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SUMMARY

This report presents the results of an investigation to:
1) identify additional pieces of equipment {(generic types} not in-
cluded in the EPA's construction site health and welfare noise impact
model; 2) estimate the population density variations resulting from
population transfer between the five construction site model geo-
graphical regions during the normal daytime work period; 3) evaluate
construction activity duration time periods (and the influence of
geographlcal location within the U.5. and of population density on the
average construction activity duration}; and 4) collect and evaluate
available data concerning “typical", or average, noise-reduction

values for various building-structure types.

Twelve pleces of construction eguipment were identified as
possible additions toc the impact meodel. However, hased on a& selec-
tion criteria which related the equipments' typical use, source of
power, and operational noise level to potential overall community
neise exposure, only two pieces of construction equipment were
selectad for additional analyses and data cellection. These pieces
of equipment are: 1) manually-gulded compactors; and 2} forklift
trucks, From a construction site field survey, usage data for both
pileces of equipment were obtalned. These data included: 1) identi-
fication of the phases of construction during which the equipment
was used; 2) typical number of hours of eguipment operation per day;
3) estimated number of days during each phase that the equipment was
actually opetrated; and 4) estimated percentage of each site type
employing each eguipment type. Based on these four data elements,
equipment usage factors were determined. A detailed description of
the data reguirements and computational procedures used to determine
the agquipment usage factors is presented in Appendix A. In additian
to usage factors, the total number of forklift trucks and manually-
guided compactors used in construction was estimated to he 53,752
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and 11,877, respectively. The average A-weighted noise level at 50

feet for both equipment types was determined from publications col-~ .
lected for a previous EPA literature search study. Although the
relative change in total noise impact resulting from the addition of
both equipment types to the impact model was not determined, the
change in the site nolse level at a reference distance of 50 feet

for each site type was computed., The noise for the residential sites
increased by 1.1 dBA while the other three sites increased by

approximately 0.1 d4BA.

Tha percent change in baseline population density values
resulting from normal daytime work pericd population transfer was
determined for each of the SMSA region categories considered in the
EPA's construction site noise impact model. A detailed description
of the computational procedures used to determine these percent
changes is presented in Appendix B, Although the anralysis was based
on population data for SMSAs of 250,000 people or more, it is believed
that the results are representative of the average population density
variations for each of the five SMSh region categories. In general,
the percent change in population density values derived from this
study do not agree with the current baseline values. However, with
the exception of the urban fringe region category, the two sets of
population density values agree with respect to the relative diree- i
tion of population transfer between SMSA region categories. With .
respect to the urban fringe region categeory, it was found that for -
the normal daytime work period, the net population decreased around
high=density urban centers but increased around lew-density urban
centers. However, on the average, (data for hoth urban center types

combined) the net population transfer for this regien was almost
negligible. i

The current baseline population density values were revised !

to reflect the population transfers between SMSA region categories

ii



(derived from this study) and to reflect the population transfers
within each SMSA regilon category where each type of construction
activity is typical performed, The assumptions and a discussion of
the procedure used to determine the revised population density values

are presented in Appendix C.

The duration of construction activity for residential,
office/public service, and industrial/commercial site types were
investigated. The influence of geographical location of the site
type within the U.5. and of surrounding populaticn density on the average
construction activity duration time peried were also evaluated. It
was found that for resldential site types, the weighted-average
construction activity duration time period (i.e., length of time from
start to completion of the building project} does not vary signifi-
cantly with respect to geographical location within the U.S, For
offica/public service and industrial/commercial site types, no data
were available to determine the relationship between activity duration
and geographical location. Based on local construction activity data
and census tract population density values, the relationship between
averade population density and duration of construction activity, for
all site types considerad, has a low degree of correlation. Appendix
D presents a complete listing of the data used to evaluate these

relationships.,

Compared with the data currently used in the construction
site noise impact model, the study results show that the average (on
a national basis) number of 8-hour days of construction activity for
the residential and industrial/commercial site types may be under-
astimated by approximately 38 percent and 27 percent, respectively.
For the office/public service site types, the construction activity
duration may be overestimated by approximately 6 percent. Some un-
certainty in these comparisons exists due to the assumption made

iid
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regarding the percentage of constructien activity "down-time" used

in determining the average number of B-hour days of construction
activity. Down-time is defined as the parcentage of the gonstruction
project start-to-completion time period during which no constructicn

activity occurs,

Based on an evaluation of currently available data concern-
ing “typical" or average building noise-reduction values, it appears
that all construction site noise impact calculations should be per-
formed relative to an Lan cutdoor threshold of 65 dB. The suggested
uge of a 65 dB outdoor threshold for all impact calculations is based
on the finding that a representative average building noise-reduction
value of 20 4B is applicable to single~family dwellings as well as

other larger and heavier building-structure types.
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l. INTRODUCTION

1.1 BACKGROUND

The Noise Control Act of 1972 (P.L. 92-574, 86 Stat. 1234}
established, by statutory mandate, a national policy "to promote an
environment.for all Americans free from noise that jeopardizes their
health and welfare." As specified in the Noise Control Act of 1972,
tha first step towards promulgation of noise standards for new prod-
ucts is identification of those products that are major sources of

noise.

Section &{a){l) (¢} has identified construction equipment as one
of four product categories to be considered for noeise regqulation. 1In
determining whether a particular type of construction equipment is a
major noise source and, therefore, subject teo regulatory action, a
health and welfare impact assessment is an essential and nccessary
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 levels than the
defined thresholds identified as requisite to protect the public
health and welfare with an adeguate margin of safety. The initial
data base used in the development of this model was presented in a
report prepared for the EPA in December 1971.l Howaver, this report
was incomplete in that some of the basic data sources were not
identified and some of the computational procedures were unclear.
Subsequent studies provided updates and revisions to some of the
critical data elements but there 1s still a need to fill existing data
gaps, to provide additions to the existing data base, 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



1.2 STUDY OBJECTIVES

The principal objectives of this study are to: 1) identify ;
additicnal pieces of eguipment (generic types) not included in the
EPA's construction site health and welfare noise impact model; 2)
estimate the pepulation density variations resulting from population
transfer between the five construction site model geographical
regions during the normal daytime work period; 3) evaluate construction
activity duration time pericds (and the influence of geographical
location with U.5. and of population density on the average construction
activity duratien}; and 4} collect and evaluate available data con-
cerning "typical", or average, noise-reduction values for various
building=-structure types. Relative to each of these study cbhjectives,
this report will attempt to f£ill existing data gaps, to provide .
additions to the existing data bhases, and to revise obsolete or poorly
documented assumptions currently used in the EPA's construction site

noise impact model.

1-2
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2. IDENTIFICATICN OF ADDITIONAL PIECES
OF CONSTRUCTION EQUIFPMENT

2.1 EQUIPMENT IDENTIFICATION AND DESCRIPTION

2.1.1 Equipment Selection Procedure and Criteria

Based on a review of construction equipment buyers' guides,
equipment manufacturers' literature, published reports dealing with
construction equipment, and observations from previous construction
site field surveys, several pieces of construction equipment, not
included in the EPA's noise impact model, were identified. These
additional equipment types included the following:

& Compactors, manually guided

e Forklift Trucks

Mobile Concrete Mixing and Batching Plants
Earth Augers

Concrete Finishing Machines

Mobile Crushing and Screening Plants
Blowers and Fans

Benders, cutters and Threaders

Drop Hammers

surface Grinders

Muckers

Pile Puller (Extractors)

*® 8 & & ® ¥ ° 8 B

The implicit objective of this study was to identify additional
pleces of construction equipment which were typically used in the four
types of construction considered in EPA's impact model, and therefore, ;
would potentially contribute to the overall community noise exposure,

Many of the above machine types were eliminated from consideration
since they did not meet this typical use criterion., In addition,
some of the machines were deleted on the bagis that, although they

SRUIPPRN R e ek Nt 1t prdner . - W




may be typically used, they are only employed for very sheort periods

of time during a single construction phase.* Also, some machines

were omitted because: 1) they produce relatively low operational ;
noise levels or, 2) their source of power was previocusly identified

by EPA as a major source of construction site noise. Based on the

above selection criteria, two pleces of constructicn equipment were

identified for additional analyses and data collection. These pieces

are: 1) compactors, manually guided, and 2) forklift trucks.

2.1.,2 Egquipment Description

Compactors, manually guided — There are two general types of
manually gquided compactors -~ rammer and vibratory plate. Both are
generally powered by a relatively small gasoline engine ranging from
approximately 2 to 16 horsepower., However, both are available with
alternative power scurces including electric and hydraulic motors
and diesel engines. Although both types of compactors are used for the
game purpose, i.e., surface compacticn, the type of compactor
required depends on the type of material to be compacted. For
example, granular solls require a vibratory plate compactor while
clay soils reguire tha use of a rammer type compactor. Either a
vibratory plate or rammer can be used on sandy or silt loam. A gen-
aral description of the types and uses of gasoline engine powered,

manually guided compactors is presented in Table 2-1.

Porklift Trucks — Construction site forklift trucks are
specialized materials~-handling machines. They are highly maneuverable,
self~propelled units available in several mast configurations:

1) straight, 2} rear-mounted reach, 3) combination reach-and-mast,

and 4) convertible lift/crane version. They are extremely versatile

*

The EPA construction site medel assumas that construction activities
are performed during five discrete periods or phases. The time
duration of each phase depends on the type of construction performed.

2-2 ,



Table 2-1. GENERAL TYPES AND USES OF MANUALLY-
GUIDED GASOLINE ENGINE POWERED COMPACTORS
Typical Compactor Uses
Type of Engine Compaction
Compactor HP Range Materials Specific Work Tasks
Rammer 2.2=6.5 Cohesive 1. Large pipeline trench
(2~cycle sell, clay and underground
engines) or loam electric, gas, watexr
and telephone utility
line backfill compac-~
tion.
Vibratory | 3.0-16.0 Granular 2. Compaction axound
Blate (4=cycle s0ll, sand, retaining walls,
engines) crushed stone embankments, sub-
or gravel and grades, abutments,
other none foundatieons and
cohesive asphalt patch work.*
materials

*yibratory plate compactors only.

machines used for lifting, moving, and spetting materials through-

cut a cluttered construction site, and are capable of placing

materials and supplies as high as three stories.

They are typically

used on single and multiple unit residential housing sites as well
as large construction projects such as hospitals, shopping malls
and office buildings to handle lumber, support beams and trusses,

gypsum board and masonry materials such as brick, concrete blocks
Construction forklift trucks are

(cinder blocks), and mortar.

generally powered by a single gasoline or diesel engine with a

horsepower rating typically less than 100 hp,
capacity and lifting height ranges from 2,000 to 10,000 1bs. and

The maximum lifting

from 8 to 30 feet, respectively. Engine horsepower, lifting capacity,
and lifting height are generally higher for the convertible lift/

crane forklift types.
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2.2 EQUIPMENT USAGE DATA REQUIREMENTS

EPA's construction site model includes four construction site
types: 1) residential, 2) offiece/public service, 3} industrial/
commercial, and 4) public works., It is assumed that all construc-
tion activities cccur during five discrete time periods or phases.
These phases and the associated time periods for each site type are

identified in Table 2-2. A critical data element in determining

Table 2-2. HOURS OF CONSTRUCTION BY SITE TYPE AND
CONSTRUCTION PHASE

Construc-
tion
site Phase CONSTRUCTION PHASE
Type Clearing | Excavation| Foundation| Erection|Finishing
Regidential 56 56 92 182 92
Office/Public 80 320 320 480 160
L Sarvice
Industyrial/ -
Commarcial 80 320 320 480 160
Public Works 12 12 24 24 12

noise impact from each site type is related to the individual
construction phase durations. This data element is the equipment
usage factor which is defined as the ratic of the total time a
single plece of equipment operates in a given phase to the total
phase duration. fThe usage factor is then used to compute the daily
eguivalent noise level, Leg{(8), for each machine type. This level
is determined using the following relationships; .

[:.eq(le)]ki = Lk-lo loglo(‘ri} + 10 1og10 [f(tlmi*‘lin {1

2~4
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+ where L = work~cycle equivalent noise level at 50 feet for

equipment tvpe k, db
= total construction time for site type i, hours,

i
tl = ponstruction time for phase 1, hours,
UFkli = usage factor for eguipment type k, phase 1, and site

type i.

The term (tl UFkli) in Equation (1) is simply the number of hours of

usage on site type 1 for machine type k during construction phase 1.

Knowing the number of hours of equipment use by phase for
each construction site type and the total number of construction
sites for each type, other relevant data can be derived. For
example, with these data, the average annual hours of use for a
specific equipmont type can be determined if the total number of
machines used in construction is known. Conversely, the number of
machines used in construction can be determined if the machine's
average annual hours of use are known. The importance and use of
these relationships will be discussed in more detail in Section 2.d.

2.3 DATA OBTAIMED FROM CONSTRUCTION SITE FIELD SURVEY

A construction site f£ield survey was conducted to obtain
relevant usage data for the two pieces of construction equipment
diseussed in Section 2.1, manually guided compactors and forklift
trucks. Data were obtained at 43 construction sites; 20 residentilal,
18 office/public service, four industrial/commercial and one public
works. These data were supplemented by information obtained during
a gsimilar field survey conducted prior to this study. Detailed
usage data were collected for 23 of the construction sites surveyed,
These data included: 1)} the identification of the phases of con=~
struction during which each equipment typa was used, 2) the typical
number of hours of operation per day, and 3) the estimated number
of days during each phase that the equipment was actually operated.

In addition, estimated equipment work-~cycle data were obtained for

e b



both pleces of equipment at several of the sites visited. It was
found that estimates of work-cycle characteristics for the forklift
trucks were reasonably consistent for the sites visited. Howaver,
the work-cycle characteristics for the compactors tended to vary,
depending on specific work requirements. A summary of the average
usage data, Eased on information collected during the field survey,
is presented in Table 2-3. It should be ncted that the estimated
number of days during each construction phase that the equipmaent was
actually operated has been presented in terms of percent of the total
phase duration. It should also be noted that for several of the
sites surveyed, two or ﬁore forklift trucks or manually guided
compactors were present and operating at the same time. For those
cases, the typical number of hours of operation for a single machine
was multipled by the number of machines operating at the constructicn
site and this number was then used in the computation of the average
hours of operation for each equipment type, by site type and phase,

as presented in Table 2-3%.

2,4 ESTIMATED USAGE DATA FOR NEW PIECES OF CONSTRUCTION EQUIPMENT

2.4.) Data Limitations

Based on the data obtained from a construction site field
survay, usage data were developed for forklifts trucks and manually
guided compactors. Due to both time and budget constraints, the
field survey was limited in terms of the number sites and site types
axamined and in terms of the gecgraphical locations visited. As a
result, equipment usage data developed from the field survey may not

be applicable, on a national basis, to similar construction site

*This procedure employs the equivalent energy principle for
determining noise exposure, i.e., the noise exposure resulting

from the cperation of two machines for a time period t is equivalent,
on an energy basis, to the exposure produced by one machine operating
for a time period of 2t. This procedure assumes that the noise
intensities of the tweo machlnes are equal.

2-6
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SUMMARY OF AVERAGE USAGE DATA FOR MANUALLY GUIDED COMPACTORS AND FORKLIFT TRUCKS

Table 2-3.
{Data Based on Construction Site Field Survey)
Averagu lours of Opcration and Percent of Use Durlng Each Phasu Typlcal Work Cyclu
% of Hork-Cycla
Nurber of Avg. | Time at Various
Slte kqudpaont Sitod Ueed Te closring Excavation Faundating Ersction Finishing Tima,| Powar Sertinus
TYpa TYp Computa Avoragaa | lirs/Day [ Hro/Day ) ilra/lay s itrs/Day + lics/Day 3 Min, { Idle | AVg. | Fibx,
Rugidencial Porklift
Trucks 6 [N ] 0.0 9.0 0.0 1.83 T 2.9 7.4 1.3 25.4 3.0 |43.6[44.9(1L.5
Compactaory LI a.0 g.0 0.0 0.0 3.0 16.3| 2.5 10,0 1.0 2.5 ¢ - - loges
ofélce/ Forklift
Public Trucks g o0 0.0 0,0 ¢.0 S 22| 2.8 4.1 0.6 0.0 4.0 |57.5]132.5(10.0
Servica
Compactors & 0.0 0.0 0.0 0,0 3.2 15) 1.7 7.5 a7 LI - - Faoes
Industrial/ Porklift
Corssurcial TEucks 4 0.0 0.0 0.9 0.0 1.3 6.1 2.1 . 100 9.8 6,3 4,0 [45.0]45.0|1e.0
Compactors a 0.0 0.0 Q.0 0.0 2.3 g3 a7 b 0.7 3.] . - - 1004
Fublic Forklift K
Works Trucks Q - - - - - - - - - - -
R Compactors 1 0.0 2.0 0.0 0.0 a.o a.6| 0.0 o,0 0.5 50.04 - - 10Qs=

# Varias dapending on specific work reguicaments.

s gJparates at oingle powur/throctls sucting.
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types lecated in other areas of the United States. Therefore, in
order to obtain a high degree of confidence in the assessment of noise
impact resulting from the operation of construction forklift trucks
and manually-guided compactors, it is recommended that a more repre-
sentative sample of data be gathered, on a national basis, for each
congtruction site type considered in EPA's noise impact model. Until
such data are available, the limitations associated with the data

presented in this section should be kept in mind.

2.4.2 Equipment Usage Data

With respect to the construction site model's input data
requirements, equipment usage factors are one of the most critical
input data elements. Other relevant equipment usage data include
the average annual hours of machine use and the number of machines
used in construction. Equipment usage factors for forklift trucks
and manually guided compactors were developed from the data presented
in Table 2-3 and from an estimated percentage of each site type
employing each of the equipment types. These percentages were ‘
determined from the construction site field survey and are presented

in Table 2-4,

Table 2-4. ESTIMATED PERCENTAGE OF EACH SITE TYPE
EMPLOYING EACH NEW EQUIFPMENT TYFE

Site Type

Equipment Office/Public Industrial/ Public

Type Residential Service Commercial Works
Forklift
Trucks 30 50 50 50
Canmpactors
(Manually 35 75 75 50%
Guided)

*Assumed values based on work requirements associated with publie
works construction (see page 16 of Ref. 2).
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Because both pieces of equipment were used at all of the industrial/

commercial sites visited during the field survey, the egquipment use
percentages for this site type were assumed to bhe equal to those of
the office/public service site types to obtain more realistic usage
estimates, Also, since only one public works site type was observed
during the field survey, representative use percentages for this

site type could not be determined. However, it should be noted that
due to the work reguirements associated with publi¢ works construction
(roads and utilities), it is reasonable to expect that both pieces

of equipment are utilized to some degree at these site types (see
Table A-1 in Ref. 1 and Table 5 in Ref. 2}. Therefore, the following
assumptions were made in order to determine the usage factors for both

equipment types employed at public works sites:

& Both equipment types are used on cone~half of all public works
sites

e Forklift trucks are used 25 percent of the time during the
erection and finishing phases

® Manually guided compactors are used 50 percent of the time
during the erection and finishing phases.

A3 discussed in Section 2.2, the equipment usage factor is
defined as the ratio of the equipment's total operating time during
a given phase to the total phase duration. Based on the information
presented in Table 2-3, total operating times for both equipment
types were determined as a function of site type and construction
phase. It was assumed that for public works gites, the hours of
operation per day‘for forklifts and compactors are two and ona hours,
raspactively., From the equipments' total cperating times and from
the site use percentages presented in Table 2-4, eguipment usage
factors were computed. A listing of these values is presented by
site type and construction phase in Tables 2-5 through 2-8. A detailed
description of the progedurs used to determine the equipment usage
factors is presented in Appendix A. It should be noted that, due to
the limited number of construction sites visited during the field sur-
vey, it ls assumed that equipment usage factors are functions of site
type only and do not vary with respect to population density region.

2=9
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Table 2-5. EQUIPMENT USAGE FACTORS FOR RESIDENTIAL
CONSTRUCTION SITE TYPES

Equipment Construction Phase

Type " | Clearing | Excavation | Foundation | Erection | Finishing
Forklift
Trucks 0.0000 Q.0000 0.0170 0.0798 0.0126
Manually
Gulded 0.0000 0.0000 0.0214 0.0109 0.0011
Compactors

Table 2-6. EQUIPMENT USAGE FACTORS FOR OFFICE/PUBLIC
SERVICE CONSTRUCTION SITE TYPES

i

Equipment Construction Phase

Type Clearing | Excavation | Foundation | Erection { Finishing

Forklift

Trucks ‘ 0.0000 0.0000 0.0008 0.1594 Q.0006
54 Manually
§§ Guided 0.0000 0.000C0 0.0225 0.0120 0.0011
de Compactors

2+10
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Table 2~7. EQUIPMENT USAGE FACTORS FOR INDUSTRIAL/
COMMERCIAL SITE TYPES
. Construction Phase
Equipment
Type Clearing |Excavation |Foundation Erectioﬁ_]Finishing
Forklift
Trucks 0.0000 0.0000 0,0051 0.1438 Q.0032
Manually
Gulded C.000Q 0.Q000 0.0179 0.0022 0.0022
Compactors
Table 2~8, EQUIPMENT USAGE FACTORS FOR PUBLIC WORKS
CONSTRUCTION SITE TYPES
Equipment Construction Phase
Type Clearing | Excavation | Foundation | Erection | Finishing
Forklift
Trucks 0.0000 0.0000 0.0000Q 0.0313 0.0313
Manually
Guided Q. 0000 0.0000 0.0000 0.0313 0,0313
Compactors
2~13
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In addition to equipment usage factors, two other relevant usage
data elements should be discussed: 1) average annual hours of machine
usage, and 2) number of machines used in construction. As mentioned
in Section 2.2, if a machine's usage factors for each site type and
phase and its average annual hours of use are known, the number of
machines used in construction can be determined, Conversely, the
machine's average annual hours of use can be determined by knowing
its usage factors and the number used in censtruction. This relation=~

ship is defined mathematically by the following eguation:

Efwe) ¢ 12 HOGL O e N )8 ) (2)
i 1
where k,1 and i = machine type, construction phase and site

type, respectively

H(k,1,i) = hours of use for machine type k, per phase 1
and site type i

N(i} total number of gsites of type i
N'(k) = total number of machines of type k used in
construction
~ H' (k) = average annual hours of usage for machine
type k.

Using the above relationship, the estimated total number of fork-
1lift trucks and manually-guided compactors used in construction was
determined, The average annual hours of machine use for each macnine
ware estimated from data presented in References 3, 4 and 5 and from
information provided by local construction equipment sales, rental
and repair companies, A summary listing of the estimated usage
data for both pleces of egquipment is presented in Table 2-9.

2.5 EQUIPMENT MNOISE LEVEL DATA

Due to high speed wind conditions, equipment noise level

measurements could not be performed during the field survey portion

2-12
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Table 2-9. ESTIMATED USAGE DATA FOR FORKLIFTS AND COMPACTORS
Usage Data Per Machine Type [ Total Hours
Average Typical | Equipment | of Annual |Total Number
Economic | Operationall Usage, Use, of Machines
Equipment Lifetime,| Lifetime, | Hours per | (N(i}-H(i}}| Used in
Type Hours Years Yaar Milliens |Construction
Forklift v/ 3/
Trucks 73307 l0= 733 39.4 53,752
Manually
Guided 2/ 4/
Compactors 3200~ 5=~ 640 7.60 11,877

']—'éeference 3, page 25 = construction type forklifts, pneumatic tired,
gasoline engine.

'zéeference 3, page & -~ rammer and vibratory plate type, gasoline engine.

ééefeu:‘encens: 4 and 5 — based on typical operatiocnal lifetime of similar
construction eguipment types such as backhoes, mobile cranes, and wheel
and cgrawler tractors.

%ased on estimates provided by local construction equipment sales and
repair companies.
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of this study. However, using the publications collected for a previous

EPA literature search study (Ref. 6) to obtain noise level data for several
types of construction equipment, A-weighted noise measurements at 50

feet were obtained for the new eguipment types. It is believed that

the noise level data obtained from the literature are representative
of the noise emitted from bhoth pieces of equipment during normal
Using this data, average noise level values were

operation.
However, since the distribution of noise levels relative

determined.
to the total population for each machine type is not known and since
energy averaging tends to apply a greater relative welghting to the
higher levels, arithmetic~averaging is helieved to be more representa-

tive of each machine type. A listing of the average noise levels

along with the range of levels and the number of measurements used to

determine these averages are presented in Table 2-10.

Table 2-10, AVERAGE NOISE LEVELS FOR FORKLIFT TRUCKS AND
MANUALLY GUIDED COMPACTORS

o A-weighted Noise Level at Number of
E; Equipment 50 Feet, 4BA Measurements
; Type Average Range Used
Forklift
Trucks 83.4 79 -~ B6 7
7 Manually
) Guided 84.6 71 - 1ol 8
g Compacters

n
I
"

In general, a single piece of construction equipment does neot
operate during all phases of construction., For multiple phase
operation, total operational time during each phase will vary as a
Each machine's contribution to the overall
1) machine's

function of site type.
site noise level is determined by the following factors:

LA T R S o
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average nolse level, 2) duration of construction activity, and 3)
number of lhours of machine use during each construction phase. For
each site type, the number of hours of machine use during each
construction phase can be determined from the equipment's usage fac-
tor and tha phase duration. Using equation (1) in Section 2,2 and

the usage and nolse level data presented in the preceding sections,

the daily equivalent noise levels {the site noise level contributions),
from the forklifts and compactors were determined for each of the four
site types considered in the EPA's construction site noise impact
model, Although the relative change in noise impact resulting from
the addition of these equipment types to the impact model was not
determined, the change in the site noise level at a reference distance
of 50 feet for each site type was computed. This data and the daily
equivalent noise levels for both pieces of equipment are presented

It should be noted that for each of the

by site type in Table 2-11.
four site types, the site noise levels at S0 feet vary with respect
to population density region category.* However, these variations
are relatively small ranging from 0.2 dRA to 1.6 dBA. As a result of
the site noise level variations, the change in site noise level
resulting from the operation of forklift trucks and manually guided
compactors was computed as the difference between the average site
noise level (averaged over the five region categorjes) and the daily
equivalent neise level contribution from the two pieces of equipment.

*These variatiens are due to usage factor differences for some equip~
ment types.

2-15
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Table 2-11. DAILY EQUIVALENT NOISE .LEVELS (Leq(ﬂ)), AMD SITE NOISE LEVEL CHANGES

Equipment
Typa

A-Welghtnd Holse Levels at 50 Faet, dBA, Dy Construction Site T}pe

Rasidential

OfEicae/Pub

lic Sorvica

Industrial/Commarcial

Public Works

Daily
Equivalent
Laval

changa in
Site Noipe
Loval

paily
Equivalent
Laval

Changa in
Sita Noiea
Lavel

Daily
Equivalent
Level

Change in
Gite Nolse
Leval

Dally
Equivalent
laval

Change In
Site Noise
Level

Forklift
Truchs
only

+0.8

70.9

+0,1

70.6

0.1

0.0

Manually
Guided
Compactors
Only

63,9

+0,3

0.0

61.8

0.0

65.9

+0.1

Forkiift
Trucks and
Manually
Guided
Compactors

10.2

7.8

0.1

n.1

+0.1

68.4

+0.1

[
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3. POPULATION DENSITY SHIFTS DURING
THE NORMAL DAYTIME WORK PERIOD
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3, POPULATION DENSITY SHIFTS DURING
THE NCRMAL DAYTIME WORK PERIOD

3.1 DESCRIPTION OF DATA REGUIREMENTS

The.relationship between construction site activity and the
population of the surrounding community is critical with respect to making a
reasonable assessment of the total construction noise exposure and impact.
To account for variations in population distributions, the EPA's construc-
tion site noise impact medel distributes the total U. §. peopulation ‘
into five SMSA* region categories - 1) high-density urban centers,

2} low=-density urban centers, 3) urban fringe, 4) SMSA areas outside

urban fringe and 5) outside SMSA.

The baseline population density values for each of the five

region categories are shown below:

BASELINE POPULATION DENSITY VALUES**

Region Category Density {(People/Sg. Mils}

z 1. High=Density Urban Center 20,877

éj 2, Low-Density Urban Center 8,473

;i 3. Urban Fringe 2,286

é; 4. Outside Urban Fringe 1,623

5. Outside SMSA 20

%

i Begause these baseline values were derived from 1970 census

data regarding the residential distribution of the U. 5. population,
£ they do not reflect population density variations resulting from the

£ *A Standard Metropolitan Statistical Area (SMSA) is a county or group
of contiguous counties which contain at least one city of 50,000
inhabitants or more, or "twin citiles" with a combined populaticn of

at least 50,000.

i **Tn this section, units for population density are people per square
i mile.
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net transfer of people hetween the five regilon categories during the
normal daytime work pericd.* However, acceording to Bureau of the
Census publications'regarding 1970 census data, (References 7 and 8},
thers appears to be a significant interchange of the working population
between the geographic components of large metropolitan areas. Table
3~1 presents a swmary of the total interchange of all workers by place
of work and by place of residence within all SMSAs with total populations
of 250,000 or more. From Table 3-1 it can be seen that approximately
30 percent of the workers who lived in SMSAs of 250,000 or more, hut
outside central cities, worked in these central cities. At the same
time, however, about 18 percent of the workers living in the central
cities commuted to jobs in the surrounding suburbs or areas outside the
SMSA., It should be noted that over 50 percent of the 1970 SMSAs had
populations of 250,000 or more and represented almost 90 percent of the

total SMSA population.

: TABLE 3~1. Workers Living in SMSA's of 250,000 or More
! by Place of Work: 1970 Census Data

All workery living Living in X Living outside
Pisce of work in spucified SMSA's antral citisy caniral cities

Number Parcent Numbar Percant Number Porcant
- Total . vvievnann veeenas | 42,221,624 1000 | 21,183157 100.0 | 26,038,487 190.0 -
H Working in SMSA of residincs:
i Contralcities ......... veees | 232821029 40,3 [ 15,580,507 716 71,101,622 29.8
Quesice cantral citles . ...... . | 18163129 B4 3.102 808 148 | 15,050,015 5748
T Warking ounide SMSA of
: FRNCANGE \uvi e naaes T gazansr) T sa 660,408 ‘a1 | 1,783,661 6.8
L. Notroportet o .00\ v rvvaninnn . 3382217 11 1,839,348 8.7 1,522,060 58

*The daytime work pericd is assumed to be typically between the hours
of 8:00 a.m. and 5:;00 p.m. correspending to nhe{time period when most
b construction activities occur,

; 32
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To account for population transfer during the normal daytime
work peried, an earlier EPA study (Ref. 1) recommended an increase in
the three highest population density region categories and a decrease in
the other two. However, the adjustments were based on geographical
regions located entirely within the SMSA boundary. Subsequently, the
reglon categories were redefined (Ref. 2) to include the area outside
the SMSAs, where a significant proportion of construction activity occurs,
and te account for highly populated urbanized areas with large average
population densitles. Although it was assumed that there was sufficient
similarity between some of the earlier (Ref. 1) and redefined (Ref, 2)
region categories to allow the use of the earlier normal daytime work
period population transfer adjustments, no data or justification were

presented to support this assumption.

The following sections present a discussion of the results
of an investigation to determine the average population density changes
for the five region categories considered in EPA's construction noise
impact model and describe the criteria and procedures used in obtaining

these results.

3.2 STUDY METHODOLOGY AND CRITERIA

3.2,1 Comparison Between Urbanized Areas and SMSAs

The current baseline population~-density regions are defined
in terms of fhe distribution of U, §. population livipng in urbanized
areas. However, avallahle data pertaining to net populaticn inter-
changes during the normal daytime work periocd are pregented with respect
to SMSA geographic components, i.e., central cities, areas outside
the central cities but Iinside the SMSA, and areas outside the SMSA.
Nevertheless, it ls bhelieved that with respect to pepulation distributien,
the SMSA components and the population density regions as defined in the noise

- R e U im e U S b R v L e
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impact model are very similaxr, This contention can be supported by
comparing the peopulation distributions inside and outside urbanized
areas and SMSAs (see Table E in Reference 9) and recognizing that,

in general, urbanized areas represent the densely settled core of the
SMSAg, It should be noted that because the boundaries of SMSAs are
determined by political lines, and those of urbanized areas by the
pattern of urhan land use, there are small segments of the latter
which lie outside the SMSAs. Howeveyx, the population within these
seqments was estimated to be about 1l percent of the total population

living inside urbanized areas.

Also, it is reasonable to assume that higher concentrations
of people within the urbanized areas and the SMSAs are found inside,
rather than outside, the central cities. 1In fact, based on 1970 censusa
data, 54 percent of the population inside urbanized areas lived in the
central cities which comprised only 40 percent of the total urbanized

i land area.

i 3.2,2 Criteria for Categorizing Population Density Regions

In order to estimate the population interchange during the

i normal daytime work period, two assumpticns were made to develop
criteria which could be used to place each SMSA geographical component,
ineluding areas outside the SMSA, into one of the five population

! density regibns. First, it was assumed that the high - and low-density
urban centers were generally located within large SMSA central cities.

: Based on the same criteria used to define large SMSA central cities in

; an earlier EPA study (see Table IX, Referenca 1), it was found that,

' with only a few exceptions, these cities had populations of approximately
400,000 or more. Using this criterion, SMSA central cities were grouped
into one of two population density categories - 1) those greater than
8,500, and 2} those less than or egual to 8,500 but greater than 3,000.

High- and low-density urban centers were assumed to be located in areas

fr—— e e g et gt e A e s et
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within central city categories 1 and 2, respectively. Second, it

was assumed that the urban fringe and areas outside the urban fringe
could alsoc he categorized according to total population and average
population density and that each of these regions had a total

population of less than or equal to 400,000, The population density
limits for the urban fringe and outside urban fringe were, respectively -
1) less than or equal to 3,000 but greater than 2,000, and 2) less than
or equal to 2,000, Since areas outside the SMSA are determined by
political boundaries, no specific population or population density
eriteria were required., A summary of the categorization criteria is

presented in the following table:

CATEGORY CRITERIA
High-Density Central Cities Population »400,000 and
(High~Density Urban Centers) density p »8,500
Low=Density Central Cities Population >400,000 and
{Low=Density Urban Centers) density 3,000 < p < 8,500
‘ Urban Fringe Populatien <400,000 and
“; density 2,000 <p< 3,000
’ Outside Urban Fringe Population <400,000 and
o density p $2,000
l“;'i Outside SMSA Determined from political
boundaries

v It should be noted that since no defipnitive population ox
land use characteristics critaria were available, some judgement was
exercised in determining the criteria used to define population
density reglons and to categorize SMSA geographical components. How=
ever, the rationale used in developing this criteria is consistent

with respect to the methodologies used in deriving similar data for
other EPA studies and with respect to the haseline population density
b values currently used in the EPA construction site nolse impact model.

3-5
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3.3 COMPUTATIONAL PROCEDURE

The computational procedure emploved to determine net
population transfer of workers into and out of the SMSA gecgraphical
components during the normal daytime work pericd is lengthy and quite
detailed. Therefore, only a general description of this procedure
will) be presented in this section. A more detailed description is
presented in Appendix B. The following is a summary of the computa-

tional procedure:

® Central cities, as defined by the 1970 U. S. population
census, contaln population concentrations eguivalent to
the concept of urban centers,

e Populations and land areas of the geographical components
within each of the SMSAs considered in this study were
obtained from the County and City Data Book (Ref. 10},

e All population and land area within an SMSA but outside
the central cities were divided into urban fringe and
SMSA areas outside the urban fringe on a county basis.

e The distinction between the geographical components
and their classilication with respect to region category
is made on the basis of absolute population and average
pepulation density in accordance with the criteria
- presented in Section 3.2.2.

@ The transfer of workers Iinto and out of the five SMSA
region categories (on a central city and county basis)
wera determined from the U, $. census Journey to Work
publication (Ref. 7).

3-6



e Data adjustments were made to account for:

1. Workers leaving theilr SMSA of residence, but the
geegraphical component in which they lived was not
identified,

2, Workers living within the SMSA but not reportirig their
living or working locatiens.

& Population density changes were determined from the
residential population, the normal daytime work period
ropualation, and the total land area for each region
gategory., Data is presented in terms of percent change
in population density and is computed using the following

equation:
Bp
PC = pnw - 100
R
where
{; PC = percent change in population density during normal
= daytime work period,
EF = average population density change resulting from population
oW :
interchanges during normal daytime work peried,
Eé = average residential population density
The average population densities were computed using the
relationship:
_ ; Population
Di =
i i Land Area

#: where

i represents a specific region category.
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3.4 POPULATION DENSITY VARIATIONS DURING NORMAL DAYTIME WORK PERICD

3.4.1 Population Density Changes by SMSA Region Category

Based on the criteria discussed in Section 3.2.2, six

high~density and nine low-density central city SMSAs were selected
for this analysis, Aithoﬁgh the selection was influenced somewhat

by the number of geographic components (central city plus surround-

ing counties), it is believed that with respect to location within the

* United States, and range of total SMSA residential population, the areas

selected are representative of the larger SMSAs and reflect typical
population interchange between the five SMSA regions. However, since
the results developed from this analysis were derived from population
data for SMSAs of 250,000 or more, it can only be assumed that they are
applicable to the smaller SMSAs., The following is a listing of the

sample SMSAS;H

HIGH-DENSITY LOW-DENSITY
betroit Houston
Baltimore Milwaukee
San Franeisco=-Cakland* San Antonia
Cleveland Memphis
St. Louis San Diego
Buffale Seattle-Everett**
Atlanta
_San Jose
Clneinati

* San Francisco considered as the urban center
** gSeattle considered as the urban center

A summary of the sample population and land area data used to
estimate percent change in population density for each of the feur region
categories inside the SMSA is presented in Table 3«2, It should be noted
that the total normal working day population for the sample data is approx-
imately 144,000 greater than the total residential population. This in-
crease in population is a result of the net transfer of workers from
outside to inside the sample SMSAs,

3-8
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TABLE 3-2. Total Sample Population and Land Area Data Used to Determine
Percent Change in Population Density by SMSA Region Category

SM5A Region Residential Normal Working Land Area, Percent chapqe
Category Population Day Population Square Miles In Pop., Density=/
High-Density 4,971,407 5,636,882 440 13.4
Urban Center
Low-Density 6,534,212 1892 8.4
Urban Centar 6,026,598 PR
Urban Fringe 3,128,597 3,116,368 697 =-0.4
SMSA Area Qut~
9 6 413 35,223 -8.1
Side Urban Frg. 12,627,861 11,610, !

X Percent change in population density during normal daytime work peried.

Nota:

determined by summing over all sample SMSAs.
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Pepulation and land area for each region category represent totals
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The estimated percent change in population density for the
region outside the SMSAs was computed from the following: 1) the esti-
mated normal daytime work period population density (as presented in
Table 3-2) and total land area of the four region categories inside
the SMSAs and 2) the total population and land area of the U. S.* Based
on these daéa, the estimated percent change was determined to be approxi-
mately -5.7 relative to the residential population density. A discus-
sion of the computational procedure used to obtain this estimate is

presented in Appendix B.

3.4.2 Population Density Changes by Construction Site Type and
by SMSA Region Category

The construction site noise impact model implicitly assumes that
the population transfers and corresponding population density variations
which eccur during the normal daytime work period take place only in
areas where there are office/public service and industrial/commercial
construction activities and makes no population density adjustments
with respect to areas with residential and public works sites. Also,
based on an earlier EPA study (Ref. 2), it was assumed that as a
result of worker transfer during the daytime period, there is a net
population increase in the high~- and low-density urban centers and in
the urban fringe region and a net population decrease in the area out-
side the urban fringe and in the area outside the SMSA. Table 3-3
presents the population density values by site type and by SMSA region

category currently used in the construction site noise impact model.

Based on data presented in the preceding sections, it is believed
that the values shown in Table 3-3 should be revised to reflect the
population density changes with respect to those areas, within each
SMSA region category, where each type of construction activity is
typically performed. To develop these revised values, several assump-
tions were made regarding the following: 1) the composition of each

SMSA region category with respect to basic land use classifications,

AT IIEC

*Based on U. S. population density and land area data presented in
Table 8, Reference 2.
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Table 3-3, POPULATION DENSITY VALUDRS BY SITE TYPE AND BY SMSA REGION CATEGORY,
PECPLE/SQ.MI.
SMSA Region Category
SMSA Areas

Construction High-Density Low-Density Urban Outside The Outside

Site Type Urban Centers Urban Centers Fringe Urban Fringes SMSA
Residentia. 20,877 8,473 2,286 1,623 20
Office/Public

Service 22,929 9,337 2,508 1,489 18
Industrial/

Commercial 22,929 9,337 2,508 1,489 18
Public Works 20,877 8,473 2,286 1,623 20




2} the distribution of total population and construction site types
within the SMSA region catsgories and 3) the net transfer of popula-
tion between land use categories. Based on these assumptions, which are
listed in Appendix C, and data presented in Tables 3-1 and 3-2 and in
Reference 9, revised population density values by site type and by SMSA
region category were determined, These data are presented in Table 3-4.
A discussion of the procedure used to determine the revised population

density values is presented in Appendix C.

3.5 SUMMARY OF STUDY RESULTS

Based on the results of this investigation, the following

general conclusions can be made:

! 1. with the exception of the outside urban fringe region
R category, the percent changes in the current baseline

K population density values used to account for normal day-
time work period population transfer between the SMSA
region categories do not agree with the results of this
study.

2. The differences hetween the current baseline values and
the values derived from this study for the percent change
in population density for each SMSA region category are
shown below:

SMSA REGICON CATEGORY PERCENT CHANGE IN PdPULATION DENSITY DURING

NORMAIL DAYTIME WORK PERIOD
T CURRENT STUDY RESULT ABSOLUTE DIFFERENCE

High-Density

Urban Center + 9.8 +13.4 3.6
Low=Density

Urban Center +10.2 + 8.4 1.8
Urkan Fringe + 9,7 -~ 0.4 lo0.1
Outside Urban Fringe - 8.3 -~ 8.1 0.2
Outside SMSA -10.0 ~ 5,7 4.3




ET-€

REVISED POPULNPION DENSITY VALUES BY SITE TYPE AND BY SMSA

Table 3-4,
REGION CATEGORY, PEOPLE/SQ.MI.
SMSA Region Category
SMSA Areas

Construction High-Density Low-Density Urban outside the outside
Site Type Urban Centers Urban Centers Fringe Urban Fringe SMSA
Residential 12,944 5,253 1,394 990 19
Office/Public

Service 23,675 9,185 2,277 1,492 15
Industrial/

Commercial 23,675 9,185 2,277 1,492 19
Public Works 20,105 7,871 1,982 1,324 19




3. With the exception of the urban fringe region category,
the current and study result values agree with respect
to the relative direction of population transfer between
SMSA regilon categories.

4, With respect to the urban fringe region category, it was
found that for the high-density urban centers, the percent
change in population density was =1.7; however, for the
low~density urban centers, the percent change was +4.7
and, on the average {data for both urban center types
combined)the percent change was almost negligible at -0.4.

5. With respect to the outside urban fringe region category,
it was found that the percent change in population
dengity for either the high-density or the low-density
urban center SMSAs varied less than 15 percent of the
average percent change bhased on the combined data for
both urban center types,.

3.6  RECOMMENDATIONS

Based on the conclusions made from the results of this study,

the following is recommended:

Iy 1. Due to budget constraints, only a limited numbexr of SMSA
; areas were examined; therefore, additional high~ and low-
G . density central city areas should be analyzed to suppert
or to revise the conclusions made in this study.

2. The revised population density values by construction
site type and by SMSA region category as determined
from this study should be used to revise current
baseline values. Also, consideration should be given
to dividing the urban fringe region category into
two separate regions, one for the high-density urban
centers and the other for the low-density urban
centers, since it appears from the study results
that this reglon category has different population
transfer characteristics depending on urban center

type.
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4. DURATICN OF CONSTRUCTION
SITE ACTIVITY

The total duration of construction activity assumed for each
construction site type is a critical data element associated with
the construction site noise impact medel. The noise level weighting
function used to represent the magnitude of noise impact is deter-

mined from the followlng egquation:

a a >
o 0.0S(Ldn—Lc) for Ldn - Lc
Lan a (4-1)
0 for L < L
dn c

where Lgn is the annual day-night sound level, and Lc is the impact

. threshold criterion level, Lgn is a function of the assumed total
ff duration (number 8~hour days} of construction site activity assigned
to each of the four construction site types (see Section 3.4.2 in

Refarence 16),

Currently, the noise impact model assumes that the total
duration of activity is a site-type dependent parameter only and,
that the values used in the impact model for each site type are the
same regardless of the geographical location within the United
States, Additionally, it has been assumed that the value of the
average population density surrounding a given site type has no
influence on the duration of the construction activity.

In the following sections, a detailed evaluation of hoth
of the above assumptions regarding the duration of construction site

activity is presented.
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4.1 DURATION QOF CONSTRUCTION ACTIVITY BY SITE TYPE
AND GEOGRAPHICAL LOCATION

4.1.1 Local Construction Activity

Data for local construction activity time periods (construct-
tion hegin and end dates) were obtained from the Office of Research
and Statistics (ORS) - Community Development Branch of Fairfax County,
Virginia. OCORS mqintains statistical data identifying the duration of
construction activity for three of the four site types considered in
the construction site noise impact medel: 1) residential, 2) office/
public service, and 3) industrial/commercial. From the more than
45,000 records compiled by ORS, a random statistical sample consisting

of 1,984 individual records was collected for detailed svaluation.

pata for the residential site types were divided into three
structure-type categories: 1) single-family, 2) multi-family, and
3} town houses. These data were evaluated in two ways: 1) data for
each structure-type category were analyzed individually, and 2) data
for all three structure=-type categories were combined and analyzed as

a single data set.
Table 4-~1 presents a summary listing of the statistical
analyses of the average duration of construction activity as a function

of site type for the three site types considered.

4.1.2 National Construction Activity

Data for national construction activity time periods were

obtained from publications prepared by the U.S. Department of Commerce

.32 These publications provided statistical

- Bureau of the Census.
data concerning the length of time from start of construction to

campletion for the following structure types:
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TABLE 4-]1 ANALYSIS OF AVERAGE DURATION OF CONSTRUCTION
SITE ACTIVITY BY SITE TYPE - LOCAL (FAIRFAX
COUNTY, VA.)} CONSTRUCTION ACTIVITY DATA

CONSTRUCTION
SITE TYPE

Single~Family
{Residential)

Multi=-Family
(Residential)

Town Houses
{Residential)

All Residential
Site Types
{Single~Family,
Multi-Family,
Town Houses)

Office/Public
Service

Industrial/
Commercial

NUMBER OF

DATA POINTS

DURATION OF CONSTRUCTIOCN
SITE ACTIVITY, MONTHS

968

145

508

1,621

et ey ot i 4ty e e e e s st b

MEAN Standard Deviation
8.76 6,62

15.34 6.99

12.70 8.05

10.59 7.49

12,03 6.08

9,22 5.08
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* Single~ and multi-family residential building projects,

* Non~residential building projects including industrial,
office, commercial, and other non-residential construction
{excluding highways, streets, and public utilities).

Single~ and Multi-Family Residential Structures:

Tables 4-2 and 4-3 present annual data showing the average
number of months from start to completion for new single~ and multi-
family buildings, respectively, for years 1971 to 1578. Table 4-2
presaents these data with respect to gecographical region within the
U.5, while Table 4-3 shows average activity duration with respect to

the number of units* in the building.

Non-Residential Building Projects:

Tables 4-4 and 4=-5 present statistical data concerning
construction activity durations for private non-residential building
projects completed in 1976 and 1977. The data shown on both tables
are categorized with respect to project cost {l.e., value of the
project put in place). Table 4-4 lists the number of projects
cempleted in a specific time period as a percentage of the total
number of projects completed in a given cost category. These per-~
centages are also shown cumulatively. For example, Table 4-4 shows
that 17.4 percent of the projects costing between $100,00 and
$250,000 were completed in the fourth month after the month of start;
55,5 percent were completed within four months after starting. Table
4=5 shows the average number of months from start of canstruction to
completion for selected types of non-residential buildings. These
non-realdential buillding types include: 1) industrial, 2) office,

3) commercial, and 4) other non~residential (excluding highways,

streats, and public utilities).

* A housing unit is a single rocom or group of rcoms intended for
occupancy as separate Living quarters by a family, by a group of
unralated persons living together, or by a paerson living alene.

4-4
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TABLE 4-2 AVERAGE NUMBER OF MONTHS FROM START TQ COMPLETTION
FOR NEW SINGLE~-FAMILY HOUSES COMPLETED BY REGION
(From Reference 1l)

Geographic Region*

Year United
States " North- North South West
east Central

1971 4.8 5.9 5.2 4.4 4.4

1972 5,2 6.0 5.6 4.9 5.0

1973 6.0 6.5 6.0 5.8 5.9

1974 6.2 6.6 6.5 6.0 6.2
- 1975 6.1 6.3 6.6 5.8 6.1
o 1976 5.5 6.1 6.0 5.0 5.8
: 1977 5.7 5.8 5.8 5.4 6.0
i 1978 6.2 6.5 6.6 5.7 6.7
AVERAGE FOR
: ALL YERRS 5.7 6.2 6.0 5.4 5.7

* States contained in each geographic region are as follows:

NORTHEAST - Maine, New Hampshire, Vermont, Massachusetts, Rhode Island,
Connecticut, New York, New Jersey, and Pennsylvania; NORTH CENTRAL -
0ohio, Indiana, Illineis, Michigan, Wisconsin, Minnesota, Iowa, Migsouri,
North Dakota, South Dakota, Nebraska, and Kansas; SOUTH ~ Delaware,
Maryland, District of Columbia, Virginia, West Virginia, North Carolina,
South Careclina, Georgia, Florida, Kentucky, Tennessee, Alabama,
Mississippi, Arkansas, Louisiana, Oklahoma, and Texas; WEST - Montana,
Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah, Nevada, Washington,
oregon, California, Alaska, and Hawaili.
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TABLE 4-3 AVERAGE NUMBER QF MONTIIS FROM START TO COMPLETION FOR NEW
MULTI-FAMILY BUILDINGS COMPLETED BY NUMRER OF UNITS IN TIE BUILDING
(From Reference 11}

Buildings with 5 units or more

Buildings Buildings with

with

2 to 4 5 to 9 10 to 19 20 to 29 30 to 49 50 units
Year units Tatal units units units units or more
1971 5.9 8.6 7.7 8.4 8.6 9.1 12.7
1972 6.0 8.9 8.0 9.3 9.2 9.2 14.5
1973 7.2 10.1 9.6 10.1 10.8 10.5 15.1
1974 7.7 11.0 10.4 11.0 11.8 12.2 16.0
1975 7.4 12.0 11.7 1.4 12.2 13.7 18.3
1976 6.4 9,3 8.8 9.0 9.9 10.9 18.7
1977 ‘ 6.4 8.9 8.5 8.7 B.8 10.3 16.9
1978 7.3 9.6 9.3 9,7 9.9 10.5 15.1
AVERAGE TOR
ALL YEARS 6.8 9.8 5.3 9.7 10.2 10.8 15.9




TABLE 4-4 PRIVATE NONRESIDENTIAL BUILDING PROJECTS COMPLETED IN 1976 AND 1977 -
PERCENT DISTRIBUTION OF PROJECTS BY NUMBER OF MONTIS FROM START OF
CONSTRUCTION TO COMPLETION (From Reference 12)

(Conpupsnte asy wal add bu totale dus o rowsdiog)

Coal unlugary sl projmcls

Winlh work complatad $1,003,009 1o $1,000,000 500,000 to 250,000 in HI00,000 tu
: 3,000,000 o sire 4,959,999 13,949,999 §999,999 $ay9, 008 9,0y $50,000 1o §9%,999 | §25,000 1o 49,999
{643 projocis} L16) prujeuis} (1030 progscis) {1067 projucts) {1164 prujectal) {1e04 prujecia) L1189 projuois) (B30 prufsaie)
Woankhdy | cusuletive] Munttly | Duaulative | Monihly | cusolsiive | Murihly | Cumelasive | Muaiudy Cusulutbva | soncikly | Cusulative | suntblyp | Cunulative | Binthly [ Cundlative

Bunm manth ss month of alart,., .8 1.3 bed 3.0 EN )
Tot munth sfier stk of atsrl, 0.1 a.l g4 0.4 0.4 a.y 4.0 113 1.9 14 .4 19.3
Jud munih afswr munih of mierl, - 0.1 [N 1.3 1.9 5.0 126 i1 0.0 8.1 3.8
Sed maonth alier sonth of starl, 0.1 0.1 0,2 0,3 0.4 &4 [ B 33 18,6 .l 1,1 a8 [t )
ik munlh aftar schib of atert, - 0.l - 0.3 L7 [N ] 45,2 12,4 1.4 19 i, [ 5] .3
$1% mouih after muulh of start, 0,1 0.3 a.n b LK) Ly, s 13.4 1.1 [ ] .0 1.4 .2
S montlh alier Boull of stard, 0.2 0.% a.l 1.3 Lo 1173 3,0 1.9 1,7 LR 9.4 1.3 .
ik month ol ter munih uf sbsrd, - 0.3 0.4 .8 .2 .4 1%} 9,8 - [ "o .3 1.1 .9
Ak musll aliss soulb of slart, 0.3 0.0 1.3 1.8 4.8 5.0 tit4 8] 11 1.4 9,7 0.5 .
$ih moubh sfler souih of Slari, 0.4 1.2 .1 5.9 & [ 5] a4 6.0 1) 1, $.3 [ ] .1
100k suinbh nf Loy ikl of stari,, 1.0 1.1 40 10,9 N 3.9 41,6 L) kN ) 1d 6.4 0.1 L108 ]
1hid monih sl tar susih ot oo 1.0 3.2 3.8 le.? (W) &0 13,6 1.4 1.3 a.4 7.4 a.8 ¥a,!
121 sunlh af tor snih of sinrt,. 1.} 5,9 10.2 16,9 1.1 3.6 19.1 N b2 a.4 7.8 0.2 .
13 sunihat tur pusibh ot start,, .5 [ 9] i.4 .1 1.3 3.3 1’3 1.4 a.n 7.1 a,) .l 0.% "4
TA1R munib sl Lar sunih of starl,, T 1.1 L1 35,4 3.2 1.8 (19} 1.2 0.4 9.y a,t
L50h month sl ter souih of ] 33 L4 4,3 9.2 [ ] 1.2 [11%] (1) 0.3 9.9 0.4
Lhily munily af far Butith of 3.4 193 4.4 A1 1.0 1.4 0.7 1.3 4.1 .l [N}
LT munis sfdur sunth of A3 24.0 1,6 it} 7 LB 1.4 o.0 0,1 1.1 0.}
Lk munih ot Lur sonth ot 340 26,4 Ab 31.3 1,2 1% .4 0.1 0.1 a3
E9ih mutidh afLor minih of 3.4 .4 17 0.0 1.7 1.0 94,0 o.} 0.1 s
101h meuib ad bur susth of & 13 .o (7% ] &1, Ll a.é 5.1 a,) 0.4 .0
st punil pfiar dauth of alarl,, 1. L1PY ] 3.y 43,4 1.3 0.} .0 0.3
08 munih attor mouth of siark.. &0 44,1 1 | be.2 0.8 0.9 9,7 0.l
i munih sl bor suail of sisrt,, 1.2 Ab.0 3.0 .2 1.0 0.1 .0 0.2
Thils muuth ol ber suslh of sisrk,, 1. 1.3 Li 4.8 &7 L. 91.3 a.3

[1 3.0 .1 .4 .4 0.4 0,3 7,6 a.1

.4 &0, 1 1.5 [10% ] a,9 9.3 . 0.4

Tt munth alior sl ol LR (19} 1.8 41,2 1L 0.1 "o a.k
I8tk mvuih afier mnih ol Alard.. 13 %] 1.4 18] 1.1 U4
ik mouih sl iar sonth ol atari., 3.4 1.4 1.0 w4 b.? 0.4
J0Lk munkh a8 bar munlis ol siari., 13 1.4 3a .0 0.2 -
Jat munih sl ior sunin ol plart., .3 1.4 . "4 a,1 -]
Yok month aftay sontk ul siart,, L L] i.1 n.s 0.3 0.3
Jird munih alber munik ol sbari.. 3.5 .9 0.9 .} a.)
Jaew monid oi bar pouth of starl,, L 0.3 o3 M a.% 31,3
J3it month af bud soiik ot start,, . LN} 1.1 .4 0.1 .0
J6kh sunth aflae onlb of siasi., i.0 .3 6.1 .6 0.3 10,3
F ik mauniti af by sonth of atari,, 34 .3 - 5.8 0.5 .7
181k munih afdor anuih ot atart,, 1,1 10,4 a.? 14,3 - n.?
A0k smnils aFLur aunih ol alart,. 1.1 1. 0.4 P, 0.1 .
40tk minth sl ior souib of starl,, 1o b [ 1.4 0.2 1.0
4lab month atiar sonlb of aiarl,, L& 1.} a.1 4.0 1od.0 100.0
it mouth sFisr south ol 1.4 7.} (T3} 94,3 Lod, o
Adrd munih ol Lor munih ul s [ ) 7.4 109,86
AGLh munih sfsur mauils of slart,, 8] i 104,0
500 munih afier monih ol atsrl,, o,} 0.4
Gtk monthat ber mopih ol atari,, 0.1 9.4 160,0
ATt mauth af ber minth ol stark,, 0,3 n.t
Al mouth Ur BItE srpasasenery Ll 100,0 100.0
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TABLE 4-5 PRIVATE NONRESIDENTIAT, BUILDING PROJECTS COMPLETED IN 1976 AND 1977 - AVERAGE
NUMBER OF MONTHS FROM START OF CONSTRUCTION TO COMPLETION FOR SELECTED TYPES
OF CONSTRUCTION (From Reference 12)

Construction Types

Value All Office Other Other
of project types Industrial buildings cammercial . nonresidential
$5,000,000 ar more 24.9 23.2 25,7 21.2 28.4
$3,000,000 to $4,999,999 19.3 16.8 18,1 18.9 22.2
$1,000,000 to $2,999,999 12.9 12,0 14.8 11.2 15.0
$500,000 to $999,999 9.4 8.0 10.5 8.4 11.5
$250,000 to 499,999 7.3 6.2 1.7 6.6 9,2
$100,000 to 5249,999 5.1 4.8 5.4 4.5 7.1
$50,000 to $99,999 1.0 3,7 3.7 3.5 6.7
$25,000 to $49,999 2,9 2.7 2.6 2.7 4.6

AVERAGE TFOR ALL
PROJECT VALUES 10.7 9,7 1l.1 9.6 13.1

Note: Average number of months assumes projects completed in month started took full
month; projects completed in first month following month of start took 1.5
months; projects completed in second month following menth of start took 2.5
months; projects completed in third month following month of start took 3.0
months; projects completed in fourth month following month of start took 4.0
months; etc.




4.2 DURATION OF CONSTRUCTION SITE ACTIVITY RY SITE TYPE AND

SURROUNDING POPULATION DENSITY VALUE

The construction site neise impact model assumes that the
duration of construction site activity is independent of the surround-
ing population-density wvalue. That is, for a glven construction site
type, the length of time from start toc completion of the project is
the same in all five SMSA region categqories considered in the noise
impact model. On a national basis, there is currently no data avall-
able which can be used to support or to refute the assumption that .
the average duration of construction site activity is independent of
the surrounding population density value. However, data for leocal
(Fairfax County, Va.) construction projects were obtained from the
office of Research and Statistics (ORS) - Community Development Branch

of Fairfax county, Virginia.

From a listing of more than 45,000 records concerning
‘ construction projects throughout Fairfax County, a random statistical
b sample consisting of 1,984 individual records was collected. For
each individual record, the following items were recorded: 1) type
of construction preject, 2} length of time from start to completion
of the project, and 3) location of the project identified by census
tract number. From census data presented in Falrfax County pub-13'14'15
lications, census tract vopulation density values* for 1,046 of the

1,984 individual construction project records were computed,

Based on the data described above, the mean census tract
population density value, and the relationship between census tract
population density and duration of construction activity were evaluated

for the following construction site types: 1) residential, 2) office/

o *Averadge population density values were computed from the total pop-
il lation and the total occupled land area specified for each census
B tract number. These data were presented in References 13,14, and 15.
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public service, and 3) industrial/commercial. Additionally, data for
the residential site types were divided into three structure-type
cdtegories (single~family, multi~family, and tewn houses) apd evaluated
as separate data set. Table 4-6 presents a summary listing of the
results of the statistical analyses of the mean census tract population
density associated with each construction site type. Table 4=7 and
Pigures 4-1 through 4-6 present the results of the linear regression
analyses of the relationships between duraticn of constructicn site
activity and census tract population density. APPENDIX D presents a
complete listing of the data used to compute the mean census tract
population density values shown on Table 4-6, and to derive the
relationships between duration of construction site activity and

census tract population density shown on Table 4-7.
4.3 EVALUATION OF STUDY RESULTS

4.3.1 Duration of Construction Activity bv Site Tvpe
and Geographical Location

Single~ and Multi-Family Residential Structures:

; Table 4-8B presents a summary listing of annual data showing
E} the percentage distribution of the number of residential building
project starts by geographical location and structure type {(i.e.,
structures with 1 unit, 2-4 units, or 5 units or more) over the pericd
of from 1971 to 1978. Table 4-8 is derived from statistical data
presented on Table 7 in Reference ll. Based on the information listed
in Tables 4-2, 4-3, and 4-8, a weighted-average construction activity
duration time period was determined for residentilal site types. The
welghted-average duration accounts for the differences in the average
construction activity duration and the relative number of building
projects associated with each structure type category. The welghted=-
average construction activity durations, by geographical region, are

shown below:

4-10
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TABLE 4~6 ANALYSIS OF AVERAGE CENSUS TRACT
POPULATION DENSITY AS A FUNCTION
OF CONSTRUCTION SITE TYPE - COMPUTED
FROM LOCAL (FAIRFAX COUNTY, VA.) DATA

CENSUS TRACT POPULATION
DENSITY, PECPLE/S0. MI.

CONSTRUCTION NUMBER OF
. SITE TYPE DATA POINTS MEAN Standard Deviation
X Single-Family 669 1,580 1,800
: (Residential)
: Multi~Family 50 9,910 8,590
' (Residential)
‘ Town Houses 242 3,920 3,620
{Residential)
All Residential 961 2,600 3,640
i Site Types
B {Single~Family,

Multi~Family, and
Town Houses)

& office/Public 34 2,690 2,770 ‘
i Sazxvice 3
Lo :
4 Industrial/ 51 2,570 2,720 :
B Commercial !
i
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TABLE 4~7 ANALYSIS OF THE RELATIONSHIPS BETWEEN DURATION
OF CONSTRUCTION SITE ACTIVITY AND CENSUS TRACT

FOPULATION DENSITY =

LOCAL (FAIRFAX COUNTY, VA.) DATA

RELATIONSHIPS DERIVED FRCM

BEST FIT LINEAR RELATIONSHIP:

DURATION = a + b-

(Population Density)

L R T ST S S PP I

CONSTRUCTION Correlation
SITE TYPE a b Coefficient
Single-Family 6.671 4.0 x 1077 0.0268
{Residential)
Malti-Family 11.433 -11.0 x 1077 -0,3390
{Residential)
Town House 9,124 -9.0 x 1070 -0.1107
{Residential)
All Residential 7.131 11.0 x 107° 0.1313
(Single~Family,
Mulei-Family, and
Town Houses)
Office/Public 8.643 7.0 x 1077 0.0513
Services
Industzrial/ 7.128 22,0 % 10°° 0,2241
Commercial
4-12
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TARBLE 4-8 PERCENTAGE DISTRIBUTION OF THE NUMBER OF RESIDENTIAL
BUILDING PROJECT STARTS BY GEOGRAPHICAL LOCATION ARD
STRUCTURE TYPE (From Reference 11)

(Components may not sum to 100 percent due to rounding}

United Statan Korthoast Hortli Cantral South Mest
Your Btructures witly -= Slructuras with -- Structuros with -- geructures with —- Structuron with -«
1 2 =4 5 unlts I 2-4 5uits 1 2=-4 5 unite 1 2 =4 5 uplts 1 2 -4 5 units
unit units or more uplt units or mora unlt units _or mora unlt units or more unit wnlts  or moro
1971 56.1 5.0 .1 54.9 6.1 37.0 54,8 5.3 39.9 60.5 4.4 35.1 49.7 9.1 1.2
1972 55.6 6.0 30.5 51,6 5.8 4.6 57.8 5.6 16.6 51,9 4,2 7.9 s5L.6 9.7 .1
'i 1973 5.4 5.8 30.9 6.0 6.1 17,9 6l.1 5.2 33.6 53,2 4.1 42.7 536 9.6 6.8
l 1974 £6.4 5.1 106.6 65,0 4.9 10,1 7.0 4.7 24.3 66.4 4.0 29,1 El.0 8.4 22.8
4 1975 1%6.9 5.5 17.6 751 5.4 19.5 78,5 5.8 10.7 82,8 3.6 13.6 69,86 0.4 21.8
1976 75.6 5.7 18.8 15,2 4.7 20.1 73,5 5.8 0.8 81,5 1.3 15.1 69,2 9.3 21.5
1977 73.0 6.1 20.8 7.2 5.0 17.8 2.5 6,2 21.3 5.1 4.1 20,8 60,8 9.5 21.7
1978 0.9 6.2 22.9 73,8 5.0 21.5 72.1 6.2 21.7 3.3 4.2 22,5 65,1 9.2 25.7
AVERAGE
FOit ALL
YEAIS 66.2 5.0 20.9 66,1 5.4 20.6 67,1 5.6 27.1 6B.0 4.0 27.2 61.2 9.2 29,7
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Welghted-Average Construction Activity Duration, Menths

Geographical Region

United North= North South West
States east Central
6.9 . 7.3 7.1 6.7 7.0

Non-Residential Building Projects:

Table 4-~9 presents a summary listing of annual data showing
the percentage distribution of the pumber of private industrial,
commercial, office, and public service building project starts in
the U.85. for time periods 1976 and 1977. Table 4-9 is derived from
statistical data presented on Table C-2 in Reference 22, A distri-
bution of the number of building projects by geographical region was
not provided. Therefore, the data presented on Table 4-9 is appli-
cable only on a national basis. From tke data presented on Tables
4-5 and 4~9, weighted-average construction activity duration time
periods were determined for the industrial/commergial and office/
public service building project types (i.e., the industrial plus
commercial building projects, and office plus public service building
projects). The welghted-average durations, by building project type,

are shown below:

Welghted-Average Construction Activity Duration, Months

Industrial/Commercial Qffice/Public Service
9.6 12.9
4.3.2 Duration of Construction Site Activity by Site Type and

Surrounding Population Density

Based on local construction activity data and census tract
population density values, the relationship between average population
density and duration of construction activity shows a rather poor
correlation. This poor correlation has been shown (Table 4-7) to be
independent of construction site type. However, it should be noted

4-20
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TABLE 4-% PERCENTAGE DISTRIBUTION OF THE NUMBER OF PRIVATE INDUSTRIAL,
COMMERCIAL, OFFICE, AND PUBLIC SERVICE BUILDING PROJECT STARTS
{(From Reference 22)

(Components may not sum to 100 percent due to rounding)

BUILDING PROJECT TYPER

Year Industrial Commercial# office Puhli¢c Servige**

1976 9.9 24.1 7.3 58.7

1977 10.6 24,4 7.5 57.5
s AVERAGE 10.3 24.3 7.4 58.1
h‘.‘ .
ot

* Includes: service stations, repalr garages, stores and other mercantile buildings, and
amusement buildings.
** Includes: religious buildings, educational buildings, hospitals and other Instituticnal
buildings, and other non-residential buildings,
i d L .. R . - . .
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that data used to establish the relationships between average popula-
tion density and censtruction activity duration were obtained, most
likely, from a single SMSA region whose characteristics should closely
resenble those of the urban fringe. This concluslon is supported

by mean popula.tion density data presented on Table 4-6. As can be
seen from Table 4-6, the mean population density values for the three
construction site types considered in the local data analyses are

not significantly different from that assumed for the urban fringe
SMSA region (i.e., 2,286 people/sa. mile).

4.32.3 Comparison of Study Results With Data Currently Used
in the Construction Site Impact Model

The construction activity time periods presented in the
Preceding sections have been concerned with the length of time from
start to completion of construction projects. These time perioeds
: are derived from data associated with the issuance of building
permits, and do not represent actual construction activity time
periods, i.e., the cumulative time period when censtruction activity
is ogeurring. During the time £rom start to completion, there is
o some "down-time" which is comprised of: 1) weekends, 2) holidays,
and 3} days when inclement weather will not permit any construction
activity. It is assumed that over any construction activity time
period, approximately 54 percent of this time period is down-time,
The percentage distribution of this down-time is assumed to be:

l} weekends - 28 percent
2) holidays - 3 percent

3) days due to inclement
weather* - 23 percent

@
vy

Based on the above assumptions and the weighted-average construction
activity durations presented in Section 4.3.1, the number of 8~hour

* Represents one-third of the availakle 8-hour workdays when
congstruction activity could occur.
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days of actual construction activity has been determined, on a national
basis, for three of the four site types considered in the construction
site noise impact model; 1)} residential, 2) office/public service,

and 3) industrial/commercial., A comparison of these data and the

data currently used in the impact model is shown below:

NUMBER OF B8~HOUR DAYS
OF CONSTRUCTION ACTIVITY

SITE ABSOLUTE
TYPE CURRENT STUDY RESULT DIFFERENCE
Residential 60 97 37
Industrial/

Commercial 170 134 36
Office/Public

Sarvice 170 181 11
4.3.4 Summary of Study Results

An investigation was performed to evaluate the duration of
construction activity for residential, office/public service, and
industrial/commercial site types, and to determine the influence of
gecgraphical loeation within the U.S. and surrounding population
density on the average construction activity duration time periods.
Based on the results of this investigation, the following have been
concluded:

1. For resildential site types, the weighted-average
.eonstruction activity duration time period (i.e.,
langth of time from start to completion of the building .
project) does not vary significantly with respect to
geographical location within the U.S5. For office/
public service and industrial/commercial site types, no
data were available to determine the relationship be-
tween activity duration and gecgraphical location.

2. Based on local construction activity data and censua
tract population density values, the relationship
between average population density and duration of
construction activity, for all site types considered,
has a low degree of corrslation.

4-23
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Compared with the data currently used in the construction
site noise impact model, the study results show that

the average {on a national hasis) number of 8~hour days
of construction activity for the residential and in-~
dustrial/commercial site types may be underestimated

by approximately 38 percent and 27 percent, respectively.

For the office/public service site types, the construc-

tion activity duration may be overestimated by approxi-
mately & percent. Some uncertainty in these comparisons
exists due to the assumption made regarding the per-
centage of construction activity "down-time" used in
determining the avarage number of B-hour days of
construction agtivity, Down~-time is defined as the
parcentage of the construction project start-to-comple-
tion time period during which no construction activity
acours,

4-~24
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S5, NOISE~REDUCTION VALUES FOR VARIOQUS
BUILDING-STRUCTURE TYPES

The impact criteria used to assess construction site noise
impact are based on indoor activity interference and annoyance noise-
effects relationships presented in the EPA "Levels Document". The
indoor noise impact threshold level is 45 Ldn.

Impact calculations associated with office/public service
and industrial/commercial construction in high- and low-density urban
center population density region categories are performed relative to
an Ldn outdoor threshold of 65 dB. For all other construction site
type and population density region category combinations, the impact
an threshold level
of 55 d8. These impact threshold levels are based on two assumptions:

calculations are performed relative to an outdoor L

1) in the high= and low-density urban centers, building structures
near office/public service and industrial/commercial construction
sites provide, on the average, a 20 dB reduction between exterior

and interior noise levels, 2) the noise reduction between exterior

and interior noise levels in all other cases is 10 dB. The implications

of these two assumptions are: 1) building noise-reduction values are
primarily a function of the building structure type, i.e., the
building's physical characteristics, 2} building structures which
afford 20 dB df noise reduction are typilecally large office/public
service and high rise apartment and commerclal building types with
heavy wall construction, and double-glazed windows, and 3) building
structures which afford 10 4B of noise reducticn are typically light-
weight, single- and multi-family dwellings with light wall construc~
tion, and single-pane glass windows.

The following sections present a detailed evaluation of

available data concerning "typical" or average noise-reduction values



for the following building-structure types:

1. single~family residential
2, office/public service
3. commercial/apartment high rise

The evaluation'is based on a review of earlier and mors resent
puklications econcerning ocutdoor-indoor noise level reduction in-
vestigations. Building noise-reducticn (i.e., the difference between
exterior and interior noise levels), rather than sound tranmission
less, is evaluated since it has been observed that building noise-
reduction values measured in the £ield generally fall well below
those that would be predicted from the transmission loss properties

of basic wall or roof structures.
5.1 SINGLE=-FAMILY RESIDENTIAL STRUCTURES

5.1.1 Early Investigations Of Building Noise-Reduction

Meoat of the earlier investigations related to the noise-
reduction*® characteristics of various types of buildings were con-
cerned primarily with residential dwellings (single-family houses)

17.18,19 The noidse reductions were

exposed to aircraft noise sgurces.
generally expressed in terms of two noise descriptors: 1) perceived-
noise levels (PNL) and, 2) A-~weighted soupd levels, Evaluation of
data presented in References 17, 18 and 19 have shown that the average
differences between nolse reduction values expressed in terms of dBa
and PNdB (i.e., NRdBA
However, this difference was determined from propeller and turbine

- NRPNdB) are on the order of one-half of a dB.

powared aircraft nolse sources and, may not be applicable to other

noise sources.

* Building noise reduction (NR) 1s defined as the difference betwaen
the maximum sound levals observed cutside a building and inside a
building during discrete or continuous noise events.

§=2
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Bishop17{1965) reported the results of a study to determine
typical aircraft noise reduction values for furnished living rcoms
and bedrooms in residential buildings. Table 5-1 presents a summary
of the results reported. The data shown on Table 5-1 are given in
terms of PNAB and dBA, where the dBA values are computed using the
approximation: ABA=PNAB + 0.5 dB. !:’cn.mgl8 {1970) reported the
results of an investigation to determine the alrcraft noise attenuation
characteristics of two furnished houses - a wgod-sided frame house
and a brick-veneered frame house. A four-engine propeller-driven
alrcraft and a four-engine turbofan aircraft were used as noise
sources. All indeoor measurements were obtained with the windows
closed. The building noise~reduction data were expressed in terms
of thirty-six physical noise measures. Table 5~2 presents a summary
listing of the results reported in Reference 18, in terms of PNL and

A-weighted sound level only.

In October 1971, the Society of Automotive Engineering, Inc.
published an Aerospace Information Report (AIR) describing the results
of several house nolse-reduction investigations conducted in five
leocations* in the LI.S.]'9 The purpose of this document {AIR 1080) was
to present actual measurement data showing the noise reduction of
aircraft flyover noise from the outside to the inside of houses located
in various climates and with various window configurations (i.e., open
and closed). Average house noise-reduction values were grouped in
accordance with the followilng four climate/window configuration
categories:

1., Warm climate / windows open,

2. Warm climate / windows closed,

3, Cold climate / windows open,

4., Cold climate / windows closed.

* These locations included: 1) Hew York, 2) Boston, 3) Miami, 4) Los
Angeles, and 5) Wallops Station, Virginia.
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TABLE 5-1 REDUCTION OF AIRCRAFT NOISE OBSERVED FOR LIVING ROOMS
AND BEDROOMS IN SINGLE~-FAMILY RESIDENTIAL STRUCTURES
(From Reference 17)

MEAN NOISE REDUCTIONS

TYPE OF ROOM NUMEBER OF
NOISE SIGNAL TYPE MEASITREMENTS PNdB dBA
Takeoff Living Room 35 20.9 21.4
Takeoff Bedroom 39 24,1 24.86
Approach Living Room 46 22.1 22.6
Approach Bedroom 46 23.8 24.3
AVERAGE 22.7 23.2

T it et A s et ™ F e




TRBLE 5-2 REDUCTION OF AIRCRAFT FLYQOVER NOISE OBSERVED
FOR VARIOUS ROCMS IN SINGLE-FAMILY RESIDENTIAL

STRUCTURES (From Reference 18)

MEAN NOISE REDUCTION*

HOUSE ROOM NUMBER OF
TYPE TYEE MEASUREMENTS PNdB dBA
Dining Reoom 4 23.1 23.4
Brick-Veneer Living Room 4 21.2 21.8
Frame Bedroom No.l 4 27.5 27.5
Bedroom No,2 4 25.9 26,0
; Dining Room 4 22.8 21.3
Wood-Sided  Living Room 4 21.2 19.7
g Frame Bedroom No.l 4 25.3 24.6
g Bedroam No.2 4 18,1 18.0
AVERAGE  24.1 22.8

FOR EBOTH

HOUSE TYPES

S0 AN Y

AL Bt

.
S

ﬁ“&a:

: *aAverage of the noise-reduction values computed using three data

I analysis technigues:

it 1. outdoor noise intensity minus indoor intensity at the time
when the outdecor noise was maximum,

i 2. Outdoor noise intensity minus indoor noise intensity at
; the time when the indeor nolse was maximum,

ﬁ 3, Maximum outdoor noise intensity minus the mawximum indoor
) nelse intensity.

5-5
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Tahle 5-3 and Tahle 5-4 present the average house noise-reduction
values in terms of octave-band (from 63 Hz to 4000 Hz) sound pressure
level and in terms of overall A-weighted sound level, respectively,

for each of the four climate/window configurations.

5,1.,2 Recent Investigations of Building Noise Reduction

Data from a recent publication 20 by Sutherland (1978) has
augmented the available outdoor-indcor noise-~reduction data for single-~
family (detached dwellings) residential structures. These recent data
include noise-reduction measurements for both aircraft and highway
traffic noise sources and, are given in terms of the difference be-
tween outdoor and indecor A-weighted sound levels with windows open
and windows closed. The data are also grouped according to the two
general climate categories used in Refarence 19, i.e., "warm" and
"cold" climates, Table 5-5 presents a summary listing of the data
given in Reference 20. It should he noted that the data shown on
Table 5-5 represent mean neise-reduction values which have heen
computed from welghted-average noise reduction values reported in the
various investigations included in the data analyses. This weighting
15 based on the number of rooms associated with a given average noise-

reductlen value (see Table II in Reference 20).

5.2 OFFICE/PUBLIC SERVICE AND COMMERCIAL/APARTMENT HIGH
RISE STRUCTURES

Compared with the single~family residential structures,
there is very little building noise-reduction data available for
office/public service and commercial/apartment high rise structures.
However, some data have been reported for alrcraft and highway traffic
noise sources.l7'20’21 Table 5~6 and Table 5-7 present summary list-

ings of these data.

5-6



CLIMATE/WINDOW
CONFIGURATION
CATEGORY

Warm/Open
Warm/Closed
Cold/Open
Cold/Closed

Average for:

Warm/Open
and Clesed

Cold/Open
and Closed

Warm and Cold/
Open

warm and Cold/
Closed

All Categories

TABLE 5-3 BUILDING NOISE REDUCTION VALUES IN TERMS OF AVERAGE
CCTAVE-BAND SOUND PRESSURE LEVEL FOR SINGLE-FAMILY
RESIDENTIAL STRUCTURES

SOUND PRESSURE LEVEL (dB) FOR

{From Reference 19)

OCTAVE-BAND CENTER FREQUENCIES {liz)

NUMBER OF MEASUREMENTS

63 125 250 500 1000 2000 4000 USED TO COMPUTE AVERAGE
11.2 3.0 11.8 12.8 11.7 11.1 12.8 15
17.4 18.1 20.5 22.2 25.3 26.9 28.9 28
14.0 14.4 15.6 16.3 18,0 19,3 20.3 3l
17.0 18.7 21.7 26.3 30.2 33.6 33.4 32
15.3 14.9 17.5 18.9 20.5 21.4 23.3 43
15.5 16.6 18.7 21.4 24,2 26.6 26.9 63
13.1 12,6 14.4 15.2 15,9 16.6 17.9 46
17.2 18,4 21.1 24.4 27.9 30.5 31.3 60
15.4 15.9 18,2 20.4 22.7 24.5 25.5 106




TABLE 5-4 BYILDING NOISE REDUCTION VALUES IN TERMS OF AVERAGE
A-WEIGHTED SQUND LEVEL FOR SINGLE=-FAMILY RESIDENTIAL
STRUCTURES (From Reference 19)

ELIMATE/WINDOW A~WEIGHTED NUMBER CF

CONFIGURATION SOUND LEVEL, MEASUREMENTS
CATEGORY dBa USED TO COMPUTE AVERAGE

Warm/Open 12.1 86

Warm/Closed 24.6 84

Cold/Open 17.0 106

Cold/Closed 26.0 130

Average for:

Warm/Open
B and Closed 18.3 170
E; Cocld/Open
i and Closed 22.0 238
i Warm and Cold/
o Opan 14.8 192
%E Warm and Cold/
& Closed 25.5 214
f;;'

All Categories 20.4 406
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TABLE 5-5 BUILDING NOISE REDUCTION VALUES IN TERMS OF (WEIGHTED)
AVERAGE A-WEIGHTED SOUND LEVEL FOR SINGLE~FAMILY
RESIDENTIAT, STRUCTURES (From Reference 20)

C_LIMATENINDDW A=WEIGHTED NUMBER OF ROOMS ASSOGIATED
NOISE CONFIGURATION S5CUND LEVEL, WITH WEIGHTED AVERAGE
SOURCE CATEGORY 4BA COMPUTATION
Warm/Open 12,1 14
Aircraft Warm/Closed 26.4 132
Cold/Open 18.4 26
Cold/Closed 27.6 26
i Warm/Open " *
7 Highway Warm/Closed 25.0 11
I Cold/Open 11.2 29
i cold/Closed 22.8 33
Average for:
9! Warm/Cpen
i1 and Clesed 25.0 157
‘{' Cold/Open
;j Aircraft and Closed 19,9 114
;J. and Warm and Cold/
5 Highway Open 14,1 69
;‘:J;';' Warm and Cold/
| Closed 25.9 202
ALL CATEGORIES 22.9 271 -

* No data presented,
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TABLE 5-6 BUILDING NOISE REDUCTION VALUES FOR OFFICE/PUBLIC

SERVICE STRUCTURES

AVERAGE NOISE

BUILDING NOISE REDUCTION NUMBER OF MEASUREMENTS SOURCE Or
_TYPE SOURCE dBa USED TO COMPUTE AVERAGE DATA
Schools Alrcraft

Grade Approach 20.8 22

Grade Takeoff 30.0 21

High Approach 22,2 15 Reference 17
Average for all

School Types - 24,5 58

Schools

Grade Aircraft 22.0 264
Junior High Alrcraft 23.2 48 Reference 21
High Alrcraft 20.0 &0

Average for all

School "Types Alrcraft 21.8 372
Hospitals hircraft 24.8 105 Reference 21
Average for all
Office/Public

Service Structures Alrcrart 22,7 535 Referances

17 and 21




TABLE 5-7 BUILDING NOISE REDUCTION VALUES FOR COMMERCIAL/APARTMENT HIGH RISE

STRUCTURES

AVERAGE NOISE

BUILDING NOISE REDUCTION NUMBER OF MEASUREMENTS SOURCE OF
TYPRE SOURCE dia USED TO COMPUTE AVERAGE DATA

Motel Rooms Aircraft 19, 3% 3 Reference 17

Motel Rooms Aircraft 25 4%+ 5 Reference 17

Average for all

Motel Rooms Alrcraft 23.1 8 Reference 17

fiigh~-Rise Highway

Apartments Traffic 18.5% 7 Reference 21

High-Rise Highway

Apartments Traffic C30,5% 1 Reference 21

Average for all Highway

High-Rise Apts. Traffic 20,0 8 Reference 21

Average for all Aircraft

Commercial/ and Refor

Apartment High~ Highway 17 egczi

Rise Structures Traffic 21.6 16 an

* Windows Opened.
** Windows Closed.
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5.3 EVALUATION OF STUDY RESULTS

Building noise-reduction data were collected and evaluated
for various huilding-structure types: 1) single~family residential,
2) office/public service, and 3) commercial/apartment high rise.
Both earlier ;nd more resent publications concerning building noise-

reduction investigations were considered in the data evaluation.

5.3.1 Single~Family Residential Structures

Based on an evaluation of currently available data (see
Tables 5~), 5-2, 5-4, and 5-5), the average noise-reduction value
for single-family residential structures, expressed in terms of A-
weighted sound level (LA), iy approximately 20 dB. This level is
derived from building noise-reduction data reported for various types
single=-family residential structures located thourghout the United
States., These data represent typical outdeor-~to-indoor noise attenua-
tion afforded by building structures exposed to aircraft or highway
traffic noise sources. Although no data were reported for construc-
tion eqguipment, it is expected that the range of noise spectra pro-
duced by aircraft and highway traffic noise sources is not signifi-
cantly differentffan\that produced by construction equipment. There-
fore, the 20‘dB noiser~reduction value determined for single-family
residential structures is assumed te be applicable to construction

equipment noise sources.

5.3.2 Office/Public Service and Commercial/Apartment High
Rise Structures

Based con an evaluation of currently available data (see
Table 5-6 and 5=7), the average nolse-reduction value for office/
public service and for commercial/apartment high rise structures,
exprassed in terms of A-weighted sound level, is 20 dB. Data used
to derive this noise-reduction level represent typical outdoor-to-
indoor nolse attenuvation afforded by building structures exposed to

5=12
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alrcraft and highway traffic noise sources. However, the 20 4B noise-
reduction value is assumed to be applicable to construction equipment

nolse sources.

5.3.3 Summary of Study Results

Based on an evaluation of currently available data concern-~
ing "typical" or average building noise-reduction values, it appears
that all construction site noise impact calculation should be per-
formed relative to an Ldn outdoor threshold of 65 dB. The suggested
use of a 65 dB outdoor threshold for all impact calculaticns is based
on the finding that a representative average building noise-reduction

value of 20 dB is applicable to single~family dwellings as well as
other larger and heavier building structure types.

5=13
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APPENDIX A

DESCRIPTION OF THE DATA REQUIREMENTS
AND COMPUTATIONAL PROCEDURES USED TO
DETERMINE CONSTRUCTION EQUIPMENT USAGE FACTORS

This appendix presents a detailed description of the data
requirements and computational procedures used to determine con-

struction equipment usage factors.
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A.l Data Requirements

Equipment usage factors are a function of the following

construction site and equipment usage parameters:

1. Average number of hours per day that the
machine cperates during each construction phase.

2, Fraction of each construction phase duration
that the machine operates.

3. FPraction of all siltes for each site type on
which machine is used.

A2 Computational Procedure and Description of Data Elements

Tha following equation is used to determine the usage factors

for each constructicn equipment type:

UF = [(aNH) - (FCP) . (Fas)| /8 (1-3)
whera

UF = construction egquipment usage factor,
ANH, FCP and FAS are the construction site and equipment usage para-
meters 1, 2 and 3, respectively as defined in Se&tion A.l.

The factor of 8§ in the above equation represents the
asgsumed number of hours per day of construction activity,

A.3 Example Calculation

The following example is a step-by-step procedure used to
determine the forklift truck usage factor for the residential site type-

foundation construction phase:
Step 1. Using Table 2~3 in Section 2.3, determine the average

number of hours per day and the fraction of the phase duration
that the machine operates.

A=2
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Step 2.

Step 3,

AR

These values are:
ANH = 1.83
FCP = 0.247

From Table 2-4 in Section 2.4.2, determine the

fraction of sites on which the machine is used.
This value is;
FAS = 0,30

Using equation 1-A, compute the equipment usage

factor, UF.
UF = |(ANH) + (FCP) . (FAS)| /8

= [1.83) . (0.247) - (0.30)] /8
= 0.0170

A-3
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APPENDIX B

COMPUTATICNAL PROCEDURES USED TO
DETERMINE THE POPULATION TRANSFER BETWEEN
SM5A GEOGRAPHICAL COMPONENTS AND THE
CHANGE IN POPULATION DENSITY DURING THE
NORMAT, DAYTIME WORK PERICD

This appendix presents a detailed description of the procedures
for determining the population transfer between SMSA geographical
components and for calculating the population density and percent change
for the area outside SMSAs.
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B.l procedure for Determining Population Transfer Between SMSA
Geographical Components

The following is a step-by-step procedure for determining
worker transfer between SMSA geographical components (SMSA region

categories) during the normal daytime work period:

Step
Number Procedure
1 For SMSA Region under investigatiecn, list all fundamental
geographic compenents listed in Journey to Work (Ref. 7).
2 For each geographic component, find 1970 population, area,
and number employed workers from County and City Data Book
(Ref. 10).
3 Determine baseline peopulation density for each geographic
component,
4 Place each geographic component into one of four SMSA

regional categories (noting name, population, and area)
according to the following criteria:

CATEGORY CRITERIA
High-Density Central Cities Population »400,000 and
(High=Density Urban Centers) density >8,500
Low=Density Central Citles Population >400,000 and
{Low-Density Urban Centers) density 3,000 <pg 8,500
Urban Fringe Population £400,000 and

density 2,000<p< 3,000

outside Urban Fringe Population 3400,000 and
density ps2,000

betermine total population, area and density for each category.

] Uslng the Journey to Work book, distribute all worker transfers
as appropriate. For example: X workers living in B and
working in A -—- 1) subtract ¥ from SMSA regional category
containing B, and 2) add X to SMSA regional category containing
A. Include workers living outside SMSA working in the wvarious
gaographic components being analyaed.

7 A. Determine the number of employed workers living in the

Urban Fringe and SMSA areas outside the Urban Fringe by
ugsing data found in Step 2 and results of Step 4.

B. Sum these two categories and find percentage of employed
workers in each (of the two categoxries) based on this sum.

B-2
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C. Allocate 27 and 73 percent of the "Workers living in
the SMSA working outside it" in the Journey to Work
publication to the Central City and Outside the Central
City (Urban Fringe and SMSA Areas Outside Urban Fringe),
regpectively. (These percentages are based on data
presented in Table 3~1 in Sectien 3.1).

D. Determine the numbher of workers living in the Urban
-Fringe and the number living in SMEA Area Outside the
Urban Fringe but working outside the SMSA by multiplying
the total number of employed workers for both region
categories, as determined from step 7C, by the percentages
for each region categery found in Step 7B.

E. Subtract the resultant number of workers found in Steps
7C and 7D for the Central City, Urban Fringe, and
Outside the Urban Fringe from the appropriate region
categories and add them to the Qutside SMSA region category.

8 A. PFind Total Employed Persons in each SMSA geographic
component using data from Step 2 and results of Step 4
and 7.

B, Find percentage of Total Employed Workers in each SMSA
geographic compenent,

C. Using Journay to Work publjcation, find the number of
workers living in the SMSA but not reporting their place
of employement and multiply this number by percentages

; found in Step 8B.
i D. Pind the percent of workers living in each SMSA geographic
i component which worked in another (using data from Step &),

fﬁ E, Multiply the number of workers found for each component
5 in Step 8C by percentages found in Step 8D and allocate
as appropriate.

b 9 Sum all worker transfers made during Steps 6, 7 and 8 and
add to initial population,
10 Repeat Steps 1 through 9 for all sample High- and Low-Density
SMSA categories,
11 Determine the normal daytime work period population density

and percent change for the five SMSA Region Categories using
i the relationships presented in Section 3.3.

B.2 Calculation Procedure for Determining Population Density
and Percent Change for the Area Qutside SMSAs

Eﬁ The average population density and percent change for the area

= putside the SMSAs during the normal daytime work period was estimataed




from the following population and land area data:

1, estimated population density and total land area
for each of the four region categories within the
SMSAs,

2. approximate total U.S. population and land area

The data requirements identified in item 1 and 2 above were
determined from the results presented in Section 3 of this study and
Table 8 in Reference 2. Based on this data, it was estimated that
the total population inside and outside the SMSAs during the normal
daytime work period was 146.8 and 63.2 million people, respectively.
The population outside the SMSAs was determined by subtracting the
population inside the SMSAs (computed from region category population
densities and land areas) from the total U.S. population. The
approximate total land area outside the 5MSAs was estimated to be
3.35 million square miles. Using the outside SMSAR population angd
land area data, the average normal daytime work period population
density and percent change were determined to be approximately 19

peocple per square mile and ~5.7, respectively.
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APPENDIX C

DEVELOPMENT OF REVISED POPULATION DENSITY
VALUES BY CONSTRUCTION SITE TYPE AND BY SMSA
REGION CATEGORY

This appendix presents a discussion of the procedure
used to determine the revised populaticn density values by construc-

tion site type and by SMSA region category.
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c.l

Key Assumptions

In determining revised population density values, the

following assumptions were made;

1.

Each SMSA region category is composed of
geveral basic land use categories, three of
which are: 1) residential, 2) commercial, and
3) industrial.

Construction activities associated with the four
site types considered in the noise impact

model are performed in land use categories in
accordance with the following:

.T TR A e

Construction Activity/ Land Use
; Site Type Category
Residential Residential
Office/Public Service Residential, Commercial, and Industrial
: Industrial /Commercial Industrial and Commercial
Public Works Residential, Commercial, and Industrial
3. The baseline population density values (as

defined in Section 3.1) for each SMSA region
category were determined f£rom the total residential
populaticn and total land area allocated to that
rategory,

© Transfer of population (workers) is primarily from
the residential to the commercial and industrial
land use categories,

Publle works construction activities occur in all
land use categories; the populaticn density asso-
clated with the public works site types in a

given SMSA region category is the average of the
population densities associated with the other three
glte types.

Due to the relatively small change in the population
dengity value for areas cutslde the SMSAs during

the normal daytime work period (one person per
sq.mi.), an average population density value is
assigned to all land use categories in this regqion.
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7. Percent changes in population density for
all land use categories in the central cities
and the SMSA areas outside the central cities
are applicable to the same land use categories
in the high- and low-density urban centers and
the urban fringe and SMSA areas outside the
urban fringe, respectively,

c.2 Data Development

Using data presented ip Table 3-1 in Section 3.1 and
Tables 34 and 36 in Reference 9, it was found that, for SMSAs of
250,000 or morel, the number of employed workers represented approxi-
mately 38 and 39 percent of the total population living in the central
cities and the SMSA areas outside the central cities, respectively.
Since it is assumed that these workers live in the residential land
use categoriles and transfer from this category to commercial and
industrial land use categories, the percent change in residential
population‘density for the central cities and the SMSA areas outside
the central cities is proportional to the reductions in total
residential popualtion. fThe percent change in population density for
the commercial and industrial land use categories is determined from
the data presented in Tahle 3-2 in Section 3.4.1 for the region
categories inside the SMSA. These data are assumed to be applicable
to both land use categories where office/public service and industrial/
commerical construction activities occur, It should be noted that
although some office/public service sites are most likely located in
residentlal land use categories, it is assumed that the major proportion

of these site types are in commercial and industrial land use categories.

The percent change in population density for all land use
categories in areas outside the SMSAs is -5,7. This value was
determined from the population transfer analysis presented in Section 3.

Table C~1 presents a sumnary of the percent changes in base-
line populaticn density by site type and hy SMSA region category.

lSMSAS of 250,000 or more represent approximately 90 percent of the

total SMSA population.



Table C=1, PERCENT CHANGE IN POPULATION DENSITY BY CONSTRUCTION SITE TYPE
AND BY SMSA REGION CATEGORY
SM5A Region Category
SMSA Areas
Construction itigh-Density Low-Density Urban Outside the Cutside
Site Type Urban Centers Urban Centers Fringe Urban Fringe SMSA
Residential -38.0 -38.0 -39.0 -39.0 =5.7
L]
Qffice/Public
Service +13.4 + B.4 - 0.4 - 8,1 =5.7
Industrial/
Commercial +13.4 + 8.4 - 0.4 - 8.1 -5.7
Public Works - 3.7 - 7.1 -13.3 -18.4 -5.7
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APPENDIX D

DURATION OF CONSTRUCTION SITE ACTIVITY BY SITE TYPE
AND SURROUNDING POQPULATION DENSITY

This appendix presents a complete listing of the data used to:

* compute mean census tract population density values
by site type,

* derive relationships between duration of construction
site activity and census tract population density by
site type.

The data contained in the listing were developed from construction
project records and census publications prepared by the Office of
Research and Statistics (ORS) - Community Development Branch of
Falrfax County, Virginia. The data listing contains 1,984 individual
construction project records arrayed in accordance with the following

format:
Column No. Description of Information

i 1 Census Tract Population Density

33 (people/sq.mi.). A zero in this

: column indicates that the population
B density value could not be deter-~

i mined from available data. Records
with a zero in the population density
column were not included in the
population density analyses presented
in Section 4.

2 Construction Site Type Identifier:

2 0ffice/Public Service
2 3 - Industrial/Commercial i
bR 10 - Single-Family (Rasidential) '
! 11 Multi~-Family (Residential)
12 - Town House (Residential)

1

3 bDuration of Construction Site Activity
(months).
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