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ABSTRACT

This background report on the procedure for evaluating outdoor=indoor noise
reduction of structure in terms of the single number metric Exterfor Wall Noise Rating
(EWNR) first reviews the basis of previous single number ratings emphasizing the
Sound Transmission Class (STC). It is shown that the latter was initially designed to
try to account for the relative loudness of interlor nolses in typlcal residences as

heard by adjolning neighbors on the other side of a common party wall,

In a similar, but quite Independent manner, the EWNR metric was developed
so that the A-weighted indoor noise level, due to highway nolse sources outdoors,
could be roughly estimated directly from the value of EWNR and the A~welghtad cutdeor
nolse level, The basls for this Is defined, first In tarms of the basic theery for noiso
reduction from cutdoars to Tndoors at ona frequency. Tha result is then summed over all
fraquancles to give the overall effective noise reduction. The EWNR single number
tefing replaces this complex summation and, as shown by recently conducted field tests,
provides a valld method with an accuracy of obout * 3 dB for predicting Javels

inside buildings due to outdoor transportation noise sources,

This background report alto briefly reviews the basis for the tables of
EWNR values and tables of various EWNR adjustment foctors usad to evaluate the
composite noise reduction of A-weighted noise levels for a wide range of practical

rosTdential structural assemblies which may include walls, windows, doors, roofs, and

ceilings.
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CHAPTER 1
INTRODUCTION AND HISTORICAL BACKGROUND

The procedures for estimating outdoor-Indoor noise reduction of A-weighted
noise levels specified in a recently completed manual for FHWA are based on application
of a singla number index for sound transmission through exterior building structures
called Exterior Wall Nolse Rating (EWNR).] This single number rating concapt was
originally developed by Wyle in a study for the U,S, Department of Housing and Urban

Development,” This report summarizes the basis for development of EWNR as it was

applied in the FHWA manual,

Chapter 2 of this report summarizes the basic theory for nofse reduction between
a frea sound field outdoors impinging on a structure ond the sound field inside a room of
that structure, Chapter 3 develops the specific analytical background behind the single
number rating EWNR and summarizes the basis for an additional term necassary to account
for interfor absorption of residential rooms. Chapter 4 summarizes tha evaluation of

EWNR and other posstble single number rating methods,

Appendlx A summarizes racently acquired experimental ceta which demonstrates
the generol validity of the EWNR mathod. Appendix B [ists the same EWINR values for

residential structures that were presented in the FHWA munuul.]

An Historical Perspective

Before daveloping the analytical background for EWNR, it is desirable to
briefly review the historical basis for the development of this single number rating and
other similar ratlngs. The sound transmission loss of a structure varies substantially with
fraquancy so thet a formal calculation of the overall {wide-band) sound level transmitted
thraugh @ structure from a wide~band noise source must include the summation of tha
sound energy transmitted over all frequency bands considared, such as the 16 one=third
octave bands from 125 to 4000 Hz, In lleu of always carrying out this straightforward
but Tnconvenient calculation, some single number index of the sound atlenuating

effectivenass of o structure has often been utilized as o rough qualitative, or, Tn some

cases, quantitative gulde,




The first such index was developed in about 1950 for the air-borne sound transmission
loss (STL) through a structure and consisted simply of the arithmetic average value in
decibols of STL for a specimen at the test frequencies employed ~ nominally 125,

190, 250, 375, 500, 750, 1000, 2000, and 4000 Hz.3 This index was simply called
the average transmission loss and clearly provided only a rough qualitative measure

of the sound attenuating effectiveness with emphasis on the low frequencies. A

similar method was also baing considered in England:‘ Subsequently, other attempts
to develop Improvad single number indices were made.>" & In all cases, these Indices
were being applied to the rating of interior walls between multifumily dwelling spaces,
offlces, school rooms, haspltal rooms, et¢. They did not include any con-

sideration of the spectral content of the noise source nor did they account for a

subjective measure of the received nofse,

In 1962, o new approach was token towards rating of sound transmission effec~
tivenass of interior walls.7 The noise sources to be isolatad consisted of peak neise
levels fram human veices, and home appliances such as radios, rocm air con-
ditleners and vacuum cleaners. Furthermore, it wos assumed that the subjective
reaction to the received sound would be related to its loudness. Thus, an index depen-
dent upon the interior noise source spectrum and the received loudness, which are both
frequency-dependant quantities, was developed and identified as the Sound Transmission
Ci.ass {STC). The average interior noise source spectrum assumed for STC was
approximated by the generalized shape [Hustrated in Figure 1; it was characterized
by a constant band level from 250 to 1000 Hz decreasing ahove and below this fre-
quency range at the rate of 4 dB/actave. The frequency weighting curve used to
define the subjective loudness of the transmitted sound inside the receiver space was
the 0.5 sone loudness contour corresponding to a loudness level of 46 phons. 7 Thus,
tha STC tndex value for o particular construction would be derived by fitting tha
actual transmission loss curve of the construction as closely as possible to a standard

raference transmission loss curve, This reference curve was designed so that the

transmitted nolses from the assumed generalized interior noise source would generate q

racaived noise spectrum whare each band would contribute approximately




i ' equally to the subjestive loudnass.* The final curve selected in 1963 for the S5TC

concapt was adjusted slightly to be consistent with a similar approach that had been

adopted earlier in Garmt:my.B The STC single number rating, developed on the basls

of the preceding concepts, has now been finalized in nearly identical form in inter=
9,10

] national and national standards.
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}, The resuiting reference transmission loss curve shape for the U.S. standard on STC
;' shown in Figura 2, increases from 125 Hz to 400 Hz at a rate of +7dB per octava,

d

i increases further from 400 to 1250 Hz at q rate of +3 dB per octave and remains con=

stant to 4000 Hz. (The 1SO curve starts at 100 Hz and ends at 3150 Hz but otherwise

ST

has the same shape. )

B

*The initial choice of the referance transmission foss curve for STC alse considered
frequency walghtings for the received signal represented by the 0.5 noy equal
noltiness contour and the NC=25 noise criterion curve for rooms.
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Class

Again, it must be emphasized that STC was developed entirely for application

to rating transmission loss of interior wolls, At least one attempt to apply the STC

rating to estimation of outdoor-indoor noise reduction is reported;

the outdoor noisa spectrum shape were similar to that illustrated in Figure 1 for internal

noise sources, the STC index would not be expected to provide the degree of accuracy

however, unless

deslred for predicting a subjective measure of noise transmission from the outdoors to

intorior spaces. Thus, o new index was developed with the Following objectives:

Designed to be suitable for evaluating outdoor-indoor noise reduction

of major outdoor noise sources {i.e., ground and air transportation).

Utilize tha A~waighting curve for evaluation of the magnitude of both

the axterior and interior noise levels,

Provide an approximate method for estimating the overall composite noise

reduction in A-walghted nolse levals for a structure consisting of

several structural elements, each with its own single number rating of

sound transmission loss In terms of EWNR. This had apparently not

been attempted with

the STC rating method.
4
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f ) The remainder of this report outlines the basis for the development of this new

singla aumber rating method,
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! CHAPTER 2
THEORY OF NOISE REDUCTION

" 2. Introduction

The degres of acoustical isclation between two fully enclosed spaces is termad
Noise Reduction {(NR), Quite simply, it is the difference betwaen the mean square
sound prassura levals axisting in a source room and a receiving room = the two enclosed
spaces of interest. MNormally Noise Reduction is measured in 16 one-third octave bands
and the resulting frequency dependent data is used to evaluate the acoustical environ-

ment in the recelving space.

The theory for calculating noise reduction between two spaces Is well-defined

and is briefly summarized in the next section. It shows that the noise reduction is
dapendant on two parameters; the sound transmission loss of the intervening wall and

the acoustic absorption of the receiving space. A similar, but not identical, formu-
’ lation Is required to define the noise reduction between a free outdser sound field and

N the intarlor of a bullding immersed in this sound field. This second case is treated at

the end of this chapter.

2.2 Noisa Reduction Batwean Twoe Rooms

When a sound wave impinges on an interface between air and a solid, as it does
in the case of a structural wail, 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, T. Since Tis always less than 1, it is conven=
ient to usa its reciprocal in logarithmic notation as follows to define the transmission
loss (TL)

TL=10log,o(r) , cB M

Transmission loss is commonfy measured in a laboratory enviranment in which the panel

under tost s placed between two reverbarant (enclosed) rooms. It may be shown that in
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a reverbarant sound flald, the acoustic intensity I, which is the acoustic power trans-

mitted through a unit area, is given l:a;.r:]2

| = %—“ (2)

where E is the energy density in the reverberant sound fleld (energy per unlt volume)

and ¢ is the sound speed,

Follawing standard methods, the acoustic power transmitted through the test

panel of area S issimply 7 times the incident intensity I, timas Sr12

'rE]cS
4

(3)

W=TI'|S=

Now, the same power flowing into the recelving space (designated by the sub~

script 2) will result in an intensity in that space equal to the pawer divided by the

total receiving room absorption, A, as follows: 12
Lo W rE]cS @
2 A 4A

Hence, as the receiving room intensity Is also equal to one-fourth of the energy density

times the sound speed

E,c TE.cS .
[, = e = o) (5)
2 4 4A
or, solving for 1/71,
E
1_71 8
T 5 A (6)




-

Now since the energy density is sroportional to the mean square pressure, we may write:

02

IR -

=3 & 7)
P2

4]

which in the familiar logarithmic notation becomes:

§
TL=L]-L2+]0|DQK , dB (8)

where L, ond L2 are the sound pressure levels {averaged over space and time)

existing, respectively, In the source ond receiver rooms seporated by the panel under

test,

For two fully enclosed rooms in which fhe sound fields are diffuse, the difference
between the mean sound pressure levels (L, = L) is recognized os the term we have

cd“ed noiSé l‘educﬁon, H{= thﬂh

It 1s important to clearly differentiate between transmission loss and noise reduction
even when the term 10 log S/A is small, Transmission loss s a property of the
structure and is independent of noise source and receiving space characteristics = that is,
the TL value of @ materiol does not vary with its environment {ignoring second-order
effects of temperature or humidity on dynamic preperties of the wall material), On the
other hand, noise raduction is o function of transmission loss, the area of the

transmitting wall and the acoustic absorption in the receiving space.

It 15 commen practice for architects and building designers and even acoustical
engineers to specify transmission loss values for a siructure in an attempt to design o

building with a satisfactory acoustic environment, Of course, specifying transmission

o
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loss is important 50 long as the designer is able to make some accurate prediction of
noise reduction of which transmission loss is only a part. The occupants of @ completed
structure certainly do not care about the transmission loss of their building; what is
important is the interior noise level or noise reduction., In a recent paper, T, Schultz
points out that not only is noise reduction (or acoustical isolation) of primary importance

but building codes should contain acoustical eriteria in tarms of noise reduction instead

of transmissfon loss.

2.3 Qutdoor-Indoor Nopise Raduction

Wa have been dealing up to now with isolation between two interior spaces, [f
the source space is taken to be tha area exterlor to a structure ~ as it is for highway noise
analysis = then the concept of noise reduction is not strictly definad because of the
difficulty in establishing an average sound pressure level in the outside "space. " If,
however, our goal is to pradict ond rate the acoustical environment inside a building to

ba bullt or modified, the concepts developed above are still valid.

Consider the situation where the source is exterior to a fully enclosed space -
as would be the case for a residential [iving area in a structure near a highway, Since
the source no longer is a diffuse field, the relation betwasn energy density and intensity
is slightly different. For a progressive wave incident on the exterior wall of o structure,

the incident sound intensity, 1, is givan by:

I, =E, ¢ (10)

where E] is tha energy density in the incident progressive wave. The acoustic power

transmitted through the extorior wall is still glven by:

W=l S=1E ¢S (n

The acoustic intensity existing in the interior space is the same as that glven earlier
by Equation (2) for a reverberant sound field, so that, from Equation (11):

12=\-A!-=TE]C§~ {12)




and, from Equation (2):
E e
- 2
I2 7} (13)
Therefore, combining Equations (12} and {13) and again employing the relationship

that the energy density (E) in a sound field is proportional to the mean square pressure
2
(P%)

2
1 5o s
—=4 = —=4 3 > (14)
T E2 A P2 A

The only difference between this case and the first one Is the multiplying factor of 4

due to the differing energy density in a progressive wave field and a reverberant acoustic

field, Utilizing our logarithmic notation again, we may write on equation for the

affective transmission less (TL) for this case as:

5
TL—L]—L2+10log]OX+6 , db (15)

Or, since L2 is the interior noise level, we obtain the desired result for outdoor=

indoor noise reduction

= L =TL- S .
NR L] L2 TL IOIOQT & , dB {16}

It is assurmed that the effective transmission loss will include the effects of random

angles of incidance of highway noise. As pointed out by Sabine, the transmission loss

values corresponding to random incidence conditions are suitable for exterior wall

14
design purposes.

Now consider the quentity L] which 1s the sound pressure level corresponding
to the incident acoustic intensity. Analytical techniques may be used to thearetically
predict Ly. However, if L, is measured with a microphone near the bullding wali,
reflections from the building will affect the measurement. IF the measurement is made

in contact with the wall of the building, boundary conditions at the wall couse

Lo

()
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approximate pressure doubling. Hence, in logarithmic notation, the sound pressure
level measured at the wall would ideally exceed the actual pressure level by & dB.

(This assumes that the wall is not absorptive, as is the case with most residential strue=
ture exterior walls. The actual value will be about 5 dB in most field situations.)

Therefore, the measured noise reduction (NRm) can be defined as

NRm=L ~-L “Lex-Lz-S , dB {17)

2

where Lex is the average sound pressura [evel on the face of the exterior wall of the
structure equal to about Ly+5d8.* This is in agreement with the relaticnship by

Sabine in a recant evaluation of the acoustical parfermance nf exterior walls.

First, however, it is necessary to recognize that we have not considered how
the quantities TL and 10 log 5/A vary with frequency, Thus, in order to determine,
rigorously, say, the A-waighted noisa level inside o room LA due to external sources,
Equation (16} can be modified to the form of Equaticn (18) for fhe interior A=waightad
band lavel LA {f). (The A~weighted noise metric was chosen for this study to expross
both exterior agd interlor noise levels since this noise meiric is widely used and recog-

nized as suitohle for assessment of nolses = In terms of human response, )
L, (=L +alf)- TLA +101og () +6 , dB (18)
A, 1 A

whara the tarm a(F) represents the A-weighting at frequency f and the external band
level and transmission loss for this frequency band are designated by Ll(f) and TL(F)
respectively. Although the room  absorption A should also be a function of fre-
quency, it will be shown later on that for all proctical purpeses it can he considered

independent of frequency.

*Procedures for measuring the extemnal sound level L at the surface of g building
are defined in Chapter 3 of the FHWA Manual. !

5



Now, summing ever all bands, the A-weaighted inside level LA is formally

determined by: 2
[Ly(F) +a(f) - TL(F) 1/10 s
L. = 10leg| ¥ 10 +10log>+6 ,dB (19)

The next chapter outlines the approach employing the EWINR single number rating to

eliminate the need to carry out the complex summation suggested by Equation (19).

12
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CHAPTER 3
DEVELOPMENT OF EWNR RATING SCHEME

3. EWNR Concept

In developing a single number EWINR rating, two basic principles were employed:
(1) restrict the outdoor noise spectrum to a constant shape varying only in level, and
{2) approximate the actual transmission curve for o structure in terms of an ideal TL
curve which would filter the outdoor spectrum such that the resulting interior spectrum
has the inverse shape of the A-welghting curve. Then when the resulting interior spec=
trum is A~weighted, each one-third 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 and noise reduction.

The problem is conceptualized in Figure 3. Consider, for the moment, that the
exterior nolse spectrum exhibits a shape similar to that shown in the figure. As will ba
discussed, this, in faet, is the nominal average spectrum for the typical source noise,

It is desired, then, that the transmission characteristic of the wall act as o shaping
"filter" to the prescribed exterior noise spectrum so as to produce an interior noise spec-
trum similar in shape to the inverse of the A~weighted response curve. Interior absorp-
tion, which will be shown to be nearly independznt of frequency, will not affect the

shape of the interior noise spectrum.

Exterior Noise Interior
Noise Reduction Noise
© ]
> >
a 5
m—mums .g /—\\ _" .g
B ] . -
3 5| “A-Weighted
el Interior Noise
frequency frequency frequency

Figure 3, Conceptual Illustration of Basis for Standard TL Curve for EWNR Concept

13




3.2 Qutdeor Source Spectrum

To Identify the precise shape of this standard transmission loss curve, an assump=
tlon must be made as to the frequency characteristics of the incident exterior noise.
For the initial development of EWNR, the characteristics chosen were those of highway
traffic nofse, Figure 4 presents the range of highway noise spectra mensured at a single
location near a heavily travelled freeway, and averaged over a 24=hour period,
Consequantly, these averaged data include sound spectra from vehicles ot various
distances os they opproached and departed the measurement location, Individual vehicle
spactra fall generclly within this range of freeway spectra, Howaver, since the absorp-
tion of sound by air Is greatest for high frequencies {over 1000 Hz), the time averaged
spectra of Figure 4, which result principally from propagation aver distances of saveral
hundred faet, show less high frequency content than much of the published spectral dota
for individual vehicles, which are usually measured ot a distance of 50 feet, Figure 5
shows the nominal average octave band spactrum for highway noise based on the measured
rango, where the octave band levals are normalized to the continuous equivalent A=~

weightead noise lavel, I‘eq' in dB.lé

3.3  Interior Absorption Correctian

It was implied earller for Equation (19) that the acoustic absorption (A) inside
the recaiver room wos not frequency dependent, The next step, then, is ta actuully
evaluate the term 10 leg S/A where A is, theoretically, o function of frequency, In
a study of the noise attenuation properties of residential buildings impacted by alrcraft
nofse, the ubsorption in over 100 typical rooms in 20 separate houses in the Los Angeles
area was measured. 17 These data were used along with dimensions taken from plans
for the houses to colculate the 10 log S/A term in each case, The results are given in
Figure & for living rooms, kitehens, and bedreoms. As can be seen in Figure 6, avemge
values for each type of room are reasonobly independent of frequency and differ from

each other by o small but significant amount,
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Additional analysis for typical raom dimensions indicated that with two walls
exposed (as in the case with a corner room) to ihe noise source, the 10 log 5/A term

will increase by 3 dB. The 10 log S/A corrections resulting from this analysis are

tabulated below in Table 1,

Table 1

Values of 10 log S/A in dB fer Residential Building Raoms with
One and Two Walls Exposed

Interior Space ‘ One Wull Exposed Two Walls Exposed
Living Rooms -4 -1
Bedrooms -3 0
Kitchens -2 +1

3.4 EWNR Design Curve

Knowing the characteristics of the exterior noise spectrum, tha shape of the
special transmission loss curve shown in Figure 7 was computed according to the concepts
of Figure 3. Several streright-line approximations to the curve were investipated and the
curve shown in Figure 8 was finally chosen as the EWNR standard contour. This contour
is used in a manner similar to an STC contour to datermine the EWNR rating for a given
wall or construction element based on its transmission loss as a function of frequency.
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 1s, deviations of the TL curve below the contour)
is 32 dB or less, The Initial EWNR is then arbitrarily teken as the value of the standard

curve level at 500 Hz.

The fact that the initial EWNR value is arbitrarily taken as the level of the stan-
dard EWNR contour at 500 Hz implies that an EWNR vaive obtained using the above
procedures will require final adjustment by a constant to better approximate the actual

17
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reduction in A-weighted noise levels for the structure. The adjustment constant
obtained for the highway nolse spectrum will be incorperated into the final values of
EWNR given in Appendix B to simplify the nofse reduction calculation for highway neise
sourcas, To use EWNR values for predicting bullding attenvation of nofse from other
sources such as aireraft, a different constant would be applicable and so an adjustment
to the noise reduction equation would be required. The numerical values of the adjust-
ment constants for different saurce spectra are developed In Section 4.4 of the next

chapter.

Thus, a rating which approximates the broad band trensmission characteristics
of structures, called Exterior Wall Noise Rating {(EWNR), is developed to calculate
outdoor-Indoor noise reduction of incident A=welghted sound levels. This allows

application of the following equation in place of the complex summation of Equation
(9).
NR=L, =L, = EWNR~10logYA-6 ,dB (20)

1M

where

NR = Difference between (1) the free=field A-weighted sound level which
would exist, in the absence of the structure, at the structure exterior
surface (L A ). and (2) the average Interior A=weighted sound level

1
Lty )
A
EWNR= Exterior Wall Nolse Rating (Including the adjustment constant).

S = Transmitting surface areg
A = Room absorption

Note that Equation (20) applies only to a single homogeneous structure.  Alse, It Is
assumed, for now, that the adjustment constant required to adjust the inltial, graphically
determined value, is included in the final EWNR value utilized in Equation (20).
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3.5 EWNR for Composite Structures

When o structure is camposed of several different transmitting elements, the
transmizsion loss of the composite structure must be determined. Standord procedure
first entoils calculating the composite transmission loss in each one~third octave band,
Then a single number rating such as EWINR may be determined from this composite frans
mission loss curve, Howaver, several hundred sample calculations indicated that a com-
posite EWNR value may be determined with little error by obtaining the EWNR of each
structure element and combining these values independently of frequency as shown

balow in the same Fashion as is normally used to compute composite transmission loss:

> s
- |
EWNRcomposire = 10 logy, ST, , dB {21

where

I = Index for the transmitting structure elements
5[ = Surface area of the irh alement

'r;= Transmission coefficient of the ith element corresponding to the
- EWNR of that element (EWNRi), or:

—EWNRi/IO

T =10

| (22)

Now, if Equations (21) and (22} are substituted into Equation (20), the following
general axprassion may be definad to predict the noise reduction of A-weighted sound

lavels of a composite structure,

~EWNR./10
[Si 10

NR = LA - LA2 = =10 iogm’z ' :”'f- 10 IogloA-é . db {23)

] i
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3.6 Calculation of the Tabulated EWNR Values

The EWNR values given in Tables 13, 15, 19, 20, and 21 of Appendix B
were calculated using a computer algorithm which simulates the standard EWNR con-
tour-fitting technique described earlier, The transmission loss curves used for the

contour-fitting exercise were obtained in one of two ways.

Transmission loss data used for determining wall and roof-ceiling EWNR values
were calculated using a second computer algorithm based on the transmission loss thaory
prasented in a recent U.S, Department of Housing and Urban Development Report.

This theory allows caleulation of TL values assuming the existence of significant acous-
tical absorption in studwork walls, in furred walls, and in single=joist roof=ceilings.
Since EWNR values for building elements without absorption were desired, negative
EWNR adjustments to account for the effacts of the insulation were required, Thess
adjustments were obtained from an extensive literature search for transmission loss values
of all types of building constructions, aos discussed in Section 3,7, Comparative EWNR
analyses using numerous TL data for walls and roof-ceilings with and without absorption
resulted in absorption corrections of minus 4 dB for studwork walls, minus 3 JB for

furred walls ond minus 5 dB for single-joist roof~ceilings. These corrections were applied

to the calculated EWNR values,

Transmission loss values used for calzulating the EWNR of windows, doors, and
air conditioners consisted of published measurement data collected during the literature

search, No adjustments for absorption were required for these items,

1t should be noted that the EWNR values tabulated for walls and roof<ceiling son-
structions were calculoted ldeal values which would not be completely achieved by
standard construction techniques due to the usual presence of gaps, leaks and flanking
paths, The literature search data indicated that the average reduction of thase ideal
values due to the imperfections of actual standard axterior construction is about 4 dB.
Thus, an additional 4 dB was subtracted from calculated EWNR values for walls and
raof=ceilings to malke the tabulated values representative of field construction, EWNR
values for the other construction elements are based on maeasured performance and,

hence, no adjustment was necessary.
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A final correction was applied te al] EWNR values hefore placement in the tablas,
This was o constant value of minus 4 dB, which is related to the noise source spectrum

as is described in Chapter 4.

3.7 Development of Tabulated EWNR Adjustments

The tabulated EWNR values discussad abova are for extremely basic wall or roof=-
ceiling configurations. Hence, these values alene are nof sufficlent 1o predict the
EWNR of most actual construction which confains additional detall features. To account
for the effects of details which modify the basic construction types given, approximate

EWNR adjustments have been developed. These are given in Tables 14, 16, 17 and
18 in Appendix B.

Table 14 contains adjustments to be added to the EWNR of basic wall construction
which agcount for the tabulated medifications to the basic constructions, These EWINR
adjustments are based on an analysis of three types of data obtained from the literature.

These are:

1. Transmission loss values in one~third octave bands for 104 different

wall constructions,
2. STC values published for various wall constructions,
3, STC adjustments published for several wall modifications.

These data wars onalyzed in the following ways. The transmission loss dats were

usad to compute the EWNR value for each of the 104 wall comstructions using the com=
puter mathod described in Section 3,6, Then, to detarmine the EWNR change of a
wall due to addition of any particular modification, EWNR values for walls without the
modification were compared with values for walls identical but including the modifi-
cation. This gave rise to a set of EWNR adjustment factors which could be compared
to the second type of data = published STC adjustments for specific construgtion
features. [For each feature or modification, the average EWNR and STC adjustments

were identical. This appeared o be o reasonable outcome based on the similarities

22
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between the EWNR and STC concepts, and allowed the use of the third data type,
published 5TC values, to develap EWNR adjustments for addifional modifications in the
way that the calculated EWNR values had been used. These procedures yielded 77
independent daterminations of EWNR adjustment facfors for the sight medifications
listed in Table 14, The table contains the average EWNR change for each

modification.

In a similar fashion, 61 comparisons were made for walls with multiple modifi-
cations. These gave rise to the following rationale regarding interactions between
multiple modifications, In general, the wall modifications belong fe three categories.
These are: modifications which increase the mass of the wall surfacas, modifications
which add acoustically absorptive material to the stud space, and those which resiliently
mount the wall panels to the studwork, The first category helps prevent sound from
antering the wall, the second limits the buildup of the reverberant sound within the wall,
and the third increases the limpness of the wall structure, The noise reducing mechanism
of each category operates independently from those of the other two. Thus, when
modifications from different categories are made, the Full benefit of each modification
will be realized. However, once a modification in a given category has been made,

a second modification in that category will contribute less than its full independent
effact. The data assembled for multiple modifications indicate that one-half of the
beneflt of the second modification in a category will be realized. Notes indicating
how to apply these principles in determining the total EWNR of o wall are given at tha
bottom of Table 2.

Tables 16 and 17 in Appendix B contain EWNR adjustments which account for
variations to basic roof constructions. These values can be applied to a basic roof-
cefling EWNR to adjust for the presence of acoustical absorption in the structure or
for venting of an attic space. The value given in Table 16 for addition of absorption
in single joist construction is based en the above analysis of wall data which yielded
a 4 dB EWNR adjustment for addition of absorption in double pane! walls, The 4 dB

adJustment for walls was Increased to 5 dB for double panel roof~ceiling construction
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to account for the larger amount of acoustical absorption provided by typically thick
joist space thermal insulation, Al other EWNR adjustments contained in Tables 16
and 17 are the results of direct calculations of transmission loss through the listed
structuras, basad on transmission loss and absorption properties of the individual struc~
tural panels or components. The transmission loss properties for panels used in thesa
caleulations were averaged values from available literature, or, if not published,
were caleulated using the panel physical properties, The celeulational proceduras
followsd were those given in Reference 1B,

The EWNR adjustments given in Table 18 of Appendix B can be applied to roof
EWNR values to account for the effect of self-shielding of traffic noise. These values
ware develepad using typical roof geometry and classical acoustical barrier considerations.,
The self-shielding adjustments in Table 18 would of course not be used for alrcraft noise

sources,
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CHAPTER 4
EVALUATION OF SINGLE NUMBER RATING SCHEMES

4.1 Introduction

During the course of developing the single number rating schame, EWNR, several

ather rating methods were also considered for evaluating the transmission loss character=-

istics of exterior walls, including the STC method discussed in Chapter 1. These alter-

nate matheds are describad as follows:

1,

Speach Intetferance Level Transmission Loss (SILTL), The SILTL is the
arithmetic average of the one~third octave band transmission loss values

in the speech interference frequency range (400 Hz to 2500 Hz).

Average Transmission Loss (AVETL), The AVETL is the arithmatic average

of the té one-third octave band transmission loss values,

Modified STC Ratings. These ratings are similar to STC, but the standard
5TC curve is replaced with a curve with pesitive slope rising at o rate of
0,1, 2,3, 4, 5, and 6 dB per octave and designated as Mod 0

through Mod 6. These standard curves are adjustad vertically to the
highest position where the sum of the one=third octave kand deficiencies

is 32 dB or less. The rating is then the value of tha standard curve at

500 H=.
Exterior Wall Noise Rating (EWNR) for Highway Noisa, The rationals

for the selection of this rating has elready been discussed in the last
chapter. It was shown that a special transmission loss characteristic of
axternal walls could be defined which "filtered" the appropriate exterior
noise spactrum such that the acoustic energy contained in each third=
octave band of this filtered internal noise spectrum would be equally
important in determining the resulting interior A-weightad noise lavel,
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4.2 Evaluation Method

Each of these rating methods was evaluated by comparing the noise reduction
for @ very wide variety of structural assemblies computed by the single number rating

method and by the classical mathod as follow,

1. Single Number Rating Methods

For these mathods, the noise reduction for each structural assembly was

computed with the following equation, which is equivalent to Equation (23)

except that the single number rating X, does not Include an adjustment constant.

=X./10

= 1 i - S _ .
NR,= =10 Ioglo -s-iz |:Si 10 } I 10 Iog]0 x & , dB (24)

where X is one of the single noise ratings defined above {but without an

th
adjustment constant) applied to the I elemant of a composite strueturel assambly,
and thus NRu is an unadjusted noise reduction.

2. Formal Noise Reduction Caleulation Method

For this classical method, the following equation was applied to each
structural assembly to datermine the true noise reduction NR' in

A-weighted lavals,

LLLi) = TR + a(h))/ 10} 1

_ S
NR'—LA]-IOIog[Zl OlogZ -6 ,db  (25)

l'.'
where
I.A = A~weighted exterior noise level
1 .
Ll(f) = octave band exterior noise level at frequency f

alf) = A~waighting at frequency f

TL(F) = composite TL of assembly at frequency f
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which is

~TL.()/ 10
T = -10 log [[}i: 5, 10 ! ]/iz s'] (26)

ond TLi(f) =the TL of lth alemant wlth area SI at frequency f.

For this classical method, the noise reduction in A=weightad levels involves
computing the interior octave band leve! over the full spectrum using the
actual composite transmission loss curve at each frequency. The resulting
interior band levels are A-weighted, summed, and subtracted from the

exterior A=weighted lavel to define the outdoor~indeor noisa raduction,

Nolse reduction values were computed by each of these methods for combinations
of 225 wall constructions and 33 window constructions in area ratios of C, 10, 15, and
20 percent of total wall area for a total of 22,500 separate cases. In each case, com-
posite transmission loss values in one-third octove bands and single number composite
transmission loss values were datermined by the pracaeding expressions using publishad

and computed data for the actual transmission lass of each elemant as a function of frequency,

For each noise rating method, the statistical correlation between the approximate
(Equation (24)) and true (Equation (25)) noise reduction values was computed utllizing
all 22,500 pairs of values obtainad from the combinations of structural assemblios
censidersd. An initial [inear regression analysis was corriad out using each of these
pairs of noise reduction values. Since the slope of this regressien line was usually very
close to unity, an additional regression forcing the slope to be unity was performed.

A conceptual iHustration of this process is shown In Figure 9. The dashed lines indicate

the nominal bounds ~f the 20 percent confidence limits about the regression line

canstructad to have a unit slopa.

As illustrated in the figure, for each single number rating method, the estimated
noise reduction NRU could be ralated to the classical value (NR') by a simple linsar

aquation based on the use of a unit slope for the regression {ine
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NR, = NR* +C (27)

where C was the Intercept of ths regression line on the vertical axis, The value of C

is the adjustment constant dafined in Section 3~4, This constant is depandant on:

&  The particular single number noise metric including the specific

detalls of the graphical computation methods

®  The spactrum assumed for the exterior noise source

The accuracy of any one of the single number ratings, assuming it is adjusted
by the adjusiment constant C {intercept of the regression Yine identified above), is
conveniently represented by the width of the 90 percent confidence limits about the
mean regrassion line. These confidonce limits also varled with the same three elements
identified above which influencad the adjustment constant €, Thus, each of these

elements was evaluated in turn.

4,3 Relative Accuracy of the Single Number Ratings

Due to the large number of cases to be evaluated, the entire evaluation process
was computerized, For each single number rating method, the program computed: (1)
the approximate nolse reduction value bused on the single number rating, (2) the true
noise raduction value based on the actual TL data versus frequency, and (3) the
regression lines between these two data poirs for all the 22,500 wall-window

comblnations,

The resuits of this analysis are shown in Table 2 In terms of the correlation coef~
ficiant and 90 percent confidence intervals for each of the 11 single number ratings:
the latter are bosed on the highwoy nolse spectrum in Figure 5 of Chopter 3. With
a correlation coefficient of 0,998 and o 90 percent confidence interval of X 0.4 dB,

the EWNR method Is apparently more accurate than any of the others investigated.,

29
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Table 2

Corralation Coefficiants and 90 Percent Confidence Intervals for
Pradietion of Intarior A=Walghted Noise Lavels for 11 Single
‘ Number Transmisslon Loss Rating Schemes

Nurbr Correlation Confidonce

Rating Intervals, 4B

STC 0.962 2.7

SILTL 0,960 2.8

AVETL 0.981 £1,9 !

Mod 0 0.978 42,1

i Mod 1 0,987 1.7
{ Mod 2 0.988 11,5 ;
.' Mod 3 0.985 £1.8 o
Mod 4 0,975 42,2 (o3

Mod 5 0.956 £2.9 S

Mod 6 0.927 £3.8

EWNR 0.998 10,6 "

The adjusiment constant C from the regression analysis of tha EWNR method '
had a value of approximately + 4 dB for the highway noise spectrum, (Values for other
spoctra are given In Table 4.} This represented the constant difference between the
A-weighted structure attenuation predicted by the EWNR method (Equation 24) ond the :

truo attenuation caleulated with Equation (25). This constant value of 4 ¢B has baen

incorporated into all data tabulated in the FHWA manuall and in Appendix B so that
tho tabulated EWNR values'may be applied diractly to predict the attenuation of highway
nolse, However, 4 dB must be subtractad from the value of the EWNR contour at 500 Hz

when determining EWNR values by graphical means from TL data, i
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4,4 Comparison of Rating Methods for Other Exterior Noise Spectra

Additional analyses of single number rating schemes were conducted
utilizing nolse spactra for various other sources, Based on the praceding evaluation,
the five most feasible rating schemes were salected for further analysis: EWNR, STC,
Mod 0, Mod 3, and SILTL. The extended ovaluation of these rating schemas centered
on the utilization of two additional highway noise spectra based upon octave band
data identified os TSCw

sidered in' light- of both a one and five percent truck mix, thereby resulting in four

and NCHRP 7820 data, Each of these spectra were con=

highway noise spectra test coses. .
i
Commonly-used wall constructions were again combined with various window

types in area ratios of 20, 15, 10 and O percent. A total of 192 diffarent wall con-~
structions and 16 windows were used in this analysis. Linear regression analyses again
ware conducted for each case to compare the accuracy of the single number rating
schemes against the true values calculated from the frequency=dependent TL data.
The tobulated 20 percent confidence intervals are shown here in Table 3. For all four
highway noise spactra, the EWNR method provided the most accurate single number

rating of fransmission loss values,

Table 3

Ninety Percent Confidence Intervals in dB for Comparison of Alternats
Single Number Rating Methods for Different Highway Noise Spectra

T5C NCHRP 78
Single Number 1 Pereent 5 Percent 1 Percent 5 Percent
Kating lrucks Trucks Trucks Trucks
EWNR 20,9 +0.9 1,1 +1,1
Mod O 2,3 2.3 +1.,6 *1,5
Mod 3 £1,2 11,2 +1.4 1.4
STC 2.1 12,0 12.6 +2.6
SILTL 4,2 4, +4.8 +4.8
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Other Noise Sources

In addition to analyzing the sensitivity of EWNR to variations in the source

spectra for highway noise, several other source spectra were also considered. In this

case, generalized spoactra for highway, railread, aireraft, and combinatlons of these

sources were generated from data in Wyle's files. 16 Aguain, the same typa of regression
analysis was made for the 22,500 wall-window combinations. In this case, the results

were computed with the slope of the regression line forced to unity . For comparison,

the same analysis was also made of the STC single number rating method., The results

are shown in Table 4 in terms of thz 90 percent confidenca limits and the adjustment

constant C for the various sources and for both the EWNR and STC methods.

Comparative Accuracy of EWNR and S5TC Rating Methods

Table 4

for Sevaral Source Spectra

Rating Meathod*
EWNR S1C
Adjustment Adjustment
90% Confidence | Constant** | 90% Confidence | Constant**
Source Limits C Limits C
Spectrum db dB dB dB
1. Highway +0, 64 3.5 £2.74 1.8
2. Railroad +0,82 3.9 +2,84 2.2
3. Aireraft +1.94 " 5.8 +3,85 4.1
4, Yand 2 +0.81 3.7 +2,81 2.0
Combined
5. 1,2, and 3 2,10 4.4 +3, 59 2.7
Combined

* Based on unity slope for regression line as in Figure 9,

**Constant te be subtractad from value of standard EWNR curve at 500 Hz when

the latter is adjusted to fit actual TL curve as defined in Chapter 3.
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A limited analysis was also made using both the linear regression line without

forcing the slope to unity and a unit slope regression line. The results ate shown in

Table 5 comparing the EWNR and STC matheds with aircraft and highway source spectra. 16

Table 5

Comparison of Correlation Cosfficients and 90 Percent Confidence Intervals
for Two Alternate Single Number Rating Methods for Predicting
Outdoor-Indoor Noise Reduction of A-Weighted Noise Levels

Aircraft Source Highway Source
Rating Regression Line Unit Slope Regression Line J Unit Slope
Method P
r 20% ConfidenceLimits r ?0% Confidencelimits
EWR 0,984 +1.7 1.9 0.998 +0.6 +0.6
ST1C 0,926 +3.5 +3.9 0.962 +2,7 +2,8

The 90 percant confidence limits for the STC method are approximately three times
{about =3 Instead of £0.6 dB) that for the EWNR method for highway source. Tha EWNR
mathod should tharafore be somewhat more reliable for application to FHWA programs.
Actual measuraments of cutdoor~indoor nolse reductions for A-welghted noise levels
carried out in another program involving aircraft noise a3 a source were also shown to
agree satisfoctorily (within about £2.5 dB) with predicted values basad on the use of
EWNR (see Appendix A). Even better agreement between predicted and measured
noisa reduction would be expected for highway noise since the EWNR method was based

on the latter as the exterior sourca,

Finally, it should be pointed out that the STC method was not expected to show
higher accuracy for predicting outdoor-indoor noise reduction of A-waighted noise
levels than the EWNR method since, as outlined in Chapter 1, it was based on the use

of an average interior noise source spectra.
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Thus, the EWNR method appears well suited for convenient application to )

svaluating outdoor-indoor noise reduction. In summary, three points are reamphasized.,

1. To evaluate the EWNR of o structure or building component from
transmission loss data, the following procedure is employed. The
standard EWNR contour is adjusted vertically to the highest position
relative to the TL curve until, over the frequency range of 125 to
4000 Mz, the sum of the deficiencies in the 16 one-third octave bonds
is no greater than 32 dB, The volus of the standard contour at 500 Hz i

Is then reduced by the adjustment constant of 4 dB to obiain the final ;

EWNR valve.

2. To calculate the reduction of noise from ground transpartation sources

(highways and railroads), equation (23) should be utilized,

3. To calculate building noise reduction for aircraft noise sources, apply

squation (23) and subtract 2 dB from the result. The 2 dB subtraction

vy,

accounts for the difference between the "adjustment constants” for

ground tronsportation and aircraft noise sources {see Section 4.2 and

Table 4). ;

Appendix A presents a comparison between measured noise reduction vafues and

values predicted using these methods. 3
Appendix B summarizes the specific values of EWNR used in the FHWA munual.]

Appendix C summarizes the results of an anolysis cerried out to evaluate the
sensitivity of the graphical technique for computing EWNR, Tha specific procedures
for summing the allowad deficiences between tha EWNR standard contour and the

actual TL contour For any specimen, as defined In Chapter 3, are shown to be optimum,
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APPENDIX A - :
COMPARISON OF MEASURED AND PREDICTED NOISE REDUCTION

During the course of a recent FAA-~sponsored feasibility study of noise Insulation
for public buildings around airperts, the EWNR rating method was used to estimate noise
reduction into such buildings and experimental data were taken to validate these
pradictions in 42 rooms inside 22 schools and hospitals near three airports (Los
Angeles International, Boston-logan Interngtional, and Denver). The
naise reduction measurements were carried out essentially In accordance with the pro-
cedures outlined in the FHWA manual.l This appendix summarizes the comparison
between these measured and predicted values of noise reduction. Although the EWNR
method was designed around the use of surface transportation as the noise source, it was
also possible to moke reasonably accurate predictions of outdoor~indoor reduction in
A=-weighted levels of aircraft nolse. As illustrated in the foliowing data, the average
predicted noise reduction was within 2.5 dB of the measured value 90 percent of the

time.

A.1  Measured Noise Reduction

Tables & through 8 show the measured exterior noise levels {corrected to
frea=field), interior noise levels, and noise reduction for the 42 rooms tested. Except
where noted otherwise, each valve shown is the average of measurements from 12 aircraft
noise events. The standard deviation for each set is shown. In addition to measurement
varigtions, the standard deviation of the levels represents the variation of levels betwean
aitcraft. The standard deviation of the noise reductions is due to variations in NR
associated with aircraft spectrum variotions, plus spatial variations in noise within the
room. These variations are normally expected, and are the reason why NR is taken as the
average of a number of events and a number of interior positions.

A.2  Comparison with Predicted Noise Reduction

Tables 9 through 11 show the measured and predicted NR for each room,
together with the difference (A). Tha difference is the predicted value minus the measured
value in decibels.

A statistical analysis of the differences has been performed for the buildings around
each airport, and is summarized in Table 12. Shown are the mean difference, standard
deviation of diffarences, and 90 percent confidence limits.

The confidence limits are illustrated in Figure 10, Shown are the 90 parcent
confidence limits for the three airport groups, relative to A =0. Also shown for com=
parison is the expected confidence limit of £1.9 dB for the differance between noise
reductions for aircraft noise computed with EWNR and by the classical method using
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transmission loss data at sach frequency band. While the confidance limits about the
mean for each alrport fall well within this expected EWNR confidence interval, the
extramos of the confidence limits far the measured data for all three airports extends to
£2,5dB. Howaver, considering inherent fiald measurement accuracy of typleally

& 1-2 dB, these confidence limits for the difference between measured and predicted
nolse reduction are quite reasonable. Thus, the use of the EWNR method appears to be
well validated,
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Table 6
Measured Levels and Noise Reduction ~ LAX]
Exterior Interior NR
Building Room Av, | o Av, r Av, P
Imperial School 2 85.7 | 4.1 56.8 | 3.2 28,9 1.8
] 85.0 | 5,2 57.5 | 3.1 27.5 | 2.6
[+ 82,6 | 5.1 50,8 (3.4 31.8 |2.5
Llennox H.5. 4 Bldg 3 71.3 | 3.3 50.% | 4.2 20,4 | 2.3
3 Bldg 6 75.6 | 5.6 53.7 | 5.7 21,9 | 2.0
3 Bldg 4 71.3 13,7 57.9 {3.3 13.4 (1.5
Feiton Ave. School 9 89,1 | 5.0 70,8 | 5.6 18,3 [ 2.4
5 83.8 [ 4.5 65,7 {8.7 18.1 [2,7
1 86.1 ) 6.0 66.9 | 7.3 19.2 | 2.4
Clyde Woodworth 4 78.4 15,1 57.0 | 4.1 21.4 1.5
School
Morningside H.S. J2 86,0 | 3.4 63,2 | 3.9 22,8 |11.)
V2 76.0 | 8.4 54,5 | 6.3 21.5 3.5
Centinella Hospital 5114 8.3 [3.5 | 40.82 1.9 | 30.0%1.7
8128 8.9 [3.2 | 42,6% 1.5 | 20.93[1.0
Westchesier H.5. F¢ 67,2 | 5.4 51,3 | 4.9 16,0 [1,3
Imperial Hospital 227 9.4 | 2,3 46.0 { 2.0 23.3 12,3
224 69,2 | 2.3 47,4 [ 1,9 21.3 | 2.7

lAr’HhmeHc Average (Av) A-~weighted alreraft noise levals outside (corractad to frea=-

fiald) ond inside rooms and corresponding noise reduction {NR) in decibels, o is

standard deviation of results from several overflights.

2Ct::ur'mng only 5 interior measurements above background.

3Counting only 4 interior measuraments above background.
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Table 7

Measured Levels and Noise Reduction - BOSI

Exterior Interior NR
Building Room AV, o Av. r Av, T
Winthrop Community 319 82.8 | 7.7 60.3 | 9.0 22,5 | 3.6
Hospital 271 78.1 |61 | 49.4 |57 | 28.8 | 1.6
Winfhl‘op JHS 206 76.3 |1 4.9 56.3 | 3.1 20.0 | 3.4
220 68.8 | 6.9 45,0 1 7.3 23,8 | 6.5
Julio Ward Howe Left Front 84.7 | 2.4 63.1 | 2,0 21.6 | 1.0
School Right Front | 85.7 13.5 | 60.7 [ 3.3 | 25.0 | 1.0
Cherverus School 8 77.2 | 4.9 58,8 | 4.0 8.4 | 2.4
78,9 1 2.4 61,0 | 1.4 18,0 11,9
Chapman School Left 79.0 | 4.8 70,0 | 5.5 9.0 | 1.6
Right 78,3 14,2 64,7 | 4.3 13,4 (2.3
Chelsea Memorial 201 74,3 12,9 50,3 | 2.0 24,1 13,0
Hospital 210 78.9 |5.3 | 55.0 [ 4.3 | 240 | 3.8
Willlams School 15 75.7 | 4.9 57,2 | 4.8 18,5 | 1.5
20 77.2 1 3.9 58.1 | 3.6 12.0 | 0.6

1, . \
Arithmetic Average {Av) A~weighted aircraft noise levels outside (corrected to frae-

field} and inside rooms and corresponding noise reduction {(NR) in decibels, o is

standard daviation of results from several overflights.
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Table 8
Maeasured Levels and Noiss Reduction « DEN]
Exterior Interior NR
Building Room Av, T Av, a Av, a
Ciyde Miller Elem, 5 72.9 | 4.5 57.7 | 3.9 16.9 | 1.0
School

Park Lane Elem. 20 21.5 | 6.3 57.4 | 5.3 34,1 2.92
Scheol 6 87.9 (3.9 | 53,0 3.3 [ 34.8 |2.62

Sable School Faculty 85,7 | 4.0 70.3 14.3 15,5 | 2.7

DiningRoom

4 79.6 | 5,1 50,6 | 5.1 28.7 | 1.5

North JHS 13 84,5 | 6.2 59.4 | 3.2 25,0 | 5.2

12 87,6 | 3.4 63,5 | 3.3 24.1 { 0.7

Fitzsimons Hospital 4133 81,9 (2,9 56,4 [ 3.6 25.5 [ 1.0

4062 81,7 | 3.7 56,3 | 4.0 25,3 11.5

Boston Elem . School ] B87.6 | 2.6 61.8 | 2.8 25,8 | 1.8

Paris Flem, Schoo! 1 61.5 13.3 41.6 11,9 19,9 | 2.0

]Arifhmeﬂc Average (Av) A-waeighted alrcraft noise levels outside {correctad to frea=-
figld) and Tnside rooms and corresponding noise raduction {NR) in dacibels. o is
standard daviation of results from sevaral overflights.

2Wc:ll with windows facing away from alreraft. Microphone on wall facing aircraft
approximately 10 dB self-shielding.
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Table 9
Predicted and Measured Noise Reduction = LAX, in dB
Building Room Predicted Meas'd A
Imperial School 2 25.8 28.9 =3.1
11 25,8 27.5 -1.7
6 31.8 31.8 ]
" Lennox H.S. 4 Bldg3 21.4 20,4 1.0
3 Bldg 6 21.4 21.6 | -0.2
3 Bldg 4 21.4 18,0 3.4
Felton Ave. School 19.2 18.3 0,9
12.2 18.1 1.1
11 19.2 19.2 0.0
Ciyde Woodworth 4 8.0 21.4 -3.4 P
School C;;
Morningside H,S, J2 18.3 22.8 -4,5
v 20,1 21.5 -1.4
Centinella Hospital 5114 25,7 30,0 ~4,3
8128 25.7 29.9 -4,2
Westchester H.S. F9 192.0 16,0 3.0
Imperial Hospital 227 24,0 23,3 0.7
224 24,0 21.9 2.1
Algebraic Absolute Standard
Maean Mean Daviation
T =04, @=22, (BF=2s
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Table 10

Predicted and Measured Noisa Raduction ~ BOS, in dB

Building Room Predicted Meas'd A
Winthrep Hospital 319 22,0 217 0.3
271 28,0 28,8 =0.8
Cherverus School 8 20.0 18.4 1.6
2 20,0 18,0 2,0
Winthrep J.H.S. 206 28,0 23,0 5.0
220 25.0 27.0 "‘2.0

Chapman School 3rd Fl,, left 14,2 2.0 5.2
3rd Fl., rt. 14,2 13.4 0.8

Julia Ward Howe Left 22,0 21.6 0.4
+School Right 22.0 250 | -3.0
Williams School 15 21,6 18.5 3.1
20 20,6 19,0 1.6

Chelsea Memorial 201 26,9 24,1 2.8
Hospital 210 26,9 25,0 1.9

T=13, &=22, (@)=
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Table 11
Predicted and Measured Noise Raduction = DEN, in dB

Building Room Predicted Meas'd A
Clyde Miller Elem, | Classroom 18.0 16,9 1.1
School
Park Lane Elem, 20% 33.0 34.2 -1.3
School & 33,0 34.8 | <1.8
Sable School Faculty 16.8 15,5 1.0
DintngRoom
4 22.9 28,7 =46.0
North J.H.S, 13 21.0 25,0 -4,0
12 23.9 24,1 -0,2
Fitzsimons Hosp, 4133 26.5 25,5 1.0
4062 26,5 25.3 1.2°
Boston Elem., School ] 21,5 25,8 =43
Parls Elem,Sehool 1 21.5 19.9 1.6
A =-.2, ial = 2.1, (=) = o7

*lncludes 10 dB shielding dua to windows facing awav from aircraft.

44

e

et 2 Bt + o ey T

R Sy & K )

I TReTn LT

e A G i A A

T e W T i T L ARt % Wi e s T e TR



R I S

i
‘Ll
&

Table 12

Summary of Statistical Analysis of Differences
Batwaen Predicted and Measured Noise Reduction, in dB

90% Confidence Limit

Airport

N*

Mean

o

Lower

Upper About Mean

LAX

17

-0.4

2,5

-1.7

0.5 1.1

BOS

14

1.3

2.3

0.2

2.5 ol

DEN

1

‘]cl

2.6

-205

0.4 +1.4

*Numbar of rooms measured for each airport,
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Figure 10 Comparison of 90 Percent Confidence Limits for Predicted

Minus Measured Volues of Noisa Reduction for Three
Alrports. (The Mean Difference for Each Alrport is
Designated by the Diamond,) For Comparison, the
Anticlipated 90 Parcent Confidence Limits Agcerding to
Calculated Valuas of Nolss Reduction Are Shown (See

Chaptar 4).
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Table 13

Exterior Wall Noise Rating (EWNR) Values in dB for Standard
Exterior Construction {For Use with Highway Noise)

1] 3 o
L/ /X s /¥
els /e : /0
wf & [&Fe/sa N
§ SRS/ o)/ #
E iy f L
Y IR EY L
Maote: Approximate Motric thicknesses £ “si’ ;‘ _e: & il A ,;\ ;P ;‘?
in centimetery moy be obiained by £ ;;O :i’ £ &_‘ g _g&' *}é) 5‘,
multiplying the nominal Englisheineh & fedm af x N
units by 2,54 o *‘-\l} Nof /)T j &
EXTIRIQRS 1 2 3 4 5 6 | 7 f
Alum, Siding on 1/2 Wood | A |28 3) |29 32125129 3 -
7/8* Sjucce B35 34 137 301 33137 3B o
7/8% Stuccoan 12" Wood | € |37 | 34 (37 | 32] 34|38 39! -=
Wood Siding - 1/2"10 3/4°| © (27 | 29|27 | 31| 24|28 | 30| .-
4.1/2" Brick Voneer E 144 | 42 | 44 9 42 | 45 48] am

i e
#" Brick 47 | 50 (50 [§ 45] 45145 | 45| 45

7h 41] 40( 40§ 40! 40
46 | 48148 || 42| 42|42 | 42| 42
8" Hollow Concrete Block 40 | 34] 33 ]33 | 33] 33
B Hollow Concreta Block | 4 | 40 | 42 |42 |} 36| 35,35 | 35| 35
6" Nock w/1/2" Stueeo | K (39 | 41 (41 H 35] 34|34 | 34] 34
8" Block w/1/2" Steco | L |41 | 43 [43 § 37| 36 [36 | 36| 36

n

4" Concrete

TiQ
A
o
)
~i
g
~,

6" Concrete

[ ]
oo
B
(o]

*Both 1/4" Paneding Intesiois {eolwnns & and 7) are maumed on 1/2" Gypsumbeard only fur
Extorlors A threunh £,
P o i ry LW D

LG

Area 1: Stud-work Censtruetions — All conventional 2x4 wood studs
on 16=inch centors with no insulation in stud spacos.

Arca 2: Solid Well with Furred Interiur Susfaces — All interior
swriaces mounind on 3/4-inch furting strips on 16-inch centers,

Area 3: Solid Woll with Glued Interior Surfaces ~ All intarfor

_ surfocet nlued dicectly to the solld wall
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APPENDIX B
TABLES OF EWNR VALUES AND ADJUSTMENTS ﬁ

Table 14
Adjustments to Basic EWNR Valuas Due to N'Ilac!ific:mtlonsl

Modification Modification Modi fication
Category )2 A Category 2: A Category 3: A
Mass EWNR, | Stud Space EWNR, Limpness EWNR,
Increases dB Absorption dB Increases dB
Fiberboard Under 8
Double Mass . Both Panels
Cne Side
Restlient Mounting of 8
Absorption @ ) One or Both Panels
Stud Space Stoggered Studs 6
Double Mass 4
Both Sides 24=inch Stud Spacing 2 ~
Uk
Metal Channel Studs 5 (“"

Tahlz Instructions

@)

To obtain the Totel EWINR adjustment for multiple modifications: add the adjustments
for each of the three categories, If more than one Category 3 modification is used,
count the value of the largest adjustment plus one~half of the value of the next largest.

®lf flberboard is used for a Category 3 modification, count Category 2 stud space
absarption as only 2 dB.
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Table 15 =
[+)
EWNR Valuos in dB for Basic Roof- S/ r/s > &
Cailing Constructions 1 é’/ﬁ. S/ & §
{For Usa With Highway Noise) $,§’ & &742:‘ -59 3
< g‘i’.’ AVCH N g
o ,.\:}' n\?ik & &
ROOF CONSTRUCTION 1 2 3 4
Wood Shingles A 28 28 24 21
Composition Shingles 3 39 26 25
Clay or Concrate Tiles c 39 40 33 32
Built-Up Roofing D 31 Ky 26 24
1/2" Wood and Sheet Meta) E - - - 23
Wood Shinglas F 36 39 48 -
Composition Shihgfns G 40 43 53 -
Clay or Concrata Tiles H 456 48 58 -
Built-Up Roofing | 38 aM 50 -
1/2" Wood and Sheet Metat J 36 35 49 - -

Arda 1

Aran 2

LEGEND

Area 1: Single Joist Constructions

Area 2! Attic Space Constructions

1/8" = 32 cm
3/8” = 95 em
1/2" = 1,27 em
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Table 16

Adjustment to Basic EWNR for Addition of Abserption® in
MNonvanted Ceiling/Joist Spaces

Description Adjustment Fuctor, dB
{To be Added)

Single Joist Construetions =
All Cases 5

Attic Space Constructions -

Fiberboard Ceiling 2
Plaster or Gyp Ceiling 6

*
A minimum of 4 inches (10,16 cm) is required to count this adjustment,

Table 17
Effects of Venting Attic Space Constructions* on
EWNR Values with and without Absorption

Basic Canstruction EWNR, dB Vented e Vented Aftic EWNR, dB
r .y +
(Without Absorption) {With Absorption)
36 to 39 24 3
laster or Gypboord 10 1012 25 32
Ceiling 43 to 45 2 33
46 to 48 27 M
Fiberboard Ceiling 48 to 58 a5 38
*Based on minimum venting requirements of the Uniform Building Code.
Table 18
Adjusiment to Basic EWNR to Account for Building Self~Shielding
Roof Line Description Adjuat“g:taz:;?;’ dB
Flat Roof é
Sloped Roof 3
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Table 19

EWNR Values for Common Window A:lsm!:ulies’*l

(For Use with Highway Nolsa)

DESCRIPTION EWINR, dB

1/16" glass (.16 cm) 24

178" glass (.32 em) 24

Single 1/4" plate glass (.64 ¢m) 24

Glazed 5/16" glass (.79 cm) 28

Windows 3/8" glass (.95 cm) 30

2-ply glass, 0.53" total {1.35 cm) 38

3-ply glass, 0.82" total (2.1 em) 4]

Jalausie 4-1/2" wide, 1/4" thick louvers with 18
Window 1/2" overlop = cranked shut

3/32" glass, 4" airpuca, 3/32" glass 30

1/8" glass, 2-1/4" airspace, 1/8" glass 32

Double 1/8" glass, 2=1/4" airspace, 1/4" glass 36

Glazed 1/4" glass, 2-1/4" airspace, 1/4% gloss 38

Windows** 3/16" gluss, 2" alppace, 1/4" glass ae

1/4" glass, 2" airspace, 3/8" glass 40

3/16" glass, 2% alspace, 3/B" gluss 41

3/16" glass, 4=3/4" alrspace, 1/4" glass 44

3/32" = .24em; 8/16= 48em; 1/2"=1.3 cm; 2" =5.08 cm; 4" = 10,16 em

Noite: The addition of a storm window to an existing single giazed or jalousie
window will increase the EWNR by 5 dB.

*If the window is fully open (such as a fully apen Jalousie or crank type window),

its EWNR valve is 4 dB, If the window is not complately open (usually the caso
far sliding windows), use 4 dB for the opan area, the givan value for the closed
or unopenable area, and combine tho two values using the procedures explained
In Section 2.6 of Reference 1,

*+The approximate EWNR value for "thermopane" type windows with two panes of

plate glass separated by an air space of less than 1 inch 1s 28 dB.
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Table 20

EWNR Values for Commonly-Used Daorsl

{For Use with Highway Noise)

DESCRIPTION EWNR, dB
1-3/4" wood, 1%
1/16" undercut
Hollow | 1_3/4" wood, 17
Care Weather-Stripped
Doots | 5raal (3.22 Ibs/Ft2 15,72 kgs/m-) 28
Magnetie weather-strip
1-3/4" wood, 18
1/16" undercut
1-3/4" wood, 26
Setid Waoather-Stripped
Core 1-+3/4" wood, 15
Doors Drop seal threshold
1.3/4" wood, weather-strip, and 31
Atuminum storm door, glozed 1/16" glass
Siidi
DD::Q Glazed 316" (.48 cm) sofety glass 26

1-3/4" = 4,45 e¢m
716" = .16 em

Note: The addition of a weather-stripped single glazed sterm door to an
existing door will increase the EWNR by 5 dB.

EWNR Values for Through~the-Wall Air Conditioners

Table 21

for Vents Open ond Closed i
(For Use With Highway Naise)

Yont Open ‘Vont Closed

EWINR, dB 21 24
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APPENDIX C

Evaluation of Maximum Allowable Sum of Deficiencies
in Graphical Computation of EWNR

In its initial development, the ideal EWNR contour was calculated to the nearest
one-tenth of a dB in each of the 1/3-cctave bands. The values were normalized to 0 dB
at 500 Hz as shown in Table 22,

Table 22
Ralative EWNR Curva Values, dB

The EWNR econtour is adjusted vertically relative to the, test transmission loss curve

to the highest position possible such that some of the transmission l[oss values for the test
specimen fall below these of the EWNR contour but that the sum of the deflciencles is not
greator than some maximum [ntager value. In the method for determining the STC of a given
transmission loss curve, the sum of the deficiencies may not be greater than 32 dB. 10 A
ragression analysis using 22,500 combinations (as described In Chapter 4) was carrled out
using a variety of values for the allowablo maximum sum of the deficiencies to determine
the optimum volus for use with EWNR. The results ars shownin Table 23,

53




Table 23

Sensitivity of 90% Confidence Limits in EWNR To Alfowable Sum of
Defictencles Used For Graphical Computation of EWNR

Maximum Allowable 90% Confidence Carrelation
Sum of D:;icioncies, Limits, dB Coafflcient

0 £2,80 96114

8 1,37 99128

16 0.89 99626

26 0.¢9 99770

28 0.47 99775

30 0.46 99786

3 0.64 99793

32 0.63 99802

33 Q.63 99807

34 0.63 .99804

36 0.44 99790

38 0.66 99783

&4 0.99 99551
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It can be seen from Table 23 that the highest corralation and lowest 90% confidence
limit occurs for the maximum allowable sum of deficiencies equal to 33 dB, Howevar, since
32 Is already in use for STC and since the correlation and standurd error for 32 is almost

the same as for 33, it was decided that the maximum allowable sum of deficiencies would
be 32 dB for determining EWNR.

Another regression analysls was done with the additional restriction that the
deficiency in any one 1/3-octave band could not be greater than 8 dB. The results are .
shown In Table 24,

Table 24

Effect on Accuracy of Changing Maximum Allowable Deficiency
In Any One Band When Fitting EWNR Cantour to Tl Curve
(For Case Where Sum of Deficiencies Equal to 32 dB)

90% Confidence Correlation

Limits, dB Coofficient
with.8 dB restriction 2,81 .96070
without 8 dB restriction .63 .99802

It can be seen from Table 24 that the 8 dB limitation reduces the correlation

coefficient and increases the standard error. Therefore, no such limitation was included
in the EWNR evaluation,
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