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ABSTRACT

This report presents a method for estimating benefits accruing from
implementation of acoustical performance requirements for new buildings, The

.f_ method can be applied to a wide range of environmental noise conditions andnoise isolation requirements for building envelopes, Benefits are estimated
based upon the distribution of population with outdoor noise level and the
noise isolation provided by the building envelope, A method is described for
estimating noise isolation performance of existing constructionbased upon
local conditions,

Key words: acoustical design; benefit analysis; building codes; model code;
noise control; noise impact; outdoor-lndoor noise isolation,
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1. INTRODUCTION

1.1 PURPOSE AND SCOPE

The purpose of this report is to present a uniform method for estimating
_ benefits of incorporating noise control requirements for new residential and

educational buildings. The primary benefits that may be estimated using this
model are those accruing from noise-isolation requirements for the building
envelope. Benefits related to noise isolation requirements for interior
partitions and floor/ceillng assemblies and mechanical equipment noise can
only be addressed in general terms.

The costs related to achieving the benefits described in this report are not
addressed. These costs may he estimated using the methodology described in
reference [l].

To illustrate the use of the benefit model, a particular nolse-control code,
called the Model Noise Control Code (MNCC). is used. This proposed model code
was developed under the sponsorship of the U.S. Environmental Protection Agency
(references [2] and [3]). Unique to the MNCC are the variable performance
requirements based upon expected noise levels surrounding the buildings in
question. Zn contrast, current building noise-control provisions in the Appen-
dix of the Uniform Building Code are fixed performance requirements independent
of the outdoor nolae surrounding the building, reference [4]. As described in
the MNCC document, the t_CC provisions could be substituted for the current

building noise-control provisions contained in the Appendix, chapter 35, "Sound
Transmission Control," of the Uniform Building Code. The performance require-
manta of the MNCC are restricted to residential and educational buildings.

The benefit model described in this report may be used to assess alternative
moles-isolation requirements for any proposed level of isolation. The model
requires input data based upon local conditions at a 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 available, a method is described for estimating
the required data based upon local considerations.

1.2 ORGANIZATION

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

Section 3 is an overview of the benefit model. A benefitp as defined for this
model, is a decrease in noise impact. The decrease is measured relative to
continued use of existing construction and is attributable to the nolse-control
provisions being considered. The data requirements to use the model are
described and the classification of the benefits are discussed. Since the



reader may noC be familiar w_th noise _mpocc aseessmenCep the necessary
considarec_ona are preeonCed,

9eccton 4 tsa guideline to the scope necessary Co conduct a benefit analysts
using the model. Those guidelines are necessarily general sines the modelts
format allows the uBer to _ncorporote local data eC various levels of deteil.

Section 5 is avory detailed example o_ •bonet£t analysis usin8 the model and
Cho MlqCCprov£sions, The example is an estimate o_ benefice _or the Unlcod
SCeCen t populec£on resulting _rom implementing the HI,CO requirements. This
exsmpls considers only highway Crcff£e noise. Howsver, the dnCailed d_scus-
stone in the example indicate tabular formats and dace summaries cheC npply
Co all local conditions.

There ere chrnn appendixes co chin capote. Appendix A is n brie_ discussion
o_ the mochodoloey used Co conduce a nolle impact estimmcn. Appendix B
presents • meChod _or eecia_c_n8 the noise taolacion perfor_nce o! existing
consccuccion lncorporcCing loccl conditions, Th_e method _ty be used _!
lose1 deCe era not eva£1cble, Appendix C is e blcnk copy o_ a wockshsnc ChaC
is useful in eonduccin_ chs bsns_ic analysis.



2. MODEL NOISE CONTROL CODE PROVISIONS

This section reviews the provisions of the HNCC used to illustrate the benefit

assessment method and identifies the building types and major building envelope
components affected by those provisions. The purpose here is to provide the

_4 reader with a brief description of the MNCC sections which are specifically
addressed by the methodology. For more elaborate details on these MNCC provl-

sions, the reports prepared for the Environmental Protection Agency should be
u consulted [2,3],

2.1 OUTDOOR NOISE ISOLATION AND ACOUSTICAL PRIVACY

Table 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

noise into and within buildings, It is expected that these 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 performance requirement

[5]. In contrast, the airborne noise requirements of the MNCC vary as a
function of the outdoor acoustical environment. This acoustical environment

is measured in decibels of outdoor day-nlght sound level which is defined as
:_ "...the equivalent A-welghted sound level during a 24-hour period with I0

i_ decibels added to the equivalent A-weighted sound level during the nighttime
!. hours (10:00 p,m. to 7:00 a.m.)" [6].
[
i The Outdoor Noise Isolation provision (section 3507) imposes outdoor noise

_ isolation requirements on the exterior shell of the building. It affects bothi
residential and educational buildings exposed to outdoor day-nlght sound

_! Table 2.1. Model Noise Control Previsions Developed by
:_ Bolt, Deranek_ and Newman, Inc.

Provision guildln_s Af feeted a

:i Outdoor Noise Isolation (see. 3507) Rb E

i Acoustical Privacy (see. 3504) R E

Impact Noise Isolation (see. 3505) R
!:

Mechanical Equipment Noise (see. 3506) R E

a Key: R - Multlfamily hlghrlse, lowrlse, and townhouse buildings.
E ffiAll educational buildings,

b Also applies to single family dwellings.

3



levelsI 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 Acoustleal Privacy provision (section 3504) imposes performance
requirements for airborne noise transmlsslon reductions for multlfamily
residential and educational buildings, These noise transmission reduction
requirements distinguish two types of acoustical privacy by building separa-
tions (e,g., floors/ceilings or interior welle)_ I) interior private to
private dwelling unit separations (party walls); and 2) interior public to
private dwelling unit separations.

The Acoustical Privacy requirements vary inversely with changes in the outdoor
sound level within a range from 60 dB and lower. These requlrementep however,
become constant above 60 dB°

The predo_nant construction cost impacts of the performance requirements for
Outdoor Noise Isolation and A_ouetlcal Privacy given in table 2.2 affect five
different building components _. Table 2,3 lists these components and indicates
which provisions affect each component. The exterior walls are affected by the
Outdoor Noise Isolation provision, Windows and doors are affected by both
provisions. Interior walls and floor/ceiling assemblies ere affected only by.
the Acoustical Privacy provision [1]. The benefits accruing from the Outdoor
Noise Isolation provisions may be quantified using the model described in this
report,

2,2 IMPACT NOISE ISOLATION AND ._C.HANICALEQUIP_NT NOISE

The o_her two provisions listed on table 2,1 are Impact Noise Isolation and
Mechanical Equipment Noise, The Impact Noise Isolation provision (section 3505)

calls for prescriptive compliance _Ith e Construction Handbook of approved
designs for impact noise reduction , This provision could not be addressed by
the methodology presented in this report because the proposed .Construction
Handbook of acceptable designs has eat yet been prepared. If this provision
were implemented it would primarily affect multifamily residential buildings,

The fourth provision addresses Mechanical Equipment Noise (section 3506). This
provision requires that both multlfamily residential and educational buildlnge
control the noise trans_tesion from various building machinery and appliances.

1 The term "levels" refers to the 24-hour day-night sound level,

2 The Outdoor Noise Isolation require_ent may also affect the construction cost
of roofs. This component is not included in the analysis since its impact on
the entire cost of a highrise building is likely to be _nimal. Further, the
increment in benefits may not be significant, Per single family dwellings #
construction costs related to roofing may be important, however.

3 For justification of the use of prescriptive, rather than performanccD
requirements for Impact Noise Isolation, see reference [2]_ p. 45.

4



Table 2.2, Model Noise Control Code Specifications (Decibels) for Outdoor Noise
_solation and Acoustical Privacy

If Outdoor Outdoor Noise Acoustical Privacy
Day- Night Isolation (see. 3504)

_* Sound Level (s,e,c. 3507)

< Outside to Insldea Public t_ Private to
. Private u Private b

50 - 55 60

SO 55 50 55

55 60 - 45 50
'i
i 60 65 20 40 45

65 70 25 40 45

70 75 30 40 45

75 50 35 40 45

,80 *eese****e*CONSTRUCTION PROH_BITRDeee*e*_s*e*

• The differenue_ in doeibelst between the outdoor equivalent A-weighted sound
level and the corresponding equivalent A-weighted sound level in the receiving
space, Denoted by ALA £e this report,

b The Normalized Sound Level Difference as defined in reference [2], p, 29.
_ The MNCCrecommends that these values be increased 5 dD when using 5TC as the
';_ design requirement°

Table 2,3. Major Building Components Affected by the Outdoor Noise Isolation
and Acoustical Privacy Provisioos of thoMNCC

Outdoor Noise Acoustical

,Buildin _ Component . Isolation Provision Privacy Provision

Exterior Wells and Roof X

,m
Windows X X

Doors X X

Interior Wells (Partitions) X

Floor/Ceiling Assemblies X
..,, ,,,

5



The Mechanlonl Equipment Noise provision specifies that the A-welghted sound
lavels produced by the operation of mechanical equipment be no greater than
45 dB in any dwe111ng unit or guest room, It also specifies that operation

! of appliances produce ariA-weighted sound level no more than 70 dB and food
i waste disposals no more than 88 dB.
i



3. OVERVIEW OF METHODOLOGY

The method or model described in this report attempts to quantify benefits

attributable to implementation of noise control requirements in building codes.
This section describes an overview of the model and the type of benefits

,_ addressed. The following section presents more detail concerning the applica-

tion of the model to local conditions. Since the model incorporates many
specific steps that are influenced by local conditions a comprehensive example

is presented in section 5.

3.1 DEFINITION OF BENEFIT

The benefit model described in this report attempts to quantify nonoconomlc
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 D a "benefit" estimated using this model is defined as a mitigation

of adverse environmental noise impact. This definition establishes the frame-
work of the model -- the estimation of environmental noise impact on a segment
of the population.

Accepted techniques are available for conducting environmental noise impact
assessments [6]. These techniques are applied in this model. The application,

however, required an extension of these techniques to incorporate the effect
of noise isolation provided by the building construction. The basic steps in
the noise impact analysis are quite simple: I) determine the population

affected by the proposed action, 2) determine the noise exposure of this
population, and 3) estimate the noise impact. To evaluate the benefits or

reduction in the noise impact, it is necessary to establish a bench-mark for
comparisons. The bench-mark is the no-actlon alternative and for this model
corresponds to no change in the building codes to incorporate noise control

requirements, Appendix A briefly describes the accepted methodology for
conducting noise impact assessments.

3°2 DATA REQUIRED

As stated above, three steps are required to determine the noise impact for
both the no-actlon alternative and the alternative of implementing noise

control requirements, To obtain n quantitative estimate of either noise
impact or benefits, it is necessary to obtain local data for input into the
model. These data correnpond to population projections, future noise
environment, and the noise isolation performance of existing construction.

'- The aggregation of these local data is the most important and tlme-consuming
task for any benefit assessment. Much of the data will be available through

local planning aotivltlesp however, and it is only necessary to aggregate the
data in the format required by the model. Based upon the available informa-
tlon, the data format is dictated by the nolae isolation performance of the
existing construction.



3.2.1 Buildlng Envelope NoIBe Isolation Performance

One very important aspect of noise control requirements for building
construction is the specification of the outdoor-to-indoor noise isolation of

the building envelope, One measure of the envelope noise isolation performance b
is the A-weighted sound level difference, This is a single number character-
izing the envelope performance and is the requirement used in the Hodel Noise

Control Code (MNCC) described in section 2 (see table 2.2). This requirement
is based upon the outdoor day-night sound level expected at the building site.
However, the de facto building envelope noise level reduction or noise

isolation performance, as measured by rheA-weighted sound level difference,
depends upon the dominant source of outdoor environmental noise, The technical

basle 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 late the assessment

of benefits. Thls is achieved by attributing different noise isolation
performance estimates for the building envelope on the basis of the dominant

source of outdoor noise, These performance estimates apply to existing
construction and are described in Appendix B, The three dominant outdoor

noise source categories addresoed in Appendix B are: 1) aircraft noise,
2) highway traffic nolsem and 3) urban noise,

As a result, the model may incorporate an assessment of benefits accruing to
three population categorles_ I) population exposed mainly to aircraft noise,
2) populatlon exposed mainly to highway traffic noise, and 3) papule, lea
exposed to "urban noloe,"

As described in the example benefit analysis in section 5, the model requires
an estimate of the distribution of the building envelope noise level reduction
for existing construction. This distribution may be based upon available local

data, _n the absence of local data, the methodology of Appendix B may be used
to obtain an estimate appropriate to the local conditions, The method is,
however, an approximation technique.

3.2,2. Population Noise Exposure

The most important input for a noise impact assessment is the estimation of

population noise exposure. This estimate is a data aggregation that assigns
or distributes the population to the range of environmental noise in the

community, This estimate requires a knowledge of the noise exposure of land
areas and the population residing in these land areas, Since this benefit

model addrmeses new construction at a future point in time, the population .
noise exposure estimatme are based upon future laud development and the future
noise levels. The _CC requirements specify that the noise control require-
ments be established on the basis of future noise levels and provide methods
for predicting these levels [2,3]. •

The format of the population noise 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 agencies.

8



The recently enacted Part 150 of the Federal Aviation Administration regulations
require airport operators to determine the aircraft noise impact for land areas
surrounding airports [8]. These data will he in a format directly applicable

to this heneflt model. Estimates of land exposure to future levels of highway
traffic noise may be obtained from envlronme.tal impact statements of major

_. highway projects.

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

intervals used by the model are 5 dE intervals as recommended for noise impact

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

Since the model allows the consideration of different outdoor noise sources,

the population noise exposure data should be aggregated on this basis. The
envelope noise reduction levels for alreraft noise are appropriate for land

areas around airports. The envelope noise reduction levels for highway
traffic noise are appropriate for land areas adjacent to interstate highways

and major arterials, The envelope noise reduction levels for urban noise
environments is appropriate to lend areas on local streets away from other

major noise sources. The extent of detail to incorporate into the local bene-
fit analysis using the present model is entirely a local decision. It is

essential, however, to understand that the population noise exposure data are
aggregated on the basin of the expected noise environment and dominant nolss
source.

3.3 CLASSIFICATION OF BENEFITS

The benefits aenrulng from implementation of noise control requirements may he
classified according to the interior noise environment in the living DOlt. The
interior noise environment is comprised of three components: I) interior noise

d_e 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 _CC requirements.

3,3.1 Envelope Noise Isolation

The envelope noise isolation performance applies to all residential and
educational construction and determines the interior noise due to outdoor noise

sources, This component of the inrerlor noise environment may be quantified

using existing measures of noise impact and is the component of interior noise
used fn this benefit model. For higher levels of outdoor noise, the MNCC

requires increased envelope noise isolation performance (see table 2.2),

3.3.2 Interior Wall Noise Isolation

The interior wall noise isolation performance of the MNCC applies to
multlfsmily residential and educational construction. The code requirements

specify an increased interior wall noise isolation performance for decreasln_
levels of outdoor noise (see table 2,2). This requirement is the most
important aspect of the MNCC specifications and in the most difficult to

9



evaluate quantitatively on the basis of potential benefits. For a benefit
analysis one must quantify the noise sources on a consistent basis. Hence, it

is necessary to assess the levels of interior noise generated by neighbors.

Only a very limited data base exists for estimating these levels [7,9]. Further,

the interior wall noise isolation requirements apply mainly to the population
exposed to outdoor day-nlght sound levels below 60 dB. This is a very large

segment of the total population. As a result, even a small change in interior

noise 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, meanlngless benefit estimates. For
these reasons, the present model cannot address benefits -- which may be

substantial -- attributable to the interior wall noise isolation requirements.

3.3.3 Internal Noise

The MNCC provisions specify levels of interior noise attributable to mechanical
equipment and appliances. The considerations for conducting a benefit analysis

attributable to this requirement are identical to those described in
section 3.3.2 and are not addressed by the present model.

3.3.4 Impact Noise

The MNCC uses a prescriptive, rather than a performance, requirement for impact
noise isolation (see section 2.2). Further, with present-day knewledge, it is

difficult to assess benefits attributable to abatement of impact noise [I0].
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 eatlefeetion wlth their living environment [I0].

3.4 BENEFIT TINE-STREAMANALYSIS

Noise impacts and benefits will vary from year-to-year. For example, a fixed
population exposed to increasing levels of environmental noise represents 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-increaslng traffic flow 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 noise impact assessment must account for these long-term

tlme-varylng characteristics. Since the benefits depend apon the noise impacts
for tbe no-actlon and the implementation alternatives, the estimated benefits

will also vary with time. These considerations are discussed in this section. 2
The benefit model may be used to estimate these tdme-varylng effects at future

points in time.

P

Figure 3.1 illustrates the general characteristics of a noise impact estimate
with time. The vertical scale is a "noise impact indicator" which is a
numerical value that establishes the noise impact [6,7,1|]. The horizontal

scale is time measured in years. Two noise impact curves are indicated in
figure 3.1: the no-actlon alternative and an alternatlve representing the
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implementation of noise control requirements on a product, The no-action
alternative simulates the continued production and use of the product in the

present-day condition. In figure 3.1, the "present day" is a point in tlme

before the year ¥I" In relation to implementing noise control requirements
in buildings, the "product" is, of course, building construction.

The solid llne represents the noise impact related to the no-actlon alternative
and Is shown increasing with time. The slope of thls llne represents the rnte

of increase of the noise impact. In relation to the present model, this rate
of increase corresponds to both the population in a eommunlty moving into new

construction and increased exposure to environmental noise.

The dashed llne represents the noise impact related to implementlnS noise
control. The difference between these two lines is the "benefit" of noise

control. The numbers BI and B 2 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-actlon alternative and

the implementation of noise control requirements for building construction.

In figure 3.1, the year YI represents the future point in time at which

products featuring noise control enter service. The year Y2 represents the
future point in £1me at which all products in service feature noise control.

Beyond the year Y2 the noise control requirements are fully effective since
they apply to all products either in service or entering service.

In relstlon to implementing noise control requirements in building codes, the

time span between initiating the requirements, year YI in figure 3,1, and

i} achieving total effectiveness, year Y2, is the time required to totally replace
ell buildings in a community, Obviously, this tlme spnn is beyond the llfe of

the population. Hence, the benefits that may be estimated at a future point
,:_ in time within the planning framework of a community will always be less than

the ultimate benefits that can be expected to accrue to future generations.

11
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4. ESTIMATION OF BENEFITS

This section is a guideline for estimating benefits of implementing noise
control requirements for building codes using local data. A detailed discussion

is not presented in thls section but is included in the following section rela-

tlve to an example benefit analysis. In order to estimate a benefit it is not
necessary to conduct a complete tlme-stream analysis as indicated in figure 3.1.

It is only necessary to estimate, st a selected future point in time, the pro-
portion of population residing in new construction built under existing code

requirements and population residing in new construction built under the code
provisions corresponding to implementation of noise control requirements.

4.1 SELECTING THE TIME FRAME

As recommended by the implementation manual for the MNCC, a 20 year future

poln_ in time may be used to estlmace the noise impact [3]. This 20 year tlme
is measured from the time at which the noise contrbl requirements are initiated

(year YI, in figure 3.1). From thls point in time it is necessary to estimate
the population that will eventually occupy the new construction and the distrl-

bution of this population with the outdoor day-nlght 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 proportion of the popula-

tion that resides in buildings exempted from the noise isolation requirement
and the population in builddngs requiring a specified level of noise control.
(The 42.5 dB indoor crlterdon for determining noise impact is discussed in

Appendix A.)

4.2 POPULATION NOISE EXPOSVRE DISTRIBUTIONS

As discussed in section 3,2,2 it Is necessary to aggcegate population data by

the estimated level of noise exposure, and if required, the aggregation may be
further refined by the domlnant source of outdoor noise (see section 3.2,1)o

4,3 NOISE ISOLATION PERFORMANCE OF EXISTING CONSTRUCTION

The noise laolatlon performance of existing construction may be estimated using

the methodology in Appendix S or may be based upon available local data. As
described in section 3.2.1, these data are in the form of a distribution and

may be further refined by categories of dominant outdoor noise source.

4.4 WORKSHEST FORMAT

A worksheet has been developed to assist in conducting the noise impact
_t estimate. A blank sample of this worksheet is presented in Appendix C. A

werksheet must be filled oat for each population distribution described in

section 4.1 and 4.2, the appropriate noise isolation distribution described

% in section 4.3, and the noise control requirements being implemented. (The

example in section 5 illustrates this process.) The required calculations
are then conducted using the worksheet.
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4,5 NOISE I_ACT ESTIMATES

The basellae or no-actlon alternative noise impact estimate ie determined from
the workeheets by the combination of population distributions to outdoor noise

and the envelope noise level reduction distributions for existing constreetlon.
Two noise impact estimates are obtained from each worksheet: impact due to
population exposure at outdoor nolee levels and impact due to population expo-

sure 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 outdoor noise
sources,

For the nolee control alternatlve, an identical set of calculations is performed
with the only extension being that impaete must be estimated separately for the

population residing in new const_uctlon exempted from noise control (outdoor
levels below 60 dB) and the population residing in new construction requiring
noise control (outdoor levels above 60 dg), The 60 dB limit referred to is the
limit specified by the _CC and is used here to denote the separation of popu-
lation categories. The model allows the user to select other limits if so
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 a future year, One set of numbers represents
the noise impact based upon population exposure at outdoor levels for the no.
action and the noise control 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 F_CC provisions prohibit construction in land areas
exposed to outdoor day-night levels exceeding 80 dB.

The other set of numbers represents the noise impact based upon population
exposure at indoor noise levels for the no-action and the noise control

alternative, The difference between these two numbers represents the benefit
to the population based upon exposure at indoor noise levels, This benefit is
expected to be the major benefit resulting from implementation of the outdoor
noise isolation requirements of the MNCC,

4.7 EVALUATION OF BENEFITS FOR ALTERNATIVE LEVELS OF E_'ELOPE NOISE ISOLATION

The benefit model may be used to eetlmate alternative levels of building

envelope noise isolation than the levels prescribed by the Model Noise _.
Control Code demeribed in Section 2, The brief guidelines in this section

are the general steps required to conduct a benefit analysis, The following
section presents a detailed example illustrating the many considerations and

steps described above using the _CC provisions ae the example of noise i

control requirements,

14



5. EEAMPLE 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

provisions (see. 3507) of the MNCC are used as the example requirements. An
estimate of the national population exposure to highway traffic noise is used

as the basis for determining expected benefits. A tlme-stream benefit analysis
ia used to illustrate the time effects of implementin S the noise isolation
provisions.

Each step in this example is discussed SO that the basic conslderationn may he
clearly understood. These steps ate identical to those required to conduct a
similar analysis at a local level using data appropriate to the community.

5.1 POPULATION DISTRIBUTIONS

The first step in the benefit analysis is the estimation of population

distribution with respect to the outdoor day-nlght sound level, Ldn 0.
Table 5.1 presents an estimate for the distribution of the national population
noise exposure due to hlghway traffic noise [12]1, This estimate assumes that

highway traffic noise 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 describe tltebasis for the table 5.I estimate.
,_ However, the format of the data will be described since local data aggregations

should follow a similar format.

• Each entry in table 5.1 is a population estimate with the columns representing
years. In this example, five year Inmrsments are used beginning with the

:i reference year 1980 through the year 2010. The flrnh six rowe of table 5.I

_i indicate intervals of outdoor day-nlght sound level, Ldn O. These intervals
cover the range of 55 dB through 85 dg in 5 dB intervals corresponding to the

MNCC specifications in table 2,2. The last four rows are summary entries
_i: indicating the population distribution to tenses of outdoor day-eight sound

levels. The last row is the total population estimate.

i
_ Since benefits resulting from implementing any building code requirement
_ applying to new construction can only be attributed to the population residing

in the new construction, it in necessary to estimate thin segment of thc
population. To do thi0, the change in population distribution is required.

The estimated change in population diatrlbutlon in future years relative to
the reference year (1980) is easily obtained from _he table 5.1 data. The
result in presented in table 5.2.

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

1 All tables and figures in this section are included at the end of the section
for easy reference with the text.
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occupancy per type of living unit. For the purpsses of this example, it will
be assumed that the total population change resides in new housing. However,
based upon local conditions, it may be desirable to adjust the data for dis-
tribution between existing csnst_uction and new construction, The time
sequence for implementing noise control requirements presents a similar consid-
eration end will be emphasized in the present example.

The following implementation scenario is used to illustrate the considerations.
Plrst, it is assumed that all new construction through the year 1985 complies
with "current building coda" requirements. That is, the outdoor-lndoor noise
isolation corresponds to existing construction performance. Beginning in 1985
through 1990 e transition occurs such that at the end of 1990 half o_ the

population increase for this time period resides in new construction conforming
to the MNCCrequirements and the other half resides in new constructtion
conforming with the "current building code." Finally, it is assumed that all
new construction beyond 1990 conforms with the _CC requirements. (It is
emphasized that this implementation scenario is an example and it is recognised
that a national implementation based upon consensus standards is di_flcult -- if
not impossible -- to _ormulate. The example, however, does illustrate the steps
required to evaluate benefits based upon local considerations.)

Table 5.3 illustrates the effect of the above scenario on the population
distribution with outdoor dny-nlght sound level. Several details in table 5.3
must be montloned since they reflect the _CO requirements. Plrst, two segments
of the population are identified for each year in the analysisz population
residing in new construction complying with currant building codas (CBC) and
construction complying with the Model Noise Control Code (MNCC). This dlstlnc-
tion is necessary since the benefits must be compared to the "baseline"
alternative of not adopting the MNCC requirements.

The first note concerning the data entries in table 5.3 is that the segment of
the population exposed to outdoor noise in the 55-60 dB interval is allocated
to the "current building code" column. The reason for this is that the MNCC
allows "existing construction" for these conditions. Next, it should be noted
that beginning in 1995 and beyond, no population is allocated to the g0 to
85 dg range other than the population allowed under "current building code"
requirements prior to 1990. For the population increases in the go to 85 dg
range indicated in table 5.2, the changes in population have been allocated to
the 75-80 dg range for MNCC reqniremants in 1995 and beyond. This allocation
reflects the "construction prohibited" requirement of the _NCC, Other than
the 75-85 dB interval, the total population at all sound levels and ranges
for each year is identical for the table 5.2 data and the table 5.3 data.

v
The table 5.2 data are used to obtain the noise impact estimate associated
with the no-action alternative of utilizing existing construction. The
table 5.3 data are used to obtain the noise impact estimate associated with
the example implementation scenario for the MNCCas described above, To do
this it is necessary to estimate the outdoor-to-indoor noise isolation for
existing construction.
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5.2 BUILDING ENVELOPE NOISE ISOLATION

The building envelope noise isolation must be estimated for existing

construction. The noise isolation characteristics are described by a

distribution. This distribution represents the fraction of existing
construction exhibiting noise isolation characteristics of a given value. The

methodology described in Appendix B may be used to obtain estimates based upon
local conditlone. For thls 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 closed windows and the distribu-

tion of population between cold and warm climate conditions. Details are

discussed in the Appendix.

Comparing thls distribution wlth the HNEC requirements in table 2.2, it is
seen that over 50 percent of existing construction would comply with the

minimum MNCC requirement of 20 dE and less than one percent of existing
construction is estimated to exceed the maximum MNCC requirement of 35 dB.
The significance of this observation is that existing construction will

partly mitigate outdoor noise intrusion when compared to the population

distribution wlth outdoor day-nlght sound level as required by the HNCC.

The basic assumption of thls model is that the distribution of noise
isolation of qxistln_ construction is independent of the outdoor day-night
sound level, This assumption is necessary since data are not available to
estimate a relationship between outdoor day-might sound level and noise
isolaclon characteristics of existing construction. Sincm 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 NOISE I_ACTS

The noise impact estimate must be conducted for two alternatives: i) the

no-action alternative, and 2) the adoption of noise control requirements,
The data in table 5.2 are used Co estimate the noise impact of the no-actlon

alternative° The data in table 5.3 are used Co estimate the noise impacts
associated with the adoption of the HNCC requirements as described in

sectlou 5,1. Further, since the MNCC requirements prohibit construction in
land areas exposed to noise levels greater than 80 dE, it is necessary Co
estimate noise impacts for both outdoor and indoor conditions° These esti-

mates are calculated for each of the years indicated in tables 5,2 and 5.3
for each segment of. the population under consideration. To assist in

conducting these calculations, a worksheet has been developed, A blank copy
of the 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 t_-Action Alternative

The noise impact eetlmate for the no-actlon alternative is conducted for each

year 1985 through 2010 using the data in table 5.2. Data for the year 1995
will be used Co illustrate the data entries for the calculation worksheet.
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Table 3,5 is the completed workshoet for the no-action alternative in tho year
1995. The columns under the heading "OUTDOOR" apply to the outdoor environment
and to the population exposed to the loyola of outdoor noise. The columns
under the heading "INDOOR" apply to the estimate of population distribution
with levels of indoor noise from outdoor sources. The population exposed to
indoor noise levels is identical to the population exposed to outdoor noise
levels. The workeheet is used to calculate two numbers: the Level Weighted
Populations based on outdoor and indoor noise environments for the same popula-
tion. (The Level Weighted Population or LWP is one type of noise impact indi-
cator. See Appendix A and References 7 & 11,)

The data entries in the col_mn heading APexp are directly transcribed from
table 5.2 for the year 1995". The entries under the column heading _LWP0 are
obtained by multiplying the APexp entries by the weighting factors Wo(LdnO)
for each interval of outdoor day-nlght sound level, The weighting fencers are
described in Appendix A and are evaluated at the mid-polnt of the outdoor sound
level interval, The total Level Weighted Population for the outdoor environ-

moot is obtained by summing all entries in the dLWP0 column. 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
outdoor noise. The columns under the heading "INDOOR" correspond to levels of
the building envelopn noise level reduction, _LA. At the top of each columnp
one enters the appropriate fraction of the building envelope noise isolation.
Since the example in table 5.5 corresponds co existing construction, 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 predetermined by the
workehmnt format and is denoted by the entry Ldn_. For example, with an
outdoor environment in the interval 60-65 dE (center at 62.5 dB) and an
envelope noise level reduction in the interval 15-20 dE (center 17.5 dE) the
average indoor noise level is estimated to be 45 dB (62,5-17.5). For this
call, the population experiencing this indoor noise level of 45 dE is estimated
by multiplying the total population in the outdoor interval (3.21 M) by the
fraction of construction exhibiting the level of noise isolation (0.3360) to
obtain the estimate 1.0786 M.

This process is repeated for each cell in the array. Since indoor noise
exposures less than 45 dg are not considered to impact the population, it is
not necessary to completely fill the table. _t is only required to calculate
the indoor population exposure for levels of indoor noise equal to or greeter ..
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 indent noise exposure. In the format of table 5.5, the cells
of constant indoor sound level are located on a diagonal running from upper
left to lower right.

i A "4" prefix is used to denote a quantity based upon a population change.
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For each level of indoor day-nlght sound level, Ldni, the accumulated
population exposure is tabulated in the indicated column at the bottom of the
worksheet. At each indoor sound level, the exposed population is multiplied

by the indicated weighting factor for indoor noise intrusion, Wl(Ldnl)o (This
weighting factor is also described in Appendix A.) The resulting term is the

_' Level Weighted Population for indoor noise exposure at the level of indoor
noise. Each of these terms is summed to obtain the final estimate of the

Level Weighted Population for the indoor noise environment, ALWP I, For the
example data in table 5.5_ the indoor Level Weighted Population for indoor
noise due to outdoor sources is 1.1829 H people.

In summaryD the table 5,5 data provides two numbers: I) the Level Welgbted
Population based upon the outdoor noise environment, ALWP 0 - 3.5125 M, and

2) the Level Weighted Populatlos based upon the indoor noise environment due to
outdoor nelse_ ALWP I - I o1829 M, _hese estimates ere for the year 1995o Simi-
lar calculations are conducted for the other years in the tlme-stream for the
no-actlon alternative.

5.3.2 Implementation Alternative

The noise impact estimate for the implementation alternative is eseentlally
identical Co that described for the no-aetlou alternative, However, the

calculations involve two population exposure categories for each year of the
tlme-stream: I) population residing in existing construetlon_ sad 2) population

resldlnE in new construction complying with the HNCC requirements. The popula-
tion distributions 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 building code requirements (existing constEuctlon), the worksheet is

used to obtain the estimates: _LWP O - 1.5575 M and AL_P I - 0.4362 M. These
data entries and calculations are illustrated in table 5.6.

'_ For the year 1995 end the population distribution given in table 5°3 for the

_ MNCC requirements, the worksheet is used to obtain the estimates:
_: ALWP 0 - 1.9525 M and dLWP I - 0.2363 M. These data entries end calculations are
'r_ illustrated in table 5.7,
ii
:t

!_ Comparing tables 5.5 through 5.7_ it is seen chat the outdoor data manipulations

are identical. However, the indoor data entries for table 5.7 are different
PJ from the entries in cables 5.5 and 5.6. The difference is a recognition -- in

: an accounting sense -- of the _CC requirements. For existing eonstructlo_

(tables 5,5 and 5.6) the indoor noise environment In a distribution of popula-
tlon exposure at each level of outdoor noise, For the MNCC requirements, the

• distribution is condensed into an explicit performance range depending upon the
outdoor noise environment. For example| the MNCC requirements specify an enve-
lope noise ieolatlon of 25 dB for outdoor noise in the interval 65 to 70 dB
day-nlght sound level. This requirement la reflected in the worksheet format

of table 5.7 by a uniform allocation of the population exposed to 65 to 70 dB
outdoor levels to the two cells corresponding to indoor levels of 40 and 45 dB.
Indeed, at each outdoor level interval, the MNCC requirements specify an indoor
level in the range of 40 to 45 dB (see table 2.2). With this allocation of
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population, the indoor Level Weighted Population estimates follow in a format
identical to that described in section 5.3.1. The significance of the
table 5.7 calculations is that the _CC requlrementa remove all indoor noise

level impact estimates from consideration except for the population exposed to
indoor levels centered at 45 de.

It may be argued that the uniform allocation for the _CC is simply an
accounting scheme end that other allocations may he more representative of

reality. This argament is accepted. However, the model allows the user to
incorporate his best Judgment. For example, if one assumed that buildings

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

was always exceeded, the entire exposed population would be allocated to the
40 dE interior noise level of table 5.7. In this case, one would estimate

the m/nlmum noise impact for indoor noise exposure and obtain a maximum benefit
estimate. By shifting the indoor population noise exposure to higher levels
to simulate less stringent noise isolation requirements than the _CC, one may

still use the model. The point being made is that the model accepts such vari-

ations -- made at the users' Judgment -- and that variations are incorporated
at thls 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 tlme-stream. Eased upon the data in tables 5.2 and 5.3, the
noise impact estimates are summarized as indicated in table 5.8. This summary
indicates the relative significance of the population noise exposure calcula-
tions for the two alternatives. The no-actlon alternative data of table 5.8

represent the baseline conditions for comparlng the benefits of implementing

the noise control options.

The data in table 5.8 for the MNCC implementation scenario are grouped into
three sets: I) noise impact related to existing construction; 2) noise impact

related to new construction; and 3) the total noise impact combining these two
impact estimates. The nelse impact estimates all increase with time as Indlca-

ted in table 5.8. However, the increase for each grouping of the population
result from different causes. The increases in the ALWP values for the

no-actlon alternative result directly from the population increases at all
levels of outdoor noise exposure. For the population residing in existing
construction under the I_NCC implementation, the Increases in ALWP values result

from population increases for people residing in the 55-60 dE outdoor noise

exposure interval. For the population residing in new construction, the
increases in ALW? result directly from population increases,

Comparing the ALWP0 values in table 5.8 for the no-actlon and the total _fl_CC
alternatives, it is seen that there is a slight decrease in noise impact
based on the outdoor noise exposure. This is a result of the prohibition of

construction in areas exposed to outdoor levels greater than 80 dE as requlred
by the _CC. The small decrease is attributable to the small fraction of the
total population estimated to reside in land areas exposed to levels of

highway traffic noise above 80 dE (see table 5.1).

2O
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Comparing the A LWPI values in table 5.8 for the no-actlon and the total MNCC
alternatives, it is seen that there is a rather large decrease in noise impact
based upon the indoor noise exposure. This decrease is, of course, a result
of implementing the HNCC requirements for the outdoor-to-indoor noise isolation.

_i The ALWP values are one format that may be used to estimate the benefits. An
LWP value represents an absolute estimate in the sense that it attempts to
establish a single number representing an equivalent population. Another
format for estimating benefits, is the single number called the Noise Impact
Index or NIl. The NIl value is the ratio of the LWP value to the total popula-
tion base for the LNP estimate. The NIl 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 ALNP 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
exposed values are obtained from table 5.2. The ALNP values are obtained from
table 5.8. The _NII values are calculated as the percentage of the ALWPvalues
relative to the population exposed, It should be noted that the population
exposed value represents the total population exposed to outdoor day-night
sound levels above 55 dB. This segment of the population encompasses everyone
affected by both the outdoor and the indoor noise impact estimates.

At first, the ANII estimates in table 5.9 may appear surprising, The are
essentially constant for all years of the time-streaml The value of the &NIl0,
is constant at about 32.5 percent of the population exposed to outdoor sound
levels above 55 dB. The value of the _NIII, is constant at about 10,9 percent.
One should not, however, be too surprised that these results are constants.
This m_y be anticipated since tbe 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 _NII 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 noise impact
estimate, however, arQ dacrsaalng with yeats _n the time-stream. This decrease
in the _ndoor noise impact| as measured by the Noise Impact Index, represents
another measure of the effect of implementing the MNCC requirements,

5.4 ESTIMATION OF BENEFITS

The ALWP and ANII estimates summarized in tables 5.9 and 5.10 are used to

_ estimate the benefits attributable to implementation of the noise control
requirements. As stated in section 3, the term "benefit" is defined as the
decrease in the noise impact as a 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.
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5.4.1 Benefit eased on outdoor Noise Impact

The MNCC requirements prohibit construction in land areas exposed to outdoor

day-nlght sound levels greater than 80 dB. The benoflts attributable to this

requirement are estimated by subtracting the values for _LWP 0 in table 5.10
from the values for _LWP 0 in table 5.9 for each year in the time-stream, :"
Similarly, one obtains the benefit in terms of the Noise Impact Index. The

results are presented in table 5.11. For this example, the benefits as

measured by the change in ALWP 0 or ANII 0 are too insignificant to warrant any
further consideration. The conclusion, then, is that the F_CC requirements do
not appear to result in any net benefit based upon outdoor noise exposure.
This conclusion, however, applies only to thls example. A benefit analysis
based upon local conditions may result in a benefit due to the outdoor noise

restrictions of the HNCC or similar code requirements.

5.4,2 Benefit Based on Indoor Noise Impact

The benefits resulting from implementing the _CO requirements based on the

indoor noise impacts are estimated as described above for the outdoor benefice,
For the example scenario, tile estimated benefice are listed in table 5,11
under the columns headed "INDOOR." In this case, the benefits are significant
for the years 1995 and beyond. The benefit esclmata based upon the Level

Weighted Population continually increases as does the estimate based upon the
Noise Impact Index. For this example, the net benefit of implementing the

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

5.5 INTERPRETATION OF BENEFIT ESTIMATES

The qusetlon arises as to the significance of the benefit estlmaCes and the
decision to implement the noise Control requirements. There is, however, no
explicit criterion to apply that will indicate a benefit 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 bene-
fits accrue to an ever-incrmsslng segment of the national population. In

table 5.11, the column headed "Population Affected" represents the estimated

population residing in buildings incorporating the noise control requirements.
These data are obtained from table 5.3. Hence, implementation of the noise

control requirements, based upon the example scenario, would affect an esti-
mated 21,07 M people by the year 2010 or about 7.1 percent of the national
population.

5.6 PRESENTATION OF ESTIMATES
P

It is appropriate to discuss formats for presenting results of a benefit

analysis. Tabulated data are necessary to documen_ the inputs and the

outputs of the estimates. It wlll 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 5.11, estimates are conducted to four places to the right

of the decimal point. Carrying four-place decimal numbers does not imply
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accuracy, however. The number of decimal places indicated in tables 5.5
through 5.11 is necessary to avoid errors in_roduced by rounding° Howevar_ it
Is appropriate to present rounded numbers in the Einal presentation of data
such as the benefit estimates of _able 5.11. Indeed. the benefit eummary in
the format of table 5.11 may be the only information required for a policy
decision, Based upon the example estimates in table 5°1! and the above discus-
sion, table 5,12 is a final presentation oE the benefit es_imates° The entries
in _abLe 5,12 arc rounded from the entries in table 5°11 and convey tbQ same
message withou_ implication of unwarranted accuracy.

In _ddition to tabular datap graphical presentation of beth the noise impact
estimates and _hc benefit eat,melee are effec_ive formate° Figure 5°! illus-
trates 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 noise impact based upon the Noise Impact Index. Thes_ results
are also plotted from the data in tables 5.2t 5.9 and 5.10. Figure 5°3 presents
the benefit estimates of table 5°11 for the indoor conditions° _n figures 5°2
and 5.3 it is necessary to approximate the curves based on the _NII index
between the three years 1985, 1990_ and 1995° This is the transition period
Eor the benefit analysis, and as i_dicated in these Eigures and table 5°10,
_he _NII values are significantly affected.

5.7 SINGLE-pOINT BENEFIT E$TI_tATE_

It _is instructive to view the benefit estimates on the basis of a single-point
benefit cstimat_ as discussed in section 4°1° The term single-point estimate
is used to deno_e a benefit e_lculation at only one point In _he future time
frame° In section 4.1, _ 20-year single-point beneElt estimate was suggested°
For the cxampl_ presented here, the 20-year time interval is measured from 1985
(the year ¥1 in figure 3°1) so that the single-point estimate would be conducted
for _he year 2005° The question then arises es to the interpretation of the
benefits knowing e_ly a single cs_imate°

From table 5.12_ the benefit estimates are "no change" for the outdoor sound
expoeureD and for the indoor exposure I a change in Level Weighted Population
of 2°0L M end a cbaege of Noise Impact Index of 6°2 percent° As mentioned in
section 3°4 and _ndicated in figure 3°1_ the _O-ysar ti_e span is expected to
be well within the range for which benefits will continuall F increase° This
eta_cmen_ hownver_ applies to abeoluta _eaeu_es of bcne_lt such _s the Level
Weighted Fopulation° For the Noise Impact Index benefit mensure, we note that
this value seems to be approaching a eonetant with increasing time° This con-
s_ant, in the e_ampLe problem_ is eome_in_ ellghtly above the value of
5 pernent oE the population exposed _o outdoor lewLe greater tha_ 55 dB°

Henna, ae an approxl_ation_ if One cenducts a einglc-po_nt es_imate_ one should
_ state the estimate in term6 of the _5solutc measure of the Level Weighted
i Population emph_sizing that this absolute measuce is continually increasing

propo_tionel to the rate o_ change of _he benefit estimate based on the Noise
Impac_ Index. One m_y be mere confident_ of courscj if a complete time-s_re_m
analysis i_ performed.
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Table 5.1. Estimated Population Distribution to Nighway Traffic Noise
(reference 12)

YEAR OF TIME STREAM

Ldno
Interval 1980 1985 1990 1995 2000 2005 2010

55-60 42.50 43.73 44.61 47.79 52.79 58.40 64°40

60-65 25.81 26.55 27.09 29.02 32.06 35.49 39.10

65-70 13.14 13.51 13.79 14.77 16.31 i8.05 19.90

70-75 4.16 4.28 4.36 4.68 5.16 5.72 6.30

,4 75-80 1.07 1.10 1.12 1.20 1.33 1.47 1.62

80185 0.12 0.13 0.13 0.14 0.15 0.17 0.18

<55 135.2 145.3 156.2 162.0 164°I 164.8 164o9

>55 86.8 89.3 91.1 97.6 :107.6 119.3 131.5

>60 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

•tw ,.



Table 5.2. Estimated Change in Population Distribution to llighway
Traffic Noise (_ee cable 5.1)

YEAR OF TIME-STREAM
Ldao

InCerval 1980" 1985 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 6.25 9.68 13.29

85-70 13.14 0.37 0,65 1.83 3.17 4.91 6.76

70-75 4.16 0.12 0.20 0.52 i.O0 1.56 2.14

75-80 1.07 0.03 0.05 0.13 0.26 0.40 0.55

80-85 0.12 0.01 0.01 0.02 0.03 0.05 0.06

<55 135.2 i0.i0 21.00 26.80 28.90 29.80 29.70

>--55 .86,8 2.50 4.30 10.80 21.00 32.50 44.70

__60 44.3 1.27 2.19 5.51 10.71 16.60 22.80

TOTAL 222.0 12.60 25.30 37.80 49.90 82.10 74.40

*Re£erenee Year (Totalo)



Table 5.3 Distribution of Population Between Construction

Categories Based Upon Example Implementation Scenario

1,dnO 1985 1990 1995 2000 2005 2010

CIIC V_ICC CBC _00 C0C ]_CC CBC I_ICC CDC I_ICC CDC ZMCC

55-60 1.23 0.0 2.13. 0.0 5.29 0.0 10,20 0.0 15.90 0,0 21,90 0.0

60-65 0.74 0*0 1.01 0,27 1.01 2.20 _L.01 $.24 1.01 8.67 1.01 12.20

65-70 0.37 0.0 0,51 0.14 0.51 1.12 0.52 2.66 0.51 4.40 0.$1 ¸6.25

70-7._" 0.12 0.O 0.16 0,04 0°16 0.56 O.16 0.1B4 0.16 1.40 0,16 2,98

75-80 0.O_S 0.0 0.04 0.01 0,04 0.10 0.04 0.24 0.04 0.40 0.04 0.$6

00-85 0.01 0.0 0.O1 0.0 0.01 0,0 0.01 0,0 0.01 0,0 0.01 0,0

<55 10.10 0.0 21.00 0.0 26.00 0*O 28.90 0.0 29.00 0.0 29.;0 0.0

_5 2.50 0.0 3.04 0.46 7,O2 3.70 12.02 0.98 17.61 14.07 21.61 21.0;

_>60 1.27 O.0 1.73 0.46 1.73 3.78 1.73 0.98 1.;5 14.07 1.75 21.0;

12,60 0.0 24,04 0.40 53*02 3.70 40,92 0.98 47.25 14,07 55.35 21,07

By| CBC" CwZ_emt Dw13.dJ_z8Code

_Q{CC- Hodel _lolae Cozztrol Coda



Table 5.4. Buildlng Envelope No_.e Isolation: National Average
for Hi8hway Traffic Noiee (see Appendix B)

m

Percent of PercenC of Existing

Noise Isolation Existing Cenetruotion

ALh Construction Exceeding Lower Limit

10_15 14.01 100.00

L5-20 33.60 85.99

20-25 35.54 52.39

25-30 14.46 16.05

30-35 2.26 2.39

35-40 0.13 0.13

40-45 0,0 0,0

:; 27
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Table 5.5. CompleCed Norlc Sheet for Nolse-lmpacc Analysts: No-Action
A1ternatlve £or 1995

oUTDOOR INDOOR

LdnO k4expAP I_o(LdnO) _LIiPO D_ntcdbucZonof EnvolopuHolBo LeVOl_eductlo,..AL_.dBIncervol )-I Ray 10-15dB 15-20dB 20-25dD 25-30dfl 30-35d_ 35-40dB 40-_5d0

<55 dB 2(0._ 0 0 Enl:ry 0.14.01 0.'_ (__ 0 .'_S_;4. 0.|4_. fo 0. "s?.7..6 0.00 t_) 0.0
ii

Ldnz, 45 dB _0 dB 35 dD IO dB 25 dl_ 20 dB 15 dm
55-60 dn 5._ 0.I250 0.6++i3

APexp, O.'I&_t I,+1"1"14- w,

Ldnz 50 da 45 d_ 40 dB 35 dn 30 d6 25 40 20 dE
_o-es d, 3.'7.1 0.:3750 t.'_038

Ap ! 0,4.49"/ I.o78_ he 4.o&
exp

Ldnl_ 55 dB 50 dn 45 dB 40 dD 35 dB, 30 dD 25 clll,
,_5-7o d_ I.(d5 O.e"SO 1.0l_6

_eexp o.22_,1, o,_4"/"/ O._'t_i_ 0.2.'30_'/

.LdnI 60 d_ .55 dB 50 dB 45 4_ 40 d_ 35 dB 30 dB
70-7._ dn 0.'_ "t. o.87_o O,4SS_

Ldn! 6S dll 60 dB 55 dB 50 d_ 45 dB 40 dll 35 dB
7_-eo d, 0,13 1.125o _14(.3

Ae O.Ot8";- 0.04.'!,'/ e.e4.t.';, i e.olS'_ O._OZ_ e. ooo2.
eXp , ,, ,

_0-05 all3 e_O_" 1.3750 O.O2T_ LdnI 70 de 65 de 60 dS 55 dl_ 50 dB 45 dB 40 d_

_ot_lA_ o _ _.._|2_ _eoxp _,OoZB _.00_-_ _,ooT t _.oo_ ,d,O00_ _.O0oo --

Indoor DOY-HX_hCSound Lave.L. LdnT, dD 40 d0 ,5 d]_ 5Odfl 55 dB 6OdE 65 dE 70 dll p _'_'_

Indoor He_,GhCln_;Factor. ,_y(Ldq_) 0 0.1250 0.3750 0.6250 0,0750 1,1250 1.3750 I Total

Indoor Population Expoaed, APexp _ [L45dB)l 3,1t.55 2.4,'/'/I I.'Zo_ e,¢_Z_, i e.IP.3"/ e.o_¢_ a.eo2.JS 4,_-'_-_--

: Indoor LeveZ Koi_llt+edPopulacion. ALWP] M 0 O,_J_ _,4_::._(_o t],?.SZ(_o ! I_,|+iq_. _l._?._O _LC_34:;1 I. II_



Table 5.6. Completed Work SheeL for Nolse-lmpact Analysis: Existing
Construction for 1995

OSTI_)OS IN_X_OR

Ldno 4P Wo(Ldno_ 4LWP D£ntr$bu_ionof Envelope_oleeLevelSeduction,ALA,dS
Incurwl M exP t_10 Roy "10-15dB 15-20dn 20-25 d0 25o]OdS 30-35dO 35-40dB 40-45 dO

cSS do 2_.flO 0. 0 _n_ry O.140t O.'b3_O 0.355¢ 0.144_ 0.0=o..(o _._o_'3 0.o

Ldn.£ 45 dS . 40 dS 35 dO 30 dE 25 dB 20 dS 15 dB
55-60 d. S.'L_ o.Joso o.&&13

_'Pexp b.7411 I.'7"/"/4..

•Ldnz 50 d0 45 dS 40 dS ,35 ds 30 dB 25 dS 20 dS
60-65 dO 1.01 0.3750 0.3"/B_

•_l',x_, 0.141 c_ 0.'_ 4.• 0.3590

LdnZ $5 dS 50 dg 45 d0 40 dB 35 dB _ 30 dD 25 dB.

65-70 dn O.SI o.62'_o _.3tg'b
4poxp 0._'r | 5 0.|'1 t_.- O. |_l'_ O.OT3"_

Ldnl_ 60 dS $5 dS 50 dS 45 d5 40 A5 35 dO 30 dO
70-75 dO "%1_ 0.8750 o.14oo

L_n_ 05 dS 00 dE 55 40 50 dO 45 dS 40 dO 35 4S
75-8o d:_ 0.04 1.1250 0,0450

45. O.OOSt_ _._13q. _.OI4'Z. O.OOS_ 0.0009 O.ooot
uXp , . ,

I 80-85 dO '_.01 2,3750 O.OI'_S Ldn_ 70 dO 65 45 60 dO 55 dg 50 dO 45 dS 40 dET°ts1AL_ 0 _ "' |.SS'_5 4Pexp 0.001_. _*003_' _.003_.0 O.O_ld_ 0._. " --I

Zndoor Dny-N_ghc Sound Loval_ L_II_[_ d_ 40 _S 45 40 50 dO 55 40 60 dS 65 d5 70 40 T%Indoor UotKhc_nc Fncloc_ _|(Lto I) 0 0.12_0 0._750 0.6250 0.O750 1.1250 1.3750 .... !

Znaoor eop_l_tlo, ex_oJ,d. _eexpN(>..4N_) _.?.|38 I.?.8SI5 8._'I._ o.14-_q 0.O'_¢t4. 0._90 O._OIS-

Indoor Level Weighted?opula_lon, _LRP_ 0 O.lCo_ O.l_O_ _,O_l 0._34_ _._L_I _.OOt_ O,_3_J



Table 5.7. Completed Work Sheet for NoZse-lmpact Analysis: Construction
Conforming to MNCC Provisions for 1995

OUY_OR IHDOOR

LdnO MAPexp Wo(LdnO) _4uALW?'_ Distribution of Envelope HoLse Level Reduc¢lon, _LA,deInterval ROW 10-|$ dB 15-20 dB 20-25 dB 25-30 dB 30-35 dP 35-40 dB 40-45dO

<55 dS _ O 0 Entry .... .. __

,LdnZ 45 dB 40 dB 35 dB 30 dB 25 dB 20 dS 15 dB
55-60 dS 0 0.1250 0

&Pexp 6 O

LdnI 50 dB • 45 de 40 dB .35 dB 10 df 25 dB 20 de
iO-d5 dO 2.7.0 0.3750 0.02_O

_Pe_ " I. I000 l.lo6o

LdnI 55 dB 50 dis 45 de 40 dO 30 dB, 30 dO 25 dB.
6_1-70dB J. I_. 0.6250 0.'700_

6peg p a,_oo _.._o_

.LdoI 60 dB 55 dB 50 dS 45 dB tO dB 35 dS , 30 dB
70-75 SB _,_ O,0750 O.'_1_ O

75-00'dn CklO 1.225o O.I|2S LduZ 65 dO 60 da 55 de '_0 dn 45 dS tO dn 35 da

Ae_ .... _.o5OO O,OSOO

00-.05 dn O 1.3750 O Ldni 70 d_ 65 dB 60 de 55 de 50 de 45 dB 40 d_

Tol;al 6LSP0 bq I._5"_S Apexp "* " O CJ

Indoor ROy-ItXEhCSound Level, Ldnl. dD 40 da 45 dn 50 de 55 da 60 de 65 d5 70 dB S_ ]

Indoor WetEhl;AnsFactort Wt(Lf_n|) 0 0.1250 0.3750 0.6250 0.S750 1.1250 1.3750 I_Tt'Cal
Indoor Popular:ion _tpdsed, &PeJr__{ _eg_'IB I.'EgOO t.SqoCt 0 0 0 0 •

Indoor Imvol Wetf.h_ed Population. AI2Px 0 O._'zafm_ _ O. 0 _ 0 O._G._ J

%
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Table 5.8. Summary of Level Weighted Popula=fon Changes for
Example Benefit Analysis

NO ACTION HNCC IMPLEMENTATION SCENARIO
ALTERNATIVE EXISTING CONSTR. NEW CONSTR. ALL CONSTR.

YEAR ALWPO ALWPI ALWP0 ALWPI _LWP 0 ALWP I ALWPO ALWPI
M M M M M M M M

1865 0.8150 0.2768 0.8150 0.2?68 0.0 0.0 0.8150 0.2768

1990 1,3950 0.4664 1.1600 0.3806 0.2350 0.0288 1.3950 0.4094

1995 3.5125 1.1829 1.5575 0.4362 1.9525 0.2363 3.5100 0.6?25

2000 6.8200 2.2923 2.1825 0.5238 4.6325 0.5613 6.8150 1.0851

2005 10.8700 3.5566 2.8838 0.6221 ?.6763 0.9294 10.5601 1.5515

2010 14,9200 4.8804 3.6338 0.7271 10.8738 1.3169 14.5076 2.0440



Table 5.9. Noise-Impact Esctmate for the No-Action Alternative

_p OIJTDOOR I_OOR
exp

YEAR >_.5.5dB ALWPO ANIIO ALWP I ANIII

M M g M %

1985 2.50 0.8150 32.60 0.2768 11.07

1990 4.30 1.3950 32.44 0.4664 10.85

1995 10.80 3.5123 32.52 1.1829 10.95

2000 21,00 6.8200 32.48 2,2923 10.92

2005 32.50 10,5700 32.52 3.5566 10.94

2010 44.70 14.5200 32.48 4.8804 10,92



Table 5.10. Noise-Impact Estlmate for the Example
Implementatlon Scenario for the MNCC

£P OUTDOOR INDOOR
exp

YEAR >--55dB ALWP0 ANII_ ALWPI l ANII.
M M %u M %L

1985 2.50 0.8150 32.60 0.2768 ii.07

w
w 1990 4.30 1.3950 32.44 0.4094 9.52

1995 10.80 3.5100 32.50 0.6725 6.23

2000 21,00 6.8150 32.45 1.0851 5.17

2005 32.50 I0.5601 32,49 1.5515 4.77

2010 44.70 14.5076 32.46 2,0440 4.56



Table 5.11. Benefi_ Estimates for the Example Implementation
Scenario for th_ MNCC

OUTDOOR INDOOR Popula=1on
YEAR Change in Change in Change in Change in Affected

_LWP0 dNll0 ALWPI ANIII ( Table 5.3 )
H % M Z M

1985 0.0000 0.00 0.0000 0.00 0.00

1990 0.0000 0.00 0.0570 1.33 0.46

1995 0.0025 0.02 0.5104 4.72 3.78

2000 0.0050 0.03 1.2072 5.75 8.9B

2005 0.0099 0.03 2.0051 6.17 14.87

2010 0.0124 0.02 2.8364 6.36 21.07



Table 5.12. Presentation Format for Final Benefit Eetlmate8
(Data Rounded from Table 5.[I Estimates)

Population
¥_AR Change _ Change in CLmn8e in Change in Affected

ALWPO ANIIO ALWPI _NIII ( Table 5.3 )
; M Z M Z M

1985 0.00 0.0 0.00 0.0 0.00

1990 0.00 0.0 0.06 1.3 0.46

1995 0.00 0.0 0.51 4.7 3.78

2000 0,00 0.0 1.21 " 5.8 8.98

2005 O.01 0.0 2.01 6.2 14.87

2010 O.Ol 0.0 2.84 6.4 21.07
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(a) Population Exposed to Outdoor Day°Night
50, Sound Levels Greater than 55 dB.
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(a) Population Affected by MNCC Example Scenario
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6. CONCLUSIONS

A method is presented for estimating "benefits" related to implementing noise
control requirements in building codes. The model applies only to the beeeEit8
resulting from the implementation of outdoor-to-indoor noise isolation. These
benefits may be directly related to costs estimated using a related model (i).

The benefit model allown the user to incorporate local data and alternative
noise isolation requirements appropriate Co local conditions. Appendixes are
included _hat describe the basic considerations for conducting the noise impact
escime_es, eetin_clon 0£ noise isolation foc existing construction, and a work-
sheet that is useful in canducting the noise impact estimates.

A detailed example is presented in section 5 that tlluotretne the steps and
considerations necessary to determine the benegito. For this e_mple, n Model
Noise Control Code developed for the U.$. Environmental Protection Agency is
used to illustrate how one misht incorporate the varied provisions of a candi-
date noise control code within the format of the benefit model.

I.
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APPENDIX A

ESTIMATION OF NOISE IMPACT

This appendix describes the accepted methodology for estimating the impact of

* noise on a population [6,7], The methodology requlre_ that the distribution
of population residing in a land area be known in terms of the average annual

day-nlght sound level, The methodology determines single number ratings that
are used to characterize the level of noise impact. In the United States, two

common single number ratings are used for this purpose: I) the Level Weighted

Population (LWP) and, 2) the Noise Impact Index (NIl), Reference 6 is a
detailed description of the recommended documentation and methodology required
to determ/ne the environmental impact of noise. This appendix includes

sufficient detail to quantify the noise impact as required for the benefit
model.

A.i POPULATION DISTRIBUTION WITH SOUND LEVEL

The most difficult data accumulation task is the estimation of the distribution

of population in terms of the average anneal outdoor day-nlght sound level,

This dlatrlbutlon is denoted as p£ and provides the estimate of the population
exposed at a given outdoor day-night sound level, Ldn O. The methodolo_ is
based upon the average annual day-mlght sound level at a person's place of
residence [6,7] even though a person will not spend the entire day at their
place of residence. These considerations are incorporated into the weighting

funetlone described in the following section,

For a population exposed to a range of day-nlght sound levels, the total

population exposed is determined from the population distribution, p£(L),
using the expression:

N

Pexposed " E p£(Lel)aL i (A-l)
i-!

where i denotes an interval of Ldn O

_Li - Li+ I - Li, dB

Lcl - (Li+ 1 + Li)/2 , dB,

The form of Equation (A-l) is the most readily usable for praetlcal
applications, For constant intervals, the above result is simplified to:

N

Pexposed " Z p£(Lel)AL (A-2)
i'l

where _L Is a constant.
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The maximum value of AL recommended for evaluation of environmental noise

impacts is 5 dB [6]. If the entire range of sound levels used in equations

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

A.2 _T_NG FUNCTIONS

Since the population under coeslderatlon is exposed to a range of day-nlght
sound levels, it is necessary to incorporate this variation into the noise

impact analysis. This is done by introducing weighting functions that

attempt to determine an equivalent affect of noise at various levels. Con-
siderable effort has gone into developing weighting functions appropriate

to different categories of noise exposure _6.11,13,141.

For the purposes of the present model, a simplified welghtlng function is
utilized. This simplified welghtlng function is defined by the
relstlonshlps [6]:

Wo(Ldno) - 0 Ldn 0 _ 55 (A-3a)

Wo(Ldno)- (Ldno - 55)/20, 55_ Ldno _ 85 (A-3b)

Wo(Ldn0 ) m 1.5 Ldn O _ 85 (A-3c)

where Ldn0 is the outdoor day-nlght sound level.

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

to shift the description 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 I0 to 15 dBA interval of build-

ing envelope noise isolation. Physically, this means that s residence located

in an outdoor environment of Ldn 0 - 55 dB would correspond to sn acceptable
condition with windows open for both outdoor and indoor noise impact estimates.

Denoting the indoor weighting function by WI(L), the appropriate form for the
indoor environmant due to outdoor noise sources is:

Ni(Ldn Z) = 0 Ldn I _ 42.5 (A-4a)

NI(Ldn I) - (Ldn I - 42.5)/20, 42.5 _ Ldn I _ 72.5 (A-4b)

Ni(Ldn I) - 1.5 Ldn I _ 72.5 (A-4c)

where Ldn I is the indoor dsy-nlght sound level due to outdoor noise.

The relationship between the outdoor day-nlght sound level and the indoor
day-nlght sound level due to outdoor noise is:
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ALA = Ldn 0 - Ldnlp dB (A-5)

where ALA is the noise level reduction provided by the building envelops,

A.3 _VEL WEIGHTED POPULATION

The Level Weighted Population or LWP is a single number defining the equivalent
or effective population exposed to a range of environmental noise levels. The
functional definition of LWP is [6,7];

N

LNP - Z p%(Lci)N(Lcl)AL (A-6)
i-I

where p£(Lel) is the distribution of population exposed to day-night

sound levels in the interval Li+ I - Li (see equation (A-2))p

W(Lci) is the weighting function,

Lci - (Li+ I + Li)/2o

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 weight-

leg function given by equation (A-3). For indoor day-night sound levels, one
uses equation (A-4) for the weighting function to determine the L_T.

A.4 NOISE IMPACT INDEX

The Noise Impact Zndex or Nil is a relative single number index useful in
comparing one noise environment to another [6]. The Nil is defined in terms

of the LWP and the population exposed as_

Nil = LWP/Pexpose d. (A-7)

The Nil value m_y be expressed either es a fraction or as a percentage.

A.5 OBSERVATIONS

Formally_ the distribution of population exposed at a given level of

environmental noise, pi(L), has dimensions of "people per dB" as seen from
equation (A-2). For constant intervals of noise exposure, it is common practice

to aggregate data on the basis of the term pi(Lcl)dL which has unite of people.
Si_larly, the dimension of the Level Weighted Population is "people" since the
weighting functions are dimensionless. The Noise Impact Index is a dimension-

less number since it is the ratio of the LWP esti_te to the population exposed°
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One additional cogent concerning notation is nscessar F. The benefit model
utillees chan_e8 in populatlon noise exposure to estlmate benefits. In the
roport_ the notation _Pexp 18 used to denote the change in population noise
exposure. To denote the LWP and Nil estimates _or the ehan_e in populstlon
exposure, the notation _LWP and ANII is used, The values of ALWPend _NIY
are no__tchangesin these quantities but denote LWP or N_I estimates for the

change in population noioe exposure, APex p.

A-4
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APPENDIX B

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

This appendix describes the basis for estimating the noise isolation of existing
' construction. First. the method used to develop the distributions of envelope

noise 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 isolation distribution. The composite or average

distribution represents the weighting of the envelope noise isolation on the
basls of time to account for variations between the "closed window" and the

"open window" conditions.

B.l 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-welghted noise isolation. Sutherland has developed the estimates for the
mean value and the standard deviation of the A-welghted noise isolation provided

by building envelopes [15]. These empirical data are divided into three group-
ings according to the dominant exterior noise source, the climatic region, and
the window condition. The groupings are as follows:

(l) Dominant Exterior Noise Source

; (a) aircraft
:, (b) highway traffic
, (c) average urban noise

_! (2) Climatic Region

£_ (a) cold (Average January temperature below 2"C (36"F))

(b) warm (Average January temperature above 2"C (36°F))

!,_ (3) Window Condition

(a) closed
(b) open

The technical basis for this classification is the recognition that the

envelope A-welghted noise isolation depends upon the noise source (spectral
effects), the building construction, and the extent to which the shell is

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

The dominant source of exterior noise given above recognizes the differences

in frequency content among different noise source categories. This grouping

accounts for the frequency dependence of the noise source, the envelope
construction, and the receiving room sound absorption.
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The two categories for climatic region attempt to account for construction
differences attributable to the thermal performance of the envelope. These

differences may be attributed to both the thermal insulation (cavity filling,
storm windows, etc.) and to the sealing of gaps and cracks (air infiltration).
Both of these broad considerations affect the noise insulation of the envelope

[18], The available data allow the estimation of the average noise isolation
only for the two categories of climate indicated. The term "cold" refers to

geographic areas for which the average January temperature is below 2_C (36°F).

The term "warm" refers to geographic areas for which the average January
temperature is above 2°C (36"F).

The effect of an open window or a closed window on the noise isolation of the
building envelope is obvious. Open windows in a room represent a lower limit

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

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

The first step in estimating the average noise isolation of existing
construction is to determine the dominant noise for the land area under

consideration. Once this is done, the next step is to determine the mean value

and the standard deviation of the noise isolatlon-weighted for ellmatic
conditions and assumed open/closed window conditions appropriate to the local
environment.

B.2 MEAN VALUE AND STANDARD DEVIATION

Table B.I lists the mean value and the standard deviation for each of the site

conditions described above. These values must then be adjusted to account for

the climatic conditions and the open/closed window condition, Based upon the
average January temperature for the locality, the mean value and the standard

deviation for the envelope noise level reduction is selected. It is now neces-

sary to estimate the percentage of time that windows are open and closed for
the locality for the entire year. This percentage of time is a local
oonmideratlon.

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

standard deviation are obtained using the following expressions:

(ALA)avE " Popsn (&LA)open + (I - Popen) (ALA)closed (B-l)

Oavg = Oclosed (B-2)

where Popen is the fractlon of time that the windows are estimated
to be open during the year.

For example, assume that the site is exposed dominantly to highway noise and
that the appropriate climatic condition is cold. Further, it is estimated

that open window conditions exist for 50 percent of the year (closed conditions
apply to both heating and cooling time periods), From table B.I. the data are:
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Table B.I. M_an Value and Standard Deviation of Envelope Noise Level Reduction:
Existing Construction (reference 15, and as noted)

Dominant Exterior Cli_atic Nindows Closed Nindows Open

Noise Source Condition _LA _ ALA o

Aircraft Cold 27,6 5.2 18.4 5.1

AiEcraf_ Warm 26.4 4.8 12.1 4.4

Highway Cold 23,0 4.9 12.6 4.1

Highway Warm 25.0 4.7 10.5' 4.0*

Urban Cold 24,5 5.0* 12.0 4.0*

Urban Warm 23.0 5.0* i0.0 3.0*

e Assumed Value



(aLA)open = 12,6 dB

(ALA)closed _ 23.0 dB, %losed = 4.9

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

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

Oavg = 4.9, dB.

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

estimate for the distribution of envelope noise level reduction.

B.3 DISTRIBUTION OF ENVELOPE NOISE LEVEL REDUCTION

It is assumed that the distribution of the values of the building envelope
noise level reduction is described by a Gausslan or Normal Distribution (19,20),

This distribution is completely described by the mean value and the standard

deviation. Further, the necessary numerical values are extensively tabulated.
The next step in determining the distribution is to aggregate the data in

intervals of A-welghted noise level reduction consistent with the intervals
used to define the distribution of population to outdoor day-night sound

levels. For the present model and consistent with recommended practice [6],
the intervals selected are 5 dB intervals.

For this data aggregation, it is necessary to recognize that the open window

condition represents a lower limit to the envelope noise level reduction. Thln
consideration is incorporated by assuming that the lower tail of the normal

distribution is totally aggregated in the interval IO-15 dB, Physically, this
attempts to approximate the lower limiting condition for the average noise

level reduction of the envelope with open windows.

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

p(AL) - EXP [-_2(AL)/2]/2/_ navg (B-3a)

where £(AL) " [AL - (ALA)avg]/Oavg. (B-3b)

The aggregate or fraction of the distribution between two values of AL is P
determined by the area under the p(AL) curve between the two values. The
functional expression is:

_2
_P - f p(x)dx, (B-4)
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where p(x) is given by equation (B-3a), iI, i2 are the limits on the
interval,

For the nor_l distribution, the values of AP are determined using tabulated
values of P(1) as:

AP - p(i2) - P(_l) (B-5)

* where P(_) = f£ p(x)dx.

Values of P(g) are extensively tabulated (19,20). The above procedure is.
mgain, best illustrated by an example. The previous example estimated the
average annual mean noise level reduction as 17.8 dB with a standard deviation

of 4.9 dB. Table B.2 illustrates the steps necessary to obtain the dlstrlbu-

tlon of the A-weighted envelope noise level reduction for this example. The
values of i are calculated using the definition in equation (B-3b) and the

values of (ALA)av _ and Oavg. The values of P(_) are obtained from tabulations
[20]. The remaining calculations are simple aggregations of the data. The
only special note to make is that the value of P(£) corresponding to _LA - 15
is totally aggregated into the interval of I0-15 dB. The discrlbmclon obtained
in table B.2 is illustrated in figure B.l.

i
: B.4 ESTIMATES OF NATIONAL AVERAGE DISTRIBUTION

The data in table B.I for the mean values and the standard deviation for the

six site conditions were used to develop distributions for the closed window

condition. The procedure described above was used to obtain these estimates.
The results are presented in table B.3. Further, distributions corresponding
Co "national average" noise level reduction were also estimated. These esti-
mates are based upon the methodology suggested by Sutherland [15]. To obtain

these estimates, it is assumed that 80 percent of the population lives in a
cold climate with windows open 20 percent of the time and that 20 percent

of 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
suggested by Sutherland to be representative of the national conditions [15].

Equations (B-l) and (B-2) are used with the data in table B.I to estimate the

composite mean noise level reduction, equation (B-l), and the standard
deviation, equation (B-2), for aircraft noise, highway noise, and urban noise.
The methodology described in section B.3 is then used to obtain the distribu-

tion for each category of outdoor noise. The reBults are presented in
table B.4. For the urban noise environment, gutherland used an average mean

I noise level reduction of 21 dB with a standard deviation of 7 in his develop-
ment. The dlsCribution corresponding to these data are also presented in
table B,4.

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

L

(AI.AlavB 17.8; Oavg - 4.9

I,j. £j. P(_*::L) AP Inl:e_vaJ./'L XOOAP

-5 -4.65 0.0000

O. 0001

D -3,63 0.0001

O.O04t_

.5 -2.6]. O.OOtI5

O.0514

10 -1,59 0.0559

0.22B4 10-15 28,43

1.5 -0.57 0.2843

O.2157

17,8 0 0.5000 15-20 38,93

0.1736

20 +0.45 O.6736

0.2556 20-25 25,56

25 +J..47 O,9292

0.0644 25"'30 6.44

30 +2.49 O°9936

0.0062 30-35 0.62 S

35 "_3.51 0.9998

0,0002 35-40 0,02

/_0 "t-_,5_t 1.0000

0.0000 40..45 0.00

t_ '_'5,55 1.0000
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Table B.3. Percentage Distribution of Envelope Noise Level Reduction
for Existing Construction

WINDOWS CLOSED

AL A Aircraft Noise Highway Noise Urban Noise

Internal Climate El/mate Climate
Cold Warm Cold Warm Cold Warm

10-15 0.78 0.87 5.16 1.66 2.87 5.57

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

30-35 24,50 18.99 6.93 12.80 11.78 7.25

35-40 6.91 3.44 0.68 1.59 1.69 0.79

40-45 0.87 0.23 0.03 0,07 0.i0 0.03

Menn 27.6 26.4 23.0 25.0 24.5 23.0

Std Deviation 5.2 4.8 4.9 4.7 5.0* 5.0*

* Assumed values.



Table B.4. Percentage Distribution of Envelope Noise Level Reductlon_
National Averages for Existing Construction

_LA Aircraft Highway Urban Urban
Interval Noise Noise Noise Noise (1)

10-15 3.14 14.01 11.90 19.49

15-20 15.80 33.60 30.96 24.94

20-25 40.93 35.54 36.53 27.14

25-30 26.12 14.46 17.17 18.58

30-35 12.04 2.26 3.20 7.57

35-40 1.85 0.13 0.23 1.94

40-45 0.12 0.00 0.01 0.34

Mean 24.5 20.3 20.9 21.0

Std. Duv. 5.1 4.9 5.0 7.0

(i) Sutherland*s es_imatQ - Reference 15.



local conditions, The national highway traffic noise distribution in table B.4
is used in section 5 for the example benefit analysis, If the closed window

conditions are used rather than a composite of open/closed condltionsj one is

assuming that the existing construction provides 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 condition.
As a result, the benefit (decrease in impact) of implementing noise control
requirements in the building code will also decrease,

B-IO
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APPENDIX C

WORKSHEET FOR NO_SE-I_ACT ANALYSIS

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

The worksheet format was first suggested by Sutherland (15]o

IT+

_j

r_
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Table C.I Blank Work Sheet for Nolse-Impact EsClmates

OUTDOOR INDOOR

Ldno _P _o(Ldno ) _L_PPO Dis_rlbutlon of Envelope Nols_ Level Reducc_on_ _LA,dB
inter'a1 exp Row 10-15 dn 15-20 d_ 20-25 d_ 25-30 dB 30-35 dB 35-40 dB 40-45 dB

<55 dB O O Entry

L_nI_ 45 dB 40 dH 35 dB 30 dB 25 d_ 20 dB 15 dS
55-60 dB 0.1250

_P
exp

Ldn I _e dB 45 dB 40 dB 35 dB 10 SB 25 dB 20 dB
60-65 d_ O.37SO

_P

Ldn I 55 dB 50 dS 45 dB 40 dB 35 dB 30 dB 25 dB
65-70 dB 0.6250

&Pexp

Ldn _ 60 dB 55 dB 50 dB 45 dB 40 dB 35 dS 30 dB
70-75 dB 0.8750

_P
exp

LdnI 65 dB 60 dB 55 dB 50 dB 45 dB 40 dB 35 dB
rS-BO dB 1.1250

_F
exp

Ldn I 70 dB 65 dn 60 dB 55 dB 50 dB 45 dB 40 dB80-85 dB 1.3750

Total _LWPO _Pexp

Indoor Day-Night Sound Level, Ldni, dg 40 dB 45 dg 50 dB 55 dB 60 dB 65 dB 70 dg Row

Indoor Wo_ghtLn_ F_ctor, Wr(LdnT) 0 0.1250 0.3750 0.6250 0.8750 1.I250 1.3750 Tota._l

Indoor Population gxpoaed, _Pexp

Indoor Loyal I_tgllt_d Poilulatl_n , _LI4PI 0
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