17477 1448 1.O9 19050 5.55 0.48E_c_vators, 376-800 lIP 1015 1433 1.o8 1096 5.55 0,42

Excavators, Cable 1015 1433 1.08 1096 5.55 0.42

Generators 90757 1300 0.98* 94822 5.42

Griders 15795 1400 1.05 16585 5.55 0.29

!'l _n'teqral Backhoe/T_dvrs 104897 1519 1.14 119583 5.55 0.79
Pav_ra and Hlxers 14345 1200 8.90" 12911 5.o0

P_vJn_ Breakers, Porcable 67932 550 0.41" 27852 2.29

Pavan9 Breakers, Ho_nted 5712 500 0.38" 2171 0.O8
11 Pile Drivers 5802 1000 0.75" 4352 4.17

_ntuma¢lc Tools _3770 1200 0.90* 48393 5.00

[ rap, 32072_ 120_" 0.90" 29805o 5.00

ROck BrOils, Portable 2454 700 0.53 1301 2.93
I_ek Drills, Hounted 1548 '900 0.68 1053 3.75

ROllers 27450 1200 0.90* 24705 5.00

IB_w= 12507S 1400 1.O5 131332 5.55 0.29

Scrapers, <375 lIP 27185 1811 1.36 36931 5.55 2.00
u Scrapers, 376-650 ItP 6738 1869 1,40 9433 5.55 2.24

Skid Steer Loaders 41292 600 0.45* 16581 2.50
i I
1¢ TrencherB, _dder _20 lip 214612 153 0.11" 23607 0.04

Trenchors, _dder >20 HP 62071 529 0.40 _ 24828 2.20

" ' Trencher=, Wheel 1015 1300 0.98' 995 5.42

•m Tr_¢ks, Off Iliqhway 11466 1400 1.05 12039 5.55 0.28
T_ltkle _L_arDump 5265 1400 1.05 5528 5.55 0,28

-i • 2a_lie| that _chls_*l Operating Time 1_ leas than 'the Oporator*a Average Welkin 9 Time



typos Identiflcd In this study. The number of operators was computed

in the followlng mannsrz

l, Divlds the number of annual hours of maehlnc use

by the average annual hours worked by equipment

operators to determine the number of operators
per machine

2. Multiply the number of operators per machine

by tha number of machines used in construotion to

determine the total number of operators per
machine type

Rsforrlng to Table 6-1, it should be noted that loss than one operator

per machine Impllos that the machine's average oporatlng time is less

than the operator's average working time.

6.2 Oporator*s Average Daily Noise Exposure Time

The average daily noise exposure time for operators of

various types of construction equipment is a function of two variables_

i) the average number of operators per machine and 2) the average daily

oI_ratlng time of each machine. The first varlable was estimated from

_ta 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

aseuamd number of days of machine operation per year, the operator's

average daily exposure time to machine noise was computed in the

following mannerz

l, Detormlno the average daily operating time for
@aeh nuehlno type by dividing the number of annual

hours of _chlno use by 240

2. Determine the avsrago daily working time for
machlne operators by dividing the average annual

hours worked by machlno operators by 240

6-3



]

j
3. In cases where there is more than one operator per

iJ machine, the average daily expoeure time for thefirst operator is equal to the average daily Working
t_r_ for rnachinooperators (stop 2). The difference

j between the machine's average dally operating time@nd the average daily exposure time for the first
operator is assigned to subsequent operators.

i|_ 4, X. eases where there is less than one operator per
_¢hlne, the average daily exposure time is assumQd

to be the same as the machine's average daily

!j operating time (atep 1}. ' i

The results obtained using the above computational procedures are

iJ_ proBented in Table 6-1.
i

I

}

U

.
i

!
1

J
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. APPENDIX A • '• E_UIPHENT NOISE LEVELS AND NO_SE LEVEL

: VERSDS ENGINE }IORSEPOWERRELATIONSIIIPS

I
This appendix presents a detailed listing of noise levels and

operational parameters obtained from the literature search portion of thisstudy. In addition, based on the literature search data, analytical

i expressions relating equipment A-weighted noise level at 50 feet toengine horsepower rating are presented.
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A.l Equipment Noise Levels

1-18
Through an extensive literature search, noise level data

were obtained for the fourteen places of construction equipment

included in this study. These data represent the A-welghted equipment

r_ 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_

ii (I} low or idle

(2) off-maximum or average, and

] (5) hlgh or maximum

ii Tables A-I through A-14 present these data. Where it was identifiable
;. from the literature search, an operational parameter value associated

il with a particular machine type, is also shown.

ij A.2 Noise' Level AS a Function of Engine Horsepower

Using the data obtained in the literature search, a least

i_I sggaras linear regression analysis was used to develop relationships

between the A-welghted noise level at 50 feet and the log16 of

iJ machine horsepower. In relating the off-maximum/average noise levels

!; with !Oglo (horsepower), 98 data points were used, giving a correlation

iJ ¢oefflnlent of 0.50 and a standard error 6f 5.36. The equation for
I the regrseslon llne was determined to be_

i_ L u 66.05 + 6.769 lOgl0 (hp) Equ_tlon (I}

i where L • estimated noise level at 50 feet, dBA

hp • machine horsepower

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

Off-maximum/average and the high/maximum noise levels. Ilera, 151 data

A-2



points were used in the regression analysls, yielding a correlation

cooffielent of 0.54 and a standard error of 5.3?. The .resulting

regression equation was of the form:

L • 63.13"+ 8.566 iogl0(h p) Equation (2)

Zt iS interesting to note that equation (2) is in reasonably good agreement

wlth a similar function relating machine noise level versus horsepower

presented in reference 16. This function is given by:

L - 60 _ i0 Iogl0(h p) Equation (3)

It _hould be noted that the regression constants far equations

(1) and (2) were determined using an arithmetic average of the noise

levels in tsn_s of dB.

|Iowever, unlike energy averaging, arithmetic averaging of noise

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-welghted noise levels at 50 feet on an energy basis,

it le recommended that the regression constants 66;05, 63.13 and 60 for

equations (i), (_), and (3),respectively, be increased by 2 dB. This 2 dB

Adjustment is based on the average difference between the arithmetie-_nd i

energy-averaged noise levels computed for each of the machine types con-

mldered la the regression analyses.

Figures A-I through A-6 present the following:

Figure

Hur_ber V oecriptign

A-I A-weighted off-maximum/averaQe noise level as a function o_ engine

horsepower as compared with prediction equations.A-2 A-weighted off-maximum plus hlgh/maximum noise level as a function

: of onglne horsepower as compared with prediction equations.

" A'3 Ari_%metis-averagsd A-weighted off-maxlmum/averags noise level as a
funntlon of average engine horsepower as compared with prediction
uguatlons.

;



I
J

'A-4 ArLthr_tie- averaged A-weighted off-maximum/average plus high/maximum
noise level as a function o_ average engine horsepower as compared
wLth prediction equations.

A-5 Energy- averaged A-weighted off-maximumaverage noise level as a

I funetlonof averageenginehorsepoweras comparedwith predictionequatlons.

i'1 A-6 Energy- averaged A-welghted off-maximumaverage plus hlgh/maximum
noise level as a function of average engine horsepower as compared

with prediction equations.
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• TABLE A-I. CONSTRUCTION EQUIPM_T SOUND LEVEL

• ,DATA FOUND I_! LITERATU[I_ r'EARCE ,

Egu_1_nont Type - Small Cement/Concrete Mixers
(Non-Truck Type)

flU, i,•

A-WEIGIITED SOUND' LEVEL AT S0 FEET AS A

FUNCTIO_I OF OPERATIONAL EODE, dBA

REFERENCE OPERAT IONAL
LOW' OH OFF-MAXIMUM HIGH OR PARAMETER :

IDLE OR AVERAGE _%XI_UM

13 89
. 13 68

I

i

a-5
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.a TADLE A-2. CONSTRUCTIOH EQ.UIPV_NT SOUND LEVEL
' '- DATA FOUND IN LITERATURE SEARCH

Equipment Type - Concreto HlXers (T_uck Typo Only)

A-_BZGIITED SOUND LE_L AT 50 fEET AS A

', 'PUNCTZO_] OF OPERATIONAL MODE, dBR
REFERENCE OPERATIONAL

I, LOW OR OFF-HAXZMUH HIGI! • PARA_IBTER:
OR

_ IDLE OR AVERAGE HAXZHUH HORSEPOWER

I"" 10 85
11 83

I 11 8513 83
14 85 225

16 66 " ?6 250
16 68 83 250•
16 ' , 80 250

18 , 83

J _:6
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- TABIJ_A-5. CONSTRUCTION EQUIDIIENT SOUND LEVEL
|, DATA FOUND IN LITERATURE SEARCH!

r ERulpment Type - Cranes (Derrick|
Ji

I
A-WEIGIITED SOUt;DI,I_V_LAT 50 FEF:TAS A

FLrNCTIOtlOF OPERATIOHAL MODE, dDA ODERATIONAL

REFERENCE " "' pAR_TER :_OW OR OFF-HAXIMUH IJIGI(OR '

IDLE OR AVERAGE MA_ItIUH HORSEPOWER

] ,_ 10 B8 _

I 11 9B12 . 77 192 i
i 7 12 82 170 ]

I 12 70 11612 82 93 I

12 76 11012 94 287 i
12 84 180

13 88 ,15 ?0 ' 77 110 '
' 15 74 ' 76 ' 110

15 71 89

I 94 287
15

l .10p
15 ?2(2) 1DO

15 71 • 84 188' 15 85 190
15 82 93

15 94! 15 ?O " 88
L
:. 15 .82 70 116
;_ 15' ?3 76 116

15 72 76 178
15 76 82 170
15 ?4 77 192

15 9116 64 105
16 66 130

16 67 • 14016 6? 170
16 88 145

16 59 22016 60 2?8
16 63 295
16 64 2?5

16 64
310

15 65 325

,

F

No¢os _lumborn in parentheses ( indicate number o£ P,o_surel_onts

h-9



• T_.BLEA-5'* CONSTRUCTION EqUIPmeNT SOUND LEVEL
'_ DATA FOUNDI'NLITERATURE EEARCR

! Equl_m_n_ Typo - Cr_nos (Dorr_ck)
tl

i'I A-WEIGHTED SOUNDLEVEL AT 50 FEET AS A
' FUNCTION OF OPEP_TIOHAL FIODE,dOA
"- REFEIEEt_CH OPERATIONAL

,i LOW OR OPP-_XI_.|UH HIGIIOR PAR_TER ;

i IDLE OR AV_PAGE MAXIHUH HORSEPOWER
16 69 300
16 70 350
16 72 310
16 ?5 120
16 78 115
16 79 140
16 85 100
16 87 200•
16 75 280 r

78 330 J16
'16 HG 320

,16 88 330
.16 86 370

16 92 400
16 93 390

ii" 96'
:_ 16 86 ?00
_ 16 ' ?5 115

16 83 200
16 74 235
16 ?4 280
16' 82 310
16 83 300
16 84 320
10 HH

.!
1
I
IL
!,

, i



• " TABLE A-B, CONSTRUCTION EOUIPHENT SOUND LEVEL
DATA FOUNDIN LITERATURE SEARCH ,'

Equipment Typo - Cranos (Hobllo)

A-W_IGIITCDSOUtlD'LHV_L AT 50 FEET AS A

FUNCTIOtlOF OPE_%TIOBAL _IOOE,dDA OPE?_TIONAL
I_FERENCE PARAHETER=

LOW'OR ' OFF-HAXIHUH IIIGll OR
IDLE OR AV_PJ_GE HAXIIIUH IIORSEPOWER

10 85
.12 79 143
13 83

" 13 7?
13 78
33 88
13 83
15 82 142
15 88 123
15 68 73
15 69 74'
16 70 105
16 ?0 120
16" ?0 130
16 ?0 140
16 68 118
15 'G9 130
16 68 135
16• 64 110
16 • 66 180
16 ?5 165
16 _9 105
16 ?4 125
16 73 140
_6 75 • 250
16 ?9 155
16 80 155
16 86 190
16 86 , 250
16 81 109 ."
16 I 83 130
16 ?9 130
16 83 145
16 03 155
16 83 160
16 80 165
16 04 165

A-11 " "
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;_ ' TABLE A-6'. CONSTRUCTION EQUIPMENT SOUND LEVEL
d DATAFOUND ZN L_TERATLIRESEARCH

• F,cluipment Type - Cranes (Mobile)

i A-WEZGIITEDSOUtlDLEVEL AT 50 FEET AS A

. rS'NCTIO_IO_ OPERATIONAL MODE, dBA O_ERATIONAL

i_ RErERENCS pARA_,rTER:LOW OR OFF-_AXIMUH IIIGII OR '
IDLE OR AVn'RAGE MAXII{UM HORSEPOWER

12 .......
:--_1 16 • 84 160
i' 16 84 150
i"j. 16 B5 170

16 BB 199
" 16 91 270

18 83

, , m

J A-12
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TABT._.A-8. CO_STR_CTION EQUIPmeNT SOUNDLEVEL
• _ DATA FOUND ZH LITE_TU_ SEARCH ' •

, F_lu£pmentTypo - Gr.d_rs

A-WEIGIIT_DSOUXIDL!_VELAT 50 FEET AS A
Ft_CTIO_IOF OPERATIONAL HODE, dDA

: _FERENCE '" O_ERATIONAL
LOW OR O?F-_XIHUH HICI!OR ' P_R_TER :
IDLE OR AVERAGE MAXIHUM HORSEPOWER

4

15 77 (2)
; 15 84 156

15 85 145
15 88
15 82(4)
15 84 (2)

_ ' 15 eo (2)
15 81
15 80 86 ' 125

15 ?? (2) 82 ,(3) 125
15 ?2 (2) 88 125

i 15 ?4 80 (4) ' 125

i 15 89 125
15 81 125
15 G3(2) 125

! 15 92 125
15 84 (2) 150

_: '15 85 150
15 83 150

• 15 92 225
15 82 86 225

: 15' 91 225
16 69 165
16 71 180

i. 16 ?6 ' 180
1G 75 450

16 ?8 ZBO
16 79 200
16 78 210
16 88 200
16 85 300
16 98 420
_6 91 560
16 95 600
16 71 2?0
16 81. 190
16 83 210
16 82 185
16 04 SO0
16 85 SO0

Noto# Nur_ero in paronthoaes ( ) indicate numbor of moaauromoncs





m

.4 TABSE A'IO. CONSTRUCTION EQUIP_NT SOUND LEVEL '
• " DATA FOUND IN LITEP.ATURESEARCH

•_" " ?,qulpment Type - PiZe Drivers

[. A-WEIGIITED SOUNDLF.VELAT SO FEET AS A
FUNCTION OF OPERATIONAL HOOE, dDA OPERATIONALl

I' RCFERENCE ' '

LOW OR O_F-_L_XIHUH IlIGI!OR ' pp."Jd_ETER:IDLE OR AVERAGE HAXItlUH Ft-Lb/DLOW

i

2 107 ?002 104
I ' 2 98 25,200

2 99 18,800
3 81
3 90
3 92
3 • 104
3 109

3 _ 114
3 116
4 98
6 108 •

• ? 92 26_200
8 90 . .

: 0 .91

0 102
!:, 9 97
,' ' 20 *1 92 '
"_ 14 101

15 83
_'_ 15" 94 .

16 93 12,OOO-18,000 '
16 104 20,000-32,000
10 ' 103 I

, I
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• .:- - . ,,,; .... TEUCTION SOUNDLEVEL
DATA FOUNDIN LITEEATU[_-ESEARCII

. • Equlpmont Typo - Pumps

A-_f_IGIITED SOU{_DLEVEL AT 50 PEET AS A
FUNCTZOtlOF OPERATIO_AL HOOE, dBh

JU_"EP_NCE ...... OPERATIONAL
_W OR OPF-HAX_HUH HZGII OR PA,qJ_H.ETER=

ZD_J_ OR AVEI_AGE HAXtIIUH
m.i

1 68 25
1 71 50
1 74 100
1 _ 2so
8 ?9 I.
8 */8
8 ?0

10 70
13 78
13 76
14 . 74
15 78,
15 68
15 75
'15 82
16 77
17 64

J

I
i

A-19
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ENGINE HORSEPOWER, hp

FZGURR A-2, A-NEIGHTED OFF-MAXIMUM/AVERAGE PLUS HIGff/_AXIMUMHO_SE LEVEL AS A FUNCTION OF
' E_GINE HORSEPOWER AS COMPARED WITH PREDICTION EQUATIONS.
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100

80 ' ,i _.
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70
M _ R Concrete pumps

& Cranes, Derrick

i

d Cranes, Mobile
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20 5o 80 loo. _,oo 5oo ,800
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FIGUR _-A'3. ARZTHMETIC*AVERACED A-WEIGHTED OFF-MAXIMUM/AVERAGE NOISE LEVEL AS A FONCTION OF AVERAGE
ENGINE HORSEPOWER AS COMPARED WITH PREDICTION EQUATIONS.
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I [] Concrete P_ps

0

"70 A Cranes, Derr:Lo):' _ Cranes,MobLle
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0 Pumps
_0 • Rollers

M
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FIGURE A-4. ARITHMETIC-AVERAGED A-WEIGHTED OFF-MAXIMUM/AVERAGE PLUS HIGH/MAXIMUM NOISE LEVEL AS

A FUNCTION OF AVERAGE ENGINE HORSEPOWER AS COMPARED WITH PREDICTION EQUATIONS.
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_ " _ .0 " • Concrete tt£xeto

(truck WPe)
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FZGU_ A-5. ENERGY-AVERAGED A-WEIGHTED OFF-MAXIMUM/AVERAGE NOISE LEVEL AS A FUNCTION OF AVERAGE
ENGINE HORSEPOWER AS COHPARED _fITHPREDICTION EQUATIONS.
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FUNCTION OF AVERAGE ENGINE HORSEPOWER AS CO_4PAREDWITH pREDICTION EQUATIONS.
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]
APPENDIX B

EQUIPMENT IDENTIFICATION AND USAGE CI{ARACTERISTICS
DATA OBTAINED FROM CONSTRUCTION SITE SURVEY

This appendix contains the tabulated results of the construe-

tlon site survey portion of this study. A separate table is provided

for each of the fourteen sites visited. Except for sites 2, 6, and 14,

the data shown on these tables were obtained from construction sit_

pQrsonnsl during the site visits. Fur sites 2, 6 and 14, the equipment

typos identified were observed as being present at the time of the

site visit,

? "

!] ..
!] .._

i

,]
1
i
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I ' _Lto llumbor 3 , OntAZt+_D PROHPZ£LO _URV_¥

_ito _ypo* tron-_osldontlalApproximate Construction DL+r+tton - 10 +tenths

_qu_pl_ent ' U_O_ O_ tlu+or Ti+O On Pto_uPnc_ Ouration_iZm.,o.L.J.ro._.o.c£____0_sd__ Site at us. Per Nmo

] A£r£¢O_prtsSO_. No
(Concrete ea< 2-3 P0r 1-4 "lg-J Pour_ lu-zu "
_euck Ittd....._..-_ . Day Days .IPer Day Hlnutes
ir_.Cement/

Concrete

'pu_ps Nn
Concrete Ourlno con- Concinhou=

: V_.r_tors y_g 2-3 ('t) crete Pour_ Lq dur,PouJ 3"_lnuges
_Cranes, 2-3 Days

-] _J'_lek Yes I C AO

J cranes 2-3 Days
• _bIIe yes t C AO

h_eel,Nrawl,l 1 Week
;_ _'_.ctors Y_S ,1 v (') v (')

.J _xcavators Y=. i _ Neck V (*) V (*)

Generators

_] Graders _ln

zn_eqi_Z _n ,.,
Rockhoe/Load. YP_ 1 2 D_ys V (*) V (*)

i] PaversandNixers He
i Dev£n_

Nreakers No
Pile
OrJvere So

_ Pnet_tic

[

: Pumps ! _o

; Rock Drills' p_ ,,

il Roller. i pc i ' ', 10-30
_aws , Yes v S (÷] '2-3S°nth_ v (*) 'Seconds (*)

i] _rape_ J
? Skid Steer :

rrenchcrs i {

]_i_+ Rear ! . Yen ! V D ,.V V (*)

0 - Durmtlofl of the Construction Pro_ect
, V - Varies Over the TAme Period that Equipment Is on Site*

i_ VD- Varies Deliy
J C - Continuous Use _hiXe Equipment Is on Site

AS- _quipment operates over the £nciro Norklnq Dey (AssU_e= 6-9 hr=.
i Of actual equipment operation per day)

* - Depends on 5pecift_ Job Requircmcntn• e . _ed Over the g_ratlon o£ Che Con_cructlon ProJec_
f - Nm_b*,r Operatinq _t the S_O Time will Depend on Specific Job

l_oquirement_

!
0-4

! "





._ • . .

_AD_ _-5 t.'OHS_RDC'TIDH _OU{PHRNT Lr_A_ DATA _ sl't

_ltO HUJ_b0¢ 5 O_TAZNDD _OH FZ£LD DDRV£¥

i Site ?ypo- _tdentLal
Construction Duration - ? Honths

r_lulp_ent Used On _er Time On Frequency I Duratien
• Tyl)_ J p_.9_eet Used Site O_ Use. _ PeT U_O

J YQ_ v (..) v (.)
I^G )

rCem_ree_Q_ I ,l D
Concrete Hx.! 120:30

Yen V D C Minutes• rtlek _td, 1 _n_h , .

'Sm.Cement/ S-iOennero_e_k_ You 2-4 (t) 4-5 Monthe V ('1 Hinutes
Concrete
I'_P_ No

l Concrete• y_L]_r_s No
_ranel_
D_rriek NO

_r_ne_P_bile NO

! I_heel_crawl, ' '
Tractors Yea 1-3 ( ÷ ) D CI

I _xcavators Yes 1 5 _¢eeks C, A_
1 Uour Per

Generator_ Yes , 1 D v (m) Day

!]• Graders Yes 1 2-3 t4eeks _ _D ,,

Zn'tegral Ji Baekhoe/_a Yes 1 3-d Honths V (*_ V (")

!] Paver. andlixers Yes 1 2-3 Days c _D

Pavlng

_reakers Ye_ ,I, D V 1"1 V (_)" )_lver_ NO ,i

Pneumatic j

}_ 1"oo1_ No , ,_S Yes 2 D V (m*) V (a)

i] Itock Drills YesRollers Yee i D V t**} v {.)

10-30 (*)

:|' Saw_ Yes V ( _ ) , D ,, , P {*) ,, Seconds

i Skid Steer
;|

trucks o_f t
i I_u_, Sear , ¢ee V D n V |") V (')

D - Duration off the construe_lon Pro_ect

i V - V_rlee Over the _lma Period that _qu_pmen_ _ oh S_t_

i _ - Ua_io| Daily
C - Contlnuou_ U_e While Equipment _ on S_te

AD - £qulpmont Operates Over the £ntLro Working Day (h_sumes 6-0 hra.
of _ctual equipmen_ o_eratlon per day)

i • - Dopend_ on _ecif_c Job ,equ_rement_
sl . Used over the Duration o! the Con_truction _ro_ect

, _ - _un_er Ol_ratlnq _t th_ Same Tl_e HII_ Depend on Spec£flc Job
I_quirementa

!
I "
! '

'1



i , i i ,;,' .?. '-T ¸*. .... * , i. '*_-;_._7 ,_F .

_AD_ _-6o CONSTRUCTTONEO[ITPH_NT{ISAG_DATA * IC_
O_hllaCD F_OH FZELD SURVEY

' " Bite tl_er fi
Bite TyTm- Co_r_orc£al

__roximato Construction 9uratlon - UnknoWn
Time J Duration

O_ U_ J! Equlpfnent-_U_d O_ Numbnr On F¢oqucncy
I T_,_e * Pro_ect Used Site Per U_e

(A" i I J
Concrete Hx,i

Sm.Cement/ I
cnn_r_to _4X,: VoB ]
Concreto
_pe J _o
Concrete
V__.r_ators _9
Cranesw
Derrick NO
cranos
Mobile Y_S |
WhcolKCrawl.I
'JL_actors yqq

_cavators
Y_S i

C_nerators Yen 2

Graders Yn_ 1
Integral
n_ckhoe/Load. Ye_ 2
Pavor_ and
_ixers _n
DavLng
Oreakers _
_£1e ,

Irlvers _
l_leumatic
• 0o1_ Nn

Pu_pl

Rock Drills
I

I Ynn

_w_ No
i

Scrapers i Yes 2
Skid Steer
I_dvrs ! _o

• _renehera J Yes

l'ruckl, off i i
m

_, Roar _ 'Yes : 4-5 I

O - Duration o_ the Construction Pro_ect
V - V_tles Over the Time Period that Squipment is on SLte,

VO* Varies Daily
C * Continuous Use While EquiPment is on Site

; _O - Equipment O_rate9 Over the Entire I,Iorking Day (Aslumo_ 6-fl hrn,
o_ _ttu_i equipment operation per day)

• _ : Depends on Specific Job 8equiremcncsUled Over the Duration of tho Construction Pro_oct

_ - _m_bur operating at the Same TAme N111 Depend on Specific JobI_equitement=

_oto* Equipnmnt Identi£ied above wm_observed durin_ life v£ait,

1
i



T_ I]-7. CONSTEUCTIONEQUIPHEH?USAGEDATA . Ir_
OSTAXtIDDF_H FXDLDSURVEY

_Ito |lu_bcr 7

_Ito Type- Non-_csidontial
pproxlmato Con_truction Duration - 7 Honths

Equi_en_- U_ud On Humor Tlma On Frequency I ouratlnn

Air _ Pro_nct Uned Site of Usn Per Use ,
:_prl Yes , i D 'V (**) V (*)
:oncreteHX. 2-3 WeQks 20-30

_.Cement/ 2-3 Wonths?nner_eo M_C. Yes 1-2 V (*) 3"lOMinutos

.'oncrete 2-3 Weeks ,
_i_ Yos 1 V (*] ]-4Hours

Concinuos 5_O
:oncrete 2-3 Weeks _ _nutcl
l_braccrs Yes 1-2 During _our
;fanes, 2 Honths
)strUck Yen I C AD

I :ranes I t_nth4obile Ye_ . I C Ad

¢heel&Crawl. D
_raetors Yes l V (**] V (*)

mm

l _xc.v_tol*s I Ye_ 3 2-3 ,looks C ]_

• .' C_no_ators

J Gradeca tl9
_ntegral
Dackhoe/L_al. ye_ I 2-3 tlonth_ V(*} V (*)

Paver_ and I I 2-3 Day8Hlxors y_ C AD

_, Pavln_ DIreaker_ Yes 1 V [*'1 3-4 D_ys

ii] "°Drlver_ No
l_et_atic
_N_ls No

l_t_p_ Ye_ 1 D V (**) V 1"1

IloZlers v_ _ 2-3 Heeks v (*) v ['1
10 - 30

Saws y_ 2-4 (_) D V (*) Seconds{*]

J SDrape_ _D
Skid Steer
_pndors lqn

_enehors _
Tr_'Cks, O_fl
_, Sear I Ye_ V_ D C (**)' V (*}

i] D " Duration of the Construction Project

I V -' Varies Over the Time Period that Dqul_menc la on Site
! ._ VD - Varies Daily

j C - Continuous U.e While Equipment Is on Site,, &D - Equipeent Operates Over the E_tlre _,lorklng D_y (A_|_me_ 6=0 hrs.
o| _ctual equipment' opmr_tion per day)

: "_ - Depends on specific Job gequirement_

I] s* . Used Over the Duration of the Construction Project- WumDerOpmratinq _t the $_n_ Time Will Depend on Specific Job
; I_qutr_nta

] ..

, ] B=B .s





z_

_'ASL_ S-9o CONSTEIJC_Ir)N EQI JPHENT DSAOP. DATA a,¢t, F
ODTAINCD FI_H FZD_D $URVDY

8£t0 Number,, 9.
Sits _ypo- Residential

pfoxLmato__Con_truct[sn DuCr_t£on - ].4 Honth9

Equip_nntl u_od On NurSer Time On Frequenc_ Duration
_p__. _ Pro_eet Used Site OF Use Per U_;_

Elf I
_t_Df_nsqp ', No

=oncrete Hx.i 2O-3_inuto;Iq'_uc_, t4tc[. Yes VD B-9 Honths _rD
Sm.Dement/ , '
_Oj_r.CcCc.J_X, Yes 1 I Honth V (') v (t)
_oncreta
F3_.Q_, HQ
.'oncreta

=tartest

• ._t_nes
• ,Soblle $O

'. _heol_crawi.I

Praetors i Yes 2-3 (t) D V (mJ) V (')

._XCDVaLOrSJ Ye_ 1 2-3 Weeks C AD
[----

Gt_ders I "'
i Yes 2 5-6 Weeks C AD

Integral
,_ lackhoe/Load. Yes 1 3-4 Weeks C AD

PAvers _md
_lxors Yes 1 I Week C AD

Paving j
Breakers I NoP£1e
DriVers J NO

Pneumatic J
_to

' I!

Roller_ Yes 1 2-3 'Days C AD ,_:
5-10 I]

B&w_ Yes VD ( _ ) 1S-l_onths V (% Seconds 1'

Scrapers _ No r '

Skld Steer ' I'

;
T_cencher_ ; Yes 1 3 _onths V 1") V 1') *

Prucks, Off; J t1L_h_ Sear ' Yea VD _ D V 1'*) V 1'1 '

O - Ouration of t_e Construction Project : 1!
V - V_rles Over the Time Period tha_ Equlpme.t is on Site. ' I

VD - Varies Delly
O - Continuous Use while Equipment is on Site

; J&O- Equipment Operates over the Cntlro Wockznq Day (&s_en 6;-8 hrs.
O_ &cruel equipment operation per day)

e . De.rids on SpeciFic Job Requirements

is . Used Over the Duration oF the construction Projectf - I_ber operating at the S,_e T_mo will Depend on Speclt_c Job
I_,qu£rements

' B-IO
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,+

T_D-IO, CONSTRUCTION_UIPH_MT U_AGEDATA _ icr

BLte Number lO O_¥AINCD PROHFICLD SURVEY
_lte type* won- _sidenttal

mate Construction Duration - 15 Months

r.q_lpment U_ed On Number TAme On Frequency Duration
Pro_e¢_ Used Site Of Use Per Use

!oncrete Hx, 3-4 Months 15-_nute e
_r_k_r_, Yes VD VD
Bm.ccment/

_oncrete 4-5 flours
EW"_ Possible 1 1-2 Months V
_onoret¢ Colttlnuou_ _-_u

v_rator e Yes 1-2 (+) 3-4 Months During Po_ Minutes
_anc_w
_rrick No

1 Cr_nes_blle Yes 1 L-2 Weeks C AD
_hee)&S_awA°

Praetors Yes 2-4 (t) D V 1''1 V {'1_XO_V_torB He

'IJ _netators Yes 2 3 _nths C=cadet| Yes 1-2 (_) 2 Months C AD
Integral
_ackhoe/L_ado Yes 1-2 ('_)I 2 Months C &D

'] PAVO_ and_txers Yea 1 1 Month C _D
Pavln9

, _reakere Ye_ 1 D V (*') V (')
Pile
)river9 NO

Pneumatic

_tamp_ Yes 2 D V 1''1 V 1"1
).

]_ock Drills Yes 1 D V (**) V (*)
'|" "' 10 - 12

J _ollers Yes 2-3 (_) _nths Y (**) v (*)

+ 12 - 15 (*) •_awa Yo_ 6-8 (f) Mon_ha v (*) 5-10 Second.

: SkldSteer

Loaders No?renchera Yes 1 1-2 Weeks C

_:ks Ofg 10 - 15

i_ ".-D..tlono, theCo..t..o.o.,_o,ect

t5"_nute s

+ V - Varies Over the ?lme PorAod that Dqutpmon_ As on _/to

+] VD-Vatio. DaAly
- Continuous Use WhAle Equipment i_ on SAte

JED- _qulpment Operates Over the Entire WorkAnq Day (_aaumc_ 6-0 hra.i
O| actual equipment operation per day)

i_ * -De_ends on 9peciftc Job Requirements
_* - Uoed Over the Duration o_ the Construction Project

- N_er Operattnq at the Samo?Amo Mill Depend on Specific Job
]+,oq_Itcmo_ts

i] .
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C.1 Data Collectlsn Prscedure

Aerial photsgraphs o_ construction sites throughout the U•S,

• wets reviewed by the EPA's Environmental Photographic Intsrprotation

!-_ Center (EPZC) and each site was located on a United States Geological

• Survey (USGS) map• InformatIsn obtained from the photographs and maps,

such as clts sizes slts typos site classification, etc., was recorded

o_ a construction site idonti£ication work shoet. A sample work sheet

i is presented as Figure C-I. The construction sites insludod in this

survey were chosen randomly from the areas inside and outside the

iI Corporate limits of the cities selected for the construction site study.

! For each population density category and each geographical region,

approxlmatcly 15 sites were reviewed for the two site slasslfications

shown sn the work sheet. To facilitate site identification, descriptions

1i of .each construction site type and of typical land uses were provided to• the EPIC personnel. These descriptions are presented in Figures C-2

! and C-3. I

_: C.2 Construction Site Data

i The data presented on the work sheets, along with population

density and computed site size data, were arrayed and stored on a i

computer file• Table C-4 presents a listing sf these data. The i

columns in Table c-4 are idcntifled as follows:

,CoILm}n.NS. _ Dsscriptlon of Information

1 Gsogrsphic Regisn

!_ 2 Population Density Category
3 Site Classification

4 Site Type
, 5 Land Use_dlD

!I sitsArsa(Sq._t.)
? Populatlon Denslty-Local

I___ (peoplo/sq .mi. )
F-] 8 Populatio_ Denslty-Central City
M (psoplo/sq .mi.)

9 Population Density-outside Central

City (poople/sq.ml.)

C-2



C.3 Computation of Average Site Size and Variation in Equivalent
Site Radius

Using the data in Table C-4 and a computer program from the iStatistical Package for the Social Sclonces (SPSS), the average site
i

size, In sg.ft., and the standard deviation were computed for various
.1

!J site type combinations. Assuming a normal distribution of site

• oizes, a "Student's t" approximation was used in calculating the upper and

Jl lower hounds for the 95% confidence interval. The equation used to

Calculate these values was: I

g [SlN/_'-I]

?

where _ m mean site size

S m standard deviation

N " n_er of sltss

-_st'-,N"I_ _ tabulated value for a given confidence
interval and number of sites

iJ] From the mean site size and confidence intervals, the radii for

_ equivalent circular areas and radius variations were determined

i_ _aing the equation:

" . R _ _--_ .

¢

_ whore

R - radlua for equivalent site area
t

J _ " .3.142

C-3

j



FIGURE C-I. S;_LE

CONSTRUCTION SITE IDENTIFICATION WORK SHEET

REGION POPULATION SITE . CONSTRU_ION SITE IDENTZPICATION DATE OF
ZOENTIFICATIO_ D_NSITY CLASSIFICATION LAND LOCATI0_ PHOTO-

(.I-5) CATEGORY(I?3] TYPE USE 'SIZE 3SGS MAP 'SITE NO. REMARKS GRAPH,

I I ;uburhan/Eural 1 1 80' Stamford 1 1977

Stamford, x
Conneotiout 60 _

2 1 120' NorWalk 1 L-Shaped 1977
x South addition to

120' existing

x building
60'

1 1 48* Stamford ? 1977
X

28'

1 i' 60 ' NorWalk 2 L-Shaped 1977
x South house
60'

x
30'

POPULATION DENSITY SITE CONSTRUCTION SITS IDENTIFICATION

.- .CATEGORY ,CL.A,SSIFICATION TYPE , LAND USE ,

I. <3000 Peopls/S_. Mi. I, ,City-Inslde I. ResideNtial I. Residential

2. 3000-7000 " " " Corporate Limlte 2. Non-Residentlal 2. Reeidesti_I/Co_m_=elal

_. >?OOO " " " 2. Suburban/Rural - 3. Industrlal/Co_o=¢i_l 3. Induetrlal/Co_me_clal

Outside Corps=ate 4. Public Works 4, Other (Agtlcolturs,

Limits (Excluding High_eyO) Forest, WetLands,

etc.)



]_

]
_nldential - Single fa_ly, buildings wi_ 2-4 units, buildings

wi_ 5 or more units.

Non-Rosldentlal - Education, haspltalst religions, o_er b_idlngs.

Indus_lal/Comm0rclal - Ind_ry, stores and other mercantile buildings,service statlo_ and repair garages, amuse_nt,

other non-residential.

P_llc Works - _ad a_ street sites, road
maintenance sites, waterl

sewers gas, electric.

]
FIGURE _2. SITE TYPN DEFINITIONS.

i

iJ
I

i] R_sldential - Residential areas wi_ single family units only.
! Rosldential/Cammerclal - _sidentlal areas wi_ single _mily units,

3 apermen_ and hatels, open space recreational.
I I_dustrlal/Commerelal - Indust_, office b_Idlngs, retail s_res, etc.,

3 with primarily daytime occupancy. Open space
parks and s_ban areas near highways ar high

i e_ed baulevards with distan_ residential buildings.

3 Other " Agrieult=el, Forest, Wet Lands.
1

_IGUREC-3. LAND USE DEFINITIONS.

C-5
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TABLE C-4. CONSTRUCTION SITE DATA USED TO DETERHINE
AVERAGE CONSTRUCTION SITE SIZE

i] '1 2 3 4 8 6 ? 8 9

1 1 1 3 2 10000 ;_56 2856 21161 1 I 1 4 'f900 ;A56 2q56 2446
1 1 1 ;_--1 '_8-6b'--_'_56 2856 2416

. .... 1 1 1 1 1 _?00_j_.5.6 _2_56 2_J.6 .....-mlq

:" 1 111" 98808 ;'56 2856 _4_
.,J 1 1 1 3 2 25000 ;386 2856 2416

"1 1'1 ,t 1 2,00 ;856 2_56 2116
1 1,1 I 1 2408 ;g56 2856 2._6
1 I 1 1 1 3200 2856 2856 2116

.,1 4, ,I 2 1 54000 ._56__._2856 24'_6
!'I 1 1 1 1 1 ".56 ;g56 2858 2416

_J • I 1 1 4 1 12.P. -*?56 2858 2_,'6
; 1 1 1 ", '= _2"_'e _.g56 2856 2146

• 1 I 1 4 1 54000 _956 2856 2415

"1 1 1 1 "24"8 2"856 '2,16
1 ;856

1 1 2 4 1 .800 _.16 2856 2116
I" 1 1 2 2 I 10800 3596 2856 2,16

iT ,1 1 2 1 1 _34_... ;,16 2856 2416
!J 1 1 2 1 1 2"00 3596 2856 2416

'I I _ '=. 1 2!68 3596 2P56 22116
i"1 1 1 2 3 2 3500-"-3596 2856 2q16
J 1 I 2 I ? 4800 2416 2856 2446
; 1 I 2 . 1 57,, ;_"16 2856 2416

i 1 221 :ooo 2.18 2858 24,8¢9

i/ "--'_'l 2, 1 1260 _,16 ,.856 2,16
_. 1 "1 5 1 I qog._ _,16 2856 2q46

.... 4-'1_ 4 1 32_'0"_ 32216 2856 2416

] 1,2,1 .5oo2.;62858=,,8..... 'i" '1-'2-" 1" 1 _24_ ;,16 2856 2116
1 1 2 1 I 1800 ;_16 2856 24'_6

1'1 ..... 1"2 -1--_ 2 80ooO'--,_2i-"_,_2i--fEo'7 -J 1 _ 1 1 1 120000 ,721 .72_ 150_
.... 1" 2 -1"_ 3" _'2_0 ""'¢=,2"1--'-.-__, 1_0--_

1 , 1 , I 660000 ,'51 ,'/21 150,

iJ .... 1 2 TI'_ "1...... 1515""_"221""-.'/21'-"1"50"/"
1 2 1 _ 1 43"" 4"21 4"124 450"/

.... 1 "_"-1"-?, 2--2_'/00",'_21"-',"21""1507 ....

1"_ _1"_"1 "_-_'o'0oo"'_5_-'_21-'15o_-'"---
. 1.,2 1_.3 2...... 23_0C...,721 .. ,72, 1507 '

1 2 '_ 3 3 19000 4"21 ._721 1503 ---t 2 1 1 1 ;_.0(] .'_21 .721 450T

C-6
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l _ABLE C-4. Con_.

12345 6 7 8 9
2 1 1 1 _ 1200 !263 1263 626

2.1 .1.J ,_ .1,_00 _:]263__1163 .6.1(_2 1 1 q I 60000 '_263 1263 626
4 " '_ "t. . 2, .I..L!_ _- ,:97.L__263.__1263.__6,,6._

2 1 1 1 1 2!60 1263 1363 626• .. 2..,1,'1_!.1 ! 216.0.._.1263_._126.3 636 ....
2 1 4 I 4 134u 1763 1263 626

., 2..,1--tJ .1 . .12_ q.--..l 26t__.'L251 __.626_m

i | 2 1 1 '_ 4 1920 126 _1 1263 626

......... 2..1 2 4 1 , ._!._q,q ..... 626.._1263_.6.26 j
2 I 2 '1 1 e6_ 626 1263 626

; _ , ..... 2... 1...2,...4__1 .... 86.q .... 625._1263 626
' = 2 1 2 2 4 24053 626 1263 626

= _ I_2 22.2_ 9_0000 '158._12.6.3_6.26_.
'_ 2 1 2 1 I "24e 158 1263 626

"1 '1.... 2 _1_L'L.! ,..352___58. _1263 .... 626 .....
2 '!, 2 1 1 !2ee '458 1263 6?6
_P 1 2__1 3. __82_.__J59.__1263 .... 626 ....
2 1 2 4 4 28800 155 1263 69.6

I] _ 4 _ _ 2 63.00 156_126.3 6.26....

2 1 2 2 2 25000 !58 1263 626
_.-2.12 I ! %2qE__158,._1263.__626 ....

2 1 2 2 1 6qO0 '_58 1263 626
_.. 1,..2_2_L_ ._5T6 .... !58__1263__.626
2 ; 1 2 2 8"_420 _153 6153 2664

_ • .* I '_ 1 _2.225 E!53_.6153__2_6t5.
• 22 1 1 ? 97120 (_153 6153 2664
_ _ _ I __.___._162350 ._E.153__6.153 2_6,q_

2 2 1 1 '2 500940 6153 6153 266q

• , 2 2 1 1 2 653400 E453 6!53 2664
I .... 2 6, .........

J=
2 2 2 1 1 13612_ 4386 6153 266q

3 2 2 2 '3 3 65?400 _386 6453 2664
2"-'2-2" I 3 16".-,'350"-'--_386--6153 "266q-
2 ; 2 2 1 :6,4 61s3 2 64

_'=11 ' 2--2--_ | 4 ";';_-0"013"/6"E"--266q'--6153--2664
J 222 1 2 10R90 t,786 6153 2664

2 22 1 _ 55,'!.915 ;664 6153 2584

!"I 2 _ 2 1 . 54q50 =386 6153 2664
...... 2 2_2 _ 1 27'_'2.'50 t_386 6i53 266q

, 2 2 2 1 2 1905"Y. ¢ _386 6_53 2664
I "'2 2 2 1 1 10"09-0--";6"64 6153 256q

2 _ _ 1 2 5172"_S _186 6't53 26642 2 2 2 3 q6= =. 266q' 615"3-'2"_4
_. 2 3 1 2 2 240000 I'.=68 "1568 29'14

2 3 1 2 2 255000 11568 11568 291q... 2.] ..

]
] c.8
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u_ail('_ - , fiJLJI .... ..................... _::

TABLE C-4. Cont.

" 12 :345 6 7 8 9

• 5 1 .2-).] !,8_SO ,..;6.1.__.2t13_26__.- ....
5 1 2 3 3 36"00 _61q 2113 2E1q

• 5,I 2.,3.3_50.000... ;61q_,.21!3,_26!4 ......
. 1 2 1 i 936 ;614 2113 2E1q

.... ,5_,1...2__3._. :_'1500 _6'1_ 2!13...26.1__ .....
• 5 1 2 ! 1 76e ;614 21"13 26't4

" ..... .5.. I_2.J_l. ...... 288.0.....;01.4._. 21.13.,...2 _' q......
5 1 2 3 3 _0500 ,_61q 2113 2Elq

...... 5. 1_2_3_3 .... ,25000 ;614...2113_26_q ....... _..
_' 5 1 2 3 3 _50000 .'?85 2113 2E_4
,, __ 5._,1 2 _I_.78t40..., ;61q ._2113_,.2614 ......

S 1 2 1 1 810000 ,_614 2113 2E4q
4 11', 5 '1_2._'L_! ..q 90000_.;61 .....2...3._261q_

| S 1 2 :_ 2 :8000 _614 2113 2614

"j _ 5..1..2_3...3._ _05000. _614...2113...26;q .........S 2 1 1 3 762300 -=082 5082 179!
,; ," I 1_.3__..lq5200_.=082..5082_.1./9_ .........
S _ 1 _ 3 15_.Ee -=082 5082 1"79'I

_ 1 3 3_ 12250_._082._5092___139 _
5 2 1 1 2 102q -=082 5082 179 '_

: '_.2.1._3_.L.._306."0 _.,=082 . 5082 . 1791
5 2 1 I 2 q3560 .=082 5082 1791

' s. 2 .1_1._2 ..... 1_530....=082._ 5002 .1./9! .......
5 _ 2 3 3 1500C '_063 5082 179't
S...2 2 _ 1 .... "56._.__!,0.63._5.0.82_._l.'L9J
5 2 2 1 1 1920 1791 5082 1")91

_ _ 2 ? "_ 1 .__1560_1791...5082_179.1_
5 2 2 3 3 12523. = 1"/91 5082 1"/91
,fi 2 2 1 I _____05000___0_,3.__50fJ2.__1.')91

38,001o6350.1,,13 _ _600 '063 5082 l_Ol
5 2 2 ! 3 2"000 1063 5092 1794
5 E'-2--_-1" '_i.q-5-oo'd--l'o63---5062--iTg_
5 2 2 _ 1 5_OOC 1063 5082 179_

5--2--2"--1"T-- '_600 _063-'5082'-1791 --5 2 2 1 1 3_sc !o63 5o82 1_9_
5-2 2 i 1 I'/§',_--;1"91"_5002--'1"_91-
5 2..2 _ 1 I_8e 1063 5082 1"]91
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APPENDIX D
i

INSTRUMENTATION AND PROCEDURES USED

ZN CONSTRUCTION SZTE NOISE SURVEy

i'
i_ At the begi_nlng of each test day, the data acqulsition

i_ and analysis systems (_i_ure D-1).were calibrated using a Gsnoral i

_J Radio sound level calibrator which produced a tone of known frequsnoy

i and amplitude. As noted in Figure D-l, the sound measursd by the

iJ mlmrophons was transmitted to a sound level meter through a pre-amplifisr.

The sound was recorded on a magnetic tape recorder with the sound level

i] meter setting on the linear scale at fast response.

i,

!_ For nnaly.sls, the' tape was played back through an oscilloscope
(to obtain a visua_ representation of the data) a_d the sound level i

iI meter (A-weighted, fast response). The slgnal was transmitted to a
graphic Isvel recorder, where s£rlp charts were produced for further

] ulnlysis. Table D-I prosents these components.

T_BLED-I. INSTRUmeNTATION COMPONENTS

r Equlpment_Instrumentati0n Manufacturer Model S_rial|_

i] Sound Level Calibrator General Radio 1562-A 12075

! Microphone General Radio 1961-9601 1285

] Sound Level Meter General Radio' 1933 2019

Miltl Channel Tape Recorder Negro ZV-SJ 10005

] D_ml Trace Oscilloscope Stool S KJaer 1470 11125

I Graphic Level Recorder Bruel & KJaer 2305 152074

] Windscreen Gsneral Radio
i
I Extension Cable General RadioJ

!1 GeneralRadio
]-- ,,

!]



I _/,* t __

(0) Noise Data Aqu|sitlon System NAORA$J
TAPE RECORDER
7.5 |ps RECORDSPEED

I

* . ,

J.
t NAGRASJ • "

I B&K 2305

__ GRAPHIC LEVEL

• .,, j *. ,7 _ RECORDER
i 7.5 Ips PLAYBACKSPEED

" ' . . _ STRIP CHART
J (b) No;se Da_a Anaiysis System


