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ABSTRACT

This report preasents a method for estimating benefits accruing from
implementation of acoustical performance requirements for new buildings. The
method can be applied to a wide range of environmental noiae conditions and
noise isolation requirements for building envelopes. Benoefits are estimated
based upon the distribution of population with outdoor noise level and the
noise isolation provided by the building envelope. A method is described for
estimating noise isolation performance of exiating construction based upon

local conditions.

Key words: acoustical design; benefit analyasis; building codes; model coda;
noise control; noise impact; ocutdoor=-indoor noise isolation.
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PREFACE

This report ie ona of two NBS rasearch raports dedcribing models for assesaing
the cost and tha benofits of implementation of noisa control requirementa in
building codes. The cost model is described in NBSIR 81~-2366, "Method for
Assessing Coats of Noisa Control Requirsments in Multifamily Residsntial and
Educational Bulldinge.” The research leading to the present raport was con-
ductad by tha Building Acoustics Group in tha Centar for Building Technology,
National Engineering Laboratory of the National Bureau of Standards. Thie
resaearch was spongorad by the U.S. Environmental Protaection Agency, Office of
Nodase Abatement and Control (ONAC) under Intaragency Agreemant No.
AD=13=F=1-507=0, "Model Building Code Banafits Study” dated Fabruary 1981.

The author is grateful to Casey Caccavari of ONAC for his encouragament and
suggestions provided throughout the resesarch affort. Also, tha author appreci-
ataa the many helpful commants made by the NBS reviawers: Simone Yaniv,
Balinda Collins, Myroslav Serbin and David Pallett. Spacial cradit is due to
Doloras Hardy and tha ataff of the Word Processing Center for the many hours

of typing required to bring the report to camera-ready form.
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1. TINTRODUCTION

l.1 PURPOSE AND SCOPE

The purpose of this report is to present a uniform method for estimating
benefits of incorporating noise control requirements for new residential and
educational buildings. The primary benefitas that may be estimated using this
model are these accruing from nolge-isolation requirements for the building
envelope. Benefits related to noige igolation requirements for interior
partitions and floor/ceiling assemblies and mechanical equipment noise can

only be addressed in general terms.

The costs related to achieving the benefits described in this report are not
addresged, These costs may be estimated using the methodology described in

reference [1l].

To illustrate the use of the benefit model, a particular noise~control code,
called the Model Noise Control Code (MNCC), is used, This proposed model code
was developed under the sponsorship of the U,S. Environmental Protection Agency
(references [2] and [3]). Unique to the MNCC are the varisble performance
requirements based upon expected nolse levels surrounding the buildings in
question. In contrast, current building noise-control provisions in the Appen-
dix of the Uniform Building Code are fixed performance requirements independent
of the outdoor noise surrcunding the building, reference [4]. As described in
the MNCC document, the MNCC provisions could be substituted for the current
building noilse-control provisions contained in the Appendix, chapter 35, "Sound
Transmission Control,” of the Uniform Bullding Code. The performance require-
ments of the MNCC are restricted to residential and educational bulldings.

The benefit model deseribed in this report may be used to assess alternative
noise~isolation requirements for any proposed level of isolation. The model
requires input data based upon local conditions at a future point in time.
Theae data define the distribution of population with outdoor nolse levels
and the nolse-isolation performance of exlating local construction. If
noise-isolation date are not available, a method i1s described for estimating
the required data based upon local considerations.

1.2 ORGANIZATION

Section 2 of this report begins with an overview of the specific provisions
of the acoustical performance code used to illustrate the wodel, the MNCC,
and identifies the types of bulildings affected by each provision. The
detailed acoustical performance requirements specified by the MNCC provisions
are presented Iin tabular form and interpreted.

Section 3 18 an overview of the benefit model, A benefit, as defined for this
model, is a decrease in nolse impact., The decrease 15 measured relative to
continued use of existing constructlon and is attributable to the nolse-control
proviaions being considered. The data requirements to use the model ars
described and the clagsification of the benefits are discussed. Since the



roader may nol ba faniliar with noise impact assossmaents, the necessary
considerations ars prasented,

Section 4 4s a guideline to the ateps necassary to conduct a benofit analysis
ueing the model, These guidelines are necessarily gensral sinco the model's
format allows the usar to incorporata local data at various lavela of datail,

Section 5 is a very datailed example of a benefit anmlysis uaing the model and
the MNCC provisions. The oxampla 4is an estimate of bonefits for the United
Statas! population rasulting from implementing the MNCC requirementa. This
example conaidars only highway traffic noise. Howovar, tha dstailed discus=
aions in the example indicate tabular formats and data surmaries that apply
to all loecal conditions,

Thera are thrao appandixzes to this raport. Appendix A {s a brisf discussion
of the methodolegy usad to cenduct a noisa impact estimate. Appendix B
prasents a tethod for sstimating the noisa Lsolation performance of axiating
conatruction incorporating local conditiona. This mathod may be used if
local data ars not available, Appandix C is a blank copy of a worksheat that
1o usaful in conducting the benefit analysis.
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2. MODEL NOISE CONTROL CODE PROVISIONS

This section reviews the provisions of the MNCC used to illustrate the benefit
assessment method and identifies the building types and major building envelope
components affected by those provisions., The purpose here is to provide the
reader with a brief desecription of the MNCC sections which are specifically
addressed by the methodology. For more elaborate details on these MNCC provi—
sions, the reports prepared for the Environmental Protection Agency should be

consulted [2,3].

2.1 OQUTDOOR NOISE ISCLATION AND ACOUSTICAL PRIVACY

Table 2.1 presents the titles of the four MNCC provisions and indicatea the

building types affected by each. The first two provisiocns, Outdcor Noise

Isolation and Acoustical Privacy, both govern the transmission of airborne

noise into and within buildinga. It is expected that these provisions would

account for most of the benefits resulting from widespread adopticn of the

MNCC. The acoustical provisions contained in building codes today are

generally presented in terms of a fiXed acoustical performance requirement

[5]. In contrast, the airborne noise requirements of the MNCC vary as a

function of the outdoor acoustical environment. This acoustical environment .
is measured in decibels of cutdoor day-night sound level which is defined as .
"+oothe equivalent A-welghted sound level during a 24-hour period with 10

decibels added to the equivalent A-weighted sound level during the nighttime

houra (10:00 p.m. to 7:00 a.m.}" [G].

The Outdoor Noise Isolation provision (section 3507) imposes outdoor noise
isolation requirements on the exterior shell of the building. It affects both
residential and educational btuildinge exposed to outdoor day-night sound

Table 2.1. Model Noise Control Provisions Developed by
Bolt, Beranek, and Newman, Inc.

Provision Buildings Affectadd
Uucdoor Noise Isolation (sec. 3507) Rb E
Acoustical Privacy (sec. 3504) R E
Impact Nolse Igolation (sec. 3505) R
Mechanical Equipment Noise (sec. 3506) R E

4 Key: R = Multifamily highrise, lowrise, and townhouse buildings.
E = All educational buildings,

b Also applies to single family dwellings,



levelsl graater than 60 dB. As indicated in table 2,2, the outdoor noise
isolation requirements vary directly with changes in the outdoor asound lavels.

The Acoustical Privacy provision (section 3504) imposes performance
requirements for airborne noise transmission reductions for multifamily
residantial and educational buildings, These nolse transmission reduction
requirements distinguish two types of acoustical privacy by building aepara-
tions (e.g., floors/ceilings or interior walls): 1) interior private to
private dwelling unit separations (party walls); and 2) interior public to
private dwelling unit separations.

The Acouatical Privacy requirements vary invaersely with changes in the outdoor
sound level within & range from 60 dB and lower. These requirements, howaver,
become constant above 60 dB,

The predominant conatruction cost impacta of the performance requirementa for
Outdoor Nelse Isolation and Agoustical Privacy given in table 2.2 affect five
different building components®., Table 2,3 lists these components and indicates
which provisiona affect each component. The exterior walls are affected by the
Outdoor Noise Isolation provision, Windows and doors are affectad by both
provisions. Interior walls and f£loor/ceiling assemblies are affected only by,
the Acoustical Privacy provision [1], The benafits accruing from the Outdoor
Noiase Isolation provisions may be quantified using the model described in this

report,

2.2 IMPACT NOISE ISOLATION AND MECHANICAL FQUIPMENT NOISE

The other two provisions listed on table 2.1 are Impact Noise Isolation and
Mechanical Equipment Noise. The Impact Noise Isolation provision (section 3505)
calles for prescriptive compliance with a Construction Handbook of approved
designs for impact noise reduction”. This provision could not be addressed by
the methodology presented in this report because the proposed Construction

Handbook of acceptable deaigns has not yet been prepared. If this provision

wera implemented it would primarily affect multifamily residential buildings.

The fourth provision addresses Mechanical Fquipment Noise (section 3506). This
provisien requires that both multifamily residentlal and educatfonal buildings
control the noise transmission from various building machinery and appliances.

l The term "levela” refers to tha 24=hour day=-night sound level. .

2 The Outdoor Noise Iasolation raquirement may also affect the cenatruction cost
of roofs. This component is not inecluded in the analysis aince its fmpact on
the entire cost of a highrise building is likely to be minimal, Further, the

increment in benefits may not be significant. For single family dwellings
conatruction costs related to roofing may be fimportant, howaver.

3 For Justification of the use of prescriptive, rather than performance,
requirements for Impact Nolse Isolation, see reference [2], p. 45,

4
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Table 2,2, Model Noise Control Code Specifications {Decibels) for Outdoor Noise
Isolation and Acoustical Privacy

1f Outdoor Outdoor Noilse Acoustical Privacy
Day~ Night Isolation (sec. 3504)
Sound Level (sec. 3507)
> 4 Qutside to Inaide? Public to Private to
Private Private
50 - 55 60
50 55 - a0 55
55 60 - 45 50
60 65 20 40 45
65 70 25 40 45
70 75 30 40 45
75 80 35 40 45
80 ARRAKRARNRACONSTRUCTION PROHIBITEDARARAARRAN

2 The difference, in decibels, between the outdoor equivalent A=-weighted aound
level and the corresponding equivalent A-weighted sound level in the recelving
gpace. Denoted by AL, in this report.

b The Normalized Sound Level Diffarence as defined in reference [2}, p. 29.
The MNCC recommenda that these values be incressad 5 dB when using STC ag the

deaign requirement.
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Table 2.3,

Major Bullding Components Affected by the Outdoor Noise Isolation

and Acoustical Privacy Proviasions of the MNCC

Building Component

Outdoor Noise

Isolation Provision

Acoustical
Privacy Provision

Exterior Walls and Roof

Windows

Doors

Interior Walls (Partitions}

Floor/Celling Assemblies

X

X

~ -

~




The Machanical Bquipment Noise provision apecifias that the A-waighted sound
lavals produced by the operation of mechanical equipment bhe no greatsr than
45 dB in any dwelling unit or guest room. It also spacifies that oparation
of appliances produce an A~weighted sound level no wmore than 70 dB and food

waste disposals no more than 88 dB.
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3. OVERVIEW OF METHODOLOGY

The method or model described in this report attempts to quantify benefits
attributable to implementation of nolae control requirements in building codes.
This section describes an overview of the model and the type of benefits
addressed, The following section presents more detail concerning the applica-
cion of the model te local conditions. Since the model incorporates many
specific steps that are influenced by local conditions a comprehensive example
is presented in section 5.

3.1 DEFINITION OF BENEFIT

The benefit model described in this report attempts to quantify noneconomic
benefits that may be assigned to a segment of the population within a community,
The population considered in the analysis is the population residing in new
construction at future points in time, The model is based upon the recognition
that noise can cause an adverse environmental impact on this population [7].

As a result, a "benefit” estimated using this model is defined as a mitigation
of adverse environmental noise impact. This definition establishes the frame-
work of the model ~— the estimation of envirommental noise impact on a segment
of the population.

Accepted techniquea are available for conducting environmental noise impact
assessmenta [6]. These techniques are applied in this model., The application,
however, required an extension of these techniques to incorporate the effect
of noige isolation provided by the building construction. The basic steps in
the noise impact analysis are quite simple: 1) determine the population
affected by the proposed action, 2) determine the noise exposure of this
population, and 3) estimate the noise impact. To evaluate the benefits or
reduction in the noise impact, it 18 neceasary to eatablish a bench-mark for
comparisons. The bench-mark 1a the no-action alternative and for this model
corresponds to no change in the building codes to incerporate noise control
requirementa, Appendix A briefly describes the accepted methodology for
conducting noise impsct assegsments.

3,2 DATA REQUIRED

Ap staced above, three steps are required to determine the nolse impact for
both the no-action alternative and the alternative of implementing noise
control requirementa. To obtain a quantitative estimaste of either noilse
impact or benefits, it is necessary to obtain local data for input into the
model. These data correapond to population projections, future noise
environment, and the noise i{solation performance of existing construction,
The aggregation of these locsl data {8 the most important and time-consuming
task for any benefit assessment. Much of the data will be avallable through
local planning activities, however, and it 1s only necessary to aggregate the
data in the format required by the model. Based upon the available informa-
tion, the data format 1s dictated by the nolse isolation performance of the
exlsting construction.
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3.2.1 Building Envelope Noise Isolation Performance

One very important aspect of noise control requirementa for building
construction is the specification of the cutdoor-to-indoor noise isolation of
the bullding envelope, One measure of the envelope noilse isclation performance
is the A-weighted sound level difference. This ia a eingle number character~
izing the envelope performance and 48 the requirement used Ln the Model Noise
Control Code (MNGC) deseribed in sectlon 2 (mee table 2,2)., This requirement
is based upon the outdoor day-night sound level expected at the building site,
However, the de facto building envelope noise level reduction or noise
isolation performance, as measured by the A-weighted aound level difference,
dependa upon the dominant source of outdoor environmental noise. The technical
basis for this distinction is discusaed in Appendix B.

One characteristic of this benefit model is that it allows the consideration
of different sources of outdoor noise to be incorporated into the sasessment
of benefits. This 1is achieved by attributing different noise isolation
performance estimates for the building envelope on the basis of the dominant
aoutce of outdoor nolse. These performance estimates apply to existing
conastruction and are described in Appendix B. The three dominant outdoor
noise source categories addressed in Appendix B are: 1) aircraft noise,

2) highway traffic neise, and 3) urban nolse.

As a result, the model may incorporate an assessment of benefits acecruing to
three population categories: 1) population exposed mainly to aireraft noise,
2) population exposed mainly to highway traffic noise, end 3) population
exposed to "urban nolse.”

As described in the example benefit analysis in saction 5, the model requires
an estimate of the distribution of the building envelope noise level reduction
for existing construction. This distribution may be based upon available local
data. In the absence of local data, the methodology of Appendix B may be used
to obtain an estimate appropriate to the local conditions. The method is,
however, an approximation technique.

3.2.2. Population Nolse Exposure

The most Iimportant input for a noise impact assessment is the estimation of
population noise exposure., This estimate 1s a data aggregation that assigns
or distributes the population to the range of environmental noise in the
community. This estimate requires a knowledge of the noise exposure of land
areas and the population residing in these land areas. Since this bepefit
model addresses new construction at & future point in time, the population
noise exposure estimates are based upon future land development and the future
noise levela., The MNCC requirements specify that the noise control require-
ments be established on the basis of future nolse levels and provide methods

for predicting thease levels [2,3].

The format of the population nolse exposure data required by the benefit model

is 1lluscrated in tables 5.2 through 5.7 in the example benefit analysis., Such
data may be obtained, for example, from local authorities or federal agencies,

8
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The recently enacted Part 150 of the Federal Aviation Administration regulations
require airport operators to determine the aireraft noise impact for land areas
surrounding airports [8]. These data will be in a format directly epplicable
to this benefit model. Eatimatec of land exposure to future levels of highway
traffic noise may be obtained from environmental impact statements of major

highway projecta.

The benefit model requires an estimate of future population nolse exposure at
levels of environmental noise equal to or greater than a day-night sound level
of 55 dB. These data are aggregated into intervals of noise exposure. The

intervals used by the model are 5 dB intervals as recommended for nolse impact

estimates (see Appendix A and reference [6]).

Since the model allows the consideration of different outdoor nolse sources,
the population noise exposure data should be aggregated on this basis. The
envelope noise reduction levels for alrcraft noise are appropriate for land
areas around airports. The envelope noise reduction levels for highway
traffic noise are appropriate for land areas adjacent to interstate highways
and major arterials. The envelope noise reduction levels for urban nolse
environments ia appropriate to land areas on local streets away from other
major nolse sources. The extent of detall to incorporate into the local bene-
fit analyais using the present model is entirely a local decision. It is
essential, however, to understand that the population nolse exposure data are
aggregatad on the basis of the expected noise environment and dominant noise

source.

3.3 CLASSIFICATION OF BENEFITS

The benefits accruing from implementation of noise control requirements may be
classified according to the interlor nolse environment in the living unit. The
interior nolse environment is comprised of three components: 1)} interier noise
due to outdoor nolse, 2) interior noise due to sources in other ldving units,
and 3) interior noise generated within the living unit. These components are
discussed in relation to the MNCC requirements.

3.3.1 Envelope Noise Isolaticn

The envelope nolse isolation performance applies to all residential and
educational construction and determines the interior noise due to outdoor nolse
sources. This component of the interior nolse environment may be quantified
using existing measures of nolse impact and i1s the component of interlor noise
used in this benefit model., For higher levels of outdoor noise, the MNCC
requires increased envelope noise isolation performance (see table 2.2).

3.3.2 Interior Wall Noise Isolation

The interior wall noise isolation performance of the MNCC applies to
multifamily reaidential and educational construction. The code requirements
specify an incressed interior wall noise isolation performance for decreasing
levels of outdoor noise (see table 2.2). This requirement is the most
important aspect of the MNCC specifications and is the most difficult to
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evaluate quantitatively con the bzels of potential benefits. For a benefit
analysls one must quantify the noise sources on a consigtent basis. Hence, it
18 necessary to assess the levels of interior nolse generated by neighbors.
Only a very limited data base exists for estimating themse levels [7,9]. Further,
the interior wall noise isolation requirements apply mainly to the population
exposed to outdoor day-night sound levels balow 60 dB. This is a very large
segment of the total population, As & result, even a small change in interior
noise attributahle to sources in other living units would result in a large
noise impact estimste. Hence, any inaccuracies in estimating the level of
interior noise would result in, perhaps, meaningless benefit eatimates. For
these reasons, the present model cannot address benefits -— which may be
substantial ~~ attributable to the interior wall noise isolation requirements.

3,3.3 Internal Noise

The MNCC provisions specify levels of interior noilse attributable te mechanical
equipment and appliances. The considerationa for conducting a benefit analysis
attributable to this requirement are ldentical to those described in

section 3.3.2 and are not addressed by the present model,

3.3.4 Impact Nolse

The MNCC uges a prescriptive, rather than a performance, requirement for impact
nolse isolation (see section 2,2). Further, with present~day knowledge, it 1is
difficult to assess benefits attributable to abatement of impact noilse [10].
For these reasons this model does not attempt to assess these benefits. The
aignificance of impact noise reduction is, however, very great in relation

to occupant's satisfaction with their living enviromment [10].

3.4 BENEFIT TIME-STREAM ANALYSIS

Noise impacts and benefits will vaty from year-to-year. For example, a fixed
population exposed to increasing levels of environmental nolse represents an
increasing notse impact. Similarly, an increasing population exposed to a
constant level of environmental noise represents an increasing noise impact.
The first situation may correspond to a residentlal development adjacant to a
highway that experlences an ever-increasing traffic flow with the attendant
increasing noise levels. The second example corredponds to development of
land for residential use adjacent to a major highway carrying a constant
traffic flow, A noise impact assessment must account for these long-~term
time-varying characteristics. Since the benefits depend upon the noise impacts
for the no—actlion and the Implementation alternatives, the estimated benefits
will also vary with time. These considerations are dlscussed in this gection,
The benefit model may be used to estimate these time-varying effects at future

points 1in time.

Figure 3.1 illustrates the general characteristics of a nolse impact estimate
with time, The vertical scale 18 a "noise impact indicator” which is a
numericel value that establighes the noise impact [6,7,11]. The horizontal
seale 18 time measured in years. Two noise impact curves are indicated in
figure 3.1! the no-action alternative and an alternative represeanting the
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implementation of noise control requirements on & product. The no-~action
alternative simulates the continued production and use of the product in the
present—day condition. In figure 3.1, the "present day” is a point in time
before the year Y;. In relation to implementing nolse contrel requirements
in buildings, the "produect” is, of course, building construction.

The solid line represents the nolse impact related to the no-action alternative
and is shown increasing with time, The slope of this line represents the rate
of increase of the noise impact., In relation to the present model, this rate
of increase corresponds to both the population in a community moving into new
congtruction and increased expogure to environmental noige.

The dashed line represents the noise impact related to implementing noise
control. The difference between these two lines is the "benefit" of noise
control. The numbers B} and By in figure 3.1 are benefit estimates at future
points in time. Since the dashed line is below the solid line, these benefits
are positive numbers indicating a positive benefit of implementing noise
control. The benefit model described in this report is simply a method of
computing points on the lines corresponding to the no~action alternative and
the implementaticn of noise control requirements for building construction.

In figure 3.1, the year Y) represents the future point in time at which
products featuring noise control enter setvice. The year Yz represents the
future point in time at which all products in service feature noise control.
Beyond the year Ys the noise control requirements are fully effective since
they apply to all products either in sgervice or entering service.

In relation to implementing noise contreol requirements in building codes, the
time span between initiating the requirements, year Yj in figure 3.1, and
achieving total effectiveness, year Y5, 18 the time required to totally replace
all buildings in & community., Obviously, this time span is beyond the life of
the population. Hence, the benefits that may be estimated at a future point

in time within the planning framework of & community will slways be less than
the ultimate benefits that can be expected to accrue to future generations.
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4, ESTIMATION OF BENEFITS

This section 1s a guideline for estimating benefits of implementing noise
control requirements for building codes using local data. A detalled discussion
is not presented in this section but is included in the following section rela-
tive to an example benefit analysis. In order to estimate a benefit it is not
necessary to conduct a complete time-stream analysis as indicated in figure 3.1.
It is only necepsery to estimate, at a gelected future point in time, the pro-
portion of population residing in new conetruction built under existing code
requirements and population residing in new constructiom built under the code
provisions corresponding to implementation of noise control requirements.

4.1 SELECTING THE TIME FRAME

As recommended by the implementation manual for the MNCC, a 20 year future
point in time may be used to estimate the noise impact [3]. This 20 year time
is measured from the time at which the noise control requirements are initiated
(year ¥y, in figure 3.1). From this point in time it is necessary to estimate
the population that will eventually occupy the new construction and the distri~
pution of this population with the outdoor day-night sound level. Since the
noise impact asseasment must include all population exposed to indoor nolse
levels above 42.5 dB, it is necesaary to estimate the proportion of the popula-
tion that resides in buildinge exempted from the noise isolation requirement
and the population in buildings requiring a specified level of nolse control.
(The 42,5 dB indoor criterion for determining noise impact is discussed in
Appendix A,)

4.2 POPULATION NOISE EXPOSURE DISTRIBUTIONS

As discussed in section 3.2,2 it is necegsary to aggregate population data by
the estimated level of noise exposure, and 1f required, the aggregation may be
Further refined by the dominant source of outdoor noise (see section 3,2,1).

4.3 NOISE ISOLATION PERFORMANCE OF EXISTING CONSTRUCTION

The nolse isolation performance of existing construction may be estimated using
the methodology in Appendix 8 or may be based upon available local data. As
described in section 3.2.l, these data are in the form of a distribution and
may be further refined by categories of dominant outdoor noise sourca.

4.4 WORKSHEET FOQRMAT

A worksheet has heen developed to assist in conducting the noilse impact
estimate. A blank sample of this worksheet is presented in Appendix C. A
worksheet must be filled out for each population distribution described in
section 4.1 and 4.2, the appropriate noise isclation distribution described
in seection 4.3, and the nolse control requirements being implemented. (The
example in section 5 illustrates this process.) The required calculations
are then conducted using the worksheet.
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4,5 NOISE IMPACT ESTIMATES

The basaline or no-action alternative noiss impact eatimate is determined from
the workeheats by the combinatifon of population distributions to outdoor noiass
and the envelopa noisa laval reduction distributions for existing conastructien.
Two nolse impact eastimatea are obtained from each worksheet: 4impact dua to
population exposure at outdoor noise lavels and impact due to population expo=
gure at indoor noise levels. The final nolpe impact estimates are obtained by
summing the outdoor noise impacts for all categoriams of outdoor nolse sources
and by summing the indoor noise impacta for all categories of outdoor noise

apurcas.

For the noige control alternative, an identical set of caleulationa is parformed
with the only extension being that impacts must be estimatad separately for the
population repiding in new construction exempted from noise control (outdoor
lavels below 60 dB) and the population residing in new comstruction requiring
noise control (outdoor lavels ahove 60 dB), The 60 dB limlt refaerred to 18 the
limit apecified by the MNCC and {s used heras to denote the separatfon of popu~-
lation categories. The model allowa the uaar to salaect other limits 1f so

desired.
4,6 DETERMINATION OF NET BENEFITS

The result of the calculations described in Section 4.5 is two sats of numbars
that estimate the noise impact in a future year. Ona sat of numbers represents
the noiae impact based upon population exposure at outdoor lavels for the noe
action and the noise control altarnative, The diffarance batween thase two
numbara (no-action valua lass nolsa control value) represents the benefit to
the population based upon axposure at outdoor noiss levels. This estimate

is required gince the MNCC provisions prohibit construction in land areas
exposed to outdoor day-night levels sxceeding 80 dB.

Tha other sat of numbers represents the noiase impact basad upon population
expasnre at indoor noise levels for the noeaction and the noisa control
alternative., The difference between these two numbers represents the banefit
to tha populatiocn based upon exposure at indoor nolse lavels. This benefit is
expected to be the major benefit resulting from implementation of the outdoor
noise isolation requirements of tha MNCC.

4,7 EVALUATION OF BENEFITS FOR ALTERNATIVE LEVELS OF ENVELOPE NOISE ISOLATION

The benefit modal may ba used to estimate alternative levels of building
envelope noise isolation than the levela prescribed by the Model Noise
Control Code described in Section 2, The brief guidelines in this section
ara the genaral steps raquired to conduct a benefit analysis. The following
aection presents a datailed example illustrating the many considerations and
steps describad above using the MNCC proviaions a8 the example of noiase
control raquirementa,

14
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3. EXAMPLE OF A BENEFIT ANALYSIS

This section presents an example of a benefit analysls of implementing noise
isolation requirements for building envelopes. The outdoor noise isolation
provigions (sec. 3507) of the MNCC are used as the example requirements. An
eatimate of the pationmal population exposure to highway traffic noise 1s used
ag the basls for determining expected henefits. A time-stream benefit analysia
ia used to illustrate the time effects of implementing the nolse lsolation
provisions.

Each step in this example 18 discussed ao that the basic considerations may be
clearly understood. These ateps are identical to those required to conduct a
similar analysis at a local level using data appropriste to the community.

5.1 POPULATION DISTRIBUTIONS

The first step in the benefit analysis is the estimation of population
distribution with respect to the outdoor day-night sound level, Lgnp.

Table 5.1 presents an estimate for the distribution of the national population
noise exposure due to highway traffic noise [12]). This estimate assumes that
highway traffic noise remains unregulated and that the natlional population
increases at a rate based upon historical trends., It is beyond the scope of
this example to further describe the basis for the table 5.1 estimate,

However, the format of the data will be described since local data aggregations
should follow a similar format.

Each entry in table 5,1 is a population estimate with the columna represeanting
years. In this example, f£ive year increments are used beginning with the
reference year 1980 through the year 2010. The firast six rows of table 5.1
indicate intervals of outdoor day-night sound level, Lgpp. These intervala
cover the range of 55 dB through 85 dB in 5 dB intervals corresponding to the
MNCC specifications in table 2.2. The last four rows are summary entriea
indicating the popnlation distribution to ranges of outdoor day-night sound
levela. The last row is the total population estimate.

Since benefits resulting from implementing auny building code requirement
applying to new construction can only he attributed fo the population residing
in the new construction, it is neceasary to estimate this segment of the
population. To do this, the change in population distribution is required.
The estimated change in population distributien Iin future years relative to
the reference year (1980) is easily obtained from the table 5.1 data. The
result is presented in table 5.2.

The next astep is to estimate the proportion of the population that will reside
in new construction and the time sequence for implementation of the noise con-
trol requirements. FEstimates of population increases residing in new
construction may be obtained based upon construction trends and averages of

1 A11 tables and f{gures in this section are included at the end of the section
for easy reference with the text.
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oceupancy par type of living unit. TFor tha purposas of this example, Lt will
ba ansumod that the total population changa rasidas in new housing. Howavar,
basad upon local conditions, it may ba desirable to adjust the data for dia~
tribution betwaen existing conatruction and new construction, The time
saquance for implemanting noisa control raquirements prosents a simllar conasid~
eration and will be emphasizad in tha presant axampla.

The following implamantation scenario is used to illustrate the considerations.
Firat, it is assumsd that all new construction through the year 1985 complies
with "current building code” requiramants. That is, the outdoor-indoor noisas
imolation corresponds to existing conatruction parformance, Beginning in 1985
through 1990 a tranaition occurs such that at the and of 1990 half of the
population increass for this tima period rasides in new construction conforming
to tha MNGC requiramants and the other half resides in new constructtion
conforming with the "current building code." Finally, it {s nssumed that all
naw conatruction bayond 1990 conforms with the MNCC requirements. (It 1w
emphasizad that this implementation scenario f{ms an exampla and it is recognized
that s national impleomentation based upon conassnsua standards is difficult =-- 1f
not imposgible -~ to formylate, Tho axample, howevar, doas illustrate the steps
raquired to oviluate banafits bnoad upon local considarations.)

Table 5.3 illustratas tho effsct of the above scenario on the population
distribution with outdoor day=night aound lavel. Baveral datails in table 5.3
must bea mantioned aince thay raflect tha MNCC raquiramenta. First, two segments
of tha population ara idantifiaed for sach yaear in the analysist population
rosiding in new construction complying with currant building codes (CBC) and
conatruction complying with tha Model Noime Control Coda (MNCC), This distinc=
tion is necessary since the benefits must be comparad to tha "haseline”
altarnative of not adopting the MNCC requiremants.

The firat note concerning the data entries in table 5,3 1is that the sagment of
the population exposed to ocutdoor noisa in tha 55-60 dB intarval is allocated
to the "current building code" column. The reason for this is that the MNCC
allows "axisting construction” for theee conditions. Next, it should bea noted
that baginning in 1995 and beayond, no population is allocated to the 80 to

B3 dB range other than the population allowed under "currant building code"
requiremants prior to 1990. For the population increases in che 80 to 85 48
range indicated in table 5.2, the changes in population hava baen allocataed to
tha 75-80 dB range for MNCC raguirements in 1995 and bayond. This allocation
reflacts the “construction prohibited" requirement of the MNCC. Other than
the 75-85 dB interval, the total population at all mound levels and ranges

for each year is identical for the table 5.2 data and the table 5.3 data.

The table 5.2 data are used to obtain the noloe impact estimate assoclated
with the no-action alternative of utilizing existing construction. The
table 5.3 data are used to obtain tha noise impact astimate associated with
the example implemantaticn scenario for the MNCC as described above. To do
this it is necessary to estimate the outdoor-to-indoor noisa igolation for
exigting construction.
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3.2 BUILDING ENVELOPE NOISE ISOLATION

The building envelope noise isolatlon must be eatimated for existing
construction. The nolse isolation characteristics are described by a
distribution, This distribution represents the fraction of existing
conatruction exhibiting nolse isolation characteristiecs of a given value. The
methodology described in Appendix B may be used to obtain eastimates based upon
local conditions. For this example problem, it is appropriate to use the
"national average” noise isolation distribution for highway traffic noise.
This distribution is presented in tgble 5.4 and is derived in Appendix B. It
incorporates assumptions concerning open and closed windows and the distribu-
tion of population between cold and warm climate conditions. Details are
discussed in the Appendix,

Comparing this distributifon with the MNCC requirements in table 2.2, it is
seen that over 50 percent of exiating conatruction would comply with the
minimum MNCC requirement of 20 dB and less than one percent of existing
construction 1s estimated to exceed the maximum MNCC requirement of 35 dB.
The significance of this observation is that existing conatruction will
partly mitigate outdoor nolae intrusion when compared to the pepulation
distribution with ocutdoor day-night sound level as required by the MNCC.

The basic assumption of this model is that the distribution of noise
1solation of existing construction is independent of the outdoor day-night
gound level. This assumption 18 necessary since data are not available to
estimate a relationship between ocutdoor day-night sound level and noise
igolation characteriatics of existing construction. 5Since benefits will be
estimated on an incremental or relative bagis, this assumption may not be
expected to he too critical to the final rasult.

5.3 ESTIMATION OF NOISE IMPACTS

The noise impact eatimate must be conducted for two alternatives: 1) the
no-action alternative, and 2) the adoption of noise control requirements.
The data in table 5.2 are uged to estimate the noise impact of the no-action
alternative. The data in table 5.) are used to estimate the noise impacta
asuociated with the sdoptian of the MNCC requirements as described in
gection 5.1. Further, since the MNCC requirements prohibit construction in
land areas exposed to nolse levels greater than 80 dB, it is necessary to
estimate nolse impacts for both outdoor and indoor conditions. These esti-
mates are calculated for each of the years indicated in tables 5,2 and 5,3
for each segment of the population under consideration., To assist in
conducting these calculations, a worksheet has been developed. A blank copy
of the workgheet is inecluded in Appendix C. The example data will be used
to illustrate the use of the worksheet for conducting noise impact estimates.

5.3.1 No-Action Alternative

The noise Impact estimate for the no-action alternative is conducted for each
year 1985 through 2010 using the data in table 5.2, Data for the year 1995
will be used to 1llustrate the data entries for the calculation worksheet.
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Tabla 5.3 is the complatad worksheat for the no-sction alternative in the yaar
1995, Tha columns undsr tho hoading "OUTROOR" apply to tho outdoor snvironment
and to tha population axposad to tha levals of outdoor nolss, The columns
undar tha heading "INDOOR" apply to tha estimate of population dimtribution
with levals of indoor noiuse from cutdoor mourcos, Tha population exposed to
indoor nolses lavals is identical to the paopulation expossd to outdocr noise
levals. The worksheat is usad to calculats two numbara: the Leval Weightad
Populations basad on outdoor and indoor noise environmants for tha same popula~
tion., (The Level Waighted Population or LWP is one type of nolse impact indi-
cator. Bas Appendix A and Rafarencas 7 & 11l.)

The data antries in the colfmn heading APayp are diractly tranecribed from
table 5.2 for the year 1995, The entrisa undar the column heading ALWP, are
obtained by multiplying the 4Pgyp, entries by the welghting factors WO(Ldno)
for each interval of outdoor dsy-night sound leval. The weighting factors ars
describad in Appendix A and are evaluated at the mid-point of tha outdoor sound
lavael interval. The total Leval Weightad Population for tha outdcor environ~
ment is obtained by summing all entries in thea ALWPy column. For the example
in table 5.5, this total is 3.5125 million {M) peopls.

To cheracterize the indoor anvironment, it ins necessary to estimatas the
distribution of population exposed to lavels of indoor nolse at aach level of
outdoor noiss, The columna under the heading "INDOOR" correspond to lavels of
the building envalopa noise lavel reduction, AL,. At tha top of each coluumn,
ona entaers the appropriate fraction of tha building envelope noise isolation.
Bince the exampla in table 5.5 corresponds to exiating construction, the data
entriae ara obtained from the distribution givan {in tahla 5.4.

Bach call in the array of table 5.5 corresponds to an indoor noise level due
to the outdoor noise environment. Tha indoor leval is predetarmined by the
worksheet format and 1a denoted by the entry Ly,rs For example, with an
outdaoor environment in tha intaerval 60-65 dB (cantar at 62,5 dB) and an
anvalope noiss level reduction in the interval 15-20 dB {centar 17.5 dB) the
averaga indoor noisae level is estimated to be 45 dB (62,5~17.5). For this
eall, the population experiancing thls indoor nolse lavel of 45 dB is estimatad
by multiplying the total population in the outdoor interval (3,21 H) by tha
fraceion of construction exhibiting the level of nolse isolation (D.3360) to
obtain the estimate 1.0786 M.

Thia procaess is repeated for each cell in the array. Since indoor nolsoe
axposures laess than 45 dB are not considered to impact the population, it is
not necessary to completely £11l the table. It is only required to calculace
the indoor pepulation axposure for levels of indoor nolsa equal to or greater
then 45 dB, The toral estimate of population indoor nolse exposure 1s then
obtained at each level of indoor noise by summing each entry in the array at
each lavel of indoor nolsea exposure. In the format of table 5,5, the cells
of constant indoor sound level are located on a diagonal running from upper
left to lower right.

1 A "p" prefix is used to denote a quantity based upon a population change.
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For each level of indoor day-night sound level, Lgq7, the accumulated
population exposure 1a tabulated in the indicated column at the bottom of the
worksheat. At each indoor sound leval, the exposed population is multiplied
by the indicated weighting factor for indoor noise intruaion, Wy{Lgnr). {(This
welghting factor is also described in Appendix A.) The resulting term 18 the
Level Weighted Population for indoor noise exposure at the level of indoor
noise. Each of these terms 1& summed to obtain the final eatimate of the
Level Welghted Population for the indoor nolase environment, ALWPy. TFor the
example data in table 5.5, the indoor Level Welghted Population for indoor
noige due to outdoor sources is 1.182%9 M people.

In summary, the table 5.5 data provides two numbers: 1) the Level Weighted
Population based uponr the cutdoor noise environment, ALWPp = 3.5125 M, and

2) the level Welghted Population based upon the indoor ncise environment due to
outdoor noilse, ALWPy = 1.1829 M. These estimates are for the year 1995. Simi-
lar caleculations are conducted for the other years in the time-stream for the
no~action alternative.

5.3.2 Implementation Alternative

The noige impact estimate for the implementation alternative is essentially
identical to that deascribed for the no-action aglternative. However, the
calculations involve two population exposure categories for each year of the
time~stream: 1) population residing in exiating construction, and 2) population
regiding in new construction complying with the MNCC requirementas. The popula-
tion distributions of table 5.3 are used for these estimates.

For the year 1995 and the pppulation distribution given in table 5.3 for the
current bullding code requirements {existing construction), the worksheet ig
used to obtain the estimates: ALWPg = 1.5575 M and AIWPp = 0.4362 M. These
data entries and calculations are illustrated in table 5.6.

For the year 1995 and the population distribution given in table 5.3 for the
MNCC requirementa, the worksheet is used to obtain the estimates:
ALWPp = 1.9525 M and ALWPy = 0.2363 M. Thease data entries and calculatlons are

illustratad in table 5.7.

Comparing tables 5.5 through 5.7, it 1s seen that the outdoor data manipulations
are ldentical. However, the indoor data entries for table 5.7 are different
from the entries in tables 5.5 and 5.6. The difference 1is 8 recognition -- in
an accounting sense — of the MNCC requirements. For existing construction
(tables 5.5 and 5.6) the indoor noise environment is a distribution of popula-
tion exposure at each level of cutdoor noise. For the MNCC requirements, the
distribution is condensed Iinto an explicit performance range depending upon the
outdoor noise environment. For example, the MNCC requirements specify an enve-
lope noige isolation of 25 dB for outdoor noise in the interval 65 to 70 dB
day-night sound level. This requirement ig reflected in the worksheet format
of table 5.7 by a uniform allocation of the population exposed to 65 to 70 dB
outdoor levels to the two cells corresponding to indoor levels of 40 and 45 dB.
Indeed, at each outdoor level interval, the MNCC requirements specify an indoor
lavel in the range of 40 to 45 dB (see table 2.2). With this allocation of
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population, the indoor Level Weighted Population estimatea follow in a format
idencical to that described in section 5.3.1. The significance of the

table 5.7 calculations is that the MNCC requirements remove all indoor nolse
level impact estimates from consideration except for the population exposad to
indoor levels centered at 45 dB,

It may be argued that the uniform allocation for the MNCC is simply an
accountling scheme and that other allocations may be more representative of
reality. This argument 1z accepted. However, the model allows the uper to
incorporate his best judgment. For example, if one assumed that buildings
designed to meet the MNCC would incorporate a margin so that the requirement
was always exceeded, the entire exposed population would be allocated to the

40 dB interfor noilse level of table 5.7. In this case, one would estimate

the minimum noise impact for indoor nolse exposure and obtain a maximum benefit
egtimate. By shifting the indoor population noise exposure to higher levels

to simulate less stringent nolse isolation requirements than the MNCC, one may
still use the model. The point being made is that the model accepts asuch vari-
ations -— made at the users' judgment ~-— and that variations are incorpnrated
at thia stage of the noise impact analysis.

5.,3.3 Summary of Estimates

The next step in the analysis is to summarize the nolse impact eatimates for
each year in the time-stream. Based upon the data in tables 5.2 and 5.3, the
nolse impact estimates are summarized as indicated in table 5.8. This summary
indicatea the relative significance of the population noise exposure calcula-
tions for the two alternatives. The no-action alternative data of table 5.8
repregsent the baseline conditions for comparing the benefits of implementing
the nolse control options.

The data 1in table 5,8 for the MNCC implementation scenaric are grouped into
three sets: 1) nolse impact related to existing construction; 2) noise impact
related to new construction; and 3) che total noise impact combining these two
impact estimates. The noise impact estimates all increase with time as indica-
ted in table 5.8, However, the increase for each grouping of the paopulation
result from different causes. The lnecreases in the ALWP values for the
no~action alternative result directly from the population increases at all
levels of outdoor nolse exposure. For the population reslding in existing
construction under the MNCC implementation, the increases In ALWP values result
from population increases for people residing in the 55-60 dB outdoor noise
exposure lnterval. For the population residing in new construction, the
increases in ALWP result directly from population increases.

Comparing the ALWPpy values in table 5.8 for the no-action and the total MNCC
alternativea, 1t is seen that there is a alight decrease in noise impact

based on the outdoor noise exposure. This 1s a result of the prohibition of
congtruction in areas exposed to outdeor levels greater than 80 dB as required
by the MNCC., The small decrease is attributable to the small fraction of the
total population estimated to reside in land areas exposed to levels of
highway traffic nolse above 80 dB (see table 5.1).

20



Comparing the ALWPy values in table 5.8 for the no-action and the total MNCC
alternatives, it is seen that there 1s a rather large decrease in nolse impact
based upon the indoor noise exposure. This decrease 18, of course, a result

of implementing the MNCC requirements for the outdoor-to-indoor noise isolation.

The ALWP values are opne format that may be used rto estimate the benefits. An
LWP value represents an absolute estimate in the sense that it attempts to
estsblish a single number representing an equivalent population. Another
format for estimating benefits, 1s the single number called the Noise Impact
Index or NII. The NIL value is the ratio of the LWP value to the total popula-
tion base for the LWP estimate. The NII may be presented as a fraction or a
percentage as described in Appendix A.

Table 5.9 presents the summary of the population exposed, the ALWP values, and
the ANII values for the no-actlon alternative of the example., The table
presents both outdoor and indoor noise impact estimates. The population
exposed values are obtained from table 5.2. The ALWP vaiues are ohtained from
table 5.8, The ANII values are calculated as the percentage of the AIWP values
relative to the population exposed, It should be noted that the population
exposed value represents the total population exposed to outdoor day-night
sound levels above 55 dB. This segment of the population encompasses everyone
affected by both the outdoor and the indoor noise impact eatimates.

At first, the ANIL estimates in table 5.9 may appear surprlsing. The are
essentially constant for all years of the time-stream! The value of the ANIIg,
is constant at about 32.5 percent of the population exposed to outdoor sound
levels above 55 dB. The value of the ANIIy, is constant at about 10.9 percent.
One should not, however, be too surprised that these results are constants.
This may be anticipated since the total population growth rate in table 5.! is
esgentlally constant. As a result, the ALWP values remain in almost conatant
proportion to the population exposed values at each year of the time-stream and
the ANIT is simply the proportionality constant,

Table 5.10 presents the ANII estimates for the MNCC implementation scenarlo.
The values of ANII for the outdoor noise impact estimate are essentially
constant at 32.5 percent. The values of the ANII for the indoor noise impact
estimate, howsvar, are decroasing with vears in the trime-stream, This decrease
in the indoor noise ilmpact, as measured by the Noise Impact Index, represents
another measure of the effect of implementing the MNCC requirements.

5.4 ESTIMATION OF BENEFITS

The ALWP and ANIIL estimates sumparized in tables 5.9 and 5.10 are used to
estimate the benefits attributable to implementation of the nolge control
requirements. As stated in section 3, the term "benefit" is defined as the
decrease in the nolse impact as a result of implementing the nolase control
requirements., The decrease is measured relative to the noise impact of the
no—-action alternative at each year of the time-stream,
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5,4.1 Banafit fasod on Qutdoor Noise Impact

Tha MNCC roquirements prohibit construction in land arass exposed to outdoor
day-night #ound levels greataer than 80 dB., The benofits attributable to this
raquirament are astimated by subtracting the values for ALWFy in tabla 5.10
from the valuas for 4LWPy in tabla 5.9 for each yoar in tha time-stream,
Similarly, one obtaine the benefit in terms of the Noise Impact Indax. The
requlty are prosented in table 5.11. For this axample, the benefits as
measurad by tha change in ALWPy or 4NIIg are too insignificant to warrant any
furcher conaidetation, The conelusion, then, ia that the MNCC requirements do
not appear to rasult in any net benafit based upon outdoor nolise exposure.
This concluaion, howaver, applies only to this example. A benafit analyels
baged upon local conditions may result in a benefit due to the outdeor noise
regtrictions of the MNCC or aimilar code raquirementa.

5:4.2 Benefit Based on Indoor Noise Impact

The benaefits resulting from implementing the MNCC requiraments based on the
indoor noise impacts are gastimated as describad above for the outdoor benefits,
For the example ascenario, the estimaved benefits are listad in cable 35,11
under the columns headad "INDOOR." In this caee, the benefits are significant
for the yeara 1995 and beyond. The benafit estimate baved upon tha Level
Weighted Population continually increasesd as does the aetimate based upon tha
Noise Impact Index. For this example, the net benefit of implementing the
MNCC raquirsmente are astimated to bs a change in Level Weightad Population of
2.84 M or a change in Noima Impact Index of 6.4 percent for tha year 2010.

5.5 INTERPRETATION OF BENEFIT ESTIMATES

The queation ariges as to the significance of the benefit estimates and the
decision to implement the noise control requirements. Thera 1s, howaver, no
explieit criterion to apply that will indicate a benafit valua above which
implementation is clearly warranted. What the benefit estimates do indicate
is that a positive benefit does result from the proposed action. These bene-
fits accrue to an ever-increasing segmant of the national population. In
table 5.11, the column headed "Population Affected" represents the astimated
population residing in buildinge incorporating the noise control requirements.
These data are obtained from table 5.3, Hence, implementation of the nnige
control requiraments, bssed upon cthe example scenario, would affect an asti-
mated 21,07 M people by the year 2010 or about 7.1 percent of the national

population.
5.6 PRESENTATION OF ESTIMATES .

It is appropriate to discuss formats for presenting results of a benefic
analysis. Tabulated dara are neceasary tc document the inpute and the

outputs of the estimates. It will be neted that tables 5.1 through 5.3 present
data with two significant figures to the right of tha decimal point. 1In

tables 5.5 through 5.11, estimates are conducted to four places to the right

of the decimal point. Carrying four-place decimal numbers does not imply
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accuracy, however. The nupber of decimal places indicated in tablea 5.5
through 5.11 is necessary to aveld errors introduced by rounding. However, it
is appropriate to present rounded numbers in the final presentation of data
such ag the benefit estimates of table 5.11. Indeed, the benefit summary in
the format of table 5.1l may be the only information required for 2 pelicy
decision, Based upon the example estimates in table 5.1! and the above discus-
elon, table 5.12 is a final presentation of the bepefit estimates, The entries
in table 5.12 are rounded from the entries in table 5.11 and convey the same
megsage without implication of unwarranted accuracy.

In addition to tabular data, graphical presentation of both the noise impact
estimates and the benefit estimates are effective formate. Figure 5.1 1llus-
trates the noise impact estimates based upon the Level Welghted Population.
These results are plotted from the data in tables 5.9 and 5.10. Figure 5.2
1llustrates the noise impact based upon the Noise Impact Index. These results
are also plotted from the data in tables 5.2, 5.9 and 5.10, Figure 5.3 presents
the benefit estimates of table 5,11 for the indoor conditions. In figures 5.2
and 5,3 it 18 necessary to approximate the curves based on the ANII index
between the three years 1985, 1990, and 1995. This 1s the transition period
for the benefit analysis, and as indicated in these figures and table 5.10,
the ANII values are significantly affected.

5.7 SINGLE-POINT BENEFIT ESTIMATES

It is instructive to view the benefit estimates on the basis of a single—point
benefit eatimate as discussed in section 4.l. The term single-point estimate

is used to denote a benefit calculation at only one point in the future time
frame. In section 4.1, a 20~year single-point benefit estimate was suggested.
For the exampla presented here, the 20-year time interval is meagured from 1985
(the year Yj; in figure 3.l1) so that the single-point estimate would be conducted
for the year 2005. The question then arises as to the interpretation of the
benefits knowing only a single eatimate. '
From table 5.12, the benefit estimates are "no change” for the outdoor sound
exposure, and for the indoor exposure, a change in Level Weighted Population
of 2.01 M and a change of Noise Impact Index of 6.2 percent. As mentioned in
section 3.4 and indicated in figure 3.1, the 20-year time span is expected to
be well within tha range for which benefitas will continually increase. This
statement, however, applies to absolute measures of benefit such as the Level
Welghted Population. For the Noise Impact Index benefit measure, we note that
this value seems to be approaching a conatant with increasing time. This con-
stant, in the example problem, is something slightly above the value of

6 percent of the population exposed to outdoor levels greater that 55 dB.

Hence, as an approximation, if one conducts a single-point estimate, one shouyld
state the estimare in terms of the absolute measure of the lavel Weighted
Poppulation emphasizing that this absolute measure is continually increasing
proportional to the rate of change of the benefit estimate based on the Noise
Impact Index. One may be more confident, of course, if a complete tine-stream
analysis ia performed.
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{reference 12)

Table 5.1.
Ldno

Interval 1980
55-60 42,50
f0-65 25,81
65-70 13.14
70~75 4.16
75-80 1.07
80-85 0.12
<55 135.2
255 86.8
260 44.3

TOTAL

222,00

1985

43.73
26.55
13.51
4.28
1.10

0.13

145.3
89.3
45.57

234.60

YEAR OF TIME STREAM

1990

44,61
27.09
13.79
4.36
1.12

0.13

156.2
91.1
46'49

247.3

19585

47.79
29.02
4,77
4.68
1.20

0.14

~.162.0

97.6
49.81

259.6

2000

32,79
32.06
16.31
5.16
1.33
0.15

©107.8

55.01

271.9

Estimated Population Distributien to Highway Traffic Noise

2005

58.40
35.49
18.05
5.72
1.47

0.17

164.8
119.3
60.9

284.1

2010

64.40
39.10
19.90
6.30
1.62
0.18

164.9

131.5

67.1

296.4
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dno
Interval

55«60
60~65
65-~70
70-75
75-80

" 80~85

<55

>55
260

TOTAL

Table 5.2. Estimated Change in Population Distribution to Highway

Traffic Noise (see table 5.1}

YEAR OF TIME-STREAM

1980% 1985 1990 1995 2000
42.50 1.23 2,11 5.29 10.29
25.81 0T - 1,28 .21 6.25
13.14 0.37 0,65 1.63 3.17

4,16 0.12 0.20 0.52 1.00

1.07 0.03 0.05 0.13 0.26

0.12 0,01 0.01 0.02 0.03

135.2 10,10 21,00 26.80 28.90
.86.8 2,50 430 10.80 21.00
44.3 1.27 2.19 5.5 10.71

222.0 12.60 25.30 37.60 49.90

*Reference Year (Toﬁnls)_ i ;

2005

15.90
9.68
4.91
1.56
0.40
0.05

29.60
32,50
16.60

62.10

2010

21.90
13.29
6.76
2,14
0.55
0.06

29.70
44.70
22.80

74.40
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dn0

55-60
60-63
65-70

70-75"

15-80
80-85

<55
285
260

TOTAL

Kay:

[+ 4

1.2
G.74
0.37
0.12
0.03
0.01

10.10
2.50
1.27

12,60

CBC = Current Bui;ding Code

Table 5.3 Distribution of Population Between Construction

1985

MNCC

0.0
0.0
0.0
0.0
g.0
0.0

0.0
0.0
0.0

0.0

Categories Based Upon Example Implementation Scenario

CBC

2.1
1.01
0.51
0.16
0.04
0.01

21.00
3.84
1.73

24.84

1940
Hice

0.27
0.14
0.04
0.01
0.0

0.0
0,46
D.46

0.46

MNCC = Nodel Noise Control Code

CBC

5.29
1.01
0.51
0.16
0.04
0.01

26.80
7.02
1.73

33.82

1995
MNCC

0.0
2.20
1,12
0,26
0,10
0.0

0.0
.18
3,78

3.78

2000
MNCC

CBg

10.29
1.01
0,51
.16
0.04
0.01

28,90
12.02
1.1

40.92

0.0
5.24
2,66
0.84
0.24
0.0

0.0
8.98
8.98

2005

CBC

15.90
1.01
0,51
0.16
0.04
0.0

29,60
17.63
1.73

47.23

MNCC

0.0
8.67
4.40
1.40
0. 40
0.0

0.0
14.87
14.87

14.87

2010

21.90
1.01
0.51
0.16
0.04
0.01

29.70
23.63
1.713

53.33

micc

0.0
12.28
1 6.25

1.98

0.56

0.0

0.0
21.07
21.07

23,07



Table 5.4.

Noise Isolation
ALA
10-15
15~20
20~-25
25=-30
30-35
35=40

40-45

Bullding Envelope Nolse Isolation:

National Average

for Highway Traffic Noise (see Appendix B)

Percent of
Exiating
Conetruction
14.01
33.60
35.54
14.46

2,26

0.13

0.0

27

Percent of Existing
Construction
Exceeding Lower Limit
100,00
85,99
52.39
16.85

2.38

0.13

6.0
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Table 5.5. Completed Work Sheet for Noise-Impact Analysis:
Alternative for 1995

No—Action

OUTNOOR INDOOR
I3 1 isa Level Keductfon, AL, ,dB
Lyno ar,, Wollgao? | ALR, Distribution of Envelope Holse Level Reduetion, AL,,
interval [ pa"*P M Row 10-15 dB | 15-20 d8 | 20-25dB | 25-30 dn | 30-3% dp 35-40 AB | 4D-45 db
<55 48 | 25.8 0 o Entry |4.l461 03360 | 0S54 | 0.1440 [0.0224 | C.001% 0.0
Lynz 45 dB 40 dn a5 dp 30 4n 25 4y 20 db 15 d8
55-60 d8 | %29 0.1250 | 8,66\ N
Dakdl W oAl [ ImM14
Tlexp
Lanr 50 4R 45 dB 40 4B 35 dp 30 db 25 48 20 dB
60-65 4B K 0.3750 {1,
L 12038 b, | 04497 |1078¢6 | L1den
i.m 35 dB 50 db 45 dn 40 di 35 b, 30 dB 25 dB |
65-70 db | 1L3 0.6250 | Loing
. Merp 01284 6,5477 | 0.5748 | 0.22387
Lynt 60 4B 55 4B 50 db 45 dn 40 dB 35 dn 30 ds
70-75 4B [-X-¥ % 0,8750 -| &.458 '
_ ¢ i, |06729 81747 | 01848 [ so752 | seus
- 65 db 60 dB 55 dp 50 dB 45 48 40 a8 35 dn
75-80 48 | 0.3 1,1250 4 ‘
Q1463 - 0.0182 6.8437 | s0dLl | 001288 | 6.0029 | 06,0002,
$0=05 41 02 1.3750 c.6215 Ldn! 70 d8 65 dB 60 48 55 dB 50 dB 45 dB 40 48
6. ] (] Dt J 'y ke
Totsl ALWP, M (35125 | 4P, 0028 | 6,006T | 0.0071 (&.,6029 |.0,0005 | ¢,0000
Indoor Day-Night Sound Level, Ly ,, dB 40 de 45 dB 50 dB 55 dp 60 db 65 db 70 4B Row
Indoor Weighting Factor, Wy llyp) 0 0.1250 0.3750 0.5250 0.8750 1,1250 1,3250 Total
Indoor Population fxpossd, ar,. M{2454 8) 21489 | 2477 | L2OIT | 4 4S2T ) 4,i23T | 60239 | 5,00LE |42B12
Indoor Level Woightsd Papulation, ALWP, M i) 0,309 | 0645800 | 41824 | 4.[0821 |d.0286 |Ace3q | 11829

I
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Table 5.6.

Completed Work Sheet for Nolee-Impact Analysis:

Construction for 1995

Existing

QUTDNOR INDOOR
Lino AI’“ "o“'dno’ ALve, pietributfon of Envelope Koise Level Reduction, ALA.dB
tntorvol | mo%P : ™M Row 10-15 dB | 15-20 dB | 20-25 dB | 25-30 dB | 30-35 dB 35-40 g8 | 4Q-45 dit
<5548 | 28O 0. 0 Entry |8.0401  |03360 | 03554 |[6.1440k (80,0226 | 80013 0,0
5.2 Lint 45 dB © 40 dB 35 dn 30 dB 25 dB 20 dp 15 4B -
55-60 48 29 10,1250 | 0.00613 :
AP 01411 11774
exp
"Lant 50 4B 45 d8 40 dB .35 4B 30 d8 25 dn 20 dB
s0-85 48 | Loy | 0.0 [a3783 |
8% 01418 | 03394 | 0,3590
Lynt 55 dB S0 2B 45 d 40 4B 35 d8 30 ds 25 45,
65-70 dn | 4,51 0.6250 |&.2NBY
. . 0.8TIS | 81714 |0, i1y | 6.0737
Ly 60 dn 55 dB 50 db 45 dB 40 d3 15 dp 30 dB
70-75 d3 | 8,16 0.8750 {a, 1400 |
o, 94,0224 16.05838 | 4.0569 [ 0.023] | 4.003(
Lant 65 db 60 4B 55 4 50 dB 45 48 40 dn 35 dn
75-80' dB | 8,04 11250 |4.0456
8P 4.0056 | 00134 [0.0142 | 0.00SR | 0.00092 | ¢.000|
an.-a5 4R a8t 1.3750 [sai20 Léu! 70 47 65 dB 60 di 55 dB 30 dn 45 d8 40 d8
Tatal AP, M [1,5875 | 4P, G.0014 | 4.0034 | 0.003¢4% | 0.0014 a.aooz': - -
Tndoor Day-Hight Sound Level, Ly ., B 40 dB 45 d8 50 dn s5 dB 60 48 65 db 70 d8 Row
Indoor Weighting Factor, By (L, 1) 0 0.1250 0.3750 0,6250 0.8750, 1.1250 “1.3750 Total
Indoor Populatioy Exposed, Ar“pmta 45d48)| 2.2138 | L2RS8 {44158 | 40,1408 [ 0.0394 | 4,00%0 | ¢.0014 | L8523
Indoor Level Wetghted Population, ALWP, 0 0.107 [o0.1409 | 0.08B1 | 0,.0345 | 60,4161 {4.0019 | 6.4262




Table 5.7. Completed Work Sheet for Noise-Impact Analysis:
Conforming to MNCC Provisions for 1995

Construction

Vi

OUTDOGR, INDOOR
\ pistribution of Envelope Noime Level Reduction, AL, ,dB
Yo | oar, o Dvag | s, . o
intorval | m°*P M How 10-15 dB | 15.20 dB 20-25 dB | 25-30 0B |. 30-35 dB 35-40 db | 40-45 db
<55 ap 0 0. 0 Entry - - - - — —_ -
Lant 45 48 40 48 35 db 30 48 25 98 20 d8 15 d8
$5-60 4B [} 0.1250 o o > ° '
.“axp
Lyt S0 48 - 45 dm 40 dB 35 4 30 d1 25 dp 20 dn
60-65¢s | 2.20 | 0.3750 |o.9250 '
AP - - I, 1600 1.1000
exp
Lyt 55 db 50 d8 45 dn 40 ¢8 35 dn - 30 a8 25 dn,
§5=70 4B LIz D.6250 (0,760 |
AP - - a.8000 | 0,.5600
- axp
Lant 60 48 55 4B 50 4B 45 4B 40 43 a5 dn . 30 dB
70-75 d | 0.3 o.80750 |aiBat
AP - - - oO.i1800 | 1800
exp
Lot 65 db 60 dB 55 dp 50 dB 45 dB &0 an 35 d
75-80'dn | &.10 11250 | eNes
AP bt - - - 0.0500 |o.0500
azp
80-89 dn 0 1.3750 o Lt 70 dp 65 dB 60 d8 55 45 50 db 45 48 40 dn
- - - - - ['-]
Total AP, M [1.9528] ar o
Indoor Day-Night Sound Level, L, ., dB 40 db 45 dp 50 dn 55 dB §0 dB &5 du 70 dp Row
Indoor Weighting Factor, H,(L_d_n[) q 0.1250 0.3750 0.6250 0.8750 1.1250 1.3750 Total
Indoor Population Expoaed, AP“P M(2 4548)| L.8%eo | L8900 ] o o 0 Q 1.8900
Indoor Level Weighted Population, e, 0 0.2%3 o e o o [ 8.2367%




Table 5.8. Summary of Level Weighted Population Changes for
Example Benefit Analysis

NO ACTION MNCC IMPLEMENTATION SCENARIO
ALTERNATIVE EXISTING CONSTR. NEW CONSTR.
YEAR ALWP ATWP, BLHR, ALNP, ALWE,  ALWP,
M M M M M M
1985 0.8150 0.2768 0.8150 0.2768 0.0 0.0
= 1990 . 1.3950 0. 4664 1.1600 0.3806 0.2350 0.0288
1995 3.5125 1.1829 1.5575 0.4362 1.9525 0.2363
2000 6.8200 2.2923 2,1825 0.5238 4.6325 0.5613

2005 10,5700 3.5566 2.8838 0.6221 7.6763 0.9294

2010 14,5200 4.8804 3.6338 0.7271 10,8738 1.3149

ALy b e

ALL CONSTR.

ALWPO ALHPI
M M

0.8150 0.2768
1.3950 0.4094
3,5100 0.6725
6.8150 1.0851
10. 5601 1,5515
14,5076 2.0440
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Table 5.9.

YEAR

1985

1990

1935

2000

2005

" 2010

Noise-Impact Estimate for the No-Action Alternative

APexp OUTPOOR INDOOR
>55 dB aTHE, INIT, ALWP ANIT,
M M z M 2

2.50 0.8150 12.60 0.2768 11.07
4.30 1.3950 32.44 0.4664 10.85

10.80 3.5125 32.52 1.1829 10.95

21,00 6.8200 - 32.48 2,2923 10.92

32,50  10.5700 12.52 3.5566 10,94

44.70 14,5200 32.48 4.8804 10.92
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YEAR

1985
1930
1995
2000
2005

2010

Table 5.10.

AP
exp

255 dB

2.50
4.30
10.80
21.00
32,50

44.70

. &Lwe

Nolse-Impact Estimate for the Example
Implementation Scenario for the MNCC

OUTDOOR

0
M
0.8150
1.3950
3.5100
6.8150
10.5601

14,5076

ENIIO

b9

32.60

32.44

32.50

32.45

32.49

32,46

INDOOR

ALWP

0.2768
0.4094
0.6725
1.0851
1,5515

2.0440

ANTI

11.07

9.52

6.23

5.17

4,77

4.56



Table 5.11. Benefit Estimates for the Example Implementation
Scenario for the MNCC

OUTDOOR INDOOR Population

. YEAR Change in Change in Change in Change in Affected
‘L, ANII_ A ANIT ( Table 5.3 )
I
M 1 M P M

1985  0.0000 0.00 - 0.0000 © 0.00 . 0.00

@ 199  0.0000 . 0.00  0.0570 133 0.46
1995  0.0025 0.02 0.5106 4,72 1,78
2000  0.0050 0.03 1.2072 5.75 8,96
2005  0.0099  0.03 2.0051  6.17 14.87

2010 0.0124 0,02 2.8364 6.36 21,07
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YEAR

19485
1990
1995
2000
2005

2010

Table 5.12. Presentation Format for Finel Benefit Estimates

(Data Rounded from Table S.l1 Estimates)

Change in
ALWTO

M

0.00
0.00
0.00
0.00
0.01

g.01

Change in
ANIIO

X

0.0
0.0
0.0
0.0
0.0

0.0

Change in
ALWPI

M

0.00
0.06
0.51
1.21
2,01

2.84

Change in
ANIII

4

0.0
1.3
4.7
5.8
6.2

6.4

Population
Affected
{ Table 5.3 )

M

0.00
0.46
3.78
8.98
14.87

21.07
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Figure 5.1 Population Change and Level Weighted Population
for Years in the TimeeStream.
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(a) Fopulation Exposed to Qutdoor Day~Night
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Figure 5,2 Population Change and Neise Impact Index
for Years in the Time-S5tream,
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{a) Population Affected by MNCC Example Scenario
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1980 ' 1995 " Year 2010
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(b) Benefit of MNCC Based on Noise Impact Index

Change in ALHPI, M
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(c) Benefit of MNCC Based on Level Weighted Population

0

Figure 5,3 Population Affected, Change in Indoor Noise Impact Index, and Change

! T T -
1980; 1995 Year 2010

in Indoor Level Weighted Population for Yeatrs in the Time=Stream,
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6. CONCLUSIONS

A method is presented for estimating "banaefits" related to implementing nolse

contrel requirements in bullding codes. The model applies only to the benefits
resulting from the implementation of outdoor~to-indost noise isolation. These
benefits may he directly related to costa estimated using a related model (1),

The benefit model allows the user to incorporate local data and alternative
noisa {solation requirements appropriate to local conditions. Appendixes are
included that describs the basic coneidarationa for conducting the noisa impact
eatimates, estimation of nolsa isolation for existing coanstruction, and a work-
sheet that 1s useful in conducting the noise lmpact estimates.

A datailed example is prasented in section 5 that illustrates the steps and
considerationa necessary to determine the banefits., For this example, a Model
Noige Control Code devaloped for the U.8. Environmental Protection Agency ia
uged to L1lustrate how one might incorporate the varied provisions of a candi-
date noise control code within the format of the benefit model.
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APPENDIX A
ESTIMATION OF NOISE IMPACT

This appendix describes the accepted methodology for estimating the impact of
noise on a population [6,7]. The methodology requires that the distribution
of population residing in a land area be known in terms of the average annual
day-night sound level. The methodology determines single number ratings that
are used to characterize the level of noise impact. In the United States, two
common single number ratings are used for this purpose: 1) the Level Waighted
Population (LWP) and, 2) the Nolse lmpact Index (NII). Reference 6 18 a
detailed description of tha recommended documentation and methodology required
to deternine the environmental impact of nofse. This appendix includes
sufficient deteil to quantify the noilse impact as required for the henefit

model.

A.} POPULATION DISTRIBUTION WITH SOUND LEVEL

The most difficult data accumulation task is the estimation of the distribution
of population in terms. of the average annual outdoor day-night sound level.
This distribution is denoted as p; and provides the estimate of the population
exposed at a given outdoor day-night sound level, Lgpgs The methodology is
baded upon the average annual day-night sound level at a person's place of
residence [6,7] even though a person will not apend the entire day at their
place of residence, These considerations are incorporated into the weighting

functions described in the following section.

For a population exposed to a range of day-night sound levels, the total
population exposed 18 determined from the population distribution, Pg(L).

using the expresalon:

N
Paxposed -izl Py Log JaLy (A-1)

where 1 denotes an interval of Ljnn
ALy ® Ly ~ Ly, dB
Ley = (Lyg) + Lg)/2, dB.

The form of Equation (A-1) is the most readily usable for practical
applications. For conatant intervals, the ahove result is simplified to:

N

Paxposed “121 Py (Log JAL (A-2)

where AL 48 a constant.



The maximum value of AL recommended for evaluation of environmental noige
impacts is 5 dB [6]. If the entire range of aound levels used in equations

(A-1) or {A-2) encompasses the entire population, then the exposed population
equals the total population.

A,2 HWEIGHTING FUNCTIONS

Since the population under consideration 18 exposed to & range of day-night
sound levels, it is necessary to Iincorporate this variation intoc the noise
impact analysis. This is done by introducing weighting functions that
attempt to determine an equivalent effect of nolse at various levels. Con~
aiderable effort has gone into developing weighting functions appropriate
to different categories of nolse exposure [6,11,13,14].

For the purposes of the present model, a simplified weighting function 1s
utilized, This simplified weighting function is defined by the
relationships [6]:

<
wo(Ldno) - 0 Ldl'lo - 55 (A=3a)
Wolkano) ™ (Lggo = 553/20, 55 Spg0 & 85 (A~3D)
WO(Ldno) = 1,5 Ldno Z B3 (A—3c)

where Lgpy 18 the outdoor day-night sound level.

To evaluate the effect of noise indoors due to outdoor sources, it is necessary
to shift the description of the outdoor Ly, scale to a scale of indoor Ly,
values. As described in Appendix B, it appears reasonable to assume a shift

of 12.5 dBA correaponding to the center of the 10 to 15 dBA interval of build-
ing envelope noise lsolation. Physlcally, this means that s residence located
in an outdoor environment of Lgpp = 55 dB would correspond to an acceptable
condition with windows open for both outdoor and indoor noise impact estimates.

Denoting the laduver weighting function by Wi{L}, the appropriate form for the
indoor environment due to outdoor nolse sources 1s:

- < -
W (Lyoy) = 0 Lynp < 425 (A4a)
W (Lgnp) = (Lggp = 42.50/20, 42,5 Sy 0 S 7205 (A-4b)
WplLgng) = 1.5 Lyny 2 7245 (A-4c)

where Lyyr is the indoor day-night sound J.evel due to outdoor noilse.

The relationship between the outdoor day-night sound level and the indoor
day-night sound level due to outdoor noise is:

A-2



ALy = Lanp — LdnI, 9B {A=5)

where AL, 1s the noise level reduction provided by the building envelope.

A.3 LEVEL WETGHTED POPULATION

The Level Weighted Population or LWP is a single numbar defining the equivalent
or effective population exposed to a range of environmental noise levels, The

functional definition of LWP is [6,7]:
N
LHP = T py(LggIW(Lyy )AL (A=6)
i=]

where py(lay) is the distribution of population exposed to day-night
sound levels in the interval Ly4; - Ly (see equation {A-2)},
W(Lag? is the weighting function,

Lot = (Li'ﬂ + Li)/z.

The form of equation (A-6) assumes a conatant interval, AL, of day-night sound
level. If outdoor day-night sound levela are appropriate, one uses the weight-
ing function given by equation (A-3). For indoor day-night eound levels, one
uses equation (A-4) for the weighting function to determine the LWP.

A.4  NOISE IMPACT INDEX

The Noise Impact Index or NII is a relative aingle number index useful in
comparing one nolse enviromment to another [6]. Thae NII is defined in terms

of the LUP and the population exposed aa:
NII » LWP/Pexpoged: (A=7)

The NII value may be exprezsed elther as o fraoction or g2 = percentage,

A.5 OBSERVATIONS

Formally, the distribution of population exposed at a given level of
environmental noise, p,(L), has dimensions of “people per dB" as seen from
equation (A-2). For constant intervals of noise exposure, it is common practice
to aggregate data on the basis of the term py(L.y)AL which has units of people.
Similarly, the dimension of the Level Weighted Population is "people” since the
weighting functions are dimensionless. The Noise Impact Index is a dimension-
less number since {t is the ratio of the LWP estimate to the population exposed.



One additional commant concerning notation is nacassary. The benefit modal
utilices changesa in population noise exposure to estimate benafits. In the
tvport, tha notation APg.n is used to denota the change in population noias
axposura, To denote the EWP and NII estimates for the change in population
axposure, tha notation ALWP and ANIT 18 used. The values of ALWF and ANIT
are not changes in these quantities but denote LWP or NII estimates for the

change in population noiee exposure, APgaxpe

A4
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APPENDIX B
ESTIMATION OF QUTDCCOR-TO-INDCOR NOISE ISOLATION OF EXISTING CONSTRUCTION

This appendix describes the basis for estimating the nolse isclation of existing
congtruction. First, the methed used to develop the distributions of envelope
noige isolation required for the nolse impact worksheet is presented. These
distributions, or available local data, may then be used to estimate an annual
average or composite noise isolation distribution, The composite or average
distribution represents the weighting of the envelope noise isclation en the
basisg of time to account for variations between the “closed window" and the

"open window" conditions.

B.l CLASSIFICATIOR OF SITE CONDITIONS

The noise isolation distributions developed for this model are based upon the
data of reference 15 and the assumption of a normal distribution of the
A-weighted noise isolation. Sutherland has developed the estimates for the

mean value and the standard deviation of the A-weighted noise isolation provided
by building envelopes [15]). These empirical data are divided into three group-
ings according to the dominant exterior noise source, the climatic region, and
the window condition., The groupings are as follows:

(1) Dominant Exterior Noise Source

(a) aireraft
(b} highway traffic
{c) average urban noise

(2) Climatic Region

(a) cold (Average January temperature below 2°C (36°F))
(b) warm (Average January temperature above 2°C (36°F))

(3) Window Condition

{a) closed
(b) open

The technical basis for this classification is the recognition that the
envelope A-weighted noise isolation depends upon the noise source {spectral
effects), the building construction, and the extent to which the shell is

open to the environment [15,16,17].

The dominant source of exterior noise given above recognizes the differences
in frequenecy content among different nolse source categories. This grouping
accounts for the frequency dependence of the noise source, the envelope
conastruction, and the receiving room sound absorption.



The two categories for climatlec region attempt to account for construction
differences attributable to tha thermal performance of the envelope. These
differences may be attributed to both the thermal insulation {cavity filling,
storm windows, ete.) and to the sealing of gaps and cracks (air Lnfiltracion).
Both of thease broad conslderations affect the nolge insulation of the envelope
[18]. The available data allow the estimation of the average noilse isolation
only for the two categories of climate indicated, The term “cold” refers to
geographic areas for which the average January temperature is below 2°C (36°F),
The term "warm" refers to geographic areas for which the average January
temperature is above 2°C (36°F).

The effect of an open window or a closed window on the noise isolation of the

building envelope is obvious. Open windows in a room represent a lower limit

to the degree of noise isolation that may be experienced by the occupant. It

is necessary to include open window conditions since it cannot be assumed that
the envelope will be sealed on an annual basis.

The first step in estimating the average noise isolation of existing
construction is to determine the dominant noise for the land area under
consideration. Once this is dome, the next step is to determine the mean value
and the atandard deviation of the noise isolation-weighted for climatic
conditions and assumed open/closed window conditions appropriate to the local
environment.

B.2 MEAN VALUE AND STANDARD DEVIATION

Table B.l lists the mean value and the standard deviation for each of the site
conditions described above. These values must then be adjusted to account for
the climatic conditions and the open/closed windew condition, Based upon the
average January temperature for the locality, tha mean value and the standard
deviation for the envelope noise level reduction is selected. It is now neces-
sary to estimate the percentage of time that windows are open and closed for
the locality for the entire year. This percentage of time 1s a local
congideration,

With these data, the average values of the mean noise isolatien and the
standard deviation are obtained using the folluwlig expressions:

(aLg)avg = Fapen (ALA)open + (1 = Pgpen) (ALa)closed (8-1)
P

%avg ™ Ocloped (8-2)
where Popen 18 the fraction of time that the windows are estimated
to be open during the year.

For example, assume that the site 1s exposed dominantly to highway noise and
that the appropriate climatic condition is cold, Further, it 1s estimated
that open window conditlons exist for 50 percent of the year {closed conditlons
apply to both heating and cooling time periods). From table B.l, the data ara:

B-2



Table B.l. Mean Value and Standard Deviation of Enveleope Nolse Level Reduction:
Existing Construction (reference 15, and as noted)

Dominant Exterior Climatic Windows Closed Windowa Open
Nolse Source Condition AL, a AL, a

Alvcraft Cold 27.6 5.2 18.4 5.1

Alrcraft ' Warm 26.4 4.8 12.1 bob

w Highway Cold 23.0 4,9 12.6 4.1
&

Highway Warm 25.0 4.7 10.5%  4,0%

Uzban Cold 24,5 5.0% - 12,0 4.0%

Urban Warm 23.0 5.0% 10.0 3.0%

* Assumed Value



(ﬂLA)open w 12,6 dB

(ALpdelosed = 23.0 dB, 0Ga1pged = 4.9

Then, the annual average mean value and standard deviation are;
(bLA)avg = (0.50)(12,.6) -+ (0.50)(23,0) = 17,8, dB,

Oavg = 4.9, dB.

The reason for holding the standard deviation for the average annual condition
constant at the closed-window value will be discussed below in relation to the

egtimate for the distribution of envelope noise level reduction.

B.3 DISTRIBUTICON OF ENVELOPE NOISE LEVEL REDUCTION

It is assumed that the distribution of the values of the building envelape
noige level reduction is described by a Gaussian or Normal Distribution (19,20).
This distribution is completely described by the mean value and the standard
deviation., Further, the necessary numerical values are extensively tabulated.
The next step in determining the distribution ls to aggregate the data in
intervals of A-weighted noise level reduction consistent with the intervale
used to define the distribution of population to outdoor day-night sound
levels. For the present model and consistent with recommended practice [6],
the intervals selected are 5 dB intervals.

For this data aggregation, it is necessary to recognize that the open window
condition represents a lower limit to the envelope nolse level reduction. This
consideration is incorporated by assuming that the lower tail of the normal
distribution is totally aggregated in the interval 10-15 dB., Physically, this
attempts to approximate the lower limiting condition for the average noise
level reduction of the envelope with open windows.

The procedure used to aggregate data 1s best described by an example. First,
it is appropriate to define the terminology used. The normal distribution of
the envelope noise level reduction is defined as:

pCAL) = EXP [~22(8L)/21/VEW o4y, (B-3a)
where 2(AL) = [AL = (ALp)qugl/ogyg. {B~3b)

The aggregate or fraction of the distribution between two values of AL ig
deternmined by the area under the p{AL) curve between the two values. The

funectional expression is:

%2
AP = [ “p(x)dx, ' (8-4)
£

B-4
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where p(x) 1s given by equation (B-3a), %, 22 are the limits on the
interval,

For the normal distribution, the values of AP are determined using tabulated
values of P(R) as:

AP = P{L9) - P(2y) (B-5)

where P(2) = [* p(x)dx.

Values of P(4) are extensively tabulated (19,20), The above procedure 1is,
again, best i1llustrated by an example. The previous example estimated the
average annual mean nolse level reduction as 17.8 dB with a standard deviation
of 4,9 dB. Table 8.2 1llustrates the steps necessary to chtain the distribu-
tion of the A-welghted envelope nolse level reduction for this example. The
values of £ are calculated using the definition in equation (B-3b) and the
values of (Alg)ayg and ogyee The values of P(X) are obtained from tabulations
[20]s The remainfng calcufations are simple aggregetions of the data. The
only special note to make ia that the value of P({L) corresponding to ALg = 15
i8 totally aggregated into the interval of 10-15 dB, The distribution obtained
in table B,2 is {llustrated in figure B.!,

B.4 ESTIMATES OF NATIONAL AVERAGE DISTRIBUTION

The data in table B.1 for the mean values and the standard deviation for the
six site conditions were used to develop distributions for the closed window
condition., The procedure described above was used to obtain these estimates.
The results are presented in table B.3. Further, distributions corresponding
to “"national average" nolse level reduction were alsc estimated. These esti-
mates are based upon the methodology suggested by Sutherland [15]. To obtain
these estimates, it is assumed that 80 percent of the population lives in a
cold climate with windows open 20 percent of the time and that 20 percent

of cthe population lives in a warm climate with windows open 50 percent of the
time. This population allocation and fraction of time for open windows is
suggested by Sutherland to be representative of the national conditions [15].

Equations (B~l) and (B-2) are used with the data in table B.] to estimate the
composite mean noise level reduction, equation (B-1), and the standard
deviation, equation (B-2), for alrcraft noise, highway noise, and urban noise,
The methodology deacribed in section B.3 is then used to obtain the distribu~
tion for each category of outdoor noige. The results are presented in

table B.4. For the urban noise environment, Sutherland used an average mean
nolse level reduction of 21 dB with a standard deviation of 7 in his devalop-
ment, The distribution corresponding to these data are also presented in
table B-li.

One may uae the distributions presented in thig appendix to estimate the indoor
noise impact for existing construction or develop diatributions based upon
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Table B.2. Example Calculation of Distribution of Envelope
Hoise Level Reduction

IR 17.8; Tyyg ™ 42

L, £, (L) Ar Iuﬁ'évu 1004P
-5 ~4.65 0.0000

0.0001
0 -3.63 0.0001

0.0044
5 <2.61 0.0045

0.0524
10 “1.59 0.0559

0,2284  10-15 28.43
15 -0,57 0.2843

0.2157
17.8 0 0. 5000 15-20 38.93

0.1736
20 +0.45 0.6736

0.2556  20-25 25.56
25 41,47 0.9292

0.0644  25-30 6,44
30 +2.49 0.9936

0.0062  30-35 0.62
35 +3.51 0.9998

0.0002  35-40 0.02
40 +.53 1.0000

0.0000  40-45 0.00
45 45, 55 1.0000
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A-weighted Envelope Nolse Level Reduction, ALA, dB,

Figure B.1l. Envelope noise level reduction
for data in table B.2



Table B.3. Percentage Distribution of Envelope Noise Level Reduction
for Existing Construction

ALA

Internal
10-15
15-20
20-25
w 25-30
| 30-35
35-40
40=45
Mean

Std Deviation

%  Assumed values,

WINDCOWS CLOSED

Alrcraft Noise Highway Noise
Climate . Climate
Cold Warm Cold Warm
0.78 0.87 5.16 1.66
6.43 8.31  21.93 12.80
23.64 29.41 38,82 35,54
36.87 38.75 26,45 35.54
24,50 18.99 6.93 12.80
6.91 3.44 0.68 1,59
0.87 0.23 0.03 .07
27.6 26.4 23.0 25,0
5.2 4.8 4.9 4.7

Urban Noise

Cold

2.87
15.54
35.57
32.45
11.78

1.69

0.10
24,5

5.0%

Climate
Warm

5.57
21,95
38.11
26.38

7.26

0.79

0.03
23.0

5.0%
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Table B.4.

ALA

Interval

10-15
15-20
20-25
25-30
30-35
35-40
40-45
Mean

§td. Dav.

Percentage Distributicn of Envelope Nolse Level Reductilong

National Averages for Exiating Construction

Alrcraft
Noiae

3.14
15.80
40.93
26.12
12.04

1.85

0.12
24.5

5.1

Highway
Nolse

14,01

33.60

35.54
14.46
2,26
0.13
0.00 .
20,3
4.9

(1) Sutherland's eatimate - Reference 15.

Urban
Nodise

11.90
30.96
36,53
17.17
3.20
0.23
0.0l
20.9

5.0

Urban
Noise (1)

19,49
24,94
27.14
18.58
7.57
1.94
0.34
21.0

7.0
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local conditions. The national highway traffic noise distribution in table B.4
1s used in section 5 for the example benefit analysis. If the closed window
conditions are used rather than a composite of open/closed conditions, one is
assuming that the existing conetruction providea the maximum possible noise
level reduction on an annual bagie., The baseline nolse impact estimate for
this condition will be less than an estimate assuming an open/closed condition.
As a result, the benefit (decrease in impact) of implementing nolse control
raquirements in the building code will also decraase.

B-10
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APPENDIX C
WORKSHEET FOR NOISE-IMPACT ANALYSIS

Tables 5.5 through 5.7 illustrate a worksheet format for conducting the noise
impact analysis required to estimate the benefits of implementing noise control
requirements for the building envelope. This appendix is s blank copy of this
worksheet for users that desire to follow the format illustrated in section 5.

The workasheet format was first suggested by Sutherland [15].
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Table C,1 Blank Work Sheet for Noise-Impact Estimates
OUTDOOR INDOOR
piatribution af Envelope Noise Level Reductfon, AL,,dB
Ydno ap | Wylly) | Atie, ? A
interval P Row 10-15 4B 15~20 dn 20-25 dn 25-30 di 30-35 4B 35-40 48 40-45 dB
<55 dB 0 n Entry
I‘an 45 dB 40 dB a5 4B 30 dB 25 4B 20 di 15 4B
5560 4B 0,1250
AP“F
Ldn‘.[ 50 dB 45 dB 40 4B 35 d8 30 4B 25 dp 20 dB8
60-65 dB 0,3750
APHP
Lan 25 db 50 dB 45 dB 40 dB 35 dB 30 dB 25 dB
65-70 db 0,6250
APexp
Ld 1 60 dB 55 dB 50 dB 45 dB 40 dB 35 a8 30 dp
70-75 db 0.a750 "
Apexp
Lan 65 dB 60 dB 55 dB 50 dB 45 dB 40 dB 35 4B
75-80 dB 1.1250
Apexp
80=85 4B 1.3750 Lan 70 4B 65 dB 60 dB 55 4B 50 4B 45 dB 40 dB
Total ALH’PO Achp
Indoor Day-Night Scund level, L, .. dB 40 dB 45 dp 50 dB 55 dn 60 48 65 dp 70 4B Row
Indoor Weighting Pactor, IN'.l.(Ld“.[) 0 0.1250 0.3750 0,6250 0,8750 1.1250 1.3750 Total
Ind P
ndaor Population Exposed, Apeu:p
Indoor Level Welghted Population, ALHPI 0
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