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PREFACE

This study was performed under Section 26(3) of the Airport and Alrway Development
Act Amendments of 1976 (Public Law 94-353, July 12, 1976) which states in part:

“Special Studies
Section 26. The Secretary of Transportation shall cenduct

studies with respect to - (3) the feastbility, practicability, and
cost of soundproofing of schools, hospitals, and public health

facilities located near airports, "

This study was undertaken by the Trans Systems Corparation, Vienna, Virginta, in
assoclation with Wyle Laboratories, under the directlon of the Office of Environmental

Quality, Federal Aviation Administration.

The opinions, statements, and findings contalned within this report are those of the
coniractors, and not necessarily those of the Federal Aviation Administration.
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EXECUTIVE SUMMARY

This report is in rasponse to the requirement of the Special Studies, Section 26(3)

of the Airpert and Ajrway Development Act Amendments of 1976 (Public Law 94~353},
The report sets forth our findings with respect to:

e The feasibility and practicability of soundproofing of publie buildings
near alrports;

# The extent of funding and the priority of such programs;

® The manner in which soundproofing can be carried out; and

e The views expressed by planning agencles, airport sponsors, and other
concerned persons or groups.

This study is largely based on existing and on-going research into threshold levels
of noise disruption, methods of nolse measurement and prediction, and architectural and
engineering building neise attenuation. The results include conclusions and supporting
data relative to the state, regional, and national Impact of aircraft noise; the costs and
costing methodelogy; the benefits of soundproafing; and the views and opinions of state,
city, school, and airport officials.

Specific Results

A careful and comprehensive search of the literature provided specific interior
threshold levels of noise impact. These threshald lavels are levels of noise above which
noise interference can occur. The mujor problem in schools is the disruption of closs-
room communications. Depending on the actual level of noise intrusion, teachers must
shout to be heard; or in many cases, teachers must stop teaching for the duration of the
flyover, Often students miss information and assignments. Both teachers and students
hove reported noise impacted classrooms as uncomfortable, distracting, and not condu-
cive to learning. Refersnce research indicated that the threshold of disruption in closs~

rooms is approximately 45 dB.

Reference reseorch led to the findings that the major noise intrusion problem in
hospitals and public health facilities is the distutbance of sleep. Although the research
and medical evidence is not completely clear, sleep is recognized as an integral part
of the healing process, and the continual disturbance of sleep con have o negative
impact on healing. It was determined that the threshold for the disturbance of sleep
was approximately 40 dB. Aircraft noise intrusion at a level above this begins to have

a direct affect on sleep.

Soundproofing of schools minimizes end considerably reduces the disruptive effacts
of aircraft noise on the communication and learning process within classrooms, The
soundproofing of hospitals minimizes or reduces the disruption of sleep, thereby improving

the recuperative and healing process.

5-1



Measurements of exterior and interior noise levels of approximately 10 buildings
at each of three airports were undertaken., These included Los Angeles International,
Stapleton (Denver), and Loegan international (Boston). Thease measurements were made
to support a noise prediction methodology based on the exterior noise level and the
basic construction of the building. It was found that the interior noise level, within
a classroom or hospital reom, could be determined from a knowledge of the exterior
noise level and the building construction,

e

In order to develop o complete representative data bank of hospital and school
construction, not only buildings around Los Angeles Internotional, Stapleton, and Logan
International were surveyed, but also on-site architectural surveys of impacted buildings
around Miami International, Sky Harbor (Phoenix), and William 8. Hartsfield (Atlante),
were conducted, Each city was chosen as a representative of a region of differing
construction practice. Thus, the 40 buildings surveyed were representative of each of

six regions of different construction practice and, in total, representative of all
impacted schools and hospitals natienwide.

The next task was to determine the architectural madifications that were feasible
in the reduction of aireraft noise. The most common maodifications invelved windows,
either double glezing or filling in. Other modifications that were possible involved
wall, ceiling, and roof modifications. Some buildings required the baffling of vents,
and the sealing of doors. These madifications were found to reduce the level of noise.

Modifications to the 60buildings were then costed out to determine average h
building, room, and square foot costs within each of the six regions. These average S
flgures provided the basis for projecting the national, reglonal, and state costs,

The magnitude of impact was determined by identifying all schools and hospitals
located within the 30 NEF curve, plotted on U. S. Geographical Survey maps. Curves
were plotted for all large and medium hub airports, and a sample of small airports.
Using o set of single impact contour overlays provided the estimate of external noise.
Thus, over 800 impacted buildings were identified and listed. A statistical projection
was then applied in order to develop the nationwide population of impacted schools and
hospitals, Compilation of these data by construction region as well as by state provided
the regional and statewide impacts.

Compilations of these data were used o estimate the cost of modifying all buildings.
Cost estimates were computed on the bosis of cost per square foot per "delta" noise
reduction (ANR) to be achieved. Thus, the cost of any building can be estimated by
knowing only the approximate square footoge and the NR desired, In addition, statistical
projections wera performed to estimate the costs to all buildings.
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The nationwide costs to rehabilitate impacted buildings to feasible and practical
limits were coleulated to be $147,800,000 for schaols, and $56,500,000 for haspitals
and public health facilities, making a total rehabilitation cost for all buildings of
$204,300,000, The number of schools is 1,057, and the number of students is 707,370,
The number of hospital and public health facilities is 89, und number of patients {s 30,806,
The tatal number of impacted occupants is 738,176,

The expected benefits of soundproofing were calculated in a variety of ways.
One monetary benefit to ba achieved by soundproofing s the recovery of lost teaching
time. This time has o value since teachers are poid for the time they must waste during

.the noise interruption. Benefits resulting from improved patient racovery time, and

from energy were also calculated.

in the final chapter of this report, the views and opinions of concerned parties
are presented, including state, local, and school officials, These opinions were not
directly solicited, but rather were noted and documented whenever offered. Generally,
soundproofing as a means of alleviating aircraft noise instrusion, is seen as a positive
and desirable activity.

5~3
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CHAPTER |
INTRODUCTION

This project was undertaken in response to the Special Studies requirements of
Section 26(3) of the Airport and Ajrway Deveiopment Act Amendments of 1976,

A study was conducted to determine the impact and potential benefits of
soundproofing schools, hospitels, and public health institutions located near airports as
a means of alleviating the Impact of aircraft noise.

Included within the scope of the study was the meosurement of noise at three
separate geographical locations, on-site architectural and engineering building investiga~
tions of noise impacted hespitals, schoels, and public health facilities in six construction
regions, and the statistical projection of data to determine the national impact. This
effort was based on careful and detailed analyses of the available state~of-the~art and
literature reviews in order to study the problems and procedures of soundproofing from
all perspectives and in significant depth, providing the developmant of methodologies,
procedures, and results.

The objectives of this study were to:

o Develap a set of data ond procedures leading to the determination of
the feasibility, practicability, and costs of soundproofing public buildings
near airports us o maans of alleviating the impact of aircraft noise.

o Petermine the magnitude of the problem by quantifying the impact of
aireraft noise on occupants in terms of numbers of people exposed to
various levels of interior noise,

The study consisted of four basic tasks. The First task involved the application and
documentation of current analytical procedures for predicting and assessing the interior
noise levels produced In schools, hospitals, and public health facilities due to nearby
aireraft operotions. [neluded in this task was the identification of appropriate noise eriteria
and the verification of predicted interior noise levels by field measurement, Task two was
to provide an estimate of the total number of public buildings and occupants exposed fo
aireraft noise within a specified area around oirports. The third task was to develop
estimates  from a construction cost data base which relates The cost of building construction
and rehabilitation to the sound attenvation achieveble. The fourth task was to consult with
organizations and authorities involved in the aircraft noise problem and establish the current
leval of understanding regarding the application of building soundpreofing, Figure 1-1 shows
an overview of the study, :

Chapter 2 covers the devalopment and asslgnment of threshold levels of Interior
noise, The study required the determination of base levels of interior noise. These [evels
were not used, nor should they be viewed, asinterior noise level standards but rather as a
level above which aircraft noise could cause interference with communications in schools and
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sleep in hospitals and public health facilities. The determination of naise threshold
levels was made after an extensive state-of-the-art analysis and Iiterature research,

Chapter 3 covers the noise prediction methodology. Within the study's scope,
it is neither practical nor feasible fo measure every hospital, schoo!, and public health
facility to determine the external and Internal noise levels; rather a prediction methodology
based on wall construction was used, To insure that the noise prediction methodology
is aceurate, a number of sample measurements was token to correlate predicted and
measured values. Included are the caleuloted noise reductions for schools, hospitals,
and public health facilities located around Los Angeles International Airport, Stapleton
Airport, Sky Harbor Airport, Logan International Airport, Miami International Airport,
and William B. Hartsfield Airport.

Chapter 4 provides the techniques and methodolegy of noise measurement. Included
is o technical discussion of the equipment and procedures for measuring noise levels.
Architectural and engineering building investigation methods are also discussed.,

Chapter 5 discusses the soundproofing techniques that are appropriate and feasible
for modifying schools and hospitals. Rehabilitation principles-and applications are defined.

Chapter 6 Is devoted to developing the architectural and cost estimates of sound-
proofing, determining a cost and costing methodology, quantifying benefits, and developing
priority funding requirements. Architectural estimates involve the determination of just
what modifications can be made to a building and the limits that exist,

Costs of modifying sample buildings are discussed, and projections on o state,
regional, and nationwide basis are presented. The costing methodology is outlined and

explained.

Cost benefits are presented relative to the potential recovery of lost teaching
time, lost student time, and energy conservation. The major benefit of soundproofing scheols
would be an improvement in the quality of classroom communications. The benefit of
soundproofing hospitals and public health facilities would be an Improvement in conditions
associated with health core and patient recovery. These benefits have value, and the value

has been quantified in terms of dollars,

Procedures and methads for determining priorities and criteria regarding decisions
on the implementation of soundproafing for schools, hospitals, and public health facilities
are provided.

Chapter 7 identifies, through procedural development, the state, regional, and
natlonwide impacts. Included is o determination of the number of schools, hospitals, and
public health factlities impacted by aircraft noise; and the number of students and patients

that are similarly impacted. :



Chapter 8 covers a summary of the views and apinions expressed by local public
officials regarding the concept of soundproofing as @ means of alleviating the impact of -
aircraft noise. Findings reached by the contracters during the performance of this study
are also included, :

The appendices In this report contain detailed data as to the results obtained,
the observed data, and the background of techniques used in the measurement and analysis.
The data relative to threshold levels, exterior wall rating {EWR), calculated and predicted
noise reduction are presented, Cost details including correction factors, costs per delta
noise reduction, costs of sample buildings, and overall program costs are also included.
In oddition, « listing of people who offered views and opinions is provided.

I
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CHAPTER 2
DETERMINATION OF THRESHOLD LEVELS

The objectives of this study required that threshold levels be established for noise
effects on people in public buildings around airports. Since aircraft noise levels ordinarily
encountered in buildings do not present a hearing=loss hazard to the building occupants,
the threshold levels developed in this chapter were derived in terms of avoiding interference

with noise=sensitive activity.

2,1 Application and Definition of Threshold Levels

Noise expasure in public buildings due to aircraft operations covers an extensive
range of levels. To provide a lower bound for defining the magnitude of noise impact
and projecting the application of soundprocfing requirements, it was necessary to identify
appropriate noise threshold levels, The noise thresholds identified in this study should not,
however, be token as acoustic criteria or specifications which define building noise atten~
vation requirements, The establishment of such standards requires a more thorough char-
acterization of the building interior noise environment.

An illustration of the application of these threshold levels is shown in Figure 2-1,

!
| POTENTIAL MAXIMUM | :
RANGE COF FEASIBLE |

SOUNDPROOFING | MAXIMUM
TREATMENT | LIMIT OF
THRESHOLD EXPOSURE
NO. OF  eveL For| | | FOR ANY
BUILDING | & pecery | | OCCUPANTS
OCCUPANTS dRAACIN L At
EXPOSED TO !

INDICATED - |
NOISE

LEVEL | }

' |

e —

FIGURE 2-1, HYPOTHETICAL HISTOGRAM OF AIRCRAFT NOISE
EXPOSURE FOR ALL OCCUPANTS WITHIN PUBLIC BUILDINGS
INSIDE NEF 30 CONTOURS AROUND AIRPORTS. THIS ILLUSTRATES
HOW THRESHOLD LEVELS FOR NOISE EFFECTS ON OCCUPANTS
WILL ESTABLISH LOWER BOUND FOR EVALUATION OF FEASIBLE

SOUNDPROOQFING.

NOISE LEVEL, DECIBELS



As shown, the threshold levels would establish a lower bound for application of
feasible soundproofing measures. As indicated in the figure, it is anticipated that the
maximum feasible range for soundproofing will be less than the total range between the
threshold levels and the maximum limit of exposure. Thus, accurate definition of these
threshold levels is clearly of paramount importance in establishing what portion of the
occupants in public bulldings exposed to levels above the threshold levels could benefit
from feasible soundproofing.

The noise mefric used in this study to express threshold level is the maximum
A=-weighted noise level in decibels {or for short, dBA) of an individual aircraft noise
event, This choice of metric allows the data developed in the study to be expressed in
a fundamental format, readily adaptable for use in comparing the relative costs of sound-
proofing,

2,2  Effects of Noise Pertinent For Establishing Threshold Levels

The adverse effects of noise exposure on people can be grouped into three
general categories: degradation of health, attitudinal reactions, and activity inter~
ference, In general, the noise Jevels defining the threshold of interference with certain
nolsessensitive activities {i.e., sleep and speech) are lower than these associated with
the other two categories of odverse effects. For this reason, activity interference will
be the criterion used in establishing threshold noise levels for each of the public building
types considered, The detailed technical supporting data and references used to estab-
lish the threshold noise levels based on activity interference and the relationship of
these threshold levels to other adverse effects of noise exposure are presented in
Appendix A .

Although a variety of activities may be associated with any one building use,
activities can be identified for each building type on the basis of primary activity require=-
ments and susceptibility to noise intrusion, In the present study, the particular building
types to be considered are schools, hospitals, and public health facilities. For schools,
the primary censideration for interior noise is speech communication. For hospitals, the
primary activity of importance in regard to the noise environment is sleep, With the
assumed functional similarities between hospitals and public health facilities, it is
reasonable to assume that the primary activity for many public health facilities is also
sleep. However, for those cases where sleep is not a normal activity in a public health
facility, threshold levels established for speech interference in schools will be more
appropriate.

Bosed on the considerations described above, a literature review was conducted
to determine those nojse levels below which interference with the activities of speech
and sleep would not occur. The results of this review, presented in Appendix A, are
summarized in the following two sections with particular attention given to their appli=
cation to schools and hospitals exposed to aircraft noise, Based on the results of this
review, threshold noise levels for the onset of activity interference are estimated.

2-2
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2,3 Threshold [evels For Speech Interference

The aircraft noise transmitted to the interior of buildings will be considered a
background noise capable of interfering with speech communication, Such interference
is a function of several factors;

Noise level and spectral content of the background noise at the
listener's ear.

Spectral characteristics and voice effort of the speaker.

Propagation of the speaker's voice to the listener(s). For typical indeor
communication, conducted without the aid of any amplification, this
prepagation depends upon the separation distance between the speaker
and listener(s) and the reverberation in the room,

For speech communication in a classraom situation, at least two additional

factors ore also pertinent:

A noise environment which is conducive to learning is required,
(For example, repeated shart-term disruptions of speech communication
can degrade the efficient flow of verbal instruction and lessons,)

Children are not as familiar as adults with language and, therefore,
according to studies identified in Appendix A, should have lower back=
ground noise [evels to achieve the same degree of speech comprehension

as adults,

Considering all these factors, the:following procedure was used to make an
estimate of the threshold level for speech communication in school buildings,

Representative aireraft background noise levels were predicted for locations
inside a school classroom. These levels were based on extensive data on
outdoor aircraft noise spectra and outdoor-indoor noise reduction values of

buildings in Wyle's files.
Published data on the level and spectrum of o famole voice using o raised

vocal effort was used to estimate the speech level at a conservative distance
of 9m (29.5 ft) from the speaker, (Based on the acoustic reverberation

measurements conducted in school classrooms for this program, this separation

was more than sufficient to place the fistener in the reverberant sound field
of the speaker's voice.)

A standard method for predicting speech communication efficiency, based
on use of a quantity called the Articulation Index (Al),was employed to
predict the amaunt of speech interference for various levels of aircraft noise

inside the hypothetical classroom,



The results of this analysis, described in more defail in Appendix A, are summarized
in Figure 2=2, This jllustrates how Al increases as the background noise level decreases.
As indicated by the insert in the figure, the Articulation Index {Al) is a measure of the
"area" in a plane of sound level, in decibels, and frequency where the latter is plotted
on an empirical scale of frequency increments equally important to speech communication,

From this more abstract measure of speech communication efficiency, it is possible
to predict the intelligibility of complete sentences as o more direct measure of communi-
cation effectiveness, For an Al of 0.98, studies identified in Appendix A show that 100
percent intelligibility of first=presented sentences and 98.6 percent correct identification
from o list of 1,000 Phonetically Balanced (PB) words is obiained for adults, This latter
test of speech communication s considered o conservalive indicator for the threshold of
onset of speech interference in schaols,

As indicated in Figure 2-2, an Al of 0,98 is obtained when the background noise
leve! 1s 45 dBA in the classroom situation considered in this analysis. Further reduction
of the background noise level would produce no substantial increese in Al or in sentence
intelligibility. Therefore, a level of 45 dBA due to intrusion of aircraft noise inside
school buildings is selected as the threshold level for onset of speech interference effects
In such buildings, This threshold leve! is considered o conservative figure suitable for
application to this study and is shown, in Appendix A, fo be consistent with other sug-
gested limits, published in the literature, for background noise levels in school rooms.

Finally, it is desirable to exemine the sensitivity of changes in speech communica-
tion to changes in the threshold limit. Table 2~1 summarizes these for values of threshald
limit of 50 dBA ond 55 dBA,

TABLE 2-1. SPEECH COMMUNICATION MEASURES AT THREE LEVELS OF
BACKGROUND NOISE IN S5CHOOLS

Background % Intelligibility % Correct
Noise Level, Al of First=Presented Responses
dBA Sentences 1,000 PB Words
45 0.98 100 98.6
50 0.83 99.4 #5
55 0.67 98,6 87.5

Considering 95 percent correct response by adults on the 1,000 PB word test as o
canservative upper bound to a threshold limit for speech communication, the choice of
45 dBA has, at most, o 5 dB safety margin. This small safety margin is considered necessory
for application in schools for the reasons cited earlier where speech communication with
children is critical to the education process,
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2.4 Threshold Levels for Sleep Interference

Because sleep may be crucial to patient recovery, and is a critical activity for
patients in haspitals, interference with sleep is the criterion used in the consideration of
the nolse environment of hospitals, Unlike communication interference, the effects of
noise on sleep are not well understood, Experimental research has been concentrated on
associating sleep interference with given noise environmenis. Generally these studies,
reviewed in more detai] in Appendix A, consider either the awakening of a subject due
to a particular noise presentation or a change in sleep stage as determined by physiological
indicators,

No clear evidence has been found to establish any one type of naise metric as
preferred for evaluating sleep interference effects. Efforts to collopse the wide variety
of experimental data in terms of energy—average values of the various types of noise eval-
vated have only been partly successful. One investigator has, in fact, been able to
estimate the approximate change in sleep interference responses simply in terms of A~weighted
noise levels,

These estimates, shown in Figure 2-3, indicate the approximate number of people
who would (1) have their sleep state changed, or (2) be actually awakened as a function
of the A-weighted noise level of expasure. The lines shown should be taken to represent
only the estimated mean trend in sleep interference data with results of individual investi~
gators scattering as much as +% dB about the mean trend lines illustrated,

Based on the intercept of the "awakened" trend line in Figure 2-3 with the zero
response axis, a level of 40 dBA is selected as a conservative value for the threshold level
of noise for patienis in hospitals and other public health facilities, The potential scatter
of experimental data, obtained primarily under laboratary=like conditions, about these
trend lines, makes it difficult to reliably evaluate the sensitivity of this threshold limit
for sleep interference to changes in the limiting level, At best, one can point out that
increasing the noise exposure above the threshold limit of 40 dBA would cause the expected
number of people awakened to increase by approximately 1 percent per dB and the number
of pecple whose sleep state was changed to increase by about 1.3 percent per dB,

2.5  Summary of Threshold Levels

Based on the literature review in Appendix A, interior levels which define the
approximate threshold for effects on people have been established for schools, hospitals
and public health facilities. The A-weighted levels defining these thresholds are:

Schools L A

Hospitals (and Public LA
Health Facilities)

1

45 dBA {Speech Interference)

40 dBA (Sleep Interference)

Noise exposure to levels below these is not expected to produce any interference effects
on people, While lower levels have been suggested by others, it is believed that the above
levels represent realistic measures of the desired thresholds which are supported by the literature,
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CHAPTER 3

NOISE ATTENUATION OF BUELDINGS

The objectives of this project required the use of calculation procedures to
determine the noise reduction of o building, and to determine the exterior noise
environment around aimports. The noise reduction calculation methodolagy is needed
to predict both existing noise reduction and as a tool to identify needed modifications
for improved noise reduction. The exterior noise prediction, when combined with
building noise reduction, provides the interior noise environment to which occupants

are exposad.

The reduction of noise by buildings, and the calculation procedures used in
this study, are discussed in Section 3.1. The aircruft noise prediction methed used,
which provides maximum A-weighted noise levels for a median flyover event, is described
in Section 3.2, Section 3.3 describes the application of these calculation methods
to sixty study buildings located areund six major hub airports,

3.1 Prediction of Building Noise Reduction

The noise level inside a room is determined by a balance between noise sources
and losses. For buildings impacted by external noise, the noise source is the sound
transmitted through the building structure. Losses are due to absorption of seund by
interlor surfaces. MNoise reduction (NR) is the difference between the exterior noise level

and the interior noise level due to the exterior noise.

In most cases, exterior sound is transmitted through a number of paths. These
consist of airborne paths, such as open windows and vents, and structure=bome paths
where the exterior noise causes structural elements (such as walls and window panes)
to vibrate . These vibrating elements in turn mdiate sound inte the interior.

Transmission of sound by airborne paths is straightfoward. Except for slight
losses due to diffmction and interference effects at the edges, all the sound incident
on an opening is transmitted. In most cases, this transmission is nearly independent of fre-
quency. The transmitted sound is proportional to the open area, and has a spectrum similar

to that of the exterior sound,

Structure~borne seund transmission is mere complex, Only a fraction of the
sound is transmitted . The remainder is either reflected or absorbed by the structure.
Additionally, because the vibration properties of the structure are involved, transmis-
sion Is generally frequency dependent. The fraction of sound energy transmitted is pro-
portional to the area of the transmitting element times a frequency-dependent trans-
mission coefficient. In general, the spectrum of the interior noise is different from

that of the exterior noise.,
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After sound entersa room, o diffuse reverberant sound field builds up as it is
repeatedly reflected from walls and other interior objects. At each reflection, some
sound is absorbed so that a steady level is quickly achieved. This level represents a
balance between transmission into the room and absomption by interior surfaces,

Transmission ond absorption properties are generally frequency dependent, and
the usual procedure is to compute noise reduction in several frequency bands, This noise
reduction, usually expressed in decibels, Is a property of the building and {with reason~
able limits) is independent of the amplitude or frequency of the external noise,

If noise reduction is to be expressed in temns of the reduction of a single naise
mefric which combines several frequency bands (such as the overall or A=weighted nolse
level), then noise reduction is no longer a property of the building alone. It is also o
function of both the exterior noise spectium and the frequency weighting network fo be
used,

In the present project, the desired quantity is the interior A~weighted noise leve! due
to aircraft noise, given the exterior A~weighted aircraft noise level, Within this report,
the difference between these A~weighted levels will be called simply noise reduction or
NR and is in units of decibels (dB),

If a single type of noise source is of interest, with spectra which do not vary
greatly from event to event, then the noise reduction con again be defined us a property
of the building for an average spectrum. In Appendix B, the concept of a single number
transmission loss (as opposed to the usual frequency-dependent curve) is discussed in
detail, Basically, if noise reduction of A=~welghted nolse of a given spectrum is desired,
then it is possible to approximate the full transmission loss curve for a given structure by
a single number, Calculation of noise reduction of a butlding may then be done with
one set of values, rather than for each frequency band, This single number index of naise
reduction in A~weighted sound levels, called the External Wall Rating (EWR), was developed
initially for application to noise reduction through structures of highway noise, Highway
nolse was chosen as the basis because it is the single most prevalent outdoor noise source.
EWR was also found to work well for aircraft noise spectra, but with slightly less aceuracy
than for highway noise. Tables of EWR for common construction are presented in Appendix B
following the presentation of the background behind EWR and a brief comparison with
another single number measure of transmission loss called Sound Transmission Class (STC).

The noise reduction calculations performed in the present project used the EWR
method and EWR values presented in Appendix B, Room ohsarption values used in the
calculations were based on measurements described in Chapter 4. The validity of using
the EWR caleulation procedure was demonstrated by comparing caleulated noise reduc-
tions with measurements as described in Chapter 4,



3,2  Prediction of Noise From Aircraft Cperations

The noise reduction calculation described above provides the link from exterior
noise to interior, To complete the calculation of noise impact, exterior noise levels are
needed, In this project, aircraft noise exposure is treated in terms of maximum A-weighted
levels, Contours of maximum A=weighted noise levels for jet aircraft were therefore
uvtilized for initial evaluation of the circraft environments. However, it was recognizesd
at the beginning of this program that a simplified noise prediction method was required in
lieu of a complex one that might predict the very wide spread in maximum noise levels
(standard deviations on the order of 5 to 8 dB) that ane can expect at any single observa~

tion point on the ground near airports,

3.2.1 Commercial Jets

Based on consideration of the number of aircroft of various types, and similarity
of number and type of engines, the majority of the U,S. commercial alrcroft fleet may
be considered to be comprised of the following five basic types:

® 2-Fngine Narrow Body (DC-9, B=737, BAC-111)
e 3-Engine Narrow Body (B~727)

s  4=Engine Narrow Body (8-707, DC-8)

o 3-Engine Wide Body (DC=10, L-1011)

s 4«Engine Wide Body (B~747)

The maximum noise level for each of these aircraft fypes is a function of engine thrust setting,
distance from observer to the point of naarest approach, and atmespheric conditions, Noise
levels as a function of distance and thrust setting, at sea level and 15°C, are avallable from
noise data contained in Reference 3=1. Most of the data are based on actual flyover meas-
urements conducted by the manufacturer, and are the data collected by the FAA in the
Aircraft Noise Definition (AND) studies; specific sources are documented in Reference 3-1,
Figure 3~1 shows the maximum A=weighted noise levels for thess five aireraft types as a func-
tion of slant range to the flight track at take-off power and at landing power,

Noise contours depend on the altitude and thrust of the aireraft as a function of
distunce from brake release on take~off and tauchdown point for landings. Take-off nolse
contours were constructed based on the fallowing conditions:

Aircraft gross weight was assumed to be that for a medium-range flight for
that alrcraft type.

e  Standard ATA take~off procedure using take=off power from brake release to
1500' altitude, then cutback to climb power, was assumed,
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Constant climb angle, based on aircraft performance, was assumed at each
power setting,

For elevation angles of less than 10° from observer point to aircraft, the
noise levels were adjusted for excess ground attenuation {EGA} using the

same method as in Reference 3-1,%

Landing nofse contours were constructed for the following conditions:
» 3%glide slope.

e Llanding flap setting.

e  Thrust setting corresponding to the glide slope and flap setfing.

Confours were constructed for sea level only. Thrust reversal after touchdown was not
considered because it is assumed that take=offs will oceur on the some runway; take=-off

noise leve] is generally higher than landing thrust reversal.

The cantours were censtructed at 5 dB intervals from 110 dBA o 65 dBA, In most
cases, contour levels less than 75 dBA involved trajectory elements where alreraft altitude
exceeded 3,000 feet ontake~off, so that the assumed ¢limb angle mey no longer be correct,
In some cases the noise |ovels were extrapolated beyond o slant range of 10,000 feet, the
limit of the basic nofse curves. Constructing noise contours out this far wos necessary in
order to be consistent with the threshold noise levels and calculated noise reductions
discussed eatlier. Beyond the point where aircraft achieve a 3, 000~foot altitude, the
contours must be considered to previde neminal values only, Because aircraft do not follow
standard thrust and climb procedures at these distances, it is not felt that more precise

values could be developed,

The maximum noise levels for each aircraft type in themselves do not provide a
useful description of the noise environment, Fleet size and mix considerafions would also
have to be considered. Within the context of the present study, where typical maximum
single event noise levels are desired, the median maximum level is requirted.

The U.S. commercial jet fleet (represented in terms of the five types noted
obove) was arranged in order of noise level based on the naise data of Figure 3-1.

Total numbers of each type are from Reference 3-1,

The order of noise level differs for slant ranges less than 1,000 feet and greater
than 2,000 feet on take~off ,and for landings. The rankorders of aircraft by noise level
for these three groupings are shown in Table 3«1, with the highest noise level at the top.
Between 1,000 and 2,000 feet on takeoff, the maximum thrust noise levels for the three
middie type of aircraft are within 2 dB of each other,

* Recent data have been reputed to suggest excess ground attenuation may oceur for air-
craft elevation angles up to at least 30°, However, the method used in this study for
estimating EGA is consistent with Wyle experience in comparing measured and predicted
aircraft noise levels in airport sideline areas where EGA is particularly significant.
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TABLE 3-1. U;S. COMMERCIAL JET FLEET,V RANKED BY MAXIMUM -
A-WEIGHTED NOISE LEVEL*

Take~off, Slent Range < 1,000’ l Take=off, Slant Range > 2, 000" Landing
Aircraft Type | Number Aircraft Type [ Number Aircraft Type | Number
3ENB 4687 3ENB - 687 4EINB - 738
4END 738 2END 546 4EWB 106
4EWR 106 4EWB 106 3ENB 687
2ENB 544 4ENB 738 2ENB 546
3EWB 80 3EWB 80 3EWB 80

* Aircraft with highest noise level listed on top.

3=6




At slant ranges greater than 2,000 feet, the toke~off median is the two~engine
narrow body. Between 1,000 and 2,000 feet, this would also serve as well as the other
two middle aircraft. At less than 1,000 feet, the take=off median is the four engine
narrow body, The medion for landings is the three=engine namow body.

Rather than use different aircraft for the three groups, the two~engine narrow body
contour was used as the representative medien aircraft type for purpases of this program,
This Is considered a reasonable choice for two additional reasons, The maximum noise levels
of three= and four-englne narrow body jets will be reduced by the current retrofit program;
current two~engine narrow body levels would be more representative of future fleet median
levels, Also, Table 3-1 lists numbers of aircraft, not operations. Because lwo-engine nar-
row body jets are used on relatively short flights, they would be invelved in a greater pro-
portion of take~offs and landings,and thus would be closer to a median event than the fleet

numbers indicate,

3,2.2 General Aviation Jets

At general aviation airports not served by commercial jets, typical noise levels
may not be taken as commercial jet fleet median levels, As a first approximation, how=
ever, the commercial jet contours may be used together with sultabla noise leve! adjust=
ments, Table 3-2 |lsts these adjustments to be applied to the commercial jet contour for
various general aviation jets. These values were obtined from direct measurements of
noise from general aviation jets and DC~9 ar B=737 overflights at the same locations
around airports, The adjustments thus account approximately for abserved noise levels
on the ground due to both source noise level and flight profile differences between general
aviation jets and DC~9/B=737 type aircraft. Source references are documented in Refer~

ence 3-2,

3.3 Prediction of Noise Reduction Around Six Major Airperts

In order to obtain a data base of construction information pertinent to noise reduc=
tlon, a field investigation was conducted. Six large hub airports in various geographic
regions were chosen for sfudy. At each aimport, detailed construction and building-use
information was collected for ten buildings. The censtruction information was used to
compute existing noise reduction and as a basis for designing medifications to improve
nofse reductions, At three of the aimports, measurements were mode of existing noise

reductions,

The selection of the study airports and buildings is described in Section 3.3.1,
Section 3,3.2 contains a discussion of the kind of information gathered, Predicted noise

reductions, using the EWR method, are discussed in Section 3,3.3.



TABLE 3-2, ADJUSTMENTS TO OBTAIN GENERAL AVIATION

JET NOISE LEVELS FROM 2-ENGINE NARROW BODY MAXIMUM
NOISE LEVEL CONTOURS

Adjustment {dB)

Aircraft Type Gross Weight, Ibs. Landing Takeoff
2-Engine Turbojet 10 - 20,000 -5 0
(Sabreliner, Leor Jet)
2-Engine Turbofan 20 - 30,000 -5 -10
(Dassault Falcon)
2-Engine Turbofan 30- 50,000 0 0
(Grumman Gulfstream)
2=Engine HMBPR Turbofan 10 - 20,000 -15 ~15
{Cessna Citation) :
4-Engine Turbojet 25 - 50,000 +3 +3
{Lockheed Jetstar)




3.3.1 Selection of Study Buildings

One objective of this program was to develop a noise reduction data base on o
national scale, This required the selection of buildings of a variety of construction types,
Because construction practices can vary geographically, the approach taken was to select
six study aimorts, each in a different geographical region, then select ten study buildings
around each. The number of airports and buildings was determined by resource and schedule

constraints of the program,

Geographical Regions of Similar Construction

It hos been found that pattems of construction have established themselves in
different areas of the country, Among the things which influence these patterns are
climatic conditions, availability of materials, availability of labor, seismic zone,
local historical construction trends, and local economic conditions. Figure 3-2 shows
a map of the continental United States and the six regions of similar construction. A

short description of each area is given below,

Region A: The Pacific Coastline, The climate is relatively mild as far inland as
the Sierra Nevada foothills, Additionally, this area contains three major metropolitan
sections: Son Francisco-Oakland~San Jose complex, Los Angeles-Orange=Riverside~San
Bernardine Counties complex, and the San Diego County area. The population concentra~
tion is relatively high, bringing with it the influx of skilled trades. Lumber is plentiful
as are aggregates for conerete, and most all other standard building materials, explaining
the proliferation of stud-and-stucca construction, modified by the higher cost systems such
as brick veneers, The higher economic level of a metropolitan and industrial area permits
use of more expensive methods and materlals for cesthetic purposes. Sefsmicity for this
area is high and is an important consideration.

Region B: Inland Southern California, Southern Nevada, and Southwestemn Arizona.
Climate is a prime factor; hot, dry summers and relatively mild winters. Closely spaced
metropolitan areas do not exist. Lumber is imported, but sand and aggregates for concrete
block are plentiful, Therefore, in this area building will have a greater percentage of
concrete masonry, As a further incentlve, conerete block structures are cool in the long
summers, The common stud-and-stucco combination is also popular, as Tn this area it is
again the mest economical and durable, Additionally, maintenance is low for stucco in
relation to wood, which needs paint more frequently,

Region C: The Gulf Coast and South Atlantic Coastline, This area enjays a rela-
tively mild climate with high humidity and is subject to violent tropical storms, Clay for
brick is relatively abundant, as is local lumber, Therefore, less stud-and~stucco construction
is used as it fs more susceptible to moisture, and the brick and concrete block construction
is mare popular. When wood framing is used, it is often protected by brick veneer, Because
of the high humidity and generous rainfell, concrete black is often protected by exterior

plaster.
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Region D: Eastern Seaboord and Inland ta Central Illinois. Both climate and
concentration of population comprise the prime influence here, The climate is quite cold
for half the year and insulation properties are important. Both brick clay and local lumber
are available, and the labor availability in all trodes is generally good,

Region E: Great Lakes (Western) States and Central South. Although these areas
have considerably different climates, the average construction is similar due to economics.
Lumber is local and plentiful, as is clay for brick.

Away from metrapolitan areas, union influence is not so strong, and carpenters
are frequently jacks=of=all-trades, laying brick and block, installing gypsumboard or

plastering,

Region F: Central States. These areas of different climatic conditions are governed
more by economics than by climate. All parts of this area experience helow-freezing
winters and hot, moderately humid summers, More important, however, is the commonality
that, with the exception of very localized spots such as the Seattle-Tacoma area, there
is no concentration of urbanization and industrialization; consequently, the ecopomy of
the area is the prime factor, and materials and construction combinations giving best insul-

ation at least cost are predominant.
In this region, the carpenter is frequently the general builder. Material influences

are again balanced between the ecsy transportability of lumber and the general local
avallability of clay for bricks. Thus, the construction namms for different paris of the area

arrive at the some result from different reasons.

Basing geographical variation on the six regions shown in Figure 3~2, ane major
hub in each region was selected. These are;

e Region A  Los Angeles International Airport  (LAX)
& Region B Sky Harbor Intemational Airport (PHX)
o RegionC  Miami International Airport (MIA)
® Region D Logan International Airport {BOS)
e RegionE  Hartsfield International Airport {ATL)

o Region F  Stopleton International Almport {DEN}

Selection of Buildings

Around each airport, ten buildings were selected for detailed study. At most
aimoris, eight bulldings — considered to be noise impacted ~ were within the NEF 30
contour, while two non-impacted buildings were well outside the INEF 30 contour. The
bulldings were selected so as to represent a cross=section of building types. The criteria

used for selecting the buildings were based on:
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¢ Building design and construction

e Age

@ Proximity to aimport

e Exposure to noise environment

At eoch city, candidate buiidings were first identified with respect to distance
from the airport by reviewing topographic maps. Local school and hospital authorities
were then contacted for permission to inspect the buildings. In most cases, the regional

FAA office made introductory arrangements. Final selection was made on the basis of
the criteria noted above.

3.3.2 Building=Use and Construction Information

The data collected for each building covered the following two areas:
e Size, use, and number of occupants
s Construction data required to predict neise reduction

Appendix C contains o worksheet used to record these data. The use information 1s self-
explanatery, The comsfruction data are those required to compute noise reduction by the
method described in Appendix B,

Construction information wos gathered by either a construction engineer or an
architect, Visible features were noted from direct measurement, Where possible, building
plans were examined to determine details not visible, Where plans were not available,
details were estimated on the basis of known local canstruction practice. Appendix D
contains a tebulated summary of building-use and construction data,

3.3.3 Calculated Naise Reduction

Noise reduction was calculated for each different type of room in each of the
study buildings, using the EWR method. Appendix E contains tobulated values of all the
steps in the calculation, These tables quantitatively show the relative importance of
each structural component to the transmission of sound into the buildings.

The calculated existing noise reductions, grouped by geographical region and
type of building, are discussed below.

Schools
Figures 3=3 and 3=4 summarize the noise reduction of classrcoms. Figures 3~3q
through 3-3f show the number of classrooms with various noise reduction in each region.

Figure 3=4 shows all regions grouped together.
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Except for Region C, school noise reductions fell into two groupings. Most fell
in the range of 16 to 26 dB, with o consistent average of approximately 21 dB. These
were traditional style classrooms with large areas of single-glazed windows. Most of
the noise transmitted was through the windows. In some areas, exterior doors wera
important transmission paths, but rarely exceeded windows.

Approximately 10 percent of the buildings in all regions combined have noise
reductions in the rangs 2832 dB. These were either schools with unusually small
windows or which had received some noise reduction treatment. One school had class-
rooms in which windows had been eliminated. The total sample size is not large enough
to identify regional trends in this type of building.

Region C was similar to the other five regions except that iwo schools had large
open vents, resulting in NR= 11,

HosEituls

Figures 3-5 and 3-6 summarize the noise reduction of hospitals. The sample
size is too small to identify any regional trends. In one region (E) no hospitals were

visited,
The national distribution, shown in Figure 3-6, is very nearly flat from 18 dB
to 28 dB. This is apparently due to the heterogenous nature of hospital design, with

window size varying greatly according to architectuml style. In all cases windows
were the greatest transmission path (see Appendix D), but window area exhibited no

trends.

Although the total sumple size of hospitals was not large, it is not expected that
a larger sample would show any consistent trends not seen in Figure 3-6,

Regional Differences

Except for the two schools in Region C with spen vents, no significant differences
in existing noise reduction were found among the six regions. This is because windows
were the main transmission path In most cases, and these did not vary geographically for
the study buildings. Regional diffarences in construction can be important, however,

when considering improving noise reduction, because trensmission through other components

then becomes significant. For example, in those regions where exterior doors are widely
used, noise reduction improvement must include deor medification.

Average Reglonal Values

For use in estimating the magnitude of the problem (see Chapter 7), average
regional values of existing naise reduction are requirad. Based on Figures 3=3 through

3-6, the values used are:
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# Schools ~ in all regions except C, 90 percent of schools are estimated to
have NR = 21 dB end 10 percent have NR = 29 di3, In Region C, 20 per-
cent have NR = 11 dB, 40 percent have NR = 21 dB, and 10 percent have
NR = 29 dB.

# Hospitals = in all regions, existing noise reduction has a flat distribution
from 18 to 28 dB.

These values, together with the contours of maximum noise level, are used in
Chapter 7 to estimate the numbers of people exposed ta various alrcraft noise levels.
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CHAPTER 4
FIELD MEASUREMENTS AND INVESTIGATIONS

4.1 Purpose

A part of this study involves the prediction of the noise reduction for o
sampling of schools, hospitals and public health facilities located near major airpors,
os described in Chapter 3. In relation to this effort the purpose of the field measure-
ments was to;

1) Validate the building noise reduction prediction methedology,
and

2) Provide data on the interior acoustic absorption characteristics of the
building types of interest,

Determination of building noise reduction was accomplished by simuftaneously recording
the building interior and exterior noise levels produced by aircraft overflights. At least
twalve aircraft events were recorded for each of the rooms under study, The building
noise reduction was taken as the average of the difference between exterior and intferior
maximum noise levels over all events.

Noise reduction measurements were conducted at eight buildings around LAX,
and seven buildings each around DEN and BOS. Interior absorption measurements were
conducted in all study buildings around each of these three aimorts,

4,2 Measurement Procedures

4,2,1 Instrumentation

The instrumentation system used in this study consisted of a4 two-channel magnetic
tape recorder equipped with two condenser microphones. A precision sound level meter
was used for direct reading of noise levels, and also as an amplifier in one microphone
channel, Specific equipment used, with pertinent operating characteristies, is given in
Appendix E. The frequency response of each channel of the assembled system was tested
by recording and playing back a pink noise signal. The system response was found to be
flat to within +1 d8 over a frequency range of 100 to 8000 Hz. In the field, 1000 Hz
calibration tones were recorded before each set of measurements.,



4.2,2 Building Noise Attenuation Measurements

Exterior Microphone Placement

In order to measure the noise at the room locations, the exterior microphone
was placed directly on the exterior classroom wall, A wall facing the dircraft flight
path was always used, In most cases this corresponded to the wall with the most window
area, The microphone, together with its windscreen, wos taped in place, so that the
distance from the microphone cartridge to the wall was approximately 1% inches, the
radius of the windscreen. No detectable difference in measured noise level was noted
between positioning the microphone over window gloss ar external wall structure.

The wall mounting was used Yo avoid micrescale variafions in measured tevel
due to local geometry and to avoid problems with interference patterns.  The benefits
are the same as in the current rend toward using groTci-saquce-mounted microphones
rather than microphones a few feet above the ground, ™' r ™"

Due fo noise reflection from the exterior walls, it was necessary to apply a
correction factor from the measured exterior noise levels to express the noise data in
terms of free-field values, For a flush-mounted micraphone on a rigid wall this cor-
rection factor is o subtraction of 6 dB from the measured leve! to obtain the free-field
level. Inpractice, due to the spacing of the microphone from the exterior wall surface
coupled with sound scattering from ever-present surface irregularities, the actual correc=
tion ta free~field is slightly less, From previous noise measurements taken at a variety
of bullding surfaces it was determined that a correction of approximately 5 dB provided
the most realistic estimate for typical building exterior surfaces. The use of o 5 dB
correction was additionally verified by comparing surface~mounted and free-field noise
mecasurements taken at the initial building studied in the field investigation,

Interior Microphone and NR Measurement

Interior noise megsurements were made at four locations within each room.
Figure 4=1 shows the arrangement of interior and exterior microphones. The interior
microphone points are at locations dividing the room dimensions info thirds. Three
flyover events were recorded with the inferier microphone at each location shown, for
a total of twelve events, At two points the microphone was at o height of 1/3 the floor-
to~ceiling distance; at the other two it was 2/3, Inside ond outside data were recorded
simultaneously on the two~channel recorder. Calibration tones were recorded before
each set of twelve. These mecasurements were subsequently reduced by A-weighting and
displaying on a graphic-level recorder, Maximum A~weighted levels were obtained
from the graphic-level recorder charts.
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4,2,3 Sound Absorption Measurements

Two methods were used to measure interior acoustic absorption. At the study
buildings around LAX and DEN, the procedure used was to measure noise levels pro-
duced in a room by a standard noise source, For the acoustic absorption megsurements
at the study building around BOS, the standard reverberation time method*™3 was used.

Noise Source Methad

As discussed in Chapter 3, noise level inside a room is determined by a balance
between noise sources and absomption, If a known source is placed in a room and naise
level measured, then absorption may be immediately obtained from this balance.

The source used was an ILG constant power noise source. This consists of a squir-
rel cage impelier driven at constant speed by an AC electric gotor. It produces pink
noise with actave band sound power levels of 81 dB, re: 1012 watts. Measurement pro=
cedure consisted of placing the ILG in the approximate center of the room and taking
direct readings with the sound level meter at four locations, in octave bands from 63
to 8000 Hz. In o few cases, the sound levels were recorded, then reduced by playing
back through the sound level meter,

Reverberation Time Method

In the study buildings around BOS, absomtion was measured by the standard
technique of recording an impulsive noise, then obtaining reverberation time by sub=
sequent data reduction. The technique employed waos that described in Reference 4-3,
Medium=weight red balloons with inflated size of approximately 10" x 7% were used.,
Two bursts were conducted in each room, Data were reduced to obtain absorption in
each octave band from 63 to 8000 Hz.

4.3 Results of Measurements Near Three Major Aimorts

4,3,1 Measured Noise Reductions

'

Measured noise reductions are shown in Appendix G, The tabulated values
shown for each reom are the average over all measurements. The standard deviation
for measured noise reduction is shown for each room. Variotion in each room is due to
a combination of variation of aircraft spectra plus the usual point=to=point noise varia=~
tion in a room.,

A comparison of measured and predicted noise reduction is also presented in
Appendix G, together with a statistical analysis of the differences, This analysis shows
that the variations obtained in the measurement program are consistent with the computed
confidence limits presented in Appendix B for application of EWR to aircraft noise. The
use of EWR as the calculation procedure in this project is thus well validated,
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4,3.2 Measured Absorption

Table 4~1 shows the absorption coefficients obtained for several combinations of
room absorption features, Absorption values for classrooms and hospital rooms shown in
Appendix E for LAX, BOS and DEN are the actual measured values, in sabins.

For classrooms, absorption values were on the order of 800 sabins with negligible
variation introduced by the presence of students, The minimal variation in total absomp-
tion due to students was due to the low (2sabins perchild based on 4,735 sabinsfor adults'™)
acoustic absorption introduced by the presence of each child. For a typical clasroom
occupancy of 25 children, the additional absorption comes to 50 sabins, amounting to less
than 7 percent of the total absorption, Absorption measurements of several classrooms with
and without students showed no significant difference, confirming this result,

For hospltal rooms, measured absomtions ranged from 125 to 520 sabins depending
primarily on room size, A typical value for a one- or two-bed patient room was 150 sabins.

4.3.3 Measured Alrcraft Noise Levels

Although validation of the aircraft noise model discussed in Chapter 3 was not
an objective of the measurement program, over 500 exterior noise events were recorded
in the course of the NR measurements, A comparison of measured levels with predictions
from the fleet median noise contours is presented in Appendix G, The predicted levels
were slightly conservative, but fell in a reasonable range relative to the spread of meas-

ured levels,

4.4 |nvestigation of Buildings

in order to develop basic data and procedures to determine the feasibility ,
practicability and cost of soundproofing buildings near airports, field investigations
of selected schools and hospitals were made for each censtruction region as discussed

in Section 3.3.1.

Approximately ten (10} buildings were selected within each of the airport noise impacted

areas s well as other non-impacted areos.

Field investigation of buildings and noise measurements of rooms most clesely
affected by aircraft noise were conducted simultanecusly ot the following sites: Logan
Intarnational Airport (Boston, Massachusetts), Los Angeles International Airport (Los
Angeles, California), and Stapleton |nternational Alrport (Denver, Colerade). Building
investigations were conducted at the following ofrport sites: Sky Harber Airport {Phoenix,
Arizona), William B. Hartsfield Internationol Airport (Atlanta, Georgia), and Miami

International Airport (Miami, Florida).

4.5



TABLE 4-1, SUMMARY OF MEASURED AVERAGE INTERIOR

ABSORPTION COEFFICIENTS

Absorptive Materials Classrooms Hospital Rooms
None A7 .23
Acoustic Tile .
or Carpeting 21 £ 27
or Drapes
Two of the Above .30 .40




Roof and celling construction were categorized by entries for single [oist
or attic space construction, roof sfab or deck construction, rafter spocing, joist
spacing exterior moterials, ceiling material, insulatien and whether vented or

unvented aftic space,

Roof construction entries included concrete, wood or metal deck and thick-
nesses, rafter spacing, and joist spacing (if attic space construction}.

Exterior material included entries for wood or compesition shingles, built-up
roofing and the number of plys, concrete or concrete tiles and other materials.

Four types and thicknesses of ceiling material are listed and a space for other
types of eeiling maoterials. '

Insulation type and thicknesses had an entry space.,
Attie space was checked as vented or unvented.

Because windows are a main saurce of noise transmission, the following details
were noted on the form: the number of windows per room; the window size; the thick-
ness of glass; whether laminated; the number of plys; whether double glazed; the
thickness of alr space; whether jalousie; the width of slats and their overlap when
closed, if normally opened; the fraction of window opened; operable or nonoperable
windows; and a description of the frame type and seol.

Exterfor doors were examined only if a substantial number of rooms had exterior
doors. Thesa were checked for solid wood, hollow core of wood or steel, and for the
type of seal which included the gop at bottom, weather stripping or other types of
seal. A check was made if there was a storm door. Sliding glass doors were considered

to be windows.

Ventilation systems were checked for windaws only, central forced air, or
through the wall air conditioning and the number per room and dimensions of the opening.

Room inferiors were examined fo provide the following information relevant to
the interior acoustical characteristics: the percent of floor carpeted, the percent of
wall covered with heavy drapes, whether or not there was acoustical tile on the ceiling
and how many doors lead to interior rooms and hallways.

Summaries of building Investigation results by name of building, location, distance,
construction type and moterial, size and other relevant data are shown in Appendix D,




The building investigation was conducted in this manner: The building outhorities
were contacted and permission was obtained to inspect the buildings; take sound measure-
ments, where required; take photogrophs and procure any available pertinent construetion
drawings. In most cases the area FAA office made these introductory arrangements:
School and hospital administrators generally referred the investigators to the facility
dopartments to obtain detailed plans. A worksheet, as shown in Appendix C, was pre-
pared to record relevant architectural and acoustical data and is described as follows:

The average doily occupancy of the buildings was noted. Staff and students and/or
patients for schools and hospitals as well as day and nighttime occupancy were recorded.

Building size was recorded by noting the number of stories as well as length and
width, Where the particular complex was composed of more than one buflding or the
building was of @ complex shape, the longest distance between the extrame ends of the
building was noted as the length, and the shortest distance between the extrame ends of
the building wos noted as the width,

Building size was also described by available site or key plans which facility
departments were usually able to supply. The key plans alse denoted the usage of
various rooms, and the site plans gave the orlentation with regard to north and the

different elements of the building complex.

Room size was obtalned by procuring prints of plans; photocopying pertinent
portions of architectural plans; making sketches from non-reproducible plans; or
physteally observing, measuring, and slketching room plans in the absence of the
above alteratives. The room use and occupancy were recorded with the number of

rooms In the complex.

Construction materials and details were determined through a careful study of
detalled architectural sections, alevations, detailed plans and schedules and were
corroborated by physical on-siteinspection sketching and photographing.

Wall construction was described by a separate listing of outside and inside
materials and thicknesses, Twelve alternative outside walls and thicknesses were listed,
A check entry "other" was provided for the outside wall type other than those listed.

Interior finish material of exterior walls was listed by fifteen types and thicknesses
with an "other" listing for entry of material not covered by the list,

For other arrangements in exterior walls, five alternative entries were listed to
be checked.

Insulation in stud space was listed with an eniry for type and thickness.

Special features included entries to be checked for resilient mounting of panels,
fiberboard under panels, on one side or both sides, double layer panels, continuously

or laminated.
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CHAPTER 5
SOUNDPROOFING APPLICATION AND BENEFITS

5.1 Soundproofing Application

5.1.1 Soundpreofing Principles

Soundproofing a building consists of eliminating or reducing the transmission of
sound inte it, The first step is to eliminate leaks which offer no resistance to sound, such
as open windows, vents, cracks, etc. Beyond this point, the specific construction of a
building is important, Sound is not transmitted directly from eutside to inside, but inter-
acts with the building structure to cause interior noise.

When sound strikes the exterior surface of a wall, it causes the wal! to vibrate,
The vibration of the exterior wall is transmitted through the structure, causing the interior
wall to vibrate ; this vibration in turn radiates noise into the interior. Noise reduction
measures may therefore be considered in terms of reducing the vibration of the wall,

For a single-pane| wall, where inside and outside surfaces move as a unit, neise
reduction measures consist of reducing the vibrational amplitude respanse. All else being
equal, adding mass to o wall makes it more difficult to move, so that the most common
measure for single panels is to odd mass. A limp wall, with mass but no stiffness, is desir-
gble because natum! resonances can cause high response amplitudes. Increasing the stiffness
of a wall very often changes its vibration characteristics in such a way that noise transmission
is Increased. The practical implication of this is that when mass is added, it must be done
in a way to minimize any stiffness increese. Bonding two plies of material together with
isolated spots of glue, for example, is preferable to continuous bonding.,

The transmission loss (TL) of a single panel is limited to that given by the mass law
for limp panels. Inpractice it is usually less, due to stiffness effects, Large transmisston
loss for a single panel can be achieved with a thick brick or concrete wall, Comparable
transmission loss can be obtained with a much lighter structure, however, by utilizing

double~panel wall copstruction.

Two separate panels, separated by a large alr space and vibrationally isolated
from each other, will have a TL equal to the sum of the TL of the twa panels, This is
because the noise incident on the second is that transmitted by the first, In practice,
for walls of reasondble thickness, this ideal performance is considerably degraded by the

following factors:

e  Strang acoustic coupling of the panels due to the air space being small
compared to a wavelength,

©  Build-up of o reverberant sound field in the air space.,

e Direct vibrational "bridging" due to connecting structure (studwork, floor
and ceiling connections).
51



These factors can be reduced by increasing the air space (limited for walls, but
quite practical for roofs), introducing absorptive material, and avoiding direct bridging
by using staggeved studs, resilient mounting, etc.

Where extreme noise reduction is needed — such as in recording studios or acoustic
laboratories — elaborate measures such as double walls, vibrationally isolated floors and
walls, floating rooms, etc., are used. Within the context of the present program, which
must be {imited to reasonable methads applicable to public bullding construction, sound-
proofing techniques may be considered to consist of eliminating leaks and then applying
those methods noted above for single~ and double=panel wall construction. This includes
both replacing components (such as replacing single glazing with double) and modifying
walls aceording fo these principles.

5.1.2 Rehahilitation of Existing Buildings

Soundproofing an existing building consists of identifying which component elements
provide transmission paths into the building, then incorporating opp ropriate modifications.
Up to a certain point, modifications can readily be identified from comparative transmission
loss, and cansist simply of substituting one component for another. For example, if an
unsealed hollow~core doer is the only transmission path, a 10 dB improvement can be
obtained by replacing it with a weatherstripped solid~core deor,

Slightly more sophisticated modifications include adding insulation and/er layers
of paneling fo existing walls. Some very effective soundproofing techniques, such as
staggered studs or fiberboard under paneling, are not suitable for re trofit because they
would involve virtual demolition of the existing structure and construction of @ new wall.

An important concept to keep in mind is that soundproofing is very much o leak-
sealing process. The largest "sound leaks" are attended to first, within the context of the
particulor building, The logarithmic decibel scale tends to obscure the physical conse-
quences of this. A 10 dB improvement in neise reduction means transmitted sound is reduced
by a factor of ten. For example, improving o building with NR = 30 invelves identifying
and eliminating transmission paths one~tenth the size of transmission paths present in
another huilding with NR = 20, [t is also important to realize that the noise reduction
after modification is often nat governed by the modification, but by what is left unmod-
ified,

Following the principles noted above, the noise reduction analysis of the 60 study
buildings was extended to include feasible soundpraofing modifications. Required modifi-
cations for each building were identified from the calculations summarized in Appendix E.

The following medifications were applied as needed:

e Replace existing windows with sealed double glazing with EWR = 40. This
can be accomplished with acoustic window designs with STC > 40. An
alternative is to install a second layer of glass with of least a 2" air space,
and absorptive material around the building, Both layers of glass must be
at least 3/16" thick and well sealed.
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¢ Upgrading dooss and seals. In some cases "acoustic seals”, specifically
designed for noise insulation, were required, Examples are necprene seals
which are tightly compressed by the door and mechanical drep seals at the
bottom. Seacls must be installed all around the door, These seals provide
an airtight closure much better than ordinary weatherstripping.

s  Accustic baffling of vents. These are custom~designed baffles which provide
an absorptive sound trap without resiricting air flow. These may be required
for ventilated attic spaces and through=the -wall unit ventilators,

e Adding insulation fo walls and attic spaces.

® Adding another layer of material, in effect creating a two-panel wall where
the original wall is considered to be the first pansl. The new gypsumboard
or plaster is mounted on studs, furring strips, or a loyer of fiberboard, Using
fiberboard was found in Reference 5-1 to improve the TL of a frame or block
wall by at least 10 dB, ond requires less space than studs or furring strips.

e Eliminating windows and filling the space to match the exterior walis.

The last item is not intended as a recommended modification, but rather os a means
of achieving noise reduction commensurate with the potential capability of the wall, In
practice, very nearly the same noise reduction could be abtained retaining some windaw
area by using smaller windows of special acoustic design,

Appendix H contains rehabilitation worksheets for each of the rooms considered
in the study buildings. The worksheets show the existing noise reduction, and the improved
naise reduction after applying various combinations of these modifications, The deseriptions
given on these worksheets form the basis on which costing information presented in Chapter 6

was developed,

The worksheets in Appendix H do net in themselves provide o useful description
of typical retrofit on a regional basis, They were developed in the usual monner of treating
each building on an individual basis, Comparing improvements denoted as Stage 1, for
example, would in general be meaningless. As noted in Section 5.1.2, improved noise
reduction is governed by what has been left undone,

There are, however, two clearly definable categories of noise reduction which
can be meaningfully correlated on a regional busis, These are;

e Category A: Replace existing windows with sealed double glazing, plus all
other modifications necessary to achieve NR performance commensurate with
the potential of double glazing. (Increased noise reductionon the order of 10 dB)

e Category B: Maximum feasible noise reduction, Including elimination of
windows. (Increased noise reduction on the order of 20 dB)



Appendix I contains tabulated summaries of noise reduction improvements according to
these categories. Shown are existing noise reduction, improvement to noise reduction,
and identification of which stage in Appendix H each carresponds to, The buildings are
grouped by region, with schaols and hospitals kept separately, Average noise reduction
improvement and rms variation about the mean are shown for each grouping.

The two rehabilitation categories identified in Appendix 1, together with their

cost, form the basis of regional and national soundproofing cost figures developed in
Chapter 6,

5.1.3 Soundproofing New Construction

All of the buildings visited in this study are existing structures, so that the only
soundprocfing option is retrofitting. In most cases the buildings predate jet operations,
so that at the time of construction no consideration was given to soundproofing, For
planning of future construction, however, it is worth considering the cost of including
soundproofing initially vs. modifying later. Such cases, may arise, for example, if
existing aircraft noise is not intrusive but it is projected that future noise will ke,

Building soundproofing measures usually fall inte two categories: replacement
or modification of components, and basic construction, When components are repiaced
or modified, the cost difference between new and retrofit is limited to the cost of discarded
compaonents and demolition cosis. Typlical components considered are:

o Windows = use double~glazed ocoustical designs instead of single-~glazing.
® Doors = use solid-~core with proper seals instead of holiow-core.
&  Vents = use designs with acoustic baffling.

Although the cost differential associated with these components is relatively easy
to define, demolition costs can be highly varlable. This is especiaily true when a new
component ~ such as a baffled vent ar a thicker window — is larger than the original
component, and does not fit into the space available,

Basic construction consists of the material and configuration of the walls and roof.,
Some retrofit measures, such as adding Tnsulation, are almost of the same nature as com-
ponent replacement, Other retrofit measures consist of things which would usually not be
done in new construction, For example, when refrofitting an existing wall, material is
usually added to the surface, while o new wall is amenable to interior design features
such as staggered studs or resilient mounting of panels. Very often in new construction,
one arrangement of the same materials at nearly the same cost can give better nojse insul-
ation than another arrangement, while retrofitting the poorer arrangement can be costly,
For example, if a double-pane window is constructed en-site, placing the panes several
inches apart with absorptive material around the periphery is much better than placing
the pones %" apart which is often adequate for thermal insulation,
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It is not possible to provide a comprehensive discussion of new sound-insulated
construction because of the tremendous variety of approaches possible, As the degree of
noise reduction increases, design also becomes more complex, Noise reduction in excess
of 50 dB con require either double-wall construction or quite sophisticated single~wall
design. However, noise reduction of up to 40-45 dB for typical classrooms is
possible with single-~wall construction not very different from many conventional buildings.
The following points must he considered in designing such a building:

¢ Masonry Walls, A 9" brick wall provides sufficient attenuation to achieve
45 dB noise reduction in a classroom if all other transmission paths are elim=
inated. Poured concrete 6"-8" thick has similar performance. Hollow
concrete block 8" thick has about 10 dB less noise reduction, however, due
to its porosity and lighter weight. Adding a layer of fiberboard and gypsum«
board to the interior of a block wall brings its performance up to that of i
concrete or brick, '

Masonry walls should preferebly be brick or concrete. Block walls, if used,
need additional material, Retrofitting an existing block wall would entail
relocating electric outlets, moldings, etc., in addition to installing the
material itself. \

® Frame Construction. An upinsulated frame wall with conventional 2 x 4 studs
has a nolse reduction 10 to 20 dB less than brick or poured concrete, The
performance of such a wall can usually be improved by about 10 dB by filling
with insulation and adding fiberboard and gypsumboard to the interior finish
wall. Severe modifications — such as adding anather layer of framing, insul=
ation, and finish wall == are often needed for further improvement. In new
construction, performance similar to brick can be obtained by using staggered
studs, insulation, and fiberboard under the interior and exterior finish materials,
The additional material would be comparable to retrofitting an existing wall
and would perform better,

o Roof, Because ceiling area is often three or four times exterior wall orea
for rooms in large huildings, this can be an important tronsmission path, The
same general considerations given above for walls apply. One important
difference for roofs, however, is thot there is often significant empty space
between roof and ceiling which can be used to advantage, For example, a
roof with unvented attic space {(at least one or two feet) con perform 10 dB
better than a wall using the same materials on 2 x 4 studs., Absomtive material
is also particularly effective because of this reverberation space. By ensuring
that there is insulation in the oltic space and that vents are properly baffled,
transmission can be reduced to less than that of o brick wall,

Concrete slab roofs are also subject to the same considerations, Providing at
least o few inches of space beiween the slab and the finish ceiling {which
must be sealed) and including insulation will usually be necessary if noise
reduction of 40-45 dB is desired.



Roof constructions to be avoided are single~joist type, where interior and
exterior materials are attached to the same rafters, This has the same dif-
ficulty as frame construction walls, Exposed=-rafter ceilings with any roof
material other than thick concrete and with no interior finish ceilings are
clearly not suitable for use in soundproof construction.

& Ajr Conditioning. Because all openings must he sealed, air conditioning
(or mechanical ventilation where cooling is nof needed) is needed in sound~
proof construction. Planning ductwork for central ventilation units is much
simpler in new construction than when adapting te an existing building.
This is o highly variable item for retrofit, It may be impractical to install
central ventilation in an existing building, requiring the use of properly
vented window units,

A final comment on soundproof construction must be made. The quality standard
is much higher than usuail. Mortar must be free of pinholes, all joints must be well sealed,
speeial techniques are required for resilient mounting of panels, etc, Such items are more
difficult to estimate cost for; but, in general ,if there is a range of labor rates, the workman=
ship needed will usually entail a higher labor cost than average even for nominally conven=
tional operations,

5,2  Soundproofing Benefits

As developed in Chopter 2 when the external noise environment of a building
causes the intarior noise levels to exceed threshold values, the occupants may experience
interference in the performance of noise-sensitive activity. For schoals, the most sensitive
activity to noise interference is verbal communication, For hospitals and public health
facilities, itis the sleep of convalescing patients, The direct benefit of soundproofing for
these cases is then the reduction or elimInation of interference with such activities,
Although it is difficult to translate this direct benefit into dollars, It can be readily
examined on a qualitative basis.

For the case of schoals, the benefit of soundproofing in improving verbal commun~
ications in the classroom is reflecied in an improvement of the quality of education and
reduction in stress of teachérs and students. Improvement in the quality of education comes
about through increased communication between teachers and students as well as the edu-
sational value of maintaining interruption~free continuity during verbal lessons. Although
this benefit could be quontified to some degree by comparing test scores of students exposed
to quiet and noisy environments, the value of an improved quality of education is in effect
a priceless commodity.

The reduction of stress in the classroom achieved by lower noise levels results
from eliminating the need for raised voices and vocal repetition as attempts to mainfain
communication during noise interruption from outside the building. As with improved
educationa! quality, the reduction of stress is an intangible benefit which affects not
only the participants In the classroom but ultimately their families and society at large,
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For hospitals and public health facilities the soundproofing benefit of reduced
sleep Interference is directly realized by the intemed patients in the form of a health

and quality~of=life benefit. Additional benefit can also be achieved in the potential

reduction of medical attendance effected by sleep-disturbed patients.

In addition to the direct benefits to building occupants as described above, the
incorporation of building soundproofing has the potential benefit of reducing energy
consumption. Savings in energy are derived from reduced building heating and «ir con~
ditloning needs resulting from soundproofing techniques such as sealed double-pane windows
which reduce the heat and air exchange between extetior and interior, This benefit may
he partially offset by increased energy use 1f mechanical ventilation and/or additional
electric lights are added to replace lost natural ventilation when windows and cracks are

sealed.
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CHAPTER 6
GCOSTS, FEASIBILITY, AND PRACTICABILITY OF SOUNDPROOFING

The first part of this chapter Is devoted to costs, including a discussion of the
objectives and procedures for developing costing data. The cost prediction methodology
is explained, The development of the cost data base is explained. Regional differences
are discussed and explained. A detailed costing example is provided which demonstrates
the costing procedure in its entirely. The program costs are provided, ond the antici-
pated cost benefits are provided.

The second part of the chapter covers the feasibility and practicability of sound-
proofing. The limits and constraints of soundproofing ere presented and factors relative

to practicability are presented.

6.l Sosts

A major objective of the study wos the determination of soundproofing costs of
schools, hospitals, and public health facilities on a state, regional, and national basis.
Costs were calculated for rapresentative buildings, and then projected to determine the
state-wide, regional, and national values. All values are in terms of total costs which
include both labor and materials, All costs have been corrected for regional and state
variotions. These corrections are necessary because labor and material costs are different
throughout the country. A final correction for the contractors markup, profit, and con-

tingency is then applied.

&.1.1  Cost Prediction Methodology

The cost per "delta" NR's (in dB's) per square foot of floor space or per room
average costs applying average square feet per room in each construction region offered
the vioble estimating method, These costs including cost coefficients (dollar per square
foot) are derived from actual costings of sample buildings in each region.

By applying accepted contractar's pricing practice, the 1977 Dodge Manual
has baen used in deriving unit costs. [t breaks each building item into the smallest unit
with detailed and up~to~date accurate cost estimates. This manual is known for Tts com-
pleteness and the accuracy of its geographical adjustment indices.

The noise reductions achieved by A and B rehabilitation categoties shown in Chapter 5

are found to be meaningfully correlated on o regional basis. The average costs for each
region ore derived as shown in Appendix M, and projected to the remaining buildings im-

pacted within 30 NEF, within that region.

6.1,2, Cost Data Base

The cost data base includes the costs of all modifications, the regional cost ad-

justment factors, and the markup costs,
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Three basic cost references were vsed to develop the cost figures:

(1) The 1977 Dodge Construction Systems Costs, New York: McGraw
HilT Tnformation Systems Company, 14/76.

(2) The 1977 Dodge Manual for Building Construction Pricing and
Scheduling, New York; McGraw Hill Information Systems Company,
(L7

(3) Farley, J.H,, Chief Editor, Hospital/Healthcare Building Casts,
New York: McGraw Hill Information Sysfems Company, 1576.

These manuals are comprehensive reference tools for measuring the cost re~
quirement of each modification and/or combination of modifications. The cost figures
that are provided are based on national cost averages which are continually collected.
These costs hove been adjusted to represent early 1977 prices.

Base cost data are updated almost daily from information collected at actual
job sites throughout the entire country. These data have been developed for appli-
cation in terms of square feet. Thus, to calculate the cost of a madification, one
needs to know the total square footage of the modification to windews, walls, etc.

For example, the current cost for providing a loyer of gypsumboard and ply-
wood on inside walls is:

ITEM $ PER 32 UARE FOOQOT
Labor Material Total
v x 2" Furring 15 .10 25
/2" Gypsumboard . .17 .13 .30
Woalnut Veneer .78 [.62 2.40
Sand and Finish .46 .5 6l
Total per qquore foot  1.56 2,00 3.56

The reference sources show labor, material, and total costs per square foot of
the modification; however, for simplification only the total figure is used.

Regional Cast Adjustment

Labor costs and material vary widely throughout the United States. Regional or
locality adjustments are necessary in order to more accurately estimate actual costs.

The ‘usic cost adjustment data is available from the 1977 Dadge Construction
Systams Costs and the 1977 Dodge Manual for Building Construction Pricing and
Schedullng.  These references provide the most up-to-dote and accurate regional cost
adjustment factors,
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The basic cost adjustment data in hoth references is arranged by city. The
1977 Dodge Construction Systems Costs provides dota on 84 cities in the United States

and Canada. The 97/ Dodge Manual for Building Construction Pricing and Scheduling
provides data for |52 cftfes in the United Stafes and Canada. | hey overlap; and when the
Canadian cities are deleted, they provide data on 148 United States cities. The pub-
lisher, McGraw Hill Information Systems Company, maintains that the cost adjustment
dota are accurate for each city and for the region around each city.

There are different procedures to group and utilize the basic locality correction
data:

a. by cities

b. by states

c. by construction region
By Cities

These data are provided on o city by city basis. Where interest is centered on o
specific local site for potential program implementation these data are recommended for
use. However, within the scope of this study other procedures were considered more

appropriate to the study's objectives ,

By States

The bosic cost adjustment data grouped by state provides average cost adjustment
factors on a state-wide level. Use of such foctors offers an overview of state costs,
Appendix K _lists the corrected factors which could be used on a state-by-state basis.

8y Construction Region

These basic cost correction daka are grouped by geographical regions of differing
construction proctices. This procedure was used in developing soundproofing costs.

The cities listed in the above references were sorted into the six regions representing

the Geographical Areas of Differing Construction Practices, and inte Alasks, Hawaii, and
Puerto Rica. The Cost Adjusting Factors for eoch city within each region were then
totaled and averaged to produce regional factors.

Appendix K shows the resultant correction factors for labor costs and material costs
for each region, Aluska, Howaii, and Puerto Rico. These carrection factors were appiled to bose
cost data within a Reglon to adjust labor, material, and overall costs up or down,

These correction factors do not include correction for temporary labor and material
shortages and surpluses, discounts, travel, inflation, and unusual costs, which cannot be ;
predicted an a systematic basis; nor do these costs include the final adjustment for the f

contractor's markup.
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6.1,3  Costing Application

This section provides a practical costing example including the methedology
for determining basic costs, correcting for regional cost variations, and the develop-
ment of dellars per delta NR, Costing methodolegy and application is rhe same for
schools and hespitals, thus only schools are used in the examples.

The example consists of two high schools In two different locations, The schools
ara typical of school buildings in terms of size, belng neither excessively large or small;
and in terms of architecture, that is, in containing ne unusual or excotic deslgns and
materials. The example utilizes Categery B NR's {estimated 20 dB modification).

The first school (School A) is located in construction region E. The second
school (School B) is located 1n construction region A,

School A structure has 42,336 square feet of floor space with 22,5 square foot
windows, Ten windows per room, 42 rooms, no air conditioning, 12 inch brick walls, and
I/2 inch painted gypsumboard interior walls.

9chool B structure has 43,500 square feet of floor space with 24 square foot
windows, three windows per room, 58 rooms, no air conditioning, 8" concrete walls,
and painted masonry interior walls,

The cotegory B (20 cB) madification is to eliminate the windows and to Fill
the space with comparable exterior and interior wall materials and finishes; and, since
tha windows will ba sealed, a Heating, Ventilating and Air Conditioning system {(HVAC)
must be provided.

The first step in determing the cost of the modification is the calcu!urif)n of the
total muare footage of the modification. This is because the basic cost source ' provides
costs in terms of square feet of modification. School A has 22.5 square foot windows,
ten per room, and 42 rooms, so the total square Tootage of the medification is:

22,5 square feet x [0 windows per room x 42 rooms = 9450 square feet.

Schoot B has 24 square foot windows, three per room, and 58 reoms, The squore
footage of the modification fo school B is:

24 x 3 x 5B = 4|76 square feet

Yo77 Dodge Construction Systems Cost, New York, McGraw-Hill, 1976,
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The first action to be taken is the removal of the windows. This is called
demolition and the cost is $.12 per square foot of the madifi cation.® The cost for
removing the windows in School A is:

9450 square feet x $.12 = $1134.00,

while the demolition cost for Schoo! B is;

4176 x §.12 = $501,12

The next step in the modification is the filling of the window space with
material like the existing external wall. These costs are also calculated in terms of
the number of suare feet of modification, but they vary according to the material
used, Schoo! A is constructad of 12 inch brick interior walls, and this cost is $2.09 4

per square footS. School B is constructed of 8" concrete walls, and the cost is $5.88
per square foof,

All the window space in School A, 9450 square feet, will be filled with 12
inch brick ot o cost of: - : .

9450 x $9.09 = $85,210

The window space in School B will be filled with 8" concrete, at a cost of:
4176 = $5.88 = $24,554.88

The next cost item involves the interlor wall modification. This cost is also

caleulated in terms of the square footage of the modificotion. School A has 1/2 inch
painted gypsumboard interior walls, and fhisg'nuteria! will be applied fo the brick. The

cost of /2 inch gypsumboard painted is $.917 per square foot, so the cost of this action is:

9450 x $.91 = $8599.50

School B requires painting of the installed concrete. This cost is $.42 per
square foot® 5o the cost of this action is:

4176 x .42 = $|753.92
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Neither building A nor building B Is equipped with a HVAC system, therefore
both buildings will require HVAC. The cost of HVAC is computed by the square footage
of floor space. The square footage of the floor space in building A Is 42,336, and the
square footage of floor space in building B is 43,500, The cost of HVAC in high schools
is $4.407 per square foot of floor space, The HVAC cost for School A is:

42,336 x $4.40 = $186,278.40,
while the cost for Schoel B is;

43,500 x $4.40 = $191,400.00

The total cost is the sum of all the modifications that must be made to a building.
In this example, the total cost is the sum of the demolition cost, exterior wall cost, interior

wall cost, and the cast of HVAC. The total cost of the modification to Scheal A is:

334,00 + $5,9'00.00‘ + 8599.50 + 184,278.40 = $28(,9!1.90
while the cost for School B is:
$501.12 + 24,544.88 + 1753.92 + 19,400.00 = $218,209.92
Bocause the cost of construction varies throughout the nation, their total costs

must be adjusted for regfonal variations, the cost correction factor for building in con-

sfnl.lclﬁon region E (Schoal A) is .85, and the correction factor for region A (School B)
is 1,10,

The cctual cost of Schaol A is:

$28!1,911.90 x .85 = $239,625.12

while the cost For-Schocl B is:
$218,209.92 x 1,10 = $240,030.%I

in both schools, the applied modification ylalds an interior noise reduction of
approximately 20 dB (Category B).
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The costs for improving the attenuation of schools A and B can be expressed in
different units bosed on the total dollars. In addition to total dellars, costing can be
expressed in dollars per square foot of classroom or dollars per classroom, Using the
example, these unfts would be: -

Schoal A
(1) Dollars per square foot = $239,625.12 + 42,336 = $5.67/sq.ft.(Classroom)

{2) DD”qrs per clossroom = $239,625.12 = 42(Rooms) = $5,720.00/Classroom

School B

(1} Dollars per squore foot = $240,030.91 = 43,500 = $5.52/sq.ft.(Classraom)

(2) Dollars per classroom = $240,030.91 = 58(Rooms) = $4,140/Classroom

6.1.4  Program Costs

The estimated dollar costs of reducing the interfor noisa levels of schools, hospitals,
and public health facilities to within feasible and practical limits, for existing buildings, are
identified as Program Costs. These costs were determined through the applicatien of building
attenuation practices defined in Chapter 5 as Category A and Categery B modifications.

Applying the methodology and procedures used in the example shown under subsection
6.1.3 and the regional factors shown in Appendix K; state, regional, and national soundproofing
costs ware derived as shown by Tables &1 through 6-7.

o Cost Derivation

Costing values were developed saparotely for each region, through the
following process (National cost values are the simple summation of ol |

regional costs).

~ Individual cost calculations were completed for each sample site for
each category of modifications (A8&B) - see Appendix Q.

~ Individual costs were then added giving a total dollar cost for all
sample sites for each category.

- The total dollars for each category were divided by total number of
rooms to be rehabilitated ot all sample sites, producing an average
cost per category per room within that region.
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TABLE 6-|

"SUMMARY OF ALL CONSTRUCTION REGION COSTS
(NO MARKUP INCLUDED)

SCHOOL HOSPITAL**
Interior *
levels | EXISTING  |REHABILITATION|  AFTER EXISTING  REHABILITATION |  AFTER
(dn) No. of 3 3 No. of No. of $ 3 No. of
Number | Studant | Cat. A | Cat. B] Number| Student||. Number | Patient } Cat. A Cot. B| Number} Patient
| S40 ) b N___|_444]_
40-44 | 20 | (7189 325 |232569 - - 44| 13241
45-49 | 57 | 26734 421 |285108 2 754 | 298650 17 | 6589
50-54 | 90 | 69150 | 11047170 203 | 123244 0 | 3046 |4631640 12 5289
(=
& |_3557 | 1sa | logado | 17787224 76 | 47420 || 18 6502 | -~ [879%600| 2 820
80-64 | 515 | 148230 260692 32 | 1839 25 | 7360 11395430 3 426
65-69 | 234 | 149024 27488155 17 | ss89 10659200
70-74 | 203 | 123244 122833820 12| 5289 75688254
75-7% | 78 | 47420 | 8585990 2 820 1218070
8085 )
32 | ise39 3530205 3 426 621390
TOTAL
1057 | 707370 |288343%0)8940724 1057 |707370 89  |30806 |4930290 |4028194G 89 | 30806

*Limited by feasthillty and practicabitlty
**nclude public health facillties

SUMMARY SCHOOL HOSPITAL
Category A ( || NR 42 ) (1l NR +1)

Cost Coefflcient,...7...... oo $4.90/5.H. = 512,80 /5q.Ft,
Category B (20 NR+3) (18 NR +2)

Cost Coeffictent «vevrvreeeenes $5,49/5q . Ft. T$11.61/5q.Fr.




TABLE &-2

SUMMARY OF CONSTRUCTION REGION COST A
(NO MARKUP INCLUDED)
SCHOOL HOSPITAL**
Interior *
Levels EXISTING REHABILITATION AFTER EXISTING  REHABILITATION |  AFTER
(dB) No. of P 3 No. of No.of | % ¥ No. of
Number | Student | Cat. A | Cat. B| Number} Student|] Number | Patient | Cat. A| Cot. B | Number| Patient
<40 B B N | 92
40-44 | 2 2365 9%~ 24795 5 7159
45-49 | 3 1010 43 |2953% 1 92 |226000 3| s
50-54 | o 6172 1108090 44 | 32381 1 370 | 727020 2 978
o 55.5%2 | 14 9451  N1711680 1 6339 2 200 405400
~D
40-64 | 28 | 16258 1385200 6 | 4328 2 589 1196520
16569 | 26 19075 967600 3 1254 R541640
70-74 | 44 | 32381 6739200 2 978 994200
75-79 1 1y 6339 1320800 0 -
80-85 | ¢ 4328 904800 0 --
TOTAL [ 143 | 97379 12819770 | 16317600 143  [97379 1 3483 | 953020 | 637960 3483
*Limitad by feasibility and practicability
**Include publie health facilities
SUMMARY SCHOOL HOSPITAL
Category A (10 NR+3) (Il NR +I}
Cost Coeffictont, ... iverenrrnanns $5.11/5q .Ft. 515.14/5 . Ft.
Category B { 18 NR +4) {17 NR +2)
Cost Coeffictant voeeveieanas ve..55.90/5 . Ft. $15.62/% . Ft,

............




TABLE 6-3

SUMMARY OF CONSTRUCTION REGION COST _B
(NO MARKUP INCLUDED)

SCHOOL HOSPITAL**
interior -
Levels EXISTING REHABILITATION AFTER EXISTING REHABILITATION |  AFTER
(dB) No. of $ [ No. of No.of | § 3 No. of
Noumber | Student | Cat. A | Cot. B| Number| Student || Number | Patient | Cat. A | Cot. B[ Number| Patiant
<40 o | 662
40-44 6 4924 -- - -
45-49 7 4687 1 662 | 72650 } &0
50-54 | 1864 | 187250 10 5104 - - — 2 1050
g 55-59 | 1260 | 119840 2 2353 - — | -
60-64 5 3060 358,545 553 - - -
65-69 6 3427 399355 1 0 28160
70-74 | 10 5104 597580 2 1050 492730
75-7% | 2 2353 276930 - -
80-85 ] - 553 67045 - -
CTOTAL| 26 17621 | 307090[1699455 26 17621 4 1772 | 72650 520890 4 1772

*Limited by feasibility and practicability
**Include public health facilities

SUMMARY SCHOOL HOSPITAL
Category A {11 NR+2) (1 NRH )
Cost Coefficient . .7 . .. ... ... $3.03/5q.Ft. $1.14/ Sq. Ft.
Calegory B (20 NR+T ) {23 NR +)

Cost Coefficiont « « » v v v v v v v v $3.54/5.Ft. $ 4.89/5q.Ft,




TABLE 6-4

SUMMARY OF CONSTRUCTION REGION COST C
{NO MARKUP INCLUDED)

SCHOOL HOSPITAL**
Interior *
Levals EXISTING  |REHABILITATION AFTER EXISTING REHABILITATION |  AFTER
{dB) No. of 3 3 No. of No.of | § $ No. of
Number | Student | Cat. A | Cat. B | Number| Student|] Number | Pattent | Cat. A| Cat. B] Number | Patient
| <40 | 1 N 4 1721
40-44 - - 36 27729 4 1035
45-49 5 3674 a5 24645 ! 774
50-54 1 9430 1315210 10 6649 1 52 | 89490 1 477
g 55-59 | 10 7900 | 1080110 9 6825 4 1721 2069060
60-64 | 25 )18299 3452840 7 4170 3 983 1697170
65-69 | 20 | 13071 2446990 ] 774 1335030
70-74 | 10 6649 1278380 ] 477 834330
75-79 9 4825 1287740 — - -
B0-835 7 4170 787740 - — -
TOTAL| 97 70018 | 2395320|9273690] 97 70018 10 4007 | 89490 |6835590] 10 4007

“*Limited by feastbility and practicability
**Include public health facilities

SUMMARY SCHOOL HOSPITAL
Category A ( 13 NR+4 ) (I NR H)

Cost Coeffictent , , ., ... .... . . $3.86/5q.Ft. _$II.26/&:|.Fr.
Category B (22 NR+5) {18 NR+)

Cost Coefficlent . ., v v v v v v v s $5.35/5q . Ft., $11.23/5q.Ft.
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TABLE 6-5

SUMMARY OF CONSTRUCTION REGION COST D
{NO MARKUP INCLUDED) -

SCHOOL HOSPITAL**
interior Y
Levels | EXISTING REHABILITATION AFTER EXISTING REHABILITATION | AFTER
(dB) ~ | Ne. of 3 ¥ No. of No. of ) $ Neo. of
Number | Student | Cat. A | Cat. 8| Number| Student [{ Number | Pafient | Cat. A{ Cat. B | Number | Patient
<40 . IR 5 1966
40-44 1 9480 431118351 = o s asas 1
45-49 | 18 [15756 o 206 | 150886 ~- -- & 1 2o
50-54 | 45 Pe912 | 6364050 63 | 7724 5 1518 | 2691520 3 622
g 55-59 | g7 [68743 |10958750 24 | 14388 5 1966 e R
60-64 1 8s 168959 12983040 3 364 ][ 13 2987 5246320 | 188
65-69 | 101 J66387 12489120 8 2170 3609050
70-74 | 63 [37724 7103040} 3 622 1097250
- 75-79 24 14388 2728320 1 626 1037080
- 80-85 5. | 3464 682040 1 1:%3 04740
TOTAL| 441 B25013 | 1732280p 35985540 441 [325013 36 10075 2691520| 14963014 36 10075

*Limited by feasibility and practicability
**Includa public health facilitios

SUMMARY SCHOOL HOSPITAL
Category A {10 NR42 ) {(TF NR+)
fi e e vea o84, F. 513, .Ft.
Cost Coofficient $4,79/% . Ft 09 NRS}.%)SO/Sq Ft

Category B (20 NR#4)
Cost Coofficlent « » « v o v . . oo o« $5,657%.Ft. §13.18/5q. Ft.




TABLE 6-6

SUMMARY OF CONSTRUCTION REGION COST £
(NO MARKUP INCLUDED)
SCHOOL HOSPITAL**
Intertor *
Levels EXISTING REHABILITATION AFTER EXISTING hEHABILITATION AFTER
(dB) - No of [ § $ No. of No. of | ¢ $ No. of
Number | Student | Cat. A | Cat. B} Number} Student || Number | Patlent | Cat. A | Cat, B! Number | Patiant
<40 —
40.44 3~ 32 4829775 - - I 526
45-49 4 2875 48 269581 - - ? 1277
. 50-54 | 8 4213 494530 37 | 21890 -- - 2 1252
L 55-59 | 1 6933 1156200 20 111825 - -
' 60-64 | 37 22450 3697070] 4 2295 1 626 1144920 | ) 130
65-69 | 33 19773 3256550 2 1277 1865830
70-74 1 a7 | 21690 3573560 2 1252 2267400
7579 | 20 11825 1947340 — -
80-85 | 4 2295 382860 1 130 189990
TOTAL| 157 | 95166 |1850730 (12857380 157 | 95146 é 3285 5488140 | 4 3235

*L!mited by feasibility and practicabllity
**Include public health factiitles

SUMMARY SCHOOL HOSPITAL
Category A ( 11 NR+1 )
Cost Cooffictont ...7.......... $5.24/5.Ft. No Sample

Category B ( 19 NR+2 )
Cost Coefflciont .. .0 uuuines $5.19/5q.Ft,
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TABLE 6-7

SUMMARY OF CONSTRUCTION REGION COST F
{NO MARKUP INCLUDED) —
SCHQOL - HOSPITAL**
Interlor "
Levels EXISTING REHABILITATION AFTER EXISTING REHABILITATION AFTER
{dB) No. of MNo. of No. of Na. of
MNumber | Student | Cat. A | Cat. B| Number| Student{| Number [ Patient | Cat, A| Cat. B | Number | Patient
<40 ) _ . - e
40-44 4 2232 53 26995 -- — l6 5916
- 45-49 7 3419 82 45863 - - 2 1054
50-54 | 15 7559 1378040 39 19696 3 1106 [1123610 2 210
o 55.59 |27 15153 2760640 10 5690 7 2635 . 1976370 ] 194
~ 60-64 |34 17204 3097560 9 3929 6 2175 2110800 | ) 110
65-49 | 48 27291 4208540 2 1054 1079490
70-74 | 3% 19694 3542060 2 210 882344
75-79 |10 5690 1024860 1 194 180990
80-85 | 9 3929 705720 ] 110 106660
TOTAL[193 [102173 [4138680 3273740 193 | 102173 | 22 8184 | 1123610 | 6336350 22 8i84
*Limited by feastbility and practicability
_ *#*Include public health facilities
SUMMARY SCHOOL H.OSPITAL
Category A { 10 NR +2 } {12 NR)
Cost Coeffictent ... 7...o...... $6.18/%. Ft. 512,84/ 5q. Ft.
Category B ( 18 NR+2 ) { 15 NR +4 )

Cost Coefficlent. .ovrneireirnns $6.11/5.Fr, §13.13/5q.Ft.




- The regional dollar/category/room unit was then applied to all the

rooms of all buildings to get a total regional cost. Units were developed

for schools and hospitals.

The following shows Nattenal Total Costs.

Number Costs
. Schools 1057 $118,241,815
Hospitals and Public
Health Facilities 89 45,212,230
Subtotal - $163,454,045
25% Mark-up 40,863,5 1
TOTAL 1146 $204,217,556

= ($204,300,000)

These figures are based on early 1977 prices, and do not include conditions such
as union rules, weather, or other cost escalations. For exemple, in o loeality where
many building projects are underway, prices and contractor fees will be somewhat higher.
In localitles where few bullding projects are underway, prices are likely to be somewhat
lower. These effects are very local and are not predictable.

The distribution of cost on a state-by-state basis is provided in Appendix N,

6.1,5  Cost Benefits

Although the soundproofing benefits are mentioned in qualitative terms in
Chapter 5, the following summarizes some of the obvious indirect benefits with plausible
cost effectiveness calculatjons:

{l) More Effactive Communieation - Soundproofing permits more effective
face~to-face, teacher~to-class, doctor-to-nurse, telephone, radie, etc., communication,
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(2) Less Aggravation - Aircraft nolse in schoolrooms results in aggravated
teachers.” A decrease in fhe noise results in less aggravation; thus, making the
teacher's job more pleasant and desirable. This is also related to turncvers since
contented teachers are less likely to resign. This results in o decrease in personnel
costs, school operating costs, and less tox to local citizens.

(3) Fewer Comploints/Litigations ~ Less noise means fewer angry people. This
means less actions against airports, airlines, airport sponsors, and federal agencies,

{4) Greater Positive Feeling Towards Aviation ~ People who are greatly disturbed
by oireraft noises are not ikely {5 Took favorably on aviation. They are not likely
to support aviation, aviation research and grants, and improved aviation technology.

(5) Greater Positive Feeling Towards Airlines - People who are greatly
disturbed by alrcraft noises do not Took favorably upon airline companies, Reducing
the nolse may reduce their disfavor. This moy have some impact on their likelihood
of using aviation as a means of fravel. Since aviation is the safest way to go, this
means an impact on public saofety.

{(6) Improved Land Utilization - Effective soundproofing means that land very
necr airports can be more effectively used. Certain kinds of buildings may be desirable
there such as prisons, some hospitals, etc.

(7) Greater Airpert Flexibility - Proper and effective soundproofing {retrofitting)
may allow alrports fo be built closer to built up areas,

(B) Less Sleep Disturbance ~ A reduction of aircraft noise through soundproofing
will resuTt TnTess sleép disturbance both in terms of waking up and being able to

fall usleep.

(?) Cleaner Air ~ Proper soundproofing requires the utilization of effective HVAC

technology. This results in better air quality within buildings and can result in a more
comfortable environment. Air-conditioned schools are more comfortable and conducive

to learning than are non-airconditioned schools.

{I0) Fewer Respiratory Problems ~ Seundproofed schools with good HVAC will be
most pleasant to children and feachers who are troubled by a variety of allergies and
ofher respiratory disorders, The same is true for hospitals.

(I} Less Distraction - Soundproofed (i.e., sealed buildings) permit less outside
distraction. Schoel children are less likely to be locking outside at some disturbance
and more likely to pay attention to the teacher.

{12) Greater Energy Conservation - Soundproafing uses similar technology to
insulation, fhus, there is @ major savings in terms of heat and cooling loss.
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(13) Improved Fire Safety - Greater use of heavy wall construction slows down
ond lowers the danger from fire,

{l4) lmproved Building Construction - Effective soundproofing requires careful
attention to detail during the construction and refrofitting of a bullding. This means
a heavy supervisory and Inspection function, however, short cuts and sloppy workman~
ship will be avoided, thus resulting in a better built building.

(15) Greater Desirability of Property - An effectively soundproofed building within
o high noise area is simply more desirable than an unsoundproofed building. This
impraves sale and resale vaive.

(16) Inereased Property Value - Although many bulldings areund sirperts de not
lose value because of noise, an effactively soundproofed building can command a high
sales price or rental, Both of these factors may impact the finances of the local com-
munity . :

Classroom Disturbance Cost Savings .

Tha passage of an alrplane over a highly impacted school results In a disruption
of ongoing classroom activity . The taacher must momentarily stop teaching, and the
students can do nothing constructiva for the duration of the disturbance. As soon os
tho aireraft has passed, the classroom activity can resume.

Although each disturbance is only momentary, it is a disturbance; and because
productive activity stops, it is wasted time.

In an effort to quantify the cost of waste time, certain assumptions and concepts
must be considerad.

|. The operation of o schoo! is a continual cost. Teachers are paid throughout
the day for procluctive time ond for waste time.

2. Orlginal buflding costs and operating costs can be amortized over time and
distributed on a per-student basis.

3. Waste time can be viewed os an unnecessary cost to the taxpayer even
though the removal of the disturbance does not affect the actual salaries of teachers

or par-student costs.

4, The cost of soundproofing is a dollar valus, and the cost of waste time is
a dollar value. If the cost of soundproofing Is greater than the cost of the waste time,
soundproofing is nat cost effective because there is no return. If the cost of soundpreofing
is less than the dollar value of the waste time, soundproofing is cost effective because
there is a return in productive time, There is, in effect, o net goin in productive time,
and thus, a gain In value,
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Classroom Disturbance Cost can be quantified os fol lows:

Cost=!‘x§;xﬂ;xL
&0

where;

.,.
1

total teaching time lost in minutes

average teochsr's salary in dollars

average number of teachers employed

- A

1

life cycls, in days, =180 days x 10 yeors
Revised Formula

Benafit in dollars = [ fx'sl: xNex L) - C’P]

where C’P = Cost of soundproofing

Classroom Disturbance Teacher Cost - Example

Assume:
t = 10 minutes (total disturbence per day)
Sh = $10.66 per hour {based on the national avercge)a
Ny = 100 teachers
then
Cost = ('26_66) (100) {1800) (I0)
Value of the lost fime = $320,000.,
® If the cost of the modification is less than $320,000, there is a net galn.

. If the cost of the modification is greater than $320,000, the soundproofing
has cost more than the value of the teaching time that was saved.

BU. $. Bureau of the Census, Statistical Abstract of the United States, Washington, D, C.,

Department of Commerce, 1975, p. 130.
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This analysis is based on the distractien time eccuring in !,057 schools, Dis-
traction time is considered to be o minimal 20 seconds per interruption due to an aircraft
flyover. The distraction time per school was calculated on the basis of the number of
flights mode during the school day, Thus, @ school , impacted by flights from Portland
International Airport, would have approximately 30 flyovers per school day. Thirty
fiyovers at 20 seconds each is a fotai daily disruption time of 600 seconds, or .16 hour,

Since there is only one school, the total lost time is | x .16 hour, which is .16,
Multiplying this by the number of teachers (30) pives the total manhours of teachers' time
lost. TKe total hours lost per day in this school is 4.8 hours. The average teacher's
salory is $10,46 per classroom hour, so the value of the lost fime is $10.66 x 4.8 hours,
whicﬁ is $51.17 per day. This Is the value of the lost teaching time every day due to
aircraft noise,

$51.17 translates to a yearly cost of $51.17 x 180 days which is $9,210.60,
This is the cost of the lost teacher time every year in this particulor school,

Costs and benefits are not generally calculated on the basis of one year of operation,
Similarly, a multiple of 10 years (without escalation) as the average time hos been used.,
This figure was used as a general guideline {n that this is a reasonable time frame for o
modification to a structure, $9,2?0.60 x 10 years equals a benefit of $92,106.00.

If the cost of soundproofing Is less than $92,106.00, the cost of soundproofing
will be offset by the recovery of productive teachers time in less than ten years.
the cost is greater than 592,r06.00, a break even point will not be reached until some

time after 10 years.

In the case of this particular school , the actual projected cost of the modification
is $28,068,00 whichls considerably lass than $92,106.00.

The following summarizes this benefit calculated for all 1,057 impacted schools
nationwide. The total benefit is the value of the teachers' time saved,

o Teachers' Time Lost Due to Ajrcraft Noise (Nationwide)

One Aircraft Operation for Nation's Impacted Teacher; (707,370 - 43,923) = 26538

25

$10.66 x_|_(hour) x 26,538 = $I,572
180

Average Daily Jet Operation at Jet Operated Airports (School Periods) ~ 10
Average Value Per Day ~ $15,720

Construction Costs to Remedy Schools  $118,200,000
(Without Markups)
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Student Time cost can be quantified as follows:

In @ simllar order of magnitude calculation, one can derive a student cost of
predominantly public elementary and secondary education as $1,369.63 (1974/1975) as
given in the Digest of Education Statisties in 1976,

Average Annual Education Cost Per Studant $1,369.63 1974/1975
Estimated Annual Cost Per Student 1,570,00 [976/1977
Average Class Hour Cost Per Student 1,45 1976/1977 .

{Average 7 Class Hours = [80 Days)

o Student's Time Lost Due to Alreraft Noise

One Aircraft Operation for Nation's Impacted Students (707,370 = 43,%23)
= 663,447

I
$1.45 x T8O fhour) x 663,449 = $5,344

Average Dally Jet Operation Estimates {School Perfod) 10
at Jet Operated Airports

Average Value Per Day 53,440

Construction Costs to Remedy Schoois I 18,200,000
(Without Markups)

o Hospital Disturbance Cost

Since an average cost for an inpatient Is given as §118,54 per day in the Hospital 9
Statistics in 1975, one can estimate the similor order of magnitude following a recent thesis
in which palient stay was found to be correlated with noise,

$135 (1977 Cost) x 30,806 (impacted patients) = $4,158,8I0 per one day
delay in discharge rate,

In this connection, the other study entiled: "Noise In Hospitals Located Near
Freeways" is noteworthy in that the recurring hiﬁ)hwoy noises did not disturb patients
or staff until the noise level reached 72 PNdb."Y Regardless of traffic noise

?Daniel Fife and E, Rappaport, "Naise and Hospital Stay,” Public Health Brief, American
Journal of Public Health, July 1976, Vol. 66, No. 7,

IoR . M. Towne and et al, Noise in Hospitals Located Near Freeways, Towne and Associates,
Ine., Seattle, Washington, January 1964,
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content, the total noise environment had little bearing on the recovery rate of
patients, and virtually no bearing on a doctor's decision as to where he will
hospitalize his patients. Thus, although there is still a question as to the impact
of aircraft noise on hospital stay, such a benefit is quantifyable.

Energy Conservation Benefit and Quantification
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The energy cansumption can be caleulated as fol lows:

The soundproofing of buildings has two direct effects - (a) increased energy
consumptien by air conditioning equipment due to the elimination of natural ventila-
tion and (b} reduction in I1|:ur loss due to the sealing of walls, windows, and other
openings. A related study
loss outstrip the increcsed energy consumption of air conditioning.

Tfound that energy savings realized by reduction of heat

Another side effect is reduced humidity during winter months causing some
discomfort with no appreciable health hazards. Also, the increased indoor air
pollution such as increased exposure to cigarette smoke particles and odors may
require separate creas for smokers and non-smokers,

12

MNet Energy Soving = {Energy Savings by Sealing and Modification) =
{Added Ventilation Energy)

Energy Saving by Sealing = {Infiltration Constant) (C) ) x (Building
Volume) x 365 x 24

Energy Saving by Madification = (Thermal Transmittance (U) Factar) x
{Area) x (Local Annual Degree/Day x 24)

Added Ventilation Energy (kwh/yeor) = Building Volume
233

Weighted average energy cost for gas, oil, and electricity is applied
to the above enemyy consumption to translate into dollar costs,

Table 6-8 shows the results of net energy saving caleulations attributed by the
soundproofing programs.

I Federal Energy Administration, "Energy Conservation in New Building Design, "
2Canservafion Paper No. 43 B, Auvgust, [975.
Wyle Laboratories, “Insulation of Buildings Against Highway Noise," August, 1976.
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TABLE 6-8
SUMMARY OF NET ENERGY SAVING DUE TO BUILDING INSULATION

Public
Construction Impacted School Hospital Health Facility
Region Airport Mo, Net Savings No. Nef Savings No. el Savings No. TOTAL
A 39 $ 226,957 143 $ 20,225 i - § 248,182
B i3 19,692 26 | ,903 3 $ 533 I 22,110
o 78 17,472 97 2,966 8 95 2 20,534
D (71 2,431,702 441 53,111 33 14,402 3 2,499,215
E 148 267,847 157 8,712 5 727 I 277,307
F 259 649,777 193 139,080 7 (1,514 5 800, 371
? —t— ey — T ————— b ———
N NATIONAL
TOTAL
PER YEAR 708 $ 3,613,467 1,057 § 226,998 77 $ 27,261 12 $ 3,867,727
|0~YEAR CYCLE
COSTS (without
escalation) $36,134,876 $2,269 ,982 $ 272,6 10 $38,677,268
NOTE:
Yearly=- Temp. C(lafiltration
Region Deg.-Days Diff. Constunt) U Factor 977 Weighted Ave,, Energy Cost Bl
A 1799 Fegion Gas (bamet) "51'”_5 Lgal) {c/kwh)
B 1765 25 57 Single Pane Glass = 1,13 Northeast 446 5.38
c 214 50 113 Double Pane Window .58 North Central 415 3.05
D 5634 7% 1.6 South 426 2,95
E 2983 West _ 46T 2.56
F 6283 Heating Value Efficiency: Coal = 7800 BTU/Ib, *Federal_Energy Administration,

Ve 3iTay Do an il e G
S T TR A A

Gas ~ 820 BTU/c .f,

Oil - 98060 BTU/ gal .

January, 1977,



6.2 Feasibility and Practicability

6.2.1 Feasibility

Feasibility for the purposes of this study is defined as the potential for modification,
A modification may be feasible if:

I.  the actual work to be performed is within the state-of=the-art of bujlding
work. Modifying windows, applying layers of gypsumboard, etc., are
within the state=of«the~art,

2. the cost of the modification is not excessive, in term; of reasonable and
normal costs. If a particular piece of work requires unusual material or
skitl, and thus the costs are out of line, the modification is not considered
feasible, Similarly, madification to a building with a life expectancy of
less than ten years would require a coreful trade off analysis from a cost

standpoint.

6.2.2 Practicabiliir

Technizal limitation refers to the net result of engineering and erchitectural
rehabilitation. In the context of this study, soundproofing rehabilitation was found to
be practical in that the rehabilitation can be applied to most buildings. Scheduling is
required, however, becouse some rooms cannot be utilized during the rehabilitation work.
Since the rehabilitation can proceed room by room, a small number of classes or patients
will be disturbed at any one time. Rehabilitation to external doors and the roof will not

disturb the occupants,

6,3  Evaluation of Ellgibility and Priority for Soundproofing Candidates

The findings of this study may be incorporated in a federal program to fund
soundproofing of public buildings. This section of the report provides an evaluation
of the elements of such a program related to determining the eligibility of requestors
for such funds and a priorlty system by which applications could be considered. Since
many of the underlying questions concerning eligibility and priority for soundproofing
funds are based on similar considerations, the two topics are treated together. Discussed
below are recommendations and key factors to be considered.

6.3,1 Eligibility and Priority

Applicable Use Category

The first step In determining the eligibility of a specific application for funds
should be to verify thot the actual ar plannied usage of the building fatls within the usage
categories intended by Congress for consideration, Building-use categories specifically
covered by this study are schools, hospitals and public health facilities. Additinnally,
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only rooms directly related to building use (such as classrooms in scheols) are specified.
Potential areas for clarification include further definition of eligible rooms, further
definition of whal constitutes a public health facility, the possibility of including other
building~use categories and the inclusion of privately owned facilities falfing within the
obove categories. Since the degree of noise impact will vary considerably for butldings
within each category, it does nat appear feasible to base o prierity system for funding on
a consideration of use categery.

Magnitude of Noise [mpact

From bath an eligibility and priority standpolint it Is important to focus on those
butldings most severely impacted by aircraft noise. In regard to eligibility, it is necessary
to define the minimum level of impact which qualifies a candidate for soundproofing funds.
The manner in which this noise impact is defined can then be used to establish the priority
by which qualified applications are considered. The determination of the degree of naise
impact from aircraft operations encompaosses consideration of the following factors:

I. The most direct indication of the magnitude of noise Impact within a building
is the amplitude of the aircraft noise levels, The noise levels above which
interference with noise-sensitive activities oceur are identified in Chapter 2,
In addition to the maximum aircraft noise levels which cceur, consideration
must be given to the duration and number of occurrences of the aircraft noise
intrusions. Two approaches to ineluding duration and number are establishing
noise criteria in terms of the percentages of time threshold noise levels are
exceeded, and the use of an energy-cumulative metric such as NEF or Ly,.

N

Another important measure of the degree of impact is the number of people
offected, For maximum benefit, buildings with a high level of occupancy
may be given preference to buildings with low occupancy.

3. A final consideration in the assessment of noise impact is the building interior
noise level in the absence of aiteraft noise sources. In order to be considered
a source of adverse impact, noise contributions from aircraft would be expected
to significantly exceed the noise environment produced by other sources.
Non-aircraft nalse sources to be considered inciude internally generated noise
such as ventilation equipmenf, normal conversation, feet shuffiing, etc., as
well as exterior sources such as highway traffic.

Effactivenass of Soundproofing

Establishing the feasibility of soundproofing to alleviute noise impact as opposed
to relocation of facilities or modifications to aircraft operational procedures should be
incorporated into the criteria for eliglbility. Factors involved in establishing the feas-
ibility include:
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it should be established that soundpraofing would provide a beneficial reduction
in laval, The desired degree of soundproofing must be consistent with degrees
identifled in this study as being feasible. Furthermore, the costs ussociated
with soundproofing should be bolanced by the degree of bensfit achieved.

Since soundproofing has benefit only in reducing bullding interior noise levels,
its feosibility needs to be considered in relation to the extent of noise-~impacted
outdoor activities.

6.3.2 Technieal Evaluation

Once a program is initiated, applications for soundproofing funding will be
expected. |n part, these opplications will be reviewed on the basis of eriteria developed
from the considerations given cbove. A substantial part of an applicatien must contain
technical documentation of the present noise environment. This will consist of essentially

thrae factors:

o

=]

o

Exterior noise environment, including afreraft and non-aireraft noise sources,

Presant bullding noise reduction.

Proposed soundproofing modifications, including cost estimate.

The dato to substantiate these factors should be developed by technically trained petsonnel
and presented In a form consistent with FAA eligibility review procedures.

6.3,3 Priority of Programs

Modifications can be funded in four ways:

In the order of serioushess of impact

2. by geographical aren

3.

4.

by random selection

all buildings at once

Madifications can be made aceording to o program based on the severity of
impact. In other words, the most severely impacted buildings should be done First;
less severely impacted buildings would be done at o later date, Essentially, buildings
would be modified in the order of the level of aircraft noise impact, regardless of the

geographical area.
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A second procedure would be to perform the modifications by geographical
area, regardless of the level of the noise impact. This procedure has the advantage
of more efficient program control. All work is being performed in a geographical
region. All impacted schools are modified at the same time, thus, avoiding confusion
as to why one school is being modified but another less seriously impacted school in the
same arag is not.

A third altemative procedure would be to modify buildings at random. This
procedure has the sole advantage of avoiding any dispute about the order of modification.
It is possible that many localities and school systams would desire to have their buildings
modified first. This procedure avoids lengthy discussions with local officials,

A fourth alternative would be to implement all modifications at the same time,
This procedure is probably the most desirable in that no one has to wait for ¢ helr medifica-
tion. Modifleations are made in the shortest time frame, thus allowing the bensfits of
soundproofing to begin as soon as pessible,

The following suggested criteria could govern the funding of the program,

(1) Meeting the eligibility criteria. Before any consideration of funding, o
particular building must meet the criteria for eligibility.

(2) Alternate Sources of Funding. If there are other sources of funding available,
coordination 1n program funding should be completed.

{3} Alternate Sources of Noise. If there are other than aircroft sources of noise
impact, a proportional funding may be in order.

The criteria implementing the soundproofing program should be based on benefits
which the program would achieve, Those onticipated benefits, direct or indirect, discussed,
should be welghed against adverse effects and the costs of implementotion as well o5
alternative consequences.

In soundproofing of public buildings near airports, there are substantial benefits--
savings of time lost by teachers and students during alrcraft noise intrusion and sizeable
net energy savings as discussed. Probable local economic and environmental impacts
coupled with resource allocation need to be assessed in each case.
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CHAPTER 7
NATIONWIDE NOISE |MPACT
Aircraft noise affects people by disturbing their normal classroom activities,
sleep, and health services. Thus, the nationwide aircraft noise impocts are:
() To identify the estimated number of schools, hospitals, and public
health focilities which are located within the noise sensitive areas

around airports and therefore subject to the effects of aircraft noise,

(2) To identify the estimated number of occupants (students and patients)
at those public buildings located within the noise sensitive areas near

airports,
7.1 Criteria and Methodology
7.1.]1  Impacted Area Around Alrports

The noise exposure forecast {(NEF) takes into account not only the annoyance
due to the individual noise event, but the contribution from multiple noise events. Thus,
NEF provides o meaningful criterion in terms of impact on people--the affects of noise
on clossroom speech communication and sleep. The NEF 30 delineates the cumulative
nofse exposure which is generally regarded as the exposure above which considerable

GnNoyance occurs.,

All available NEF noise contours were compiled from FAA Regional Offices,
Wyle Laboratories, who purticipated in the 1974 DOT study of 23 major U, S. airports,
and airport authorities/agencies who developed NEF contours. In the event of non-
existent or nonavailability of NEF contours, estimates of NEF caontours were made by
following the procedure developed by the U. S, Department of Housing and Urban
Developmeant (Naise Assessment Guidelines, Cireular 13902). Then, schools, hospitals,
and public health facilities within NEF 30 contours were identified from U, 5. Geoleagical

Survey maps.

7.1.2  Analytical Process

The first step was to compile data by location of all public buildings located
within 30 NEF around those airports which support jet operations. This data base included
building types, construction materials, occupancy, classroom or patient room size and
number, and other publicly available statistical information.




These data were compiled for all large and medium hub airports across the
country. Six large hub airports were analyzed by site visits, each representing six
contiguous construction regions in the nation. For small airports, statistical sampling
methods were used, Appendix Q shows a complete listing of all sample airports (large /
medium hub, and smaller airports including general aviation) utilized for the date base.

Projection Methods for Small Airports

The sompling of small airports is concerned with random variables of publie
buildings whose means and distributions are not known precisely. The sompling
distribution is inferred from observed data which are the results of field investigotions
conducted in the six construction regions. A rondom sample size of approximately
40 small airports was drawn in such a way as to insure that each group of smoll
airparts had the same chance of being included in the nationwide jet operated small
airport population of approximately 639,

The nationwide jet operated small airports are assigned to alternative stratum
classifications: initially by population density of the associoted area of small airports.
Since population density date were not feosible to assemble or to generate, the other
two alternatives-~population group of city associated with airport and average daily
jot operational group of FAA National System of Airport Classification Systam (1972
National Alrport System Plan)--were used,

The followling shows a summary of findings:

Stratum Population Grovp Senaal | Average Daily Aircraft  Small
Group  of Associated City Airports Operation ~ Alrports
A Above 200,000 20 o anary SBsfern (TP2)* 16
Above'7
) 80, 000~199,999 6 ) Secondary System (SI) 126
700 .280
C 40,000-7%,9%9 60 ) %' o?gary (5) {70
D/E  Below 39,999 553 o Feeder System (F) 327
439 Below 139 639
Stratum No. of Stratum No. of Sampla Airports
N) oy
K : ‘
T Ny X
N n
i L S
N| Ng N

*FAA National Airpert System Plan, 1972
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The above shows that all small cirports are subdivided into K stratum of size
Ny No.oo Ny with N =N and simple random sample of size nf, np . . . ng
with n, =n.

Let v = true mean of national small airport and vy, be the true mean of the
hth stratum, and let X}, be the observed mean of the somple n}, drawn from the hth

stratum:
1 K

Then the unbiased estimate of u =N 3~ Ny Xh
h=1

Thus, the estimate of populction mean is the weighted mean of the observed
subsample mean, where weight applied fo the subsample mean X is N, /N,

The sample size drawn proportionally and stratified sample is expressed os:

NE  ny oooa _SPRXh
e )

The estimates derived from both of the groups, population and average daily
operation, were very stmilar, However, the correlations between the number of
public buildings and each grouping type show that the average daily operation had
stronger comelation: comelation coefficient of population (rp) « 0.71 compared to
correlation coefficient of average dally operation (ry) - 0.86.

Censequently, the averoge daily operations of small eirports are used to estimate

the distribution of tmpacted public butldings within the construction region and
each state proportionally by the sampling of small airports.

7.2 Naotionwide Impact

Table 7-1 shows the total natlenwide impaet, 1,146 buildings are impacted by

aircraft nolse to an extent sufficient to disrupt the normal activities occurring in those

buildings. There are738, 176 impacted occupants and the total cost for soundproofing
s $204,300, 000. Tables é-1 thru é-7 in Chapter & provide the national impact
on o regional base interior noise level,
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TABLE 7-|

NATIONWIDE IMPACT

ltem Exlsting

Schools 1057
Hospitals and Public 89
" Heslth Facilities -
TOTALS I 146

A 154

B 30

c 107

D 477

E 163

F 215

1,146

Occupants

Estimated Costs of
Soundproofing *
(CAT, A and8)

707,370
30,806

738,176

100, 862
19,393
74,025
335,088
98,451

110,357

738, 176

$ 147,800,000
56,500,000

$204,300,000

*Include 25% markup (overhead = 10%, profit - 10%, and contingency - 5%),
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CHAPTER 8

CONSULTATION AND FINDINGS

8.1 Soundproofing Views Expressed

Informaticn was obtained on the views, opinions, and ideas expressed relative
to the concept of soundproofing schools, hospitals, and public health facilities as o means
of alleviating the impuct of aircraft nolse. These views, ideas, and apinfons were volun-
teered.

Information obtained from scheol officials and hospital personnel, was obtained
during telephone caonversations made to collect architectural data. Additional information
was obtoined from FAA sponsored meetings and official briefings.

8.1.1  Consideration of Soundproofing

The facilities director of a schaol in Georgia soid that the schools ware certainly
not built with aircroft noise as a consideration,

A Florida school official stated that soma schools in the area have bean madified
to cut down on aircraft nofse. The method used to improve the noise problem in these
schools was the installation of air conditioning in order to keep the windows closed. No
{ndication was given as to the effectiveness of these modifications regarding speech

interference.

8.1.2 Local Interest

An official of the facilities department of a Virginio school system felt that the
soundproofing program was something good and would be heneficial to the students.,

Officials of school systems in New York and Louisiana stated simply thot they had
no interest in the soundproofing program.

During the course of the study, certain lecalities were found to be most interested
in soundproofing. The following is a portion of a letter from one such locality:

""Bostan has been designeted as a city to be included as part
of the study, and the purpose of this letter is to express our desire
to cooperate with you and to move ahead expeditiously. This is
a subject of great impertance to us and we are anxious to obtain
the conclusiois as to the feasibility of soundproofing . . ."

School officlals In Texas and [llinols were indifferent to the soundproofing pro~
gram, These officials would accept a pregram of soundproofing but would probably not

actively seek it,
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developed during the course of the study:

Appendix O contains o list of the source references of views expressed.

Findings

The fellewing includes views, opinions, suggestions, and recommendations

{a) soundproofing is a feasible technique for the alleviation of the impact
of aircraft noise from an engineering and technical point of view. T

{b) the nolse prediction methodolgy was substantioted. This indicates that
the tachnique of estimating the {avel of Interior noise, and the corrective
modifications to reach a pre~-determined goal is a valid technique.

{c) the nationwide Impact in terms of both people and buildings was estimated.

{d} soundproofing is seen as desirable and acceptable by some local
autheritfes.

(e) establishment of a data bank which could be used as a central repository of
nationwide impacted public bullding by jet operated oirports, location,
type and size, noise contour, activities, occupants, coniacts, architactural
and engineering plans, and a!l related statistics concerning populations,
schools, and haspitals.
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GLOSSARY

Absarption == The dissipation of noise energy by viscous interaction at surfaces.

Absorption Coefficient == The rotio of the sound energy ohsorbed by o surface to the
sound energy incident upon the surface. The absomption coefficient for
a given surface is a function of both angle of incidence and frequency.

Acoustical Material =~ Any material considered in terms of its acoustical properties.
Commeonly and especially ¢ material designed to absorb sound,

Acoustic Baffle == A fitting in o ventilation duct which attenuates noise travelling along
the duct while presenting little flow resistance,

Ambient noise —~ The all~encompassing ncise associated with a given environment, usually
being o compesite of sounds from many sources near and far,

Attenuation -— The reduction of the energy or intensity of sound. [t may be due to geo~-
metricol spreading, absomtion or transmission loss,

A=Weighted Scale ~= A frequency weighting system that has characteristics which
approximately match the response characteristics of the human ear.
A~weighted levels are often referred to as dBA.

Exterior Wall Rating (EWR) ~- A single number rating of the transmission loss of a con=-
struction elemént, representing the attenuation of A-weighted tronspor=

totion noise. See Appendix B,

Frequency == The time rate of repetition of a periodic quantity, It is usually expressed
in Hertz,

Hearing Loss -~ The amount by which a persen's heating is worse than normai, resulting
from specific cause such as advancing age, noise exposure, or injury.

Hertz == The unit of measurement of frequency. Tt is the number of repetitions per second,

Infiltration ~- The leakage of air through wall panels due to incomplete sealing of joints,
window frames, doors, etc,

L -~ Equivalent Noise Leve|, o metric for deseribing a time perlod of fluctuating noise
with a single number. L., is an average level based on the average energy
content of the noise. It is the constant noise level which would contain
the same amount of acoustical energy as o fluctuating level for the given
period. Lo, is always bosed on the A-weighted noise level. The time
period over which the averaging is conducted should be specified, such

as (Leq)B for an B~hour perlod,
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GLOSSARY (Cont'd)

Level == A scale used to describe the amplitude of acoustical quantities — usually ten
times the common logarithm of the ratio of an acoustical quantity divided
by o reference quontity of the same kind.

Live Room -= A room which is characterized by an unusually small emount of sound
absorption,

Metric =~ A measure of neise. Some metrics are complex and may account for character-
istics such os noise duration, nolse level, frequency content, time of
occurrence, or single events,

Nolse =~ Annoying or unwanted sound.,
Noise Level == The sound pressure level of noise, usually A-weighted.

NR == Abbreviation for Noise Reduction, the difference between the noise levels outside
and inside a structure. Within the present study, NRis taken as the
exterior A=weighted level minus the interior A=weighted level,

Octave Band ~= A frequency interval whose upper and lower limits differ by a factor of
two,

Sound Power Level ~- Total acoustic power expressed on the decibel scale. Abbreviated
PWL, this is defined as 10 logyg I/Ief, wherle is the acoustic power
and Ir is the reference power, usuufly 107" watts.

Sound Pressure Level ~~ Amplitude of sound expressed on the decibel scale, obbreviated
SPL, this is defined as 10 log; (92/p|?ef), where p is the root mean jquare
acoustie pressure and pop is fge reference pressure, usually 2 x 1079 n/m*.

Pure Tone ~~ A sound in which the sound pressure changes sinusoldally with time.
Radiation =~ The process of tuming structure~borne noise into airborne noise.

Reverberation =~ The persistence of previously generated sound caused by reflection of
acoustic waves from the surfaces of enclosed spaces,

Shielding == With respact to buildings, the tendency of the portions of a structure facing
a nolse source to attenuate the nolse before it reaches portions of the struc-
ture not facing the noise source, The shielding building faces can be
thought of as creating an "acoustical shadow".

Sound Insulation == (a) Measures taken to reduce the transmission of sound, wsually by

acoustical materials; (b) the property of a partition that opposes the trans-
mission of sound from one side to the other.
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GLOSSARY {Concluded)

Sound Level Meter ~~ An instrument for the direct measurement of sound pressure leval,
It consists of a microphone, an amplifier, a calibrated attenuator, and a
display to indicate the measured sound levels, Various frequency weighting
networks, such as A-welghting, are often incorporated,

Structure~Borne Noise =~ A candition when the sound waves are being carried by a solid
material, Airborne noise can be created from the radiation of structure=

barne noise Into the air.

57C == Abbreviation for Sound Transmission Ciass, a single number rating of the transmission
loss of an interior construction element, representing the attenuation of

A=weighted interior noise.

TL ~~ Abbraviation for Transmission Loss, the attenuation (in decibels) of sound transmitted
through a panel. In general, TL is a funetion of frequency.
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APPENDIX A

TECHNICAL SUPPORTING INFORMATION FOR
DEFINITION OF THRESHOLD LEVELS
OF NOISE EFFECTS

The data presented in this Appendix provides the technical background information
required fo support selection of the threshold levels of noise effects specified in Chepter 2,

The adverse effects of noise on people can be grouped into thre& qeneral categories:
degraclation of health, behavicral reactions, and activity interference®™' The charac-
teristics of the noise Impact related to each of these categories is discussed in the following
pages. Interference with nolse=sensitive activities occurs for lower levels of noise exposure,
and was therefore chosen as the basis for defining threshald noise levels for this report.,

A=1  Physical Health Effects

Adverse physical health effects from nolse exposure occur in three forms: hearing
damage, physical pain or injury, and physiological reaction, The immediate physical
sensation of discomfort due to noise generally oceurs above 120 dB, while auditory pain
occurs somewhere between 13510Rd 140 dB, and actual Immediate injury for unprotected

4

ears at levels above 150 dgA=1rA=

The levels associated with hearing damage due to accumulated exposure to noise
cover a large range reflecting the variation of Individual susceptibility to such exposure,
Levels specified as criteria for hearing protection vary greatly becouse of this and because
of the intended degree of pratection. The Occupational Safety and Health Administration
regulations limit B~hour workplace noise exposure to a maximum of 90 dBAL™ This level
reprasent&protecriun against long=term hearing disabtlity. At the opposite extreme,
KryterA' has repartad that B-hour leval of 65 dBA will result in little or no hearing loss
in af least 75 percent of people. Higher levals can be tolerated for shorter times, and
total exposure is probably best represented in terms of total acoustic energy. I'L,‘Lf"'“"“’
of hearing loss information, the United States Environmental Protection Agency ™" has
identified an 8=hour Laq of 75 dBA as an appropriate [evel to protect against hearing loss.

Various physiological responses to noises have been noted and measured. These
are in the nature of involuntary stress rasctions which could lead fo long=term health
problems. These physiological responses, however2 are Eepxrigd 1&10} to be measurcble
for A-weighted sound levels below about 70 dp A2, A3, +A=7 1t is commonly held
that long=tem adverse non-auditery health effects will not o ‘.:.l‘ir,jof .‘3{‘}}?33%’.% noisa Is

less than the exposures recommended to prevent hearing loss.



A-2  Psychelogical and Behavioral Reactions

Psychological or behavioral reactions to nolse exposure are of two fypes:
inferference with the performance of non-auditory tasks, and general annoyance,

A<2,]1 Task Performance

Although there are little and somewhat conflicting data reported concerning the
performance of non-uuditory tasks in the presence of noise, some conclusions about this
effect can be made. For steady noises, interference YI}{I _Hozwenkal task performance
does not occur for A~weighted leveis below 90 dg A=l A=, AS, A6 However, levels
below 90 dB may have an effect if the noisﬁf._grxigfimgﬂxn& unexpected, uncontrolled,
or contain predominantly high frequencies ™ A= A" ATE Ag o lower bound to prevent
task interference for any type of noise, Kryter™“ suggests an A~weighted level of about
70 dBA, It should be noted that all the reported threshold levels for task interference are
well above those identified for speech and sleep inferference.

A=2.2 Annoyance

Unlike the adverse hearing and physiological effects of noise discussed above,
threshold levels for annoyance cannot be separated from those identified for activity inter-
ference, Results of studies which attempt to determine annoyance indicate that although
annoyance may occur for a variety of reasons (and is highly subjective), interference with
some activity, particularly those associated with, commupicatjon, vite important in
causing the subjective reaction of annoyance :&-4’&-?,2-6,A-r27,ﬂﬁ@ Intrusion levels
identified Frorrkir}ffrference comsiderations often agree with levels identified from annoy~
ance reaction™” "' Due to the link between activity interference and annoyance and to
the degree of subjectivity associated with annoyance, it was decided not to directly con=
sider annoyance in the specification of threshold levels for schools and hospitals. However,
because of this link, it can be concluded that noise levels sufficiently low te produce no
activity interference will probably produce little or no annoyonce,

A=3  Activity Interference

As developed In this section, interference with noise~sensitive activity generally
occurs af a lower level than other adverse effects of noise. For this reassn, activity inter=
ference was chosen as the besis for defining the nolse impact on occupants of public
buildings due to aircraft operations, The following sections provide o discussion of the
technical aspects of noise interference and the rationale used for identification of realistic
threshold levels for noise effects on occupants of schoals, hospitals and public health
facilities near airparts.
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A=3.1 Speech Interference in Schools

The primary activity sensitive to noise intrusion for schools is speech communication,
In addition to the requirement for the physical reception and recognition of spoken sounds,
provision of a noise environment which does not interfere with this activity is important
for two other reasons:

1. A noise environment which is conducive to learning is required. After

revie cif the latest research conceming noise and leaming for children,

Mill concludes that a noise environment which would cause speech
interference for adults would be sufficient to interfere with the learning AP
process for children particularly in the development of communication skills.

2,  The short-term disruption of the classroom causing direst results such as loss
of flow of lessons. In arecent survey of te chers in schools exposed to air-
croft noise from London Alrport {Heathrow);*™7 it was found that the interfer-
ence with verbal communication and the resulting disruption was the most
often cited nuisance of aircraft noise intrusions. The disruptive effects of
periods of communication interference on the daily edu%ahonul process in
the elassroom has clso been vecently cited by Miller A

Aspects of Verbal Communication

Interference with speech communication in the presence of background noise is
governed by the speech spectrum leval at the listener's ear and by the spectrum level of
the background noise. Some frequencles ave more important to speach reception than

- others, so that the overall speech interference is determined by the signal=to=noise ratio

as a function of frequency. The tpectrum level of speech at the listener's ear is dependent
on the spectral characteristics and veice effort of the speaker and the propagation of the
signal between the speaker and listener, For typical indoor speech communication, this
propuguhon is ]gjwerned by the distance between speaker and listener and the reverberation
in the room

The Articulation Index {(Al} wos developed by French and Steinl:aerg‘ﬁ"']5 as an
estimate of speech interfererice by nolse based on the speech and bockground noise level
at a listener position. As originaliy developed, Alindicates approximately the degree
to which the background noise penetrates into the range of levels of the speech signal in
20 frequency bands conitibiuting equally to Al. The method of Al determination has since
been furt erge\lsloped to allow calculation using octave or 1/3 octave Frequ]eélcy band
widths These procedures are published os ANSI Standard 53, 5A

Numerous studies have been conduc e%fc relate speech interference as specified
by Al to various measures of intelligibility. These studies typically consider the per-
centage of words or tentences correctly perceived |n f ilvef level of speech and interfering
neise for nomal adults familiar with the language. Generally, for a given Al,
word comprehension is less than sentence comprehension due to the redundancies exhibited

in normal speech,



There are two qualitative considerations which must be made when applying noise
criteria based on speech intelligibility to classroom situations. First, children are nof as
famillar with language as adults and hence may miss some of the verbal cues and redun-
dancies which aid adults in communication. For this reason it has been concluded that
Eg;kgrzund.noise IE:{VTIS %ggliing E’:‘iesr’&:ﬁ;:i'&c_l_rfg to achieve the same I.evel of fpeech

prehension as adults ™=+ 21 Sﬁcgﬂd, communjgation quality cannot
be judged entirely on the basis of inl‘e”igibilii‘yfa" +A=22 NagelA™% has concluded that
the effectiveness of communication cun be adversely affected even by noise levels which
allow perfect intelligibility. This phenomenon occurs because the effort required to process
speech information in the presence of background nolse increases with levels of this noise

although perfect intelligibility can be maintained,

While there is no quantitative adjustment availakle for these last two facters, in
practice they can be accommadated (albeit somewhat arbitrarily) by selecting a slightly
conservative intelligibility criterion,

Speech Interference Level

Usizg ﬁge concepts of Al, the speech interference level (SIL) concept was developed
by Beranek#=25 as a simplified alternative to Al, The SIL as originally defined is the arith=-
metle average of the levals of the background noise in three octave bands important to speech
communication. The relationship of this background nelse megsuge was originally developed

for speech czmrzrgmication in aircraft by Beranek and Rudmose™ " “%and |ater elaberated further

by Beranek ,"<7 Ag a result of this work, ¢ table of maximum SIL's for which "satisfactory™
spesch inlelligibility in aircraft cabins would be obtained for average male volces was developed,
The maximum SIL values ':vere é;liven as a furLction of Tpeal:er-lisrener separation with vocal |
effort as a parameter. This table has since been_disployed graphically and appeges frequent

in the lifergrure in several forms.k"%r A4, A5, ,f-g’: }g‘_,%’Pk_zéer_gé’Pg_g?’ R

The extension of this original work to include subjective evaluation of the corresponding SlL.,

the addition of "communicating and ‘expected" voice levels, and the conversion to other
measures of noise such as A~weighted sound level and percelved noise level has recently

been reported by Webﬂe& A=26" Although the various forms oF this basic speech interference
prediction by Beranek™" 3 are widely reported, caution must be exercised in their use for
purposes of this report as they are based on an Al of about 0.4. This valve of Al corresponds

to opproximately 85 percent correct sentence and 62 percent phonetically balanced word
reception for average adults, A=

Requirements for Classrooms

The Articulation Index method was used to evaluate the nolse environment requiro=-
ments for classrooms. This method was chosen in order that speech level, room characteristics,
and noise level of the intrusion could all be properly incomorated i the determination of
required environment. To use Al, it is first necessary to establish the «verage sound level
of the speech signal 05 the receiver, For this purpose, nomal female voice spectrum levels
compiled by KrytexA" were used. For the classrcom environment, it veas assumed that
instructors would typically vse o raised voice adding about & dB fo normal voice level A=2, A=25
Te project the voice level from the reference free-field specification, some characteristics

A4



of the classroom must be assumed, Although physical classroom characteristics may vary
considerably, a maximum speaker/listener separation of ¢ meters (29,5 feet) and a total
room absorption of 600 schins (English units) were assumed. These assumed parameters
agree well with those determined in the me%suxergsnf pgliﬁon of this program as well as
with average values reported elsewhere A=271A=30, AT 1t chould be further noted that
the voice level at the listener is only slightly affected by ‘rgsse assumed values as the $m
position is well within the reverberont field of the room ,A" and a range of 300 to 1,000
sabins corresponds to only a 2,7 dB variation in speech level at 9 meters from a speaker.
Using the speech level data and the assumed room characteristics, the average speech
level at a 9m listener position was determined. The A~weighted level of the projected
speech signal was 61,6 dB at 9m which compares quite well with the mic:suied average
speech A-weighted level of 62 dB at 7m recently reported by Pearsans. -3

Another requirement for use of Al in the specification of a communication environ=
ment is the relative spectrum level of the interfering noise. For this purpose, an average
outdoor aireraft noise spectrum combined for takegsf and landing operations wos used to
abtain the relative octave band spectral shape *7°% This shape was then madified for use
indoors by application of average exterior to interior noise reduction data in octave bands
(Appendix N of Reference A-34),

Using the cbove information uRd té-ne procedures for defermination of Al from octave
band data as specified by ANSI 53.5; ~18 the relationship between indoor A=weighted
sound level and resulting Al was calculated. This relation was shown in Figure 2-2 of

Chapter 2.

The relation between Al and A-weighted noise falls into two ranges, each approxi=-
mately a steaight line. At levels below the transition at 45 dBA, where Al = 0,98, very small
gains in Al would be obtained for large reductions in level. This value of Al produces for
average adults correct recognition of 100 percent of first-presented sentences and 98 per-
cent phonetically balanced (PB} from a 1,000-word lists Since intelligibility is not perfect,
there is clearly some interference at this level, Intelligibility is very good at this level,
however, so that in view of the marked chenge in slope at lower levels it would not be
reasonable to establish a criterion at a lower level, We therefore identify a level of 45 dBA
as the thresheld level for speech interference.

As discussed previously, the characterization of the noise environment in tho class-
room depends both on the intensity of each intrusion and frequency with which they occur.
However, given that the noise level of 45 dBA is a threshold at which interference with the
speech activity will begin, it can be compared to steady-state sound levels previousk 2 Ad

=Ly ’

recommended, for classrooms. . These A~weighted noise levels range from 35 to 50 4B/
. AR 'A'];'A'fé’x'%'Azgé'A%ﬂA'gg Further, it can be shown that the equivalent

i
PNC of the Identified A-weighted leve] Is about 38 dB, This comperes with XI\!& values
recommended by Beranek, Blazler, ond Figwer for classrooms of 30 to 40 dB,"

Although the noise level of 45 dBA has been identified as that level at which
communication interference due to aircraft noise will begin in clossrooms, ossessment of
the noise environment of any given classroom also depends on the existing background
noise in the absence of aircraft noise, Recent noise measurements in 72 classrooms in the

A=S



absence of aircraft noise and verbal communication indicated levels from 42 to 67 dBAA ~39

While much of the measured noise may be attributable to sources which would stop while

a teacher is speaking (students talking, shuffling feet, etc.), background levels during
instruction could fall within this range. When selecting an aircraft noise criterion for a
classroom, the actual background level as well os the threshold of 45 dBA must be considered

as a lower bound.

A=3,2 Sleep Interference in Hospitals

Because sleep may be crucial to patient recovery, and is a critical activity for
patients in hospitals, interference with sleep is the eriferion used in the consideration of
the noise environment of hospitals. Although research has been done on the immediate
effects of noises, the link between sleep distutbance and well-being has not been demon-
strated quantitatively even gwug advere effects of sleep disturbance are pnstulafed by
many sleep investigators A-=13 Indirect evidence of this assertion is afforded
by surveys of community reaction to aircraft noise vﬂlch indicate that sleep interference
is a significant contributor to general annoyc:nce. Although there has been some recent
research which indicates that people ,may adjust to sleeping in intrusive aircraft noise
environments over a period of years, no such adaptation would be expected during
o short period of hospitalization,

Sleep Disturbance From Noise Exposure

There has been a number of studies reported which relate sleep disruption and
awakening to steady and intermitienf noises. In a compilation of recent data, the U.S.
Environmental Protection Agency’*”'” found that for steady noises, sleep disturbance begins
when the noise leve[ Eeuches about 35 dBA, In a study of sleep awakening due to steady
noise, Grand_;ean found that a sound level cx_ﬁaoonding to a noise level of 34 dBA
produced awakening in 10 percent of his subjects, The EPA compilation of sleep data
also indicated that single event maximum levels of 40 dBA result in o probability of awak=
ening of 5 pertfsnr and that maximum levels of 70 dBA result in a 30 percent probability of
awakening 2 Using recordings of noise produced by passing trucks, Thiessen found
that 10 percent of his subjects either shuix_“‘,go a shallower stage of sleep or awakened for
maximum levels hetween 40 and 45 dBA . Thiessen fu;&-fi found similar response in
50 percent of his subjects for a maximum level of 50 dBA. Also f;g.‘ﬂrcraﬂ noise
approximated by the (A~weighted) Sound Exposure Level {SEL), Lukas deter-
mined that sleeaﬂg?&)ﬁ? oceurs at a rale of about 5 to 10 percent for an SEL of 52 dB.
Although Lukas states that the highest correlation between sleep disruption and
noise exposure exisis when both intensity and duration are taken into account, the maximum
A-weighted [evel corresponding to this SEL can be approximated. If a 20-second duration
between 10 dB down points of the flyover event is assumed, the corresponding maximum
level preducing 5 to 10 percent disruption is about 42 dBA.,

As will be noted from review of above data, there is some variation in the response
level associated with given noise levels, This variation is likely a result of differences in
age of subjects, background noise level during the experiment or other parameters which
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may affect the results but were not always reported. To simplify this situation, Lul«usAhM5
has recently estimated the degree of sleep interference for various single event A-weighted
maximum sound levels based on a composite of the reparted laboratory data through 1975,
The results of this determination were presented in Figure 2-3 of Chaopter 2,

Requirements for Hospitals

To define interference with the sleep activity in hospitals, the leve) at which
awakening begins fo occur was considered os the level corresponding to the beginning of
interference, This criterion was chosen due to the lack of data relating sleep disrupfion
without awekening to physical and psychological well-being, Applying this criterion fo
the data shown in Figure 2-3 of Chapter 2, the threshold level for interference with the

aclivity of sleeping is 40 dBA.,

As with the case of classrooms, characterization of the noise environment in hos-
pitals depends on the intensity of each intrusion and the frequency of their occumence,
However, as with classrooms, the thresheld leve] of 40 dBA identified above con be com=
pared to various other recommended Interior sound levels for hospitals and sleeping environ-

ments. For steqdy,ngisgs the recommended Interior noise levels for hospitals range between
34 and 47 dBA ?"2'2"56'2'55'2'?5 For further comparison, in a previous review WyleA'42

concluded that interior noise levels above 45 dBA are likely to cause sleep disturbance for
a significant percentage of the population,

Characlerization of the noise environment in any specific hospital is dependent
on background lavels in the absence of aireraft noise as weil as on the intensity, duration,
and rate of occurrence of aircraft noise intrusions. Backgj&o.%}d noise levels in patient
rooms of eight hospitals have been measured and reported! The results of this study
indicated that the background noise Jevel ranged From 3; to 60 dBA with the average level
for 24 hours being typically between 40 and 45 dBA! ~4

A=4  Summary

Based on the literature cited in this review, interior levels which define the
approximate threshold of noise effects of people from aircroft noise have been estimated
for schools, hospitals and public health facilities. The A-weighted sound levels defining

these thresholds are:

45 dBA (Speech Interference)

Schools ]"A

Hospitals (und Public L A 40 dBA, (Sleep Interference)
Health Facilities)

These identifled values define those noise levels below which interference by the noise is
not expected to occur. While lower levels have been suggested in some cases by others
as desired design goals for new schools and hospitals, these are not supported by the [iter-
ature. It is believed that the above levels reprasent realistic measures of the desired

threshalds which are supported by the literature.
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APPENDIX B
DEVELOPMENT OF THE EXTERIOR WALL RATING (EWR)

B~} Exterior-Interior Noise Reduction

The following procedure can be employed to obtain an expression describing the
exterior=to~interior (outdoor~to=indoor) noise attenuation of a building structure.

For an exterior single~frequency sound source and a reverberant receiving reom,
the sound intensity incident at the location of an exterior wall of the receiving room,

assuming a free progtessive plane wave, is
2
Py
{B-1)

The exterior free«field mean square sound pressure;

I

where p?

pe = The acoustic impedance of air.

The power which will be rcdiated into the receiving room by the wall is

2
P
W=TI~|S=T-p-c'S (B~2)
where T = The transmission coefficient of the wall at the source frequency;
S = The surfuce area of the wall exposed to the noise source,

The steady~state reverberant intensity in the receiving room, assuming a perfectly diffuse
field, will become

2
LA T T (8-3)

where A = The total absorption in the reom at the source frequency;

2 _ . ot
Py = The reverberant space-averaged mean square sound pressure in the receiving
room.
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Substituting the value of W from Equation (B=2),

s p2 2

1° P2 1 A

peA  de 2~ s (B-4)
P

If 10 times the Ic'g]0 of each side of Equation (B-4) is taken,

2
10 log, —L = 10 lag,, & + 1010g,y 2 ~ 6, b (8-5)
%910 3 90 7 910 5 ’
P2
Now in general, sound pressure level is defined es
2 H
SPL = 10 logw -E-—-2 , dB
Pref

2
where p~ = The mean square sound pressure;

Pef = A reference pressure,
Thus,
2 2 2
_ Py P P
SPL] - SI:’L2 = ]0|Dg]0 - - IO!ogm = 10 loglo—z- , dB {B~6)
Pref Pref Py
Defining transmission loss os
_ 1
TL = 10!0910 - , dB (B=7)

Substituting Equations (B-6} and (B~7) inte (B-5),

SPL, - SF’L2 =T - 10 Ioglo S/A - 6, db (B-8)

1

where SPL] = The free-field exterior sound pressure level which would exist, in the
absence of the transmitting wall, at the wall's exterior surface;

SPL2 = The average interior sound pressure level In the receiving room;
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TL = The transmission loss of the wall at the frequency under consideration;

Sand A = Defined earlier.

This difference between the free~field exterior sound level and average inferior sound
level is referred to os the noise reduction of the room or structure.

Equation (B-8) gives the noise reduction of a uniform structure only for a single-~
frequency or narrow~frequency band of sound since transmission loss and absorption are
frequency dependent, Thus, calculation of the noise reduction in overall sound level
provided by a structure for broad band incident sound would require knowledge of the
spectral levels of the incident sound, multiple caleulations of spectral noise reduction,
and combination of the resuiting spectral interior levels into a single broad band Tnterior
sound level, To simplify this process, a single number transmission rating which synthesizes
the spectral Tl values into one number indicative of the broad band transmission character-
istic of a structure would be desirable, If, in addition, frequency-independent values
could be used for the 10 log {S/A) term, an equation in the form of Equation (B-8) could
be used to calculate the broug band noise reduction of a structure in a single step.

A rating which approximates the brood band transmission characteristics of struc-
tures, called External Wall Rating (EWR), has been developed for this type of app!slc]ahon
to calculate cutdoor~indoor noise reduction of incident A-weighted sound levels ™
addition, duta were obtained in this program which show that typical values of tatal broud
band interior absomption for the types of rooms encountered in this study are nearly frequency
independen’r. This same msemmwry of m&enor sbsomption with frequency was observed
for tests in over 100 rooms in residences 5% These two developments allow application of

the following equation:

SPLO - SPLi = NR = EWR -~ 10log S/A =46 -C, dB (B-9)

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 (SPL ),

and (2) the average interior A-wmghted sound |eve] (SPL %

EWR = External Wall Rating;
S = Transmitting surface areo;
A = Typical interior absamption value;

C = A comtant which is a function of the source spectrum and is described later
in Section B-2,4,

Note that Equation (B~%) applies only to a single homogeneous structure,
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Relative level

B-2  Development of EWR Rating Scheme

B~2.1 EWR Concept

In developing o single number EWR rating, two hasic 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 shope of the A-weighting curve. Then when the interiar spectrum 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 B=1. Consider, for the moment, that
the exterior noise spectrum exhibits a shape similar to that shown in the figure. As will
be discussed, this, in fact, is the nominal average spectrum far the typical source noise,
It Is desired, then, that the transmission loss characteristic of the wall act as a shaping
"filter" to the prescribed exterior noise spectrum so as to produce an interior noise spectrum
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,

Exterior Naoise Interior
Noise Reduction Noise
© °
> =
2 3
+ /7 \| =3
E ‘a -£ “ia - T 71
| “A-Weighte
o &1 Interior Noise
frequency frequency frequency

FIGURE B-1. CONCEPTUAL ILLUSTRATION OF BASIS FOR STANDARD
TL CURVE FOR EWR COMNCEPT

To identify the precise shape of this standard fransmission loss curve, an assumption
must be made as to the frequency characteristics of the incident exterior noise. For the
initial development of EWR, the characteristics chosen were those of highway traffic noise,
Figure B=2 presents the typical range of highway spectra averaged over a 24=hour period
for a single location near a heavily travelled freeway. Using these data, the nominal
average spectrum for highway noise was calculated, with the results THlustrated in Figure B-3,
Note that the octave band levels are relative to the overall energy~average A-weighted
sound level,

* See Section B-1.
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Knowing the characteristics of the exterior noise spectrum, the shope of the
special transmission loss curve shown in Figure B-4 wos computed according to the con-
cepts of Figure B~1, Several straight=line approximations to the curve were investigated
and the curve shown in Figure B=5 was chosen as the EWR standard contour, This contour
can be used in a manner similar to an STC contour to 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 fre-
quency 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 less, The EWR is
then arbitrarily taken as the value of the standard curve level at 500 Mz,

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 obtained 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 similar to that of typical highway noise, Therefore, the spectral shepe of the
EWR standard contour, and hence actual EWR values, are dependent upon this highway
noise spectrum. To use EWR values for predicting building attenuation of aireraft noise,
which has a different frequency spectrum, an additional correction will be needed,
These adjustments are those labelled "C" in Equation (8=9), and are developed further

on in Section B=2,4 of this Appendix,

B~2.2 EWR for Compasite Structures

When a structure is composed of several different transmitting elements, the
transmission loss of the composite structure must be determined. Stondard procedure
first entails calculating the composite transmission loss in each one=third octave band.
Then a single number rating such as EWR may be determined from this compasite trans-
mission loss curve, However, the results of sample calculations* indicate that a com-
posite EWR value may be determined with little error by obtaining the EWR of each
structure element and combining these values independently of frequency as shown below i
in the same fashion as is nomally used fo compute composite transmission loss: :

2

= 1 -
EWRcomposite 10 Iog]o Z"""“"—T: 5. ¢ df (B-10)
it

i
where i = Index for the transmitting structure elements;

Surface area of the 1'th element;

vr
I

The transmission coefficient of the i'th element corresponding to the EWR
of that element (EWRI), or:

-
i

* See Section B=2.4. B7
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-EWRi/ 10
-ri' = 10 {8-11)
MNow if Equations (B-10) and (B=1T1) are substituted Into Equatian (B~9), the following
general expression may be defined for the EWR of a composite structure to predict noise
reduction of A-weighted sound levels:

-EWR./10

_ _ /'Y 4+ 10log, A =& = C, dB  (B=12)
NR = SPL, = SPL, = ~10 log,, Z 5, 10 10
i

where C represents the source-critical adjustment constants described in the previous
section.

B~2.3 Coleculation of the Tabulated EWR Values

The EWR values tabulated for the various construction elements used in this report
were calculated using o computer algorithm which simulates the standard EWR contour-
fitting technique described in Sectlon B=2.1. The transmission loss curves used for the
contour~fitting exercise were obtained in one of two ways,

Tronsmission Joss duta used for determining wall and roof=ceiling EWR values were
caleulated using a second computer algerithm based on the transmission loss theory pre-
sented in a recent U.S, Department of Housing and Urban Development report B4 “This
theory allows calculation of Tl values assuming the existence of significant acoustical
absorption in studwork walls, in furred walls, and in single=joist roof=-cellings. Since
EWR values for building elements without absorption were desired, negative EWR adjust-
ments to account for the effects of the insulation were required. These adjustments were
cbtalned from an extensive literature search for transmission loss values of all types of
building exterior constructions, Comparative EWR analyses using numerous TL dota for
wolls and roof=ceilings with and without absorption resulted in absorption corrections of
minus 4 dB for studwork walls, minus 3 dB for furred walls and minus 5 dB for single=joist
spaces, These corrections were applied to the calculated EWR values yielding the values
tabulated at the end of the Appendix,

Transmission loss values used for determining the EWR of windows, doors and air
conditioners consisted of published measurement data collected during the literature
search, Mo special adjustments were required before placing the resulting EWR values
in the tables,

It should be noted that the EWR values tabulated for walls and roof=ceiling con=
structions were calculated ideal 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 these ideal values due o the

B-8



imperfections of actual standard extension construction is about 4 dB, EWR values
tabulated at the end of this Appendix for the other construction elements are based on
the measured performance of standard construciion. The values given in the EWR adjust-
ment tables, used to adjust the EWR of basic structures to account for the effects of
detail modifications, were also obtained from comparative analyses using data from the

literalure.

B-2.4 EWR Accuracy and Regression Constants

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 leve! for g variety of
exterior wall structures than any other single number rating scheme. To evaluate the
accuracy of EWR for the predicton of structure noise reduction of incident aircraft noise,

a large~scale comparison was made between noise reduction based an EWR and a more
accurate naise reduction caleulated in a classical manner with TL values at each frequency
band. That Is, the exterior nolse level spectrum for alrcraft 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-weighted to deter-
mine on accurate interior A-weighted noise |eve! for each wall type. The EWR of each
wall was also detemined and applied to the exterior A-weighted level to obtain an estimate
of the interior A-weighted noise level according to Equation (B=~12), A linear regression
analysis was then cenducted to determine the correlation between the two resulting interior
levels, Note that the absomption term (A) and constants in the noise reduction Equation (B~12)
are Independent of frequency and would not have any effect on the regression cutcome
since they would have been upplied equally to both nolse level caleulations, Thus they
were not required in the calculations. Combinations of 225 wall constructions and 33
window constructions in area ratios of 0, 10, 15 and 20 percent of total wall area were
used for o total of 22,500 separate cases, In each cuse, interior levels based on composite
octave band transmission loss values and on composite EWR values were determined,

The aircraft noise spactrum of Figure B=-6 used in this comparison was derived from
sound level measurements of commercial aircraft operations, Two noise measurements
were ufilized ~ one under the landing path and one under the takeoff path located approx=-
imately within the NEF 40 contour at Los Angeles International Aimort. Approximately
one hour of data was reduced for each site and the energy —equivalent noise level in each
octave band was detemined. These were time-averaged spectra which were dominated
by the noise spectra of the aircraft flyovers, The frequency specira for takeoff and landing
were similar in shape {both decreasing in level with increasing frequency) so they were
combined into the single average aircraft noise spectrum shown in Figure B-6,

An initial linear regression analysis was carried out using each pair of interior
A-weighted noise levels caleulated using (1) the classical method with TL valves for each
frequency band, and (2} the approximate single number method with EWR. Since the
slope of this regression was very close to unity, an additional regression forcing the slope
to be unity was performed, A conceptual illustration of this regression is shown in Figure B-7,
The correlation coefficient for the unity slope regression is about 0.98 and the 90 percent

B~9
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confidence interval (calculated based on the assumption that the overall distribution was
gaussian) is less than +2 dB, As illustrated, the regression line has on intercept of +5.8 dB
for this case of aircraft noise as a source so the constant C in Equation (B=12) is ~5.8 dB
for this source, A similar regression analysis was performed using the highway noise spec=
trum shown earlier in Figure B-3, Applying the same technique of a forced unity slope,

the 20 confidence interval wos +0.6 dB and the intercept corresponded to a value of

-3.5 dB for the constant C,

The only other viable ugegnum single number rating available is called the
Sound Transmission Class (STC)™ For comparison, the same analyses carried out for
EWR were also repeated for STC o determine how accurately this rating method could
predict interior A=weighted levels of aircraft noise. The results of this comparison are
summarized in Table B-1,

TABLE B-1. COMPARISON OF CORRELATION COEFFICIENTS AND 90 PERCENT
CONFIDENCE INTERVALS FOR TWO ALTERNATE SINGLE NUMBER RATING METHODS
FOR PREDICTING INTERIOR A-WEIGHTED NOISE LEVELS,

Aircraft Source Highway Source
Aﬁ:::;% Regression Line Unit Siope Regression Line Unit Slope
r 90% Confidencelimits r 20% Confidencelimits
EWR 0.984 +1.7 +1.2 0.998 +0.6 +0,6
5TC 0,926 +3.5 +3.9 0.962 +2,7 +2.8

The 90 percent confidence limits for the STC method are approximately twice
(about +4 instead of +2) that for the EWR method for an aircraft source. The EWR method
should therefore be somewhat more reliable for application to this program. Actual meas-
urements of outdoor~indoor noise reductions for A-welghted noise levels earrled out in
this progrom were also shown to agree satisfactorily with predicted values based on the
use of EWR (see Appendix G).

In summary, throughout this study Equation (B+12) was used to estimate Interior
A-weighted noise levels for predictive analyses, The tabular values of EWR and the
corresponding adjustment factors are listed in Tables B=2 through B-7,
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TABLE B-2a.

EXTERIOR WALL RATING (EWR) VALUES FOR EXTERIOR

CONSTRUCTIONS*

é.
2
EXTERIORS

Alum.Siding/1/2" Wood | A
7/8"StuccoPaper i
7/B%Stucca/1/2"Woed | € 39 (46 |42 | 47| =
1/2" Wood Siding D 41 (3731 |39} ==
3/4 " Wood Siding ¢ |38 (37137 | 3813934 (34 |35 |37{39 |39 |35(34 |37~
4=1/2" Brick Venaur F | 53|52 |52 | 52148 |53 (53 |52 48147 146 |58 |50 |54 am
9" brlck G | 54|57 59 [ 58|~ |58 |58 |59 {5353 |53 |53|53 |53[53
4" Cancrate | 54|54 |« | ~=|=a|55{55 |55 {49 |~- |-- |4B |48 |48 |48
4" Concrale 1 54 {55 |57 | 56|--|5656 (57 |50|51 |51 |50 (|50 5050
6" Concrele J | 56 (58 |80 |89 |-~ |59 |59 |60 {54 |54 |55 |54 (54 | 54154
6" Hollow Concrete Block! K | 46 |57 149 | 49 [« | 48 |48 (48 |42 |43 |43 |41 41 141 14]
89 Hollow Concrate Black| L | 47 |49 |51 | 81 | ~- | 50 |50 51 |44 [45 |45 |43 143 |43 |43
& " Block vi/1/2" Sluces wm | 47 |48 |50 [ 49 | ~- |49 |49 |50 |43 |44 (44 |42 142 (42|41
B Block w/1/2" Stucca Nl 4B |50 150 | 51 |-=]51 |51 |52 |45 |46 |46 [44 144 44 |44

* These values are to be used in conjunction with Equation (B~12} and values for the source
constant {C) of -3.5 for highway and -5.8 for aircraft noise sources,
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TABLE B~2b. EWR VALUE FOR BASIC ROOF-CEILING STRUCTURES*

Single~Joist Systes Attic Space Systems
3 g
8 8
& o
© @
| = i
2| £ g ? | =
g13|8|% 2021
ARAEAR AR AL
SR 3 g Sl &2
Roof O ] [ "‘":' 0 0 i
Material z z 5 2 z z
cer yle|&|d ISR
Wood Wood
Shingles 3 [3% |32 |29 Shingles 44 | 47 | 56
Co_mposiﬂon 39 |42 | 34 | 35 Co.rnposirion w15 | e
Shingles Shingles
Clay or Clay or
Concrete Tiles 47 148 | 41 ] 40 Concrete Tiles 58 )36 | 6
Built-Up ' Built-Up
Roofing 39 | 3¢9 3‘4 32 Roofing 46 | 49 | 58
1/2" Woed - 1/2" Wood -
Sheet Metal sull Il el L Sheet Metal a1 47157

* These values are to be used In conjunction with Equation (B~12) and values for the
source constant (C) of «3,5 for highway and =5,8 for aircraft noise sources,
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TABLE B-3. ADJUSTMENTS TO BASIC EWR VALUES
DUE TO MODIFICATIONS

Modification A Modification A Modification A
Cor:Agory 1: EWR, Cui:gary 2: EWR, Ca_tegory 3: EWR,
ass dB Stud Space dB Limpness dB
Increases Absomption Increases
Fiberboard Under 8
Double Mass ] Both Panels
Ore Side Resilient Mounting of 8
Ab .. One or Both Panels
sorption 5 4
Stud Space Staggered Studs 8
Double Mass
Both Sides 4 24-inch Stud Spacing 2
Metal Channel Studs 5

Table Instructions

@ To obtain the Total EWR 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, .

@ If fiberboard s used for a Category 3 modification, count Category 2 stud space

absorption as only 2 dB.

@ An additional treatment not related to the three categories is the caulking of all

tiny leaks or eracks which wsually exist at exterior wall element junctions — corners,
seams, etc. Sealing all such possible leaks will increase the wall EWR by 4 dB over
that of standard unsealed construction, If development plans specify such complete
sealing, add 4 dB to the EWR increase determined from the table,
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TABLE B-4, EFFECTS OF VENTING ATTIC SPACE CONSTRUCTIONS* ON
EWR VALUES WITH AND WITHOUT ABSORPTIONS

. Vented Attic EWR, dB Vented Atiic EWR, dB
Basic Construction EWR' dB (Wifhouf Insulﬂﬁon) (W“_h lnsulaﬁon)
40 to 43 28 35
Plaster or Gyphoard 44 o 44 29 3
oys 47 to 49 30 37
Ceiling
50 to 52 3l 38
Fiberboard Celling 52 ro 62 39 42

* Based on minimum venting requirements of the Uniform Building Cede,

TABLE B-5, ADJUSTMENT TO BASIC ROOF EWR FOR ADDITION OF
INSULATION* IN NON-VENTED ATTIC/JOIST SPACES

Description Adjusiment Factor, dB
(To be Added)

Single Joist Construction - 5
All Cases
Attic Space Constructions =

Fiberboard Ceiling

Plaster or Gyp Ceiling )

* Aminimum of 4 inches is required to count this adjustment.
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TABLE B-5. EWR VALUES FOR COMMON WINDOW ASSEMBLIES*
DESCRIPTION EWR, dB
1/16" glass 28
1/8" glass 28
Single - 1/4" plate glass 28
Glazed 5/16" glass 32
Windows 3/8" glass 34
2-nly glass, 0.53" total 42
3-ply glass, 0.82" total 45
Jc:.lousie 4=1/2" wide, 1/4" thick louvers with 22
Window 1/2" overlap - eranked shut
1/4" glass, 2" airspace, 3/16" glass 43
3/8" glass, 2" aimspace, 3/16" glass 45
Double = 1/4" glass, 2" airspace, 3/16" glass 44
Glazed 1/8" glass, 2«1/4" airspace, 1/8" glass 34
Windows 1/8" glass, 2~1/4" airspaca, 1/4" glass 40
1/4" glass, 2-1/4" airspace, 1/4" glass 42
3/32" glass, 4" aimpace, 3/32" glass 34
3/16" glass, 4-3/4" aimspace, 1/4" glass 48

* These values are to be used In conjunction with Equation (8=12) and values
for the source constant (C) of =3.5 for highway and =5.8 for alreraft noise

ourceas.,
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TABLE B-7, EWR VALUES FOR COMMONLY USED DOORS*

| DESCRIPTION EWR, dB
1-3/4" wood, ' 20
Hollow 1/16" undercut
1-3/4" wood 2
Cere Weutherstripp:ed
Daors steel (3.22 Ibs/ft), 32
Magnetic weatherstrip
1=3/4" wood, 22
solid 1/16" undercut
' 1-3/4" wood, 30
Core Weatherstripped :
Doors 134" waod, 39
Drop seal threshold
1-3/4" wood, weatherstripped and 35
Aluminlum storm door, glazed 1/16" glass
Sliding Glazed 3/16" safsty glass, locked 30
Boor
* These velues are to be used in conjunction with Equation {(B=12) and values
for the source constant (C)of ~3.5 for highway and ~5.8 for aircraft noise
sources.
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APPENDIX C
BUILDING AND ROOM COMNSTRUCTION WORKSHEET




A.

B.

D.

E.
F.

BUILDING AND ROOM CONSTRUCTION WORKSHEET

Name of Building

Address

Owner

Qceupancy Agency

Person to Contact

Distance from Alrport NEF
Phone
Use: Schoel O Hospital O Other
Average Daily Qccupancy: Staff
Day,/Night
Students/Patients
SKETCH:

Building Size:
No. of Steries

Length ‘

Width

{Sketch layeut In space to right.
Show MNorth and direction to
alrport.)




Page 2

Room Size Information:

On the following table, list the nominal dimensions and numbers of rooms adjacent
to outside walls, List separately for each type (i.e., use) room. If all similar~use
rooms are not the sume size, use a separate line for each size. Rooms with dimen-
slons within 20% of each other may be grouped together,

Room Use and Occupancy Dimensians* No. of Rooms

Q.

* Give dimension adjacent to outside wall first,

If a significant number of patient/student rooms are not adjacent to outside walls,

glve approximate number of building occupants using these interior rooms

Wall Construction:

]l

Qutside Wall Material

O Aluminum Siding /4" Wood O 6" Concrete
O 7/8" Stucco/Paper O B" Concrete
O 1" Wood Siding O 6" Hollow Concrete Block
O 3/4" Wood Siding O 8" Hollow Concrete Block
O  4=4" Brick Veneer O 6" Block w/t" Stucco
O 9" Brick O 8" Block w/%" Stucco
O Other
2. Interlor Flnish Material of Exterlor Walls
O 3" Gypsumboard O 4" Plaster
O 3/8" Gypsumboard O 3/4" Plaster
O 2 Layers 4" Gypsumboard O 7/8" Plaster
O 2 Layers 5/8" Gypsumboard O 1" Gyp./3" plywood paneling
O 3/8" Gyp. Lath/1/8" Plaster © %" Plywood Paneling

Cc-2
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Interior Finish Material of Exterior Walls (Continued)

O 3" Soundboard/}" Gyp. O  Exposed Exterior Wall
O %" Soundboard/3/8" Gyp. O Plywood Paneling

O  Other

Stud Arrangements in Exterior Walls

O  No studs
O 2" x 4" studs, 16" spacing
O Otherstuds. Size Spacing

O Staggered studs
O Metal channel studs

Insulation in Stud Space

Type
Thickness

Special Features
Q Resilient mounting of panels
O Fiberboard under panels  © one side O both sides

QO Doubtsle layer panels O continuously glued O spot laminated

Roof and Cetling Construction

{If utilTzation of top story is not simllar to other floows, please note difference
under "additional comments”,)

1.
2.

QO Single joist construction or O Attic Space Construction

Roof Construction

O Concrete slab. Thickness

O Wood, Type Thickness
O Metal deck, Thickness

Rafter spacing

Joist Spacing (if ottic space construction)

C-~3




K.

3, Exterior Material
Q  Wood Shingles O Built~up Roofing, No. Plies
O Composition Shingles O Clay or Concrete Tiles
O Other
4, Cefling Material
© %" Gypsumboatd O %" Fiberboard
O 3/8" Gyp. Lath/1/8" Plaster 'O Exposed Framing
O Other
5. Insulation
Type Thickness
4, If attie space, OVented o O Unvented
Windows*

The following information is needed for each raom type listed under H, If windows

Page 4

differ for similar type rooms, indicate the breakdown,

]I

Number of windows per room

Window size

Thickness of glass

If laminated glass, number of plies

If double glazed, thickness of air space

If jalousie, width of slats

If normally open, fraction of window aree which is open

Do windows open? O

Type of frame and seals

and overlap when closed

or are they non-operable? O

* Including sliding glass deors.



L.

Q.

Page §

Exterior Doors*

o)

O Hollow Core

o

Solid Wood
Wood O Steel

o]

C Gap at bottom
O  Weather stripped
O Other type seal

Type of seal:

Storm door also

* Only if o substantial number of rooms have exterior doors. Coensider sliding

glass doors to be windows.

Ventilation System

O
O

Windows only QO Central forced air
Through~the~wall alr conditioners

Number per room

Dimensions of opening

Room Interior*
The following is needed for each room type listed under H,

1.

Percent of flaor carpeted

Percent of wall covered with heavy drapes

Acoustical tile on eeiling? O Yes O Neo

Number of doors leading to interior rooms or hallways

{Deseribe unusually large doors below, )

* Please provide breakdown If not typical for all,

Additional Comments




Additional Comments (Continued)

Page 6

Prepared by

O Supplemental sheets attached

Date
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APPENDIX D
COMPILATION OF BUILDING INVESTIGATIONS




Miles
fom Year
Nums of Building Laocation NEF Airport Built
1. Imperinl Sch. 540 Imperinl Ave, 30 0,5 1053
2. Clyde Woodworlh Sch 3200 W 104U, Str, %0 2.3 1954
3. Lennox HighSch. 11033 Bulord Avo, 30 0,1 1057
4. Pelton Avewe Sch. 1041 Felton Ave. 0 0.2 1950
8, Figueraa Street Sch, 510 W lHth Str. 30 4.8 1080
oul
ALT 00th Stroet Sch, 5431 W 00th Str, 0 0.2 1958
I3
0. westchester HighSch 7400 W, Muuchester 30 0.5 1938
1. Imperinl Hospltal 11222 Inplewood Ave. 30 0.6
U, Inglewood Hoppilal 420 J G0th &r., 30 1,0 Defore
1858
ALT. Lawndalo Iligh Sch. 14001 Inglewood Ave, 30 2.4
ot
%.  Morningaide Sch 37 2.0
10. Centineln Hospital i 1.8

*|nclude patient beds,

T 0 L e B 31 b e P sy bt 1 Bt i o 40 & WA 2 e iy ok s e

TABLE D-

SUMMARY OF BULLDING INVESTIGATION

Airport Log Angeles Internationu] City LAX__ Siate Califomla
Conslruction Malerlals Windows No. of _ Thoms * Studet/
Exlerior Interior foof Celling Size Mo, Ventilation Floors Size No, Patlent Ne,
0" Tirick 1/2" Gypsum  Wood 1/2"Fiberboard 25 60% Central ! o900 M 6o
]/2u pu,"md Acoustic Tile 410" Ext. Forced Ar
Wwall
I'Wood and  1/2"Gypsum 1"Wo| AcousticTlle 3.8%x 6 Windows 1 3a'x28' 32 1,085
Stuceo 6 Dy + Y Only
Slog
0*Cmcrete and Y2 Gypsum-  ["Wood AcousticTilo 42" 50% Windows 1 31'x28' 30 1,228
Slueco board 6 Ply + G0 Ouly
Slag
I*Wood Siding 12" Gypsum I"'Wood 1/2"Acustle ¥'x8' 6 Windows I 3x30' 20 700
+ Slueco 12" Plaster Planks Tile Only
1/2" Plywood
0'Drick + J/4"Pluster+  1"Wood Plaater Ixft 5 Windows 2 30300 12
Bhucco I/2"SeratehWood Planks, 6 Only
Lath My +Slopg
3/4 Wood 172" Gypaum I"Wood 12"Acouslic 3'x8' &  Vindows 1 30'%30° M
Slding + Stueco Planks, 6 'Nle Only
Ply + Slag
B"iteinforced  1/2'Gypsum G"Conerete A'xd! Wintows 1 30'xp5' 68 2,500
Cuncrete V2" Plaster Only
#Concrete I/2'Gypaum G "Concrete 6'x6' Windows 2 1612 62 92
B'"Brick I/2"Plaster Oaly
3 wood ¢+ 12" Gypsum 1" Wood Plank, %8 Window + 1 l4'xi8 28 28
Sluceo 1/2" Dlaster 6rly Sslag Forced Air
8" Concrete  Painted Concrete 0" Slab Irxg! Windows 2 25 50 2,000
8" [lollaw Block Relnforeed Only
Concrele Dlock Canetrote
0" Brick /8 Gypsum Wood 1/2 Gypsum
11/4 x 3" Windows
Culy 1S4 x28' 92 1ILG
8" Concrete  1/2 plaster Concrete Slib M xAYS Wimlows B 18 x14' 260 70

Only



TABLE D-2

SUMMARY OF BUILDING INVFSTIG ATION
Mrport___Stiplelon City _Denver  State Coloraco

Mlles

from  Year Nn. of Student/
Name of Duilding Loceation NEF Airport DBuilt Exiedor Interlor Roof  Ceiling Siye  No, Ventllatlon Floors Size No., Patient No.
1 Clyde Miller Elem. 2300 Tower Rd 1053 8"Concreta Exposed Ext. I"'Wood Ilard Plaster 4'x 7 1 3x 6 125
Sch. Aurora Block w/ Witll Paintedt  Slieathing K 20
Drick Ext, Shingles
2, Denver Genernl West Bth & ot 6,0 1067 5"'Precast Vg"amsum 2" Con- Yo"Gypsum-  B'x 5 Ceutral B 20'x 100 350
tlosp. Cherokec 30 Concrete, 2" crete Slab - board  viudous Forced Alr a
rigid 8rm
insulation
Lo Gypeuntioard
3, Parhlane Sehool 13001 2, 3D Ave. 30 L2 1954  4"Brick on 8" Exposed Ext. Melal  34"Acoustic 4'x 6 Unlt Venti- 1 276"x 23 405
Aurora Concrete Dlock  Wall Deck  Plasteron  6'8" tors 31
Metal Lath
4, Sable School 260! Sable Blwl 30 2.0 1062  0"Drick - 4"  Exposed Con- Acoustic
Brick w/ 8"  crete Block Plaster Windows 1 22'0"x 26 840
Dlock Only 16'gm
) 8, Montview Sclool 2055 Moline 0.6 151 Yirstucco/ ar %" Acoustic PI0'x 10 2Uwough 1 30'x 23 260
L) ‘ Paper and 4" Plaater Wood  Plasteron  2'9" the wall alr- a2
g0 ' Drick w/ &' Metal Lath conditioners
Block Baclup pet room
8. NorthJundor High 12095 Moniview Blvd. 30 0.8 1957 12" Masonry  Structural 2Gypaum Acoustic i'x 5 Windows & 30'x 25 1,000
Sch. Wil w/ Brick Qlazed TWle Deckon1' Dinsteron @ Unit Vent 29
Exterlor Fornboard Suspenced
on Stee!  Meotal Lath
Jolsts
7. Elyria Sch 4725 High Str. mt L7 13 "Magonry 34" Plagter  1"Wood 34 Plaster 3'0x 5 Windows& 1 30 4 "8
S 30 Wall w/ Brick Sheathing on Mital [ Unit Vent 22
Exterior Laih w/ Applicd Heaters

Acoustical “Tile
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Name of Dullding

Lacalion

8, Smiley Jr, High
Sely

8, Parls Sch,

10, Fitysimons Army

1.

o
& 12,

Hosp.

Hallelt Scl,

Boston Sch,

2540 Yolly
North Il Park

1635 Parig Str,

Peoria & Montview

Bl

2850 Jasmine

1365 Doston Sir,

30

30

Miles

TABLE D-2 (Cont'd.)

from  Year Construction Materinls Windows
Alrport Bullt  Exterior Interior Roof  Celling Size Mo,
L2 1828 1'B"Walls Terra Keene Cement 204"  Acoustle  9'x 5
Colta Exterior Plasler Concrele Plaster 5t
Keene Cement & Slab
Plaater
Lt 1656 12"Wall-Face Face Brick Skyllght  AcmaHe 3o ¢
Brick Exterior Plaster x 7'8"
ancl Interjor
0.4 N. A 13 Face Brick %" Flosler ICon~ Hard Plaster 2'"x |
crete 551
S
1.1 I"Conerete Cancrele Dlock 2Y2"  Acustie a'9x 8
Block Concrete Tile Applied  4'0"
Slah  to Concrete
Shubx{ist Foor)
or io Suspended
DPlaster Ceiling
(2nd Floor)
Lt 12'Wall-4" Vo plagter Sioylight  Acoustlc 9%
Face Brick Face Brick Plaster x T'av

Interfor amw! Ex-
terlor

No, of
Ventilation Floors Size No. Patlent No,

Window mnd 3 34'8" 45

Unli Ventl-
Iatlon

Windows &
Unit Ventl~
Intors

Windows

Winduws
BUxi4" Unit
Vet

Windows &
Inlel Venta

1

Room_ Student/
1,4%
x 32
gy g A0
32
Binx 010 931
ldlu"
2 20 500
2
3 1560
kY
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TABLE D-3

SUMMARY OF BUILDING INVESTIG ATION
Alrport Sky Habor  Clty Phoenix State Arlzona

Miles
from Year Construction Malerials Windows No. of _Room _ Shdent/
Name of Dullding Location NEF Arport Dullt Exterior Interior Roof  Celling Size No, Ventilation Floors Size Neo, PatientNo,
L. Grant Elem. Sch. 720 S 4th Str. 30 2,68 1929  PBrick 3/4" Plaster Asplat Metnl Iath  3'10'x 5 Central 1 3Jifa2qt 22 142
Shingles Plaster 7a7/8"  Forced Air
2. AMdellne Gray Sch. 201 E. Durango 30 2.3 1950  12"Brick 3/4" Plaster '"Wood  Acoustic T5'x 8 Windows [ U 21
Sheath- Tie J'g" Only
Ing
3. Lincoln Ab, Elem. 102l E. Buckeye Rd. 30 2.0 1046 0'Brick 5/8" Plaster I'"Wood  3/4"Plnater ¥8¥8"  Windows I 24%07 12 300
Sch, on Brick Sheath- on Metal Lath x 21" Only
ing,Shingles  acowaticnl
tile
4, Durbar Elementary 701 8. 0t Ave, 30 3.0 1925 1'3" Brick 3/4" Plaster  7/8"Wood 3/4"Plaster 3'9"x Windows 1A 17 425
Sch. Sheathing an Metal Lath 7'2" Only a4l
5, Herrera Silvestre 1450 8 11th Str., k] 2.0 1956 4"Brick w/ Exposed Ext.  Comp,  Acwoustle 8'2x 5 Central | 200" 8 120
Elem, Sch, Concrete Block Wall Shingles Tle Applied 0'51/2" Forced Alr 3
o ‘To Plaster
. L 8. Amn Ott Sch, 12th Str, & Apache 30 L5 1646 Plagter on Wood  Acouslie 4'x8'1" 6 1 30 21 580
) © Bin, Brick Sheathing Tile 1
7, Builf Elem. Sch 1410 8. 16th Str, a0 0.8 1058 12" Concrele  5/8" Plaater I'"'Woxxl  Accustic 384" T Forced 2 25 35 00
- Block Sheathing Tlle x 60" Cenlral Air 25'
Evaporative
Air
B, Wilson Mawking 241l E. Buckeye Rd. 30 1958 Brick 6/8" Plaster  1"Wood Acoustie  6'0'x 7 Forced 2 agax A 1,000
Elem. Sch, Shentling Tile ¥EW Central Ar 25
: Evap. Coolers
9. 'Arizona St Hosp. 2500 E. Van Buren 30 31 1970 10" DBrick Exppaed Ext, 10" Pre- "x0' 2 Centrat 1 oB'x T2 602
Reinforeed Wall Cast Slab Forced Alr 1314
10, Clildren Houp, 200 N. Cury 0 a1 1962 4'Brick Con, 6/8" Plaster  3"Con~ Plaster 4x 2 Central 3 2 70 180
Block Cement crete Slaly 5534 Forced Mr 1509

Grout




TABLE D-4

SUMMARY OF BUILDING INVESTIG ATION

Alrport__login City Doston _ State Massaclusetts
Miley
frem  Year Conatruetion Muterials Windws No, of _Bm_ gugent/
Numo of Bullding Logation NEF Airport Bullt Exterior Interior Roof  Ceiling Sige  No. Ventllaticn Floors Slee No, PatientNo,
1. Winthrop Comn. 44 Lincaln Str, Kli| 0.4 1930 9Brick 1/2" Gypsum 8 Con~ 1/2"Gypsum~ 35"x 2 Windows 3 nmoe M 20
Hozp, Winthraop croteSlab  board i Only a0
2 Winthrop Jr. High 44 Lincoln Str, 30 0,6 88 9"Drick, ©*  Exposed Con- 6" Con- I/2'Gypeumn- 85" 2 Windows, 2 3I'"x 45 9id
Sch, Winthrop Concrete Dlock crele Block erateSlab  board 1 Meat Vent 23'0"
System
o 3 Julin Word Howe  Crescent Ave, a0 L3 IBX ¥4"Wood 3 Gypsum 3/4'*Woal 3/8 Gypeum 40" & Windows 2 20'30' 10 210
& Sch, . Raovere Siding Lath, )/8" Sungles  Lath, 1/Bt 0t Only
Ploster Plusler
4. Gotfieid Ir. Wigh [tevere 30 L1 1027 14"Brick 3/B"Gypsum  "Wood 3/0"Gypeum 406 6  Windows 3 24'%"% 27T 400
Sch. Wood [ath &  LathW/1/8"  Plank  Lath, 1/8"  94v Only a
Plaster Plaster Plaster
6. Choverus Sch, 10 Moore St. 30 0,6 1008 18"Brick & 3/8"Gypsum& 8'Con- Exposcd Con- 45'x 4 Windowa 3 8 1B Al
E. Boston Coperete Wood Lath w/  crefe  crete, Celling B4 Only
Column Plaster Slab, 6 Painted
Ply:Sing
8. Chapnam Sch 81 Eataw 30 L0 1000 18'"Brick & 3A"Gypsum 10"Block 34" Wood 80"k 7 Windows 3 219 16 12
E. Boston 3/4" Plaater  Lath 1/8" Plas- w/ 3/4" DPlapk-8 Plys 4'0" Only arg"
ter on Dack Plagter + Slay
Bearlmy Wall
1. Chelsea Mem, Hosp, Chelsea 30 1.3 19 8Brick&4" Paintod Coment 8 Con- 12" Gypsum 27" 2 Windowa 3 ' 28 5
Block w/ rein- Dlock crote & Acoustic 48 Only e
foreed Qonereta Sk 6 Tle
Frama Ply+8lag
8. Willlaung Sch Sth & Arlington Str, 30 1.6 1009 16"Brickw/ /8" Gypoum 34" Wood 38"Gypsum $2'%x 4 Windows 3 320" 75 1,400
Chelaea Plaster & Wood Lath & 1/8”  Plank 6 Lah & 14" Only 273"
Lath Plaster Ply+8luyg Plaster [y
i:‘";»,:;.;‘-‘;:i&-ﬁ:’:-‘@-‘vh@f-m-‘ o T L b A B e i 8 nd Fun i e o e B Lk R SRR s e s = bk rd s orm e e rr——— e - e




rapsabna

TABLE D-4 (Cont'd.)

Milea
from Year Construction Malerials Windows No. of _Room_ Student/
Name of Bultdlng Location NEF Afrport Bulll  Exterlor Interior Roof  Ceiling Size No. Ventilation Floors Size No. PatientNo.
9, Edward Schoa} Mnin Street out 2,5 1931 12'Drick & 34" Plagteron 34" 3/8"Gypmum 8" 4 Windows 3 22'%'x 20 550
Charlestown % Plaster Coat 12" Brick Wall Wood Lath & }/8" 100" Only antg
Sheatting  Plaster
0 PlySing
10, Bames Elem. Sch. 127 Marion Str., 30 L0 1898 18"Brick 3/1" Plaster 1'"Wood 42 3 Windows 3 278'x 82 na
E. Doston + 1/8" Finish Plank, fan Only 3
Py 3lag
11 Shurtleff Sch. Cenlral Ave. & 30 L3 1211 9 DBrick 3/0"Gypsum 6'Concrete 1 3 28'x30 1,600
Sturtleff Str, Lalh & 1/ Slab 6 Dy
Chelsen Plaster + Slag
12, Lawrence Mem, 103 and Govermara  out 5.8 1922~ 0"Brick & 3/8"Gypsum 6" Concrote 341" Gyp- 0'x | Windows  1-6  14'x16 100 20
Tosp. Ave. a0 1978 Plagter Watls Lath & 1/8" Slab 6 Ply sum Lath & Forced Air
Plaster + Slhag & 1/8" Cool Water
Plaster

-]
&




TABLE D-5

SUMMARY OF BUILIANG INVESTIGATION
Alrport Mianmd International City Miami _ State Florida

Mile:
Imms Yenr Construetion Myterials Window Na. of _R0OM _ student/
Nume of Bultding Localion NEF Alrport Buili Exterior Interior Roof Celling  Size No, Ventllation Floors Size No. Pailent
1. Dunbar Elementary GOSN.W. 20hSte, 30 4.0 8'Block with  Conerete Block 6" 1AvAcous- 2'x7 12 Centrol 2 28'x35 M 628
Selwol 14" Sueen and Sttcco Concrela teCeiling Foreed Alr
Slab
2, Jackson Memoriad 1611 N. W, 12th Ave, 3 3.5 B8'Conerete 1/2"Pl.1slcr 0"Con- Y4"Acous- 2'x§' 2 Windows 14 12'x22' 135 1,200
Hospltal Blogk wire mesh 6 crete He Tile Centrad
Holtow Block  Slab Forced Air
J. Pan American GO0ON, W, TthStreet 30 0.0 8" Hollow o plaster on 6'Con- l/g" Acouse 213 x 3 Windows- 2 12'x16' o8 118
tosp, Concrete and  Concreto Blocks cretoe He Tile 5 Through-Lhe
Block +8tucco Slab wall alr Cont
C, F. A Units
4, Cltruy Grave Elers, 2121N, W, §lh Str, 30 2.8 B'Block and LA Acoustic 4"Con- 1/2"Amus- ' M Windows 1 d2xdst 990
Bch, 1A' Slucco Teon Plocks crete  tic Tile Ouly
Brick Vencer Stab &
Ply+
. @ 5. Whoatley Flem. Sch. 1801 N, W. 1 Flace X 4.4 8'Dlock + 1/2" Palnted Block  6'Con- 14" Acous- 2‘/2' x 7 Windbws 1-2 207300 34 551
) Shiceo Brick crete  tic Tile T Only
~ Veneut Stab, ¢
Ply + Slag
8, DBooker T. Washing- 1200 N,W. 6thStr. 40 4.2 8'Hollow Con- l/l!"l'la.ﬂler o'Con~ YAcous- 3'xT' I Windows 3 25'dbt S o2
ton Sehool erete Block + crete  tlo Tile Only
Shzeco Blab, 6
Ply +8lag
7. Auburndale Elemen- 3253 8. W, Olh St 30 21 1940 }l“ﬁ]nd;wit]l l/z"Plnslcr ;;1'\:3?‘1 zz"mms- 3;/'2':: G \g‘l‘?m\g 2 28X 00 70
tary School Vo' Stucco ¢ Tle Yy, Somo
aBlysSlag Window Air~
8"4smbo Bridk Cenditonera

o BTt R P R Bt e OO —



Na e of Building
B. Koaington Elem,
Sclool

0. Bucpa Vista Elem,
School

10, : Robert Lee Jr.
High School

v
@

Location

T N. W, 30th Str,

J001 N.W, 2nd Ave,

3100 N.W, §th Ave,

EER N RS NAR R

30

TABLE D-5 (Cont'd)

Miles
from Year Construction Mater|nls Windows No, of _Room  Student/
Alrport Built “Ixterior Interjor Rool  Colling “Ske No. Vonliltion Floors  Size No.  Fallent
20 1050  G'Dlock with  Painted Block  6'Con~ V2"Acous- dlg'x 7 Cenlral 1 26'x10' 43 080
1y Stuceo ercte  UcTile 77 Forced Air
Shab
4,3 8'Block and 1/2"Plnalcr 6¢'Con- 34"Gyp. 4'x8' Wincows 2 25'%30r 22 51D
Yo" Streco crete  Lath md Ouly
Slab, B 14"Plaster
Ply +Slag
4.0 1924 8"Block and Painted Blocky  0'Con- Exposed  4'x8° Windowand 3 26%30' 30 825
I, Stuceo crete  Concrete Window Air-
2 Sinb, 6 Deam Conditioner
Ply +8lag
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TABLE D-6

SUMMAILY OF BUILDING INVESTIGATION
AMrport Wm, Unrtafield City  Atlanta Stale Georpga

Milcs

from  Year ConstwuclionMaterinls Windows No, of _Room  Student/
Naunie of Bullding Location NEF Alrport Built Exterior Inierjor Reof  Celllng Slza No. Ventllallon Floors Slze No. Patient
l. Newton EstatesSch. 3930 Norttwest Dr, 30 L2 1052 4'Drick ConcreteBlock 744" Acstic 100'x 3 Windows 2 36x2% 6 192
Cullege Park B8'Concrote Concrete  Tile e (nily
Black Slab
2. Lagpino School 2001 Walker Ave, 20 L3 1952 4'"Drick on Concrete Block  2"Con-  Acoustic 5'x0° 6 Winows 2 40'x23 13 280
College Park Concrete crete Siab  Tile Only
Block
l "
3, Lake Shore High 2134 Lake Shove Ave. 30 25 1065  A'"Ririck Painied Conerete 2/ 2 Con- Acouslic 14'4"x 2 Windows 2 2'x2245 927
Bchool College Park 4 Dlock Block crete Stah Tile 71V Only
4. Eastern Sclool Campbell Road 30 2.8 1967 4"Brick Exposed Con-  2'Conerele Acoustic 6'0"x 3 Windows 2 M'x B A4
8'Concrote crote Dlock Stab Tile ® Only 3"
Dlock,
6. College Purk High 35605 Malne 30 0.0 1940 10"Concrete 1/‘3" Plaslor 2'Con-  MalnlLath L'4"x Winlbowa 2 2x % AN
Behool College Park crete Slab 34" Plas- 8'634" Only a
2'Insulation  ter
6. Woodward Academy 1130 Spaiding Drive, 30 0.7 B'brick4" Yo Plaster 6'Slab 8 YhPlaster O'x5' 3 Windows 3 16k 20 1,050
o N, E., Alanla Concrete Block Ply + Slayg & Only 49
¥ 3%
L]
7. Fountain School 207 Balevwd Dr. 30 2.9 8'Brick 6 Conereta G'Concrete 14" 4'x5' 6 Windows 1 28'x 16 ADG
Atlanta Block Plus Slab, 8 Ply Acmustic Only o
Punted Walls o+ Slag Tile
8, Crawlord Long Sch 3200 Lofopn Dr, ,8.W, 30 L1 B"Brick 6"lollow Con-  6'Coencrote 1/2"Acousuc 39" 10 winduws 2 28'x 42 02§
crete Block + Slab Tile X6 nly a0t
Baint
9, Gearpe High Sch B00 Hutchense Rd. ao 4.0 1972 8"Brick Gikllow Block  8'Conernle  Vo"Acwua- 8'S"x 8 Central 3 MO'x 20 1,046
Walland Paint Slab 6 Plys + tle Tile 4 Forced Air

Sling
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Name ol Bullding

10, Sanwel R, Young
Sctiool

11, St. John School

Laocation
710 Temple Avame
Collefre Purle

240 Arnold Btrect
Hapevilie, Georgin

TABLE D-& {Cont'd.)

Miles
from Year Construction Materials . Wincdows
NEF Alrport Bullt Exierior Interior Roof “Cetling  Siza ™~ No,
Exposed 2"Gyp~ Acouslic 8''"x 2
30 0.3 1052 4"Brick ond Concrele mmdeck Tile 4
Conereto Block  Block 5 Ply
30 3.4 0"Brick 6"Bollow Con- 6'Shb  }4" 4'xg' 8
creto Block Acoustie
THe

No, of _Hoom _ Student/
Venlflaton Floors Size No. Patlent

Wikbws | A1M0x 22 563
Only 24014

Windows -~ 1 24'x36" 10
Quly



St T B A Ty g P ot
s

TABLE D-7

OVERALL ROOMS AND WINDCOWS

Summary of Numbers and 5izes

Average Average Average Average
Neo. of Room No. of Window
Rooms Size Windows Size
All
Schools 23.56 3219"x2912" 5.38 4141 /26140
(955,026 (27 862
All
Mespitals | 179.7 1215%171 101 /2 1,98 2'11"x5'4"
(222.5ft2) (15.51ft2)

p-11
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TABLE p-8

HOSPITAL WINDOWS AND ROOMS

Summary of Numbers and Sizes

Room Reom Window Window
City Number Size Number Size
Atlanta (E)
Miami (C) . 411.5 12" x 24" 2.43 2'1" x 5
[Pheenix (8) 71 10'9" x 1416 2.2 4'5" x 6'8"
Bosten (D) 60,6 13' x 173" 1.45 3" x 6'3»'&“
Benver (F) 355 [2'8" x 15'5" |.56 319" » 5'5¢
Los Angeles (A) 60 I5'6" x 13'5"

D-12
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TABLE D.9

SCHOOL ROOMS AND WINDOWS

Summary of Numbers and Sizes

Room Room Window Window
Cﬂy Number Size MNumber Size
Atlanta (E) 22 40'3" x 3020 4.8 58" x 5'4"
Miami (C) 39.5 32'8" » 33'6" 7.8 3'x 73"
Phoenix (B) 17.8 31'9n x 26'2v 4.9 400" % 63"
Boston (D) 30,8 29" x 281" 3.9 52" x &'10"
Denver (F) 1.7 28'11" x 24'5¢ 9.8 52 x 4'3|é"
Los Angeles (A) 23.25 30H1 x 27'8 2.3 33" x 8

D-13




APPENDIX E

CALCULATED NOISE REDUCTIONS
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TABLE E=1, CAILCULATED NOISE REDUCTIONS ~ LAX
s o 107EWR/I0 2y

Building Reom Windows | Doors | Walls | Roof . u-:;n ‘) {?BR)
Imperial School 2,1 .1846 | .0317 |.0036 | ,0014 1250 | 28
6 - L0317 | .0108 | 0014 1000 | 32

Lennox H.S. 4Bldg3, 3Bldgs, | 167 | .126 |.0043 | .COV4 630 | 21

3 Bldg4
Felton Ave. School %, 5 1 428 013 1.020 | .0451 630 |19
Clyde Woodworth 4 3772 1.1912 | 0826 § D015 630 | 18
School :

Meorningside H.S. J2 3675 | .1207 | 004 nil 500 18
v L1647 | 1207 | .004 nil 500 j 20

Centinella Hosp, 5114, 8128 .0225 —_— nil — 125 | 26
WesthESfer HISI F9 .3899 -— .0024 .0075 500 ]9
Imperial Hospital 237, 224 036 - | .0003 | m=- 140 } 24
Figueroa 5t, School | Classroom . 1902 - | 001 L0113 500 22
lawndale H.S5. LowerStory § 114 1.110 nil -— 630 | 23
Upper Story | 224 —— nil 009 630 | 23

E~1




TABLE E=2, CALCULATED NOISE REDUCTIONS = PHX
5 . 107EWR10 42
o)t s A NR
Building Room Windows { Doors | Walls | Roof (sablns) | (dB)
Grant Elem ,School Classroom 2219 — 0012 [ .0816 800 22
Adeline Gray School ) 2615 |[,0798 | ,0005 | .0122 a00 22
Lincoln Elem,School | Classroom .2853 |.0798 | .0043 | ,3535 1000 20
Skiff Elem. School 2nd Floor L2853 |.1262 | L0126 | .0220 800 21
Classroom
Wilson Hawkins 2nd Floar 2853 |,1262 | ,0020 | .0220 800 | 21
Elem. School Classroom
Durbar Elem. Scheol | Classroom +2140 — L0019 | L0613 &30 22
Silvestre Herrera 2 2457 — L0017 | 4330 800 19
Elem. School
Ann Ot (Stevenson) | Classroom 3075 |,0798 | .0010 | ,0381 630 | 20
School
Arizona State Hlosp. |PatientRoom} 0106 |,1262 | ,0005 nil 125 18
Arizona Children's | PatientRoom | .0998 nil ,0003 | ,000 125 19
Hospital :

E-2




TABLE E-3. CALCULATED NOISE REDUCTIONS = MIA

1 O-EWIVT o (fr2)

e e o L Bt b 5 e o

5.
- . A/C A INR
Building Room Windows | Doors | Walls | Roof Units Vents (sabing|(aB)
Dunbar Elem,School | Classroom 0168 1.0200 | .0204 |.0D1& — - 800 | 29
Jacksen Memorial Patient Room | .0317 - 0005 |.0026 ——— — 250 | 27
Hepital
Citrus Grove Elem, Claossroom 1.325 2524 | 0282 |,0321 —— —— 1600 | 18
School
Wheatly Elem,School | Classroom L1981 (,1262 | .0036 |.0084 | ~-- ——- 800 | 22
Booker T. Washington| 3rd Story W366]1 | ~-= ] ,0070 |,O113 | man —m- 800 | 21
School Classreom
Pon American Hosp. |PatientRoom | .0594 | === | ,0025 |,0019 [.0190 | === 200 | 22

Aubumndale Elem, Classroom L2663 1.2524 | L0022 |,3344 |,0190 |2.389 &30 | 11
School

Kensington Elem, Classraom 2718 |.0200 | .07 | 0078 - 3,344 630 | 11
School

Buena Vista Elem. Classroom 2536 - .0044 | .0008 - - 430 | 22

School

Robert E. Les JH3 Top Story .2536 |.0252 | ,0056 |(,0078 |,0285 [.0107 630 | 21
Classroom

E-3




TABLE E-4. CALCULATED NOISE REDUCTIONS — BOS
5 . 0EWR/10 02
Building Room | Windows [ Doors | walls | Root [ sklight [, 2 o] O
Winthrop Community 319 A712 - | L0012 - - 430 | 22
Hospital 271 0250 | wee | 0002 | —ee | - | 250 | 28
Winthrep JHS 206 0457 | --- .0014 nti —— 500 | 28
220 1412 ——— 0043 nil —_— 700 25
Julla Ward Howe 1st Floor +2536 — 0368 —— ~——— 630 | 22
School Classroom :
2nd Floor 25356 —— 0368 | 421 — 430 18
Classroom
Garfield JHS Clossroom L2855 m——— nil nil e &30 | 22
Cheverus School 8 2 .2068  |,1262 nil nil —— 500 | 20
Chepman School Top Floor 3861 - nil L4939 | - 350 | 14
Classroom
Lower Floor | .3841 | mew nil — — 350 8
Classroom
Chelsea Memorial 20, 210 .0285 — nil nil ——— 200 | 27
Hospital
Williams School Top Floor 2198 | === [ L0008 | L0112 ] wvew 500 | 21
Clazssroom
Edward School Classroom 2568 i nil nil — 370 | 20
Bames School Top Floor 1065 | -=- nil nil 1268 | 430 | 2
Classroom
Lawrence Memorial 435 .076] _— nil nil — 160 | 21
Hospital 206 Construction Data Not Provided 520 | -
L

E~4




TABLE E-5, CALCULATED NOISE REDUCTIONS ~ ATL
5. 10-EWR/10(H2)
Buildi 1 A NR
vilding Room Windows | Walls | Roof (sabins) | (dB)
Newton Esfates Classoom | .4184 | .0068 | .0036 | so0 | 21
School
Longino School Classraom .2853 1.0018 | ,01 800 22
Lake Shere H.5. Classroom .333 001 ,001 800 22
Eastern School Classroom 3804 | 0012 | .013] 800 21
College Park H.S. Classroom .3089 | ,0009 | 0021 630 | 27
Woodward Academy | Classroom .0951 | .001%? § .0015 1250 | 29
Willlam A. Fountain | Classroom 1902 | 0007 | 0012 800 24
School . ‘
Crawford Long School | Classroom .3566 1.0007 | 0016 800 22
Samuel Young School | Classroom 4057 | ,0008 § .0013 80O Val
St. John School Classroom .3804 | ,0016 | .0012 1250 23




TABLE E~6. CALCULATED NOISE REDUCTIONS =~ DEN

s . 10 EWR/10 62
e . Unit Glass A |NR
Building Room Windows | Doors | Walls | Roof Vent | Blocks [sabins)(dB)
Clyde Miller Elem, { Classroom 3106 | --- | .0052 [,0755 | --- a=n 400 | 18
School
Park Lane Elem. 20, 6 .2549 | --- | .0043 | .0085 |.0095 | --- 800 | 23
Schaol ' '
Sable School Faculty 3423 },0017 | L0010 | ,0024 [ --- m—— 250 | 16
Dining Room
l 4 I .3059 |[.0340 | .0010 { .0024 - ama 1000 | 23
Montview Schoo! Classroom . 173 1,1589 | ,0366 | ,0315 }.0197 } == 630 | 21
12 1141 - | .0003 | .0720 | 0126 | ~-- 630 | 24
North JHS 13 .3360 | --- | .0003 |.0720 | .0126 | - | &30 |21
Fitzsimons Hospital 4133, 4062 L0235 = | 0007 | --- —-— -—— 160 | 26
Boston Elem, School 1 34286 | e-= | 0006 |.,O101 [ .0142 | .0054 800 | 21
Paris Elem, School 1 3426 ae= t 0006 | 0107 ( .0142 | ,0054 800 [ 21
Denver General Patient Room | .1030 mee 1,0002 | === ——— - 150 { 20
Hospital 13' x 18
Elyria School Classroom 2052 | -~ | ,0039 | ,2628 ; .0095 - 500 |18
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Tape Recorder:
Tape:
Tape Speed:

Microphone:

Preamplifiers;

APPENDIX F
INSTRUMENTATION

Kudelski Nagra 1V-5J

3M Low Noise 18-7

3-3/4 inches per secand

Bruel & Kjaer " Condenser Microphones Type 4133

Type: Freo~field O° linear response

Temperature Coefficient: Less than +0.1 dB/°C between ~50°C and +60°C
Ambient Pressure Coefficient: =0,1 dB for +10% pressure change

Relative Humidity Influence: Less than 0.1 dB

Kudelski .

Sound Level Meter: Bruel & Kjaer Precision Sound Level Metar Type 2203, ANSI Type 1

Field Calibrater;

Equipped with Octave Filter Set Type 1613
{In Bosten, the SLM, equipped with Flexible Extension Rod UA 1096,
was used as an amplifier for the Interior recorded channel. )

Bruc! & Kjaor Type 4230
Calibration Level: 94 dB
Frequency: 1000 Hz + 1.5%
Accuracy: +0,25dB @ 25°C
+ 0,50 dB between 0°C and 50°C
Amblent Pressure Infivence: + 0,05 dB /100 mbar from 500 to 1100 mbar
Temperature Ceefficient: See Accuracy

Fal
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APPENDIX G

COMPARISON OF MEASURED AND
PREDICTED NOISE REDUCTION

G~1 Measured Noise Reduction

Tables G =1 through G=3 show the measured exterior noise levels {corrected to
free~field), interior noise levels, and noise reduction. Except where noted otherwise,
each value shown is the average of measurements from twalve aircraft noise events, The
standard deviation for each set is shown, In addition to measurement variations, the
standard deviation of the levels represents the variation of levels between aircraft, The
standard deviation of the noise reductions is due to variations in NR essociated with air=
craft spectrum variations, 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.

G=2 Comparisen With Prediction

Tables G~4 through G~6 show the measured and predicted NR for each room,
together with the difference {a). The difference is the predicted value minus the measured
valve,

A statistical analysis of the differences has been performed for the buildings around
each airport, and is summarized in Table G=7, Shown are the mean difference, standard
deviation of differences, and 90 percent confidence limits.

The confidence limits are illustrated in Figure G-~1. Shown are the 90 percent
confidence limits for the three city groupings, relative to A = 0. Also shown for com~
parison is the computed confidence limit of +1,9 dB given in Table B~1 of Appendix B
for the difference between noise reductions computed with EWR and by the classical
method using transmission loss data at each frequency band, While the confidence limits
about the mean for each city fail well within this expected EWR confidence interval, the
extremes of the confidence limits for the measured data for all three cities extends to
+2.5. However, considering Inherent field measurement accuracy of typically +1-2 dB,
these confidence limits for the difference between measured and predicted noise reduction
are quite reasonable, The use of the EWR method for the present project is thus validated,




S U b P T Yo e i

e e e

G-3 Comparison of Aircraft Noise Levels With Predictions

At each measurement location predicted noise levels were obtoined from the fleet
median noise contours discussed in Chapter 3. Figure G=2 shows the statistical distribution
of the differences between predicted levels and levels recorded at each study building,
Predicted is subtracted from measured, so that a positive difference means o louder meas—-
ured event, The curves shown are the cumulative distributions, und represent the percentage
of events which exceed the difference shown on the abscissa,

The following peints may be noted on Figure G-2:

o The standard deviation is upproximately 8 dB. This is o typical variation
chserved between aircraft levels at a given point.

e The predicted levels are somewhat higher than median, This mey be due fo
quieter aircraft types (general aviation jets, non=jet aircraft) being in the
megsured sample. Aircraft were not identified during measurements; in some
cases they could not even be seen,

o Predicted levels corresponded to the 40th noisiest percentile of measurements
at DEN, 20th ot LAX, and 10th ot BOS,

The difference in mean between the three airports shows that no one noise contour
can be applied equally well to all aiports, The one used did, however, fall withina
raasonable, sliphtly conservative, range relative to measurements,



TABLE G-1, MEASURED LEVELS AND NOISE REDUCTION - LAX
Exterior Interior NR
Building Room Av. g Av. g Av. @
Imperial School 2 85.7 | 4 56.8 | 3.2 28,9 |1.8
n 85.0 | 5.2 57.5 |31 27.5 | 2.6
6 82,6 | 5.1 50,8 j3.4 31.8 [2.5
Lennox H.S. 4 Bldg 3 71.3 |1 3.3 50.% | 4.2 20.4 2.3
3 Bldg & 75.6 | 5.6 53,7 | 5.7 21,9 (2.0
3 Bldg 4 71.3 | 3.7 57.9 | 3.3 13.4 | 1.5
Felton Ave. School 9 89.1 | 5.0 70.8 | 5.6 18.3 | 2.4
5 83.8 | 6.5 65.7 | 8.7 18,1 | 2.7
11 86,1 | 6.0 66,9 7.3 19.2 | 2.4
Clyde Woodworth 4 78.4 |5.1 57.0 141 21.4 {1.5
School
Momingside H .s- Jz 86| 0 3.4 63.2 3.9 22.8 ] . ]
‘ V2 76,0 18,4 54,5 | 6.3 21.5 1 3.5
Centinella Hospital 5114 68,3 | 3.5 40,8* 1,9 30,0*| 1.7
8128 68.9 | 3.2 42,64 1.5 29.9% 1,0
Westchester H.5. F9 67.2 | 5.4 51.3 | 4.9 16,0 { 1,3
Imperial Hospital 227 69.4 | 2.3 46,0 | 2,0 23,3 | 2.3
224 69,2 | 2.3 47.4 1 1.9 21.3 12,7

* Counting only 5 interior measurements above background,

** Counting only 4 interior measurements above background,



TABLE G=2. MEASURED LEVELS AND NOISE REDUCTION - BOS

Exterior Interior NR
Butlding Room Av, o Av. T Av, P
Winthrop Community N9 82.8 | 7.7 60.3 | 9.0 22,5 13.6
Hospital ,

271 78.1 | 6,1 9.4 5.7 28.8 | 1.6
Winthrop 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
~ Julia Watd Howe Left Front 84.7 | 2.4 63.1 [ 2.0 216 | 1.0
School Right Front | 85.7 {3.5 | 60.7 [3.3 | 25.0 [ 1.0
Cherverus School 8 77.2 | 4.9 58.8 | 4.0 184 | 2.4
2 78.% | 2.4 61.0 [ 1.4 18,0 | 1.9

Chapman School Left 79.0 | 4.8 70,0 | 5.5 9.0 1.6
Right 78.3 |42 | 64.7 |43 | 134 |23
Chelsea Memorial 201 74,3 12,9 50.3 | 2.0 24,1 13.0
Hospital 210 78,9 |5.3 | 55.0 |42 | 24.0 3.8
Wi"iﬂms SChml 15 75.7 4-9 57.2 4-8 ]8.5 1.5
20 77.2 1 3.9 58.1 | 3.6 12.0 ] 0.6

G~4




TABLE G=3. MEASURED LEVELS AND NOISE REDUCTION - DEN

Exterior Interior N#
Bullding ~ Reom Ave | o Av, | ¢ Av, ¢
Clyde Miller Elem., 5 72,9 | 4.5 | 57.7 | 3.9 16,9 | 1.0
School
Park Lane Elam. 20 91.5 16.3 | 57.4 | 5.3 34,1 | 2.9+
School 6 87.9 {3.9 | 53.1|3.3 34,8 | 2.6*
Sable School Faculty | 857 6.0 | 70.3 4.3 | 155 |27
' DiningRoom _
7 4 79.6 | 5.1 50.6 | 5.1 28,7 | 1.5
‘North JHS 13 84,5 [ 6.2 | 59.4 [3.2 | 25.07]5.2
12 87.6 | 3.4 | 3.5 |3.3 2,1 | 0.7
Fitzsimons Hospital M33 8.9 | 2.9 | 56,4 |3.6 { 255 |1.0
' 4062 81,7 | 3.7 56.3 | 4.0 25.3 [ 1.5
Boston Elcm.School 1 87.6 | 2.6 61,8 12.8 25,8 |1.8
Paris Elem. School 1 61.5 | 3.3 4,6 11,9 19.9 | 2.0
) 3

* Wall with windows facing away from aireraft, Microphone on wall facing atreraft

approximately 10 dB self-shielding,



TABLE G~4, PREDICTED AND MEASURED NOISE REDUCTION - LAX

Building Room Predicted | Meas'd A

Imperial School 2 25,8 28,9 =3.1
]I 25.8 27-5 -1.7

) 31.8 31.8 0
Lennox H.S. 4 Bldg 3 2]1.4 20.4 1.0
3 Bldg 4 21.4 18,0 3.4
Felton Ave. Scheol 9 19,2 18.3 0.9
19,2 18,1 1.1
1 19,2 19.2 0.0
Clyde Woodwerth 4 18.0 21.4 =3.4

Schoal

Morningside HISI J2 ]8.3 22.8 -4.5
r v2 20,1 21.5 =1.4
Centinella Hospital 5114 25,7 30,0 ~4,3
8128 25,7 29.9 ~4,2
Woestchester H,S, F9 19.0 16,0 3,0
Imperial Haspital 227 24.0 23.3 0.7
224 24.0 21.9 2.1

AT e Sk ki p 2

5 =04, MM=22, (F=2s



TABLE G=5. PREDICTED AND MEASURED NOISE REDUCTION -~ BOS

_ Building Room Predicted Meas'd A
Winthrop Hospital 319 22,0 21.7 0.3
271 28,0 28.8 -0.8

Cherverus School 20.0 18.4 1.6
20.0 18.0 2,0

Winthrop J.H.S5. 206 28.0 23,0 5.0
220 25.0 27;0 "2.0

Chapman School 3rdfl,, left 14,2 7.0 5.2
3rdFl,, rt. 14,2 13.4 0.8

Julia Ward Howe Left 22.0 21.6 0.4
School Right 22,0 25.0 | -3.0
Williams School 15 21,6 18,5 K
20 20,6 19.0 1.6

Chelsea Memorial 201 26,9 241 2.8
Haspital 210 2.9 25.0 1.9

< =13, (A =22, (Z) - 2.6



TABLE G-6. PREDICTED AND MEASURED NOISE REDUCTION -~ DEN

Building Room Predicted Meos'd A

Clyde Mitler Elem, { Classroom 18.0 16.9 1.1
Scheol

Park Lane Elem, 20* 33.0 34.3 -1.3

School &+ 33.0 4.8 | -1.8

Sable School Faculty 16.5 15.5 1.0

DiningRoom

4 22.9 28,7 ~6.0

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.Schosl 1 21.5 25,8 ~4,3

Paris Elem.School 1 21.5 19.9 1.6

Z = 1.2, Al = 2.1, (F)’lr = 2,7

* Includes 10 dB shielding due to windows facing away from aireraft.




TABLE G~7. SUMMARY OF STATISTICAL ANALYSIS OF
DIFFERENCES BETWEEN PREDICTED AND MEASURED NR

90% Confidence Limit

j Airport | N* Mean T Lower Upper | About Mean
LAX 17 =0,42 2.55 -1,70 0.46 +1.08

- BOS 14 135 | 2.34 0.24 2,46 41,11

|‘- DEN | 1 -1.06 | 2.65 | -2,51 | 0,38 +1.,45

“* No, of rcoms measured for each city

)
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FIGURE G-1. COMPARISON OF 90 PERCENT CONFIDENCE LIMITS
FOR PREDICTED MINUS MEASURED VALUES OF NOISE REDUCTION
FOR THREE AIRPORTS. (THE MEAN DIFFERENCE FOR EACH CITY IS
DESIGNATED BY THE DIAMOND,) FOR COMPARISON THE ANTIC-
IPATED 90% CONFIDENCE LIMITS ACCORDING TO CALCULATED
VALUES QF NOISE REDUCTION, (SEE TABLE B-1 IN APPENDIX B.)



PERCENT OF EVENTS EXCEEDING DIFFERENCE

MEASURED MINUS PREDICTED LEVEL, d

FIGURE G-2, DISTRIBUTIONS OF MEASURED AIRCRAFT NOISE
LEVELS RE: PREDICTED AROUND THREE AIRPORTS

AT e e at iAW e e e



IR S P

APPENDIX H |
SOUNDPROOFING REHABILITATION WORKSHEETS

A s




v

Lt T R T

ol vy et

T

VB Tl

NOISE IINSULATION ANALYSIS

Building: Newton Estates School Room:

ATL

Classroom

Exterior Noise: NEF 43 Average Peak Level

25

Measured Noise Reduction {LAX, DEN, BOS, anly)

Analysis of Existing Noise Insulation

Predicted Noise Attenuation =| 2!

Component Description % Total Transmission
Windows Single glazed, 264 ft2 98%

Walls 4" brick & 8" block 2%

Roof 73" concrete & insulation nil

Interior Absorption: 800 Sabins.

Stage | Rehobilitation

Action: Replace windows with double glazing, Provide mechanical ventilation as needed.

NR= 32
Stage 1! Rehabilitation
Action: Eliminate windows and fill space with brick and block,

NR = 37
Stage 111 Rehabilitation
Action:

NR =
Comments: T -

et e e e e



ATL

NOISE INSULATION ANALYSIS

Building: Longino Scheol Room:  Second Fleor
Exterior Nofse: NEF 35 Average Peok Level 85
Measured Noise Reduction {LAX, DEN, BOS, enly) ——

Analysis of Existing MNoise Insulation

Component Description % Total Transmission
Windows Single glazed, 180 fr2 95%

Walls 4" brick & 8" block 1%

Roof 2" conerete, 2" insulation, roofing, acoustic tiles 4%

Interior Absorption: 800 Subins.

Predicted Maise Aftenuation = 22 '

Stage ] Rehabilitation

Action: Repluce windows with sealed doubie glazing. Provide mechanical ventilation as
needed.

NR= a5

Stage 1! Rehabilitation

Action: Eliminate windows and fill space with brick and block to match wall, Cement "
fiberboard and 5/8" gypsumboard, then new acoustic tiles, to ceiling.

NR = 40
[;ge 111 Rehabilitation
Action:

NR =

Comments; Existing MR the some, Stags I NR = 34 and Stage 1T NR = 4] on first floor,
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ATL

NOISE INSULATION ANALYSIS

Building: Lake Shore High School Room:  Classroom
Exterior Naisa; INEF 38 Average Peak Level 90
Measured Noise Reduction (LAX, DEN, BOS, only) —

Analysis of Existing Noise Insulation

Predicted Noise Attenuation = 22

Component Description % Total Transmission
Windows Single glozad, 210 ﬂ-z 9904

walls 4" brick & 8" block nil

Roof 21" concrete, 3" air space, acoustic tiles See Comments
Interiot Absorption: 800 Sabins.

Stage | Rehabilitation
Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed.

NR= 34

Stage 11 Rehubilitation
Action: Eliminate windows and fill space with brick and block to mateh walls,

MR = 41

Stage 11! Rehabilitation

Action;

NR =

Comments;  Roof transmission negligible provided joints between tiles are well sealed. This

must be verified {and corrected if need be) before other rehabilitation.

H=3
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ATL

INOISE INSULATION ANALYSIS

Building:  Eastern School Reem: _2nd Story Classroom
Exterior Moise: MNEF 37 Average Peak level a3
Measured Noise Reduction {LAX, DEN, BOS, only) —_—

Analysis of Existing Moise Insulation

Component Description % Total Transmission
Windows Single glazed, 240 th 94%

Walls 4" brick & 8" block nil

Roof 2" concrete & 2" insulation & roofingacoustic tiles 3%

Interior Absorption: 800 Sabins.

Predicted Naise Attenuation = 21

Stage ! Rehabilitation

Action: Replace windows with sealed double glazing. Provide mechenical ventilation as
needed.

NR=__4

Stage 11 Rehabilitation

Action: Eliminate windows and fil] space with brick and block. Cement }" fiberboard, 5/8"
gypsumboard, then acoustic tiles to ceiling on second floor,

Nr= 4]

Stage 111 Rehabilitation

Action:

NR =

Comments: _First floor original and Stage I MR the same as sacond. First floor Stage 1 INR

=33,

Hed
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ATL

NOISE INSULATION AMNALYSIS

Room:  Second Story Classroom

Building: _CollegaPark High Schoo!

Exterior Noise: NEF 41 Average Peak Level B7
Measured Noise Reduction {LAX, DEN, BOS, only) —
Analysis of Existing Noise Insulation
Component Description % Total Transmission
Windows Single glazed, 195 2 ‘ 99%
Walls 10" concrete nil
Roof 2" concrete, 3/4" plastar on lath ceiling 1%
Interior Absorption: 630 Sabins.

Predicted Nolse Attenuation =| 2]

Stage I Rehabilitation
Action; Replace windows with sealed double glazing. Provide mechanical ventilation as
needed.

NR= 33
“|Stage 11 Rehabilitation

Action; Eliminate windows and fill space with 9" brick.

NR= 42
Stage 111 Rehabilitation
Action:

NR =
Comments: Assuming ot least 2" air space between roof slab and eeiling. if not, must

cement 3" fiberboard and 5/8" gypsumboard to second story ceiling before other rehabilitation.

Flrst floor NRalmost the same.

‘He§
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ATL

INOISE INSULATION ANALYSIS

Building: Woedward Academy Room: Top_Elaor Classraam
Exterior Noise: INEF 35 Average Peak Level 73
Measured Naise Reduction {LAX, DEN, BQS, only) —

Analysis of Existing Moise Insulation

Component Description % Total Transmission
Windows Single glozed, 80 frz 97 %

Walls B" brick 29

Roof 6" concrote, I plaster cailing 1%

Interior Absorption: 1250 Sabins.

Predicted Nolse Attenuation =| 29 '

Stage I Rehahilltation

Action: Replace windaws with sealed double glazing. Provide mechanical ventilation as
needed,

NR= 29
Stage 11 Rehabilitation
Action: Eliminate windaws and Fill space with bricks,

NR= 43
Stage 11! Rehahilitatien
Action:

NR =

Comments:  See comment for College Park H.5. Fimt and second story Stnge | NR = 40,
Stage 11 INR = 46.




ATL

NOISE INSULATION ANALYSIS

puilding: Williom Fountain School Room : Classroom

Average Peck Level 75

Exterior Moise: INEF 35

Measured Noise ReducHon {LAX, DEN, BOS, only)

Analysis of Exlsting Noise Insulation

Interior Absorption:

Predicted Noise Attenuation =| 24

Compenent Description % Tatal Transmission
Windows Single glazed, 120 th 99% '
walls 8" hrick nil
Roof 6" slab, acoustic tile ceiling 1%

800 Sabins.

Stage I Rehabilitation
Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed,

NR=_36
Stage 11 Rehabilitation
Action: Eliminate windows and flll space with brick,
NR= 43
Stage 11T Rehabilitation
Action;
NR =

Comments: Assuming at least 2" air space between roof slub and ceiling. Joints between

tiles must also be well sealed. Otherwise, must corract as described in comments for Loke

Shere H.5, and/or College Park H.5.

H=7



ATL

NOISE IINSULATION ANALYSIS

Building: _ Crawford Long Scheol Room: _Second Story Ciassroom
Exterior Nolse: INEF 33 Average Peak loval 73
Measured Noise Reduction (LAX, DEN, BOS, only) ———

Analysls of Existing Noise [nsulation

Component Description % Total Transmission
Windows Single glazed, 225 ft2 959,

Walls 8" brick nil

Roof 6" concrate, acoustic tile ceiling nil

Interior Absorption: 800 Sabins,

Predicted Moise Attenuation =| 22

L1

“|Stage 1 Rehabilitation

Action; Reploce windows with sealed double glozing., Provide mechanical ventilation as
needed,

NR= 33
Stage [1 Rehabilitation
Action: Eliminate windews and fill spece with briks.

NR= 42
Stage 111 Rehabilitation
Action:

NR =

Comments: See comment for William Fountain Scheol. For fltst floor, Stage Il NR = 45,
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ATL

NOISE INSULATION ANALYSIS

Building: Samuel Young Schoo! Room: Classroem
Exterior Noise: NEF 40 Average Pedk Level 100
Measured Noise Reduction (LAX, DEN, 80S, only) —

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows Single glazed, 250 fr2 99%
walls confusing, but brick & block , small areg nil
Roof _2" gypsum deck, bulltup roofing, 12" space, 4 nil
acoustic tile
Interior Absorption: 8OO Sabins.

Predicted Nolse Attenuation =| 21

. |Action: ‘Replace windows with sealed double glazing. Provide mechanical ventilation as

Stage | Rehabilitation

needed,

NR= 33
Stage 11 Rehabilitation
Action: Eliminate windows and Fill space with 9" brick.

NR= 42
pas .
Stage 111 Rehabilitation
Action:

MNR=
Comments:  Joints between acoustic tiles must be well sealed.

—————— e, e



ATL

NOISE INSULATION ANALYSIS

Building: St. John School Room: Classroom
-Exterior Noise: NEF 40 Average Peak Level 8.
Measured Noise Reduction (LAX, DEN,. BOS, only) ——

Analysis of Existing Noijse Insulation

Component - Description % Total Transmission
Windows Single glazing, most of one wall . 999%

walls B" brick, one wall corner room nil

Reof 6" concrets, acoustic tile ceiling il

Interior Absomption: 1250 Sabins,

Predicted Noise Attenuation = 23 '

Stage 1 Rehabilitetion

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed,

NR= 35

Stage Il Rehabilitation

Action: Eliminote windows and fill space with bricks.

NR: 43

Stage 111 Rehabilitation

Action:

NR=

Comments:  Assuming 2" air space between concrets slab ic H joi

between tiles must be well sealed,
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LAX

NOISE INSULATION ANALYSIS

Building: Imperlal School Room: 2 & 11

Exterlor Moise: INEF 45 Average Peck level 93

Measured Noise Reduction (LAX, DEN, BOS, only) 28

Analysis of Existing Noise Insulaton

Component Description % Total Transmission
Windows Single glazed, woed sash, 180 Bt ' B29%

Walls ?" Brick 2%

Door Solid wood, weatherstripped 15%

Roof Builtup roofing, flbarboard ceiling, attic space 1%

Interlor Absorption: 1200 Subins,

Predicted Noise Attenuation =| 26

Stage I Rehabilitation

Action; Replace windows with sealed double glezing, Provide mechanical ventilation as
needed.

NR= 32

Stage II Rehabilitation

Acton: Stage I, plus install acoustic seals around door.  Any hoflow core doors must be
replaced with solid at least 1 3/4" thick.

NR = 37

Staga 111 Rehabt|itation

Action: Eliminate windows and il space with bricks, some as exterior wall. Replace
existing doors with acoustic double doors, or construct entrance vestibule using well sealed

solid core doers,
NR= 42

Comments:  1/3 of window area faclng away from alecraft,

H-I11




NOISE INSULATION ANALYSIS

LAX

Building:  Imperlal School Room 3
Exterior Noise; INEF 45 Average Peok Level 93
Measured Noise Reduction (LAX, DEN, BOS, only) 32

Analysis of Existing Noise [nsulation

Component Description % Total Transmission
Windows None; space filled with stucco/frame construction 16%
Walls Same as 2 & 11 8%
Door n " " 729
Roof n 1] n 3%
Interior Absomption: 1200 Sabins.

Predicted Noise Attenuation =| 32
Stage 1 Rehabilitation
Action:  Install acoustic seals around door.

NR = 37

Stage 11 Rehahilitation

Action; Remove stucco/frame window filling and replace with bricks. Install double door

or entrance vestibule ,

NR=_ %2

Stage 111 Rehabilitation

Action:

NR=

Comments: _ExIsting roem is similar to Stage ! rehabilitation of Rooms

2 & 11; stueco/frome

window filllng Is not significantly more sffective than double giazing,

H-12
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LAX

NOISE INSULATION ANALYSIS

Lennocx High School Room: 4, Bldg.3; 3,Bldg.6; 3,Bldg.4

Building:

Exterior Noise: INEF 38 Average Peck Level 80

Measured Naise Reduction {LAX, DEN, BOS, onfy} 20.4, 21.6, 18.0

Analysis of Existing Noise Inwlation

Component Description % Total Transmission
Windows Single glazed, stea! sash, 167 ft° 56%

Door Hollow core wood, no seals 42%

Walls &" concrete & stucco 1%

Roof Built up roofing, fiberboord ceiling, attic space nit

Interior Absorption: 630 Sabins.

Predicted Nolse Attenuation=| 21.4

Stage 1  Rehabilitation
Action: Replace windows with sealed double glazing. FProvide mechanical ventilation as
needad. Replace door with 1 3/4" salid core door, wactherstripped .

NR= 30

Stage 11 Rehabilitation
Action: Stage 1, plus acoustical seals around door.

NR= 33

Stage II1 Rehabilitation

Actlon: Ellminate windows and fill space with 6" concrete & stucce. Replace door with
acoustic double door, or construct entrance vestibule using well sealed solid care deors.

NR= 38

Comments:

H=13



LAX
NOISE INSULATION ANALYSIS

Building: Felton Avenue Scheol Room: 9,5, 11

Exterior Nojse: NEF 41 Average Peak Level 90

Measured Noise Reduction (LAX, DEN, BOS, only) 18.3, 18.1, 19.2

-Analysis of Existing Nolse [nsulation

Component Descripton % Tota] Trapsmission
Windows Single glozed, woad sash, 270 Fti 85%
Wwalls Stuceo/gypsumboard frame constr., uninsulated 3%
Door Steal, no seals 4%
Roof Builtup recfing, fiberboard eeiling, vented attic 9%
space,
Interior Absorption: 630 Sabins,

Predicted Noise Attenuotion =
Stage [ Rehabilitation

Action: Replace windows with sealed double glazing, Provide mechanical ventilation as
neaded.,

NR=_26

Stage 11 Rehabilitation
Action: Stage 1, plus Install acoustie seals on door and install acoustic baffles in attic vents.

NR= 30

Stage Il Rehabilitation

Action: Eliminate windows and replace with stueco/gyp frame construction. Insulate walls
and attic, install sacond layer ¥ gypsumboard on walls, Replace door with acoustic double

doors, or construct entrance vestibule using well sealed solid core doors, 3
NR= 35§

Comments;

H-14
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LAX

NOISE INSULATION ANALYSIS

Building: _Clyde Woodworth School Room: 4

Exterior Noise; NEF 37 Average Paak level B8

Measured Noise Reduction {LAX, DEN, BOS, anly) 21.4

Analysis of Existing Noise Insulation

Companent Description % Total Transmissian
Windows Single glazed, 240 th 463%

Walls Wood/stueco/gyp frame const., uninsulated 5.4%

Doors 2 hollew core wood, no seals 32%

Roof Builtup roofing, fiberboard ceiling nil

Interior Absorption: 630 Sabins.

Predicted Noise Attenuation =| 18

Stage | Rehabilitation

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed, Replace doors with 1 3/4" solid core, weatherstripped,

NR=_ 27

Stage 11 Rehabilitation

Action: Eliminate windows and replace with stucco/gyp frame construction. Add 3" gypsum4

bourd to interior of walls. Insulate walls and attie. Replace doors with deuble acoustic
doors or vestibules with well sealed solid core doors,

NR = 37 '
Stage 111 Rehabilitation
Action:

NR=
Comments:

H-15



LAX

NOISE INSULATION ANALYSIS

Building:  Momingside High School Room: J2
Extorior Noise: NEF 37 Average Peck level 88
Measured Naise Reduction {LAX, DEN, BQOS, only) 272.8

Analysis of Existing Notse Insulation

Component Descriptien % Total Transmission
Windows Single glazed, 340 Fr2 80%

Doors 2 steel, no seals 18%

Walls Brick 1%

Roof ' Builtup reefing, fiberboard ceiling nil

Interior Absarption: 500 Sabins.

Predicted Noise Attenuation = 18,3

Stage I Rehobilitatien

Actlon: Replace windows with sealed double glazing. Previde mechanical ventilatlon as
needed. Weatherstrip doors.

NR= a7

Stage 11 Rehahilitation

Action; Eliminate windows and fill space with bricks. Replace doors with double acoustic
doors or vestibules using well sealed solid core doors.

NR = 40
—
Stage 111 Rehabilitation
Action;

NR=
Comments;

H-16
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NOISE INSULATION ANALYSIS

Building: Morningside High School Raom:

LAX

Exterior Noise; NEF 37 Average Peok Level

Measured Noise Reduction {LAX, DEN, BOS, only) 21.5

88

Analysis of Existing Nolse Insulation

Coemponent Deseription % Tota! Transmission
Windows Single glazed, 150 ffz 55%

Deoors 2 Steel, no seals 32%

Walls Stucco/plaster frome construction 3%

Raof nil

Interior Absomtion: 500 Sablns.

Predicted Noise Attenuation =| 20,1

Stage | Rehabilitation

needed. Weatherstrip doors.

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as

NR= 29

Stage 1] Rehabilitation

bule with well sealed salid core doors.,

Action:  Eliminate windows and fill space with wall eonstruction. Insulate walls end roof.
Add 1" gypsumboard to interiar of walls. Replace doors with double aceustic doors or vesti=

NR= 40
[Sfoge 111 Rehabilitation
Action:

NR =
Comments; - R




LAX

NOISE INSULATION ANALYSIS

Building: Westchester High School Room: F9
Exterior Noise: NEF 33 Average Peak Level 75
Measured Noise Reduction (LAX, DEN, BOS, only) 16

Analysis of Existing Noise Insulation

Component Description 9% Tatal Transmission
Windows Single glazed, wood sash 50%

Doors 2 solid core wood, no seals 48%

Roof &" concrate oL

Walls 8" concrete 1%

interior Absorption; 500 Sablns.

Predicted Noise Attenuation =] 19

Stage I Rehabilitation
Actlon: Replace windows with sealed double glazing. Provide mechanical ventilotion as

needed, Instoll acoustic seals on doors. ,

NR= 36

Etage Il Rehabilitation

Action: Eliminate windows and fill space with concrete, Replace doors with acousiic
double doors or construct entrance vestibule using well sealed solid core doors.

NR = 4
Stage 111 Rehabilitation
Action:

NR =
Commants;
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NOISE INSULATION ANALYSIS

Building: Figueroa Street School Room:

LAX

Classroom

Exterior Noise: MNEF - Average Peak Level

Measyred Noise Reduction {LAX, DEN, BOS, only)

Analysis of Existing Noise Insulation

Predicted Noise Atenuation =| 22

Camponent Deseription % Total Transmission
Windows Single glazed, 120 th 95% - 100%
walls 9" Brick & Stucco ni)

Roof Builtup roofing, plaster ceiling 5% @nd floor)
Interior Absorption: 500 Sabins.

Stage | Rehabilitation

needed. Insulate roof.

Action; Replace windows with sealed deuble glozing. Provide mechanical ventilation as

NR= 34
Stege Il Rehabilitation
Action: Eliminate windows. Insulote roof.

NR = K]
Stage 111 Rehabilitation
Action;

NR =
Comments;

H-19



LAX

NOISE INSULATION ANALYSIS

Building: Lawndale High School Room: Tep Fluor/Lower Floor
Exterior Nolse: INEF - Average Pedk Level e
Measured Noise Reduction ({LAX, DEN, BOS, only) -—

Analysis of Existing Nolse Insulation

Component Description % Tatal Transmission
Windows Single glazed, 70 f> 1o 150 ft* 50%/100%
Walls B" concrete or block _nil

Roof 4" concrete il

Doors 2" steel, 1st floor only 50% /o

Interior Absorption: 630 Sabins.,

Predicted Noise Attenuation = 23

Stage | Rehabilitation

Action; Replace windows with sealed double glazing. Provide mechanical ventilation as
needed. Install acoustic seals on doors.

R T L T A e e S T g P L o
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NR= 34
Stage {1 Rehabilitation
Action: Eliminate windows. Double acaoustical doors or vestibule.

NR=
Stage 111 Rehabilitation
Action:

NR =
Comments:

i

H=»20
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LAX

NOISE INSULATION ANALYSIS

Bullding: _ Centinalia Hospital Room; 5114, 8128

Exterior Noise: NEF 25 Average Peak level 78

Measured Noise Reduction {LAX, DEN, BOS, only) 30, 29.9

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows Single gluzed 100%

Walls : concrete nil

Roof nil

Interior Absormptian: 125 Sabins,

Predicted Noise Attenuation =| 25,7

Stage ] Rehabilitation

Action: Reploce window with sealed double glazing. Provide mechanical ventilation as
needed.,

A s T gt T
Il

NR= a7
Stage 11 Rehabilitation
Actlon:  Ellminate windew and fill space with concrete or bricks,

NR= 4]
Stage 111 Rehpbilitation
Action;

NR =
Comments:

H=21




LAX

NOISE INSULATION ANALYSIS

Building: Imperial Hespltal Room; 227,224

Exterior Noise: NEF 34 Average Peck Level 70

Meuasured Noise Reduction (LAX, DEN, BOS, only) 23,3, 21.9

Analysis of Existing Noite Insulation

Component Description % Jotal Tronsmission
Windows 1Y glass, &' x &' 99%

walls 9" Brick 1%

Roaf &" concrete, suspended acoustic ceiling nil

Interior Absorption: 140 Sabins.

Pradicted Noise Attenuation =| 24

Stage 1 Rehabilitotion
Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
noeded.

NR= 34
Stage {1 Rehabilitation
Action: Eliminate windows. Fill in space with bricks.

NR= 42
Stage 111 Rehabilitation
Action:

NR =
Comments:

H-22
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INOCISE INSULATION ANALYSIS

Building:  Grant Elemantary School Room: __ Classroom
Exterior Nolse: NEF : 30 Average Peak Level 82
Measured Noise Reduction {LAX, DEN, BOS, only) —

Analysis of Existing Noise Insulation

Component Description 9% Total Transmission
Windows Single glazed, 140 fr2 78%

Reof Sheathlng & shingle, vented attic, plaster celling 22%

wall ' 12" brick ‘ ‘ nil

Interlor Absorption: 800 ~ . Sabins.

Predicted Noise Attenuation =| 22

Stage | Rehabilitation
Actlon; Replace windows with sealed double glazing. Provide mechanical ventilation as

neaded,

NR= 28
Stage 11 Rehabilitation
Action: Stage [, plus acoustically baffle attic vents.

NR= 35

Stage 111 Rehabilitation
Action: Eliminate windows and fill space with bricks. Baffle attic vents.

NR= 42

Commaents:

H-23



PHX

NOISE INSULATION ANALYSIS

Building; Adeline Gray Scheo! Room: é
Extarior Noise: NEF 32 Average Peak Level %0
Measured Maoise Reduction {LAX, DEN, BOS, only) ~——

Analysis of Existing Noise Insulation

Coemponent Description % Total Transmission
Windows Single glazed, 165 ft° 74%

Walls 12" brick nil

Doorns 2 solid wood, no seals, shielded by porch 23%

Roof Sheathing & shinples, plaster ceiling, Insuloted 1%
Interior Absorption: 800 Sabins,

Predicted Moise Attenuyation =| 22

Stage 1 Rehabilitation

Action; Replace windows with sealed double glazing. Provide mechanical ventilation os
needed, Weatherstrip exterior doors.

NR=_31.0

Stage 11 Rehabilitation

Action: Eliminate windows and fill space with bricks. Install acoustic seals on doors. Glue
4" flberboard, followed by 5/8" gypsumboard, to ceiling. Apply new acoustic tiles to ceiling

NR= 4]
Stage 11 Rehabilitation
Action:

NR=
Comments:

H-24
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_Exterior Moise: NEF 36

PHX

NOISE INSULATION ANALYSIS

Building:  Lincaln Elementory School Room: _Classroom

Average Peak Level 90

Measured Noise Reduction (LAX, DEN, BOS, only)

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows Single giazed, 180 ft2 399

walls 8" prick & 5/8" plaster 1%

Roof 1" sheathing & shingles, plaster ceiling, vented attic 49%

Doors 2 solid wood, no seals, shielded by porch 119%

Interior Absomption; 1000 Sabins.

Predicted Nolse Attenuation ={ 20

Stage | Rehabilitation

Action: Replace windows with sealed double glazing, Provide mechanical ventilation as
needed, Insulate attic and ocoustically baffle attic vents. Weatherstrip doors,

MR= 32

Stage Il Rehohilitation
Action: Eliminote windows and fill space with bricks, Modify attic as in Stage |. Install
acoustic seals on doors,

NR= 1%
Stage 11| Rehabilitation
Action:

NR =
Comments; i -

H~25
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NOISE INSULATION ANALYSIS

Building:  Skiff Elementary Scheol Room:  Second Floor Classroom
Exterior Noise; NEF 39 Average Peak level 24
Measured Noise Reduction (LAX, DEN, BQOS, only) ——

Anclysis of Existing Moise Insulation

Component Descriplion % Total Transmission
Windows Single glazed, 180 Ff2 6404
Walls 12" concrete block 3%
Roof 1" sheathing & shingles, acoustic tile ceiling, 594

vented attic,

Door Solid wood, no seals 28%

Interior Absorption: 800 Sabins,

Predicied Noise Attenuation =| 21

Stage I Rehabllitation
Action: Reploce windows with sealed double glozing. Provide mechanical ventilation as
needed. Weatherstrip door.

NR= 2%

——s

Stage 11 Rehabilitation

Action: Eliminate windows and fill space with 12" concrete blocks. Acoustically baffle
attic vepts, Instell acoustic seals on door.

NR= 34

Stage 111 Rehabilitation
Action; Stage Il, plus cement }" fiberboard followed by 5/8" gypsumbeard to inferior of
exterior walls, Alternate wall modification is to add stud framing, insulation and gypsum=-

board to existing walls.
NR= 40

Comments: For First floor classrooms NR is within 1dB of these values,

H=26
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PHX

NOISE IINSULATION ANALYSIS

Second Floor Classrooms

Building:  Wilson Howkins Elementary School Room:

¢

Average Peak level o2

Exterior Nolse: NEF 40

Measured Noise Raduction {LAX, DEN, BQS, only}

Analysis of Existing Neise Insulation

% Total Transmission

Component Description

Windows Single glazed, 180 i 66%

Walls Brick nil

Roof 1" sheathing & shingles, ac. tile ceiling vented attic 5%

Docr Salid weod, no seals 29%
800 Sabins.

Interior Absorption:

Predicted Noisa Attenuation =| 21

Staga | Rehabilitation
Action: Replace windows with sealed doubl e glazing. Provide mechanical ventilation as
needed. Weatherstrip door.

MNR=_29

Stage 1] Rehabilitation
Action: Eliminate windows and fill space with bricks. Acoustically baffle attie vents.
Install acoustic seals on door.

NR = 40
(Sfage 1l Rehabilitation
Action:
NR =
Comments: Sameﬁ;; Skiff school except walls are brick instead of block. Note that brick

is better for seundproofing, so that wall modifications are not needed to achfeve NR =40,

H=27
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NOISE INSULATION ANALYSIS

Building:  Dunber Elementary School Room:  Classroom
Exterior Noise: NEF 30 Average Peak Level 83
Measured Noise Reduction (LAX, DEN, BOS, only) -—

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows Single glazed, 135 ft* 77%
Walls 15" brick, plaster Interior nil
Roof 7/8" sheathing, ashetop shingles, ploster coating 22%
venfed & insulated attic space
Interior Absorption: 630 Sabins .

Predicted Noise Attenuation =) 22

Stage | Rehabilitotion

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed. Acoustically baffle attic vents,

NR=_34

Stage 11 Rehabilitation
Action: Eliminate windows and fill space with bricks. Baffle attic vents,

NR= 40
Stage 1] Rehabilitation
Action:

NR =
Commersts:

H-28
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PHX

NOISE INSULATION ANALYSIS

Building: _ Siivestre Herrera Elementary Scheol Room: o

Exterior Noise: NEF 36 Average Peak Level 93

Measured Noise Reduction (LAX, DEN, BOS, only)

Analysis of Existing Noise Jnsulatian

Component Description % Total Transmission
Windows Single glozed, 155 f2 36%
Walls 4" brick & 4" concrete block nil
Roof Steel joists, sheathing & comp. shingles, acoystic 63%'
tiles on plaster ceiling, vented aftle.
Interior Absorption: 800 Sabins.

Predicted Nolse Attenuation = 19

Stage | Rehabilitation
Action: Acoustically baffle attic vents. Replace windows with sealed double glazing.
Provide machanical ventilatlon as needed.

NR= 33

Stage 11 Rehabilitation
Action: Eliminote Windows and fill spoce with bricks, Insulate attic and baffle attic vents,

NR= 40
Stage 111 Rehabilifation
Action:

NR =
Comments:

H-29
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NOISE [INSULATION ANALYSIS

Building: _asn Ott (Stevensan) Scheal Room: _ Classioom

Exterior MNoise: IMNEF 40 Average Peak Level 2

Measured Noise Reduction {LAX, DEN, BOS, only) ——

Analysis of Existing Nolse Insulation

Component Description % Total Transmission
Windows - Single glazed, 200 ft> ‘ : 72% '
Walls . Brick and plaster ' nil

Doors 2 wood with windowpanels, unsealed ‘ 199%

Roof Sheathing & composition shinales, ac. tile ceiling 2%

vented attic space.

Interior Absorption: 630. Sabins.

Predicted Noise Attenuation =| 20

Stage 1 Rehobilitation

Actlon: Replace windows with sealed double glozing. Provide mechanical ventilation as
neaded. Weatherstrip doors.

NR= 28

Stage !l Rehabilitation

Action: Stage I, plus insulate attic and acoustically baffle attic vents.

Stage 11 Rehabilitation

Action; Eliminate windows and fill space with bricks. Replace doors with 1 3/4" solid wood
with acoustic seals. Insulate attic & baffle vents.

NR= 41

Comments:

H=30




: Measured Noise Reduction (LAX, DEN, BOS, only)

NOISE INSULATION ANALYSIS

PHX

Building: Arizona Children's Hospital Room: __ Patient Rooms

Exterior Noise: NEF - Average Peak Level

Analysis of Existing Nolse Insulation

Predicted Nolse Attenuation=| 19

Component Description % Total Transmission
Windows Single glazed, 45 ffz 100%

Walls Brick, block & grout, 10" tatal nil

Reof 3" concrete, Insulation, plaster calling nil

Intarior Absorption: 125 Sablns.

Staga 1 Rehabilitation

needed,

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as

NR= 3]

Stage Il Rehabilitation
Action: Ellminate windows and fill space with bricks.

NR= 41
Sterge 111 Rehabilitation
Action:

NR =
Comments:

H=31
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MNOISE INSULATION ANALYSIS

Building:  Arizona State Hospital Room: Ppatient Room
Exterior Noise: NEF 27 Average Peck lLevel 63
Measured Noise Reduction (LAX, DEN, BQOS, only} —

Analysis of Existing Nolse Insulation

Component Description % Total Transmission
Windaws 2 sealed 1" glass, 5" x 8' 8%

Walls 10" brick nil

Roof 10" concrete, plus insulatien, roofing & plaster nil

Door Wood or metal, no seals 92%

Interior Absorption: 125 Sabins.

Predicted Noise Attenuation = 18

Stage | Rehabilitation
Action: Weatherstrip doar.

NR= 24

Stage 11 Rehabilitation
Action: Replace doors with 1 3/4" solid core wood with acoustic seals,

NR=_28

Stage 111 Rehabilitation
Action; Stage 11, plus either double glaze windows or eliminate and fill with brick,

NR= 35

Comments: _Noise reduction of 42 possible if eliminate windows and install acoustic double

doors or entrance vestibule with acoustically sealed solid core=doors,

H=32
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Component Description % Tatal Transmission
Windows _jalousie, 2" air gap, plastic, 170 ftz 29%
Walls 8" concrete block with " stucco 35%
Roof 6" concrate slab, acoustic tile ceiling 3%
Door Solid wood weatherstripped 34%
Interior Absorption: 800 Sabins.,
! Predicted Nelse Attenuation =| 29

MI1A

NOISE [NSULATION ANALYSIS

Building:  Dunbar Elementary School Room: Classraom
Exterior Noise; NEF 36 Average Pedk Level 83
Measured Noise Reduction (LAX, DEN, BOS, only) —

Analysis of Existing MNoise Insulation

Stage | Rehabilitation

Action: Eliminate windows and fill spoce with 8" hlock., Cement 4" fiberboard, then 5/8"
gypsumboard to interier of exterior walls. Install acoustic seals on door.

NR= 40
Stage 11 Rehabilitation
Action:

NR=_
Stage 111 Rehabilitation
Action:

NR =

Comments: - Roof transmission neg_l-i—g-ible, so first and second floor NR the same. Existing

structure is a well balanced acoustic design — door and window transmissien are just comparable

to wall.

H=33
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NOISE IINSULATION ANALYSIS

Building: Citrus Grove Elementary School Reom: clqecroom

Exterior Noise; MNEF 35 Average Peok Level 79

Measured Noise Reduction (LAY, DEN, BOS, only)

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows Jalousie, 210 th 81%

Doors 2 solid wood, no seals 15%

Walls 8" concrete block 2%

Reaf 4" concrete slab 2%
Interior Absorption: 1600 Sabins.,

Predicted Noise Attenuation =| 18

Stage | Rehabilitation

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed. Weatherstrip doors.

NR= 29

Stage [1 Rehabilitation

Action: Eliminate windows and fill space with concrete block and acoustic tiles to match
walls. Cement 5/8" gypsumboard, then new acoustic hles, over existing tiles on walls and
ceiling. Install acoustic seals on doors,

NR = 40
Stage 1T Rehabilitation
Action:

NR =
Comments:

H=34
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NOISE IINSULATION ANALYSIS

fuilding: Weatley Elementary School Reom: Classroom

35 Average Peak Level B5

Exterior Noise; NEF

Measured Noise Reduction (LAX, DEN, BOS, only)

Analysis of Existing Noise Insulation

% Total Transmission

Component Description

Windows Single glazed, 210 e 599%
Door Solid wood, no seals 37%
Walls 8" cancrete block & stuceo 1%
Roof 6" concrete slab 2%

Interior AbsorpHon: 800 Sabins.

Predicted Noise Aftenyation =| 22

Stage 1 Rehabilitation

Action: Replace windews with sealed deuble glazing. Provide machanical ventilation as
needed, Install acoustic seals In door.

Nr= 33

e ——]

Stage 11 Rehabilitation

Action; Ellminate windows and fill space with concrete block., Cement 3" fibesboard, then
5/8" gypsumboard, to ceiling and walls. Install new acoustic tiles on ceiling. Replace door
with acoustic double doors or vestibule. NR= 43

Stage 111 Rehabilitation

Action:

MNR =

Comments; Ceiling treatmernt not needed in first story rooms of 2 story sections,

H-35
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NOISE IINSULATION ANALYSIS

Building: _Booker T. Washington School Room: 3rd Story Classroom
Exterfor Noise: NEF 35 Average Peak Level &3
Measured Noise Reduction (LAX, DEN, BOS, only) —

Analysis of Existing Noise Insulation

5

Component Description ™ 2 Total Transmission
Windows Single glazed, 230 &2 ?5%
Walls 8" copcrete block & stucca, 4" plastar 2%
Raof &" copcrete slab 3%
Interior Absomption: 800 Sabins,

Predicted MNoise Attenuation =| 21
Stage | Rehabilitation

Acf".:lm:l, Replace windows with sealed double glazing. Provide mechanical ventilation as
neaded.

NR= 31

Stage 11 Rehabilitation
Action: Ellminate windews and fill to match walls.

NR= 34

Stage J11 Rehabilitation

Actlon: Stage II, plus treat walls and ceiling with 4" fiberboord and 5/8" gypsumboard
cemented in place. Replace gcoustic tiles on ceiling.

NR= 44

Comments; _ On first and second floors, Stage I NR = 32, Stage I NR =37, Stage li] NR= 47,

H~36
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Measured Noise Reduction (LAX, DEN, BOS, only)

MIA

NOISE INSULATION ANALYSIS

Bu”din9= Aul:m[gdula Elemen tctt! Schggﬂ ROOm: Clmssrnnm

Exterlor Noisa: NEF 30 Average Peak Level 75

Analysis of Existing Noise Insulation

Coemponent Description % Total Transmission
Windows Single glazed, 170 il ‘ 8.2%

Walls . 8" adobe brick, 8" concrete block nil

Reof 1" planks, builtup roofing, acoustic ceiling . 10.2%

Doors 2 solld wood, no seals | 7.7%

Vents 60 ft° open louvarad vents, below roof averhang 73.2%

AC Unit 6 ft° opening 0.6%
Interior Absorption: 630 Sabins.

Predicted MNoise Attenuation =| 11

Staga | Rehabilltation

Action: Either eliminate Jouveared vents or construct acoustical baffles. Baffles must be
constructed on both the Inside and the outside. Provide mechanical ventilation as needed.

NR= 17

Stage 11 Rehabilitation
Action; Stage 1, plus replace windows with sealed double glazing, install clay tiles on roof,
replace tile celling with 3" gypsumboard and new acaustic tiles, install acoustic seals on

doors, ond acoustically baffle AC unit,
NR= 30

Stage 111 Rehabilitation
Action: Stage 11, except for window modification. Eliminate windows and fill space with
brick. Install insulation in roof.

NR= 35

Comments;

H-37



_IStuge 11 Rehabilltation

MIA

MNOISE INSULATION ANALYSIS

Building: Kensingten Elementary School Room: _Classraom
Exterior Nolse: NEF 38 Average Peck Level 84
Measured Noise Reduction {LAX, DEN, BOS, only) —
Analysis of Existing Nolse Insulation

Component Description % Total Transmission
Windows Single glazed, 170 Ff2 7 .4%
Door Solid wood, weathesstripped 2.0%
Vents . 3' x 28" louvered vent below roof overhang ?.2%
Roof &" concrete slab 0.2%
Walls . 8" block & " stucco 1.7%
Interior Absorption: 630 Sabins.

Predicted Nolie Attenuation =| 1]

Stage I Rehabilitation

Action: Either eliminate vents or acoustically baffle. Baffles must be constructed both in-
slde ond outside. Provide mechanical ventilation as needed.

NR=_21

Action: Stage I, plus replace windows with sealed double glazing and install acoustic seals
on doors.

NR=_30

Stage 111 Rehabilitation

Action: Stage I, plus acoustic seals on doors, Eliminate windows and fill space with block,
Cement 3" fiberboard and 5/8" gypsumboard to interior of exterior walls and ceiling.

Ng = 37

Comments:

H-38
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NOISE INSULATION ANALYSIS

Building: Buena Vista Elementary School Room; Classroom

Exterior Noisa; INEF 40 Average Peak Level 85

Measured Noise Reduction (LAX, DEN, BOS, only)

A ke g - R - }
.

Analysis of Existing Noise Insylation

Component Description % Total Transmission
Windows Single glazed, 140 fr2 98%

walls 8" block & stucco, 1" plaster 2%

Roof 4" concrete slab, plaster ceiling nll

Interior Abserption; 430 Sabins.

Predicted Noise Attenuation =| 22

Stage | Rehubilitation
Action: Replace windows with sealed double glazing. Provide mechanical ventilation as

needad,

NR=_ a4

Stage 1 Rehabilitation
Action: Eliminate windows ond fill space with block, stucco and plaster to match walls.

NR= a3

Stage 111 Rehabilitation
Actlon: . Stage I1, plus cement %" fiberboard and 5/8" gypsumboard to interior of exterlar
walls.

NR= 44

Comments:

H-39
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NOISE INSULATION ANALYSIS

Bullding: Robert E. Loe Junior High Schoal Room:  Top Stary Class
Exterior Noise; NEF - 40 Average Peak Level 86
Measured Noise Reduction {LAX, DEN, BOS, only) ———

Analysis of Existing Neise Insulation

Companent Description % Total Transmission
Windows Single glazed, 160 fi° 77%

Vents Single glazed, 67 ft°, shielded by hall 3%

Doors . 2 solld wood, no seals, shielded by hall 8%

AC Unit 3' x 3' opening 9%

walls 8" block & 4" stucco 2%

Roof 6" concrete slab ‘ 2%

Interior Absorption: 630 Sabins.

Predicted Noise Attenuation =| 21

Stage I Rehobilitation

Action: Replace windows with sealed double glazing. Provide mechanical ventllation as
needed.

NR= 26

Stage 11 Rehabilitation

Action: Stage [, plus weatherstrip doors and elIminate or acoustically baffle window AC
units,

NR=_3]

Stage 111 Rehobilitation

Action; Eliminate windews and fill space with block, Install acoustic seals on doors. Cement
! fiberboard, then 5/8" gypsumboard, to Interlor of exterior walls and ceiling.

NR= 42

Comments: NRin lower stories almost the same. Celling treatment not needed in [ower

storles,

H-40
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NOISE INSULATION ANALYSIS

Room: _ patient Room

Building: Jackson Memorial Hospltal

Exterior Noise: NEF 38 Average Peak Level 84

Measured Noise Reduction (LAX, DEN, BOS, only) ———

Analysls of Existing Noise Insulation

% Total Transmission

Component Description

Windows Single glazed, 20 fr2 999%
Walls 8" concrate plus brick 1%
Roof 6" concreto See Commant
Interior Absorption; 250 Sabins.

Predicted Noise Attenuation =| 27

Stage 1 Rehabilitation
Action: Replace windows with sealed double glazing.. Provide mechanical ventilation as
neaded,

NR= 38
Stage 11 Rehabilltation
Action: Eliminate windows and fill space with concrote and brick.
NR= 45
Stage 111 Rehabilitation
Action:
NR =
Comments:  On top Floor, Stage land Stage 11 NR =34, due to hransmission through roof .

Stage 11 must therefore include cementing %" soundboard and 5/8" gypsumbeard to ceiling in

top story .

H~41
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NOISE [INSULATION ANALYSIS

Building:  Pan American Hospital Room: _ patiept Reom
Exterior Noise: INEF 34 Average Peak level 78
Measured Noise Reduction (LAX, DEN, BOS, only) —

Analysls of Existing Nolse [nsulation

Component Description % Tatal Transmission
Windows Single glazed, 38 ft> 72%

AC Unit 2' x 3' opening 23%

Walls 8" block and stucco, 3" plaster 2%

Roof 4" concrete slab 2%

Interior Absorption: 200 Sabins,

Predicted Noise Attenuation =| 22

Stage ] Rehabilitation

Action: . Replace windows with sealed double glazing. Eliminate or acoustically baffle air
conditioner vent. Provide mechanical ventilation as needed,

NR=_32

Stage 11 Rehakilitation

Action: Eliminate windows and Fill space with block. Eliminate or baffle AC unis,
Cement " fiberboard followed by 5/8" gypsumboard to interior of exterior walls, Apply
same to celling on top floor, and reploce acoustic tiles,

NR= 3%
Stage 111 Rehabilitation
Action:

NR =
Comments:

H=42
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NOISE INSULATION ANALYSIS

Building: Winthrep Community Hospital Room; 319
- Exterior Noise: NEF ag Averoge Peak Level Be
Measured Noise Reduction (LAX, DEN, BOS, enly) 21.7

Analysis of Existing Noise Insulation

% Total Transmlission

Component Description

Windows Single glazed, 108 i , 999,
Walls ‘ 2" brick and plaster 1%
Roof - .. &" concreta, gypsumboard ceiling nil
Interior Absarption: 430 Sabins.

Predicted MNolse Attenuation =| 22

Stage [ Rehabilitation
Action: Replace windows with sealed double glazing. Provide mechanical ventilation s
needed.

NR= 233
Stage 11 Rehabilitation
Action: Eliminate windows and fill space with brick and plaster.

NR= 42
Stage 111 Rehabilitation
Actlon:

NR=
Comments: . P
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BOS

NOISE INSULATION ANALYSIS

Building: Winthrop Community Hospital Room: 271
Exterior Noise: INEF 38 Average Peak Level g8
Meosured Noise Reduction (LAX, DEN, BOS, only) 28.8

Analysis of Existing MNoise [nsulation

.| Component Description % Tolal Transmission
Windows ' Single glazed, 18 fi° 7%
Walls . 9 brick & ploster 3%

Roof & concrete, ocoustic tile ceiling nil
Interior Absorption: 250 Sabins.

Predicted Noise Attenuation =| 28

Stage | Rehabilitation

~|Action:  Replace windows with sealed double glazing. Provide mechanical ventilation as

neadad,

NR= 37
Stage 11 Rehabilitation
Action; Ellminate windows and fill space with brick and plaster.

NR= 42
Stage I11 Rehabilitation
Action:

_ NR =

Comments:
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BOS

NOISE INSULATION ANALYSIS

Building: Winthrep Junior High School Room; 206
Exterior Noisa: INEF 36 Average Peak Level 84
Measurad Noise Reductlon {LAX, DEN, BOS, only) 23.8

Analysis of Existing Nolse Insulation

Comgponant Description . % Total Transmission
Windaws Plastic glazing, 12.5 fr2 74%
Window Panels 2 layers plastic, 3" alnpace. 55 ff2 20%

Walls 4" brick, 4" block, 2" wood core 5%

Reof 6" concrate, gypiumbeard ceiling nil

Interior Absoption: 500 Sabins.

Predicted Noise Attenuation =| 28 l
Stage | Rehabilitation

Action: Replace windows with seaiad double glazing, Provide mechanical ventilation as
needed.

NR=_35

Stage 11 Rehabilitation
Action: Eliminate windows and window panels. Fill space with brick and block similar to
wall construction.

NR= 42
Stage 111 Rehabilitotion
Action:

NR =
Comments;
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NOISE INSULATION ANALYSIS

Bullding: _ Winthrop Junior High School Room: 229
Exterior Noise: NEF 36 Average Peak level 84
. Measured Noise Reduction (LAX, DEN, BOS, only) 20.0

Analysis of Existing Naise Insulation

Component Description % Total Transmission
Windows Plastic glazing, 31 fr2 73%
Window Panels 2 layers plastic, 3" airspace, 135 i 20%

Walls. 4" beiek, 4" block, 2% wood core . 6%
Ceiling &" concrete, gypsumboard cefling nil

Interior Absorption: 700 Sabins.

Predicted Noise Attenuation =] 25

Stage | Rehobilitation

Actlon: Replace windows with sealed double glazing, Provide mechanical ventilation as
nanded.

NR= 33

Stage 11 Rehabilitation

Action: Eliminate windows and window panels. Fill space with brick and block similar to
wall construction.

NR=_39
Stage II1 Rehabilitation
Action:

NR=
Cemments:

H~46
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NOISE INSULATION ANALYSIS

Building:  Julia Ward Howe School Room: _ First Floor

Extarior Noise: INEF 40 Average Peck Level 7]

Measured Noise Reduction (LAX, DEN, BOS, only) 21.6, 25.0

Analysis of Existing Nolse Insulation

Component Description % Total Transmisslon
Windows Single glazed, 160 fs 87%
Walls Waed siding, plaster interiors, frame conshruction 13%,
Intertor Absorption: 630 Sabins,

Predictad Noise Attenuation =| 22

Staga | Rehabilitation
Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed.

NR=__ 27

Stage 11 Rehabilitation
Action: Replace windows as in Stage 1. Install 3" gypsumboard on Interior of exterlor walls,
restliently mounted on new 2 x 4 framing with insulation In stud space,

NR=_ 33

Sterge 111 Rehabilitation
Action: Stage 1, plus eliminate windows and fill space with same as wall construction.

NR=__ 40

e ———————

Comments; calculotions for 5 window classroom. Some have six smalle o ns

not given, but appear to be sume total area from photographs.

H=47
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NOISE INSULATION ANALYSIS

Building: _ Julia Ward Howe Sehool Roem: e i Elane
Exterior Noise: NEF 40 Average Peak Lovel )
Measured Noise Reduction (LAX, DEN, BQOS, only) ——

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows © Same as first Floor 35%

WG”S won n " 594

Roof Wood & shingle roof, plaster ceiling, vented attic 59%
Intarior Absorption: 430 Sabins.

predicted Noise Attenuation =| 18

Stags | Rehabilltation
Action: nsylate attic and acoustically baffle vents, plus Stage I of first floor,

NR= 27
Stage 11 Rehabilitation
Action: Attic improvements as in Stage I, plus Stage 1l of fint floor.

NR= 33
Stage 111 Rehabilitation
Action: Attic improvements as in Stage I, plus Stage 111 of firts floor.

NR= 28

Comments:

H-48
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BOS

NOISE INSULATION ANALYSIS

Butlding: Garfleld Junior High School Room: Clossroom

Exterior Noise; NEF 40 Average Peak Level 90

Measured Nolse Reduction (LAX, DEN, BQS, only)

Analysis of Existing Noise Insulation

Predicted Noise Attenuation =| 22

Component Description % Total TFransmission
Windows Single glazed, 180 fr2 100%

Walls 12" x 14" prick, gyp & plaster on 2 x 4 studs nil

Roof 1" planks on 24" joists, gyp & plaster ceiling nil

Interior Absorption: 630 Sabins,

Stage 1 Rehabilitation
Acﬁdm:j: Replace windows with sealed double glazing. Provide mechanical vantilation as
needed,

NR= 34

Stage 11 Rehabilitation
Action: Eliminate windows and fill space with same as exterior wall. Add insulation
between roof and caifling.

o NR= 45
Sfuge 111 Rehabilitation
Action:
NR=
Comments:

H-i?
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NOISE INSULATION ANALYSIS

Building: Cherverus School Room: Classroom

Exterier Noise; INEF a7 Average Peck Level 87

Measured Noise Reduction (LAX, DEN, BOS, only) 18,4, 18.0

Analysis of Existing Noise Insularion

Component Description % Total Transmission
Windows Single glazed, 130 ftz 62%

Door Solid core wood, no seal 38%

Walls 18" brick with concrete columns nil

Roof &" concrete on 18" x 12" joists nil

Interior Absorption: 500 Sabins.,

Predicted Noise Attenuation =| 20

Stage I Rehabilitation

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed. Weathemstrip exterior door.

NR=_3

Stage Il Rehabilitation

Action; Eliminate windows and fill space with bricks. Replace door with aceustic door or
vestibule. Install gypsumboord or plaster ceiling on top floor, putting tnsulation batween
joisks.

NR= 45
Stage 111 Rehabilitation
Action:

NR=
Comments:

H-50
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BOS

MNOISE INSULATION ANALYSIS

Building: Chapmoan School Room: __ Classrooms
Exterior Noise: NEF 3g Average Peak Level 88
Mensured Noise Reduction (LAX, DEN, BOS, only) 9.0, 13.4

Analysis of Existing Noise Insulation

Predicted Moise Attenuation = 18

Component Description % Total Transmission
Windows Single_glazed, 240 ft° 100%

Walls 16" brick & 3/4" plaster nil

Roof Wood roof, plaster ceiling, vented attic __See Comment ..
Interior Absorption: 350 Sabins.

Stage 1 Rehabilitation

Actlon: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed. [nstall acoustic bafiles on attic vents and insulate attic.

NR= 29

Stage 1T Rehabilitation

Action: Eliminate windows and fil! space with bricks. Attic medification as in Stage 1.

NR = 41
Stage 111 Rehabilitation
Action:
NR =
Comments: NR = 14 in top floor due to roof. Becomes same as lower floors if atfic is

baffled and insulated. Measurements in top floor classrooms

H=51



BOS

NOISE INSULATION ANALYSIS

Building: Willioms School Room:  Top Floor
Exterior Noise: NEF 37 Average Peak Level %0
Measured Noise Reduction (LAX, DEN, BOS, only) 18.5, 19.0

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows Single glazed, 140 fr2 95%

Roaf Builtup resfing, plaster ceiling 5%

Walls 16" brick nil

Interior Absorption: 500 Sabins.

Predicted Noise Attenuation = 21

Stage | Rehabilitation
Action; Reploce windows with secled deuble glozing. Provide mechanical ventilation as
needed.

NR=_31

Stage 11 Rehabilitation
Action: Eliminate windows ond fill space with bricks.

NR= 34

Stage 111 Rehabllitation

Action;  Stage 11, plus cement &" fiberboard followed by 5/8" gypsumboard to ceiling on top
floor. Altemate ceiling modification is stud froming and insulation, then aypsumboard
mounted resiliently. NR= 41

Comments: For first and second floors, existi i e =

and Stage [IT MR = 44.
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BOS

NOQISE INSULATION ANALYSIS

Bullding:  Chelsea Memorial Hospltal Room: Patient Rooms 201 & 210

Exterior Noise: MNEF 37 Average Peak Level 87

Measured Noise Reduction (LAX, DEN, BOS, only) 24,1, 25,0

Analysls of Existing Noise Insulation

Compenent Description % Total Transmission

Windows Single glozed, 18 Fr2 1002

Walls 8" brick & 4" concrete block nil

Roof 4" concnate, acoustic tile ceiling nil

Interior Absorption: 200 Sabins.

Pradictad Nofse Attenuation =‘ 27

Stage I Rehabilitation
Action: Replace windaws with sealed double glazing. Provide mechonical ventilation as
needed,

NR= 37
Stage 11 Rehabilitation
Action: Eliminate windows and fill space with brick end block.

NR= 4]
IStuga 111 Rahabilitation
Action;

NR =
Comments:

H-53
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NOISE INSULATION ANALYSIS

Building: _ Edwards School Room: Classraom
Exterior Noise: NEF —— Average Peak Leval —_—
Measured Noise Reduction (LAX, DEN, BOS, only) ——

Analysis of Exlsting Nolse Jnsulation

Component Description % Total Transmission
Windows Single glazed, 160 ft 99% -

Walls 12% brick nit

Roof Builtup roofing, plaster celling 1%f{tep floor only}
Interior Absorption: 370 Sabins,

Pradicted Noise Attenuation = 20

Stage | Rehabilitation

Action; Replace windows with sealed double glazing. Provide mechanical ventilation as
needed. Install insulation between ceiling and roof.

NR=_ 32

Stage Il Rehabilitation

Action: Eliminate windows and fill space with bricks, Inwlate roof as in Stage 1.

NR= 40
Stage 111 Rehabilitation
Action:

NR =
Comments;

H=54
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NOISE INSULATION ANALYSIS

Building: Barnes Elementary Scheal Room: Third Floor Classroom
Exterlor Moise: MNEF 7 Average Peak level 8é
Meosured Noise Reduction (LAX, DEN, BOS, only) ——

Analysis of Existing Nolse insulation

Component Description % Total Transmission
Windows Single glazed, 70 ft 31%

| Skylights Cupola shape, single glozed, about 80 th 36%
Walls : 18" brick nil
Reof Builtup rocfing, plaster ceiling 33%
Intetior Absorption: 630 Sabins.

predicted Nolse Attenuation =(20.8

Stage 1 Rehabilitation

Action: Replace windows and skylights with sealed double glazing. 4" glass blacks may be
used to replace skylights, or eliminate and fill with roof construction. Provide mechaonical

ventilation os needed.
NR= 25

Stege 11 Rehabilitation
Action: Stage I plus cement 1" fibarboard follewed by 5/8" gypsumboard to celling on third
floor. Altemata celling modification is stud framing and insulation, then gypsumboard

mounted resiliently.
NR= 33

Stage 111 Rehabilitation

Action; Eliminate windows and fill space with bricks. Eliminate skylights and fill space
with roof construction. Stage Il celling medification on thind floor,

NR=_ 40

Comments;  For first und second floors, existing NR = 26, Stage [ & Stage I NR = 38, and
Stage 111 NR = 45,
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BOS

MOISE IINSULATION ANALYSIS

Building: Lawrence Memorial Hospital Room: Patient Rooms
Exterior Noisa: INEF - Average Pedk Level —
Measured Noise Reduction (LAX, DEN, BOS, only) ——

Analysis of Existing Noise lnsulation

Component Description %% Jota) Transmission
Windows Single glazed, 48 Fr2 1009

Walls 9" brick nil

Roof 6" concrete, plaster ceiling nil

Interior Absorption; 160 Sabins.

Predicted Noise Attenuation =| 21

Stage I Rehabilitation

ACtLOn: Replace windows with sealed double glazing. Provide mechanical ventiiation as
neaded,

NR= 33
Stage 1l Rehabifitation ]
Action; Eliminate windows and fill space with bricks,

NR= 43
Stage 111 Rehabilitarion
Action;

NR=
Comments:

H-56
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NOISE INSULATION ANALYSIS

Building: Clyde Miller School Room:  Classrooms
Exterior Noise: NEF 29 Average Peak level 77
Measured Noise Reduction {|AX, DEN, BOS, only) 16.9

Analysis of Existing Noeise Insulation

Component Description % Total Transmission
Windows Single glazed, 200 fr* 79%

Walls 8" concrete block 1%

Roef 1" Sheathing, plaster celling 19%

Interior Absorption: 400 Sabins,

Predicted Nolse Attenuation =| 18

Stage I Rehabilitation

Action: Replace windows with sealed double glazlng. Provide mechanical ventilation as
neaded.

NR=_ 24

Stage 11 Rehabilitation

Action: Stage |, plus add clay or conerete tiles to roof,

NR= 28

Stage 11| Rehabilitation
Action: Eliminate windows and fill with B" concrete block, Add tiles to roof as in Stage 1.

NR= 32

Comments:  Stage [1] plus adding 2 x 4 framing and plaster to walls and celling would give
NR = 39.
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NOISE INSULATION ANALYSIS

BU”ding: Purk ane_SchQQ[ .‘:}_ Room: _20‘ _6
Exterior MNoise: NEF 37 Average Peak Level ¢2
Measured Noise Reduction ({LAX, DEN, BOS, only) 24.3, 24.8

Analysis of Existing Noise Insulation

Component Description % Total Trapsmission
Windows Single glazed, 160 ft2 92%

Walls 8" block & 4" brick 1.5%

Roof Metal deck, brick exterior, plaster ceiling 3%

Unit Vents 3 th opening 35%

Interior Absorption: 800 Sabins.,

Predicted Moise Attenuation =| 23

Stage I Rehabilitation

Action: Replace windows with sealed double glazing. Provide machonical ventilation as
needed,

NR= 32

Stage 11 Rehabilitation

Action: Eliminate windows and fill space with brick/block. Eliminate or acoustically
baffle unit vent openings.

NR=_36

Stage !11 Rehabilitation

Action:

NR =

Comments: Measured NR dB higher than shown here because windows faced away from air-

croft. Values shown here are for equivalent rooms facing aircraft,

H~58




T T AT e 01 T pet i M Y ) 4
‘e

N R e

DEN

NOISE [INSULATION ANALYSIS

Building: Sable School Room; Faculty Dining Room
Exterior Noise: NEF 40 Average Peak level -7
Measured Nolse Reduction (LAX, DEN, 805, only) 15.5

Analysis of Existing Nolse Insulation

Component Descripton % Total Transmission
Windows Single glazed, 216 #° 929

Door Solid wood, weatherstripped 8%

Roof &" concrete, insulated nil

Wolls 44 brick & 8" block nil

Interior Absorption; 250 Sabins.

Predicted Noise Attenuvation =] 14.5

Stage 1 Rehabilitation
Action: Replace windows with sealed double glazing. Provide mechanical ventilation s
needed.

NR= 25

Stage 1l Rehabilitation
Action; Stage 1, plus install acoustic seals on door.

NR= 28

Stage 11l Rehabilitation
Action: Eliminate windows ond fill space with bricks andblock. Replace door with acoustic
double deor or entronee vestibule,

NR= 134

Comments:  Room has very little absorption = could improve existing and rehabilitate
attenuation by up to 5 dB by instalting carpets, acoustic tile, and hanging heavy drapes

over glass interior walls.
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NOISE INSULATION ANALYSIS

Building: Sable School Room: 4
Exterlor Noise: NEF 40 Average Peak Level o
Measured Noise Reduction (LAX, DEN, B80S, only) 28.7

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows Single glazed, 190 ft* 89%

Door Solid wood, weatherstripped 1%

Walls 8" block & 4" brick nil

Roof 6" concrete, insulated nil

Interior Absorption: 1,000 Sabins.

Predicted Noise Attenuation ={ 22,9

Stage | Rehabilitation

Action: Replace windows with sealed double glazing. Provide mechanieal ventilation as
needed,

NR= 30

Stage {l Rehabilitation

Action: Stage 1, plus install aceustic seals on door,

NR= 35

Stage 111 Rehabilitation

Action: Eliminate windows and fill space with bricks and block. Replace door with acoustic
double door or entiance vestibule.

NR= 42

Comments:

H-60




NOISE INSULATION ANALYSIS

Building: Montview Sehool

Exterior Noise: NEF 37 Average Peak Level

DEN

Room ; Clorsroom

88

Measured Noise Reduction (LAX, DEN, BOS, only}

Analysis of Existing Noise Insulation

Predicted Noise Attenuation =| 20.6

Component Description % Total Transmission
Windows Single glazed, 75 ft° 32%
Walls 40% block & Brick, 60% stucco/pluster 10%
Door Hollow cora wood, rubber seals 449
Roof Builtup roofing, plaster ceiling, insulated 9%
‘nit Vents 2 per room, & fr2 total epening 5%
Interior Absomption: 630 Sabins.

Stage I Rehabilitation

needed. Replace door with 1 3/4" solid core door, weatharstripped.

Action; Replace windows with sealed doubie glazing. Provide mechanical ventilation as

NR = 26

Stage 11 Rehabilitation

second layar of lathing ond plaster

Action; Stage I, plus add clay or concrete tiles te roof, eliminate or ocoustically baffle
unit vents, Install ccoustic seals on door, insulate stueca/plaster portian of walls and add

NR = 33

Stage II1 Rehebilitation

Action: Eliminate windows and fill to match wall. Insulate wall. Cement 1" fiberboard
and 5/B" gypsumboard to Interlor of plaster portion of wall. Replace door with salid core
wood door with acoustic seals, Modify roof and attic vents as in Stage I,

NR= 39

Comments;
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NOISE INSULATION ANALYSIS

Building:  North Juniar High School Room : 12
Exterior Noise; NEF 3 Average Peak Level 78
Measured Noise Reduction {LAX, DEN, BOS, only) 24.1

Analysis of ExIsting Noise Insulation

Component Description % Total Transmission
Windows Single glazed, 70 fr2 53%

Glass Blocks 160 ftz, in place of windew | _ 7%
walls__ 12¥ brick, tile Interior R

Unit Vents Opening 4 fr2 5%

Roof Steel Jolsts, gypsum dock, plaster ceiling 33%

Interior Absorption: 430 Sabins.

Predicted Noise Attenuation =| 23,9

Stage 1 Rehabilitation

Action: Replace windows with sealed double glazing. Provide mechanieal ventilation as
needed.

NR= 27

Stage 11 Rehabilitation
Action: Stage I, plus add clay or concrete tiles to roof.

NR= 31

Stage 111 Rehabilitation

Action: Eliminate glass blocks and windows, Ffill space with bricks. Eliminate or acoustlieall
baffle unit vant cpenings. Add clay or conerete tiles to roof.

NR=_40

e o et i

<

Comments:
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NOISE INSULATION ANALYSIS

Bullding: North Junier High Sehool Room: 13
Exterior Nolse: INEF 36 Average Peak Level 78
Meaosured Nolse Reduction {LAX, DEN, BQS, only) 25

Analysis of Existing Nolse Insulation

Component Description % Total Transmission
Windows Single glazad, 210 ft* - 80%
Walls 12" brick, tila Intarior nil

Unit Vents 4 ﬂz opaning 3%

Roof Steel joists, gypsum dock, plaster ceiling 17%

Interfor Absorption: 630 Sabins.

Predicted Nolse Attenuation =| 2}

Stage | Rehabilitation

Action: Replace windows with soaled double glazing. Provide mechanical ventilation as
needed.

1

NR= 27
Stage 11 Rehabilitation
Action: Stage I, plus add clay or conerate Hles to roof,

NR= 3]

Stage 111 Rehabilitation

Action: Eliminate windews and fill spuce with bricks, Eliminata or acoustically baffle unit
vent openings. Add clay or concrate tlas to roof,

NR=_40

PR/ S

Comments:
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MNOISE JINSULATION ANALYSIS

Building: Fitzsimons _Hospital Room: _ 4133, 4042

Extarior Nolse: INEF 35 Average Peak Level 80

Measured Noise Reduction (LAX, DEN, BOS, only) 25 .5, 2513

Analysis of Existlng Noise Insulation

Component Description % Total Transmisslon
Windows Single glazed, 15 ft* 100%

Walls 12" masonry nil

Reof Concrete slab nil

Interior Absorption: 160 Sabins.

Predicted Noise Attenuation =| 24,5

Stage i Rehabllitation

Action: Replace windew with sealed double glazing. Provide mechanical ventilatiorn as
needed.

NR= 38
Stage 11 Rehabilitation
Action:  ElimInate window and fill spoce with masonry to mateh well,

NR= 42
Stage 111 Rehab!iitation
Action:

NR =
Comments:

H=64
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NOISE INSULATION ANALYSIS

Building: Boston Elementary School Roem: 1

Exterior Noises INEF Average Peak Level 85

Measured Noise Reduction {LAX, DEN, BOS, only) 25.8

Analysis of Existing Noise lnsylation

Component Description 9 Total Transmission
Windows Single glazed, 200 th 92%

Walls 12" brick & 3" plaster nil

Roof Brick exterior, plaster ceiling 3%
Skylights 4' % 4' glass block, 4 in each room 2%

Unit Vents 4.5 ft° opening 4%
Interior Absorption; 800 Sabins.

Predicted Nolse Attenuation =| 21.5

Stage I Rehabilitation

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed.

NR=_ 30

Stage 11 Rehabilitation

Action: Eliminate windows and fill space with brick. Eliminate skylights. Eliminate unit
vents or acoustically baffle openings.

NR= 37
Stage 111 Rehabilitation
Action:

NR=
Comments: Identical to Paris Schooi.

H-65

e o e e 4 b —tn. e

e e bt s S S A



DEN

NOISE INSULATION AMNALYSIS

Building: Poris Elementary School Room: i
Exterior Noise: INEF 30 Average Peck Level 65
Measured Noise Reduction (LAX, DEN, BOS, only) 19.9

Analysis of Existing Noise Insulation

Compenent Description % Total Transmission
Windows Single glazed, 200 th 2%

Walls 12" brick & 4" plaster nil

Roof Brick exterior, plaster ceiling 3%
Skylights 4" % 4' glass black, 4 in each room 2%

Unit Vents 4.5 Ffz opening 45

Interior Absorption: 800 Sabins,

Predicted Noise Attenuotion =|21.5

Stage 1 Rehabilitation

Action: Replace windows with sealed double glazing, Provide mechanical ventilation as
needed.

NR= 30

Stage I Rehabilitation

Action:  Eliminate windows and fill space with brick, Eliminate skylights. Eliminate unit
vents ar acoustically baffle openings.

NR=_37

Stege 111 Rehabilitation

Action:

NR=

Comments: Identical to Boston School.

H=-66




DEN

o NOISE INSULATION ANALYSIS

Building: Denver General Hospital Room: 13' x 15' Patient Room
Exterlor Noise: NEF ——— Averoge Peak Level —
. Measured Noise Reduction (LAX, DEN, BOS, anly} ~——
. Analysis of Existing Noise Insulation
Component Description % Total Transmission
’ Windaws Single glazed, 65 ft2 100%
Walls 5" concrete, 2" foom insulation, 4* gypsumboard nil
' Roof 3" conerate slab plus insulation nil
Interior Absorption: 150 Sabins.
Predicted Noise Attenuation =[ 20

|
)
i . Stage | Rehabilitation
i Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
‘i needed.
NR= 32

Stage Il Rehabilitation
Action: Eliminate windows and fill with wall construction.

NR= 38

Stage 1t Rehabilitation

Action:

NR =

Comments: Attenuation and rehabilitation virtually the same for 26' x 21" patient rcoms.
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NOISE INSULATION ANALYSIS

Building:  Elyria Room: Classroom
Exterlor Noise: NEF —— Average Peak level -
Measured Noise Reduction (LAX, DEN, BOS, only) —

Analysis of Existing Noise Insulation

Component Description % Total Transmission
Windows Sinpgle glazed, 130 fr2 42%
Walls 13" masonry and brick 1%
foof Weod & composition shingles, uninsulated vented 54%
attle,
Unit Vant 3 ftz opening 2%
Interior Abserption: 500 Sablﬁs.

Predicted Nolse Attenvation = 18

Stage 1 Rehabilitation

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed. Install acoustic baffles in attic vents.

NR=_30

Stage 11 Rehabilitation

Action: Eliminate windows and fill space with masonry and brick to match wall. Install
acoustic hoffles in attic vents. Eliminate or acoustically baffle unlt vents.

NR: 36
Stage 111 Rehabilitation
Action:

NR=
Comments:

H=68
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TABLE [-], CATEGORY A & B NOISE REDUCTION IMPROVEMENTS ~ LAX

Category A Category B
Existing
Building NR NR | ANR| Stage | NR | A NR | Stage
Schools

Imperial School Room 6 32 Exists | 42 10 H
Room 2 & 11 26 37 11 | 42 16 111
Lennox H.5. 21 33 12 I 38 17 11
Felton Avenuo 19 30 1 1 35 16 m
Clyde Woodworth i8 27 9 ] 37 19 |
Momingside H.5. Reom J2 18 27 4 [ 40 22 I
Room V2 20 29 ? I 40 20 11
Westchester 19 36 17 I 4] 22 1l
Figuaroa St 22 34 12 I 39 20 1
Lawndale H.S. 23 34 11 I 4] 22 1

Average 10.6 17.8

Standard Deviation 3. 4.0

_ HosEifals

Continellg 26 37 1 | 4 15 I
Imperial 24 34 10 I 42 8 1

Average 10.5 16.5

Standard Deviation 0.7 2.]




‘ TABLE [-2. CATEGORY A & B  NOISE REDUCTION IMPROVEMENTS ~ PHX

Category A Category B
N Existing :
Building NR NR_| ANR| Stage | NR | A NR | Stage
‘ Schools
Grant Elementary 22 35 [ 13|11 |4 |2 |[m
Adeline Gray 22 3 9 1 4] 19 ]
Lincoln Elementary 20 32 12 I 39 19 |1
, Skiff Elementary 21 29 8 I 40 19 1
Wilson Hawkins Elementary 21 19 8 I 40 19 i
Dunbar Elementary 22 34 12 [ 40 | 18 11
Silvestre Herrara Elementary 19 33 14 I 40 2 I
Ann Ot {Stevenson) 20 3 1 i} 41 21 I
Avernge 10.9 19.5
'{Standard Deviation 2.3 1.1
Hospitals
Arizona Children's 1 (3 J2 |1 |a a2 |u
Arlzona State 18 |28 (10 | I 2 |24 |V
Average 11.0 23.0
| Standard Deviation 1.4 1.4
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TABLE 1-3, CATEGORY A & B NOISE REDUCTION IMPROVEMENTS - MIA

Category A Category B
Existing
Building NR NR | ANR| Stage | NR | ANR | Stage
Schools

Dunbar Elementary 29 - - Exists | 40 n I
Citrus Grove Elementary w29 | M1 (4 | 2 |
Weatly Elementary 22 33 11 I 43 21 11
Booker T. Washington A | & | 10| 4 | x3 |m
Aubumdale Elementary mls [1w|n |3 |2 |n
Kensington Elementary 11 0 | 19 1 39 28 I
Buena Vista Elementary 2 | 3 | 11 ! 4 | 2 il
Robert E. Lee J.H.S. 2|3 | 1w | un |4 |2 |
Average 13.0 21.5
Standard Deviation 4.1 4.8

Hospitals _
Jackson Memorial 27 38 n I 45 18 1l
Pan Arpericun 22 32 10 l 39 17 Il
Average 10.5 17.5
Standard Deviation 0.7 0.7
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TABLE 14, CATEGORY A & B NOISE REDUCTION IMPROVEMENTS ~ BOS

Category A Category B
Existing
Building NR NR [ ANR| Stage | NR [ & NR | Stage
Schools
Winthrop J.H.S. Reoom 206 28 3% 8 I 42 14 11
Reom 220 25 33 8 I 39 14 I
Julia Ward Howe School 1st Floor 22 33 N 1 40 18 B4}
2nd Floor 18 33 15 11 a8 20 1l
Garfleld J.H.5. 22 34 12 ] 45 23 1
Chervernss School 20 N 11 I 45 25 I
Chapman Schoal ‘ 18 29 H 1 4] 23 1l
Willlams School ‘ 21 K] 10 ] 41 20 111
Edward Scheol 20 32 12 ] 40 20 1l
Barnes Elementary Schoel 21 a 12 I 40 19 11l
Averge 10.00 19.60
Standard Deviation 2.3 3.6
Hoseifals _
Winthrop Community Room 319 22 | 33 " I 42 | 20 n
Room 27) 28 37 9 1 42 18 11
lawrence Memorial Hospital 21 a3 12 I 43 22 |
Chelsea Memorial 27 37 10 1 4 141
Average 10.50 8.5
Standard Deviation 1.3 3.4
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TABLE 1-5, CATEGORY A & B NOISE REDUCTION IMPROVEMENTS - ATL

Category A Category B
Existing
Building NR NR_[ ONR] Stage | NR | & NR | Stage|
| Schools

Newton Estu_tes School 21 32 N 1 37 16 1l
Longino School 2 | 32 | w0 |1 40 [ 18 |n
Lake Shore H.S. 22 | 34 | 2 |1 4 |19 |1
Eastem School 21 31 10 I 41 20 1]
College Park H.S. - 21 33 | 12l1 |«2|a |n
Woadward Acadamy 29 [ 39 [ w0 {1 {4 |14 [0
William Fountaln 24 | 3 | 2 |1 a9 [n
Crawford Long School 22 33 n ! 42 20 it
Samuel Young 21 a3 12 I 42 21 i
St. John School 23 {35 | 12 |1 43 | 20 |11
Avanage 1.2 18.8
Standard Deviation 0.9 2.2

NO HOSPITALS
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TABLE 1-6, CATEGORY A & B NOISE REDUCTION IMPROVEMENTS - DEN

Category A Category B
Existing
Building NR NR | ANRI Stage | NR | ANR | Stage
Schools
Clyde Miller 18 28 10 1 39 21 Iv
Park Lane 23 32 9 1 36 13 11
Sable School (Faculty Dining Rm) 16 28 12 1 36 20 I
Room 4 23 35 12 11 42 19 m
Montview School 21 33 12 Il 39 18 4]
North J.H.S. '
Room #12 24 3] 7 | 0 40 16 {1
foom 13 21 31 10 it 40 19 |
Boston Elementary School 21 30 4 I 37 16 I
Parfs Elementary Scheol 21 30 9 1 37 16 1
Elyria 18 30 12 1 34 18 11
Avemge 10.20 17.6
|Standard Devlation 1.8 2.4
Hospitals .
Fitzsimons Hospital 26 38 12 { 42 i2 1
Denver Generl 20 32 12 [ 38 18 11
Avemge 12 15.0
Standard Deviation 0 4.2




L N b Tl & A T e 0 S e 07 M e\ b e s ke e mpe b o= e+

L4

ey L AR

e e e T T e

——— i

APPENDIX J
A-WEIGHTED CUMULATIVE NOISE METRICS

This study considered aircraft noise in terms of maximum A-weighted noise levels,
Another gpproach to representing noise is in terms of A~weighted cumulative noise metrics,
The two most commonly used cumulative metrics are;

L= 10104 (J=1)

1
eq T
- T ‘
where L Is the instantaneous A-weighted noise level, and T is the time period of interest,
and .

2200 0700
L= =) 10710 4 4 ot + 10710 4 (J-2)

dn  24hr
0700 2200
where the first integral represents doytime and the second represents nighttime,

The noise recuctions developed in this study apply to any A-weighted aircraft.
noise level, not just the maximum. (To compute Loq of Ly, NRwould be subtracted
from L in Equation (J=1) or (J=2). Because NR is constant for a given building, it may
be factered out of the integrals.) NR for Ly, and Ly, is thus exactly the same as for
maximum levels. The building nofse reduction and unit cost data developed in this study

" are equally valld for application to impact expressed as Leq orly .

J-1




APPENDIX K

STATE AND REGIONAL CONSTRUCTION
COST ADJUSTMENT FACTORS




TABLE K-}

STATE AND REGIONAL BUILDING CONSTRUCTION COST
ADJUSTMENT FACTORS

FAA Region States General Labor Material
. New England (ANE) Maine .87 77 97
Vermont .96 .98 .94
New Hompshire W21 .82 .00
Massachusetts 1.0l .95 1.07
Rhade tsland 1.08 .90 1.25
Connectlcut .78 .95 1.00
Reglonal Factors .97 .90 1.04
2. Eastern (AEA) New York }.03 1.07 99
a New Jersay 97 .98 .96
Pennsylvania .99 99 99
Maryland .97 .93 1.0
Delaware .01 [.00 1.04
Virginia 87 Tl 1.02
West Viminia }.00 .94 [.05
Reglonal Factors .98 95 1,00
3. Southern (ASQ) North Carolinag .73 A8 .98
South Carolina .72 .5l .92
Georgla .84 72 96
Flerida .96 .98 .93
Algbama 79 .63 94
Missiastppi .84 A 97
Toennaessee .85 77 .B4
Kentucky .94 .88 l.0]

Reglonal Factors .83 71 .94
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FAA Region
4. Great Lakes (AGL)

5. Southwest {ASW)

" 6. Central (ACEj

7. Roeky Mountain (ARM)

States

Ohie
Indiana
I1nois
Michigan
Wisconsin
Minnesata

Arkansas
Louisiana
Olklahoma
Texas

New Mexico
Reglenal Factors

Nebrasko
Kansas

Missouri

lowa

Reglonal Factors

Colorade

Utah

Wyoming
Montana

North Dakota
South Dakota
Regional Factors

TABLE K-} {Cont'd.)

General

.99
.96
.99
1.0l
.57
.99

.83

.88




TABLE K-} (Cont'd,)
FM-‘ﬁnlglon States Genoral Lebor Materlal
8. Westem (AWE) Arizona .98 .95 .01
: Nevada 1.08 .13 1.03
Californla 1. 10 .16 1.04
P e
. 9. Northwest (ANW) - Idaho .95 .87 103
i- C Oregen 1.03 : 1.02 1.03
| Washington .99 .98 1.0
Reglonal Facters . 99 96 1.02
10, Pacific - Adla (AFC) . Howali 11 | .65 .36
1. Alcka (AAL) - Algska .27 119 1.35

z ‘
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. TABLE K-2

?
51X REGIONAL UILDING CONSTRUCTION 172
(COST ADJUSTMENT FACTORS :
Comaction Factors
Ganeal Labor Material
Region A 1. 10 117 1.03
Region B 1.00 .92 1.07
Regien C .84 74 .94
Region D 57 .94 1.00
Region E .85 .75 .95
Reglon F .94 .08 99
Alaska 1.27 19 1.35
Mawait % T I T 1.36
Puerto Rico .87 .37 1.36
¥
H
!
d
E

! 1977 Dedge Manval for Bullding ba}isrfuciian '7P'rr.='ihg’und Schoduling,
McGraw- nformatien Jystems Company, -
1977 Deodge Construction Syntoma Com, McGraw-HIll Informurlon Sy:tem:

Company, New York, 1975,

et

K-4
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APPENDIX L

REGIONAL DELTA NOISE REDUCTION




REGIONAL A NR BY CATEGORY

TABLE

L-!

Construction Category A Category B
Regton
achool Hospital achool Hospital
A 11 1 18 17
B ] N 20 23
" c 13 n 22 18
B > 10 N 20 10
E 11 - 19 -
F 10 12 18 15
National Average 11 11 20 18
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APPENDIX M
COSTINGS OF SAMPLE BUILDINGS (l'977 PRICE)
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TABLE M-I

COSTINGS OF SAMPLE BUILDINGS (1977 PRICE)
CONSTRUCTION REGION A

Schools
oom Costs Room Room
Name No, Cat. A Cat. B 5.F. Name
Imperlal Schoel 14 § 4,720 § 4,924(2) 12600 Centinela Hospital
43,920(3)
S Impetial Hospital
Lennox High Schoa! 36 164,285 206,235 31248
Sample Hospitals
Felton Avenue School 20 108,836 109,831 18000
Clyde Woodwarth Sch, 32 182,080 170,350 30464
Memingslde School 72 346,075 393,736 48544
Waestchestor High Sch. 58 239,027 277,280 43500
Samplo School Bldgs. 232  $1,045,02381, 206,276 204356
Cost Per 5q. Ft, $ 5.1 $ 5,90 Cost Per 5q. Ft.
Cost PerSchool Reom Cost Per Hospital Room
for Region A 4,504 § 5,199 for Reglon A
OQutslde NEF 30
- Figueroa Street School 115,815 -
Lawndale High School $ 352,329 -

Hospitals

No.,

Room
S.F.

58500
17664

74164



TABLE M-2

COSTINGS OF SAMPLE BUILDINGS (1977 PRICE)
CONSTRUCTION REGION B

for Reglon B

for Rogion B

S Schools Hospltals
Neme om Costs Room Name Room Reom
. No., Cat. A, Cat. B, S.F. No. Cat. A, Cat. B, S.F
- Grant Elem, School = 22 §25,291  $31,605 17050 Children Hespital 70 $25,855 $55,468 13356
Adelino Gray School 7 30,762 57,662 5376 Arizona Stete Hospital _7_2_ 125 55,593 9350
Z . ‘Lincoln Elom, Scheol 12 46,689 46,882 10656 Samplo Hospitals 142§ 25,980 $111, 061 22716
= Skiff Elem. Scheol -~ 35 47,512 55,965 30844
- Wilson Hewkins Elo. . 21 28,53 36,199 18506
- Dunbar Elem. ‘School . 17 71,139 84,543 {3328 -
ierrera Silverstro El, 8 17,544 . 14,300 6810
Amn OftSchool © . 21 89,562 89,667  Isi20
Sample School Bldgs, 143 $357,030 5$416,843 117690 ‘
Cost Per 9. Ft. $3.03  $3.54  CostberS. Fr. $ L4 §4.89
Cost Per School Room § 2,497 § 2,915 Cost Por Hospltal Room $  ig3 §_ 782



TABLE pA-3

COSTINGS OF SAMPLE BUILDINGS (1977 PRICF)

CONSTRUCTION REGION C

‘ -Schools o - ‘ ‘ f-hseifals
Name Room Costs Room Nama Roou Costs Room
. Na, Cat. AT~ Cot. B: S.F. Na. Cat A, Cat. B. S.F.
Dunbar Elementary Se, 34 = -- $23,859 23320 Jackson Memorial HMos. 735 $2,172,927 $2,118,842 194040

Citrus Grove Ele. Se.. 53 194,931 183,317 . 44448 Pon Amerlcon Hospital 88 202,900 249,107 4894

—y————

Whoatley Elomentary 34 175,756 229,880 28560 Sample Hospitals 823 $2,375,827 $2,367,949 210936

ew

. Bookar T, Washington - 54 - 289,699 440,367 40750
Auburndale Ele, Sc. 60 305,593 468,540 50400
Kersington Elo, Se,. 43 22,950 21 ,221 3354D
Busna Vista Ele. Sc. 22 23,881 75,498 16500

Rcbert_.(.ao Junlor H,5, 30 111,616 104,015 23400

Sample School Bldgs. 330 §1,124,406 $,556,697 29111
Cost Por Sq. F. $3.86  $5.35 Cost Per Sq. Ft. S10,26  $ 11,23

Cost Per Scheol Reom § 3,475 4717 Cost Per Hospltal Room §__ 2,887 $__ 2,877

for Region € for Reglon C




COSTINGS OF SAMPLE BUILDINGS (1977 PRICE)

TABLE m-4

CONSTRUCTION REGION D

Schools
Name . Room Costs. . Room
No. Cat. A Cat. B, s5.E.
Winthrop Junfor- H.5. 45 $23,671  $19,312 - 33238
‘JiltaWard Hewe Se. 10 54,005 44,563 8400
‘Garflold Junfor .5, 27 121,889 135,833 'i9 64
4 Chaverus School 18 125,430 142,615 12258
~ Chapian School I8 95109 103,828 15480
" Witltams Sekool 75 342,648 367,447 67155
Bomes Elomentary Sc. 52 213,631 338,814 47121
Sample School Bldg. ~ 245" 975,383 $1,152,4i2 203914
Coit Per Sq. Ft. 3479 T§5.65 '
Co:r Per School Room | $ 3,985 8 4,703
for Reglon €
* Ouhtde NEF 30
“Edward School $ 77,481 § 83;024

Hospltals

Name Room
No.

Winthrop Community H. 34§73, 296 $171,953

Che Isea Memorial Hos, 28

Sample Hospitals

Cost Per Sq. By
Cost Per Hospital Room

- for Rogien D

" *Lawrence Momorial Hospltal

13.30  §13.18
$ 2,951 % 2,925

$ 37,573 § 384,08

Costs Room
Caf. A, Cat. 8. 5.F.
12960

48,705 © 67,94) 524)

82  $242,001 $239,894 1820



TABLE M-5
COSTINGS OF SAMPLE BUILDINGS (1977 PRICE)
CONSTRUCTION REGION E

_ Schools .- Hospitals
Name - - - Costs .. Namo Costs

Reom Room .
No. Cat. A, Cat. B, S.F. Cat. A. Cat. B.
500 : '

Nowton Estatcs Se.  ~ & - § T80 475,148
 Longtno School 13 52,881 . 91,509 10764

No Sample

Lake Shore Migh Se. 45 = 173,756 161,873 29700
Eastern Scheol 8 33,828 57,381 6624
College Park H.S. 25 141,567 71,911 14500
Woodward Acadomy 26 77,426 75,874 19136
Feuntain Scheol 16 55,814 58,360 12480
Crawford long Se. 42~ 209,484 222,015 42336
Somuol R. Young Se. 22 69,244 66,572 17409
St. John School 10 42,693 45,239 8640

Sumple Scheel Bldgs 213 $885,843  $876,860 168989

Cost Por 5. Ft. 5.24 $5.19
Cost Per School Room $ 4,159 § 4,117
for Reglon E
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TABLE M-6
COSTINGS OF SAMPLE BUILDINGS (1977 PRICE)
CONSTRUCTION REGION F

Schools Hospitals
Neme ffoom Costs Room: Name Room Costs Room
Ne. Cat. A.” Cat. B, 5.F. . No. Cat. A, Cat. B, S.F.

Clyde Miller g,5. 5  $18,770  $30,706 3000 "‘Fifzsimons Army Hosp. sl  $965,000 § 987,374 75182

Parkland School 23 75,465 76,152 19454 - j
Seblo School 26 143,110 117,04 11407 -
z O
& Moniview School 23 88,950 83,711  |gal6 . .
',North dunlor  H,S. 25 116,043 117,505 18000
- Bosten Elem. 12 69,720 76,736 nr2g .
" Parts Scheol g 42,833 46,548 g2 -
Sample School Bldgs. 122 $554,892 §$548,392 89818
Cost Per 5. Ft. $6.18 §4,11 Cost Per Sq. Ft. §_12.84 $13.13
Cost Per Scheol Room S5 4,548 § 4,495 Cost Par Hospital Room S 1,580 5 1,616
for Regton F for Reglen F
Quistde INEF 30
Elyrta School $ 14,278 § 15,267 Denver Genoral Hospital $ 77,041 § 65,9467

s
e
%ﬂﬁﬁ"h
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C .. APPENDIX N
... SUMMARY OF FROGRAM COST BY STATE
" AND CONSTRUCTION REGION
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Construction
Region State
‘ A California
' . (Pacific Coast) Hawaii
Total
z
- ({inland West) Arizona
: Navada
Tetal
C
{Gulf Coast) Florida
Loulsiana
Puerto Rico
Total
D

(East Central)
Delaware
IHinais

*Include [2 Public Health Facilities

S T T P
SR AL e e s e

TABLE N-I

SUMMARY OF PROGRAM COST 8Y STATE AND CONSTRUCTION REGION

Conneeticut

_Schools Hospitals
No. of No.of No. of Neo. of No, of
Alrports Schools  Students Cost Hosp. Patlents Cost
A B A B
38 123 82952 $2819770 (46) $13296750 (77) 1| 3483 $953020 (1) $6 137960 (10)
15 20 14427 - 3020850 (20) O 0 0 0
53 143 97379 $28 19770 (46) $16317600 (37) I} 3483 $953020 (1) $6137940 () 0)
13 20 117128 119840 (2 ) $ 1233055(18) 3 872 § 72650(I) $ - 98550( 2)
5 _6 5909 187250 (1) 466400 ( 5) 1 900 0 422340( 1)
(8 26 17621 $ 307090 (3) § 1699455 (23) 4 I772 § 72650(1) § 520890 ( 3)
ag 85 63602 $2235180 (24) § 8287800 (61) {0 4007 § 89490 (l) $6835590 (%)
[ 8 4751 160140 ( 2) 665120 (6) 0 0 0 0
2 _4 665 - 320770 {4) O, 0 0 0
52 97 70018 $2395320 (26) $ 92736%0(71) 10 4007 § 89490 (1) $68355%0 (9)
5 5 1916 ¢ 0 $ 362210(5) 0O 0§ 0 $ 0
0 0 0 0 0 0 o] 0 o
20 65 41781 1984350 {24) 4567330 (41) 2 548 0 962500 (2)



TABLE Nel (Cont'd.)

Hospttals
No. of No. of
Hosp. Patients Cost
A B
0 0% 0 $ 0
0 0 0 0
i 180 0 SJOI 10 (1)
& 1538 132810 (1) 2568620 (5)
0 0 0 0
5 999 0 1752400 (5)
20 4438 2558710 (5) 8713960 (15)
! 184 0 770
] 185 0 azzio
0 0 0
0 o 0
_O_ 0 0

‘ Schools
Construction No. of No, of No. of
Region State Airports  Schools  Students Cost
A B
D

(East Central) Indiana 20 13 6554 5 494140( 8) $§ 639710 ( 5)

{Cont'd.) Maine - 8 4 1074 - 206974 ( 4)
Maryland 3 g’ 4692 [35500( 1) 719670 ( 7)
Massachusetts 8 41 20617 924580( 1)) 3015090 (30)
New Hampshire 3 6 2636 - 453920 ( &)
New Jersey 8 51 27847 569890 (10) 3810020 (41)
New York 26 180 182373 12002824 (94) 16860042 (86)
Ohio - 20 25 14912 669520 ( 7) 1914440 (18)
Pennsylvania 19 24 12149 87306 ( 4) 2173154 (20)
Rhode Island | ] -0 0 0
Vermorit [ ! 464 89360 ( 1)
Virginia 15 14 4694 354690 ( 1) 893720 (I13)
West Virginia 9 4 264 0 239800 ( 4)

Total 167 441 3250 |3 $17322800 (160)$35985560 (281) 36
E . .
{Greal Lakas Alabama 15 19 9783 % - $1642640 (19)
and’ Seuth) Arkansas 12 6 3636 e 601080 { &)
T Georgia 26 27 17059 989830 (12) 1465890 { 15)

Kentucky 7 18 12416 - 2037840 ( 18)
Michigan 26 30 18526 652950 (12) 1766 170 { 18)
Mississippi - 17 I 6252 . ——- 1029250 (1))
North Carolina 18" & 2712 - 448750 ( &)
South Caroling 16 8 . - 4788 - 790460 { 8)

*Inelude 12 Publie Health Facllitias

OO0 —as = OO

10075 $2691520 () $ 1496301 0(30)

-0 0 0.
0 0 .0
626 0 1144920 (1)
155 ] 224090 (1)
626 0 1144920 (1)
0 0 0
0 0 0
o 0
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Construction

Region

E
(Great Lakes
and South)

“(Contd.)

F
{Central)

*Include 12 Public Health Facllities

TABLE N-l {Cont’d.)
Schools Hospitals
_ MNo. of No, of No. of Na, of No. of
State Alrports  Schools  Students Cost Hosp. Patients Cost
A T B A B
Tennessee 14 20 12796 § 207950( 2) $ 1889630 (18) 2 (252 $ 0 § 1829290 (2)
Wisconsin 19 12 7198 - 1 1854670 {12) 1 626 0 1144920 (1)
Total 170 {57 95166 $1850730 (26) 412857380 (131) & 3285 0 $5488140 (6)
Alaska 24 0 0% 0 $ 0 0 0$ 0 § 0
Colorado 12 63 35850 §2492230 (28) 3802710 (35) |4 5496 | 123610(6) 3451780(B)
Idaho 7 0 0 0 .0 0 0 0 o
- Jowa 12 6 2500 0 449510 (6) 0 0 0 o]
Kansas 14 5 2320 0 418040 (5) o 0 0 0
Minnesota 1 19 9384 350220 (4) 1361990 (15) - | 492 0 728820 (1)
“Mtssaurl” 15 S 5914 563990 (8) 525920 (5) © 0 0 0.
Montana I 7 3407 113710 (2) 413540 (5) 0 0 0 0
Nebraska 9 6 2896 0 516930 (6) © 0 0 0
New Mexico 13 5 2922 0 561880 (5) 3 584 ] 565600 (3)
" North Dokota 6 5 1876 0 337130(5) 0 0 0 0
- Oklahoma 16 16 7311 0 1312550 (16} 0 0 0 .0
Oregon 8 3 1392 0 2517203) o 0 0 0
South Dakota 7 4 1983 254690 () lo7ggo () o 0 0 0
Texas 53 7 11830 363840 (4) 1424920 (13) 2 210 - 0 1103730 (2)
Utah 3 | 724 0 112380 (1} 0 0 8 , 0
Washington 15 20 9544 0 1258600 (20) 2 502 486420 (2)
Wyoming __lg _5_ 2320 0 418040 (5) _9 0 0 0
Total 248 - 193 102173 $4138680 (47)$13273740 (146) 22 884 $11236 10 { 6)$6336350 (16)
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TABLE N-] (Cont'd.)

Schools

Hospitals*
Construetion No.of  No.of MNo. of No. of No, of
Reglon Alrports - Schools.  Students Cost Hosp.  Patients Cost ‘
. . A B A
All Reglon = 708 1057 707370 $ZEBIAIT0 (308) IBYAV/AZ5 (749) 89 30806  $4930290 ( 15) $40281940 (74)
Total
25% Mark-up#*#* 7208500 223518460 1232570 100704%0
$360429%0 3111759285 36 162860 $50352430
Total Costs -{(A-+B) $147,802,275 $56,515,290
{$147,800,000 ) ( $56,500,000)
Grand Total- Cost (Schools and Hospltals) == $204,300,000

* Ineludo 12 Public Mealth Factlitlas
** lncludo Overheed ~ 10 %, Profit - [0 %, and Contingency = 5 %,



APPENDIX O

MEETINGS

In the course of meetings, the following people offared opinions and views.

o Mr. Beavers, Facilities Director of College Park High School,
Atlanta, Georgig;

o Mr. Phillips, Director of School Plant Planning, Miami, Florida;

° Mr. Richard Via, Facilitias Department, Roancke School System,

Roancke, Virginio;

o Mr. Murphy, Buffalo School System, Buffalo, New Yorl;

o Mr. Heaslip, Consfrucﬂon Manugemanf Assoclates, New Orleans,
Louisiana;
.o Mr, Richard E. Moonsy, Director of Aviation, Massachusetts Port

Authority, Doston, Massachusetts;

o Pator Metz, Massachusetts Executive Office of Transportation and

Construction, Boston, Mussachusem, :
o Jim Prendergost, Mayor's Office, City of Revera, Mussuchusam

o David Charak, Mayor's Office, City of Chalses, Massachusetts;

o Thomas Reilly, Selectman, Winthrop, Massachusetts;
o_-. Burt Lockwood, Assistont Alrport Monager, Los Angeles International
Alrport, Los Angeles, California;
o Dr. John W. Meyer, Superintendent of Schools, El Segunda Unified
: Schoo! Distriet, California;
o Mrs, V., Bergen,.Principal of Imperiul Elementary School, Los Angelas
‘ Coalifornia,
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APPENDIX P

STATISTICAL ANALYSIS

This section describes the statistical approaches used to analyze the

collacted data.

A variety of mathematlcal analyses were performed including:

1. Averaging
2. Analysis of Vartance

Averaging

Simple averages were not always used. Meny average calculations ware
performod on the basis of frequency. For example, 1n determining the average
window size and number, and the average room size and number, the frequency
average was vsed in order to develop more representative averages.

The followi ng shows an example of the differance batween the frequency
average and the simple average. Since the actusl numbers of windows directly
relate to cost, the simple average would lead to erroneous cost estimates.

FREGY UENCY AVERAGE

Butlding A

500 Rooms x 3 Windows per Room
% 10 square feet = 15, 000
Bullding B

100 Rooms x 3 windows x 40 ft€ =
12,000

15,000 + 12,000
windows

Average = 15 fr2

X

SIMPLE AVERAGE

Building A

10 xquare feet

Building B

40 smuare feet

10 + 40
——

Average = 25 th



Analyses of Variance

Analyses of voriance were performed to ascertain the significance of
differences in means and totals. For example, an analysis of vartance wos
perfarmed on the reglonal cost correction factors in arder to determine whether
or not the cost correction factors were in faet different.  The rogional factors
ware bused on averoge data developed for citles. Averaging data in this manne:
sometimes produces meaningless overages. If the averages are not sufficlontly
differant from one another, the value of the correction factors hos been averaged
away. This analysls is performed to fnsure that this has not happened. The
following shows the computational formulas used 1n the analysis.

ANALYSIS of VARIANCE
$S, = oh (S AD/g - 6%/pa]

$Sq = nf ((z EI32)2/p - 6%/
SSab= T [(ZAB (2 A%g) - (282/p) +(G2/py)]

Sy, cell = ZZSS;

nh =

]
ET/A)

p-2



i FAA Region
#1 ANE

#2 AEA

#3 ASO

*Large Hub Airport
**Modlum Hub Airport

APPENDIX Q

LIST OF AIRPORTS FOR DATA SHEET - BY FAA REGION

Alrport Nome

Logan International
Bradley International
Portland International
Hartford Bralnard
Barnso Municipal
Banbury Munieipal
Fitchburg Municipal

J.F.Kennedy International
La Guandia

Newark

Philadalphia Intemational
Graater Pittsburgh
Washington National

Dulles International

Greater Buffalo International
Rochoster-Monros County
Clarence E. Hancock
Albany County
Baltimore-Washington International
Norfolk Regional

L. I. MacArthur

Richard E. Byrd Flying Fleld
Morrlstown Municlpal

Nerth Philadelphia

Roanoke Municlpal

Frederick Munlelpal

Willlam B. Hartsfleld Intemational
Mlami International

-Ft. Lovderdale - Hollywood
* Tampa International

Standiford
Groensboro-High Point-Winston

Salem Regional

Location i

Boston, Massachusatts (LY *
Hartford, Connechicut (M)**
Portlond, Maine

Hartford, Connecticut
Westfiald, Massachusetts
Danbury, Connecticut
Fitchburg, Massachusetts

New York, New York (L)

New York, New York (L)

Newark, New Jersey (L)

Philadelphta, Pennsylvania {L)

Pittsburgh, Pennsylvania{(L)

Alexandria, Virginia (L)

Chantilly, Virginia (L)

Buffale, New York (M)

Rachester, New York (M)

Syracuse, New York (M) i
Albany, New York (M) !
Baltimore, Maryland (M) ‘
Norfelk, Virginia (M)

Islip, New York

Richmond, Virginia

Morristown, New Jersey

Philadelphia, Pennsylvania

foanoke, Virginia :
Frederick, Maryland !

Atlanta, Georgia (L)

Miomi, Florida (L)

Ft. Lauderdale, Florida (L)
Tampa, Florida (L)

LouTsville, Kentucky (M)
Greenshoro, North Caroling (M)



FAA Reglan

#4 AGL -

#5 ASW

{Continued)
Afrport Name

Raleigh-Durham

Douglas Municipal
Nashville Metropolitan
Memphis International
Birmingham Municipal
Jacksonville International
McCoy AFB

Palm Beach International

. Puerto Rico International

St. Petersburg, Clearwater
McGhee Tyson
Fulton County

- Opa Locka
-Key West International

Capital City
Greater Cinnelnati
Imeson Airmport

Minneapolis~St. Paul Intemational

O'Hare International
Midway
Claveland Hopkins International

‘Detroit Metropolitan Wayne County

General Mitchell Fleld
Indianapolis Munteipal -

-James M. Cox Dayton Municnpnl

Part Columbus Intemational’
Evansville Dress Regtonal

. Kent County

Pontiae Municipal
Burke Lakefront’
Marion Municipal

~"Kokomo Municipal
Lost Nation

Dollas=Fort Worth Reglonal -

- New Crleans International

Housten Inter~continental
Albuguerque International
Tulsa International

" Wil Regers World

El Paso International
San Antonlo Intetnational
Ryan Field

Q-2

Lecation

Raleigh-Durham, Non‘h
Carolina (M}

Charlotte, North Carolina {M)

Nashville, Tennessea (M)

Memphis, Tennessee (M)

Birminghom, Alabama (M)

Jacksonville, Florida (M)

Orlando, Florida (M) -

West Palm Beach, Florida (M)

San Juan, Puerta Rico {L)

- St. Patersburg, Florida

Knoxvllle, Tennessee
Atlanta, Georgia

" Mtami, Florida

Key West, Florida
Frankfort, Kentucky
Covington, Kentucky (M)
Jacksonville, Flonda

MInneapolIs-Sf Puui
Minnesota (L)

Chicagoe, Mllinois (L)

Chicago, lilinais (L)

" Cleveland, Ohio (L)

Detroit, Michigan (L)
Milwaukee, Wisconsin (M)

- Indianapolis, Indiana (M)’
. Dayton, Ohio (M)

Columbus, Ohio (M)

" Evansville, Indiana

Grand Rapids, Michigan
Pontiae, Michigan
Cleveland, Ohio

‘Marton, Ohio

Kakomo, Indiana
Mentor, Chlo

Dallas-Ft. Worth, Texas {L)
New: Orleons, Louvisiana {L)
Housten, Texas (L}
Albuguemue, New Mexico (M)

" Tulse; Oklahoma {M)

Oklahoma City, Oklahoma (M)
El Paso, Texas (M)

San Antonio, Texas (M)

Baton Rouge, Louisiang



{Continued)

| FAA Reglon Alrport Name Location.
- Lubboek Regienal Lubbock, Texas
Meacham Field Fort Worth, Texos
Lakefront New Crleans, Lovisiana
Lafayette Lafayette, Louisiana
Cox Field Parls, Taxos
. Shreveport Shrevepart, Louisiana
. #6 ACE _ Kanses City Intemational Kansas City, Missouri (L)
Lambert~St, Louls Municipal St. Louts, Missourl (L)
Eppley Airfleld Omaht;, Nebraska (M)
Wichita Munielpal Wichita, Kansas
! Fairfax Munlcipal Kansas City, Missouri
| Springfield Municipal Springfield, Missouri
i Columbus Muntctpal Columbus, Nebraska
Indepondence Munleipal Indopendence, Kansas
Des Molnes Municipal Des Molnes, lowa
! Tri-City Cherryvale, Kansas
{ #7 ARM Stapleton International Denver, Celorada {L)
| Salt Lake City Internutional Salt Lake City, Utah (M)
! Creat Falls Internattenal Great Falls, Montana
: Joa Foss Flald Sioux Falls, South Dakota
| Petarson Flald Colorado Springs, Colorado
i Codar City Munlcipal Cedar City, Utah
' Gregory Municipal Gregory, South Dakota
i' £8 AWE San Francisco International San Franefsco, California (L)
, Los Angeles International Los Angelas, Caiifornta (L)
N McCarran International Las Vegas, Nevada (L)
{ Metropolitan Oakland Internatlonal Oekland, Califernia (L)
: San Dfege International San Diegs, Californta (M)
i Rene Infernatienal Reno, Nevada {M)
Phoenix Sky Harbor Infernationa!  Phoenix, Arizona (M)
1 Tueson International Tueson, Arizena (M)
E Sacramenta Metropolitan Sacramento, California
Santa Barbara Santa Barbara, California
j Van Nuys Los Angeles, California
i Buckeye Municipal Buckeys, Arizona
{ Rehnorville Fortuna, California
E Carson Carson City, Nevada
5 Imperial County Imperial, Califomia
v Hellywood Burbank Alrport Burbank, California
f Clover Field Beverly Hills, Californie
Luke Alr Foreo Flold - Valencla, Arizone

Q.3



FAA Region

9 ANW
#10 APC
11 AAL
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(Conﬁnuadl)

Alrport Name

Seattle=Tacoma [nternational

Spokane International
Portland International

Mahlon Sweet International

Boise Alr Terminal
Hitisboro
Grant County

Honolulu International
General Lyman Field
Kahului

Lihue

Heeia

Hana Airport

Maut Alrport

Anchorage International
Fairbanks International
Nenana Airfield

Location

Seattle, Washington (L}

Spokane, Washington (M)

Portlond, Oregon (M)
Eugene, Oregon

boise, ldaho

Hillsbore, Oregon
Moses Lake, Washington

Honolulu, Hawali (L)
Hilo, Hawaii {L)
Kahului, Hawail SM)
Lihue, Hawaii (M
Kailua, Hawail
Kailua, Hawaii
Maui, Hawali

Anchorage, Alaska (M)
Fairbanks, Alaska
Nenana, Alaska

i ‘o



