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Abstract

This report presents & method for estimating benefits accruing from
implementation of acoustdcal performance requirements for new buildings, The
method can be applied to & wide range of environmental noise conditions and
nolse isolation requirements for building envelopes. Benefits are estimated
based upon the distribution of population with outdoor nolse level and the
noise isolation provided by the building envelope. A method is descrihed for
cgtimating noise isolation provided performance of existing construction
based upon local conditions.

Key Words: acoustiecsl denigni benefit analysis; building codes;
model code} noise contrel; noise impact; ocutdoor~indoor
noise isolation.
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PREFACE

This report is one of two NBS research reports describing models for assessing
the cost and the benefits of implementation of noise control requirements in
building codes., The research leading to this report was conducted by the
Building Acoustics Group in the Center for Buillding Technology, National
Enginecering Laboratory of the National Bureau of Standarda., This research
was sponsored by the U,S5., Environmental Protection Agency, 0ffice of Noise
Abatement and Control (ONAC) under Interegency Agreement No. AD-13-F=-1-507-0,
"Model Building Code Benefits Study" dated February 1981,
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1.0 INTRODUCTION

1.1 Purpose and Scope

The purpose of this report is to present a uniform methoed for estimating
benefits of incorperating nolse control requirements for new residential and
educational bulldings. The primary benefits that may be estimated *using this
model are those accruing from nolse isclation requirements for the building
envelope. Benefits related to noise isclation requirements for interior

partitions and floorfceiling assemblies and mechanical equipment neise can

only be addressed in general terms.

The costs related to achieving the benefits described in this report are

not addressed. These costs may be estimated using the methodology described

in Reference l.

To illustrate the use of the benefit model, a particular noise control
code, called the Model Noise Control Code (MNCC), 1s used. This propesed
model code was developed under the sponseorship of the U,5. Environmental
Protection Agency (2,3). Unique to the MNCC are the variable performance
reqguirements bascd upon expected noise levels surrounding the buildings in

question. In contrast, current building noise control provisions in the

Appendix of the Uniform Building Code are fixed performance requirements
independent of the outdoor noise surrounding the building (4). As
deacribed in the MNCC documentation, the MNCC provisions could be
substituted for the current building noise control provisiona contained
in the Appendix, Chapter 35, "Sound Transmission Control," of the Uniform

Building Code. The performance requirements of the MNCC are restricted to
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residential and educational buildings.

The benefit model described in this report may be used to assess
alternative noise isolation requirements for any proposed level of
The model requires input data based upon local conditions at a

isolation.

future point in time. These data define the distribution of population with

outdoor noise levels and the noise isolation performance of existing local

construction. If noise isolation data are not avallable, a method is

described for estimating the required data based upon local considerationms.

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 model,
the MNCC, and ddentifies the types of buildings affected by each provision,

The detalled acoustical performance requirements apecified by the MNCC

provisions are presented in tabular form and incerpreted.

Section 3 is an overview of the benefit model. A benefit, as defined for this

model, is a decrease in noise dmpact. The decrease 1s measured relative

to continued use of existing eonstruction and i1s artributahle to the noise

control provisions being considered. The data requirements to usc the

model are described and the classification of the benefits are discussed.

Since the reader may not be familiar with noise impact assessments, the

neceseary considerations are presented.

Sectdon 4 is guideline to the steps necessary to conduct a benefit

analyais using the model. 'These guidelines are necessarily general aince

the medel's format allows the user to incorporate loeal data at various

levels of detail.
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Section 5 is a very detailed example of a benefit analysis using the model

and the MNCC provisions. The example is an estimate of benefits for the

United States' population resulting from implementing the MNCC rejuirements.

This example considers only highway traffic noilse. However, the detailed

discussions in the exawmple indicates tabular formats and data summaries that

+

apply to all local conditions. :
There are three appendixes to this report. Appendix A is a brief
discussion of the methodology used to conduct a noise iwpact estimate.

Appendix B presents a method for estimating the noime isolation performance

of existing construction incorporating local conditions. This method may

be used if local data are not avallable. Appendix € is a blank copy of

o worksheet that is useful in conducting the benefit analysis.

2.0 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 bullding

envelope components affected by those provisions, The purpose here 1s to

provide the reader with a brief description of the MNCC sections which are

specifically addressed by the methodelogy. TFor more elaborate details on

these MNCC provisions, the reports prepared for the Environmental Protection

Agency should be consulted (2,3).

2.1 Outdoor Noise Isolation and Acoustical Privacy

Toble 2.1 presents the titles of the four MNCC provisions and indicates
the building types affected by each., The first two provisions, Outdoor
Noise Isolation and Acoustical Privacy, both govern the transmission of

airborne noilse into and within buildings. 1Tt is expected that these
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Table 2.1 Model Noise Control Provisions Developed by Bolt, Beranek, and Newman, Inc.

Buildings Affected?

Provision
Outdoor Noise Isolation (sec. 3507) Rb E -
Acoustical Privacy {sec. 3504) R E
Inpact Noise Isolation {sec. 3505} R
Hechanical Equipment Noise (sec. 3506) R E )

R = Multifamily high-rise, low-rige, and townhouse buildingu;
E = All educational buildings.
b also applies to single family dwellings

& Rey:

Table 2.2 Mode)l Noise Control Code Specifica:ioﬁs (Decibels) for Cutdoor Nolse
Isolation and Acoustical Privacy

Acoustical Privacy

If Outdoor Qutdoor- Noine
Day=-Night Isolation (sec. 3504)

Sound Level {sec. 3507)

> < Outside to Insided Public To Private To
= Privated . Privated
_ 50 - 55 60
50 55 ) - 50 55

55 60 - 45 50

60 65 . 20 - 40 45

65 70 25 40 45

720 75 30 40 45

75 80 35 40 45

ARAXARCONSTRUCTION PROHIBITEDAAALAZ Ik Ak ARAidkdsi

i)

a The difference, in decibels, between the outdoor equivalent A=-weighted sound
level and the corresponding equivalent A-weighted sound level in the receiving

apnce. Donoted by AL in this report.

b The Normalized Sound Level Difference as defined in Reference 2, p. 29. The
MNCC recommends that these values be increased 5 dB when using SIC as the

design requirement.
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provisions would account for most of the benefits resulting from

widespread adoption of the MNCC. The acoustical provisions contained in

building codes today are generally presented in terms of a fixed acoustical
In contrast, the airborne noise requirements

This

performance requirement (5).
of the MNCC vary as a funetion of the outdoor acoustical environment.
acoustical environment is measured in decibels of outdoor day-night ;ound
level which is defined as "...the equivalent A~weighted sound level during
a 24-hour period with 10 decibels added to the equivalent A-weighted

sound level during the nighttime hours (10:00 p.m. te 7:00 a.m.) (6).

The Outdoor Noise Isolation provision (section 3507) imposes outdoor noise

1t affects both

ipolation requirements on the exterior shell of the building.

residentisl and educational buildings exposed to outdoor day-night sound

levelsl greater than 60 dB. As indicated in table 2,2, the outdoor noise

isolation requirements vary directly with changes in the outdoor sound levels.

The Acoustical Privacy provision (section 3504) imposes performance

requirements for airborne noise transmission reductions for multifamily

residential and educational buildings. These noise transmission reduction

requirements distinguish two types of acoustical privacy by building

separations (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.

1 The term "levels" refers to the 24 hour day-night sound level.
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These requirements vary inversely with changes in the outdoor sound

level within a range from 60 dB and lower. These requirements, however,

become constant above 60 dB.

The predominant construction cost impacts of the performance requirements

for OQutdoor Noise Isclation and Acoustical Privacy given in table 2.2 effect
five different building components.l Table 2.3 lists these components and

indicates which provisions affect each component. The exterior walls are

affected by the Outdoor Noilse Isolation provision, Windows and doors are

affected by both provisions. Interior walls and floor/ceiling assembles

are affected only by the Acoutical Privacy provision (1). The benefits

accruing from the Qutdoor Noise Isolation provisions may be quantified using

the model described in this report.

T e e

R e

R

Isolation and Mechanical Equipment Noise.

2.2 Impact Noise Isolation and Mechaniecal Equipment Noise

_The other two provisions listed on table 2.1 are Impact Nolse

The Impact Noise Isolation

provision (section 3505) calls for prescriptive compliance with a

T e e o e
A e e rm A e L

Construction Handbook of approved designe for impact noise reduction,

This provision could not be addressed by the methodology presented in this

report because the proposed Construction Handbook of acceptable designs

has not yet been prepared. It this provision were implemented it would

primarily affect multifamily residential buildings.

lThe Outdoor Noise lsolation requirement may also affect the construction cost
of roofs. This component is not included in the analysis since its impact on
the entire cost of 4 high-rise building is likely to be minimal. TFurther, the

dinerement in benefits may not be significant.

2
Tor justification of the use of prescriptive rather than performance require~
ments for Impact Noise Isolation see Reference 2, p. 45.
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The fourth provision addresses Mechanical Equipment Noise {section 3506).
This provision requires that both multifamily residential and educational

bulldings control the noise transmission of various building machinery

and appliances.

The Mechanical Equipment Noise provision specifies that the A-weighted

sound levels produced by the operation of mechanical equipment be no greater

than 45 dB 4in any dwelling unit or guest room. It also specifies that

operation of appliences produce an A-weighted sound level no more than 70 4B

and food waste disposals no more than B8 dB.

Table 2.3 Major Building Components Affected by the Outdoor Noise Isolation
and Acoustical Privacy Provisions of the MNCC.

Outdoor Noise Acouatical
Building Component Isolation Provisien Privacy Provision
Exterior.walln X
Hindows X X
Doozs X X
Interior Walls (Partitiona) X

X

Floor/Ceiling Assemblies
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3,0 OVERVIEW OF METHODOLOGY

The model described in thias report attempts to quantilfy benefits attryibutable
This section

to implementation of noise control requirements in building codés.

describes an overview of the model and the type of benefits addressed. The

following section presents more detail concerning the application of the

model to local conditions. Since the model incorporates many detailed

steps that are influenced by local conditions a detailed example is presented

in Section 5.

3.1 Definition of Benefit
This model attempts to quantify non-economic 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 dmpact. This definition establishes the

framework of the wmodel - the estimation of enviromnmental noise impact

on 8 segment of the population.

Accepted techniques are available for conducting environmental noise

impact assessments (6). These techniques are applied in this model. The

applicarion, however, required an extension of these techniques to
dincorporate the effect of nolse isclation provided by the building
congtruction. The basic steps in the noise impact analysis are quite
simplet 1) determine the population affected by the proposed action,
2) determine the noise exposure of this population, and 3) estimate the

nolse impact, To evaluate the benefits or reduction in the noise impact,
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it is necessary to establish a bench~mark for comparisons., The

bench-mark is the "no action" alternative and for this model corresponds

to no change in the building codes to incorporate nolse eontrol

requirements. Appendix A briefly describes the accepted methodology for

conducting nolse impact assessments,

3.2 Data Required
As stated above, three steps are required to determine the noise impact

for bhoth the no action alternative and the alternative of implementing

noise control requirements. To obtain a quantitative estimate of elther

nolsae impact or benefits, it is necessery te obtain local data for input

into the model. These data correspond to population projections, future

nolse environment, and the noise isolation performance of existing

The aggregation of these local data is the most important

construction.
Much of the data will

and time-consuming task for any benefit asseasment.
be available through local planning activities, however, and it is only

necessary to apgregate the data in the format required by the model,
Based upon the available information, the data format is dictated by the

noise isolation performance of the existing construction.

3.2.1 puilding Envelope Noise Isplation Performance, One very important

aspect of noise control requirements for building construction is the
gspecification of the outdoor-to~indoor noise isolation of the building

envelope. One measure of the envelope noise isolation performance is the
A~welghted sound level difference. This is a single number characterizing

the envelope performance and is the requirement used in the Model Noise

Control Code (MNCC) described in Section 2 (see Table 2.2). This requirement
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18 based upon the outdoor day-night sound level expected at the building site,
However, the "defacto" building envelope noise level reduction ?F noise
isolation performance, as measured by the A-weighted sound level difference,
The

depends upon the dominant source of outdoor envirenmental noise.

technical basis for this distinction is discussed 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 assessment of benefits. This is achieved by attributing different

noise isolation performance estimates for the building envelope on the basis

of the dominant source of cutdoor noise. These performance estimates apply

to existing construction and are described in Appendix B. The three

dominant outdoor noise source categories addressed in Appendix B are 1)

aircraft noise, 2) highway traffic noise and 3) urban noise,.

As a result, the model may incorporate an assessment of benefits

accruing toc three population categories: 1) population exposed mainly to

aircraft noise, 2) population exposed mainly to highway traffic noise, and

3) population exposed to "urban noise,"

Ap described in the example benefit analysis in Section 5, the meodel
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 abaence of local data, the methodology
of Appendix B may be used to obtain an estdmate appropriate to the local

condttions. This estimate is, however, an approximation.
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The most important input for a moise

This

3.2.2 Population Noise Exposure,

impact assessment is the estimation of population noise exposure.
estimate is a data apgregation that assigns or distributes the population to
the range of environmental noise in the community. This estimaéé requires

a knowledge of the noise exposure of land areas and the population residing

in these land areas. Since this benefit medel addresses new construction

at a future point in time, the population noise exposure estimates‘gre

based upon future land development and the future noise levels., The MNCC

requircments specify that the noise control requirements be established on

the basis of future noise levels and provide metheds for predieting these

levels (2,3).

The format of the population nolse exposure data required by the
benefit model is illustrated in Tables 5.2 through 5.7 in the example benefit

analysis. Such data may be obtained, for example, from local authorities

or Federal apencies. The recently enacted Part 150 of the Federal Aviation

Administration regulations require airport operators to determine the

aircraft nolse impact for land areas surrounding airports {(B). These data

will be in a format directly applicable to this benefit model. Estimates

of land exposure to future levels of highway traffic noise may be obtained

from environmental impact statements of major highway projects.

The benefit medel requires an estimate of future population noise

exposure at levels of environmental noise equal te or greater than a

day-night sound level of 55 dB. These data are aggregated dnto intervals

of noise exposure, The intervals used by the model are 5 dB intervals as

recomended for noise impact estimates (see¢ Appendix A and Reference 6).
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Since the model allows the consideraticn of different outdoor noise

sourtes, the population noise exposure data should be aggrepated on this

+

basils. The envelope noise reduction levels for airecraft noise are

appropriate for land areas arvound airports. The envelope nolse reduction

levels for highway traffic noise are appropriate for land areas adjocent to

interstate highways and major arterials. The envelope neise reductdon

levels for urban nolse environments is appropriate to land areas on local

strects away from other mejor noilse sources. The extent of detail to

incorparate into the local benefit analysis using the present wmodel is entirely

4 lecal decision. It is essential however, to understand that the population

nolse exposure data are aggregated on the basis of the expected noise

environment.

3.3 Classification of Benefits

The benefits accruing from implementation of nolse control requirements
mey be classified according to the interior noise envircnment in the

living unit. The interior noise enviromment is comprised of three

components: 1) interlor noise duye to outdoor noise, 2) interior noise due

to sources in other living 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 Isolation. The envelope nolse isolation performance

applies to all residential and educational constructisn and determines the
interdior noise due to outdoor noise sources. This component of tha
interior noise environment may be quantified using existing measures of
noise impact and is the component of interior noise uged in this benefit

wodel. For higher levels of outdoor noise the MNCC requiree increased
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envelope noise isolation performance (see Table 2.2).

3.3.2 Interior Wall Noise Isolation. The interior wall noise ispclation

performanece of the MNCC applies to multi-family residential and educational

construction. The code requirements specify an increased interior wall noise

irolation performance for decreasing levels of outdoor noise (see.Table 2.2).
This requirement is the most important aspect of the MRCC specifications

and 1s the most difficult to evaluatc quantitatively on the basis of
potential benefits. For a benefit analysis cne must quantify the noise
gources on a consistent basis. Hence, it is necessary to assess the levels

of interior noise generated by neighbors.
Further, the interior wall

AR LY S — L
e e £ L i B T A L Mo T n LS, e

Only a very limited data base i
|
|
|

|

exists for estimating these levels (7,9).

noise isolation reguirements apply mainly to the population exposed to outdoor

i
1
i
i

day-night sound levels below 60 dB. This is a very large segment of the

€

e total population. As a result, even a small change in interior nolse

attributable to sources in other living units would result in a large

noise impact estimate., Hence any inaccuracies in estimating the level of ;

interior noise would result in, perhaps, meaningless benefit estimates.

LT R

For these reasons, the present model cannot address benefits - which may be

LR

substantisl-attributable to the interior wall noise isolation requirements.

3.3.3 Internal Noise. The MNCC provisions specify levels of interior noise

attributable to mechanical equipment and appliances. The considerations for

R T

qonducting o benefit analysis attributable to this requirement are identical

to those described in Section 3.3.2, and are not addressed by the present

s e e,

model.

W
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3.3.4 Impact Noise. The MNCC uses a prescriptive rather than a performance

requirement for impact noise isolation (see Sec. 2.2). Further, with

present-day knowledge, it is difficult to assess benefits attributable to

abatement of impact noise (10). For these reasons this model does not attempt

to assess these benefits. The significance of impact noise reduction is,

however, very great in relation to occupant's satisfaction with their living

v
.

environment (10).

3.4 Benefit Time~Stream Analysis

Noise impacts and bemefits will vary from year to year. For example,
a fixed population exposed to Iincreasing levels of environmental noise
represent an increasing noise 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 residential development
adjacent to a highway that experiences an ever-increasing traffic fleow
with the attendant increasing noise levels. The second example corresponds
to development of land for residential use adjacent to a major highway carrying
a constant traffic flow. A noilse impact assessment must account for these
long-term time-varying characteristics. Since the benefits depend upon
the nolse impacts for the no-action and the lwplementation alternatives,
the estimated benefits will also vary with time. These considerations are
discussed ip thie section. The benefit model may be used to estimate these

time-varying effects at future points in time.

Figure 3.1 illustrates the general characteristics of a nolse impact

estimate with time. The vertical scale is o "noise impact indicator" which

{s o numericsl value that establishes the noise impact (6,7,11). The

horizontal scale is time measured in years. TIwo noise impact curves are
dndicated in Figure 3.1: the no-action alternstive and an alternative

representing the implementation of noise control requirements on a product,
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The no-action alternative simulates the continued praduction 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 Yl. In relation to implementing noise

contyol requirements in buildings, the "product" is, of course,

building construction.

The solid line represents the noise impact related to the no<action
alternative and is shown increasing with time. The slepe of this line
represents the rate of increase of the noise dmpact. In relation to the

present model, this rate of increase corresponds to both the population

in a community moving into new construction and increased exposure to

environmental noise.

The dashed line represents the nolse impact related to implementing

noise control. The difference between these two lines is the "benefit" of

noise control. The numbers B1 and BZ 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 implementation of meise control requirements

for bullding construction.

In Figure 3.1, the year Yl represents the future point in time at

which products featuring noise control enter service. The year Y2 Tepresents

the future point in time at which all products in service feature noise
contxrol. Beyond the yeor Yz the noise control requiremente are fully

effective since they apply to all products elther in service or entering

servica,
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In relation to implementing noise control requirements in bullding codes,
the time-span between initiating the requirements, year Yl in Figure 3.1,
and achieving total effectiveness, year Y2, is the time required to totally
replace all bulldings in a community. Obviously, thi# time-span is beyond
the life of the population., Hence, the benefits that may be estimated

at g future peint in time within the planning framework of a community will

aslways be less then the ultimate benefits that can be expected to accrue to

future generations.

4.0 ESTIMATION OF BENEFITS
This section is a guldeline for estimating benefits of implementing
noise control requirements for building codes using local data, A detailed

discussion is not presented in this section but is ineluded in the following
section relative to an example benefit analysis. In order to estimate a
benefit it is not necessary teo conduct a complete time-stream analysis
as indicated in Figure 3.1. It is only necessary to estimate, at &
selected future point in time, the proportion of population residing in
new construction built under existing code requirements and population

residing in new construction bullt under the code provisions corresponding

to implementation of noise control requirements.

4.1 Selectinpg 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 nolse impact (3). This
20 year time is measured from the time at which the noise control
requirements are initiated (year Yl’ in Fig., 3.1). Trom this point in time
it is necessary to estimate the population that will eventually oeccupy the new

construction and the distribution of this population with the cutdoor day-night
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sound level. Since the noise impact assessment must include all population

exposed to indoor noise levels above 42.5 dB, it is necessary to estimate

the porportion of the population that resides in bulldings exempted from the

noise isolation requirement and the population residing in buildings

requiring a specified level of noise control. (The 42,5 dB indoor

criterion for determining noise impact is discussed in Appendix AL

4,2 Population Noise Exposure Distributions
As discussed in Section 3.2.2 it 1s necessary to aggrepate population
data by the estimated level of noise exposure, and if 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 noise isolation performance of existing construction may be estimated
using the methodology in Appendix B or may be based upon available lecal data.
As described in Section 3.2.1, these data are in the form of a distributien

and may be further refined by catepories of dominant outdoor noise source.

4.4 Worksheet Format

A worksheet has been developed to assist in conducting the nodise dmpact
estimate. A blank sample of this worksheet is presented in Appendix C. A
worksheet must be filled out for each population distribution described in
Scetion 4.1 and 4.2, the appropriate noise isolation distribution described
in Section 4.3, and the noise control requirements being implemented. (The
axample in SBection 5 illustrates this process.}) The required calculations

are then conducted using the worksheet.
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The baseline or no actiecn alternative nolse impact estimate is determined

4.5 Noise Impact Estimates

from the worksheets by the combination of population distributibns to outdoor
nolse and the envelope nolse level reduction distributions for exiscing

constructlon. Two nodse impact estimates are obtained from each worksheet:

impact due to population exposure at outdoor noise levels and impgcc due to

population exposure at indoor noise levels. The final noise impact

estimates are obtained by summing the outdoor noise impacts for all

categories of outdoor noise sources and by summing the indoor noise impacts

for all categories of ocutdoor noise sources.

For the nolse control alternative, an identical set of calculations is
performed with the only extenslon being that impacts must be estimated
separately for the population residing in new construction exempted from
noise control (outdoor levels below 60 dB) and the population residing in new
The 60

construction requiring noise centrel (outdoor levels above 60 dB).

dB limit refered to is the limit specified by the MNCC and is used here to

denote the separation of population categories. The model allows the user

to select pther limits if mo desired.

4.6 Determination of Net Benefits

The result of the calculations described in Section 4.5 is two sets
of numbers that estimate the noise impact in & future year. One set of
numbers represents the noise impact based upon population exposure at
outdoor levels for the no action and the nolse contrsl alternative. The
difference between these two numbers (no action value less noise control

value) represents the benefit to the population based upon exposure at

outdoor noise levels.,” This estimate is required since the MNCC provisions

prohibit construction in land areas cxposed to outdoor day-night levels
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exceeding 80 dB.

The other set of numbers represents the noise impact based upon

population exposure at indoor moise levels for the no action and the nodse

control alternative. The difference between these two numbers represents
the benefit to the population based upon exposure at indeor ncise levels,

This benefit is expected to be the major benefit resulting from ihplementation

of the outdoor noilse isolation requirements of the MNCC.

4.7 Evaluation of Benefits for Alternative Levels of Envelope Noise Isclation
The benefit model may be used to estimate alternative levels of building
envelope noise isolation than the levels prescribed by the Model Noise

Control Code described in Section 2. The brief guidelines in this sectdion

are the general steps required to conduct a benefit ananlysis, The

following sectlon presents a detailed example illustrating the many
considerations and steps described above using the MNCC provisions as the

example of noilse control requirements.

5.0 EXAMPLE OF A BENEFIT ANALYSIS
This section presents an example of a benefit analysis of implementing
noise isolation requirements for building envelopes. The outdoor noise
isolation provislons (sec. 3507) of the MNCC are used as the example
requirements. An estimate of the pational population exposure to hiphway
traffic noise 1s used as the basis for determining expected benefits. A
time~stream benefit analysis is used to illustrate the time affects of

implementing the noise isolation provisions.

Each step in this example is discussed so that the bosic considerations

may be clearly understood. These steps are identical to those required to
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conduct a similar analysis at a local level using data appropriaste to the

B e

comsunity.

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, Ldno'

Table 5-1 presents an estimate for the distribution of the nationsl population
noisc exposure due to highway traffic noise (12)1. This estimate assumes that

highway traffic nolse remains unregulated and that the national population

increases at a rate based upon historical trends. It is beyond the scope of

this example to further deseribe the basis for the Table 5-1 estimate.

However, the format of the data will be described since local data apgregations

should follow a similar format.

Each entry in Table 5-1 is a population estimate with the columns

representing vears. In this example, five year increments are used beginning

with the reference year 1980 through the vear 2010. The first six rows of

Table 5~1 indicate intervals of cutdoor day-night sound level, Ldno‘ These

intervals 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 sumnary
entries indicating the population distribution to ranges of outdoor day-

night sound levels. The last row is the total population estimate.

Since benefits resulting from implementing any bullding code tequirement
applying to new construction can only be attributed to the population residing
in the new construction, it is necessary to estimate this segment of the

population. To do this, the change in population distribution is required.

1 All tables in this section are included at the end of the section for easy
reference with the text.
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The estimated change in population distribution in 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 step is to estimate the proportion of the population that will

reside in new construction and the time sequence for implementation of the

noise control requirements. Estimates of population increases residing in

new copstruction may be obtained based upon construction trends and

averages of occupancy per type of living unit. For the purposes of

this example, it will he assumed that the total population change resides

in new housing. However, based upon loeal conditions, it may be desirable
to adjust the data for distribution between existing constructicn and new
construction. The time sequence for implementing noise control requirements

presents a similar consideration and will be emphasized in the present example.

The followlng implementation scenario is used to dllustrate the
considerations., First, it is assumed that all new construction through the
year 1985 complies with "cutrent building code” requirements. That is,
the outdoor-indoor noise isolation corresponds to existing construction
performance. Beginning in 1985 through 1990 2 transition oecurs such thai
at the end of 1990 half of the population increase for this time period
resides in new construction conforming to the MNCC requirements and the
other half resides in new construction conforming with the "current
building code." TFinally, it iz assumed that all new construction beyond ‘
1990 conforms with the MNCC requirements. (It is emphasized that this
implementation scenario is an example and it 1s recognized that a national

dmplementation based upon concensus standards is difficult - 1f not

impossible « to formulate. The example, however, does illustrate the
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steps required to evaluate benefits based upon local considerations.)

Table 5.3 illustrates the effect of the above scenario on the population

distribution with outdeor day-night sound level. Several details in

Table 5.3 must be mentioned since they reflect the MNCC requirements.
First, two segments of the population are identified for each year. in the

analysis: population residing in new construction complying with current

building codes (CBC) and construction complying with the Model Koise Control

Code {MNCC). This distinetion 1s necessary since the benefits must be

compared to the "baseline" alternative of not adopting the MNCC requirements.

The firet note concerning the data entries in Table 5.3 is that the

segment of the population exposed to outdoor nolse in the 55~-60 dB interval

is allocated to the "current bullding code" column. The reason for this is

that the MNCC allows “existing construction'" for these conditioms. Next,

it should be noted that beginning in 1995 and beyond, no population is

allocated to the BO to 85 dB range other than the population allowed

under “"current building code" requirements prior to 1990. For the

population increases in the 80 to 85 dB range indicated in Table 5.2, the

changes in population have been allocated to the 75-80 dB range for MNCC

requirements in 1995 and beyond. This allocation reflects 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

ddentical for the Table 5.2 data and the Table 5.3 data.

The Table 5.2 data are used to obtain the noise impact estimate mssociated

with the no action alternative of utilizing existing construction. The

Table 5.3 data are used to obtain the noise impact estimate assoclated
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with the example implementation scenaric for the MNCC as described above.

To do this it is necessary to estimate the outdoor-to~indoor noise

isolation for existing construction.

5,2 Bullding Envelope Roise Isolation *

The buillding envelope noise isolation must be estimated for éxisting :
construction. The noise isolation characteristics are described by a

distribution. This distribution represents the fractlion of existing

construction exhibiting noise isolation characteristics of a given

value. The methodology deseribed in Appendix B may be used to obtain estimates

based upon local cenditions. For this example problem, it is appropriate !
to use the "national average' noise isolation distribution for highway
traffic noise. This distribution is presented in Table 5.4 and is derived

in Appendix B. It incorporates assumptions concerning open and clesed
windows and the distribution of population between cold and warm climate

conditions. Details ate discussed in the Appendix.

Comparing this distribution with the MNCC requirements in Table 2.2,
it 1s Been that over 50 percent of existing construction would comply with
the minimum MNCC requirement of 20 dB and less than one percent of existing
construction is estimated to exceed the maximum MNCC requirement of 35 dB.
The significance of this observation ds that existing construction will
partly mitigate outdoor noise instrusion when compared to the population

distribution with outdoor day-night sound level as required by the MNCC.

The basic assumption of this model is that the distribution of nodse

isolation of existing construction is independent of the outdoor day-night

sound level, This assumption is necessary since data are not available to



SO AR RTLI e T N

L R AT TR TR 1 p ey

e nr

O

DEEPT

- L

estimate a relationship hetweenh outdoor day-night sound level and noise
isolation characteristies of existing construction. Since benefits will

be estimated on an incremental or relative basis, this assumption may not

be expected to be too critical to the final result.

5.3 Estimation of Nolse Impacts
The noise impact estimate must be conducted for twe alternatives:
1) the "no action" alternative and 2) the adoption of noise control

requirements. The data in Table 5.2 are used to estimate the noise impact

of the "no action” alternative.
the noise impacts associated with the adoption of the MNCC requirements as

described in Section 5.1, Further, since the MNCC requirements prohibitc

construction in land areas exposed to nolse levels greater thanp 80 4B, it is

necesgsary to estimate noise impacts for both outdoor and indoor conditions.,
These estimates are calculated for each of the years indicated in Tables
5.2 and 5.3 for each segment of the population under consideration.
in conducting these calculations, 2 worksheet has been developed. A blank
copy of the worksheet is included 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 nolse 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 i1llustrate the data
entries for the caleulation worksheet,

Table 5.5 is the completed worksheet for the no action alternative in

the year 19%5. The columns under the heading ''OUTDOOR" apply to the

outdoor environment and to the population exposed to the levels of

The data in Table 5.3 are used to estimate’

To assist
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outdoor noise. The columns underiiﬁe
estimate of population distribution with levels of indoor nolse
from cutdoor sources. The population exposed to indoor noise levels is
identical to the population exposed to outdoor nolse levels. The worksheet is
the Level Weighted Populations based on

(The Level

used to calculate two numbers:

outdoor and indoor noise environments for the same population.

Weipghted Population or LWP 1is one type of noise impact indicator. See

.

Appendix A& and References 7 & 11).

The data entries in the column heading AP;XP are directly transcribed
from Table 5.2 for the year 1995.1 The entries under the column heading
ALWPO are obtalined by multiplying the ﬁpexp entries by the welghting factors
WolLy,,) for each interval of outdoor day night sound level. The weighting
factors are described in Appendix A and are evaluated at the mid-point of the

outdoor sound level interval. The total Level Weighted Population for the

outdeoor environment ie obtained by summing asll entries in the ALHFO

colunn, For the example in Table 5.5, this total is 3.5125 million {M) people.
To characterize the indoor environment, it is necessary to estimate

the distribution of population exposed to levels of indoor noise at each

level of outdear noise. The columns under the heading 'INDOOR" correspond

to levels of the building envelope noise level reduction, ALA. At the
top of each column, one enters the appropriate fraction of the bullding
envelope noise isolation. Since the example in Table 5.5 corresponds to

existing conmstruction, the data entries are obtained from the distribution

given in Table 5.4

Each cell in the array of Table 5.5 corresponds to an indoor noise

level due to the outdoor noise environment. The indoor level is pre-determined

1 A "A" prefix is used to denote a quantity based upon a population change,
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by the worksheet format and is denoted by the entry Lan. For example,
with an outdoor environment in the interval 60-65 dB (center at 62.5 dB)} and
an envelope noise level reduction in the interval 15-20 dB (center 17.5 dB)
the average indoor noise level is estimated to be 45 dB (62,5-17.5). For
this cell, the population experiencing this indoor noise level of 45 dB
is estimated by multiplying the total population in the outdoor %n:erval

(3.21M) by the fraction of construction exhibiting the level of noise

{solation (0.3360) to obtain the estimate 1.0786M.

This process ig repeated for each cell in the array. Since indoor
noise exposures less than 45 dB are not considered to impact the population,
it is not necessary to completely f£ill the table. It 1s only required to
calculate the indoor population exposure for levels of indoor noise equal to
or greater than 45 dB. The total estimate of population indoor noise
exposure is then obtained at each level of indoor noise by summing each
entry in the array at each level of indoor noise exposure. In the format
of Table 5.5, the cells of constant indoor scund level are located on a

diagonal running from upper left to lower righe.

For each level of indoor day-night sound level, Lan, the accumulated
population exposure is tabulated in the indicated column at the bottom
of the worksheet. At each indeor sound level, the exposed population
is multiplied by the indicated weighting faetor for indoor noise intrusion,
HI(Lan)' (This weighting factor is also described in Appendix A.) The
resulting term 15 the Level Weighted Population for indoor noise exposure
at that level of indoor noise. Each of these terms im summed to obtain the
final estimate of the Level Welghted Population for the indoor noise
environment, ALHPI.
Population for indoor noise due to cutdoor mources is 1.1829 M people.

For the example data in Table 5.5, the indoor Level Weighted




et i T D R T

TR Tty e et

AP IIT A

o

AT Ry P

B i L PR P,

[
brinFisy

In summary, the Table 5.5 data provide two numbers: the Level
Weighted Population based upon the cutdoor noise environment, AyWP0=
3.5125M, and the Level Weighted Population based upon the indoor noise
environment due to outdoor noise, ALWPI = 1,1829M. These estimates are for

the year 1995, Similar calculations are conducted for the other years

in the time stream for the no action alcernative.

5.3.2 Implementation Alternative. The noise impact estimate for the

implementation alternative is essentially indentical to that described for

the no~action alternative. However, the calculatilons invelve twoe population

exposure categories for each year of the time-stream: population residing
in existing construction and population residing in new construction

cowplying with the MRCC requirements. The population disctributions of

Table 5.3 are used for these estimates.

For the year 1995 and the population distribution given in Table 5.3
for the current bullding code requirements (existing construction), the
worksheet is used to obtain the estimates: ALMPd= 1,53575M and ALWPI =

0.43624. These data entries and calculations are illustrated in Table 5.6.

For the year 1995 and the population distributien given in Table 5.3
for the MNCC requirements, the worksheet 1s used to obtain the estimates:

ALHPO- 1.9525 M and ALHPIB 0.2363 M. These data entries and calculatdions

are illustrated in Table 5.7.

[}
Comparing Tables 5.5 through 5.7, it 1s peen that the outdoor data

manunipulations are identical.. However, the indoor data entries for
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Table 5.7 are different from the entries in Tables 5.5 and 5.6. The
: difference is a recognition - in an accounting sense - of the MNCC

requirements, For existing construction (Tables 5.5 apd 5.6) the indoor

noise environment is a distribution of population exposure at each level

of outdoor noise. For the MNCC requirements, the distribution is condensed

into an explicit performance range depending upon the outdoer noise
environment., For example, the MNCC requirements specify an envelope noise
isolation of 25 dB for outdoor noise in the interval 65 to 70 dB day-nipht

sound level. This requirement is reflected in the worksheet format of

Table 5.7 by a uniform allocation of the population exposed to 65 to 70 dB

outdoor levelg to the two cells corresponding to indoor levels of 40 and

45 dB. 1Indeed, at each outdoor level interval, the MNCC requirements
apecify an indoor level in the range of 40 to 45 dB (sece Table 2.2).

fﬁ“ With this allocation of population, the indoor Level Weighted Population

o estimates follow in a format identical to that deseribed in Section 5.3.1.
The significance of the Table 5.7 calculations is that the MNCC requirements

remove all Indoor noise level impact estimates from consideration except

for the population exposed to indoor levels centered at 45 dB.

It may be argued that the uniform sllocation for the MNCC is simply

an accounting scheme and that other allocations may be more representative of

reality. This argument is accepted. MNowever, the model allows the user to

incorporate his beat judgment. For example, if one assumed that buildings

designed to meet the MNCC would incorporate a margin so that the requirement

was always cxceeded, the entire exposed population would be sllocated to the

40 dB interior noise level of Table 5.7. In this case, one would estimate
h;; the minimum noise impact for indoor noise exposure and obtain a maximum

benefir estimate. By shifting the indoor population noise exposure to
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higher levele to simulate less stringent noise isolation requirements than

the MNCC, one may still use the model. The point being made is that the

model accepts such variations - made at the users' judgement - and that

variations are incorporated at this stage of the noise impact analysis.

5.3.3 Summary of Estimates. The next step in the analysis is to summarize

the noise impact estimates for each year in the time-stream. Based upon the

data iri Tables 5.2 and 5.3, the nolse fmpact estimates are summarized as

This summary indicates the relative significance of
The

indicated in Table 5.8,

the population noilse exposure calculations for the two slternatives,
"ne action" alternative data of Table 5.8 represent the baseline conditions

for comparing the benefits of implementing the noise centrol options.

The data in Table 5.8 for the MNCC implementation scenario are

grouped into three sets: noise impact related to existing constructian;

noise impact related to new construction; and the total noise impact

combining these two impact estimates. The noise impact estimates all

increase with time as indicated in Table 5.8, However, the increase for

each grouping of the population result ftom different causes. The Increases

in the ALWP values for the no-action alternative result direectly from

the population increases at all levels of ocutdoor noise exposure. For the

population residing 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 interval. For the

population residing in new construction, the increases in ALWP result

directly from population increases.
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Comparing the ALWPO values in Table 5.8 for the 'no action' and the
total MNCC alternatives, it is seen that there is a slight decrease in
noise impact based on the outdoor ncise exposure. This isa result of
the prohibition of construction in areas exposed to ocutdoor 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 above B0 dB (See Table 5.1).

Comparing the ALNTI values in Table 5.8 for the "no action' and the
MNCC alternatives, it is seen that there is a rather large decrease in

noise impaet based upon the indoor noise exposure. This decrease is, of
course, a result of implementing the MNCC requirements for the outdoor-

to-indoor neoise isolation.

The ALWP values are one format that may be used to estimate the
benefits. An LWP wvalue represents an absolute estimate in the sense that
it attempts to establish a single number representing an equivalent
population. Another formast for estimating benefits, is the single number
called the Noise Impact Index or NII. The NII value is the ratio of the
LW? value teo the total population 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 action alternative of the example. The table
presents both outdoor and indoor noise impact estimates. The population
expofied values are obtained from Table 5.2, The ALWP wvalues are obtained

f;am Table 5.8. The ANII values are caleculated as the percentage of the
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ALWP 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 i

encompasses everyone affected by beth the ocutdoor and the indoor noise

impact estimates. !
[

. ,

At first, the ANII estimates in Table 5.9 may appear suprising.
They are assentially constant for all years of the time-stream! The !
value of the ANII for the outdoor impact, ANIIO. is constant at about j
32.5 percent of the population exposed to outdoor sound levels above 55 dB. :

The velue of the ANII for the indoor impact, ANIII. in constant at !
1

about 10.9 percent. One should not, however, be too suprised that these

results are constants. This may be anticipated since the total population

growth rate in Table 5.1 is essentially constant. As a result, the ALWP

values remain in almost constant proportion to the population exposed

values at each year of the time-stream and the ANII is simply the

proportionality constant.

Table 5,10 presents the ANII estimates for the MNCC implementation
scenario. 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
nolse impact estimate, however, are decreasing with years in the time-stream,
This decrease in the indoor noise impact, ss 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 ANII estimates summarized in Tables 5.9 and 5.10 are used

to estimate the benefits attributable to implementation of the noilse control
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requirements. As stated in Section 3, the term "benefit" is defined as the

decrease in the noilse impact as & result of implementing the noise control

.

requirements. The decrease is measured relative to the noise impact of the

no~action alternative at each year of the time-stream.

5.4,1 BDBenefit Based on Qutdoor Noise Impacts. The MNCC requirements prohibit

construction in land areas exposed to outdoor day-night sound levels greater
than 80 dB. The benefits attributable to this requirement are estimated

by subtracting the values for ALHPO in Table 5.10 from the values for

AI.WPO in Table 5.9 for each year in the time-stream. Similary, one obtains
the benefit in terms of the Noilse Impact Index. The results are presented
in Table 5.11. For this example, the benefits as measured by the change dn
ALWPO or ANII0 are too inaignificant to warrant any further consideration.
The conclusion then 15 that the MNCC requirements do not appear to result
in any net benefit based upon outdoor noise exposure. This conclusion,

however, applies only to this example. A benefit analysis based upon

local conditions may result in a benefit due to the outdoor noise restrictions

of the MNCC or similar code requirements.

5.4.2 Benefit Based on Indoor Noise Impacts. The benefits resulting from

implementing the MNCC requirements based on the indoor noise impacts are
estimated as described above for the outdoor benefits, For the example
scenario, the estimated benefits are listed In Table 5.11 under the columns
headed "INDOOR". 1In this case, the benefits are significant for the years
1995 and beyond. The benefit estimate based upon the Level Weighted
Population continually increases as does the estimate based upon the Noise
Impact Index. TFor this example, the net benefit of implementing the

MNCC requirements are estimated to be a change in Level Weighted Population
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of 2.84M or a change in Noise Impact Index of 6.4 percent for the year 2010.

5.5 Interpretation of Bepefit Estimates

The gquestion arises as to the significance of the benefit estimates
and the decision to implement the noise control requirements. There is,
however, no explicit criterion to apply that will indicate a bene¥it value

above which implementation is clearly warranted. What the benefit estimates

do indicate is that a positive benefit does result from the proposed action.
These benefits accrue to an ever-increasing segment of the national
population. In Table 3.11, the column headed ''Population Affected" represents
the estimated population residing im buildings incorporating the nolse
control requirements. These data are obtained from Table 5.3. Hence,
implementation of the noise control requirements, based upen the example

scenarlo, would affect an estimated 21.07M 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
benefit analysis. Tabulated data are necessary to document the inputs and
the outputs of the estimates. It will be noted that Tables 5.1 through
5.3 present data with two significant figures to the right of the decimal
point. In Tables 5.5 through 5.1, estimates are conducted to four places
to the right of the decimal point. Carrying four-place decimal numbers
does not imply sccuracy, however. The number of decimal places indicated in
Tables 5.5 through 5.11 is necessary to svold errors introduced by
rounding. However, it is appropriate to present rounded numbers in the
final presentation of data such as the benefit estimates of Table 5.11.

Indeed, the henefit summary in the format of Table 5,11 may be the only
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information required for a policy decision. Based upon the example estimates i

in Table 5.11 and the above discussion, Table 5.12 is a final presentation

of the benefit estimates. The entries in Table 5.12 are rounded from the

entries in Tahle 5.1) and convey the same message without implicatien of un-

warranted accuracy. i
;

In addition to tabular data, graphical presentation of both the noise

impact estimates and the benefit estimates are effective formats. Figure

5.1 illustrates the noise impact estimates based upon the Level Weighted
Population. These results are plotted from the data in Tables 5.9 and 5.10.
Figure 5.2 illustrates the nolse impact estimates based upon the Noise [
Impact Index. These results are also plotted from the data in Tables
5.9 and 5.10, TFigure 5.3 presents the benefit estimates of Table 5.11
for the indoor conditions. In Figures 5.2 and 5,3 it is necessary to
approximate the curves based on the ANfI index between the three years
1985, 1990 and 1995. Thia is the transition period for the benefit analysis, ;
ond as indicated in these figures and Table 5,10, the ANII velues are ‘

significantly affected.

5.7 8Single Point Benefit Estimates

It is dnstructive to view the benefit eatimates on the basis of a
single point benefit estimate as discussed in Section 4.1. The term
eingle point estimate is used to denote a benefit caleulation at anly
one point in the future time frame, In Section 4.1, a 20 year single point
benefit estimate was suggested. For the example presented here, the 20 year
time is measured from 1985 (the year Yl in Figure 3.1) 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

estimate.
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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 Sectilon 3.4 and indicated dn Figure 3.1, the 20 year
time span is expected to be well within the range for which benefits will
continually increase. This statement, hewever, applies to absclute measures
of benefit such as the Level Weighted Population. For the Noise I;pact

Index benefit measure, we note that this value secems to be approaching

a constant with increasing time. This constant, in the example problem,

is something slightly above the value of 6 percent of the population exposed

to outdoor levels greater than 55 dB.

Hence, as an approximation, 1if one conducts a single point estimate, one
should state the estimate in terms of the absolute measure of the Level
Weighted Population emphasizing that this absolute measure is continually

increasing proportional to the rate of the benefit estimate based on the

Noise Impact Index. One may be more confident, of course, if they conduct

a complete time-stream analysis.
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Table 5.1 Lstimated Population histribution to Highway Traffic Noise
(Reference 12).

Yo -
' .L}.zf?’é i T

YEAR OF TIME STREAM

L
Interval 1980 1985 1990 1995 2000 2005 2010
55-60 42.50 43.73 4h.6L 47,79 52,79 58.40 64.40
§0-65 25,81 26.55 27.00  29.02 32,06 35,49 39.10
65~70 13,14 13.51 13,9 14,77 16,31 18.05 19,90
70-75 4016 4.28 4.36 4,68 5,16 5.72 6.0
75-80 1,07 1.10 1.12 1.20 1.33 1.47 1.62
80-85 0.12 0.13 0.13 0.14 0.15 0.17 0.18
55 135.2 145.3 156.2 . 162.0 164,1 166.8 164.9
55 86.8 89.3 91.1 97.6 107.8 119.3 131.5
260 44,3 45,57 46.49 49,81 55.01 60.9 67.1

TOTAL 222.00 234.60 247.3 259.6 271.9 284.1 296.4




Ry ey

Table 5.2 Estimated Change in Population Distribution to Highway
Traffic Noilse (See Table 5.1)

DRATT

L YEAR OF TIME-STREAM

dn0
Interval - 1980% 1385 1990 1995 2000 2005 2010
55-60 42.50 1.23 2.11 5,29 10.29 15.90 21,90
60-65 25.81 0.74 1.28 3,21 5.25 9.68 13.29
- 65-70 13.14 0.37 0.65 1.63 1.17 4.91 6.76
70-75 .16 0.12 0.20 0.52 1.00 1.56 2,14
75-80 1.07 0.03 0.05 0.13 0.26 0.40 0.55
B0-~85 0.12 0.01 0.01 0,02 0.03 0.05 0.06
<55 135.2 10.10 21.00 26,80 28,90 29,60 29.70
>55 86.8 2.50 4.30 10.80 21.00 32,50 44,70
260 44,3 1.27 2.19 5.51 10.71 16.60 22,80
TOTAL 222,0 12.60 25.30 37.60 49,90 62,10 74.40

#Reference Year (Totals)




Tdn0

55-60
60-65
65-70
70-75
75=-80
80~85

<55
255
260

TUTAL

Key:

cac

1.23
0.74
0,37
0,12

0.03 .

0.01

10,10
2,50
1.27

12,60

1985
MNCC

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

OIO

i

f

¥

Table 5.3 Distribution of Population Between Construction Categories
Based Upon Example Implementation Scenarlo

ChcC

2.11
l.01
0.51
0.16
0.04
0.01

21.00
3!84
1.73

24,84

15450
MHCC

0.0

0.27
0.14
0.04
0.01
0.00

0.0
0.46

0.46

0.46

CBC = Current Building Code
MNCC = Model Noipe Control Code

1995
cac MNCC
5.29 6.0
1.01 2.20
0.51 1.12
0.16 0.36
0.04 6.10
0.01 0.0
26.80 0.0
7.02 3.78
1.73 3.78
33.82 3.78

2000
MNCC

CBC

10.29
1.01
0.51
0.16
0.04
g.01

28,90
iz2.02

1.73

40,92

0.0
5.24
2,66
0.84
0.24
0.0

0.0
8.98

8.98

8.98

2005
cBC MNCC
15.90 0.0
1.01 8.67
0.51 4.40
0.16 1.40
0.04 0.40
0.01 0.0
29.60 0.0

17.63 14.87
1,73 14.87

47.23 14.87

2010
cnc

21.90
1.01
0.51
0.16
0.04
.01

29.70
23.63
1.73

53.33

MNCC

0.0
12.23
6,25
1.98
0.56
0.0

0.0
21.07
21.07

21.07
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Table 5,4 Building Envelope Noise Iselation:

DRAFT

.
3

National Average

for Highway Traffic Noise (See Appendix B)

Koise Isolation
ALA
10-15
15-20
20-25
GIL\
ne!
25-30
30-35

35-40

40«43

I L T

Percent of Existing

Percent of
Exiating Construction
Conatruction Exceeding Lower Limit
14.01 100.00
33.60 85.99
35.54 52.39
14.46 16.85
2.26 2,39
0.13 0.13
0.0 0.0
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Table 5.5 Completed Work Sheet for Noise Impact Analysis: No Actilon Alternative for 1995
OUTROOR THPOOR
"dno Apex “O(Ldﬂa, ﬁl.iﬂ’a tiattibution of Envelope Holne Level Reduction, ALA.dl!
interval | y4 7 1t Row 10-15 dn | 15-20 dn 20-25 dh 25-10 b [ 10=35 dn 35-40 A | 4D-45 4B
<5 40 | 26.8 0 0 Entry |o.14.01 o 4a | 02554 | 0.l44b | 00226 | 000D - K-
Lynt 45 db 40 dn 35 dn 10 48 25 48 20 an 15 dn
55-60 40 | 329 0.1250 | O.66\8 ‘
AP 2.4\ 11174
exp
L S0 dp 45 dp 40 4n 35 4B 10 4t 25 dn 20 dn
60~63 dB A 0,3750 .
A 12038 b, | 04497 | 10786 | 11408
Lant 55 dn 50 db 45 48 40 dB 33 48 10 an 25 48,
43~70 dB LB 0.6230 16138
Apem 02284 | 0.5477 | 05793 | 60,2257
L 60 dB 55 dn 50 4B 45 4B 40 dB 35 dn 10 dn
7508 | 082 | 0,80 |essse| ™
a® o 6.0729 |o1147 | 0.4848 | 407182 | c.ous
Lynt 65 db 60 dh 55 dn 50 43 A3 4B 40 dan 35 an
15-80 48 | 0.1 1,1250
a14&3 AP, 6,8182 | 6,44%7 | 0.0462 | 06,0188 | 60,6029 | 0,002,
BO-B8 db o2 1,390 | @0278 Ldnl 70 dB 65 dn 60 dn 55 dB 50 4y A5 an AD db
_ Toral ALWP, M 15128 pr, 0,0028 8, oo{-'l 00071 6,002% | 60,0008 0,000 -
Indoor Doy-Hight Sound Lovel, L, ., di 40 dB 45 dn 50 dn 55 dn B0 o 65 dn 70 4 How
Indoor Helghting Pactar, Wy (L, ) 0 0.1250 6.1750 0.6250 0.8750 | .'1,1250 1,3750 Total
Indoor Population Rxposed, APy, M2 45‘151 31659 | 2,477 L2oIs | 0.4522 | 6,1237 | 00249 |d002B |42822
Indoor Lavel Heighted Population, AI.HI‘t M 0 0,%09%% |6.48006 | 418246 4,/082 |4.028a |Aomaq 1,829
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Table 5.6 Completed Worlk Sheet for Noime Impact Analysis: Existing Construction for 1995
OUTDOOR THIOOR
I‘dno M. “ga'dng) M.B‘I’a Mperibution of Envelope Noloe Level Reduction, ALA,dI!
intarval M p wi Row 10-15 4B 15-20 ai 20-25 di§ 25-30 dn 10-35 dib 35-40 dB 40-45 dD
<5 dn | 26,80 0. n tatry |0,1400 033%0 | 03554 101440 (8.027°06 |4 0ol 0.0
Liat 45 s © 40 dB 35 da 30 dp 25 dp 20 db 15 4p -
53+50 dn 529 | 0.1250 |(a.4612 '
L 814t L L1171 4
Lynt 50 db A5 dn 40 dn 35 db 30 4B 25 4B 20 48
60-65 dB LoY 0,3750 |o0.278%
- 01418 (673334 [an890
Lgnt 55 db 50 db 45 dn 40 d8 35 dp - 0 an 25 4p,
6370 a8 | 051 0.6250 (3.318%
- 0.8TIS | 0114 |0 181D | 8.0737
Lyt 60 dp 55 dn 50 dh A5 43 40 4B 14 an 30 do
70-713 dn | Ol 0.07%0 o tdod
M'“p 0,6224 |0.60533 | 0.056% | 60.022) | 0.00%%
_ Lgnt 65 dB 60 d1 55 dp 50 da 45 dn 40 dp 15 48
75-60 d8 | 0.04 1,1250 10,0456
B 4.0086 | 40134 |0,0142 | 0.0658 | 0.0009 | 0.000)
Bo-85 dB | A4 L3740 40128 Lant 70 dB 65 dn 60 db 55 dn 50 4n 45 dB 40 dp
Total AP, M 1,565 | 0Py, 0.0014 | 8,0034 | 0.00%a | 0.0014 | O.0co - -
Indoot Day-Hight Sound Leval, l‘an‘ dn 40 di 45 dp 50 du 55 dib 60 do 65' db 10 d3 Row
Indoot Welghtlng Factor, W (L, .) 0 0,1250 0.3750 0. 6250 0, 8750 1.1250 1.3750 Total
Indoor Population Hxposed, AI‘HFM (e 45dB)| 22138 | L28SR | 6.3758 | 41409 | 6,0394 | 8.0090 | s.cac14 | 18222
Indoor Lavel Weighted Population, AP, o 0,607 |0.140% | S,0281 | 0,0345 | 0,410l | 4.0019 | 0 4%062
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Table 5.7 Completed Work Sheet for Noise Impact Analysis:
Construction Conforming to MNCC Provisfons for 1995
OUTDOOR THDOON
"dno M‘, “g“’dng’ ALH‘PO oiptribuclon of Favelope Nolaee Level Reduction, PI'J\'dB
interval | % [ Row 10-15 di | 15-20 dn 20-25 dit 25-30 da | an-35 db 35-40 dn | 40~45 dn
<53 4B 4] a. [} Entry - - - - — - -
yat 4% dn 40 40 a5 dn 30 di 25 dn 20 4n 15 dn
55-60 48 o 0.1250 o :
Arm, 6 o
Lant 50 4B 45 dp 40 dB 35 dn 30 db 25 dn 20 db
s0-85 4 |, 2,20 | 0.97%0 |o0.82S¢
- - Liooo | Lices
Ly 55 dB 50 dp 45 4 40 dn 15 dp 30 d4p 25 d,
as=10dn | 112 0.6230 [0, 7000
Ap“p - - a.5600 | 05600 -
Lt 60 dn 55 dn $0 dn 45 dn 40 dp 35 dn 10 dn
70-78 dn | ONo 0.8730 |amMS0o
My - - - a.lp00 | 4, 1800
Ldnr 65 dB A0 dff 55 48 30 db 4% dB 40 dn 33 dn
7580 48 | &.1O 1,1290 | AN2S
m!“p - - - b ¢.0500 10,0509
80-8% 4B 0 1,3750 o Ldnt 10 dty 65 JdB 60 dB 85 dn 50 dn 45 4B 40 dn
Total OMP, M |[1OS2S | P, - - - - - ° o
Indoor Day-Hight Hound Level, l‘dnt‘ di 40 41 45 dn 50 di 55 dp 60 4B 65 db 70 d8 flow
Indoor Welghting Factor, W, (i, .} a 0.1250 0,3750 0, 6250 0.4750 1,1250 1.3150 Toeal
Tndoor Papulation Exponcd, AP, Mz 454%) | LA%%e | LBqca o o o o Q 1.8%00
0 0.2%3 o a o o ] 06,2367

Indoor Level Hoighted Population, Auﬂ't




YEAR

1985

1990

1995

2000

2005

2010

Table 5.8 Summary of Level Wel
LExomple Denefit Analysis

NO ACTION

ALTERNATIVE

ALWPO ALWPI

M M

0.8150 0.2768
1.3950 0.4664
3.5125 1.1829
6,8200 2,2923
10,5700 3,5566
14.5200 4.,8804

=

ghted Population Changes for

MNGC IMPLEMENTATION SCENARIO
NEW CONSTR.

EXISTING CONSTR.

ALWP
M

o

0.8150

1.1600

1.5575

2.1825

2.8838

3,6338

ALHFI
M
0.2768
0.3806
0.4362
0.5238
0.6221

0.72711

ALWP
M

0

0.0

0.2350

1.9523

4.6325

7.6763

10.8738

ALWPI

M

0.0

0.0288

0.2363

0.5613

0.9294

1.316%

-
| ALL CONSTR.
ALWE BLYP
M M
0.8150 0.2768
1,3950 0.4094
3.5100 0.6725
6.8150 1.0851
10,5601 1.5515
14,5076 2.0640




Table 5.9 Noise Impact Estimate for the No Action Alternative

YEAR

1985

1990

1995

2000

2005

2010

APexp

255 dB

2.50
4.30
10.80
21..00
32.50

44,70

ey, 3T T
o T
St o bakid aied

OUTDOOR

ﬂLHPO
M
0.8150
1,3950
3.5125
6,8200

10.5700

14,5200

ANIIO
A

32.60
32.44
32.52
32.48
32.52

32.48

INDQOR

AL,

M

0.2768

0.4664

1.1829

2.2923

3.5566

4.8804

ANII
A

11.07

10.85

10.95

10,92

10.94

10.92




YEAR

1985

1390

1995

2000

2005

201.0

Table 5.10 Noise Impact Estimate for the Example
Implementatlon Scenario for the MNCC

APexp

>55 dp

2.50
4.30
10.80
21.00
32,50

44,70

DEAPT

—"

OUTDOOR
ALHPD ANIIO
M A
0.8150 32.60
1.3950 32.44
3.5100 32.50
6.8150 32.45
10.5601 32.49
14,5076 32.46

INDOOR

ALwp
M

I

0.2768

0.4094

0.672%

1.085]1

1.5515

2.0440

ANIII
%

11.07
9.52
6.23
5.17
4.77

4.56




Tahle

YEAR

1985

1990

1995

2000

2005

2010

5,11 TDenefit Eatimates for the Exawp
gcenario for the MNCC

o

RAFT

QUTDOOR

Change in

ALWP,

M

0.0000
0.0000
0.0025
0.0050

0.0099

0.0124

Chanpe in
ANIID
%

0.00

0.03
0.03

0.02

INDOOR
Change in

ALWP,

M
0.0000
0.0570
0.5104
1.2072
2,0051

2.8364

le luplementation

Change in
ANIII

4
0.00
1.33
4.72
5.75
6.17

6.36

Population
Affected

(Table 5.3)
M
0.00
O.Qﬁ
3.78
8.98
1&.%7

21.07




YEAR

1985

1990

1995

2000

2005

2010

Table 5.1Z Preasentation Format for Final Benefit Estimates
(Data Rounded from Tabhle 5.11 Estimates)

DREAFT

. Population
Change in Change in Change in Change in Affected
ALHPO ANIIO ALHPI ANIII {Table 5.3)
M % M % M
G.00 0.0 0.00 0.0 0.00
0.00 0.0 0.06 1.3 0.46
0.00 0.0 0,51 4.7 3.78
0.00° o.o 1.21 5.8 8.98
0.01 0.0 2,01 6.2 14.87
0.01 0.0 2,84 6.4 21.07
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Figure 5.1 Population Change and Level Weighted Populatien

for Years 4n the Time Stream.
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(a) Population Affected by MNCC Example Scenario
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(c) Benefit of MNCC Based on Level Waighted Population
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- Tigure 5.3 Population Affected, Change in Indoor Noise Impact Index, and Change ..
e in Indoor Level Weighted Population for Years in the Time Streem.
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6.0 CONCLUSION

A method is presented for estimating "benefits" related to implementing

noise control requirements in buillding codes. The model applies only to the

benefits resulting fxom the implementation of outdoor~to-indoor noise

isolation. These benefits may be directly related to costs estimated using

a related model {1).

The benefit model allows the user to incorperate local data and
alternative noise isolatlon requirements appropriate to loecal conditfons,
Appendixes are included that descyibe the basic considerations for conducting
the nolse impact estimates, estimation of noise isolation for existing con-

structlon, and a worksheet that 4s useful in conducting the noise impact

estimatas.

A detailed example is presented in Section 5 that i1llustrates the steps

and consideratlons necessary to determine the benefits. For this example,

a Model Noise Control Code developed for the U.S, Envircnmental Protection
Agency 15 used to illustrate how one might incorporate the varied provisions

of a candidate noise control code with 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 methodolopy requires that the

distribution of population residing in a land area is known in terms of

the average annual day-night scund 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: the Level Weighted Population (LWP) and the Noise Impact Index (N11),
Reference 6 is a detailed description of the recommended documentation and
methodology required to derermine the environmental impact of noise.

This appendix includes sufficient detail to quantify the noise impact

a8 required for the benefir model,

A.l 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
asound level. This distribution is denoted as pg(LJ and provides the
estimate of the population exposed at a given outdoor day-night sound
level, LHnU' The methodelogy is based upon the average annual day-night
sound level at & person's place of residence (6,7) even though a person
will not spend their entire day at their place of residence. Thase
considerations are incorporated into the welghting functions described in

the following section.

For @ population exposed to a range of day~night sound levels, the

total population exposed is determined from the population distribution,
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pi(L), using the expression:

N
(A-1)

PEKPOBEd = izl PR-(LCi)ALi

.

where i denotes an interval of Lan

OLy = Ly = Ly dB

Lci " (Li+1 + Li)/2. dB.
The form of Equation (A-1) is the most readily useable for practical

applications. For constant intervals, the above result is simplified to:

N
Pexpoaed " 121 pl(Lci)AL (A-2)

where Al 1B a comstant,

The maximum value of Al recommended for evaluation of environmental noise

impacts is 53 dB (6). 1If the entire range of sound levels used in Equations

(A-1) or (A-2) encompasses the entire population, then the exposed

population equals the total population.

A.2 Welghting Functions
Since the population under consideration is exposed to a range of
day-night sound levels, it is necessary to incorporate this variation

into the noise impact analysis. This is done by introducing welghting

functions that attempt to determine an equivalent effect of noise at

varlous levels. Considerable effort has gone into developing weighting

functions appropriate to different categories of nolse exposure (6,11,13,14),
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For the purposes of the present model, a simplified weighting function is

This simplified weighting function is defined by the relationships

utilized.
(6): ‘
- &£ -
Wy o) = O Lino S 55 (A-3a)
- - < ‘. -
Wollyo) ™ (Lypo = 352/20. 55 gLy, S 85 (A-3b)
WLy ) = 15 Lino'2 85 (A=3c)

where Ldno is the outdoor day night sound level,

To evaluate the effect of noise indoors due to outdoor sources, it is

necessary to shift the deseription of the outdoor Ldn scale to a scale

of indoor Ldn values. As described in Appendix B, it appears reasonable

to assume a shift of 12.5 dBA corresponding to the center of the 10 to

15 dBA interval of buildinp envelope noise isolation. Physically, this

means that a residence located in an outdoor envireonment of Ldno' 55 dB would

correspond to an acceptable condition with windows open,

Denoting the indoor weighting function by wI(L). the appropriate form

for the indoor environment due to outdoor noise sources is:

Wy (ly) = 0 Ly.q §42.5 (A-4a)
Wyllgnr) = (Lgp - 42.5)/20, 42,5 ¢ Lm'g 2.5 (A-4Db)
WLy 4) = 1.5 Lyng 2 72.5 (A~be)

yvhere Ldnl ia the indoor day-night sound level due to vutdoor noise.
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The relationship between the outdoor day-night sound level and the

indoor day-night sound level due to outdoor noise is:

{A=5)

ALA = Ldno - Ldnl' dB.

.
.

where ALA is the noise level reduction provided by the building envelope.

4.3 Level Weighted Population
The Level Weighted Population or LWP is a single number defining the
equivalent or effective population exposed to a range of envirommental

noise levels. The functional definition of LWP is (6,7):

X .
MNP = ):{_l Py (L4 IW(L )AL {A~6)
where pg(Lci) is the distribution of population exposed to day-night

sound levels in the interval Li+1 - Li {See Eqn (A-2))

“(Lci) is the weighting functdion

Loy = (Lyyq +Lp)/2

The form of Equation (A~6) assumes a constant interval, AL, of
day~night sound level. If outdoor day-night sound levels are appropriate,
one uses the weighting function given by Equation (A~3). For indoor

day~night sound levels, one uses Equation (A-4) for the weighting function

to determine the LWP.
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A4 Nolse Impact Index
The Noise Impact Index or NII ie a relative single number index useful

in comparing one noise environment to another {6). The NII is hefined

in terms of the LWP and the population exposed as:

L e

RIL = LwP/Pexposed'

A.5 Observations
Formally, the distribution of population exposed at a given levea of
environmental noise, Pl(L)’ has dimensions of "people per dB" as seen from

Equation (A-2)., For constant intervals of noise exposure, it 1s common

practice to aggregate data on the basis of the term pﬂ(Lci)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 o dimensionless number since it is the ratio of the LWP

estimate to the population exposed.

One additional comment conéerning notation it necessary. The henefit

model utilizes changes in population noise exposure to estimate henefits.
In the report, the notation APexp is used to denote the change in

population noise exposure. To denote the LWP and NII estimates for the

thange in population exposure, the motation ALWP and ANIT is used.
The values of ALWP and ANIY are not changes in these quantities but

denote LWP or NII estimates for the change in population noise exposure,

APexp-
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ESTIMATION OF OUTDOOR-TO-INDOOR NOISE ISOLATION OF EXISTING CONSTRUCTION

Fogest

APPENDIX B L

.
.

This appendix describes the basis for estimating the noise isolation

of existing construction. TFirst, the method used to develop the distri-

butions of envelope nolse isolation required for the noise impact,

worksheet is presented. These distributions, or available local data,

may then be used to estimate an annual average or composite noise

igolation distribution. The composite or average distribution represents the

welghting of the envelope noise isclatiocn on the basis of time to acecount

for variations between the "closed window" and the "“open window" conditions.

8.1 Classification 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 isclation., Sutherland has developed the estimates

fof the mean value and the standard deviation of the A-weighted noisme

isolation provided by building envelopes (15), These empirical data

are divided into three groupings 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} warw (Average January Temperature above 2°C (36°F))
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{(3) Window Condition
(a} closed

{b) open
The technical basis for this classification ds the recognition that

the envelope A-weighted nolse isclation depends upon the noise source
{spectral effects), the bullding 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 frequency content among different noise source categories,
This grouping accounts for the frequency dependence of both the noise

source, the envelope construction, and the receiving room sound absorption.

The two broad categories for climatic reglon attempt to account for
construction differences attributable to the thermal performance of the

envelope. These differences may be attributed to both the thermal

insulatrion (cavity filling, storm windows, etc.) and to the sealing of
gaps and cracks (air infiltration). Both of these broad considerations
affect the noise dnsulation of the envelope (18). The available data
nllow the estimation of the average noise isolation only for the two

categories of climate indicated. The term "cold” refers to geographic
oreas for which the average January temperature is below 2°C (36°F)., The

term "warn" refers to geographic areas for which the average January

temperature is above 2°C (36°I).

The effect of an open window or a closed window on the nolse isolation
of the building envelope is obvious., Open windows in a room represent a
lower limit to the degree of nolse isolation that may be experienced by the

occupant. It 1s necessary to include open windew 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

i
: construction is to determine the dominant noise source for the land area

B
under consideration. Once this is done, the next step is to determine the
mean value and the standard deviation of the noise isolation~weighted for

climatic conditions and assuumed open/closed window conditions appropriate

to the local environment.

B.2 Mean Value and Standard Deviation

Table B.1l lists the mean value and the standard deviation for each

of the six site conditions described above. These values must then be

adjusted to account for the climatic conditions and the open/closed window

condition. Based upon the average January temperature for the locality,

f:j the mean value and the standard deviation for the envelope noilse level

reduction is selected, 1t is now necessary to estimate the percentage of

' time that windows are open and closed for the locality for the entire

year. This percentage of time is a local consideration,

With these data, the averaye values of the mean noise isolation and

o AT

the standard duration are obtained using the following expressions:

(ALA)EVE B PDPGH (ALA)OPEﬂ + - Popen) (ALA)élosed ' (8-1)

D'::w'g = Uhloaed (B-2)

B i St e s e e,

n is the fraction of time that the windows are estimated

where P

ope
' to be open during the year,



Dominant Exterilor
Nolse Source

Alreraft
Alreraft
Higlway
Niighway
Urban

Uzban

%  Assumed Value

i, it s sk
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Table R.1
Mean Value and Standard Deviation of Envelope Nolse Level Reduction:

Existing Construction (Reference 15 and as noted)

Climatic ' Hindows Closed Windows Open

Condition M"A o M‘A g
Cold - 27.6 5.2 18.4 5.1
Warm 26.4 4.8 12.1 b4.4
Cold 23.0 4.9 12.6 4.1
Warm 25.0 4.7 10.5%  4.0%
Cold 24,5 5,0% 12.0 4.0%
Warm .23.0 5,0% . 10.0 3.0%




DREFT
For example, assume that the site is exposed dominantly to highway noise

- and that the appropriate climatic conditdon is cold. Further, it is

estimated that open window conditions exist for 50 percent of the year
From

TS

(closed conditions apply to both heating and cooling time periods).

e

Table B,l, the data area:

(ALA)open = 12.6 dB

(ALA)closed = 23.0 dB, 9c10ged ” 4.9.

e R B e T Rt

Then, the annual average mean value and standard deviation are:

(ALA)avg = (0.50)(12.6) + (0.50)(23.0} =» 17.8, dB.

e R

Opyg = 49> dB.

i
|
A
»;J
i

C:D The reasgon for holding the standard deviation for the average
annual condition constant at the closed-window value will be discussed

)
A
i }
| below in relation to the estimate for the distribution of envelope nolae

i level reduction.

B.3 Distribution of Envelope Noise Level Reduction
o

It is assumed that the distribution of the values of the buillding
envelope nolse level reduction is described by a Gaussian or Normal

This distribution is completly described by the

DPistribution (19,20).

i mean value and the standard deviation. Further, the necessary numerical

i
values are extensively tabulated. The next step in determining the

[}
g distribution ie to agpregate the data in intervals of A-weighted noise level

reduction consiatent with the intervals used to define the distribution

L‘!—r )
of population to outdoor day-night sound levels, For the present model

‘ and consistent with recommended practice (6), the intervals selected are
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For this data aggregation, it is necessary to recognize that the
open window condition represents a lower limit to the envelope noise level

reduction. ‘This consideration is incorporated by assuming that “the lower

tail of the normal distribution is totally sggregated 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 aggregnte data is best described by an example.

First, it is appropriate to define the terminology used. The normal

distribution of the envalope noise level reduction is defined as:

(B-3a)

p(AL) = EXP [-22(AL)/2]/VTTe0
avg

where R(AL) = [Ayﬁ— (ALA)nvgljaavg' {B-3b)

The aggregate or fraction of the distribution between two values of AL

is determined by the area under the p{AL) curve between the two values.

The functional expression is:

%2
AP = { plx)ax, .- (B=4)

1.

where p(x) is given by Equation (B-Sa),gl, 12 are the limlits on the

interval.
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For the normal disiributian, the values of AP are determined using

tebulated values of p(g) as:

AP = P(8,) - P(L) (B=5)

where  P(®) = [* plx)ax.

- Ln

Values of P(L) are extensively tabulated (19,20). The above procedure 1s,

again, best illustrated by an example. The previous example estimated the

average annual mean noise level reduction am 17.8 dB with a standard

deviation of 4.9 dB. Table B,2 illustrates the steps necessary to obtain

the distribution of the A-weighted envelope noilse level reduction for this

example. The valuea of L are calculated using the definition in Equation

(B~3b) and the values of (ALA)avg and Cave’ The values of P(L) are

obtained from tabulations (20). The remaining calculations are

silmple aggrepations of the data. The only special note to make is

that the value of AP(g) corresponding to AyA = 15 is totally aggregated

into the interval of 10-15 dB. The distribution obtained in Table 5.2

is illustrated in Figure D.1l

B.4 Estimates of National Average Distribution

The data in Table B.l 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 reaults are presented in Table B,3. Further,

distributions corresponding to "national average" noise level reduction
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Table B.2

o Example Calculation of Distribution
of Envelope Noise Level Reduection

(ALA)lvs = 17.8; OIVS - 4,9
L, !.1 l’(l’.) AP Inila‘éval 1004P
-5 =4.65 0. 0000
0.0001
0 ~3.63 0.0001
0.0044
5 .61 0.0045
0.0514
10 w1,59 0.0559
0.2284 10-15 28,42
m 15 =0.57 0.2843
0.2157
17.8 0 0.5000 15+20 3B.93
0.1736
20 +0.45 0.6736
0,2556  20-25 25.56
23 +1.47 0.9292
0.0644  25-30 6,44
30 42,49 0,9936
0.0062 30-35 0.62
35 +3.31 0,.9998
0.0002  35-40 0.02
&40 +4.53 1.0000
0.0000 &D=45 0,00
&3 +5.55 1.0000
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A-welghted Envelope Noise Level Reduction, ALA, dB,

Figure B.1 Envelope Noise Level Reduction Distribution for Data in Table B,2
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Table B.3

Percentage Distribution of Envelope Noise Level Reduction for

Exiating Construction
TR R
RN -

WINDOWS CLOSED

m"}\ Adrcraft Noise Highway Noise Urban Nolse

Internal Cold cumteWarm Cold Chinate Warm Cold C1imat§am
10-15 0.78 0.87 5.16 1.66 2.87 3.57
15-20 6.43 8.31 21.93 12,80 15.54 21,95
20~-25 23.64 29.41 38.82 35. 54 35.57 38,11
25=30 36.87 38.75 26.45 35.54 32.45 26,38
3035 24,50 18.99 6.93 12.80 11.78 1.26
15~40 6.91 J.44 0.68 1.59 1.69 0.7%
4Q-45 0.87 0.23 0.03 0.07 0.10 0,03
Mean 27.6 26.4 23.0 25.0 24.5 23.0

Std Daviation 5.2 4.8 4,9 4.7 5.0% 5.0%

A Assumed values.

8 e o a0 e g e
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were also estimated. These estimates are based upon the methodology

puggested by Sutherland (15). To obtain these estimates, it is assumed

that B0 percent of the population lives in a cold climate with windows

open 20 percent of the time and that 20 percent of the 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 supgested by

Sutherland to be representative of the national conditiona (15).°

Equations (B~1l) and (B-2) are used with the data in Table B.l to
estimate the composite mean nolse level reduction, Eqn (B-1), and the
standard deviation, Egqn (B~2), for aircraft noise, highway noise, and
urban naise. The methodology deseribed in Section B.3 is then used to
obtain the distribution for each category of outdoor nolse. The results
are presented in Table B.4. Tor the urban noise environment, Sutherland
used an average mean noise level reduction of 21 dB with a standard
deviation of 7 in his development. The distribution eorresponding to

thesec data are also presented iIn Table B.4.

One may use the distributions presented in this appendix to estimate
the indoor nolse impact for existing construction or develop distributions
based upon lecal conditions. The national highway traffic nolse
distribution in Table B.4 is used in Section 5 for the example benefit
analysis. If the closted window conditions are used rather than a composite
of open/closed conditions, one is assuming that the existing construction
provideu-the maximum possible noise level reduction on an annual basis,

The baseline noise impact estimate for this condition will be less than
an estimate assuming an open/closed conditlon, As a result, the
benefit (decrease in impact) of implementing noise control requirements in

the building eode will also decrease,
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Table B.4

Percentage Distributlon of Eunvelope Noise Level Reduction

ALA

Interval

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

Std. Dev.

National Averapes for Existing Conastruction

B e Ay 4
DhArL
Adreraft Nighway Urban
Noise Noise Noise
3.14 14.01 11.90
15.80 33.60 30,96
40,93 35.54 36,53
26.12 14.46 17.17
12.04 2.26 3.20
1.85 0.13 0.23
0.12 0.00 . 0.01
24.5 20,3 20,9
5.1 4.9 5.0

(1) Sutherland's estimate ~ Reference 15.

Urban
Noise (1)

19.49
24,94
27.14
18.58
7.57
1.94
0.34
21,0,
1.0

o
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APPENDIX C
WORKSHEET FOR NOISE IMPACT ANALYSIS

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

the format illustrated in Seection 5. The worksheet format was first

suggested by sutherland (15).
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Table C,1 Blank Work Sheet for Noise Impact Estimates
OUTDOOR THDONR
iburd fE 1 Noi L 1 Reduced AL, A
I‘dnu M‘M‘p "nu‘dno) AI.HPO Matribukion of Envelope Nolme Level Reduction, LA.
intecval Now 10-15 48 15-20 di 20=25 dl 25=30 B 30-35 4B A5-40 4B 40-45 dh
<35 4b 0 n Entry
l'dn.l 45 db 40 dB 35 dn 30 41 25 di 20 dB 15 db
33-60 dB 0.1250
M‘“p
l'an. 50 dn 45 dh (1] 35 dn 30 di 25 dn 20 4B
60-65 db 0,3750
Al‘“p
!'dnl' 55 di 50 4B 45 4n 40 dB kL) 30 4D 25 di |
63-70 4n 0.6250
AP“_F
Ldn‘.[ 80 db 55 dB 50 dp 45 AB 40 dB 35 da 30 40
7075 dh 0.6750
M.exp
Ldn! 65 dB 60 df 55 dn 50 do 4% dB 40 dB 35 40
73-80 ¢B 1.12%0
AP“p
80-85 dn 13750 Yyt 70 df 65 db 60 d8 S5 dn 50 dB 43 4n 40 db
Total ALHI‘O Ame
Indoor Day-~Night Sound Level, "'an‘ i 40 Jd 45 dp 50 di 55 dn 60 dn 65 dB 70 dy flow
Indoot Welghting Yaetor, HT“:_d_pT) 0 0.1250 0,3750 0.6250 0,8750 1,1250 1,3750 Total
Indoor Population ¥mpoaed, Al’“p
Indoor Level Waightad Topulation, ﬁLk’PI 1]




