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h0 iNTRODUCTORY SUMMARY

I. I Introduction

The exposure of communities to noise produced by commercial airport operations

represents one of the most severe environmental noise problems faced by this country

today. It is o challenging problem because of the diverse interests Involved and the many

different possible approaches that can be taken in search of e solution. To date, porHol

solutions have been achieved by introducing modified flight procedures, night curfewsj and

other aircraft restrictions- sorutions directed at the source of noise. The feasibility of

lend-use controls and protection of the nearby residents by soundproofing dwellings have

also been studied at certain airports. This study is designed to estimate the costs of

soundproofing dwellings lying within the Ldn 65 dB noise contours ot major U.S, commer-
cial airports, It forms one part of on overall systems program currently being conducted

by EPA to examine oil options for environmental noise abatement. The goat of this

soundproofing study is to achieve an interior sound level of Ldn 45 dB.

1.2 Method of Approach

The costs for soundproofing dwellings to achieve the stated criteria were developed

using the following approach. First, the noise reduction of existing dwellings was

calculated end combined with the exterior sound levels from airport operations to

determine the existing interior levels. The difference between these levels and the stated

criteria represents the additional noise reduction to be provided by soundproofing. The

modifications necessary to achieve this additional noise reduction were then identified

and costed.

The wide range of dwelling types and constructions found in the U.S. made it

necessary to develop a series of categories. Single-family dwellings were elessifled into

four main types - one-storyt two-story, bi-level, and split-level. Multl-family dwellings

were classified in terms of the number of units containedp the categories being 2, 3 to b.,

5 to 9, I0 to 49, and greater than 50 units per structure. For each dwelling category,

interior configurations were defined describing the number and size of rooms t and the

type of construction elements, I.e., wellp roof_ floor t etc., present in each room. This data

formed the basis for the calculation of noise reduction provided by existing dwellings.

To calculate the noise reduction, the sound transmission characteristics of each

construction element were specified in terms of o single numberp called the EWR rating.

The EWR ratings of typ{ccl dwelling elements were defined using a classification scheme

covering all constructions common to the U.S. The scheme uses the exterior wall and roof

I



construction as the basis for classification, treating other elements assubaategoriesor

potential options that may or may not be present in any dwelling type. The nation was
divided into eleven regions,each one incorporating areas of similar dweJIIngconstruction.

Jnthis way9 it was possibleto specify the noise reduction of dwellingsona regional basist
taking local features into account.

To determine the distribution of dwelling types in each region, and to obtain

detailed information on local dwelling characteristics that affect noisereduction, field

surveys were conducted at one airport _n each region, The airports surveyed were

selected on the basis that the toaaJdwelling characteristics were representativeof the

respective region. The information obtained was used to identify thetypes of modifica-

tions most suitable for soundproofingdwellings in each region.

The selection of soundproofingmodifications required for construction eJementsin

each dwelling category in each region was made using a cost optimizatlon technique to

achieve the interior noise criteria at the least cost. The costs for addinga ventilation

systemprequired to replace the natural ventilation that occurs through leaks in the

dwelling structure, were then added to the costs for structural modificationsto provide an

overall cost for soundproofing.

1.3 Results

A summary of the notional average costs (in 1981 dollars) for soundproofing

dwellingsin variousnoisezonesere shownbelow.

Numberof Unitsin Dwelling
LdnZOno Z 2 3-4 5-9 lO-J_9 50

65-70 d8 2,500 800 800 700 700 700

70-75dB 6_600 2,300 lpgO0 900 800 800

?5-80dB 13p600 5,100 4,100 1,600 I_200 l,O00

2
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2.0 BASIS FOR NOISE REDUCTION ESTIMATES

The first step in determining the soundproofing requirements for dwellings exposed

to aircraft noise is fa calculate the noise reduction provided by a generalized dwelling

structure in terms of its component building erements. The method for performing these

calculations is presented in this chapter.

2.1 Ger_raI, Expressions for Noise Reduction

When sound generated by aircraft operations impinges on a dwellingt some of the

energy is reflected by the exterior surfaces, and some is transmitted through the dwelling

structure to the interior where it is absorbed by room surfaces end furnishings, The

resulting sound level inside the dwelling is determined by the balance between the amount

of sound energy tronsmftted through the exterior surfaces end the interior absorption,

For o given amount of absorptions the interior sound fever depends on the amount of sound

energy transmlttedp which in turn is related dlrectly to the exterior sound level end the

transmission properties of the structure, increasing the absorption in the dwelling reduces

the interior sound level. The difference between the exterior and interior sound levels Is

called the noise reduction of the dwelling structure.

Sound energy is transmitted through the dwelling structure via two main paths -

airborne and structureborne. Airborne paths consist of open windows_ vents_ crocks

around windows and doors_etc._ that tend to transmit sound energy at high frequencies

more readily than ot tow frequencies. Structureborne paths include the main dowelling

construction elements_ such as wells_ roofs_ windows_ and doors. The exterior sound

generates vibration in these elements_ which in turn radiate sound to the interior. In

contrast to the airborne poths_ construction elements transmit sound more readily at tow

frequencies than at high frequencies. Moreover_ the amount of sound energy transmitted

is inversely related to the mass of the structure- the higher the mass, the less energy

transmitted to the interior. The ratio of the sound energy transmitted to that incident on

the structure is termed the transmission coefficient. The transmission properties of a

structure are commonly stated in terms of the transmission /ossp R, which is related to

the transmission coefflcientp l"pby the simple expresslont

R = -lOlog 'i", dE] (J)

Since the quantity 1" is always less than Ip the trensission loss R always takes a positive

value. The total sound energy transmitted is proportional to the product of the

transmission coefficient and the area of the structure.

,i 3



If the sound is transrnitted from outdoors to a room via o single construction

elementp such as o wall, it is shown in Appendix A that the interior sound level L 2 is
given by the following expression:

L 2 = k I + 101og('rS) - 10toga + 6_ dB (2)

where k I is the exterior free-field sound level, S is the area of the efement_ and A is
the room absorption. The nolse reduefion_ D_ is then

D = LI - L2 (3)

If the sound is transmitted through "n" such constructfon elements, then

L2 = L I + 10log 'ri S - 101ogA + 6, dE] (41

where 'ri and Si ore the transmission coefficient and oreo_ respectrveiy_ of the _th
construction element.

Since the value of 1"(or R) varies with frequency, the interior sound level L 2 and

the noise reduction D will also very wrth frequency. It is common practice to specify R

in octave or one-third octave bands end to compute the interior sound level separately in

each bond before combining the levels to obtoln the A-weighted level. This relatively

simple procedure becomes time-consuming if calculations are required for many different

construction types. It is more convenient to assign a single-number value to the

transmission loss R that can bu inserted into Equations (I) end (2) together with the

exterior A-weighted sound level LAI to give the interior A-weighted sound level, LA2.
The concept and development or a single number value or rating termed the External Wall

Roting_ RE_I for the transmission loss of o construction element_ is explained in detail In

Appendix B. Inserting this value into Equation (4), the expression for the A-weighted

interior sound level becomes:

-i

where 'rE = Io(RE/IO) o The noise reduction is then given by the expression:

Note that an additional constant of 6 dB has been included to account for the spectral

characteristics of aircraft noise, Different constants must be included to calculate the



interior levels produced by other types of exterior noise sources.I The validity of this

simplified method has beendemonstrated bycomparing measuredand calculated values of

noise reduction for several buildlngs exposedto aircraft noise2

The calculation of ff_enoise reduction, D, for dwellings exposedto aircraft noise

was performed using Equation (6). The values of 'rE ore dependent on the type and

composition of the dwelJing, and were determined from tile single.number ratings RE for
each structural element. A full diseusslon of dwelling types and their construction is

given in Chapter 3.0. The renewing sections in this chapter describe the rationale for

selecting values of structural element area S, andabsorption A.

2.2 Structural Element Areas

Soundis transmitted from the exterior to the interior via oil the structural elements

of o dwelling. The amount of sound transmitted by any given element depends on the

construction materials and will vary considerably from dwelling to dwelling. Accordingly,

to account for all the different types of dwelling common in the United States, it is

necessary to include ell structural elements as potential paths for sound transmission.
Theseelements are as forlows:

e Walls

e Roofs

e Floors

• Windows

• Doors

The noisereductionprovidedby o givendwellingdependsnotonlyon thesound

transmission characteristics of each elements, but also on their relative areas- see

Equation (6). Since both type of elements and their areas vary from room to room in a

dwelling, it follows that the noise reduction is room specific. Therefore, the colculatlon
of noisereduction and subsequentestimates of soundproofingcostsmust beperformed for

each room type. Table I shows the configurations of rooms assumedfar the four most

common types of sing/e-family dwellings- namely, one-story, two-storyj bi-level, and

split-leveh Any of these types hove the option of slidlng glassdoors, so there are eight

basic single-fatuity dwellingconfigurations that must be considered. The remainder of the

table indicates the type of elements applicable to each room type. For example, every

room in a one-story dwelJinghas some specified ("Spec." In Table t) roof and floor, but

generally only two roomshave doors,one of which may be a sliding glass door. In o two-

story dwel/ingt every upper-level room has a specified roof but no doors. Since the floor

, 5
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of on upper-level room is internal to the dwelling9 it is not an element for aaleuratTonof
noise reduction from the exterior and thus is assumedto have an infinite transm(ssion

loss. Similarly_ the.ceiling of a lower-level room is considered to have on infinite

transmission loss. The total number of rooms for each typeof slngle-family dwelling were

determined from typlcol dwelling configurations.

The total living areas assignedto each dwelling type in Table I were obtained from

stat istics developed especially for this study by the National Assoaiot?onof Home Builders

(NAHB). The values ore averages of over 200,000 single-family dwellings constructed

since 1976- data for earlier years was not available- and may be larger than those for

the average dwelling regardlessof age. This will tend to result in an underestimate of the

noise reduction and o subsequent overestimate of modification costs for soundproofing.

Dividing the living areas for each dwelling type by the number of rooms leads to the

conclusion that the average room size is about 250 ft 2. Again, this value is large_since it

includes an equal pro-rating of the area of corridors, foyers, and other non-assignable

space, and assumesthat each room is of equal size. To calculate wall areas, it is assumed

that each room is 8 feet high and square. The latter assumption _ntrodueesan error of

less than 5 percent in calculating wall areas for rooms covering o range of reasonable

aspect ratios. Thus the dimensions of each room were defined as 16feet by 16feet by

8 feet. For single-family dwellings, it was futher assumedthat two of the walls, of each

room, as well as the roof (where applicable) were exposedto the exterior sound. Using

this data together wHh the configurations shown in Table I, the area of each major
construction element was defined. Addltional data extracted from NAHB files indicate

that average areas for other elements ore as follows:

e Windows- t2 percent of wall area
• Doors-20 ft 2

• Sliding GlassDoors-40 ft 2

A similar approach was taken in determining configurationsand overage areas for

elements in multi-family dwellings. Each apartment unit In o multl-family dwelling was

assumed to consistof four 2S0-square-foot rooms, representingthe living room, kitchen

anddining area, and two bedrooms. Units both with and without sliding glassdoors in one

of the rooms were considered_and camblnedusinga ratio appropriate to the given region.

In southern areasa single external entrance door was assumedfor each unit in two-story

multiple dwellings. In other regionsof the country and for all buildingsof three or more
stories, it was assumedthat all entrance doorsto the apartment units were internal to the

building. Since the basic transmissioncalculations for a room assumetwo external wails,

correction factors were applied to account for the lesser numberof external walls in a

multi-family dwelling.
7



2.3 Room Absorption

The amount of absorption present In a room is determined by the type and number of

furnishings, such as carpets, drapes, and furniture, and is specified as the equivalent area,

in square feet, of surfaces in the room that absorb all incident sound, To a large extent,

the absorption in a room Ts independent of frequency, as shown by the data in Figure r

token in 20 homes of differing sizes in Los Angeles. I This is a convenient result, since it

allows a straight overage value of the absorption to be used Tn Equation (6) to determine

noise reduction. As expeoted_ the data shows that the absorption is greatest in living

rooms and least in kilchens, for the reason that living rooms contain many more absorbent

furnishings and ore larger than kitchens.

For the purposes of this study, it is necessary to determine the average absorption in

a room of area 250 ft 2. A search of the published literature was unsuccessful in

unearthing any significant body of data on room absorption in dwellings. Accordingly, the

overage values were based on the data shown in Figure I. The average value of absorption

over the frequency range 250 Hz to 2000 Hz for living rooms and bedrooms (representa-

tive of the majority of rooms In o dwelling) is plotted against room size in Figure 2. It

can be seen from the regression relationship that there is 300 ft Z of absorption in o room

of size 2S0 ft 2. Accordingly, the value of l0 log A that is subsequently used in

Equation (6) is 2S.

. _, .4 r. _ ¸,.:4 _._ _.; ,.. _,_ ...... _ _ , _
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3.0 RESIDENTIAL CONSTRUCTION CHARACTERISTICS

To define the EWR ratings of typical dwelling elements_ a classification scheme

was developed covering aft constructions commonly found in the United States. The

scheme uses the exterior/interior wall and roof construct/on as the basis for classifica-

tions treating other elements as subcategories or potential options that may or may not be

present in each region. This chapter describes the formation of the scheme, and gives

estimates of noise reduefionj calculated using Equation (6)j for dwellings fn each category.

3,1 Construction Types

The patterns for construction of dweJtings in different regions of the country are

fairly well established and are influenced by factors such as climate conditions,

availability of materials and labor_ local building codes, design loads (e.g._wind, seismlc,

or snow), local historical trends, and local economic conditions. In this program, the

primary interest is to determine the noise reduction provided by the exterior shells of

dwellings. Therefore the construction details required are those that influence the

transmission of aircraft noise to the interior of the dwellings. The factors that determine

the noise reduction of a dwelHng are as follows:

• The type, number, and size of windows and doors;

e The exterior/interior* wall materials;

• The roof/ceiling construction;

= The floor/basement configuration;

• The presence of vents, chimneys, mail slots, etc.;

• The presence of sound leaks at the edges of windows, doors, and other building

elements;

• The presence of aJr-conditloning or ventilation units -- central system, through-

the-walb and window units.

In a previous studys an attempt was made to geographlcaJly subdivide the nation into

six regions in which residential housing construction patterns were fairly homogeneous3

Expanding this work to provide o more detailed categorization of construction charac-

terlstics_ and to include areas outside the contiguous 50 states results in a rata/ of

JI regions as shown in Figure 3. A brief description of each region is given below.

* Interior in this sense means the Interior surface material of the exterior waq.
Interior walls separating rooms within a residence are not Included in this program.

; tl



C C
_

C
)

"0 F
)

n



Region A: The PocifTcCoastline. The climate is relatively mild as for in#andas the

Sierra Nevada foolhills. Additionally, this region contains three major metropolitan
sections.' SanFranci:sco-Ooklond-SanJose complex, Los Angeles-Orange-Riverside-San

BernardJnoCounties complex, and the SanD_egoCounty area. The population concentra-

tion Tsrelatively high, bringing with it the influx of skilled trades. Lumber is plentiful as

are aggregates for concrete, and most all other standardbuildlng materials, explaining the
proliferation of stud-and-stucco construction, modified by the higher cost systerns such as

brick veneers. The higher economic level of o metropolitan and Industrialized area

permits use of more expensive methods and materials for aesthetic purposes. SeJsmicity

far this region is high and is an important consideration.

Region B: Inland Southern California, Southern Nevocla,and Southwestern Arizona.
Climate is a prime factor; hot, dry summersand relatively mild winters. Closely spaced

metropolitan areas da not exist. Lumber is imported, but sand and aggregates for

concrete block are plentiful. Therefore, in this region, buildings will hove a greater

percentage of concrete masonry. As a further incentive, concrete block structures ore
cool in the longsummers. The common stud-and-stucco combination is also popular, as in

this region it is again the most economical and durable. Additionally, maintenance is low

for stucco in relation to wood, which needspaint mare frequently.

Region C= The Gulf Coast and Atlantic Coastline. This region enjoys a relatively
mild climate with high humidity, and is subject to violent tropical storms. Cloy for brick

is relatively abundant, as is local lumber. Therefore_ lessstud-and.stucco construction is

usedas it is more susceptibleto molsture, and the brick and concreteblock construction

rs more popular. When wood framing is used, it is often protected by brick veneer.

Becauseof the high humidity and generousrainfall, concrete block ls often protected by

exterior plaster,

RegionD= Eastern Seaboard and inland to Central Illinois. Both cilmote and
concentration of populationcomprise the prlme influence here, The climate is quite cold

for half the year and insulation properties ore important, Both brick cloy and local

lumber ore ovoileble_and the lobar availability in all tradesis generallygood,

RegionE: New York.City. Single-family dwellings ore similar to those found in
Region D, but the central urban area consists largely of row houses and high-rise

buildings.

RegionsF and G: Central Southand Great Lakes(Western)States. Although these

regions hove considerably different climates, the average construction is similar due to

economics. Lumber is local and plentifut, ns is cloy for brick. Away from metropalitan
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areas, union influences ore not sostrong_and carpenters are frequently jack-of-all=trades_

laying brick and block, installing gypsumboard or plastering.

RegionsHI Jt and K: Central States. These regions of different climatic oonditons
are governed more by economics than by climate. Most parts of this region experience

beJow-freezing winters and hot, moderately humid summers. More important, however, is

the aommonaJity that, with the exception of very localized spots such as the Seattle-

Tacoma area, there is no concentration of urbanization and Industrialization. Conse-

quently, the economy of the region is the prime factor, and materials and construction

combinations giving best insulation at least cost are predominant. In this region, the

carpenter is frequently the general builder. Material influences are again balanced

between the easy transportability of lumber and the general local availability of clay for
bricks. Thus the construction norms for different parts of the region are stmilor for
different reasons.

Region L: Hawaii. Generally lightweight construction for walls and roofs, with
heavy use of wood products. The climate is mild throughout the year so that insulation Is

not required.

Additional data contained in Reference 3 as well as other sources2'4 provide

informa-tion on the frequency of use of various construction types for each region and the

EWR ratings for each construction. As an example, Figure 4 showsa matrix of building

elements developed for Region D with the frequency of use of each constructlan type
indicated on a scale from 0 to 5. A "5" indicates a building e/ement which is used very

oftenl a "0" Indicates one which Js never used in that area of the country. Similar

matrices for the other regfons are given in Appendix C. This data is sufficient to define

the range of residential constructions for single-family and multi-family residences in

each of the geographical areas.

3.2 Development of a Classification Scheme

The first step in developing a classification scheme was to examine the construction

matrices applicable to each Region, and eliminate the combinations marked "0", "1", and

"2", as these are rarely used_ntypical dwellings. The remaining combinationsof exterior

and interior wall constructions were then grouped into categories of the same, or

essentially the same, EWR ratings using data from References 2 and4. The criteria used

in this stepwas to combine construction types with EWRratings lying within a band 4 dB

wide. For example, in Figure 4, exterior materials B and C were combined, as were

H and I, since their transmissionlosscharacteristics are very much the same. Similarly,

t_
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EXtERIO_

Alum.S1dln9/I/2"Wood A 2 2 3 3 3 3 3 3 C 2 3 2 I 2 0

7/8" Stucco/Popur B 2 3 3 3 3 3 3 3 0 2 3 2 I 2 0

710"Sluccolll2"',Vood C 3 3 3 3 3 3 3 3 0 2 3 2 I 2 0

I/2" WoodS_J_ng D 2 2 2 2 2 2 2 2 D 1 2 2 I 2 O

3/4" V,'oadSldina E 4 4 4 4 ,1 4 3 3 0 2 3 3 I 3 O

4-1/2" BrickV=n=er F 3 3 2 2 3 3 2 2 0 2 3 2 2 2 0

9" Brlck G 5 5 3 2 0 3 3 3 5 3 2 5 2 5 4

4"CQncrct= I'l I I 0 O 0 I I I l 0 0 ] 0 I 0

6"Concrcm I 2* 2* I I 0 2" 2' 2 _' 2* 2" I '_ 2" I* 2" 0

B"Concreta J 3* 3* 2 _ 2* 0 2'_ 2 _ I* 2 _ 2* I* 2* I* 2_ 0

6"Hollow Conc;et_Biotic K 2 2 I f 0 2 2 2 2 2 I 2 I 2 0

8"llollaw Concz_la_lock k 2 2 2 2 0 2 2 2 2 2 I 2 I 2 O

6" Blockw/I/2" Stucco. M 2 2 I I 0j 2 2 2 2 2 I 2 I 2 O
i

8" Blackw/1/2" Stu_ce
N 2 2 2 2 0 21 2 2 2 2 I I 2 I 2 0

* Multi-Family Dwellings.

Figure l_. Frequency of Use of Common Construction for Region O 3
(S is most frequently used; 0 is never used).



interior materials ] and2 were combinedpas were 3 and 4. In this way, it waspossible to

develop o manageablenumber of categories representing the range of exteriorinterior

wall constructions. ,The range of roof/ceiling constructions, with or without attics, is

fairly Iimitedpend generally follows o well-defined pattern in each community. Accord-

ingly_ it was possible to identify five primary roof/ceiling constructions that cover the

majority of types in any region. The selected constructions and EWR values for walls

and roofs ore shown in Figure 5, These form the basic residential categories in the

classification scheme, Other building elements were considered assubcotegorles.

Floor systems can be conveniently divided into three categories- concrete slob,
wooden floors over o vented crawl space, and wooden floors over a basement. The

concrete slab floor is in direct contact with the ground and hence provides no path for

sound transmission. Woodenfloors do provide a sound transmissionpath via side vents or
basement windowsanddoors.

In examining the statistics of data measurednationwide, SutherlandandSharpShove

shown that the noise reduction of existing dwellings is primarily a function of the number
and orientation of windows. Furthermore_ the variation in noise reduction for nominally

similar dwellings is probably more a function of the differences in the degree of weather

stripping around the windows and doors_and in construction quoltty, than of the other

design details. With good weatherstripplngp there Is little difference in the sound

transmission loss of the different types of single-pone windows. Accardingly_ only one

category of single-pane window was spec_fied_but two categories of condition were

specified, namely:

• Good: As new, wHh weatherstripping and seals in good or fair condition

providinga reasonablytight fit betweenwindowand frame.

• Poor: Weatherstr]pping and seals worn and in need of replacement, providing a
loosefit betweenwindow and frame.

In areas that experience cold winters, weotherstripping will normally be in goodcondition;

in other areas, the poorcondition Ismore prevalent.

In many areas of the nation it ls common to install storm windows in the winter

months to provide additional heat insulation and conserve energy, By forming o double

window system, storms effectively increase the noise reduction of a dwelling, and hence

were consideredas a windowoptionin the classificationscheme. Although they are often

removed in the summer monthspstormscould be consideredas a year-round additionand
ore available for constantusefor noisecontrol.
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BASIC CATEGORIES:

EXTERIOR WALLS E WR (dB)

I, Aluminumor WoodSidlng 37

2, Stucco 43

3. Brick or Veneer 54

tl, Concrete $8

S. Hollow Concrete Block 49

ROOFS

I, Vented Attic (With / Without Absorption) 50/47

2. Single Joist- Light 4l

3. Single Jolst- Heavy /Ill

4. Exposed Roof- Light 33

5. Exposed Roof- Heavy 39

SUBCATECORIES=

FLOORS

I. Slab o_

2. Vented Crawl Space 49

3, Basement 49

WINDOWS

I. Double-Strength Glazing 25/28*

DOORS

I. Hollow Core (HC) 20/22*

2. SolidCore (SC) 24/27*

3. Sliding Glass (SGD) 27/31-

* Poor / Good Weatherstripplng Condition

Figure S, Construction Elements For Dwelling Categories.
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Exterior doors ore either hollow-core, solid-core, or sliding glass. The condition of

weatherstr[pping as described above for windows was also applied to doors, the presence

of storm doors was included as an option. The constructions selected for subcategories

together with their respective EWIR values are also shown in Figure S.

3.3 Noise Reduction of Dwellings

The EWR data for dwelling categories was combined with the details on dwelling

configurations and room absorption developed in Chapter 2, to calculate the noise

reduction of dwellings using Equation(6). The calculations were performed for all

possible combinations of construction elements incorporated in the classifications scheme,

including the effect of poor/good conditions and storms for windows and doors. The

resulting values of noise reduction vary very little witi_ the type of want roof, and floor

construction, but depend mainly on the type of window end door. This is to be expected

from the EWR values of the various elements shown in Figure 5 - the values for windows

and doors being considerably lower than those for the other elements. As o resulh the

baseline values of no}so reduction for dwellings can be summarized as shown in Table 2.

In this tablep the effect of window type enters in the "Storms" co]urea since o "Yes"

indicates both storm doors and storm windows. The following facts emerge from this

analysis_

• The noise reduction of dwellings lies generally in the range 18 to 27 dB depend-

ing only on the type of windows end doors.

e The difference between poor and good conditions is on the order of 2 riB.

Clearly, there will be individual situations where extremely poor weather-

stripping con result in larger differences.

• The effect of adding storm windows is to increase the noise reduction by about

4 dB.

• The noise reduction for rooms with a door is 4 to 6 dB less than that for rooms

without a door. This demonstrates the need to consider oil the different room

configurations shown in Table I.
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Table 2

Baseline Valuesof Noise Reduction

CONDITION
DOOR STORMS

POOR GOOD

HC NO 18 19

SC NO 20 21

SGD NO 20 23

NONE NO 22 2/I

SC YES 24 25

NONE YES 26 27

HC: Hollow Core

SC: Solid Core

SGD: Sliding GlossDoor
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4.0 FIELD SURVEy OF" RESIDENTIAL TYPES

The soundproofing requirements for dwellings will be basedon the existing valuesof

noise reduction shown in Table 2 of the previouschapter, These requirements will vary

from region to region due to the difference in housing configurationsj construction ryes,

end window and door types. A field survey wasconducted at one airport in each region to

define the regional dwelling characteristics andto verify that the residential categories
were all-inclusive.

4.1 Survey Deskjn

The purpose of the fJe!d survey was to determine the distrlbution of dwelling types

located within the Ldn 65noise contours at selectedairports. Oneairport was assignedto
each region, the sereetion being based on the populated land area encompassedby the

Ldn 65 contour, and on the requirement that the dwellings in the local area be somewhat
representative of those withln the region. The selected airports and the region they

represent ore presented in Table 3. (The locationof each airport is indicated onFigure 3.)

The Ldn 65, 70, 75, and 80 noise contours for each of the 10airports were developed
by ORI using Version 2.7 of the Integrated NolseModel. Thesecontours were transferred

to local USCS maps for each airport to define the boundaries of the field survey. The

populated land areas within the Ldn 65 contours for the larger airports, i.e., LAX, MIA,
PHLs LGA, and SEA, were too extensive to permit a complete survey of dwelling types.

Accordingly, the following sampling procedurewasestablished for theseairports:

• Sample areas approximately one-half mile square were selected for each area

containing o homogeneousdistribution of dwelllng types.

• Sample areas were selected for populated land areas lying between the Ldn 6S
and 70, 70 and 75, 75and 80, and 80 to 85dB contours.

• Each sample area wasassignedto one or morecensus tracts.

• The distribution data obtained from each sample area were weighted by the

number of dwellings in the assignedcensustract and then summedto provide the
dt_lributlon for the entire contour area.

For the remaining smaller airports, the land areasencompassedby the Ldn 65 contours
were sufficiently small to allow a complete surveyof the entire area. No field survey was

conducted for Region L-Hawaii: the data for this region were collected by contacting

local buildingdepartments and contractors.
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Table 3

Airports Selected For Field Survey

Airport (Designation) Region

Los Angeles(LAX) A
Tucson(TUS) B

Miami (MIA) C

Philadelphia(PHL) D
LaGuardio (LGA) E

Nashville (BNA) F

Lansing (LAN) G
SiouxFoils(FSD) H

Seattle (SEA) J

SanAntonio (SAT) K
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The data were collected using the worksheet shown in Figure 6. In each sample
areal each dwelling was entered onto the worksheet in the appropriate square of the

wall/roof matrix_ and. identified by a number I through/4 corresponding to the dwelling

type. A separate worksheet was used for each street within the sample area, the

information at the bottom of the page being a summary for the particular street.

4.2 SurveyResults

The results of the survey for single-family dwellings are given in Tobies/I andS.

Table 4 shows the percentage of dwellings In each construction category together with

floor constructions for each airport. Table S presents the other relevant data necessary

to determine the soundproofingrequirements in each region. All percentages have been
roundedto the nearest five percent. Similar data for multi-family dwellings is presented

in AppendixD. An example of this data for Miami International Airport (RegionC) Is
shown in Table _;. In many cases, the data sheets shaw blank entries where the field

surveyshowedno dwellings of a certain category.

Comparing the data in Table 4 with the discussion of regional dwelling charac-

teristics in Chapter 3 shows fairly good agreement. One interesting fact that emerged

from the survey is that the distribution of dwelling types and the condition of the

dwellings was essentially the same in all kdn zones. There was no apparent overall

deterioration of dwellings in the higher Ldn zones- on the contrary, at several airports,

expensive single- and multi-family dwellings were located Inside the Ldn 65 and 75
oontours_some of them currently under construction. Since the survey was limited to

areas lying within the Ldn65 contourit is not possibleto draw any generalcomparisons
with dwellingtypesandconditionsin other areasof the cities visited.
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CITY: DATE: Ldn: 65 70 75 80 "85

SAMPLE AREA: STREET NAME:

COMMENTS:

'r_ o o o o
< o_ _ co> U ZUco a_:_b3

House Types:

VENTED ATTIC Type h
One-Slory

FT_3

LIGHT Type 2:
SINGLE Two-Story

JOIST

HEAVY Type3:
Bi-Level

LIGHT

Type 4:
EXPOSED Spli t-Level

CEILING
HEAVY

STORM DOORS

Condition (Good/Poor): Forced-Air Systems: '_

Slid[ng Glass Doors:. % Window A/C Units: %

Doors (HC/SC):, 9& Mobil Homes:

Chimneys: % Average Price: $

Heating Fuel: Oil Gas Elec , %

Figure 6. Resldentiol Worksheet Used In Field Survey.
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Table Ii

Percentages of Dwellings in Each Conslruetion Category
And Floor Constructions For Each Region

REGION AND AIRPORT

CON'STRUCTION A B I C D E F G H J K k
CATEGORY I

LAX TUS MIA PHL LGA BNA LAN FSD SEA SAT HI

SIDING / VA 15 -- IS 30 15 IS 40 55 60 60 --

" / SJL ...... 35 50 -- /iS 30 30 -- 100

" /ECL ................ '5 ....

STUCCO / VA 80 S .............. S --

,..., t, / SJL .5 S ..................

BRICK / VA -- 80 -- 10 5 80 10 -- 5 35 --

" / SJL -- 1O -- 10 10 S 5 ........

" / SJH ........ IS ............

CONCRETE/ VA ...... S ...... 10 ......

" / SJL ...... 10 S .... 5 ......

HC BLOCK / VA .... 75 ................

" / SJL .... 10 ................

SLAB FLOOR SO 100 75 15 S -- I0 S "- 90 100
CRAWL SPACE 50 -- 2S S IO 15 .... 50 I0

BASEMENT .... 80 85 85 90 95 50 --

* VA-Vented Attic_ SJL- Single-Joist Roof_ Llghtt SJH-Single-Joist Roofs Heavy_ECL-Exposed Ceilingt
Light.



T_ble 5

Miscellaneous Informcltion For Each Region
(Numbers Expressed as Percentages)

REGION AND AIRPORT

MISCELLANEOUS A B C D E F G H J I< L
INFORMATION

LAX TUS MIA PHL LGA BNA I_AN FSD SEA SAT HI

CONDITION-- 60140 70130 75_25 I 70130 60140 85115 60140 55/45 65135 80_20 SO/SOGOOD / POOR

SLIDING GLASS 20 -- I0 I0 10 I0 15 5 30 75 60
DOORS

DOORS-HC/SC " 25/75 35/65 5/95 -/100 -/100 -/IO0 5/95 -/IOO 45155 25/75 10/90

FORCED AIR
SYSTEMS 30 90 40 60 10 70 85 95 60 95 --

STORMWINDOWS ...... 40 80 80 5 85 -- I0 --

STORM DOORS ...... 50 80 80 95 95 80 I0 --

HEATING FUELI
OIL I0 .... 50 70 -- 5 -- 30 ....

GAS 90 80 -- 58 20 25 95 100 40 95 --

ELECT. -- 20 I00 -- 10 75 .... 30 5 --

WINDOW AIR
CONDITIONING S I0 60 40 48 40 5 I0 -- IS I0

_" Hollow Core I Solid Core

.................................. . - mi



Table6

Multi-FamilyHousingDataForRegionC
(Numbers ExpressedAs Percentages)

NUMBER OF UNITS

2 3-zo 5.-9 IO.-49 250

NUMI3F_ROF STORIES=

TWO IO0 I00 I00 SO

THREE 50 20

FOURORMORE 80

CONSTRUCTION;

SIDING / VA

SIDING / SJL

STUCCO/ VA

STUCCO t SJL

BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE / VA 20 20 40 40

CONCRETE/ SJL 80 80 60 60 100

CONCRETE / SJH

SGD 20 20 20 30 80

WIIVDOW A/C UNITS 60 60 ] 80
8O 8O

FUEL: ELECTRICITY: 100 GAS: OIL:
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5.0 SOUNDPROOFING MODIFICATIONS AND COSTS

The criterion established for this soundproofing study required that the interior

sound level in dwellings exposed to noise from aircraft operations shall not exceed

Ldn 45 dB. This chapter describes the analysis performed to define the modifications
necessary to satisfy this criteria and presents estimates of the cost of these

modifications.

5.f Soundproofing Requirements

The degree of soundproofing required to satisfy the interior noise criteria depends

on the exterior sound lave/ and the dwelling construction characteristics. The mln/mum

sound level to be considered for the soundproofing program Is Ldn 6St the maximum is

Ldn 80 since virtually no dwel/ings were noted in areas exposed to higher levels, For the
purpose of defining soundproofing requirements_ this range of levers was divided into three

5 dlq ranges centered on Ldn values of 67.5_ 72.5_ and 77.5 dB.

Using these exterior sound levels and the baseline noise reduction ve/ues for

dwellings shown in Table 2, the required increase in noise reduction was calculated. The

results are presented fn Table 7t far dwellings having different window and door types_

without and with storms. The fTetd data an window and door types (see Chapter 4) was

averaged over the I0 surveyed airports to provide weighting factors for each configura-

tion shown in Table 7_ from which the natlona/ average additional noise reduction was

determined.

A review of Table 7 shows that on/y I dB of additional noise reduction is requlredp

on overage_ for dwellings exposed to Ldn 67.5 dB_ the mid-point of the Ldn 65 to 70 dB
zone, tn facts no increase at oil is required for dwellings with storm windows and doors.

At o level of L.dn 77.5 dB, however, an average _ncrease of IOdB is requiredj with
individual rooms requiring up to 15 dB. It should be noted here that the average data

presented in Table 7 is for illustrative purposes only. The requirements for each dwelling

type Included in the field survey were calculated separately to determine the total cost of

soundproofing.

The required increases in noise reduction specified in Table 7 assume that the

exterior dwelling surfaces are exposed directly to the source of sound - namely, aircraft

operations. In many casess at least one of the four walls of a slngle-family dwelling will

be facing away from the airport and hence will be shielded from the source of sound.

Measurements indicate that the sound level on the shielded side of a dwelling is about

10 dB less than that on the exposed side3 Aceordinglys for rooms on the shielded sides the
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Table 7

Required Increase in Noise Reduction For Dwellings

L_ ZONE MID-POINT, dB

67.5 72.5 77.5

POOR 03/0 + 5.5/I.S 10.5/6.5
NO DOOR

GOOD 0/0 3.5/0 8.5/4.5

POOR 4,5/0,5 9.5/5,S 14.5/10,5
H C DOOR

GOOD 3.5/0 8.5/4,S 13.5/9.5

POOR 2,5/0 7.5/3.5 12.5/8.5
SC DOOR

GOOD I,S/O 6.5/2.5 11.5/7.5

POOR 2,5/0 7.5/3.5 12.5/8,5
S G D

GO00 010 4.510.S 9.51S.5
m

, =

+ NO STORM WINDOWS/WITH STORM WINDOWS

* National Average

28



values of increased noise reduction shown in Table 7 can be reduced by 10 dB. Because of

the uncertainty involved In predicting the number of shielded rooms in a dwelling, this

factor was not included in estimating soundproofing costs.

5.2 Soundproofincj Modifications

A selection of the modifications required to achieve Ldn 45 dB can be mode by

considering the three basic paths by which sound enters the building_ narnely via

• air filtration paths (gaps and cracks);

• small wall elements (windows and doors); and

• main wall elements (woilsj roofs, and floors),

These paths are illustrated conceptually in Figure 7.

Air infiltration paths are the smell gaps and cracks that normally exist around doors

and windows. Naturally_ the more such leakage paths there are, the lower the noise

reduction of the buirding will be- even if the EWR of the walls is reratively high. The

calculated values of noise reduction presented in Chapter 3 include both "poor" and "good"

conditions, although it _s possible to note lower values in extreme cases. The improve-

ment in noise reduction that con be obtained merely by treating the leakage paths without

modifying the windows, doors, or other building elements was shown to be on the order of

2 dB, but could be as high as S dB depending on the condition of weatherstrlpplng and

seals. Thus the first step in increasing the no_se reduction of residences is to seal all

infiltration cracks using weatherstr]pplng, non-hardening caulking, end door threshold

seals. This is termed Stage I soundpreofing. If the sealing of cracks and leaks does not

achieve the desired interior levels, then modifications of the building elements are

required.

Since small wall elements such as wlndows end doors usually have EWR values less

than that of the surrounding wall, they must usually be modified in the second stage of

soundproofing. This second stage should upgrade small wall elements to an EWR whTch

approaches that of the surrounding wall. This is achieved by replacement with improved

elements and can result in noise reduction increases of up to I0 dE]. One basic small

element modification is the installation ef storm doors and windows. These can provide

substantial increases in door end window EWR valuesp but they must remain Fn place if

the benefits are to be realized year-round. In this stage of soundproofing, it is usually

necessary to install acoustic baffles in theair vents, chimneys, and kitchen ducts.

The flnal alternative, if the previous two stages do not provide adequate noise

:; reduction, is modification of the main well elements, the basic wall and roof construction.!:
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[] _Qpen Chimney

[]

LI "

__' [] Air Infiltration (Gapsand Craoks)

[] Small Wall Elements (Windows
and Doors)

[] I '_ r-_ w;._o_ [] MolnWallElement,lWoll,o.d
v" Root)

I
I ..... .,,

"_4_Z_,_/,;_.,....{_:_,_,_,;,,!;L4."

Figure 7, Conceptual IHustratian af the Three Major Types of Paths
By Wh[ch Noise Is Transmitted to Building Interiors,
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This major noise-attenuating technique can provide the substantial increases in noise

reduction that may be required In the noisiest areas, This is termed Stage 3

soundproofing.

The above description of the requirements for soundproofing dewerlings is general

and thus subject to changes for individual dwelling types, For example, it may be

necessary to modify windows_ doors_ and roofs to achieve a 5 dB increase in noise

reduction in caseswhere the roof forms a major soundtransmissionpath.

The specific modifications considered for soundproofing the various construction

elements of single- and multi-family dwellings are as follows:_7

WALLS:

(I) Add a single layer of drywall cemented to the interior surface.

(2) As (I) plus sound-deadeningboard cemented to the interior surface.

(3) Add o single layer of drywall to the interior surface on resilient channels

with absorption in cavity.

(4) Add single layer of drywall to the interior surface on metal studs.

(S) As (/_) with absorption in cavity.

ROOFS:

(I) Addinsulation to the attic space,

(2) As (I) plusa singlelayer of drywall applied to the top of the ceiling joists.

(3) As (2) plus sealsapplied to eave openingsand instarl vents with absorbent
linings

(4) Addo single layerof drywall to the undersideof the ceiling.

(S) As (8) but apply on resilient channels.

(6) Remove existing ceiling and replace with two layers of drywall on resilient
channels.

WINDOWS (BASELINE: SINGLE-STRENGTH GLAZING);

(I) Replace/addweatherstrlpping.

(2) Addedgeseals to openableseeflons_seal fixed sections.
(3) Addstorm windows.

(8) Add edgesealsand storm windows.

(5) Adda secondwindow(doublestrength) at o spacingof 8 inches.

_ (6) As (5) but use I//_-inch glazing,
_J
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DOORS (BASELINE HOLLOW-CORE DOOR):

(I) Replace/odd weatherstripplng.

(2) Add a storm door.

(3) As (I) plus add a storm door.

(4) Replace with solid-core door and vinyl bulb edge seal.

(5} As (4) plus o storm door.

(6) Replace with an acoustical door.

(7) As (6) plus o storm door.

FLOORS:

(1) Add absorption to the under floor surface.

(2) Add absorbent lined vents to the crawl space openings.

: (3) As if) plus (2).

: (4) Replace weotherstripping on basement door and windows.

i (S) As (4) plus add storm windows.

5.3 Ventilation Requirements

As noted above, air leakage paths are the controlling factor for noise reduction in

dwellings. Attempts to achieve benefits by structural modifications are wasted if air

leakage paths are not first treated. However, once air leaks ore sealed, ventilation must

be provided by other means in order to preserve the interior air quality. In warm or humid

climates_ air conditioning may also be requiredt and energy must be expended to move and

condition the air.

The exchange of the air inside a building with fresh outside air Is a natural and

necessary process. It is necessary in order to rid the building of air which has o h_gh

density of carbon dioxide, to clear Ihe air of contaminants such as smoke from cigorettes_

cooking and heating by-products, dust, etc., in order to make the inside space mate

comfortable for the inhabitants. Currently, residential buildings in the U.S. have air

infiltration rates of one to two air changes per hour 8 An accepted general ventilating

practice suggested by the American Society of Heating, Refrigeration, and Air Condi-

tioning Engineers calls for a minimum of one change per hour and greater in areas of

heavy smoking. However, homes have been built in Canada, Sweden, and

the U,S. with air infiltration rotes on the order of one-quarter air change per hour. While

reducing the air infiltration rate to this law level does indeed lower the energy usage,

there ore health hazards associated with it which must be taken into account.9 These
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problems include increased odors from human activity, increased humidity in the buildings
and increasedchemical contamination suchas formaldehyde and Radon produced from the

outgassing of the building materials-especially masonryproducts-i.e., bricks, blocks, etc.

For the purposesof this study the criteria for ventilation has been selected at two

air-changes per hour to provide adquate removal of smoke and odors. A mechanical

system with a fen is required to achieve this criteria- natural ventilation via ducts being

much less reliable for obtaining the required air flow. The most effective way to provide

ventilation is by meansof a forced-air system, consisting of a central fan and plenum with

ducts to eachroom and oneor twocentral return ducts. Fresh air is introduced througho

duct from the dwelling exterior, and stale air is exhausted through a second duct. A

damper is installed to control the proportion of fresh air introduced. Such a systemis
preferable to individual ventilation units in each room, since the single inlet and exhaust

can be located on the shieldedslde of the dwelling to reduce sound transmissionalong the

ducts to the interior. It is, of course, necessary to line the ducts with acoustic absorbing

materioJ to minimize sound transmission. DwelJings with existing forced-air systems

require only the addition of the inlet andexhaust ducts and a plenum.

in many older dwellings, window- or wall-mounted air-conditioner units have been

installed to provide cooling in the summer months. It is possible to install baffled vents

fined with acoustic absorbing material to achieve adequate noise reduction from exterior

soundlevels up to Ldn 70dB. At higher exterior levels_the units must be removed and I
replaced with a central system.

5.4 SoundprgofincJCosts

The costs associatedwith each modification were estimated In 1981dollars using i
the following references:

_ • 1981Residential Cost Manual- New Construction, Remodelingand Valuation.]0

_ • Building Construction Cost Data, 1981.II
i!
il For each element, the costs per square foot were determined from the quoted sub-
,i
:_ contractor's prices that include overhead and profit, rncluded are the costs for prepara-

i_ tion, temporary removal of furniture, etc., modification, finishing, and clean-up. Material
I!

_ and labor prices ore based an national averages. No account has been made for bulk

purchaseof materials.
_t

t,

!I
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In addition to the basic costs for materials and labor9 the following mark-ups are

included:

• Cost of architectural drawings, permitsj etc. 12 = 10%

• Miscellaneous casts for sealing leaks_modifications to

kitchen vents_ chTmneyssetc., and minor repairs to

existing structure 12 = 10%

o ContractoHs cantTngencylOtl I 10%

Total Mark-up = 30%

5.5 Soundproofing Cost Optimization

Having determined the amount and stage of soundproofing required for each

residential category in each Ldn noise zone9 the next step was to define the details of the
necessary modifications so that the costs can be determined. There are, of course, many

combinations of modifications that are suitable to achieve a given Increase in overall

noise reduction. For example, in the case of a structure containing a wall and window, it

may be possible to achieve the noise reduction goal by increasing the transmission loss of

either the wall or the window, or both elements. The most efficient modification will be

the one with the lowest overall cost. Usually_ when developing the soundproofing

requirements for one or two dwellTng types, the cost optimization is performed manually

by trying various options and selecting the one that [s least costly. In this program, such a

procedure is impractical because of the large number of residential categories_ room

elements_ modifications, and noise zones, tt was therefore necessary to develop

computerized methods for determining the least cost soundproofTng design. A cost

optimization model recently developed by the National Bureau of Standards was examined

for use in this program. 13 The model contains a series of linear regression lines_ one for

each building elemenh relating the cost of the element to its STC* rating. By introducing

the area of each element and the desired overall value for STC, the model provides

the STC values for the room elements that result in the minimum cost for the overall

structure.

In Its current form, the model performs a cost optimization for satisfying a given

STC requirement. As the STC rating is appropriate only for interior walls and

floor/ceilingss it would be necessary to develop new regression tines relating the cost of

building elements to the EWR value. In addition! the model assumes a linear reloHon

* Sound Transmission Class.14
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between STC increase and cost - o rather dubious assumption at best. Because of the

effort required in developing non-linear relationships between EWR changes and cost

would be greeter than that needed to deveop o mare straightforward technique, it was

decided1odesign on alternate computerizedcost optimization algorithm.

Basically, o "brute force" technique waschosen to minimize modification costs for

each room element (e.g., windowj door, wall_eeiling_and floor). The EWR increasesand

associated costs of up to 10 possible modifications of up to 15 existing element

constructions were determined. Computer software was then developed 1ocalculate the

total EWR increase for all possiblecombinations of these modifications for a given set of

existing room element constructions. The least expensive combination of modlfTcatlons

which produced o total EWR increaseequal to or greater than that required was identified

by the computer program and printed out. Th_s program was then exercised tar olJ

combinations of existing room element constructions to develop a minimum room cost

matrix as a function of present construction. A sequenceof such matrices were computed

providing noise reductions to an interior level of 45 dB from exterior levelsof 67.5, 72.5,
and 77.5 dB.

Once this data base of minimum room costs was obtalned_ additional computer

software was deveropedto combineroomsof various construction into larger units suchas

apartments in multiple unit dwellings and single-family homes. Weighted overages of

these dwelling units over construction type for each area of the country were computed

using weighting functions derived from field survey data. The result was a single

overage cost for each dwelling type for each of the three no_se zones in each of the

regions of the country. The costs for adding ventilation systems, where necessary, were

added to the costs for soundproofing, and the total multiplied by the factor of 1.3 to

account for mark-ups. The final overall costs are listed by construction category for each

region in Appendix E. Summaries of the average costs for each region, weighted by the

distribution of construction categories, ore presentedin Tobies 8, 9, and to.

5.6 SavingsDue to Enerc_ Conservation

A review of energyconsiderationsin buildingsshowsthat modificationsof structural

elements to increase the norse reduction generaJlyreduces energy losses,15 The steps

involved in soundproofinga buildingagainst exterior noise are the some as those for
reducing energy losses- namely, first to eliminate air leaks, secondto modify windows

and doors, and third to modify the main structural elements. Therefore it is expected

that the soundproofingrequirements Identified in Section5.3 wiJI have addedbenefits in

conservingenergy and reducingoperatingcosts,
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Table 8

Average Cost (In 1981 Dollars} Per Dwelling
To Soundproof Slngle-Fomily Dwellings

REGION

Ldn ZONE
A B C D E F G H J K L

65-70 dB 2,600 1,400 2,300 2,500 4,800 1,800 2,500 I,I00 2,700 2,100 3p000

70-75dB 5,800 3,100 5,400 7,400 9,500 3,800 8,500 5,000 7,700 6,000 10,400

75-80 dB 12,800 8,200 I Is000 15,100 18,000 10,000 16,100 13,600 14,900 II pT00 18,200

Additional Cost

For Air- IsS00 800 400 I j000 1,600 400 1,300 1,700 2,500 700 2,600
Conditioning



Table 9

Average Cost (In 1981 Dollars) Per Dwelling
To Soundproof Multiple-Family Dwellings

TWO DWELLING UNITS

REGION

Ldn ZONE
A B C D E F G H J K L

65-70 dI:3 800 900 000 700 700 800 800 700 800 800 800

70-75 dB 2,900 Ij900 2,000 1,200 1,200 3,/100 3,400 1,200 2,600 2,600 2,500

75-80 dB 7,000 5,000 5pI00 3,000 3,000 6,500 6,500 3,000 5,600 5,700 5,200

THREE TO FOUR DWELLING UNITS

REGION

Ldn ZONE
A B C D E F G H J K L

65-70 dB 800 900 800 700 700 700 700 700 800 800 800

70--75d13 2,200 1,700 1,700 1,000 1,000 2,700 2,700 1,000 2,200 2,200 2,200

75-80 dB 5,300 II,200 /I,200 2,500 2,500 S,100 S,I00 2s300 4,500 th800 4,800

Average Cost For Additional Air Conditioning = $400 Per Unit



Table I0

AverageCosts(in 198t Dollars) for Soundproofing
Multi-Family Dwelfings ( SUnits Per Structure)

For All Regions

NO. OF UNITS
Ldn ZONE 5-9 10-49 >SO

65-70 700 700 700

70-75 900 800 800

7S-80 1,600 1,200 1,000

AverageCast for Additional Air Conditioning
= $400Per Unit

,!
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The methods for estimating the potential cast savings attributable to the sound-

proofing treatment involve analysesof the balance from heat energy lossesand gains by
convection and conduction. The former are defined by the net heatflow of the natural

and/or forced ventilation and air leakage. The secondpart, heat lossesby conduction

through the structural surfaces, utilizes well-defined data on thermaF conductances

through all typesofbuilding structure.

To estimate the net energy and cost savings from soundproofingdwelUngs,Wyrehas

developeda standard warksheet which Is usedwith a series of accompanyingdata tables.LI

The procedure involves adding the energy savings (in Btu/year) doe to sealingair leaks to

the savings due to modifications of structural elements9 and then to convert the total

savings to the amount of fuel saved per year. The net cost savingsdue to soundproofing
were then determined using fuel prlces, subtracting the energy costs for mechanical

ventilation units (If any). The data necessaryfor these calculations have been obtained

and developedby Wyle, and are available in tabular form.

The costs for fuel vary considerably within each region, and hencethe valuesused in

thls analysis were national averages for April 1981obtalned from the National Energy
Information Center. The costs are as follows:

• OII- $1.24 per gallon

• Gas- $4.22 per I000 cubic feet

• ElectricTty- $0.06 per kwh.

The cost savingswere determined for typical dwellings in eachof thecities representTng

the eleven regions, using the data collected in the field surveys. The general sound-

proofing modifications for dwellingsincludedin the analysis were asfol!ows:

• Ldn 65 to 70 dB, Sealing leaksand improvingweatherstr]pping.

• Ldn 70 to 75dE): As above, plus installation of storm windows,storm doors,
androof insulation,where necessary.

• Ldn75 to 80dB: As above, plus modification of walls to include addition of
insulation_wherenecessary.

The estimated cost savings due to energy conservation in single-family dwefllngs are
shown tn Table I I. Becauseof the considerable variation in fuel costs in different areas

of the notion, and within each region, the breakdown in Table II shouldbe considered as

i only approximate. However, the national averagevalue may be taken as an indicationof

the savings resulting from soundproofing modifications. The variation from region to
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region reflects the difference in climate, and estimates of the insulationalready existing

in dwellings. The cast savings far multi-family dweltinngs are approximc_telyone-half,

one-fhird_ and one-quarter of those far single-family dwellings located in Ldn zones
65-70, 70-75, and 7S-80dB, respectively.
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Tnble II

Approximate Savings (In 1981 Dollars)
Due to Energy Conservation in Single-Family Dwellings

LOCATION AVG, REGION
OF" DWELLING N R * AVG.*

Ldn ZONE (dB) A 13 C D E F G H J K L

65-70 dEl I 0 IO (20) 70 90 80 SO 30 90 IO (20) 40

70-75 dB S 70 S0 O 190 170 180 160 50 320 80 (20) 130

75-80 dl_ IO 170 70 I0 520 440 320 t_20 110 620 170 (20) 290
,m,

Numbers in parenthes-s indienle negative savings.

• National average noise reduction (see Table 7).



REFERENCES

I. Mange, G.E., Skale,S.R.t and Sutherland_L.C.,"Background Report an Outdocr-
IndoorNoise Reduction CalculationProceduresEmploying the ExteriorWall Noise
Rating(EWR) Method",U.S.Deportment ofTansportationReport FHWA-TS-77-220_
preparedby Wyle Research,March 1978,

2. "Studyof SoundproofingPublicBuildingsNear Airports",U.S.Deportment of Trans-
portationReport FAA-AEQ-77-9, April 1977,

3. Sharp, B.H._ Davyp B.A., and Manges G.E.t "The Assessment ef Noise Attenuation
Measures for External Noise", Wyle Research Report WR 76-3_ prepared for the
U.S. Department of Housing and Urban Development, April 1976.

4. Davy, B.A., and Skole, S.R._ "Insulation of Buildings Against Highway Noise",
U,S. Department of Transportation Report FHWA-TS-77-202.

S. Sutherland, L.C., and Sharp, B.H., "Evaluation of Residential Indoor Noise Environ-
ments Due to Outdoor Noise Sources" t Proceedings of InterNoise 78, p. 633_ Septem-
ber 197b,.

6. Wyle laboratories, "Final Report on the Home Soundproofing Pilot Project",
prepared for the Los Angeles Department of Airports, March 1970.

7. WyIe kaboratories_ "Guide to the Soundpreoflng of Existing Homes Against Exterior
Noise"t prepared for the Los Angeles Department of AIrports_ March [970.

8. ASHRAE Handbook of FundamentaIs_ Chapter 19_ American Society of Hecting_
Refrigerations and Air ConditionJrlg Engineers.

9. Hollowell_ C.D., et ol,_ 1978 Annual Report of the Department of Energy Ventilation
Program, U.S. Department of Energy,

]0. Engelsman_ C._ 1981 Residential Cost Manuals Van Nostrand Reinhold Co._ New
York.

I I. "Building Construction Cost Data, 1981", Robert Snow Means Company,
Kingston,MA.

12. Unpublished Wyle data.

13. Rudder_ F.F., "Design of Minimum Cost Multi-Element Walls to Achieve a Specified !
Level of Noise Isolation" (Notional Bureau of Standards draft report)_ 198l.

L
I_, American Society for Testing & Materials, "Standard Classification for Determina-

tion of Sound Transmission Class"_ ASTM Standard E-b,13-73, Annual Book of ASTM
Standards, 1979.

IS. Sharp, B.H.p Kesper_ P,K._ and Montroll_ M.L.t "Sound Tronsmlssion Through Building
Structures- Review and Recommendations for Reseerch"_ National Bureau of i
Standards Report NBS-GCR-80*2S0p prepared by Wyle Leboratories_ July 1980. i

! R-I



APPENDIX A

Derivation of Expressions For Noise Reduction

When o sound wave impinges on on interface between air and o solid_ as it does in

the case of a structural wall, some of the acoustic power is transmitted through the

structure and the rest is reflected. The fraction of acoustic power that is transmitted is

called the transmission coefficient, 1-. Since I" is always less than I, it is convenient to

use its reciprocal in logarithmic notation as follows to define the transmission loss (TL):

TL. 10 IOgl0 (1")"1= , dB (AI)

The sound intensity 11 produced at a distance from o source, such as on aircraft,

assuming free, progressive, plane wave propagation, can be expressed as follows: AI

p 12
il = p-"_"

pl 2 is the exterior free-field mean square sound pressure, and pc
where is the

characteristic Impedance of the air. The sound power W ineident on o dwelling surface

of areaS is given simply by Wl : It S.

The sound power W2 transmitted to the interior of the dwelling through the surface
of area A is

9

W2 : 1"11 S : 1-S pPI.__ (A2)

The steady-state intensity 12 inside the dwelling, assuming a reverberant sound
fieldp can be written as:AI

2
W2 P2

12 : --A- = _ (A3)I
where A is the absorption in the dwelling, and p2z isthe space-averaged mean square

I sound pressure in the dwelling.
Combining Equations (AI), (A2), and (A3) results in the following expression for the

noise reduction D_

i D : LI-L 2

1 : I0l°g(pI2/P22)

: I0 log (A / 4"rS)

,: : -101og('tS) _.lOt_,g_.- 6 (A4)

_ A-I
_i .



APPENDIX B

Development of the EWR Rating SchemeBI

The purpose of the EWR scheme for rating the transmission loss of dwelling

elements is to provide a simplified method for calculating the interior A-weighted sound

level by merely subtracting the EWR value from the exterior A-weighted sound level and

applying a single-number correction for absorption. Such a procedure eliminates the need

for tedious calculations In each octave ar one-third octave bonds.

B-I The EWR Concept

In developing the single-number EWR rating, two basic principles were employed;

(I) restrict the outdoor noise spectrum to o constant shape verying only in level, and

(2) approximate the actual transmission curve for o structure in terms of on ideal TL

curve which would filter the outdoor spectrum such that the resulting interior spectrum

has the inverse shape of tile A-weighting curve. Then when the interior spectrum rs

A-weighted, each one-thlrd octave band would contain equal energy and therefore be

equally important in determining the interior A-weighted noise level. This facilitates the

prediction of interior A-weighted noise levels end noise reducHon.

The problem is conceptualrzed rn Figure B-I. Consider, far the moment, that the

exterior noise spectrum exhibits a shape similar to that shown in the figure. It is desired,

then_ that the transmission lass characteristic of the wall oct as a shaping "filter" to the

prescribed exterlor noise spectrum so as to produce on interior noisespectrum similar in

shape to the inverse of the A-weighted response curve. Interior absorption_ having been

shown to be independent of frequency* will not affect the shape of the Interior noise

spectrum.

To identify the precise shape of this standard transmission loss curve_ an assumption

must be made (Is to the frequency characteristics of the incident exterior noise. For the

initial development of EWRp the characteristics chosen were those of highway traffic

noise. Figure B-2 presents the typical range of highway spectra averaged aver a 2tt-hour

period for a single location near o heavily travelled freeway. Using these data_ the

nominal average spectrum for highway noise was calculated9 wlth the results illustrated in

Figure B-3, Note that the octave band levels are relative to the overall energy-average

A-weighted sound leveh

* See Chapter 2.
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Knowing the characteristics of tile exterior noise spectrum_ the shape of the special

transmission loss curve shown in Figure B-4 was computed according to the concepts of

Figure B-I. Several straight-line approximations 10 the curve were investigated and the

curve shown in Figure B-S was chosen as the EWR standard contour. This contour can be

used in a manner similar to an STC contour |o determine the EWR rating for a given wall

or construction element based on its TL curve. To do this_ the standard contour is

adjusted vertically to the highest position relative to the TL curve until_ over the

frequency range of 125 to 4000 Hz, the sum of the deficiencies in the 16 one-third octave

bands (that is_ deviations of the TL curve below the contour) is 32 or tess. The EWR is

then arbitrarily taken as the value of the standard curve level at S00 Hz.

The fact that the actual EWR value is arbitrarily taken as the level of the EWR

contour at 500 Hz implies that an EWR value obtolned using the above procedures may

require final adjustment by a constant to better approximate the reduction in A-weighted

noise levels for the structure. Also, EWR values assume an incident noise frequency

spectrum sTmilar to that of typical highway noise. Therefore the spectral shape of the

EWR standard contour, and hence actual EWR values, are dependent upon this highway

noise spectrum. To use EWR values for predicting building attenuaHan of aircraft notse,

which has a different frequency spectrum, an additional correction is needed.

B-2 EWR Accuracy' and Reclre:ssianC_stants

The most important criterion for application of EWR to this study is that it should

give better accuracy in calculating the interior A-weighted noise level for a variety of

exterior wall structures than any other slngle-number rating scheme. To evaluate the

accuracy of EWR for the prediction of structure noise reduction of incident aircraft noise,

a large-scale comparison was made between noise reduction based on EWR and a more

accurate noise reduction calculated in a classical manner with TL values at each

frequency band. That Ts, the exterior noise level spectrum for aircraft shown in

Figure B-6 was applied along with frequency-dependent transmission loss data for many

commonly used exterior walls to predict interior spectra. These spectra were then

A-welghted to determine on accurate Interior A-weighted noise level for each walt type.

1"heEWR of each wall was also determined and appUed to the exterior A-weighted level

to obtain an estimate of the interior A-welghted noise level. A linear regression analysis

was then conducted to determine the correlation between the two resulting inteHor
levels. Combinations of 225 wall constructions and 33 window constructions in area ratios

of 0_ IO, 15, and 20 percent of total wall area were used for a total of 22,500 separate

cases. In each case_ interior levels based on composite octave bond transmission loss

values and on composite EWR values were determined.
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The aircraft noise spectrum of Figure B-6 used in this comparisonwasdarned from

sound level measurements of commercial aircraft operations. Two noise measurements

were utilized- one under the landing path and one under the takeoff path located
approximately within the NEF 40 contour of Los Angeles International Airport, Approxi-

mately one hour of data was reduced for each she and the energy-equivalent noise level in

each octave band was determined. These were time-averaged spectra which were

dominated by tile noise spectra of the aircraft flyovers. The frequency spectra for
takeoff and landing were similar in shape (both decreasing in level with increasing

frequency) so they were combined into the single average aircraft noisespectrum shown
In FigureB*6.

An initial linear regression analysis was carried out using each pair of interior

A-weighted noise levels calculated using (I) tile classical method with TL values for

i each frequency band, and (2) tile approximate single-number method with EWR, Since

the slope of thts regression was very close to unity, on additional regressionforcing the

; slope to be unity was performed, A conceptual illustration of this regressionis shown In

Figure B-7. The correlation coefficient for the unity slope regression is about 0,98 and

the 90-percent confidence interval (calculated basedon the assumption that the overall

distribution was Gaussian)is less than +2dB. As illustrated, the regressionline hasan

Intercept of 5,8 dB for this case of aircraft noiseas a source requiring that a constant of

5.8 dB (or 6 riB) be subtracted from Equation (At) in Appendix A. A similar regression

analysis was performed using the highway noise spectrum shown earlier in Figure B-3.

Applying the same technique of a forced unity slope, the 90-percent confidence interval

was+.tO.6dB and the intercept corresponded to a constant of 3.5 dB to be subtracted from
Equation (At).

REFERENCE TO APPENDIX B
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APPENDIX C

Dwellieg ConstructionDistributionBy Region
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EXTERIO_

IAlum.S_aln,.j/I12"Waod A 2 t 0 0 2 2 I I I l I I I

7/B"SI.cco/Paper B 5 3 i 0 3 2 I l 2 4 4 3 1 3 0

7/B"Stuccolf/2"WooJ C 2 3 2 2 2 2 2 2 I 2 3 2 J 2 0

V2" W_d S;dlno O 2 3 2 2 2 2 3 3 I 2 2 2 I 2 0

3/4"Woodsialna E 4 4 2 2 2 3 3 3 I 2 2 2 1 2 0

r) 4-I/2" BHckVenuer F 4 4 3 2 3 3 2 2 2 3 3 4 3 4 0
I -- ,, ,

I_ 9" BH=k G 3 3 0 0 0 I I 3 2 I 3 0 3 2

4"Co.c_,_._ II I I 0 0 0 I I I I 0 0 I 0 I I

6"Co.cr_t_ I 2* 2* 0 0 0 I* 0 O I 2", 0 0 l* 0 I* 2*
I

B"Con,:,,,_o J 2" 2* 0 0 0 I _" 0 0 i 2"* 0 0 2* 0 2* 2..,*
r

6"Hollaw Con{teloBlock K I I 0 0 0 I I I 1 I 0 0 I I I I
I

8 " H_ll_wConcr=*t Block L 3 3 0 0 0 3 I I 3 0 0 3 3 3

_,"B=ock,,,/V2"s_.... /,4 ! I I 0 0 0 I I I I I 0 0 I I I I

8"Blockw/I/2"Stuc¢= N I 2 2 0 0 0 I I 2 0 0 2 2 2

• Generally over two stories in h_ght.

Figure C- I. Frequency of Use of Common Construction for Region A
(5 is most frequently used_0 is never used).
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EXTERIORS

Alum.Sldlng/I/2"Wood A 4 4 J 3 4 I I I i I 2 l 2 0

7/0" Sf_c_oA'ap,=r B 5 5 I 3 3 I l I I I 2 I 2 0

7/B"Slucco/I/2" Wood C 2 2 I I 2 2 I I I I I 2 I 2 0

I/2" WoodSiding D 3 3 1 II 2 2 I I I I I 2 I 2 0

3/4" W_,4 Siding E 4 4 I 2 3 I I [ I I 2 I 2 0

N 4-V2"D_=ckWne_r F 2 2 I JI 2 2 I I I I I 2 I 2 0

9"Drlck G 2 2 0 I 0 0 I I I 2 0 0 2 I 2 I

4"Concr,=,_ II I I 0 0 O I I I I 0 0 I 0 I I

6,,co.o.o,o , 2* 2* o o o 2* I*l o 2* 0 o I* oll. 2*
I

8"Concr=to J 2* 2* 0 0 0 I* I*, 0 2* 0 0 l* 0 ll* 2*

6"llollow ConcreteBlock K 2 2 0 0 0 I I 0 2 0 0 I 0 ! I 0

8"HollowConcfet=Block t. 4 4 0 0 , 0 2 2 : 0 3 0 0 3 0 2 3

6 "Blockw/I/2"Stucco M I I 0 0 I 0 I I 0 I 0 0 I 0 I 0

O"81ockwll/2"Stu=== N 3 3 0 0 0 2 ,_ 0 I 0 0 I 0 I I

* Generally over two stories in height.

Figure C-2. Frequency of Use of Common Constructi0n for Region B
(5 is most frequently used; 0 is never used).
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EXTERIORS

Ah,m.Sldln_/V2" Wood A 2 2 I I I 2 I I 2 I I 2 I 2 0

7_" St_ccoA'op_r U 3 3 I I 2 3 1 I 2 I I 2 I 2 0

7/8" Stucco/I/2" Wood c 2 2 I I I 2 I I I 2 2 2 I 2 0

I/2 "w_J Siding O 2 2 2 2 I 2 1 I I 2 2 2 I 2 0

r_ _/4" v,'o_,lSldl,_g _ 3 3 2 1 2 2 I I I 2 3 3 I 3 0

4-1/2"Brick Veneer F 4" 4 I I 3 3 I I I 2 3 3 I 3 0

9" Brlck G 4 4 I 1 3 4 I I I 2 3 3 I 3 2

4" C,_ncrotB I-I I I 0 0 0 I 0 0 I 0 0 I 0 I I

6"Concrata Z 2 2 0 0 0 I 0 0 2 0 0 I 0 I 2

8"Cancr(_ta J 2* i 2* 0 0 0 2* 0 0 2* 0 0 2* 0 2* 2*

6"Hollow Can=feteBlock K 3 3 0 0 0 3 I I 3 I 0 3 I 3 3

O" ItoilowCanctel0Block L .5 5 0 0 0 5 2 2 5 ' ] I 4 I 4 3

6" Blockw/I/2"Stucco M 3 3 0 0 0 3 I ] 3 I 0 3 ] 3 3

B" BIo_kw/I/2" Stucco N 4 4 0 0 0 4 I I 4 I 0 3 I 3 3

* Generally over two stories in height.

Figure C-3. Frequency of Use of Common Construction for Region C
(5 is most frequently usedi 0 is never used).
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z

EXTERIOP3

Alum.Sldinfl/T/2"Wood A J 2 2 3 3 3 3 3 3 C 2 3 2 I 2 0

7/8" Stucco/Pap0r B 2 3 3 3 3 3 3 3 0 2 3 2 I 2 0

7/0" Stucco/I/2"Wood C 3 3 3 3 3 3 3 3 C' 2 3 2 I 2 0

I/2" Wo_dSldl.a D 2 2 2 2 2 2 2 2 0 I 2 2 1 2 0

(_ 3/4 "WoadSiding E 4 4 4 4 4 4 3 3 O 2 3 3 I 3 0
I

L_ 4-1/2"Brick Vune_r F 3 3 2 2 3 3 2 2 0 2 3 2 2 2 0

9" Brick G 5 5 3 2 0 3 3 3 5 3 2 5 2 5 ,4

4" Concrute H I I 0 0 0 I I I 0 O I 0 I 0

6"C_nci:el= I 2* 2* I 0 2' 2 _ 2* 2* 2" I' 2* I* 2' 0

8'*Concrete J 3* 3* 2* 2* O 2' 2 _ I* 2* 2" I* 2* I* 2 0

6" HollowConcrel_ BIo¢I( K 2 2 l I 0 2 2 2 2 2 I 2 I '2 0

8"i'loflow Concret,JBlock L 2 2 2 2 0 2 2 2 2 2 I 2 I 2 0

6" BIDckw/I/2"Stucco _,4 2 2 l I 0 2 2 2 2 2 i 2 I 2 0

8" Blockw/t/2"St.cc_ N 2 2 2 2 0 2 } 2 2 2 2 I 2 I 2 0

* Generally over two stories in height.

Figure C-/_. Frequency of Use of Commmon Constructlan for Regions D and E
(5 is most frequently used; 0 is never used).
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EXTERtOI_

Alum.Sidlng/I/2"Wood A 2 2 3 3 3 J 2 3 3 I 2 3 2 2 2 0

i

7/8"Slucco./Paper B 2 3 3 3 3 3 3 3 I 2 3 2 2 2 0

7/S" 51u¢co/)/2"Wood C 3 3 4 4 3 3 4 4 0 2 3 2 2 2 0

I/2"WoodSl_inO '0 0 1 3 3 2 3 3 3 0 2 3 2 2 2 0

O 3/4 "Wo_dSidTng E I 2 3 3 3 3 4 4 0 2 3 2 2 2 0
I

_" 4-1/2" BrlckV_ne=r '_ 3 3 4 4 4 4 4 4 0 2 3 2 2 2 0

9" _rlck G 5 5 4 4 0 5 4 4 3 4 2 2 2 2 0

4"Concreto H I I 0 0 0 I I I I 0 0 I I I 0

6"Concrete l 2* 2' O* O* 0 2* I* I * I" I* 0 l* I '_ I* I*

9"Concrel= a 3* 3* 0'! O* (}" 3* I* I' I* O I 0 I* I* I* I*

6 " HollowConcreteBlock K 3 3 0 0 0 3 ] I l ] 0 I I I 0

8"llollowConcreteBlack L 3 3 0 0 0 3 I I I I 0 I I I 0

6" Blackw/I/2" Stu¢¢o M 3 3 0 0 0 3 I I I I 0 I I I 0

8" Blockw/I/2"Stucco N 3 3 0 0 0 3 I I I I 0 I I I 0

• Generally over two stories in heTght.

Figure C-5. Frequency of Use of Common Construction for Regions F and G
(5 is most frequently used_0 is never used).
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EXTERIORS

A;um.S d,°0/V2,'wo^ 2 3J 3 g :3 2 2 0 3 3 3 2 gJ 0
I I

7/8" Stucco/Paper B 3 3 3 3 3 3 2 2 0 3 3 3 2 3 0

7/8"Slucco/I/2"Wood C 3 3 I 3 3 3 3 2 2 0 3 3 3 2 31 0

I/2" WoodSl,Ji,,0 D 0 I 2 2 2 I 2 2 {3 2 2 I I I 0

3/4"w_d STdl,a E 3 5 .5 4 4 4 4 4 0 2 3 4 2 4 0

4.1/2"fi,lckV=neer F 2 3 3 3 3 3 2 2 0 2 2 2 I 2 I 0
N
' 9" Bri_k G 2 2 0 0 0 2 0 0 2 I 0 2 0 2 I

4"co,,cr..o II I I 0 I 0 0 I 0 0 I 0 0 I 0 I I I

i

6"Conc,.t_ I 2* 2" 0 0 0 2' 0 0 2 0 0 2 0 2' I'

B"Co.c,oto J 2' 2' 0 : 0 :) 2* 0 0 2 0 0 2 0 2" I_

6" HollawConcreteblock K 2 2 0 0 0 2 I 0 2 0 0 2 0 2 I
I

8"ltollow CoacreleBlock L 3 3 0 0 0 3 I 0 ! 2 0 0 2 0 2 I

5" blockw/I/B" Slucco M 2 2 0 O 0 2 I O 2 0 0 2 0 2 I

8" Blockw/1/2"Stucc_ N 2 2 0 0 0 2 I 0 2 0 0 2 0 2 I

* Generally over two stories in height.

Figure C-6, Frequency of Use of Common Construction For Regions H, J, and K
(5 is most frequently used; 0 isnever used).
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TableD-I

Mulli-Family HousingData For Region A
(Numbers Expressed As Percentages)

NUMBER OF UNITS

2 :_4 .s-9 i io-49I so
I

NUMBER OF STORIES:

TWO I00 100 I00 90 50

THREE 10 50

FOUR OR MORE

CONSTRUCTION:

SIDING / VA

SIDING / SJL

STUCCO / VA 40 40 40

STUCCO / SJL IO0 60 60 60 100

BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE / VA

CONCRETE/ SJL

CONCRETE / SJH

SGD 30 30 30 30 80

WINDOW A/C UNITS IO I0 IO IO 10

FUEL= ELECTRICITY= 100 GAS: OIL:

D-2



Table D-2

Multi-Family HousingData For Region B
(NumbersExpressedAs Percentages)

NUMBER OF UNITS

2 3-/I _9 I0-49 50

NUMBER OF STORIES:

TWO

THREE fO0

FOUR OR MORE

CONSTRUCTION:

SIDING / VA

SIDING / SJL

STUCCO / VA

STUCCO / SJL 25

BRICK / VA SO

BRICK / SJL 25

BRICK / SJH
f

CONCRETE / VA I

CONCRETE / SJL

CONCRETE / SJH

I
$GD i 25

WINDOW A/C UNITS

FUELI ELECTRICITY; 20 GAS: 80 OIL:

D-3



Table D-3

MultT-Femily HousTngDGtaFor Region C
(Numbers Expressed As Percentages)

NUMBER OF UNITS

2 3-t, 5-9 10-49 50

,NUMBER OF STORIES;

TWO tO0 I00 I00 SO

THREE SO 20

FOURORMORE 80

CONSTRUCTIONs

SIDING / VA

SIDING / SJL

STUCCO / VA

STUCCO / SJL

BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE / VA 20 20 40 40

CONCRETE / SJL 80 80 60 60 100

CONCRETE / SJH
,_

SGD 20 20 20 30 80
,,i .... ,

WINDOW A/C UNITS 60 60 80 80 80

I FUEL: ELECTRICITY: 100 GAS: OIL:

D.b,



Table D-4

Mufti-Family HousingData For RegionD
(NumbersExpressedAs Percentages)

NUMBER OF UNITS

2 3._ 5-9 10-49 50

NUMBER OF STORIES:

TWO I00 50 S0 50

THREE S0 50 50

FOUR OR MORE

CONSTRUCTION_

SIDING/ VA

SIDING / SJL

STUCCO/ VA

STUCCO / SJL

BRICK /VA 1go I00 80 50

BRICK / SJL

BRICI< / SJH 20 50

CONCRETE / VA

CONCRETE /SJL

CONCRETE/ SJH

SGD 20 20

UNITS 20 I 20 30 50
WINDOW A/C

FUEL_ ELECTRICITY: 30 GAS: 50 OIL: 20

t D-5



Table D-S

Multi-Family Housing Da_'aFor Region E
(NumbersExpressedAs Percentages}

NUMBER OF UNITS

2 3-4 5-9 10-49 50

NUMBER OF STORIES:

TWO I00 I00 50 I0

THREE 50 45

FOUR OR MORE b,5 100

CONSTRUCTION;

SIDING I VA

SIDING / SJL

STUCCO /VA

STUCCO / SJL

BRICK /VA

BRICK /SJL

BRICK / SJH 100 I00 I00 90 90

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH 10 10

$GD 30 30 40

WINDOW A/C UNITS 40 40 30

FUEL: ELECTRICITY: I0 GAS: 20 OIL: 70

D-6



Table D-6

Multi-Family HousingData For Region F
(NumbersExpressedAs Percentages)

NUMBER OF UNITS

2 3-4 5-9 10-_9 50
,,, , ,, I

NUMBER OF STORIES:

TWO I00 S0 60

THREE 50 40

FOUR OR MORE

CONSTRUCTION:

SIDING/ VA I00 50 50

SIDtNC / SJL 50 50

STUCCO/ VA

STUCCO/ SJL

BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH

SGD I0 20 40

WINDOW A/C UNITS I0 SO SO

FUEL: ELECTRICITY: 100 GAS: OIL:

D-7



Table D-7

Multi-Family HousingData For Region G *
(NumbersExpressedAs Percentages)

NUMBER OF" UNITS

2 3._ 5-9 10-49 SO

NUMBER OF STORIES:

TWO I00 100 50 25

THREE 50 2S 50

FOUR OR MORE SO ,SO

CONSTRUCTION:

SIDING / VA 60 60 40 20

SIDING / SJL

STUCCO/ VA

STUCCO/ SJL

BRICK / VA 40 40 ;0 60 S0

BRICK / SJL

BRICK / SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH 20 S0

SGD I0 10 IO 25 25

WINDOW A/C UNITS 20 20 20 30 30

FUEL: ELECTRICITY: GAS: 95 OIL: 5

* Mulfi-F"arnily housing units were not sampled in this area, This data
is estimated for this region,

D-8



Table D-8

Multi-Family HousingData For Region H
(Numbers ExpressedAs Percentages)

NUMBER OF UNITS

2 3-4 5--9 10-49 S0

NUME_R OF STORIES:

TWO 100 100 80 20

THREE 20 80 100

FOUR OR MORE

CONSTRUCTIONI

SIDING / VA 20 20 80

SIDING / SJL I0 20

STUCCO / VA

STUCCO ISJL

BRICK /VA 20 I0

BRICK / SJL 20 I0

BRICK / SJH

CONCRETE / VA f 00 I0

CONCRETE / SJL

CONCRETE / SJH 100 40 40

SGD 70 70 70

WINDOW A/C UNITS 60 60 80 80 100

FUEL: ELECTRICITY: GAS: I00 OIL:

D-9
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Table D-9

Multi-Family HousingData For Region J
(Numbers ExpressedAs Percentages)

NUMBER OF UNITS

2 3-_ 5-9 I0-49 50

NUMBER OF STORIES:

TWO I00 I00 I00 50

THREE 50 100

FOUR OR MORE

CONSTRUCTIONz

SIDING / VA 40 40 40 40 40

SIDING / SJL

STUCCO /VA

STUCCO /SJL

BRICK /VA 20 20 20 20 20

BRICK ISJL

BRICK / SJH

CONCRETE / VA 20 20 20 20 20

CONCRETE / SJL

CONCRETE / SJH 20 20 20 20 20

SGD 50 S0 S0 50 50

WII_W A/C UNITS 10 10 l0 10 I0

FUEL: ELECTRICITY: 30 GAS: 40 OIL: 30

D-10



TabJeD- I0

Multi-Family HousingData For Region I<
(Numbers ExpressedAs Percentages)

NUMBER OF UNITS

2 3-4 .5-9 10--49 50

NUMBER OF STORIES:

TWO I00 I00 I00 I00

THREE

FOUR OR MORE

CONSTRUCTIONs

SIDtNG / VA 25 25 25 25

SIDING / SJL

STUCCO / VA

STUCCO / SJL 15 IS IS 15

BRICK / VA 10 I0 1O 10

BRICK / SJL

BRICK / SJH

CONCRETE / VA 10 10 I0 tO

CONCRETE/ SJL

CONCRETE/ SJH 40 40 40 40

SGD 4.5 45 _S 45

WINDOW A/C UNITS IS 15 I IS IS

FUEL= ELECTRICITY= GASz 100 OIL=

D-II



APPENDIX E

Tables of Soundproofin(j Costs

By DweflincJCategory And Region
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Table E- I

Soumtprooflnfl Costs for Region A

I UNIT 2 UNITS 3 TO 4 UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone Ldn Zone
% '._ %

65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING / VA 15 2,700 7,700 I;4,600

SIDING / SJL

SIDING / ECL

STUCCO / VA 80 2,600 5,300 12,200 100 800 2,900 7,000 140 800 1,800 4,800

STUCCO / SJL 5 2,600 7,900 16,000 60 800 2,500 5,700

BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / 5JH

HCB / VA

HCB / SJL

NCB / SJN

WEIGHTED
AVERAGE 2,600 5p800 12,800 800 2,900 7,000 800 2,200 5,300

COSTS FOR
A.C. ADDITION I,S00 1,500 I,SOO 500 S00 500 500 500 S00



Table IE-I (Region A) -- Conlinued

5 TO _ UNITS IO TO 1_9 UNITS >50 UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone Ldn Zone
% % %I

65-70 70-75 I 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING J VA

SIDING / SJL

SIDING I ECL

STUCCO / VA 110 700 900 1,400 llO 700 800 1,200

STUCCO / SJL 60 700 900 1,400 60 700 800 1,200 100 700 800 1,000

i';n BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH

HCB / VA

NCB / SJL

HCB / SJH

WEIGHTED
AVERAGE 700 900 1,400 700 800 1_200 700 800 I',000

COSTS FOR
A.C. ADDITION 500 500 500 500 500 S00 500 500 500



Table E-2

Soundproofing Cosls for Region 13

i

I UNIT 2 UNITS 3 TO It UNITS
CONSTRUCTION

CATEGORY Ldn Zone kdn Zone kdn Zone
% % %

65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING / VA

SIDING / SJL

SIDING / ECL

STUCCO / VA 5 1,600 3,600 10,300

STUCCO / SJL 5 1,600 6,200 13,800 25 900 2,900 6,900 25 900 2,300 5,600

_1 BRICK / VA 80 1,400 2,700 7,400 50 800 1,400 4,000 50 800 1,300 3,400

BRICK / SJL I0 1,600 1t,300 I I,lO0 25 800 2,000 5,200 25 800 1,700 4,300

BRICK / SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH

HCB / VA

HCB / SJL

HCB / SJH

WEIGHTED
AVERAGE 1,400 3,100 8,200 900 1,980 5,000 900 1,700 41200

COSTS FOR

A.C. ADOIT ON 880 800 800 200 200 200 200 200 200



T_ble E-2 (Region ]3)--C'onlinued

* S TO 9 UNITS 1O TO 49 UNITS >50 UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone kdn Zone% % %

65-70 70-75 75-80 65-70 70-75 75'B0 65-70 70-75 i 75-80

SIDLING / VA

SIDING I SJL

SIDING / ECL

STUCCO / VA

STUCCO / SJL 25 700 900 1,400 25 700 800 1,000 25 700 800 1,000

m BRICK / VA 50 700 900 It400 S0 700 800 1,000 S0 700 800 1,000

BRICK / SJL 25 700 900 1,400 25 700 800 1,000 25 700 800 1,000

BRICK / SJH

CONCRETE / VA

CONCRETE I SJL

CONCRETE /SJl-I

HCB / VA

HCB /SJL

HCB ISJH

WEIGHTED 700 900 1,400 700 800 ll000 700 800 'll000
AVERAGE

COSTS FOR
A.C. ADDITION 200 200 200 200 200 200 200 200 200



Tnble E-3

Soundproofing Cosis for Region C

$
I UNIT 2 UNITS 3 TO Ii UNITS

CONSTRUCTION

CATEGORY LdnZone LdnZone LdnZone
% 9G %

65-70 70_75 7S-00 65-70 70-75 75-80 65-70 70--75 75-80

SIDING / VA 15 2,500 7,900 1:t,600

SIDING / SJL

SIDING / ECL

STUCCO / VA

STUCCO / SJL

,'n BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH

HCB / VA 75 2,300 41700 9,900 20 800 I,(;00 4,200 20 800 1,400 3,500

HCB I SJL I0 2,300 (;,400 13,800 80 800 2,100 5,300 80 800 1,800 4,/_00

HCB / SJH

WEIGPITED
AVERAGE 2,300 5,400 I 1,000 800 2,000 S,100 800 1,700 4,200

COSTS FOR
A.C. ADDITION 400 400 400 I00 100 I00 I00 I00 I00



Table E-3 (Region C) -- Continued

5 TO 9 UNITS Ig TO t_9 UNITS >50 UNITS
CONSI"I_UCTION

CATEGORY Ldn Zone kdn Zone kdn Zone
% % % L

65-70 70-75 75-80 65-70 70-75 7S-BO 6.5-70 70-75 I 75-80
i

I
SIDING / VA

SIDING / SJL

SIDING / ECL

STUCCO / VA

STUCCO / SJk

n BRICK / VA

BRICK / SJL

BRICK / SJI-I

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH

HCB / VA 40 700 900 ll400 40 700 800 1,200 0 700 800 I,O00

NCB / SJL 60 700 900 It400 60 700 800 1,200 I00 700 800 1,000

HCB / SJH

WEIGHTED 700 900 1_400 700 800 1,200 700 800 "1,000AVERAGE

COSTS FOR
A.C. ADDITION I00 100 100 IOD I00 I00 I00 I00 I00



Table E-If

Soundproof!ngCosts far Region D

I UNIT 2 UNITS 3 TO l} UNITS
CONSTRUCTION

CATEGORY LdnZone LdnZone LdnZone% % %
65.70 70-75 75-80 65-70 70-75 75-80 65.70 70-75 75-80

SIDING / VA 30 2,500 7,700 15,600

SIDING / SJL 35 2,700 9,900 18,900

SIDING / ECL

STUCCO / VA

STUCCO ISJL

BRICK IVA I0 2,300 4,200 9,600 I00 700 1,200 3,000 I00 700 1,000 2,500

BRICK ISJL I0 2,500 S,100 12,000

BRICK / SJH

CONCRETE / VA 5 2,300 4,200 9/i00

CONCRETE / SJL I0 2,500 5,200 12,100

CONCRETE / SJH

HCB / VA

HCB / SJL

HCB / SJH

WEIGHTED
AVERAGE 2,500 7,400 15,100 700 1,200 3,000 700 1,000 "2,500

COSTS FOR
A.C. ADDITION 1,000 1,000 1,000 300 300 300 300 3(}0 3(]0



TableIE-II(Region D) -- Conlinued

S TO 9 UNITS 10 TO 49 UNITS >50 UNITS
CONSTRUCTION

CATEGORY % Ldn Zone Ldn Zone Ldn Zone% %
65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING / VA

SIDING / SJL

SIDING / ECL

STUCCO / VA

STUCCO / SJL

BRICK/ VA I00 700 900 1,400 80 700 800 1,200 SO 700 800 1,000

BRICK / SJL

BRICK / SJN 20 700 800 1,200 50 700 800 1,000

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJl-I

NCB / VA

HCB / SJL

HCB / SJbl

WEIGI-tTED
AVERAGE 700 900 1,400 700 800 I,200 700 800 Ip000

COSTS FOR
A.C. ADDMON 300 300 300 300 300 300 300 300 300



Table E-5

Soundprooflng Cosls for Region E

I UNIT 2 UNITS 3 TO 4 UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone Ldn Zone% % %
65-70 70-75 75-00 65--70 70-75 75-80 65-70 70-75 75-80

SIDING / VA 15 4_800 91600 181500

SIDING / SJL 50 4,800 ll800 211200

SIDING / ECL

STUCCO / VA

STUCCO / SJL

BRICK / VA 5 41700 61200 I ll700

BRICK / SJL I0 4_700 6_900 141200

BRICK ! 5JH 15 ,'t_700 6_200 12,400 IO0 700 1_200 31000 I00 700 ll000 2_500

coNCRETE / VA

CONCRETE / 5JL S 4_700 6p600 141200

CONCRETE / 5JH

HCB / VA

HCB / SJL

HCB / SJN

WEICHTED
AVERAGE 41800 9p500 18_000 700 i_20O 3j000 700 ll000 2_S00

COSTS EaR
A.C. ADDITION 1,600 1,600 1,600 400 400 400 400 400 400



Teble E-5 (l'_eglon E) -- Corllir_ued

5 TO 9 UNITS 10 TO ,'i9 UNITS >S0 UNITS
CONSTRUCTION

CATEGORY LdnZone LdnZone LdnZone
% % %

65-70 ?0-75 75-80 65-70 70-75 75-80 65-70 70-75 75--80

SIDING / VA

SIDING / SJL

SIDING / ECL

STUCCO / VA

STUCCO / SJL

BRICK / VA
Z

BRICK / SJL

BRICI< / SJI-I lOg 700 900 1,400 90 700 800 1,200 90 700 800 1_000

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH I0 700 800 1,200 IO 700 800 It000

HCf3 / VA

HCI3 / SJL

HCI] / SJH

AVERAGEWEIGHTED700 900 1,400 700 800 1,200 700 800 i "1,000
I

COSTS FOR
A.C. ADDITION 400 400 400 400 400 400 400 400 400



Toble E-(_

Soundproofing Casls for Region F

I UNIT 2 UNITS 3 TO tl UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone Ldn Zone% 9G 56

65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 75--80
SIDING / VA 15 1,800 6/100 IS,000 100 800 3,400 6p500 I00 700 2p700 5,100

SIDING / SJL

SIDII\IG / ECL

STUCCO / VA

STUCCO / SJL

BRICK / VA 80 1,800 3,300 9,100

BRICK / SJL. S I,BO0 3,600 10,400

BRICK ] SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH

HCB / VA

HCB / SJL

HCB I SJH

WEIGHTED
AVERAGE I j800 3,800 IOpOOD 800 3,t100 6,500 700 2,700 5,100

COSTS FOR
A.C, ADDITION 400 _.00 tt00 100 100 100 100 100 100



Table E-G (Region F) -- Continued

S TO 9 UNITS IO TO li9 UNITS >50 UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone Ldn Zone% % %
65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 7.5--80

SIDING / VA 50 7gO 900 1,400 50 700 800 It20O 50 700 8qO 1,000

SIDING / SJL 50 ?00 900 I,lt00 50 700 800 1,200 50 700 800 IpO00

SIDING / ECL

STUCCO / VA

STUCCO / SJL

BRICK / VA
,m

BRICK / SJL

BRICK / SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJN

HCB / VA

HCB / SJL

HCB / SJH

WEIGHTED
AVERAGE 700 900 1_4OO 700 800 1,200 700 800 i,00O

COSTS FOR
A.C. ADDITION I00 log IO0 I00 I00 I00 I00 I00 I00



Table E-7

Soundproofing Costs for Region (3

I UNIT 2 UNITS 3 TO 4 UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone
% % Ldn Zone %

65-70 70--75 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING / VA 40 2,500 8_100 15,500

SIDING / SJL t_S 2,700 10,100 18,600

SIDING / ECL

STUCCO / VA

STUCCO I SJL

BRICK / VA 10 2,200 /t,200 9,400

"_ BRICK / SJL S 2,200 5,000 I 1,700

BRICK / SJH

CONCRETE / VA

CONCRETE / SJL

CONCRETE / SJH

HCB / VA

HCB / SJL

HCB / SJH

WEIGHTED
AVERA(3E 2,500 8_500 16,100

COSTS FOF
A.C. ADDITION 1,300 I,300 1,300



Table E-8

Soundproofing Cosls for Region H

I UNIT 2 UNITS 3 TO4 UNITS
CONSTFlUCTION

CATEGORY LdnZone LdnZone kdnZone
% % %

65-70 70--75 75-00 65-70 70-.75 75-80 65-70 70-75 75-80

SIDING / VA 55 1,0O0 tl,800 13,400

SIDING / SJL 30 1,200 8,900 16,800

SIDING / ECL

STUCCO / VA

STUCCO /SJL

BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE / VA 10 1,0OO 1,700 7,300 I00 700 1,200 31O00

CONCRETE / SJL 5 1,000 2,100 8,700

CONCRETE / SJH 100 700 1,000 21300

HCB / VA

HCB / SJL

HCB / 5JH

WEIGHTED I,100 5,000 13,600 700 1,200 3,000 700 1,000 '2,300AVERAGE

COSTS FOR 1,700 1,700 1,700 400 400 400 400 400 400A.C. ADDITION



Table E-8 (Region H) -- Continued

S TO 9 UNITS I0 TO 49 UNITS >50 UNITS
CONSTRUCTION

CATEGOF_Y Ldn Zone kdn Zone Ldn Zone% % % i

65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 J 75-80

SIDING / VA 20 700 900 Ip400 20 700 800 1,200 80 700 800 ll000

SIDING / SJL I0 700 800 Ip200 20 700 800 1,000

SIDING / ECL

STUCCO / VA

STUCCO / SJL

BRICK / VA 20 700 900 1,400 IO 700 800 ll20O
,m
_-, BRICK / SJL 20 700 900 ll400 I0 700 800 Ip2OO

BRICK / SJH

CONCRETE / VA I0 700 800 1,200

CONCRETE / SJL

CONCRETE / SJH 40 700 900 1,400 40 700 800 1_200

HCB I VA

HCB / SJ/

HCB / SJN

WEIGHTED I',000AVERAGE 700 900 1_400 700 800 liZO0 700 800

COSTS FOR
A.C. ADDITION 400 400 400 400 400 400 400 400 400



Table E-9

Soundproofing Costs for Region J

I UNIT 2 UNITS 3 TO 4 UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone Ldn Zone
% % %

65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING / VA 60 2,500 7,000 14_000 40 900 4,000 7,700 40 900 3,300 6,100

SIDING / SJL 30 2,700 91/100 17,200

SIDING / ECL S 4,900 10,700 17,600

STUCCO /VA

STUCCO /SJL

BRICK / VA S 2,200 3,400 8,200 20 800 1,700 41200 20 800 1,400 31500

BRICK / SJL

BRICK / SJH

CONCRETE / VA 20 800 1,700 4,200 20 800 1,400 3,500

CONCRETE / SJL

CONCRETE / SJH 20 800 1,700 4,200 20 800 1,400 3,500

HCB / VA
+

' I'tCB / SJL

HCB / SJl't

WEIGHTED
AVERAGE 2,700 7,700 [ltl_lO0 800 2,600 5,600 800 2,200 4,500

COSTS FOR
A.C. ADDITION 2,500 2,500 2,500 700 700 700 700 700 700



Table E-9 (Region J) -- Continued

S TO 9 UNITS 1O TO t,_9UNITS >SO UNITS
CONSTRUCTION

CATEGORY LdnZone LdnZone LdnZone
% , % %

65-70 70-,75 J 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING / VA 40 700 1,000 1,600 tl0 700 900 1,200 40 700 8.00 1,200

SIDING / SJL

SIDING / ECL

STUCCO / VA

STUCCO / SJL

BRICK / VA 20 700 1,000 1,600 20 700 900 1,200 20 700 800 1,200

BRICK / SJL

BRICK / SJH

CONCRETE / VA 20 700 1,000 I,gO0 20 700 900 1,200 20 700 800 1,200

CONCRETE / SJL

CONCRETE / SJH 20 700 1,000 1,600 20 700 900 1,200 20 700 800 1_200

HCB / VA

HCB / SJL

HCB / SJH

WEIGHTED 1_200AVERAGE 700 1,000 1,600 700 900 1_200 700 800

COSTS FOR
A.C. ADDITIOI', 700 700 700 700 700 700 700 700 700



Toble I:_- 10

Soundproofing Costs forRegion K

I UNIT 2 UNITS 3 TO.%UNITS
CONSTRUCTION

CATEGOI:{Y LdnZone LdnZone LdnZone
% % %

65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING / VA 60 21100 7,300 13,700 25 900 4,000 7,800 25 900 3,_00 _;,400

SIDING / SJL

SIDING / ECL

STucco / VA 5 2,000 4,800 11,308

STUCCO / 5JL 15 900 31300 71700 15 800 2,700 610OO

BRICK / VA 35 2_O0O 41000 8,200 I0 800 1,800 4,480 tO 800 f,600 3,800
BRICK / SJL

BRICK / SJH

CONCRETE / VA I0 800 1,800 4,400 10 800 I,000 3,800

CONCRETE / SJL

CONCRETE / SJH ,'tO 800 1,800 4,400 40 800 I,600 3,800

HCB / VA

HCB / SJL

HCB / SJH

WEIGHTED
AVERAGE 2,10O 6,000 I 1,700 800 2,600 5,700 800 2,200 _,800

COSTS FOI:{
A.C. ADDITION 700 700 700 200 200 200 200 200 200

I



Toble E-I0 (Region K) -- Continued

S TO 9 UNITS IQ TO t_9 UNITS >50 UNITS
CONSTRUCTION .....

CATEGORY Ldn Zonu Ldn Zone Ldn Zone% % %
65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 75-80

SIDING / VA 25 700 1,200 1,800 25 700 900 [,300 25 700 900 1,300

SIDING / 5JL

SIDING / ECL

STUCCO / VA

STUCCO / SJL 15 700 1,200 1,800 15 700 900 1,300 15 700 900 [,300

BRICK / VA 10 700 1,200 1,800 I0 700 900 1,300 10 700 900 1,300

BRICK / SJL

BRICK / SJI-I

CONCRETE / VA 10 700 1,200 1,800 I0 700 900 1,300 10 700 900 1,300

CONCRETE / 5JL

CONCRETE / 5JN t_0 700 I,200 1.800 40 700 900 1,300 40 700 900 1,300

HCB / VA

HCB / 5JL

HCB ] SJH

WEIGHTED
AVERAGE 700 1,200 1,800 700 900 I,300 700 900 1',300

COSTS FOR
A.C, ADDITIOIx 200 200 200 200 200 200 200 200 200



Table E-I I

Soundproofing Costs for Region L

I UNIT 2 UNITS 3 TO /t UNITS
CONSTRUCTION

CATEGORY Ldn Zone Ldn Zone Ldn Zone% % %
65-70 70-75 75-80 65-70 70-75 75-80 65-70 70-75 75.-80

SIDING / VA

SIDING / SJL I00 3,800 IO/t00 18,200

SIDING / ECL

STUCCO / VA

STUCCO / SJL

BRICK / VA

BRICK / SJL

BRICK / SJH

CONCRETE ) VA

CONCRETE / SJL

CONCRETE / SJH

HCB / VA

HCB / SJL

HCB / SJH

WEIGHTED
AVERAGE 3p800 IOj/tO0 18_200

COSTS FOR 2)600 2)600 2)600A,C, ADDITION


