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PREFACE

.' Thl=study wesperformedunder Section26(3) of the Airport andAirway Development
_!_ Act Amendmentsof 1976(Public Law 94-353, July 12, 1976)which statesin part:

"Special Studies
Secffon26. The Secretaryof'Trensportaftonshellcanduct

studieswith respectto - (3) the I_easlbiI1ty,practicability, and
I costof soundproofingof schools,hospitals, and publlchealth

Facilities located nearairports."
_' L I

Thls study wasundertakenby the TransSystemsCorporation, Vienna, Virginia, In
associationwlth Wyle Laboratories, underthe direction of the Office of Environmental i

j Quality, Federal Avlatlon Admlntstrat|on. i
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The opinions, statements,and findingscontainedwlthln thls reportere thoseof the
eontracto_, and not necessarily those oFthe Federal Aviation Admlnlstratlon.
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; EXECUTIVESUMMARY

This report is in responseto the requirementof the Special Studies, Section26(3)
of the Airport and A_rwayDevelopmentAct Amendmentsof"1976(Public Law94-353).
The report setsforth our findingswith respect tot

i
• The feasib[lity and practicability of soundproofingof public bu[Id[ngs

J near airports;
• Tl_eextent of fundingand the priority ofsuchprograms;
• Them.annerin which soundproofingconbe carried out;and
• The viewsexpressedby planning agencles_airportsponsors,and pther

concernedpersonsor groups.

Thls studyis largely basedonexisting andon-goingresearchinto thresholdlevels
of noisedisruption, methodsof nolsemeasurementendprediction, and architectural and
engineeringbuilding noiseattenuation. The resultsinclude eoncluslonsand supporting
data relative to the state, regtonalt and national Impactof aircl'aff noise; the costsand
costing methodology;the benefits of soundproofing;endthe viewsand opinionsof state,
city, school, and airport officials.

Specific ResuIts

A careful and comprehensivesearchof the literatureprovidedspecific interior
thresholdlevels of noise impact. Thesethresholdlevelsare levels of noise abovewhich
noise interference can occur. The major problemIn schoolsis the disruptionof class-
room oommunlcations. Dependlngon the actUal levelof noiseintrusion, teachersmust

. _ shoutto be heard;or in manycases,teachersmuststopteaching for the durationof the
I_, flyover. Often studentsmlsslnf'ormaHonandassignments.Both teachersandstudents

hove reported noise impactedclassroomsas uncomfortable,distracting, and not eondu-
clve to learning. Referenceresearchindicated that thethresholdof disruptionin class-
roomsis approximately45 dB.

Referenceresearch led to the Findingsthor themajor noise intrusion problemin
hospitalsand public health f'acilities is the dlsturbanceof sleep. Althoughthe research
and medical evidence is not completelyclear, sleepisrecognizedasan integralpart
of the healing process,and the continualdisturbanceof sleep can have o negative
impacton healing. It wasdeterminedthat the thresholdfor the dlsturbanceof sleep
wasapproximately40 dD. Aircraft noiseintrusionat o level abovethisbeglnsto have

: a direct effect on sleep.

Soundproofingof schoolsmin;mlzesand considerablyreducesthe disruptiveeffects
ofaircraft noiseon the communicaHonand learningprocesswithin classrooms.The
seundprooFingof hosp;talsminimizesor reducesthedisruptionof sleep, therebyimproving
the recuperative and healing process.

S-I



/v_easurementsof exterior and interior noiselevels of approximately10buildings
at each ofthree a;rportswere undertaken. Theseino]udedLosAngeleslnternational,
Stapleton(Denver), and LoganInternational(Boston). Thesemeasurementswere made
to supporta noiseprediction methodologybasedon the exterior noise level and the
basic construct;onof the building. It wasfoundthat the interior no;sotore1, within
a classroomor hospitalroom, couldbe determinedFroma knowledgeof the exterior
noise level andthe bu;Idlng construoffon.

In order to developa completerepresentativedata bankof hospital andschool
constructlon, notonly buildingsaroundLosAngeles International, Stapleton,and Logan
Internationalwere surveyed,butalsoon-site architectural surveysof impactedbuildings
aroundMiami Internat;onal, SkyHarbor(Phoenix), andWilliam ft. Hartsffeld(Atlanta),
were conducted. Eachcity waschosenasa representativeof a reglon of differing
constructionpractice. Thus, the 60buildingssurveyedwere representativeof eachof

six regionsof different constructionpractice and, ;n total, representativeof all
impactedschoolsand hospitalsnationwide.

The next taskwasto determine the architectural modificationsthat were feasible
;n the reductionof aircraft no;so. Themostcommonmod;ficat;onsinvolvedwindows,
elfher doubleglazing or f;/ffng in. Other modifications thatwere possibleinvolved
wall_ ceiling, and roof modifications. Somebu;Idlngsrequiredthe baffling of vents,
and the sealingof doors. These modificationswere foundto reducethe tevel of noise.

Modlficatlons to the 6Obuildingswere then costedout to determine average ,_!
bu;Idlng, room_and squarefoot costswithin each of the six regions. Theseaverage
figures providedthe basisfor proiecting the national, regional, and statecosts.

The magnitudeof impact wasdeterminedby ;dentifl/ing all schoolsandhospitals
located within the 30 NEP curve, plotted on U. S. Geographlcal Surveymaps. Curves
were platted for all large and mediumhubairports, and a sampleof small airports.
Usinga set of single impactcontouroverlaysprovidedthe estimateof external noise.
Thus, over 800 impactedbuild;ngswere identified and listed. A stat;stlcal proiection
wasthen applied ;n order to developthe nationwidepopulationof impactedschoolsand
hospitals. Compilationof thesedata by constructionregionaswell as bystate provided
the regional andstatewlde impacts.

Compilationsof thesedata were usedto estimatethe costof modifyingall buildings.
Costestimateswere computedon the basisof costper squarefoot per "delta" noise
reduction ( _"NR) to be achieved. Thus, the costof any building can be estimatedby
knowingonly the approximatesquarefootageandthe NR desired. In addition, statistical
projectionswere performedto estimatethe coststo all buildings.

S-2
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The nationwide coststo rehabilitate impactedbuildingsto feasibleand practical
limits were calculated to be $147_800p000Forschools,and$56_500,000 for hospitals
and public health faailiti_t making a total rehabilitation costfor all buildings of
$204,300t000. The numberof schoolsis 1,057, and the numberof studentsis 707,370.
The numberof hospital andpublic health Facilities is 89t and numberof patients _s30,806.
The total numberof impactedoccupantsis 738_176.

The expected benefitsof soundproofingwere calculated ;n a variety of ways.
One monetarybenefit to be achieved by soundproofingis the recover/of" lost teaching
time. Thls time hasa value since teachersare paid for the time they mustwasteduring
the noise interruption. Benefitsresultingfromimprovedpatient recoverytime, and
from energywere also calculated.

In the flnel chapter of this report, the viewsand opinionsof concernedparties
are presented, including state, local, and schoolofficials. Theseopinionswere not
directly solicited, but rather were notedand documentedwheneveroffered. Generally,
sounapreeflngas a meansof alleviating aircraft noise ;nstrusion,isseenasa positive
and desirable aotlv|ty.

!

S-3



, r ¸ . , _ '

CHAPTERI

INTRODUCTION

This project wasundertaken in responseto the Special Studiesrequirementsof
Section26(3) of the Airport and Airway DevelopmentAct Amendmentsof"1976.

A studywas conductedto determine the impact and potential benefits of
soundproofingschools,hospitals, andpublic health instffufions located near airportsas
a meansof alleviating the impactof aircraft noise.

Includedwithin the scopeof'the studywasthe measurementof noiseat three
separategeographicallocations,on-slte architectural andengineeringbuilding invesHga-
Hansof noise impactedhespltats,schools,and publlc health facilities in six construction
regions, and the statistical projectionof data to determine the national impact. This
effort wasbasedon careful anddetailed analysesof the avaltable state-of-the-art and
literature reviewsin orderto study the problemsandproceduresof soundproofingfrom
all perspectivesand in significant depth, providing the developmentof methodologies,
procedures,and resuffs.

The objectivesof thisstudywere to:

o Developa setof data and proceduresleadingto the determinationof
the feasibility, practicability, and costsof soundproofingpublic buildings
near airportsaso meansof alleviating the impact of aircraft nalse.

o Determinethe magnitudeof the problemby quantifying the impact of
aircraft noiseon occupantsin termsof"numbersof peopleexposedto
variouslevelsof interior noise.

The studyconsistedof four basic tasks. The first task involved the cppllcation and
documentationof currentanalytlcal proceduresfor pre-d1"_n-_nd assessingthe interior
noise levels producedin schools,hospitals, andpublic health faeilitles due to nearby
aircraft operations. Included in this taskwas the identification of appropriatenoisecriteria
andthe verification of predictedinterior noiselevels by field measurement. Taskbyewas
to provide an estimateof"the total numberof public buildingsand occupantsekposedto
aircraft noisewithin a specifiedarea aroundairports. Thethlrd taskwas to develop
estimates froma constructioncostdata basewhich relates the costof building construction
and rehabilitation to the soundattenuatian achievable. The fourth taskwas to consultwith
organlzationsandauthoritiesinvolved in the aircraft noiseprcl[_lemand establish the current
level of understandingregarding the application of buildingsoundproofing. Figure I-I shows
an overview of the study.

Chapter 2 coversthe developmentandassignmentof threshold levels of interior

noise. The studyrequired the determinationof base levelsof interior noise. These levels
were not used,norshouldthey be viewedt asmterlor noise level standardsbut rather asa
level abovewhich aircraft noisecould cause interferencewith communicationsin schoolsand

I-I
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i sleep in hospitalsand public health facilffles. The determination of noisethreshold
levels wasmadeafter an extensive state-of-the-art anclyslsand literature research.

I Chapter3 coversthe noiseprediction methodology. Within the study'sscope,

i it is neither practical nor feasible to measureevery hospital, school, and public health• facility to determine the external andinternal noise levels} rather a prediction methodology
basedon wall constructionwasused. To insurethat the noiseprediction methodology
is accurate, a numberof samplemeasurementswas taken to correlate predictedand

io measuredvalues. Included are the calculated nolsereductionsfor schools,hospitals,
i and public healthfacilities located aroundLosAngeles InternationalAirport, Stapleton

Airport, Sky HarborAirport, LoganInternationalAirport, Miami InternationalAirport,
and William B. HartsfieldAirport.

Chapter4 providesthe techniquesand methodologyof noise measurement. Included
is a technical discussionof the equipmentandproceduresfor measuringnoiselevels.
Architectural andengineeringbuilding investigation methodsare alsodlscussed.

Chapter5 discussesthe soundproofingtechniquesthat are appropriateandfeasible
for modifyingschoolsandhospitals. Rehabilitationprinciples and applicationsare defined.

Chapter6 is devotedto developingthe archltectural and costestimatesof sound-
proofing, determlnlng a costandcasting methodology, quantifying benefits, and developing
priority funding requirements. Architectural estimatesinvolve the determinationof just
what modlf[cattonscan be madeto a building and the limits that exist.

, Costsof modlfylng samplebuildingsare d[scussedtand projectionson a stater
regional, and nationwide basisare presented. ThecostingmethodologyTsoutlinedand
explalned.

Cost benefitsare presentedrelative to the potential recovery of lostteaching
time, last studentt_me, andenergyconservatTon.The majorbenefit of soundproofingschools
would be an improvementin the quality of classroomcommunications. The benefit of
soundproofinghospffalsand public health facilities would be an improvementin candiffons
associatedwffh health care end patient recovery. Thesebenefits have value, andthe value
has beenquantified in termsof dollars.

Proceduresand methodsfor determiningprTorltlesand criteria regardingdecisions
on the implementationof soundproofingfar schools,hospitals, and public health facilities
are provided.

Chapter7 Identifies, throughproceduraldevelopment, the starer regianalt and
nationwide (mpacts. Included[so determinationof the numberof schools,hospitals,and
pubffe health facilities impactedby aircraft noise;and the numberof studentsand patients
that are similarly impacted.
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Chapter8 coversa summaryof the viewsand opinionsexpressedby local public
officials regardingthe conceptoFsoundproofingasa meansof alleviating the impactoF
aircraft noise. Findings reachedby the contractorsduring the performanceof"this study
are also included.

Theappendices in thlsreport containdetailed data asto the resultsobtained,
the observeddata, and the backgroundof techniquesusedin themeasurementand analysis.
The data relative to thresholdlevels_exterior wall rating (EWR), calculatedend predicted
noise reduet|onare presented. Costdetails incJudingcorrectionfactors, costsper delta
noise redaction, costsof samplebu|ld_ngs,andoverall programcostsare also included.
In addltron, a listing of peoplewhooffered viewsand opinionsis provided.
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CHAPTER2

DETERMINATION OF THRESHOLDLEVELS

The objectlves of this study required that threshold levels be establishedfor noise
effects onpeople in public buildingsaroundaiqoorts. Since alreraft noiselevels ordinarily
encounteredin buildingsdo not present a hearlng-losshazard to the buildingoccupants,
the threshold levelsdevelopedin thls chapter were derivedin termsof avoidinginterference
with nolse-sensltlveactivity.

!a

i 2.1 A_pliaatlon and Definition of ThresholdLevels

i o Noise exp_ure in public buildings due to aircraft operationscoverson extensive
range of levels. Toprovide a lower boundfor defining the magnitudeof noiseimpact
and projecting the application of soundproofingrequirements, it was necessaryto identify
appropriate noise thresholdlevels. The noisethresholdsidentified in thisstudyshouldnob
however, be takenas acousticcriteria or specificationswhich define buildingnoise atten-
uation requirements. The establishmentof suchstandar_ requiresa mare thoroughchar-
acterizotlon of the building interior noiseenvironment.

An illustrationof the applioatlon of thesethresholdlevels is shownin Figure 2-1,

i

[I • POTENTIAL MAXIMUM _I RANGE OF FEASIBLE
I SOUNDPROOFING MAXIMUM
) TREATMENT LIMIT OF

THRESHOLDI _ EXPOSURE
NO. OF LEVELFOR J FOR ANYB_LDING

NO EFFECTI -_
OCCUPANTS I" OCCUPANTS
EXPOSED TO I I

INDICATED I I 'NOISE I

LEVEL , I ) 1
I I
i 1

J 'J II ' fl
NOISE LEVEL, DECIBELS

FIGURE 2-1. HYPOTHETICAL HISTOGRAM OF AIRCRAFTNOISE
EXPOSUREFOR ALL OCCUPANTS WITHIN PUBLIC BUILDINGS
INSIDE NEF 30 CONTOURS AROUND AII)_ORTS. THIS ILLUSTRATES
HOW THRESHOLDLEVELSFOR NOISE EFFECTSON OCCUPANTS
WILL ESTABLISHLOWERBOUND FOR EVALUATION OF FEASIBLE
SOUNDPROOFING,
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Asshown_the threshold levels would establisha lowerboundfor application of
feasTblesoundproofingmeasures. As indicated in the flgure_ it is anticipated that the
maximumfeasible range for soundproofingwill be lessthan the total rangebetween the
thresholdlevelsand the maximumlimit of exposure. Thus, accurate definition of" these
thresholdlevels is clearly of paramountimportancein establishingwhat portion of the
occupantsin public buildings exposedto levels above the thresholdlevels could benefit
from feasiblesoundproofing.

Thenoisemetric used in this studyto expressthresholdlevel is the maximum
A-welghted noise level in decibels(or for short_dBA)of an individualaircraft noise
event. Thischoice of metric allows the data developed in the studyto be expressedin
a fundamentalformat, readily adaptable for use in comparingthe relative castsof sound-
proofing.

2.2 Effectsof Noise Pertinent for EstablishingThresholdLevels

Theadverseeffects of noiseexposureon people can be groupedinto three
general categories: degradationof health_ attitudinal reactions_andactivity inter-
ference. In general_ the noise levels defining the thresholdof interferencewith certain
noise-sensitlveactivities (Joe. _sleepand speech)are lower than thoseassoclatedwith
the other two categoriesof adverseeffects. For this reason_actlvity interference will
be the criterion usedin estabIishlngthresholdnoise levels for each of the public building
typesconsidered. The detailed technical supportingdata and referencesusedto estab-
lish the thresholdnoise levels basedon activity interference and the relatlonshlpof
thesethresholdlevels to other adverseeffects of noiseexposureare presentedin
Appendix A o

!b
Althougha variety of activities may be associatedwlth any onebuilding uset

actNTtles can be identified for each building type onthe basisof primary activity require-
mentsandsusceptibility to noise intrusion. In the presentstudy_the particular building
types to be consTderedare schools, hospitalstand public health facilities. Forschools1
the primary considerationfor interior noiseis speechcommunication. Forhospitals, the
primary activlty of importaneain regard to the noiseenvironmentis sleep. With the
assumedfunctionalsimilarities betweenhospitalsandpublic health facilities, it is
reasonableto assumethat the primary activity for manypublic health facilities is also
sleep. However, for thosecaseswhere sleep is not a normalactivity in a publlc health
facil;ty_ thresholdlevels establishedfor speech interference in schoolswill be more
approprlate.

Basedon the conslderatlonsdescribedabove_a literature review wasconducted
to determinethosenoise levels below which interference wlth the activities of speech
and sleepwouldnot occur. The resultsof thls revlewt presentedToAppendixAr are
summarizedin the following two sectionswlth parfioular attention given to their appli-
cation to schoolsandhospitalsexposedto aircraft noise. Basedon the resultsof this
rev;ew_ thresholdnolse levels for the onsetof activity interferenceare estimated.
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2.3 ThresholdLevelsFor SpeechInterference

Theaircraft noisetransmittedto the interior of"buildingswill be consldereda
backgroundnoise capableof interferingwith speechcommunicatlon. Such interference
is a function of"severalfactors:

• Noise level and spectral contentof the backgroundnoiseat the
listener's ear.

!.
• Spectral characteristicsandvoice effort of the speaker.

r • Propagationof the speaker'svoice to the Jlstener(s). For typical indoor
communlcatlon, conductedwithout the aid of any amplification, this
propagationdependsupon the separationd_stancebetweenthe speaker
and llstener(s)andthe reverberation in the room.

Forspeechcommunicationin a classroomsituations at leasttwo additional
factorsare alsopertinent:

• A noiseenvironmentwhich is conduciveto learning isrequired°
(For example, repeatedshort-term disruptionsof.speechcommunication
can degradethe efficient flowof verbal instructionandlessons.)

• Children are not asf.amlilar asadultswith languageands therefore,
accordingto studiesidentified in Appendix A, shouldhave lowerback-
groundnoiselevels to achieve the samedegreeof speechcomprehension
as adults°

'_ Consideringall these factors, the.followlngprocedurewasusedto makean
estimate of the thresholdlevel for speech communicationin schoolbuildlngs.

• Representativeaircraft backgroundnoiselevelswere predicted for locations
inside a schoolclassroom. Theselevels were basedan extensivedata on
outdooraircraft noisespectraand outdoor*indoornoisereductionvalues of.
buildingsin Wylels files°

• Publisheddata on the level andspectrumof a femalevoice usinga raised
vocal effort wasusedto estimatethe speechlevel at a conservativedistance
of"9m (29.5 ft) fromthe speaker. (Basedon the acousticreverberation
measurementsconductedin school classroomsfar thisprogromt thisseparation
wasmorethan sufficient to place the flstener in the reverberantsoundfield
of"the speaker'svoice.)

• A standardmethodfor predlctlng speechcommunicationefficlency_ based
onuseof a quantity called the Articulation index (Al)twasemployedto
predict the amountof speech interference for variouslevels of alrcraf.t noise
inside the hypothetical classroom.
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Theresultsof this analysis, describedin maredetail in AppendixA, are summarized
in Figure2-2. This illustrates how At increasesasthe backgroundnoise level decreases.
As indicated by the insert in the figure, the Articulation Index (AI) is a measureof' the
"area" in a plane of soundlevel I in decibels, and frequency where the latter _splotted
onan empirical scale of frequencyincrementsequally important to speecheommunlcaHono

Fromthis moreabstractmeasureof speechcommunicationefficiency, it is possible
to predict the intelffglbillty of completesentencesasa more direct measureof communi-
cation effectiveness. Foran A! of 0.98, studies identified in Appendfx A showthat |00
percent intelligibility of"flrst-presentedsentencesand 9B.6 percent correct identification
from a llst of 1,000 Phonetically Balanced (PB)wordsisobtained for adults. Thislatter
test of speechcommunicationis considereda eonservaHveindlcator for the thresholdof
onset of speechinterference in schools.

As indicated in Figure 2-2, an A! of 0.98 is obtainedwhenthe backgroundnoise
level is 45 dBA in the classroomsituation consideredin thisanalys_SoFurtherreduction
of the backgroundnoise level wouldproducenosubstantial_ncreasein A! or in sentence
intelligibility. Therefore, a level of45 dBAdue to intrusionof aircraft noiseinside
schoolbuildings isselected as the thresholdlevel for onsetof speechinterferenceeffects
in such buildings. Th_sthresholdlevel is considereda conservative figuresuitablefor
application to this study and is shown, in Appendix A, to be consistentwith othersug-
gestedffmffs, published in the I_terature, for backgroundnoiselevels in schoolrooms.

Finally, it is desirable to examine the sensitivity of changesin speechcommunica-
tion to changesin the thresholdlimit. Table2-1 summarizesthesefor valuesof threshold
I_mit of 50 dBAand 55 dBA.

I,
TABLE2-1. SPEECHCOMMUN[CAT!ON MEASURESAT THREELEVELSOF
BACKGROUND NOISE IN SCHOOLS

Background % !ntellig_billty % Correct
Noise Level, A! of First-Presented Responses

dBA Sentences ], 000 PBWords

45 0.98 ]00 9B.6

50 0.83 99.4 95

55 0.67 9B.6 87.5

Considering95 percent correct responseby adultson the lt000 PBwordtestas a
conservativeupper boundto a thresholdlimit for speechcommunication, the chelaeof
45 dBA has, at most, e 5 dBsafety margin. This small safety margfn is considerednecessary
for applieaHon in schoolsfor the reasonscited earlier where speechcommunicationwith
children is orffTcal to the educaHonprocess.
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2.4 ThresholdLevelsfor Sleep Interference

Becausesleepmaybe crucial to patient recoveryt endis a critical activity for
patients in hospitals,interference with sleep is the criterion usedin the considerationof
the noiseenvlrenmentofhospitels. Unlikecommunlcatlonlnterference, the effectsof
noise on sleep are not well understood. Experimental researchhasbeenconcentratedon
assaclating sleep interference with given noiseenvironments. Generally thesestudies,
reviewed in moredetail tn Appendix A, considereither the awakeningof a subject due
to a particular noise presentation or a change in sleep stageas determined by physiological
indicators.

No clear evidence hasbeen found to establishany one type of noisemetric as
preferred for evaluating sleep interference effects. Effortsto collapsethe wide variety
of experimentaldata _n termsof energy-average valuesof the varioustypesof noiseeval-
uatedhave only beenpartly successful. One investigatorhas_in fach beenable to
estimate the approximatechange in sleepinterference responsessimplyin termsof A-welghted
noise levels.

Theseestimates, shown_n Figure 2-3, indicate the _ numberof people
whowould (1) have their sleep state changed, or (2) be actually awakened as a function
of"the A-welghted noise level of exposure. The linesshownshouldbe taken to represent
only the estimatedmean trend in sleep interference data with resultsof individual invest|-
gatorsscattering asmuchas+9 dBabout the meantrend fines illustrated.

Basedon the intercept of the "awakened" trend llne in figure 2-3 with the zero
responseaxis, a level of 40 dBA is selectedasa conservativevalue for the threshold level
of noisefor pefients in hmpitals and other public health focllifies. Thepotential scatter
of:experimentaldata, obtainedprlmartly under laboratory-like conditions, about these
trend Iines_ makesit difficult to reliably evaluate the sensitivity of this threshold limit _'
for sleep interference to changesin the limiting level. At best, one can point out that
increasing the noiseexposure above the threshold limit of 40 dBAwould cause the expected
numberof people awakened to increase by approximately 1 percentper dBand the number
of people whosesleepstate was changed to increase by about 1.3 percent per dB.

2.5 Summaryof ThresholdLevels

Basedon the literature review in Appendix A, interior levels which define the
approximatethresholdfor effects on people have beenestablishedfor schools,hospitals
and public health facilities. TheA-welghted levels defining thesethresholdsare:

Schools LA = z15dBA (Speechinterference)

Hospitals (and Public LA = 40 dBA (Sleep I"nterference)
Health Facilities)

Noise exposureto levelsbelow these is notexpected to produceany interference effects
on people. While lower levels have been suggestedby others, it is believed that the above
levels representrealistic measuresof the desiredthresholdswhichare supportedby the literature.
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CHAPTER 3

NOISE AnENUAFFON OF BUILDINGS

Theobjectives of this project required the useof calculationproceduresto
determine the noisereductionof a building, and to determinethe exterior noise

i environmentaroundairports. The noise reduction calculationmethodologyis needed
i to predict both existing noise reduction andasa teal to identify neededmodifications

for improvednoise reduction. The exterior noiseprediction, whencombinedwith
- building noise reduction, providesthe interior noiseenvironmentto which occupants

a re exposed.

The reductionof noiseby buildings, and the calculation proceduresusedin
this studyt are discussedin Section 3.1. Theaircraft noiseprediction methodused,
which providesmaximumA-weighted noise levels for a medianflyover event, is described
in Section3.2. Section 3.3 describesthe application of thesecalculation methods
to sixty studybuildings located aroundsix major hub airports.

3.1 Predictionof Building Noise Reduction

i Thenoise level insidea roomis determinedby a balancebelween noisesources
I and losses. For buildings impacted by external noise, the noisesourceis the sound
; transmittedthroughthe building structure. Lossesare due toabsorptionof soundby
i interior surfaces. Noise reduction (NR) is the difference betweenthe exterior noiselevel
I and the interior noise level due to the exterior nolse.
i

In mostcases,exterior soundis transmittedthrougha numberof paths. These
consistof alrbome paths, suchasopenwindowsand vents, endstructure-bernepaths
where the exterior noise causesstructural elements (suchoswalls end w_ndowpanes)
to vibrate. Thesevibrating elements in turn mdlate soundinto the interior.

Transmissionof soundby airborne paths "s straightforward. Except for slight
lossesdue to diffraction and interference effects at the edges,oil the soundincident
on an opening is transmitted. In mostcases, this transmissionis neorlylndependent of fre-
quency. The transmitted soundis proportional to the openarea, and hasa spectrumsimilar
to that of the exterior sound.

Structure*borne soundtransmissionis more complex. Only a fraction of the
soundis transmitted. The remainder is either reflected or absorbedby the structure.
Additionally, because the vibration properties of the structureore involved, transmis-
sion is generally frequency dependent. The fraction of soundenergy transmitted is pro-
portional to the area of the transmitting element times a frequency-dependenttrees-
missioncoefficient. [n general, the spectrumof the interior noise is different From
that of the exterior noise.
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After soundentersa room,a diffuse reverberantsoundField builds upas it is
repeatedlyreflected from wallsandother interlorobjects. At each reflection, same
soundis absorbedsothat a steadylevel is qulck#yachieved. Thls level representsa
balance between transmlssloninto the roomand absorptionby interior surfaces,

Transmissionand abso_tlon propertiesare generally frequency dependent,and
the usualprocedureis to computenoisereductionin several frequency bands. Thls noise
reductionr usually expre_ed in declbels, _sa propertyof the building and (with reason-
able llmils) is independentef tile amplitudeor frequency of the external noise.

If noise reduction is to be expressedin termsof the reduction of a single noise
metric which combinessevere1frequencybands(suchasthe overall or A-welghted noise
level), thennoise reductlon is no longer a preperb, of the building alone. It is also a
Functionof both the exterior nolsespectrumand the frequency weighting network to be
used.

In the presentproject, the desiredquantity is the interlor A-weighted noise level due
to aircraft noise, given the exterior A-welghted aircraft noise le,,;el. Within this report,
the difference between theseA-weighted levels will be called simply noise reduction or
NR and is In units of decibels (dB),

If a single type of noisesourceis of interest, with spectra which de notvary

greatly fromevent to event, then the noisereduction cana_ain be defined asa property
af the bulldlng Foranaverage spectrum. In AppendixB, t_e conceptof a single number
transmissionloss(asopposedto the usualfrequency-dependentcurve) is discussedin
detail. Basicaffy, if noise reduction of A-welghted noiseof a given spectrumis desired,
then it is possiblefo approximate the full transmisslonlosscurve for a given structure by
a sing/e number. Calculation of noisereductionof a buildlng may then be donewith
one set of values, rather than for each frequencyband. Thls singlenumberindexof noise
reduetlon in A-weighted soundlevels, coiled the ExternalWall Rating (EWR), was developed
initially farapplicatlonto'nolsereductionthroughsfructuresofhlghwaynoise. Highway
noise waschosenas the basisbecauseit is the slng)e mostprevalent outdoornoisesource.
EWEwasa/so Foundto wore well for aircraft noisespectra, but wlth slightly lessacauracy

• than for highwaynoise. Tablesof EWRfor commonconstructionare presentedin Appendix B
following the presentation of the backgroundbehind EWRand a brief comparlsonwith
another single numbermeasureof transmissionlosscalled SoundTransmlssionClass(STC).

Thenoise reduction calcu)ationsperformed in thepresentproject usedthe EWR
methodand EWRvaJuespresented in AppendixB. Roomabsorptionvalues usedin the
calculations were basedon measurementsdescrlbedin Chapter 4. Thevaildlty of using
the EWRcalculation procedurewasdemonstratedby comparingcalcu(ated noise reduc-
tions with measurementsas described in Chapter 4.
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3.2 3redlctlonof Noise.FromAircraft Opera!ions

Thenoisereduction calculation describedabove providesthe link fromexterior
noise to interior. Tocompletethe calculation of noiseimpact, exterior noise levelsare
needed. In thlsproject, aircraft noiseexposureis treated in termsof maximumA-welghted
levels. Contoursof maximumA-welghted noiselevelsfar jet aircraft were therefore
ufillzed for initial evaluation of the aircraft environments. However, it was recognized
at the beginning of this program that a simplified noiseprediction methodwas requiredin
lleu of a complexone that mightpredict the very wide spreadin maximumnoiselevels
(standarddeviationson the orderof 5 to 8 dE) thatone canexpect at any single observa-
tion point on the groundnear alsports.

3.2.1 Commercial Jets

Basedon conslderatlonof the numberof aircraft of varioustypes, and similarity
of numberand type of engines, the majorityof the U.S. commercialaircraft fleet may
be consideredto be comprisedof the following five basic types:

• 2-Engine Narrow Body(DC-9_ B-737, BAC-]]i)

• 3-Engine Narrow Body (B-727)

• 4-Englna Narrow Body (B-707, DC-8)

• 3-Englne Wide Body(DC-I01 L-]0]])

• 4-Englne Wide Body(B-747) i

Themaximumnoise level Foreach of theseaircraft types is a functionof engine thrustsettings
• dlstanoeFromobserverto the point of nearestapproach,andatmosphericconditions. Noise

levels asa funetlonof distanceand thrustsettingsat sea level and 15°C_ are available from
noisedata contained in Reference3-1. Mostof the data are basedon actual flyovermeas-
uremen_ eonductodby the manufacturerrand are the data collectedby the FAA in the
Aircraft Noise Definition (AND) studies;specific sourcesare documentedin Reference3-1.
Figure 3-1 showsthe maximumA-welghted noiselevelsfor thesefive alreraff typesas a func-
tion of slant range to the flight track at take-off powerand at landingpower.

Nolse contoursdependon the altitude andthrustof theaircraft as a functionof
dislance frombrakerolease antake-off and touchdownpoint for landings. Take-off noise
contourswere constructedbasedonthe following conditions:

• Aircraft gro_ weight wasassumedto be that for a medium-rangeflight for
that alrcroft type.

• StandardATA take-off"procedureusingtake-off powerfrom brake releaseto
1500' altitude, thencutback to climbpower, wasassumed.
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• Constantclimb angler basedon aircraft perforrnance_wasassumedat each
powersetting.

• Far elevation anglesof lessthan 10° fromobserverpoint to aircraft, the
noise levelsware adjustedfor excessgroundattenuation(EGA) usingthe
samemethodasin Reference3-1.*

Landingnoisecontourswereconstructedfor the following conditions:

• 3° glide slope.

• Landingflap setting.

• ThnJstsetting correspondingto the glide slopeend flap setting,

Contourswere constructedfor sea level only. Thrustreversalafter touchdownwasnot
consideredbecauseit is assumedthat take-offs will occuron thesamerunway; take-off
noise level is generally higherthan landing thrustreversal.

Thecontourswere constructedat 5 dB intervals from 110dBh to 65 dBA. in most
cases, contourlevels lessthan 75 dBA involved trajectory elementswhereaircraft altitude
exceeded3,000 feet ontake-off, sothat the assumedclimb anglemay no longerbe correct.
In somecasesthe noiselevelswereextrapolated beyonda slant rangeof 10,000 feet, the
limit of the basic noisecurves. Constructlngnoisecontoursout this for was necessaryin
order to be consistentwith the thresholdnoiselevels and calculatedno_sereductions
discussedearlier. Beyondthe pointwhere aircraft achieve a 3,000-foot altitude, the
contoursmustbe consideredto providenominalvaluesonly. fiecauseaircraft donot follow
standardthrustandclimb proceduresat thesedistancestit is nat felt that moreprecise
values could be developed.

The maximumnoise levels foreach aircraft type in themselvesdo not provTdea i
useful desaription of the noiseenvironment. Fleet size and mix conslderatlonswouldalso i
have to be considered. Wlthln the context of the presentstudy, where typical maximum i

single event noise levels are desired, the median maximumlevel is required, j

The U.S. commercialjet fleet (representedin termsof the five typesnoted
above) wasarrangedin orderof nolselevel basedon the noisedataof Figure3-1.
Total numbersof each type are fromReference3-1.

The orderof nolselevel differs for slant rangeslessthan 1,000 feet and greater
than 2t000 feet an take-off#and for landings. The rankardersof aircraft by noiselevel
for these three groupingsare shownin Table 3-1 _with the h_ghestnoiselevel at _hetop,
Between1,000 and 2,000 feet on takeoff, the maximumthrust noise levels for the three
middle type of aircraft are within 2 dB of each other.

, ., ,, , .

* Recentdata have beanreputedto suggestexcessgroundattenuation may occur for air-
craft elevation anglesup to at least 30°. However_ the methodusedin this studyfor
estimating EGA ts consistentwith Wyle experience in comparingmeasuredand predicted
a_rcraff noise levels in a_rports_delinaareaswhere EGA is particularly significant.
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TABLE 3-I. U.S. COMMERCIALJET FLEET, RANKED E3YMAXIMUM
A-WEIGHTED NOISE LEVEL*

Take-offt Slant Range< ll00O _ Take-off, Slant Range> 2,0001 Landing

Aircraft Type Number Aircraft Type Number Aircraft Type Number

3ENB 687 3ENB 687 4ENB 738 "

4ENB 738 2ENB 546 4EWB 106 r

4EWB 106 4EWB 106 3ENB 687

2ENB 546 4ENB 738 2ENB 546

3EWB 80 3EWB 80 3EWB 80

Aircraft with highestnoise level listed on top.

f
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At slantrangesgreater than 2,000 feet, the take-off medianis the two-engine
narrowbody. Between1,000 and 2,000 feet, this wouldalsoserveas well asthe other
two middle alraraft. At lessthan 1,000 feet, the take-off medianis the four engine
narrow body. Themedianfor landingsis the three-engine narrowbody.

RatherthanusedZfferentaircraft for the throegroups, the two-engine narrowbody
contourwasusedasthe .'epreeentativemedianaircraft type for purposesof thlsprogram.
Thls ls considereda reasonablechoice for two additional reasons. Thernaxtmumnoiselevels
of three- and four-enginenarrow bodyjets will be reducedby the current I_etrofItprogram;
current two.-engtnenarrowbody levelswouldbe morerepresentativeof futurefleet median
levels. Also_ Table3-1 lists numbersof aircraft, notoperations. Becausetwo-enginenar-
row bodyjetsam usedan relaHvely shortflights, they wouldbe involved in a greater pro-
portion of rake-offs andlandings,andthuswouldbe closerto a median event than the fleet
numbersIndicate.

3.2.2 General Aviation Jets

At generalov{afion airports not servedby commerota{jets, typical noise levels

may notbe taken aseommarc;aljet fleet median levels. _ a first approximation, how-
ever, the commercialjet contoursmay be usedtogetherwdh suitable no{solevel adjust-
ments. Table 3-2 lists theseadjustmentsto be applied to the commercialjet contourfor
various general aviation jets. Thesevalueswore obtalned fromdirect measurementsof
noise fromgeneralav{attonjets and DC-9 or P-737 overflightsat the samelocations
aroundairports. The adjustmentsthusaccountapproximately forobservednoiselevels
on the grounddueto bothsourcenoise level and flight profile differences betweengeneral
aviation jets and DC-9/B-737 type aircraft. Sourcereferencesare documentedin Refer-
ence 3-2.

3.3 predictionof NoiseReductionAroundSix Meier Airports

In order to obtaina data baseof constructionInformationpertinent to no;soreduc-
tion, a field investigationwas conducted. Six large hubairportsin variousgeographic
regionswere chosenfor study. At each airport, data{lad constructionand building-use
information wascollected for ten buildings. The constructioninformationwas usedto
computeexistingnoisereductionand aso basisfor designingmodificationsto improve
noiseroductlons. At three of the airports, measurementswere madeof existingnoise
reductions.

The selectionof the studyairports andbuildings is describedin Section3.3.1.
Section3.3.2 containsa d}scusstonof the kind of informationgathered. Predictednoise
roduat{ons,usingthe EWRmethod, are discussedin Section3.3.3.
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TABLE3-2. ADJUSTMENTSTO OBTAIN GENERAL AVTATION
' JET NOISE LEVELSFRO/vi2-ENGINE NARROW BODY MAXIMUM
' NOISE LEVELCONTOURS

: Adjustment (dB)

Aircraft Type GrossWeight_ Ibs. Landing TakeofF-

2-Engine Turbojet IO - 20_000 -5 0
(Sabreliner, LearJet)

2-Engine TurboFan 20 - 30t 000 -5 -10
(Dessault Falcon)

2-Englne TurboFan 30- 60, 000 0 0
(GrummanGulfstream)

2-Englne HBPRTurbofan l 0 - 20,000 -15 -15
1 (CessnaCitaHon)

4-Engine Turbojet 25 - 50_OOO +3 +3 i
(Lockheed detst_r) . ;

3-8

"j . ............



3.3.1 Selection of Study Buildings

One objective of this programwasto developa noisereductiondata baseon a
natlonal scale. Thisrequired the select_onof buildingsof a variety of constructiontypes.
Becauseconstructlonpractices can varygeographically, the approach taken wasto select
six studyairports, each in a different geographicalregion, then select ten studybuildings
aroundeach. The numberof airports andbuildingswasdetermined by resourceandschedule
constraintsof the program.

Geographical Regionsof STmilarConstruction

" it hasbeen found that patternsof constructionhave establishedthemselvesin
different areasof the country. Among thethings which influence thesepatterns are
climatic conditions, availability of materials, availabTlity of labor, seismiczone,
local hlstoricol constructiontrends, andlocal economiccondfflons. Figure 3-2shows
a map of the conHnental United Statesandthe six regionsof similar construction. A
short descriptionof each area is given below.

RegionA: The pacific CoasHine. Theclimate is relatively m_ldas far inlandas
the Sierra--"]_a foothills. Additionally, this area containsthree major metropolitan
sections: San Franclsco-Oakland-Sandosecomplex, LosAngeles-Orange-Riverslde-San
BernardlnoCounHescomplex, andthe SenDiego Countyarea. Thepopulation concentra-
tion is relatively high, bHnglngwith it theinflux of skilled trades. Lumberis plentiful
asare aggregatesfor concrete, and mostall other standardbuilding materials, explaining
the proHferatlonof stud.and-stuccoconstruction,modifiedby the higher costsystemssuch
as brick veneers. Thehigher economiclevel of a metropolitanand industrial area pen'nits
useof more expensivemethodsand materialsfor aestheticpurposes. Selsmlcily for thls
area is high and isan important consideration.

RegionB: Inland SouthernCalifornia, SouthernNevada, and SouthwesternArizona.
Climate_e factor; hot, dry summersand relatively mild winters. Closely spaced
metropolitan areasdo not exist. Lumberis imparted, but sandand aggregates for concrete
block are plentiful. Therefore, in this areabuilding will have a greater percentageof
concrete masonry. As a further incentive, concrete black structures are cool in the long
summers. The commonstud.and-stucco combinationis also popular, as in this area it is
again the mosteconomical and durable. Additionally, maintenance is low for stuccoin
relation to wood, which needspaint morefrequently.

RegionC: The Gulf Coastand SouthAtlantic Coastline. Thisarea enjoysa rela-
tively m_to with high humidity andis subject to vlolent tropical storms. Clay for
brick is relative]y abundant, as is local lumber. Therefore, lessstud-and.stucco construction
ts usedas it is moresusceptibleto molstum,and rirebrick and concrete block construction
is morepopular. When woodframingisused_it isoften protectedby brick veneer. Because
of the high humidityandgenerousralnfall_ concreteblock is often protectedby exterior
plaster.
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RegionD: Eastern Seaboardand Inland to Central Illinois. Bothclimate and
concontr'_lon'h-'_"populatloncomprlse the prime influence here. The climate is quite cold
for half the year and insulation properties are important. Both brick clay and local lumber
ore avalksble, and the labor availability in all trades is generally good.

Region E: Great Lakes(Western) Statesand Central South. Although theseareas
have co_ different climates, the average construction is similar due to economics.
Lumberis local and plentiful, as is clay for brick.

Away frommetropolitan areas, union influence is not so strong, and carpenters
ore Frequently jacks-of-all-tredes, laying brlek and block, installing gypsumboardor
plastering.

RegionF: Central States. Theseareasof dlfferent climatic condltlonsare governed
moreby economicsthan by climate. All partsof this area exper|ence below-freezing
winter and hot, moderatelyhumidsummers,Mare important, however, is the commonality
thatt with the exceptionof very localized spotssuchas the Seattle-Tacomaarea, there
is noconcentration of urbanization and industrlallzafion; consequently,the economyof
the area is the prlme factor, andmaterials andconstructloncombinationsgiving bestinsul-
ation at least costare predominant.

In this region, the carpenteris frequentlythe general builder. Material influences
ore again balancedbetween the e_y transportabillty of lumberand the general local

_:' ovailabfl|ty of clay Forbricks. Thus, the constructionnormsfor different partsof the area
arrive at the sameresult fromd;fforent reasons.

" Basinggeographicalvariation on the six regionsshownin Figure 3-2, one major
hub in each raglanwasselected. Theseare:

• RegionA LosAngeles Interne,lanai Airport (LAX)

• ReglonB Sky Harbor International Airport (PHX)

• RegionC Miami International Airport (MIA)

• RegionD LoganInternational Airport (BOS)

• RegionE Hartsfleld International Airport (ATL)

• RegionF Stupleton International Airport (DEN)

Selection of Buildings

Around each airport, ten buildings were selected for detailed study. At most
airports, olght buildings - consideredto be noise impacted -. were within the NEF 30
contour, while two non-impacted buildings were well outside the NEF 30 contour. The
bulldlngs were selectedsoas to represent a crass-sectlonof building types. The criterTa

: usedfor selecting the buildingswere basedon:
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• Buildingdesignand construction

• Age

• Proximity to ai_ort

• Exposureto noiseenvironment

At each cityt candidatebui;dingswere first identifiedwith respect to distance
from the alrport by reviewing tcgagraphicmaps. Localschooland hospitalauthorities
were then contactedfar permissionto inspect the buildings. In mostcases, the regional
FAA office made Introductory arrangements. Final selection wasmode on the basisof
the cr|terla noted above.

3.3.2 Buildt.ng-Useand ConstructionInformation

Thedata collected for each building covered the following two areas:

= $1ze, use,and numberof occupants

• Construction data required to predict nolsereduction

AppendixC containsa work,sheetusedto record thesedata. Theuseinformation is self-
explanatory. The comlructlan data are thoserequ;red to computenoisereduction by the
methoddescribedin Appendix B.

ConstructionInformationwasgatheredby either a constructlonengineeror an
architect. Visible featureswere noted fromdlreat measurement.Where possible, building
planswere examinedto determinedetails not vlslble. Whereplanswere nat available,
details wereestimated on the basisof knownlocal constructionpreatlce. Apperldlx D
containsa tabulated summaryof building-use and canstruatlondata.

3.3.3 Calculated Noise Roductlon

Nolsereductionwas calculated far each different type of roomin each of the
study buildlngSrusingthe EWRmethod. Appendlx E containstabulatedvaluesaf all the
stepsin the calculation. Thosetablesquantitatlvely showthe relative importance of
each structuralcomponentto the transmissionof sou_dinto the buildlngs.

Thecalculated existing noise reductions, greupedby geographical region and
type of buildlng, are dlscussedbelow.

Schools

Figures3-3 and3-4 summarizethe noisereductionof classrooms.Figures3-3a
through 3-3fshow the numberof classroomswith variousnoisereductionin each region.
Figure 3-4 showsall regionsgroupedtogether.
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Except for RegionCI school noisereductionsfell into two groupings. Most fell
m the range of 16 to 26 dBt with a consistentaverageof approximately21 dB. These
were traditional style classroomswith large areasof single.-glazedw_ndows. Mostof
the noise transmittedwas throughthe windows. In somearaast exterior doorswere
important transmissionpaths, but rarely exceededwindows.

Approximately 10percent of the buildingsinall regionscombinedhavenoise
reductionsIn the range28-32 dB. Thesewere either schoolswith unusuallysmall
windowsorwhich had receivedsomenoise reduction treatment. One schoolhad class-
roomsin which windowshad beeneliminated. Thetotal samplesize is not largeenough
to identify regional trends in this type of bu;lding.

Region C was similar to the other five regionsexcept that two schoolshad large
open vents, resulting in NR =: 11.

Hospitals

Figures 3-5 and 3-6 summarizethe nolsereductionof hospitals. The sample
size is toosmall to identify any regional trends. |n one region (E) no hospitalsware
visited.

The national distributlonl shown;n Figure 3-6, Is very nearly flat from18dB
to 28 dB. Thisis apparently due to the heterogenousnature of hospitaldesigntwith
window size varying greatly accordingto architectural style. In all caseswindows
were the greatest transmissionpath (seeAppendix D)_ but window area exhibited no
trends.

Although the total samplesize of hospitalswasnot large, it is not expectedthat
a larger samplewould showany consistenttrendsnot seenin Figure 3-6.

Regional Differences

Except for the two schoolsin RegionC with openvents, no significant differences
in existing noise reduction were found amongthe six regions. This is becausewindows
were the main transmissionpath in mostcasest and thesedid not vary geographically for
the study buildings. Regionaldifferences in construction can be important, howevars
when cons;deringimproving noise reduct|ont becausetransmissionthrough other components
then becomesslgnificant. Forexample, in those regionswhere exterior doorsare widely
usedt noise reduction improvementmust include door modification.

Average Regioriel Values

Foruse in estimating the magnitude of the problem (see Chapter 7), average
regional values of existing noise reduction are required. Basedon Figures3-3 through
3-6, the values used are:
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• Schools-- ]_ all reglonsexceptC, 90 percentof schoolsare estimatedto
have NR = 21dBand10percenthave NR= 29dB. InReglonC, 20 per-
cent have NR = 11 dB, 60 percent have NR = 21 dB, and 10 percent have
NR = 29 dB.

i

• Hospitals-- in all regionst existing noisereduction hasa flat distribution
from18 to 28 dB.

Thesevalues, togetherwith the contoursof maximumnoise level, are usedin _
Chapter 7 to estimate the numbersof peopleexposedta various aircraft noise levels.
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CHAPTER4

FIELD MEASUREMENTSAND INVESTIGATIONS

4.1 Purpose

A port of thls study involves the prediction of the noise reduction for a
sampllng of schoolst hospitalsandpublic health facilities located nearmajor alrporls,
as describedin Chapter 3. In relation to thls effort the purposeof the field measure-
merits was to:

I) Validate the building noise reduction prediction methodology, i
and

2) Provide data on the interior acoustic absorptioncharacteristicsof the
building t'/pes of interest.

Determinationof building noise reduction wasaccomplishedby simultaneouslyrecording
the building interior and exterior noise levels producedby aircraft overflights. At least
twelve alrcreft eventswore recordedfor eaeh of the roornsunderstudy. The buildlng

' noise reduction wastoken as the average of the difference betweenexterior and interior
maximumnoise levels over all events.

Noise reduction measurementswere conductedat eight buildingsaround LAX,
andsevenbulldlngs each around DEN and BOS. Interior absorptionmeasuremen_were
conductedin all studybuildings aroundeach of thesethree airports.

4.2 MeasurementProcedures

4.2.1 Instrumentation

The instrumentationsystemused in fhls study consistedof a two-channel magnetic
tape recorderequippedwith two condensermlcrophones. A precisionsound level meter
was usedfor direct reading of noise levels, and alsoas an amplifier in one microphone
channel. Specific equipment used, with pertinent operating characleristlcs, is given in
Appendix E. The frequencyresponseof each channelof the assembledsystemwastested
by recordingand playing back a pink noisesignal. Thesystemresponsewas found to be
flat to within + 1 dBover a frequencyrangeof I00 to 8000 H;_. In the field, t000 Hz
calibration ton'aswere recordedbefore'each set of measurements,
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_-.2.2 ,Bu,ildlngNoise Attenuation Measurements

Exterlor Microphoneplacement

In order to measurethe noise at the room locations, the exterior m_crephooe
! wasplaced dlnect)y on the exterior classroomwall. A wall Facingthe a_rcraffFlight

path wasalways used. In mostcases this correspondedto the wail wlth the most window
area. The microphone, together with its windscreen, was taped in place, so that the

! distance fromthe m_cmphonecartridge to thewall wasapproximately 1½inches, the
radiusof the windscreen. No detectable difference in measurednoise level wasnoted
behveenpositioning the microphone overwindowglassor external wall structure.

Thewall mountingwas usedto avoidmlcroscale vaHotlonsin measuredlevel
due to local geometryand to avoid problemswith interference patterns. The benefits

are the sameas in the current trend towardusinggro_n..t(-_ur_ace-mountedmicrophones
rather thanmicrophonesa few feet above theground. " ' -

Dueto noise reflection from the exterlor wails, it was necessaryto apply a
eorrectlon factor from the measuredexterlor noise levels to expressthe noisedata in
termsof Free-field values. /:era flush-mountedmicrophone on a rlgld wall thiscor-
rection factor is a subtractionof 6 dB frem the measuredlevel to obtain the free-field
level. In practice, due to the spac|ngof themicrophonefrom the exterior wall surface

:, _ coupled with soundscattering fromever-presentsurface lrregularitles t the actual correc-
tion to free-field is slightly less. From previousnoise measurementstaken at a variety
of' building surfacesit wasdetermined that a correction of approximately5 dBprovided
the most realistic estimateFor typical building exterior surfaces. The useof a 5 dB
correction wasadditionally verified by comparingsurface-mountedand free-field noise
measurementstaken at the ]nltia) building studiedin the fleld investigation.

,In!crier Microphoneand NR Measurernent

Interior nolse measunementswere modeat four locationswithin each room.
Figure 4-] showsthe arrangementof interior and exterior microphones. The interior
mlerophonepoints are at locations dividing theroomdlmenslonsinto thirds. Three
flyover eventswere recordedwith the interior microphoneat each location shown, for
o total of twelve events. At two points the microphonewasat a height of 1/3 the floor-
to-ceillng dlstance; at the other two it was2/3. Inside andoutside data were recorded
simultaneouslyon the two-channel recorder. Calibration toneswere recorded before
each set of twelve. Theseme_uraments were subsequentlyreducedby A-weight[ng and
displaying ona graphlc-leve[ recorder. MaximumA-welghted levelswere obtained
from the graphic-level recorder charts.
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4.2.3 SoundAbsorptionMeasurements

Twomethodswere usedto measureinterior acoustic absorption. At the study
buildingsaroundlAX and DEN, the procedureusedwas to measurenoiselevelspro-
duced in a roomhy a standardnoisesource. For the acoustic absorptionmeasurements
at the studybuildingaroundBOS, the standardreverberation time method4"3 was used.

Noise Source Method

As discussedin Chapter 3, noiselevel insidea roomis determinedby a balance
betweennoisesourcesandabsoqotion. If a knownsourceis placed in a roomand noise
level measured, thenabsorption may be immediatelyobtalned fromthis balance. "'

The sourceusedwasan [LG constantpowernoise source. Thisconslstsof a squir-
rel cage impellerdrivenat constantspeedby an AC electHcl_otor, it producespLnk i
noisewith octave bandsoundpower levelsof 81 dB, re: 10" watts. Measurementpro-
cedure consistedof placing the ILG in the approximatecenter of the roamandtaking i
direct readingswiththe soundlevel meterat four locations, in octave handsfrom 63
to 8000 Hz. In a few cases, the soundlevelswere recordedr then reducedby playlng
back throughthe soundlevel meter.

Reverberation Time Method

lr* the studybuildlngsaroundBast absorptionwas measuredby the standard
technique of rocordlngan impulsivenoise, then ohtaln[ng reverberation time by sub-
sequentdata reduction. The techniqueemployedwasthat describedin Reference,I-,3.
Medium-welght red balloonswith inflated slze of approximately 10" x 7" were used.
Twoburstswere conductedin each room. Data werereduced to obtain absorptionin
each octave band from 63 to 8000 Hz. "!

4.3 Resultsof MeasurementsNear ThreeMajor Airports

4.3.1 MeasuredNoise Reductions

/_eosurednoisereductionsare shownin Appendix G. Thetabulated values
shownForeach roomare the average over all measurements. The standarddeviation
for measurednoisereduction is shownfor each room. Variation in each roomis due to
a combinationof variation of aircraft spectraplus the usual polnt-to-palnt noisevarla-
tionina room.

A comparisonof measuredand predictednoisereduction is alsopresentedin
Appendix G, togetherwith a statistical analysisof the differences. Thlsana)yslsshows
that the variationsobtained in the measurementpragremare consistentwith the computed
confidence limits presentedin AppendixB far appllcaHon of EWRto aircraft noise. The
useof EWRasthe calculation procedurein thisprelect _sthuswell validated.
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4.3.2 MeasuredAbsolption

Table 4-1 showsthe absorptioncoefficients obtained for severalcombinationsof
roomabsorptionfeatures. Absorptionvalues for classroomsand hospitalroomsshownin
AppendixE for I.AX_ BGSand DEN are the actual measuredvalues, in sabins.

For classroomsSabsorptionvalues wereon the orderof 800 sobinswith negligible

variation introducedby thepresenceof students. Theminlmal variation in.total absorp-
tion dueto studentswasdue to the low (2sabinsperchlld ba_edon4.75 sabmsforadults )
acousticabsorptionintroducedby the presenceof each child. For a t'/plcal classroom
occupancyof 25 children, the additional absorption comesto 50 seblns_amountingto less
than7 percent of the total absorption. Absorptionmeasurementsof severalclassroomswith
andwithout studentsshewedno significant differenc% confirmingth_sresult.

For hospital reems_measuredabsorptionsrangedfrom125 to 520 sablnsdepending
prlmarily on room size. A typical value for a one- or two-bed potlent roomwas150 soblns.

4.3.3 MeasuredAircraft Nolse Levels

Although validationof the aircraft noise modeldiscussedin Chapter3 wasnot
an objective of the measurementprogram, over 500 exterior noiseeventswere recorded
in the courseof the NR measurements. A comparisonof measuredlevelswith pr_dictlons
from the fleet mediannoisecontoursis presentedin AppendixG° 111epredicted levels
were slightly conservafive_but fell in a reasonablerange relative to the spreadof meas-
ured levels.

, 4.4 Investigation of Buildings

in order to developbasic data and proceduresto determinethe feasibility ,
practicability and costof soundproofingbuildingsnearairports_field investigations
of selected schoolsandhosphalswere madefor each constructionregionasdiscussed
in Section3.3. I.

Approximately ten (10)buildingswere selectedwithin each of the airportnoiseimpacted
areasaswell as othernon-impactedareas.

Field investlgafionof buildings andnoisemeasurementsof roomsmostclosely
affected by aircraft noisewere conducteds|multaneeuslyat the following sites: Logan
International Airport (Boston_Massachusetts)_los AngelesInternational Airport (Los
Angeles, Callfornla)s andStapleton International Atrport (Denver, Colorado). Building
investigationswere conductedat the following alrport sltes: Sky HarborAirport (Phoenixt
Arizona), William B. Hartsfleld InternationalAirport (Atlanta, Georgia), andMiami
International Airport (Miami, Florida).
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TABLE4-1, SUMMARY OF MEASUREDAVERAGE INTERIOR
ABSORPTION COEFFICIENTS

AbsorptiveMaterials Classrooms Hospital Rooms

None .17 .23 :

Acoustic Tile i
or Carpeting .21 .37
or Drapes

Twoof theAbove .30 .40

r

!
L;I

i
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Roofand ceiling constructionwere categorized by entries for single joist
or attic spaceconstruction, roof slab or deck construction, rafter spacing, joist

i spacingexterior materials, ca|ling materlal,insulation andwhether ventedor
unrented attlc space.

Roofconstructionentries included concrete, woodor metal deck and thick-
nesses,rafter spacing, and joist spacing(if attic space construction).

J

a • . oExteriormaterial included entriesfor woodor omposhen sh ngles, built-up
roofingandthe numberof plys, concreteor concrete tiles and other materials.

Fourtypesand thicknessesof ceiling material are listedand a spacefor other
! typesof ceiling materials.

Insulationtype andthicknesseshadan entry space.

• Attic spacewascheckedasventedor unvented.

Becausewindowsare a mainsourceof noisetransmission,the following details
were noted onthe form: the numberof wiedowsper room;the windowsize; tile thick-
nessof glass;whether laminated; the numberof plys;whether doubleglazed; the
thicknessof air space;whether jalousle; the width of slatsand their overlapwhen
closed, if normallyopened;the fraction of windowopened;operableor nonoperable
windows;anda descriptionof the frame type and seal.

t Exteriordoorswereexamined only if a substantialnumberof roomshad exterior
!. doors. Thesewere checked for solid wood, hollow core of woodor steel_ and Perthe

type of sealwhich includedthe gap at bottom, weatherstripping or other typesof
seal. A checkwasmadeif therewas a stormdoor. Sliding glassdoorswere considered
to be windows.

Ventilation systemswere checkedforwindowsonly, central forced air, or
throughthe wall air conditioningand the numberper roomand dimensionsof theopenlng.

Roominteriors wereexamined to providethe following information relevant to
the interior acoustical charaaterlstics: the percentof floor carpeted, the percentof
wall coveredwith heavydrapes, whetheror not there wasacoustical tile on the ceiling
and how manydoorslead to interior roomsend hallways.

Summariesof building lnvestlgat_onresultsby nameof building, location, distance,
constructiontype and material, size and other relevant data are shownin AppendixD.
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The building investlgotlon wasconducted in thls manner: The building euthoritles
were contactedand permissionwasobtained to inspectthe buildings; take soundmeasure-
ments, where required;take photographsandprocure any available pertinent construction
drawings. In mostcasesthe area FAA office made these introductoryarrangements:
Schoolandhospital administratorsgenerally referred the investigatorsfo the facility
departmentsto obtain detailed plans. A worksbeet, asshownin AppendixC, waspre-
paredto record relevant architectural andacoustlcal data and isdescribedas follows:

The avaragedaily occupancyof the buildlngswasnoted. Staff andstudentsand/or
patients for schoolsandhospitalsaswell asdayand nighttime occupancywere recorded.

Buildingslze wasrecordedby noting the numberof storiesaswell as lengthand
width. Wherethe particular complexwascomposedof more thanone buildlng orthe
building wasof a complexshape, the longestdistance between the extremeendsof the
buildlng wasnoted asthe length, and the shortestdistancebetweenthe extremeendsof
the building was notedas the width.

Building size wasa/so describedby available sffe or Ice),planswhich facility
departmentswere usuallyable to supply. The Ice),plansalso denotedthe usageof
variousrooms,and the slte plans gave the orientation wlth regard to north and the
different elementsof the buildlng complex.

Roomsize was obtainedby procuringprlnts of plans;photocopyingpertinent
portionsof architectural plans; makingsketchesFromnon-reproducibleplans;or
pbysloallyobserving, measuring,andsketchingroomplansin the absenceof the
aI_ovealternatives. Theroomuseand occupancywere recordedwlth the numberof
roomsin the complex.

Constructionmaterialsand details were determinedthrougha careful studyof
detailed architectural sections, elevations, detailed plansand schedulesandwere
corroboratedby physicalon-siteinspection sIcetchingand photographing.

Wall constructionwasdescribed by a separatelisting of outsideand inside
materialsandthicknesses. Twelve alternative outsidewalls and thicicnesseswere listed.
A checkentry "other" wasprovided for the outsidewall type otherthanthose listed.

Interior finish materlal of' exteriorwalls waslisted by fifteen typosand thicknesses
wlth an "other" Iistlng for entry of material nat coveredby the list.

Forother arrangementsin exterior walls, flve alternative entrieswere listed to
be checked.

Insulationin stud spacewas listed with an entry for type and thicicness.

Special features included entriesto be checkedfor resilient mountingof panels,
fiberboardunderpanels, onone slde or both sides,double layer panels, continuously
or laminated.
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CHAPTER5

SOUNDPROOFING APPLICATION AND BENEFITS

5.1 SoundproofingApplication

5.1.1 SoundproofingPrlnclples

Soundproofinga building consistsof eliminating or reducingthe transmissionaf
soundinto it. Thefirststep is to eliminate leakswhlch offer no resistanceto sound,such
asopen windows, vents,cracksr etc. Beyondthis point, the specific constrecfianof a
building is important. Soundisnot transmitteddlrectly from outsideto inslde, but inter-
acts with the buildingstructure to causeinterior noise.

When soundstrikesthe exterior surfaceof a wall, it causesthe wall to vlbrate.
Thevibration of theexterior wall is transmlttedthroughthe structure, causlngthe interlor
wall to vlbrate; thTsvibration in turnradiatesnoiseinto the interior. Noise reduction
measuresmay thereforebe consideredin termsof reducingthe vibration of the wall.

Far a single-panelwall, where insideand outsidesurfacesmoveasa unit, noise
reduction measuresconslstof reducingthe vlbretianal amplitude response.All else being
equal_ adding massto a wall makesit moredifficult to move, so that the mostcommon
measurefor singlepanelsis to addmass. A limp we[l, wlth massbut nostiffness, is desir-
able becausenaturalresonancescan causehTghresponseamplitudes. Increasingthe stiffness
of a wall very oftenchangesits vibration characteristicsin sucha way that noisetransmission
is [ncreasedo Thepractical imp[[cotlonof this is that whenmassis added, it mustbe done
in a way to minimizeany stiffnessincrease. Bendingtwoplies of material togetherwith

'" isolated spotsof glue, far example, is preferable to continuousbonding.

, The transmissionloss(TL)of a single panel is limited to that given by the masslaw
for llmp panels. Inpractice it is usually less,due to stiffnesseffects. Largetransmission
lossfor a single panelcan be achieved with a thick brick or concretewall. Comparable
transmissionlosscanbe obtained with a much lighter structure, however, by utilizing
double-panel wall construction.

Twoseparatepanels, separatedby a large air spaceand vlbreHonally isolated
fromeach other, will have a "[Lequal to the sumof the TL of the two panels. Thisis
becausethe noiseincidenton the secondis that transmittedby the first. In practice,
for walls of reasonablethickness, this ideal performanceis considerablydegradedby the
following factors:

• Strongacoustic couplingof the panelsdueto the air spacebeing small
comparedto a wavelength.

• Build-upof a reverberantsoundfield in the air space.

• Directvibrational "bridging" dueto connectingstructure(studworktfloor
and ceiling connections).
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Thesefactorscan be reducedby increasing the air space(limited for walls, but
quite practical for roofs), introducing absoq0tlvematerial, andavoiding direct bridging
by usingstaggeredstuds, resilient mounting, etc.

Where extremenoise reduction _sneeded -- suchas in recordingstudiosor acoustic
laboratories- elaborate measuressuchasdoublewalls, vlbratlonally _solatedfloors and
walls, floating rooms,etc., are used. Within the context of the presentprogram, which
mustbe limited to reasonablemethodsapplicable to public building construction,sound-
proofing techniquesmay be consideredto consistof eliminating leafs andthen applying
thosemethodsnotedabove for single- anddouble-panel wall construction. "lllls includes
bothreplacing components(suchas replacing single glazing with double) andmodifying
walls accordingto theseprinciples.

5.1.2 Rehab_lltafionof Exlstlng Buildings

Soundproofingan existing building consTstsof" identifying which componentelements
provide transmissionpaths into the buildTngt then Tncorporetlngappropriate modifications.
Up to a certain point, modifications can read|ly be _denHfiedfromcomparative transmission
loss, oodcc_nsists_mplyofsubstltutingone companentforanotber. Forexample, ifan
unsealedhollow-core door is the only transmissionpath, a 10dBfmprevemenfcan be
obtained by replacing it with a weatherstrippedsolld-core door.

Slightly moresophisticated modlficaHonsinclude addinginsulationand/or layers
of panelingto existing wails. Somevery effectlve soundproofingtechniques,such as
staggeredstudsor fiberboardunderpaneling, are not suitable for retrofit becausethey
wouldinvolve virtual demol_tlonof the exlsting structure andconstrucHonof a new wall.

An importantconcept to keep in mindis that soundpreofingis very mucha leak-
sealing process. "i_elargest "soundleakS"are attended to first, within thecontext of the
particular building. The IogaHthmlcdecibel scale tendsto obscurethe physical conse-
quencesof this. A l0 dB improvementin noisereduction meanstransmittedsoundis reduced
by a factorof ten. For example, irnprovTnge building with N.R= 30 involvesidentifying
and eliminating transmissionpathsone-tenth the size of transmJsslonpathspresent In
anotherbuilding with NR = 20. if is also importantto realize that the noisereducHon
after modificationis often not governedby the modification, but by what is left unmod-
i fled.

Following theprinciples noted above, the noisereductionanalystsof the 60 study
buildingswasextendedto include feasible soundproofingmodifications. Requiredmodlfi-

i cationsfor each building were identified fromthe calculationssummarizedin Appendix E.

The following modlflcat_ore were applied asneeded:

• Replaceexisting windowswlfh sealeddoubleglazingwith EWR= 40° This
can be accomplishedwith acousticwindowdesTgnswith STC > 40. An
alternative is to install o secondlayer of glasswith at least a 2" air space,
and ab_orptivematerial aroundthe building. Bothlayers of glassmust be
at least 3/16" thick and well sealed.
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m Upgrading doorsand seals. Insamecases"acousticseals", specifically
designedfor noiseinsulation, wore required. Examplesare neopreneseals
which are tightly compressedby the doorand mechanicaldropsealsat the
bottom. Sealsmustbe installed all aroundthe door. Thesesealsprovide
an airtight closuremuchbetter than ordinaryweatherstrlpplng.

• Acoustic baffling of vents. Theseare custom-designedbaffles which provide
an absorptivesoundtrap without restricting air flow. Thosemay be required
for ventilated attic spacesand through-the-wall unitventilators.

@ Adding insulation to walls andattic spaces.

• Adding another layer of materiall in effect coating a two-panelwall where
the original wall is consideredto be the first panel. The new9ypsumboard
or plaster is mountedon studs,furring strips, or a layerof fiberboard. Using
fiberboard wasfound in Reference5-1 to improvethe TLof a frameor block
wall by at least 10 dBt and requireslessspacethenstudsor furringstrips.

• Eliminating windowsand filling the space to matchthe exterior walls.

The last item is not intendedasa recommendedmodification, but ratheras a means
of aahleving no_soreductioncommensuratewith the potentialeapab[lity of the wall. In
practice, very nearly the samenoisereduction could be obtainedretaining somewindow
area by usingsmallerwindowsof special acoustic design.

Appendix H containsrehabilitation worksheetsforeachof the roomsconsidered
in the studybuildings. Theworksheetsshowthe existing noisereduction, and the improved

:. noise reduction after applying variouscombinationsof thesemodifications. The descriptions
: given on thesework,sheetsform the basison which costinginformationpresentedin Chapter6
I wasdeveloped.
r.

The warksheetsin Appendix H do not in themselvesprovidea usefuldescription
of typical retrofit on a regional basis. Theywore developedin the usualmannerof treating
each building on an individual basis. ComparingimprovementsdenotedasStageIi For
oxompiet would in general be meaningless. As notedin Section5.1.2, improvednoise
reduction is governedby what hasbeen left undone.

Thereare_ however, two clearly definable categoriesofnoise reductionwhich
can be meaningfully correlated on a regional basis. Theseare:

• CategoryA: Replaceexisting windowswith sealeddoubleglazing_ plusall
othermodificationsnecessaryto achieve NR performancecommensuratewith
the potential of double glazing. (Increasednoisereductionon the orderof 10riB)

• Category B: Maximum feasible noise reduction_Including elimination of
windows. (Increasednoise reductionon the orderof20 dB)
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Appendix ! contains tabulatedsummariesof noise reduction improvementsaccordingto
thesecategories. Shownare existingnoisereduction, improvementto noise reduction,
and identification of which stagein Appendix H each correspondsto. The buildingsare
groupedby mgionr with schoolsand hospitalskept separately. Average noisereduction
improvementand rmsvariation about the meanare shownfor each grouplng.

The two rehabilitation categoriesidentified in Appendix I, together with their
cost, Formthe basisof regional andnational soundproofingcostfigures developedin
Chapter 6.

5.1.3 SoundproofingN.ewConstruction

All of the buildingsvisited in thlsstudyare existingstructures,so that the only
soundproofingoption is r frofJttmg, in mostcasesthe buildings predatejet operations,
so that at the time of constructionnoconsiderationwasgiven to soundproofing. For
planningof future construction,however, it is worth consideringthe costof including

• * esoundproofinginitially vs. modifying/at r. Such cases,may arise, for example, if
existingaircraft noise is not intres've but if isprojected that futurenoisewill be.

Building soundproofingmeasuresusuallyfall into two categories: replacement
or modification of components,andbasic construction. When componentsare replaced
or modified, the costdifference betweennewand retrofit is limited to the cost of discarded
componentsand demolition costs. Typical componentsconsideredare:

e Windows -- usedouble-glazed acoustical designsinsteadof slngle-glazlng.

= Doors -- usesol_d-corawlth properseals insteadof hollow-core.

e d • * "• V nts -- use eslgnswith acoustic baffling.

Although the costdifferential associatedwlth thesecomponentsis relatively easy
to deflne, demolition costscan be highly variable. This is especially true when a new
component -- suchas a baffled vent or a thicker window -- is larger than the orlglnal
component,and doesnot fit into thespaceavaTJable.

Basicconstructionconsistsof"the material and configurationof the walls and roof.
Someretrofit measures,suchas adding insulation, are almostof the somenature as com-
ponent replacement. Other retrofit measuresconsistof thingswhichwould usually not be
done in new construction. For example, when retrofitting an ex_stlngwall, mater_al is
usually added to the surface, while a new wall is amenable to interior designfeatures
such asstaggeredstudsor resilient mountingof panels. Very often _nnew consfreetlon,
one arrangementof the samematerialsat nearly the samecostcan glve better noise insul-
ation than another arrangement, while retrofitting the poorerarrangementcan be costly.
For example, if a double-pane windowis constructedon-site, placing the panesseveral

inchesapart wlth absorptivematerTalaroundtheperiphery is muchbetter than placing
the panes_" apart which is often adequatefor thermal insulation.
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It is not possibleto providea comprehensivediscussionof newsound-lnsulated
constructionbecauseof the tremendousvariety ofapproachespossible. As the degreeof
noise reduction increases, designalso becomesmorecomplex. Noise reduction in excess
of 50 dB can require either double-wall constructionor quite sophisticatedsingle-wall
design. However, noise reduction of up to 40-45 dB for typical classroomsis
possiblewlth slngle-wall constructionnotvery different from manyconventionalbuildings,

i The following pointsmustbe consideredin designingsuch a building:

!- • MasonryWalls. A 9" brick wall providessufficient attenuation to achieve
L 45 dBnoisereduction in a classroomif all other transmissionpathsare ellm-

inated. Pouredconcrete6"-8"thickhassimilarperformance. Hollow
" concreteblock 8" thick hasabout 10dBless noisereduction, however, due

to its porosityand lighter weight. Addinga layer of fiberboardand gypsum-
board to the interior of a block wall bringsits performanceup to that of
concrete or brick.

Masonry walls shouldpreferably bebrick or concrete. Blockwalls, if used,
need additional material. Retrofittlng an existing block wall would entail
relocatlng electric outlets, moldings,etc., in addition to installing the
material itself.

• Frame Construction. An unlnsulated framewall with conventional 2 x 4 studs
hasa noise reductlon 10 to 20 dB lessthan brick or pouredcanorete. The
performanceof such a wall can usuallybe improvedby about 10 dB by filling
with insulation and adding fiberboardand gypsumboardto the interior finish
wall. Severemodificat_ons-- suchasaddlng another layer af framing, insul-
ation, and finish wall -are often neededfor further improvement. In new
construction, performancesimilar to brick can be obtained by using staggered

t" studs, insulation, and fiberboard underthe interior and exterior finish materials.
The addlrionol material would be comparableto retrofitting an existing wall
and would performbetter.

• Roof. Becauseceillng area is often threeor four timesexterior wall area
for rooms_n large bufldlngs, this canbe an important transmissionpath. The
samegeneral conslderations given abovefor walls apply. One important
difference for roofs, however, is that there is often significant empty space
between ruof and ceiling which can beusedto advantage. Far example, a
roof with unvented attic space (at/east one or two feet) can perform 10dB
better than a wall using the samematerialson 2 x 4 studs. Absoq0tivemater_al
is also particularly effective becauseof this reverberation space. By ensuring
that there is insulation in the attic spaceand that ventsare properly baffled,
transmissToncan be reduced to lessthan that of a brick wall.

Concrete slab roofsare also subject to the sameconsiderations. Providingat
least a few inches of space beJ_veentheslab and the finish ceiling (which
must be sealed) and including insulationwill usually be necessaryif noise
reductlon of 40-45 dB is desired.
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Roofconstructionsto be avoided oresingle-jolsf type, where interior and
exterior materialsare attached to the samerafters. This hasthe samedlf-
ficulty as frameconstructlon walls. Exposed-rafter ceillngs wlth any roof
material other than thick concrete and with no interior finlsh ceilings are
clearly not suitable for use in soundproofconstruction.

• Air Conditlonlng. Becauseall openingsmust be sealed, air oondltionlng
(or mechanicalventilation where cooling is not needed) is needed in sound-
proof construction. Planning ductwork for central ventilation units ismuch
simpler in newconstruction than whenadapting to an existing building.
This is a highly variable item for mtroflt. It maybe impractical to install ,:
central ventilation in an existing building, requiring the useof properly
ventedwindowunlts.

A final commentonsoundproofconstructionmustbe made. Thequality standard
ismuchhlgher thanusual. Mortar mustbe free of pinholes, all joints mustbe well sealed,
speoial technlquesare required for resilient mountingof panelst etc. SuchItems are mere
difficult to estimate cost for; butt in generol,lf there is a rangeof labor rates,the workman-
ship neededwill usuallyentail a higher labor cost thanaverage even for nominallyconven-
tional operations.

5.2 SoundproofingBenefits

As developed in Chapter2 whenthe external noiseenvironmentof a buildlng
causesthe interior noiselevels to exceed thresholdvalues, the occupantsmay experience
interference in the performanceof nolse-sensitlveactivity. Forschools, Ihe mostsensitive
activity to noiseinterferenceis verbal communication. Forhospitalsandpublic health
facilities, ills the sleepof convolesclngpatients. The direct benefit of soundproofingfor
these casesis then the reductionor elimination of interference with such activities.
Although it is difflcult to translate this direct benefit into dollars,ltcan be readily
examinedon o qualitative basis.

Far the caseof schools,the benefit of soundproofingin improving verbal commun-
icatlons in the classroomis reflected in an improvementof the quality of educationand
reduction in stressof teachersandstudents. Improvementin the quality of educationcomes
about throughincreasedcommunicationbetween teachersandstudentsas well asthe edu-
cational value of malntelnlng interruptlon-free continuity duringverbal lessons.Although
this benefit could be quantified to somedegree by comparingtestscoresof studentsexposed
to quiet and noisy environments,the value of an improvedquality of education is in effect
a priceless commodity.

The reductionof stressin the classroomachTevedby lower noise levels results
fromellminafing the needfor raisedvoicesand vocal repetition asattemptsto maintaTn
communicationduringnoiseinterruption from outside the building. As with improved
educationalquality, the reductionof stressis an intangible benefit which affects not
only file parficlpants in the classroombut ultimately their familiesand society at large.
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For hospitalsandpublic health facilities the soundproofingbenefit of reduced
sleep interference is directly realized by the internedpatientsin the farmof a health
andquallty-of-llfe benefit. Additional benefit canalso be achieved in the potential
redaction of medical attendanceaffected by sleep-dlsturbedpatients.

[n addition to the direct benefitsto buildingoccupantsas describedabeve_the
incorporationof buildlngsoundproofinghas the potential benefitof reducingenergy
consumption. Savingsin energy are derived fromreduced building heatingand air con-
dEtioningneedsresultingfromsoundproofingtechniquessuchassealed double-panewindows
which reduce the heat andair exchangebetweenexlerior and interior. This benefit may
be partially offset by Increasedenergyuse if mechanicalventilation and/or additiona/
electric lightsare addedto replace lost natural ventilaHonwhen windowsand aracksare
sealed.
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CHAPTER 6

COSTS, FEASIBILITYrAND PRACTICABILITYOF SOUNDPROOFING

The first part of thischapter is devoted to costs, including a discussionof the
objectives and proceduresfordevelopingcostingdata. The costpredict;onmethodology
is explained. The developmentof the costdata baseis explained. Regionaldifferences
are discussedand explained. A detailed costingexample is providedwhich demonstrates
the costing procedure;n its entirety. The programcostsare provided, andthe antici-
pated castbenefitsare provided.

Thesecondpart of thechapter covers the feasibility andpractlcabil;ty of sound-
proofing. The limits and constraintsof soundproofingare presentedand factors relative
to practicability are presented.

6. I _osts

A majorobjective ofthe studywasthe determinationof soundproofingcostsof
schoolst hospltalst and publichealth facilities on a state, regional, and national basis.
Costswere calculated for representativebuildings, andthen projected to determinethe
state-wide, roglona(_ and nationalvalues. All valuesare in termsof total costswhieh
include both labor and materials. All costshave beencorrectedfor regional and state
variations. Thesecorrectionsare necessarybecauselaborand material costsare different
throughoutthe country. A final correction for the contractorsmarkupt profit, and con-
tingency is thenapplied.

6.1. CostPrediction Methodology

Thecost per "delta'* NR's(in dB's)per squarefoot of floor spaceor per room
average costsapplying averagesquarefeet per room_neach constructionregion offered
the viable estimatingmethod. Thesecostsincluding costcoefficients (dollar per square
foot) are derived from actual eo_lngsof samplebuildingsin eachregion.

By applying acceptedcontractor'spricing practice, the 1977DodgeManual
hasbeen usedin deriving unitcosts. It breakseach building item into the smallestunit
with detailed andup-to-data accurate costestimates. This manualis knownfor its com-
pletenessand the accuracyof itsgeographicaladjustmentindices.

The noise reductionsachieved by A and B rehabilitation categoriesshownin Chapter5
are foundto be meaningfullycorrelatedona reglonat basis. Theaverage costsfor each
region are derived asshownin Appendix M, andprojected to the remaining buildings im-
pactedwithin 30 NEF, within that region.

6.1.2. CostData Base

The costdata baseincludesthe costsof all madiflcatTons,the rag;anal costad-

justmentfactors, and the markupcosts.
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Threebasle cost referenceswere used to develop the costFigures:

(I) The 1977DodgeConstructionSystemsCosts, New York: McGraw
Hill Information SystemsCompany, 197'6.

i

(2) The 1977Dodge Manual for Building ConstructionPrlcing end
Scheduling,New York; /_cGraw Hill InforrmotionSystemsCompanyt

(3) Farley, J.H., Chief Editor, Hospltaf/Healthoare Building Casts,
New York: McGraw HIll InformcJtionSystemsCompany, 1976. .i

Thesemanualsare comprehensivereference tools Formeasuringthe costre-
quirementof each modifioaHonand/or combinationof modifications. The cost figures
that are providedare basedon national costaverageswhich are continually collected.
Phasecostshavebeen adjusted to representearly 1977prices.

Basecostdata are updatedalmostdaily frominformationcollected at actual
job sites throughoutthe entire country. Thesedata have been developed for appfl-
cation in termsefsquare Feet. Thust to calculate the costof a modification+one
needsto know the total squarefootageof the modification to wlndows_wallst etc.

For axamp/e_the current costfor provtdlng a layer of gypsumboardand p/y-
woodon inside wells is:

ITEM $ PERSQUAREFOOT
Labor Material TeCtal

I" x 2" Furring _' _.J5 .1O .25

I/2" Gypsumboard .17 .13 .30

Walnut Veneer .78 1,62 2.40

i
SandandFinish .46 .15 .61

Total persquare foot 1.56 2.00 3.56

The referencesourcesshow labor_ material, andtotal costsper squareFootof
the modification; however, Forsimplification only the tote! figure is used.

\
RegionalCast Adjustment

Laborcostsand material vary w|dely throughoutthe Unlted States. Regionalor
locality adjustmentsare necessaryin order to moreaccurately estimateactual costs.

The .basiccostadjustmentdata is available fromthe 1977 DodgeConstruction
SystemsCostsand the 1977 DodgeManual ForBuilding ConstructionPricing and
_These referencesprovide the mostup-to-date and accurate regtonal cost
adjustmentFactors.
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The basic castadjustmentdata in bethreferencesis arrangedby city. The
1977DodgeConstructionSystemsCosts providesdata on 84 cities in the United States
and'Canada. The 1977DodgeManuat for Building ConstructionPricingand Scheduling
providesdata for 152cities in the United Statesand Canada. Theyoverlap; andwhen the
Canadian cities are deleted, they provide data on 148 United Statescffies. Thepub-
lisher, McGraw Hill InformationSystemsCompany,me_ntainsthat the costadjustment
data are accuratefor each city and for the regionaroundeach city.

Thereare different proceduresto groupand utilize the basiclocality correction
data:

a. by cities

b. by states

c. by constructionregion

By Cttles

Thesedata are providedon a city by city basis. Where interestis centeredon a
spoctflc local site for potential programimplementationthesedata are recommendedfor
use. However,within the scopeof this studyother procedureswere consideredmore
appropriate to the study'sobjectives.

By..States

The basiccostadjustmentdata groupedby state providesaveragecostadjustment
i' factorson a state-wlde level. Useof suchFactorsoffersan overviewof statecosts.

Appendix K liststhe corrected Factorswhichcould be usedon a state-by-state basis.

_. By ConstructionRegion

Thesebasiccostcorrectiondata oregroupedby geographicalregionsof differing
constructionpractices. This procedurewasusedin developingsoundproofingcosts.

The cities listed in the above referenceswere sortedinto thesix regionsrepresenting
the GeographicalAreasof Differing ConstructionPractices,and into Alaska,Hawaii, and
Puerto Rico. The CostAdjustingFactors for each city within each regionwere then
totaled and averagedto produce regional factors.

Appendix K showsthe resultantcorrection factorsfor labor costsand material costs
Foreach region, AIus-_a,Hawaii, and PuertoRico. Thesecorrectionfactors were applied to bose
cost data wtthln a Regionto adjustlabor, material, and overall costsup or down.

These correction factorsdo not include correction for temporarylaborand material
shortagesand surp[uses,discounts,travel, inflatlon, andunusualcosts,which cannotbe
predicted one systematicbasis;nor do thesecostsinclude the FinaladjustmentForthe
contractor'smarkup.
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6. 1.3 Costing Application

This sectionprovidesa practical costingexample including the methodologyfor determiningbasiccosts,correcting for regional east varlaffons, andthedevelop-
mentof dollarsper delta NR. Costingmethodologyand application is the samefor
schoolsandhospitals, thusonly schoolsare usedin the examples.

The exampleconsistsof hvo highschoolsTntwo different locations.The schools
ere typical of schoolbuildingsin termsof size, beingneither excesslvalylarge or small;
and |n termsof architecture, that is, in containing no unusualor exoticdesignsand
materials. The exampleutilizes Category B NR_s(estimated20 dB modification).

The first school(SchoolA) is located in constructionregion E. Thesecond
school(School B) is located in constructionregionA.

SchoolA structure has42,336 square feet of floor spacewith 22.5 squarefoot
CO "" "windows,_ows per room, 42 rooms, noair ndJtlonmg, 12 inch brickwalls, and

I/2 inch painted gypsumboordinterior walls.

g_hoo[B structure has43,500 squarefeet of floor spacewith 24squarefoot
windows,_ndows per room, 58 rooms,noair oondition|ng, 8" concretewalls,
and painted masonryinterior wails.

The categoryB (20 dB) modification is to eliminate the windowsandto fill
the spacewith comparableexterior and interior wall materials and finishes;and, since
the windowswill be sealed, o Heating, Ventilating andAir Conditioningsystem(HVAC)
mustbe provided.

The first stepin determlngthe costof the modification is the calculatipnof the
total squarefootageof the mod_fiootion. Thisis becausethe basic costsource"provides
costsin termsof square feet of modification. SchoolA has22.5 squaretootwindows,
ten per room, and 42 rooms,sothe total square--of the modificationis:

22.5 squarefeet x 10windowsper roomx 42 rooms= 9450 squarefeet.

SchoolB has24 _uare footwindows, three per room, and 58 rooms.The square
footageof the modification to schoolB is:

24 x 3 x 58 = 4176squarefeet

11977DodgeConstructionSystemsCost, New York, McGraw-Hill, 1976,
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The firstaction to be taken is the removalof"the windows. This is called
demolition andthecost is $.12 persquarefootof the madlfi catlon.2 The costfor
removingthe wind0wsin SchoolA is:

j 9450 squarefeet x $.12 = $1134.00,
I

while the demolitioncost for School[3 is:

4176x $.12 = $50hl2

The nextstepin the modification is the fill{ng of the window spacewith
material like the existing external wall. Thesecostsare also calculated in termsof

O "the numberof squarefeet of modification, but they vary ace rdmg to the materlal
used. SchoolA is constructedof 12 inch brick interior walls, and this cost is $9.09
per square foot3. School B is constructedof 8" concrete walls, and the cost is $5.884
per square foot.

All the window spacein School A, 9450 squarefeet, will be filled with 12
• inch brick at a costof:

9450 x $9.09 = $85,910

The windowspace in SchoolBwill be filled with 8" concrete, at a cost of:

4t76 x $5.88 = $24,554.88

The next cast item involvesthe interTorwall modification. Thls costis also
calculated tn termsof the squarefootageof the modification. SchoolA hasI/2 Tnch

painted gyp.sumboordinterior walls, and thtsbmaterlalwill be apl_>liedto the brick. The
costof I/2 inch gypsumboardpainted is $.9l persquarefoot, so the costof thisaction is:

9450 x $.91 = $8599.50

SchoolBrequirespalntlngof the installed concrete. ThTscostis $.42 per
square [oo_ cost of thisactLonis:

4176 x .42 = $1753.92

Ibid.
Ibtd.
Ibld.
Ibld.
Ibid.
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Neither building A nar building B is equippedwith a HVAC system,therefore
both buildingswill require HVAC. The cast of HVAC _scomputedby the squarefootage
of floor space. The square footageof: the Floorspace in building A is42,336, and the
square footageof floor space in building Bis 43,500. The costof HVAC in high schools
is $4.407 persquare foot of floor space. The HVAC costfor SchoorA is:

42,336 x $4.40 = $186,278.40,

whlre the costfor SchoolB is:

43,500 x $4.40 = $191,400.00

Thetotal costis the sumof all the modifications that mustbe madeto a building.
In this example, the total cost is the sumof the demolition cost, exteriorwall cost, interior
wall cost, and the costof HVAC. The tectalcostof the modification to SchoolA is:

$1134.00 - 85,900.00 + 8599.50 + 186,278.40 = $281,9rl.90

while the costfor SchoolB is:

$501.12 - 24,544.88 + 1753.92 + 191,400.00 = $218,209.92

Becausethe costof constructionvaries throughoutthe naHon, their total costs
mustbe adjustedfor regional variations, the costcorrectionfactor for building in con-
struction regionE (SchoolA) is .85, and the correct;anfactor for regionA (SchoolB)
is 1.10.

Theactual costof' SchoolA is:

$281,911.90 x .85 = $239,625.12

wh_le the eastfor SchoolB is:

$218,209.92 x 1.10 = $240,030.91

in bothschools, the applied modif;cationyields an inter;or noisereductionof
approxTmately20 d8 (Category B).

71bid.
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The costsfor improvingthe attenuationof schoolsA and B can be expressedi'n
different units basedan the total dollars. In addition to total dollars, costing canbe
expressedin dollarsper squarefoot of classroomor dollarsper classroom. Usingthe

z example, these unlts would be:

! SchoolA

(I) Dollarsper squarefoot = $239,625.12 - 42,336 = $5.67/sq.ff.(Classroom)i

(2) Dollarsper classroom= $239,625.12 - 42(Rooms) = $5,720.00/Classroom

School B

(I) Dollars per squarefoot = $240,030.91 " 43,500 = $5.52/sq.ft.(Classroom)

(2) Dollarsper classroom= $24Q,030.91 " 58(Rooms)= $4,140/Cfassroom

l

6. 1.4 ProgramCosts

The estimateddollar costsof redualngthe interior noise levelsof sahools, hospitals,
and public health facilities to withln feasible andpractical limits, forexisting buildings, are
identified as ProgramCosts. Thesecostswere determinedthroughthe application of buildlng
attenuation practicesdefined in Chapter 5 asCategoryA andCategory B modifications.

s,

Applying the methodologyandproceduresusedIn the example shownundersubsection
6.1.3 and the regional Factorsshownin Appendlx K; state, regtonalt andnational soundproofing
costswere derivedasshownbyTables 6-1 through6-7.

o Cost Derivation

Costingvalueswere developed separatelyForeach reglon_ throughthe
following process(National costvalues are the slmplesummationof all
regional costs).

- Indlvldualcost calculationswere completedfor each samplesite For
each category of modifications(A&B) - seeAppendix Q.

- Individual costswere then addedgiving a total dollar cost for all
samplesltesfor each category.

- The total dollars for each categorywere divided by total numberof
roomsto be rehabilitated at all samplesltes, producingan average
costper category per roomwithin that region.
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TABLE 6-1

SUMMARY OF ALL CONSTRUCTION REGION COSTS
(NO MARKUP INCLUDED)

SCHOOL HOSPITAL**

Interior ,
Levels EXISTING REHABILITATION AFTER EXISTING '_EHABILITATION AFTER

(dB) J No. of $ $ No. of No. of $ $ No. of
qumber I Student Cat. A Cat, 8 Number Sludent Number Patient Cat. A Cat. B Number Patient

40 . _ __ I1__ I_441__

40-44 '_n J7J89 325 232569 .... 44 1324I

45-49 37 26734 421 285198 2 754 298650 17 65 89=.

.50-54 90 69150 1I04717C 203 123244 I0 3046 4631640 12 5289

,= 5-s9 150 109440 1778722( 76 47420 18 6522 I-- 8799600 2 820=.

60.-64 215 146230 269692/F 32 18939 25 7360 1139543[ 3 426
65-69

234 149024 2748815_ 17 6589 065920C

70-74 203 123244 228338_ 12 5289 75118_5_

7'5-79 76 47420 85859PC 2 820 1218070
80-85

32 ;8939 3530205 3 426 621390
i

TOTAL
1057 707370 2883439_89407_5 1057 707370 89 30806 4930290 402BI9M; 89 30806

*Ltmlted by feasibility and proctlcabtllty
**Include public health facilities

SUMJV_6*RY SCHOOL H OSPITAL

CategoryA ( II NR+2 ) (11NR+I)2.B0/Sq.Ft.$1Cost CoefR¢lent .... "T......... $4,90/Sq. Ft.

Category B (20 NR+3) (18 NR +2!
Cost Coefficient .............. $5,49/ScI . Ft. $11.61/5:I, Ft.



TABLE 6-2

SUMMARYOF CONSTRUCTION REGION COST A
(NO MARKUP INCLUDED)

SCHOOL HOSPITAL**

Interior .
Levels EXISTING REHABILITATION AFTER EXISTING _EHABILITATION AFTER
(dB) No. of $ $ No. of NO. of $ $ No. of

_lumber Student Cat. A Cat. B Number Student Number Patient Cat. A Cot. B Number Patient

<40. " I 92
- .40--44 2 2365 39 24795 5.... 1159

45-49 3 1010 43 29536 1 92 226000 3 1254

50-54 9 6172 1108090 44 32381 1 370 727020 2" 978

o, 55-59 14 9451 1711680 11 6339 2 200 405600Jo
"' 60-64 28 16258 3385200 6 4328 2 589 196520

65-6? 26 19075 3967600 3 i254 .>541640

70-74 I 44 32381 6739200 2 978 994200
I ,=

75-79 11 6339 1320800 0 --

80-85 6 4328 904800 0 --

TOTAL 143 97379 2019770 1631760( 143 ?7379 11 3483 9530'20 6137960 II 3483

*Limited by feadbl Ity and practicability
**Include public health Facilities
SUMMARY SCHOOL HOSPITAL

CotegoryA (10 NR+3) (11 NR+I)
Cost Coefficient...._ ......... $5.11/Sq.Ft. $1_14/Sq. Ft.

Category B ( 18 NR +4) (17 NR +2)
Cost Coefficient ..... "_........... $5.90/Sq. Ft. $1_62/Sq. Ft.



TABLE6-3

SUMMARY OF CONSTRUCTION REGION COST B
(NO MARKUPINCLUDED)

SCHOOL HOSPITAL**
Interior ,
Levels EXISTING REHABILITATION AFTER EXISTING REHABILITATION AFTER

(dB) No. of $ $ No. of No. of $ $ No. of
Number Student Cat. A Cat. B Number Student Number Patient Cat. A Cat. B Number Patlent

_40_. __ I 662

40-4_ 6 4924 - -

45.-49 7 4687 I 662 72650 I 60

50-54 . ] i 1864 187250 I0 5104 ...... 2 1050
,=• ,,

55-59 1 1260 119840 2 2353 ......

66..64 5 3060 358,545 I 553 ......
65-.69 6 3427 399355 I 60 28160

70-74 10 5104 597580 2 1050 492730

75-79 2 2353 276930 ....

80-85 I 553 6704,5 ....

TOTAL 26 17621 307090 1699455 26 17621 4 1772 72650 520890 4 1772"

*Limited by feaslbillty and practicability
**Include publte health facilities

SUMMARY SCHOOL HOSPITAL

CategoryA (11 NR+2) (11 NR+I)
C tC ffl ! - $3 03/Sq Ft $1 _/Sq Ftas oe cent, . . . . . . . . . . . . . . . . .

Category B (20 NR+t ) ( 23 NR ÷1)
Cost Coefficient ............ $3.54/Sq,Ft. $ 4_'89/Sq.Ft,



TABLE6-4

SUMMARY OF CONSTRUCTION REGION COST C
(NO MARKUP INCLUDED)

SCHOOL HOSPITAL**

Interior ,
Levels EXISTING REHABILITATION AFTER EXISTING _EHABILITATION AFTER
(dB) No. of $ S No. of No. of $ $ No. of

Number Student Cat. A i Cut. B Number Student Number Patient Cat. A Cat. BI Number Patient

<40 4 J721
40-44 36 27729_" 4 1035

45-49 5 3674 35 24645 I 774

50-54 11 9430 1315210 10 6649 1 52 89490 I 477

55-59 10 7900 1080110 9 6825 4 1721 !969060

60-64 25 18299 3452840 7 4170 3 983 1697170

65-69 20 13071 2466990 1 774 133503(

70-74 10 6649 1278380 1 477 834330

75-79 9 6825 287740 ......

80-85 7 4170 787740 ......

TOTAL 97 70018 2395320 9273690 97 70018 10 4007 89490 5835590 10 4007

*Limited by feasibility andpracticability
**Include public health facilities
SUMMARY SCHOOL HOSPITAL

CategoryA ( 13 NR+4) (11 NR+_I)
Cost Coefficient ............ $3,86/Sq .Ft. $11,26/Sq.Ft.

Category B (22 NR+5 ) (18 NR +1)
Cost Coefflclent . . _ ......... $5.35/Sq.Ft. "$]l.23/Sq.Ft.



TABLE 6-5

SUMMARY OF CONSTRUCTION REGION COST D
(NO MARKUPINCLUDED) ""

SCHOOL HOSPITAL**
In_'erlor ,
Levels EXISTING REHABILITATION AFTER EXISTING _EHABILITATION AFTER
(dB) NO. of $ $ No. of No. Of $ $ No. of

Number Student Cat. A Cat. B Number Studentj Number Patient Cat. A Cat. B Number Patient

(40 5 1966
40-44 I I 9480 143 118351 .... 18 4505

45-49 18 15756 -- 206 150886 .... 8 2170
, .., ,,

50-54 46 ]9912 636405( 63 37724 5 1518 2691520 3 622

55..59 87 58743 I095875( 24 14388 5 1966 3448570 1 626

60-64 86 $8959 1298304 _ 5 3664 ' 13 2987 52463'20 1 186
65-69 101 _6387 1248912 8 2170 3809050

70-74 63 }7724 710304C 3 622 1097250

75-79 24 14388 2728320 1 626 1037080

80-85 5 3664 68204C I 186 324740

TOTAL _t41 325013 17322801359855,,0 441 325013 36 10075 269152Cil4963(_i_ 36 10075

*Limited by feeslblllt7 andpractleablllty
**Include public health feellltle=

SUMMARY SCHOOL HOSPITAL

CategoryA (10 NR+2 ) (IlNR÷I)

Cost Coefflelent . .- .......... $4,79/Sq,Ft. N R$'/3130/Sq,Ft.
Category B ( 20 NR+4 ) (19 -

Cost Coefficient ............ $5,65/Sq, Ft, $13.18/_. Ft.



TABLE 6-6

SUMMARY OF CONSTRUCTION REGION COST E
(NO MARKUP INCLUDED)

SCHOOL HOSPITAL**

Interior ,
Levels EXISTING REHABILITATION AFTER EXISTING 1EHABILITATION AFTER

(dB) No. of $ $ No. of No. of $ $ No. of
Number Student Cot. A Cat. B Number Student Number Patlent Cat. A Cat. B Number Patient

<40
40-44 3 3112 48 29775 .... I 626

45-49 4 2875 48 29581 .... 2 1277

50-,54 8 4213 694530 37 21690 .... 2 1252

J- 53-59 11 6933 1156200 20 11825

60-64 37 22450 3697070 4 2295 1 626 1144920 1 t30

65-69 33 19773 3256550 2 1277 1865830

70-74 37 21690 3573560 2 1252 2287400

75-79 20 11825 1947340 ....

80-85 4 2295 382860 1 130 189990

TOTAL 157 95166 1850730 12857381 157 95166 6 1285 5488140 6 3285

*L._mltodby feaslbIIIly and practlcob|ltly
_'*lncludepublic health facilities
SUMMARY SCHOOL HOSPITAL
=,,

CategoryA ( I1 NR+I )

CostCoefflclent ..._" .......... $5.24/Sq.R-. No Sample
Catego_' B ( 19 NR+2)

Cost CooiTTclont...T ......... .$5.19/Sq.Ft.



TABLE 6-7

SUMMARY OF CONSTRUCTION REGION COST F
(NO MARKUP INCLUDED)

SCHOOL ,.,<¢ HOSPITAL**
]nt_rlor .'
Levels EXISTING REHABILITATION AFTER EXISTING _EHABILITATION AFTER
(dB) No. of No. of No. of No. of

"qumberJ Student Cat. A Cat. B Number Student Number Patlent Cat. A Cat. B Number Patient

<40 ....
"40-44 4 2232 53"' 26995 --- -- 16 5916

45..49 7 3419 82 45863 .... 2 1054

50-54 15 7559 1378040 39 19696" 3 i106 1123610 2 9'i0'"

o, 55-59 27 5i53 2760640 10 5690 7 2635 1976370 1 194
I

"_ ' 60-64 34 17204 3092560 9 3929 6 2175 _i10500 ' 1 110

65-69 48 . 7291 4908540 2 1054 079490
70-74 39 h9696 3542060 2 910 88234(

75-79 I0 '5690 L()24860 I 194 180990

80-85 9 3929 705720 I 110 106660

T6TAL 193' 10:217:3$1386R0 13273740 193 102173 22 8184" 1_36]0 6336350 22 "8184

*Limited by Feasibility andpractleablllly
**Include public health facilities

SUMMARY SCHOOL H.OSPITAL

CategeryA ( 10 NR +2 ) ( 12 NR)
Cost Coefficient ....'_ .......... $6.18/Sq. Ft. $12.84/Sq. Ft.

CategoryB ( 18 NR+2 ) 15NR+4,)
Cost Coefficient .... _o......... $6,11/Sq. Ft. $r3.13/Sq. Ft.



- Thoregionaldollar/oategory/reomunltwas then applied to aff the
roomsof all buildingsto get a total regional cost. Units weredeveloped
for schoolsand hospitals.

The followlng showsNational Total Costs.

Jq

Number Costs

, Schools 1057 $118,241,8 15

HospitalsandPublic

Health Factl_Hes 89 45, 212,230

Subtotal -- $ I63,454,045

25% Mark-up 40,863,5 II

TOTAL 1146 $204,317,556

($204,300,000)

TheseRgurosare basedonearly 1977prices, anddo not include conditionssuch
asuniorl rules, weather, orother costescalaHons. For example, in a locality whom
manybuilding prelectsoreunde_ay, pricesandcontractor fees will be somewhathlghor.
In localities where few building proiectsare underway, pricesore likely to be somewhat
lower. Theseeffects are very local andare not predlctablo.

The distribution of costona state-by-statebasisisprovided in AppendixN.

6.1.5 Cost Benefits

Althoughthe soundproofingbenefitsare mentionedin qualitative termsin
Chapter5, the followingsummarizessomeof the obviousindirect benefitswith plausible
costeffectivenesscalculations."

(I) More EffectiveCommunication- Soundproofingpermits moreeffective
face-to-face, teacher*to-class, doctor-to-nurse, telephone, re=die',etc., ¢omrnunTcaflon.
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(2) LessAggravation - Aircraft noisein schoolroomsresultsin aggravated
teachers. A decreasein the noise resultsin lessaggravation; thus, making the
teacher'sjob morepleasantanddesirable. This is also related to turnoverssince
contented teachersare lesslikely to resign. This results=in a decreasein personnel
costs, schooloperatingcosts,and lesstax to local citizens. •

(3) FewerComplalnfs/Litlgatlons - Lessnoise meansfewer angrypeople. This i :
meanslessactionsagainstairports, airlines, airport sponsors,and Federalagencies.

(4) Greater PositiveFeeling TowardsAviation - Peoplewho are greatly disturbed
by aircraft noisesare not likely to look favorably onaviation. They are not likely
to supportaviation, aviation research andgrants, and improvedaviation technology.

(5) Greater PositiveFeeling TowardsAirlines - Peoplewho are greatly
disturbed by aircraft noisesdo not look Favorablyuponairline companies. Reducing
the noisemayreducetheir disfavor. Thismayhave someimpactan their likelihood

U • • •of singavmfton asa meansof travel. Sinceaviaflon is the safestway to go, this
meansan impact on public safety.

(6) ImprovedLandUtilization - Effective soundproofingmeansthat land very
nearairports can be moreeffectively used. Certain kindsof buildingsmaybe desirable
theresuchas prisons,somehospitals, etc.

(7) Greater Airport Flexibility - Properand effective soundproofing(retrofitting)
mayallow airports to be built closer to built up areas.

(8) LessSleep Disturbance- A reductionof aircraft noisethroughsoundproofing
wlll result in lesssleepdisturbanceboth in termsof waking up and beingable to
fall asleep.

(9) Cleaner Air - Propersoundproofingrequires the utilization of effeatlve HVAC
technology. Thisresultsin better air quallty within buildingsand can result In a more
comfortableenvironment. Air-condltioned schoolsare morecomfortable andconducive
to learningthan are non-alrconditionedschools.

(10) Fewer RespiratoryProblems- Soundproofedschoolswith goodHVAC will be
mostpleasant to children and teacherswhoare troubledby a variety of allergies and
other respiratorydlsorders. The same is true for hospitals.

(11)LessDistraction - Soundproofed(i.e., sealedbuildings)permit lessOutside
distraction. Schoo children ere lesslikely to be looking outsideat somedisturbance
and more likely to pay attentionto the teacher.

(12) Greater EnergyConservation- Soundproofingusessimilar technologyto
insulations thus_there is a majorsavingsin termsof heat andcooling loss.
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(13) lmproyedFire. Safety - Greater useof heavywall constructionslawsdown
and lowersthe dangerfrom fire.

(14) ImprovedBuildin.c]Construction- Effectivesoundproofingrequirescareful
attention to detail during the constructionand retrofitting af a building. This means
a heavy supervisoryand Inspection functtont however, short cutsandsroppyworkman-
shipwill be avoided, thusresulting in a belial' built building.

(15) Greater Desirability of Property- An effectively soundproofedbuildingwithin
a high noise area is simplymore desirablethan an unsoundproofedbuilding. This
improvessale andresalevalue.

(16) IncreasedPropertyValue - Althoughmanybuildingsaroundairports donot
losevalue becauseof noise, an effectively soundproofedbullding cancommanda high

r salesprlca or rental. Bothof thesefactorsmay impactthe financesof the local cam-
munlty.

ClassroomDisturbanceCost Savings

The passageof an airplane over a highly impactedschool resul_ in a disruption
ofongolngalassroomactlvlty. Theteacherrnustmomantarilystopteachlng, andthe
studentscan do nothingconstructivefor the durationof the disturbance.As soonas
the aircraft has passed,the classroomactivity can resume.

Althougheach disturbance is only momentary,_t is a disturbance;and because
productive activity stops, it is wastedtime.

In an effort to quantify the costof wastetime, certain assumptionsand concepts
mustbe considered.

I. The operation eta school is a conffnual cost. Teachersare paidthroughout
the day for productive time and for wastetime.

2. Original building costsand operating costscan be amortizedover time and
distributedona per-studentbasis.

3. Waste time can be viewed as an unnecessarycost to the taxpayereven
though the removalof the d_sturbancedoesnot affect the actual salariesof teachers
or per-student costs.

4, The costof soundproofingis a do/let value, and the costof wastetime is
a dollar value. If the costof soundproofingis greater than the costof thewaste time,
soundproofingis not east'effective becausethere fsno return. If"the costof soundproofing
is lessthanthe dollar value of the wastetime, soundproofingis cost effective because
there is a return in productivet_me. There is, in effect, a net gain in productivetime,
and thus, a gain in value.
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• _ • • • • . • r ¸ .,:, : • H,

Classroom D|stu_ance Cost can bequantified as Follows:

Ca,t= t x = x L
6O

where:

t = total teachlng time lost in m_nutas _ '

_hh= average teacher's salary ;n dollars

_t = average numberof teachersemployed

L = life cycle, in days, = f80 days x 10years

F_evlsedFormula

_eneflt [n dollars = [ tx'_hX'1_t'tx L1 -[Cspl

where Csp = Cost of soundproofing

ClassroomDisturbanceTeacher Cost - Example
J

As_mo:

t = 10 minutes (total disturbance per day)

_'_: $10.66 per hour (basedon the national average)8

I_t = 100teachers

then

Cost = (10"66) (100) (1800) (10)
60

Value of the lost time = $320,000.

s If the castof the modification is le, than $320,000, them ;sa net gain.

• If the co_"of the modiflcat;on Is greater than $320,000, the soundproofing
has cost mornthan the value of the teaching ffme that wassaved.

8U. S. E3ureauof the Census,Statistical Abstract of the United States, Washington, D. C.,
Departmentof Commerce, 1975, p. 13(].
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Thisanalysts is basedon the distraction time occuring in 1,0,57schools. Dis-
traction t_meis consideredto be a minimal 20 secondsper interruption due to an aircraft
flyover. The distraction time per schoolwascalculated on the basisof the numberof
flights .madeduring the schoolday. Thus, a school, impactedby flights fromPortland
International Airport, wouldhave approximately 30 flyoversper schoo/day. Thirty
flyoversat 20 secondseach isa total daily disruptiontime of 600 seconds,or .16 hour.

Sincethere is only oneschool, the total lost time is I x .16 hour, which is ._6.
Multiplying th_sby the numberof teachers(30)gives the total manhoursof teachers' time
lost. The total hours lostper day in this schoolis 4.8 hours.. Theaverageteacher's
salary is$10.66 per classroomhour, so the value of the lost time is$10.66 x 4.8 hours,
which is$51.17per day. This is the value of the lostteaching tlm_ every day due to
aircraft noise.

$51.17translatesto a yoorl),.costof $51.17 x 180days whichis $9,210.60.
This is the costof the lost teacher hme every year in thisparticular school.

Costsand benefitsare notgenerally calculatedon the basisof one year of"operation.
Similarly, a multiple of 10years (wi.thoutescalation)as the average time hasbeen used.
This.figure wasusedasa general gmdeline in that this isa reasonabletime frame for a
modification to a structure. $9,210.60 x 10yearsequalsa benefit of $92,J06.00.

If thecost ofsoundproofingis lessthan$92+106.00, the costof soundproofing
will be offsetby the recoveryof producHveteachers time in lessthan ten years, if
the cost rsgreater than$92tl06.00, a break evenpoint will not be reacheduntil some
time after 10years.

In thecase of"th;s particular school, the actual projected costof the modification
ts $28,068,00 whichie considerablylessthan$92,106.00.

Thefollowing summarizesthisbenefit calculated [or all 1,057 impactedschools
nationwide, The tote/ benefit is the value of"the teachers'tTmesaved,

o TeachersI Time LostDue to Aircraft N_ise (Nationwide)

One Aircraft Operationfor Nation's ImpactedTeacher: (707,370 - 43,923) = 26538
25

$10.66 x I (hour) x 26,538 = $1,572
180

Average Daily Jet Operationat Jet Operated Airports (School Periods)- tO

Average Value Per Day - $15,720

ConstructionCoststo RemedySchoe/s $118,200,000
Without Markups)
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StudentTimecost can be quantified asfollows:

Ina similar order of magnitudecalculation, onecan derive a studentcostof
predominantlypublTeelementaryand secondaryeducationas$1,369.63 (1974/1975)as
given in the Digestof EducationStatisticsIn 1976.

AverageAnnual EducationCostPer Student $1,369.63 1974/1975

EstimatedAnnual CostPer Student 1,570.00 1976/1977

Average Class HourCostPer Student 1.45 1976/1977
(Average 7 Class Hours- 180Days)

o Student's"rimeLostDueto Aircraft Noise

One Aircraft Operation for Nat_on'sImpactedStudents(707,370 - 43,923)

= 663,447
I

$1.45 x _ (hour) x 6631449 = $5,344

Average Dally Jet Operation Estimates(SchoolPeriod) 10
at Jet Operated Airports

Average Value Per Day 53,440

ConstructionCoststo RemedySchools 118,200,000 "
(Without Markups)

o Hospital Distu.rbance.Cast

Sincean average cost for an inpatient Isgiven as$118.54per day in the Hospital o
Statist es n 1975, one can estimate the smilar orderof"magnitudefollow*nga recentthes's"
in whlah patient stay wasfoundto be correlatedwlth noise.

$135 (1977Cost) x 30,806 (impactedpatients) = $4rl58,810 perone day
delay m dischargerate.

In this connection, the other studyentitled: "Noise in HospitalsLocatedNear
Freeways" is noteworthyin that the recurringhig,hwoynoisesdid not d.sturbpatients
or staff until the noiselevel reached 72 PNdb.lu Regardlessof traffic noise

,n

9Oanlel Fife and E. Rappaporh "Noise andHospitalStay," Public Health Brief, American
Journal of Public Health, July 1976, Vol. 66, No. 7.
10

R. M. Towneand at al, Noise in HospitalsLocatedNear Freeways, TowneandAssociates,
Inc., Seattle, Washington, January 1964.
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content, the total noise environmenthad little bearing on the recover"f rate of
patients, and vlrtually no bearing ona doctor's decisionas to wherehe will
hospitalizehis patients• Thus, althoughthere is still a questionasto the impact

t of aircraft nolseon hospitalstay, sucha benefit is quantlfyab[e.
I,

EnergyConservationBenefit andQ uantlficatlon

The soundproofingof buildingshastwo direct effects - (a) increasedenergy
consumptionby air conditioningequipmentdue to the elimination of natural ventila-

tion and(b) reduction in heat lossdue to the sealingof walls, windows,and ofher
openings. A related studyN foundthat energy savingsrealized by reduction of heat

• • C • • •lossoutstripthe increasedenergyconsumptionof air ondltlonlng.

U •Anotherside effect is reducedhumidityduringwinter monthsca sing some
dlscamfortwlth noappreciable health hazards. A/so, the increasedindoor alr
pollution suchas increasedexposureto cigarette smokeparticles andodorsmay
require separateareasfor smokersandnon-smokers.

The energy consumptioncan be calculated as follows: 12

• Net EnergySaving= (EnergySavingsby Sealing and Modlflcatlon) -
_. (AddedVentilation Energy)

i_- • Energy Saving by Sealing -- (.Infiltration Constant) (C)) x (Building
_; Volume) x 365 x 24

_" • Energy Savingby Modlflcatlon = (ThermalTransmittance(U) Factor) x i
(Area) x (LocalAnnual Degree/Day x 24)

,i

• AddedVentilation Energy(kwh/year) : BuildingVolume
233

• Weighted average energycostfor gas, oil, andelectricity is applied
to the aboveenergy consumptionto translate into dollar costs.

Table 6-8 showsthe resultsof net energy savlng calculationsattributed by the
soundproofingprograms•

II Federal EnergyAdministration, "EnergyConservation in New BuildingDesign,"
ConservationPaperNo. 43 B, August, 1975.

12Wyle " B ...... Noise,"Laboratories,"Insulationof u a ngs,_ga nsr Highway Augustt 1976.
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TABLE6-8

SUMMARY OF NET ENERGY SAVING DUE TO BUILDING INSULATION

Publ ic
Construction Impacted School Hospital Heallh Facility
Re_ion Airport No. _et Savings No. Net Savings No. Net Savings No. TOTAL

A 39 $ 226,957 143 $ 21,226 ( l - $ 248,182

B i3 19,692 26 I ,903 3 $ 533 I 22, 110

C 78 17,472 97 2,966 8 95 2 20,534

D 171 2,431,702 44J 53,111 33 14t402 3 2,499,215

E 148 267,867 157 8,712 '5 727 I 277,307

F 259 649,777 193 139,080 17 11,514 5 800,371

'_ NATIONAL
TOTAL
PERYEAR 708 $ 3,613,467 1,057 $ 226,998 77 $ 27_261 12 $3t867r727

10-YEARCYCLE
COSTS (without
escalat|on) $ 36,134,676 $2,269,982 $ 272_610 $38t677_268

NOTE:

YearlyI- Temp. C(InfiltrationReglon Deg. Days Diff', Constant) U Factor 1977Weighted Ave. EnergyCost El.
A 1799 I(egion' " G,',s($4".r_c_)'Oil($'.gal) (c-'/1._wh)
B 1765 25 .57 Single PaneGlass - I. 13 Northeast 1.64 .4_0 ' ' 5.38
C 214 50 1.18 Double PaneWindow .58 North Central 1.03 .415 3.05
D 5634 75 1.6 South .89 .426 2.95
E 2983 West .94 .446* 2.56

F 6283 Heating Value .Efflclency; Coal - 7800BTU/Ib. *Federal EnergyAdmtnistratlon,
O_1- 98000 BTU/gal. January, 1977.
Gas - 820 BTU/c.f.



6.2 Feasibillty.and Practlcab_lttT

6.2.1 F:eastbilitT

" Feasibility for the purposesof this studyis defined as the potential for modification.
A modification may be feasible if:

* I. the actual work to beperformedis within the state-of-the-art of building
work. Modifying windawstapplying layersafgypsumboarde etc.t arewllhm the state-of-the-art.

2o the costof the modification is not excessive_in term_of reasonable and
normal costs. If a portlcular piece of work requires unusualmaterial or
sk_ll, and thus the costsare out of line, the modification js not considered
feasible. Similarly, modification to a buildlng with a life expectancy of
lessthan ten yearswouldrequire a careful tradeoff analysisfroma cast
standpoint.

/ ! 6.2.2 Practlcab_

.Technical limitation refersto the nat resultaf engineering andarchitectural
il rehab|htatian. In the context of thJsstudy_soundproofingrehab.ilitatlon wasfoundto

be practical in that the rehabilitation can be appl ed.to mostbuildings. Schedulingis
requ|red_ however_becausesomeroomscannot be utilized during therehabilitation.work.
Since the rehabihtahon can proceedroomby roomt a smellnumberof classesor patients
will be disturbedat any one hme. Rehabilitationto external doorsand tile roof will not

I_ disturb the occupants.

6.3 Evaluatlonof Ellglbllit_,.an...dPriorlty for SoundproofingCandidates

The _indlngsof this studymaybe incorporated in a federal programto fund
soundproofingof public buildings. Thlssectionof the reportprovidesan evaluation
of the elementsof sucha programrelated to determiningthe eliglbTllty of requesters
for suchfundsand a priority systembywhlch applicationscouldbe considered. Since
manyof the underlyingquestionsconcerningeligibility andpriority for soundproofing
fundsare basedonsimilar consIderatians_the two topics are treated together. D_scussed
below are recommendationsandkey factorsto be considered.

6.3.1 Ell,qlbilIl"T and Priority

Applicable UseCategory

The first step in determiningtheeligibility of a specific application for funds
should be to verify that the actual or plannedusageof the buildlng falls within the usage
categories intendedby Congressfor consideration. BuildTng-usecategories specifically
covered by tl!is studyare schools_hospitalsandpublic health faciliHes. Additi_nally_
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only roamsdirectly'related to building use (suchas classroomsin schools)are specified.
Potential areasfor clarification include further definition of eligible rooms,further
definition of whal"constitutesa public health facility, the possibilityof including ether
building-usa categoriesandthe [nclusionof privately ownedfacilities falllng withln the
abovecategories. Sincethe degree of noise impact will vary considerablyfor buildings
within each category, it does not appear feasible to baseo priority systemfar fundingon
a eons|derationof usecategory.

Ma_nffudeof.Noise Impact

Prombothan eligibility andpriority standpoint it is important to focuscn those
buildingsmostseverely impactedbyaircraft noise. In regard to eligibility, it is necessary
to define the minimumlevel of impactwhich qualifies a candidatefor soundproofingFunds.
The mannerin which this noise impact is defined can then be usedto establishthe prlar_ty
by whichqualified applicationsare considered. The determinationof the degree of noise
impactfromaircraft operationsencompassesconsiderationof the following factors:

I. The mostdirect indication of the magnitudeof noiseimpact within a buifdlng
is the amplitude of the a_rcraff noise levels. The noiselevels abovewhich
interferencewith nolse-sensltlveactivities occur are identified in Chapter2.
In additlon to tha maximumaircraft noiselevels whichoccur, consideration
mustbe given to the duration and numberof occurrencesof the aircraft noise
|ntrus_ons. Twoapproachesto including duration andnumberare establishing . :
noise criteria in termsof the percentagesof time thresholdnoi_ levels are
exceeded, and the useof an energy-cumulatlve metric suchasNEF or Ldn.

: 2. Another importantmeasureof the degreeof' impact isthe numberof people
affected. Par maximumbeneflt, buildings with a highlevel of occupancy
may be given preference to buildingswith low occupancy.

3. A final considerationin the assessmentof noise impact is the building interior
noise level rn the absenceof aircraft noise sources, in order to be considered
a sourceof adverseimpact, noise contributionsfromaircraft wouldbe expected
to significantly exceed the no_seenvironmentproducedby other sources.
Non-aftcraft noisesourcesto be consideredinclude internal/y generatednoise
suchas ventilation equipment, normalconversation, feet shuffling, etc., as
well as exterior sourcessuchashighway traffic.

E_!'f.ectivenessof Soundproofing

Estab/lsh[ngthe feaslbTl|fy of soundproofingto alleviate noise impact as opposed
to relocation of facilities or modiflcotionsto alrcraft operational proceduresshouldbe
incorporatedinto the crlteda Forel_gTbillty. Factorsinvolvedin establishingthe feas-
tbillty include:
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I. It shouldbe establishedthat soundproofingwouldprovide a beneficial reduction
In level. The desireddegree oPsoundproofrngmustbe consrstentwith degrees
Fdentlfiedin this studyasbeTngfeasible. Furthermore,the castsassociated
with soundproofingshouldbe balancedby the degree of benefit achieved.

F_

• 2. Sincesoundproofinghas benefit only in reducing building interior noise levels,
its feasibility needsto be conslderedTnrelation to the extent of aoise-_mpacted

_ outdooractivities.

6.3.2 Technical Evaluation

Once a programts initiated, applicationsfor soundproofingFundingwill be
expeoted. Inpart t theseapplloationswill be revlewed on thebaslsofcriterladevelopcd
from the considerationsgiven above. A substantialpart of an application mustcontain
technical documentationof the presentnoiseenvironment. Thiswill consistof essentially

I three factors:

o Exterior noiseenv_ronmentr including alrcraft and non-alrcroff noTsesources.

o Presentbuilding noisereduction.

o Proposedsoundproofingmodifications, including costestimate.

The daFato substantiatethese factorsshouldbe developedby technlcally trained personnel
_" and presentedin a formconsistentwith FAA eligibility review procedures.

I+ 6,3.3 Priority of Programs
Modifications can be fundedin four ways:

I. In the order oPserlausnessof impact

2. by geographicalarea

3. by randomselection

4. all buildings at once

Modifications can be madeaccording to a programbasedon the severity of
impact. In otherwords, the mostseverely impactedbui)dings shouldbe done First;
lessseverely impactedbuildingswouldbe daneat a later data. Essentially,buildings
would be modifiedin the order oPthe level of aircraft noise impact, regardlessof+the
geographical area.
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A secondprocedurewould be to performthe modificationsby geographical
area, regardlessoPthe level of the noiseimpact. This procedurehasthe advantage
of mareefficient programcontrol. All work is being performedin ageographical
raglan. All impactedschoolsare modlfted at the sametime, thus,ovotdlng confusion
as to why oneschoolis belng modified but another lessseriouslyimpactedschool in the
samearea is not.

A third alternative procedurewould be to modify buildingsaPrandom. This
procedurehasthe sole advantageof avoiding any disputeabouttheorderof modification.
It ts possiblethat manylocalities and school systemswould desireto have thelr buildings
modified First. Thisprocedureavo|ds lengthy d_scusslonswith localofficials.

A fourthalternative would be to implementall modificationsat the same Hme.
This procedureis probablythe mostdesirable in that noone hastowalt for t he_rmodffica-
Hen. /_odifications are madein the shortesttime frame, thus allowingthe benefits of
soundproofingto beginas soonas possible.

The following suggestedcriteria could governthe fundingof the program.

(I) Meeting the eligibility criteria. Beforeany consTderatlonof funding, a
partlcufar building mustmeetthe crlterta for eligibility.

(2) Alternate Sourcesof Funding, If there are other sourcesof Fundingavailable,
coordination Tnprogramfundlng shouldbe completed.

(3) Alternate Sourcesof Noise. If there are other thanaircraft sourcesof noise
impact, a preporHonalFundingmaybe in order. .:

The criteria implementingthe soundproofingprogram shouldbe basedonbenefits
whlch the programwould achieve. ThoseonHcipated benefits/ dffect or tndlreet, discussed,
shouldbe weighedagainst adverseeffects and the costsof TmplemsntaHonaswell as
alternative consequences.

In soundproofingof public buildingsnear atrportst there aresubstantialbeneflts--
savingsof time lost by teachersand studentsduring alrcraft noise intrusionandsizeable
net energy savlngsasdiseussed. Probablelocal eoonomlcand envlronmentalimpacts
coupledwith resourceallocation need to be assessedin each case.
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CHAPTER 7

NATIONWIDE NOISE IMPACT

Aircraft noiseaffects people by disturbingtheir normalclassroomactivities,
sleep, and health services. Thus, the nationwide aircraft nolse impactsare:

(I) To identify the estimated numberof schools, hospitals, and public
health facilities which are located within the noise sensltive areas
aroundairportsand therefore subject to the effects of aircraft noise.

(2) To identify the estimated numberof occupants (studentsand patients)
at thosepublic buildings located within the noise sensitlve areas near
airports.

7.1 Criteria and Methodology

i 7. I. I ImpactedArea AroundAirports
r

The noiseexposureforecast (NEF) takes into accountnot only the annoyance
due to the indivldual noiseevent, but the contribution from multiple noiseevents. Thus,
NEF providesa meaningfulcriterion in termsof impact onpeople--the effects of noise

- on classroomspeechcommunicationandsleep. The NEF 30 delineates the cumulative
_, noiseexposurewhich is generally regardedasthe exposureabove which considerable
i! annoyance occurs.
...

All available NEFnoise contourswere compiled FromFAA RegionalOfficest

. Wyle Laboratorlest who participated in the 1974DOT studyof 23 major U. S. airports,
andairport authorities/agencieswho developedNEF contours. In the event of non-
existent or nonavailablllty of NEF contours, estimatesof NEF contourswere madeby
following the proceduredeveloped by the U. S. Departmentof Housingand Urban
Development(Noise AssessmentGuidelines, Circular 13902). Then, schools, hospitals,
and public health facilities withln NEF 30 contourswere identified fromU. S. Geolaglcal
Surveymaps.

7.1.2 Analytical Preoess

The first stepwas to compile data by location of all publln buildings Ioaated
within 30 NEF aroundthoseairportswhich supportjet operations. Thisdata baseIncluded
building types, constructionmaterials, occupancy, classroomor patient roomsize and
number_and other publicly available statistical Information.
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Thesedatawere compiled Forall large and mediumhub airports acrossthe
country. Six large hubairportswere analyzed by site vjs'ts, each representingslx
contiguousconstructionregionsin the nation. Forsmall airports, statistical sampling
methodswere used. AppendixQ showsa complete listing of all sampleairports(large /
mediumhub, and smaller airportsincluding general aviation) utilized for the data base.

Proieetion MethodsForSmallAirports

The samplingof small airports is concernedwlth randomvariables of public
buildings whosemeansand distributionsare not knownprecisely. The sampling
distribution is Inferred Fromobserveddata which are the resultsof Field investigations
conducted in the slx constructionregions. A randomsamplesize of approximately
40 small airports wasdrawn in sucha way asto insurethat each groupof small
airports hadthe samechanceof belng included in the nationwide jet operated small
airport populationof approximately639.

The nationwide jet operatedsmall a_rportsare assignedto alternative stratum
elasstf'cahons: initially by populationdensityof the associatedarea of' smallairports.
Since population densltydata were not feasible to assembleor to generate, the other
two altematlves--pepulation groupof city associatedWith airport and averagedaily
jet operational groupof FAA National Systemof Airport Classification System(1972
Notional Airport SystemPlan)--were used.

The Fallowingshowsa summaryof f'ndmgs:
Stratum PopulationGroup Small Average Daily Aircraft Small
Group of AssociatedCity Airports Operation Airports

A Above200,000 20 o Pr.lmary.System(TP2)_" 16
,_, Dove /UU

B 80,000-199,999 6 o SecondarySystem(SI) 126
700 -2BO

C 40,000-79,999 60 o _7_o_?_ry(S) 170
D/E Below39,999 553 o FeederSystem(F) 327

639 Below 139 639

Stratum No. of Stratum No. of SampleAirports

N I nI

K
. . k

7" N K
N n

nI = n2 = ...n k

NI N-'_

*FAA National Airport SystemPlan, 1972
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The above showsthat all smallairportsare subdivldedinto K stratumof size

N1, N2" • "NK w|th Nn=Nandsimplerandomsampleofslzen I, n2 . . .n k
with nn = n.

Let u = hue meanof national smalla_rport and uh be the hue meanof the
hth stratum, and let _'h be the observedmeanof the samplenh drawnfrom the hth

• stratum:

i Thenthe unbiasedestimateof u = _" _- Nn'_'h
i. h=l

Thus, the estimate of populatlonmeanis the weighted meanof the observed
subsamplemean, whereweight appffedto the subsamplemean _h is Nh/N.

The samplesize drawn proportionallyand stratified sample_sexpressedas:

Nh nh "'0 =Z nh'_'h= n

The estimatesderivedfrombethoFthe groups, populationandaveragedaily
oparetlon, were very similar. However,the ao_elatlons between the numberof
public bulld|ngs and eachgrouping typeshowthat the averagedaily operationhad
strongercorrelat|on: correlatlon co0fficTentof population (r2) -0.71 comparedto
correlation coeff_cient of average dallyoperation(rl) - 0.86.

Consequently,the averagedaily operationsof smallairports are usedto estimate
J- the dlsh'lbutlonof impacted public buildingswithin the constructionregion and
i each state proportionally by the samplingof smallalrports.J

l"

7.2 Nationwide Impact

Table 7-1 showsthe total nationwideimpact. I, 146buildingsare impactedby
aircraft noiseto an extent sufficient to disruptthe normalactivities occurringin those
buildings. There are738,176 impactedoccupantsand the total cast for soundproofing
is $204,300, 000. Tables6-1 thru 6-7 in Chapter6 provide the national impact
an a regional baseinterior noise level.
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TABLE7-1

NATIONWIDE IMPACT

Item Existing EstimatedCostsof +
"" Soundproofing* '

Building Occupants (CAT. A andB) ,

Schools I057 707,370 $147,800,000 _'
l

Hospitalsand Public 89 30,806 56,5 O0,000
Health FaciliHes

TOTALS 1146 738, 176 $204,300,000 r

Region :.

A 154 I00,862

B 30 19,393

C 107 74,025 •

D 477 335,088 +

E 163 98,45 I

F 215 110,357

I, 146 738, 176

*' _cfude25% markup (overhead° 10%, profit - f0%, and contingency- 5%).
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CHAPTER 8

CONSULTATION AND FINDINGS

8.1 SoundproofingViews Expressed

: Informationwas obtained on the views, opinions, and ideasexpressedrelative
to the conceptof' soundproofingschools,hospitals, and public health facilities asa means

i" of alleviating the impact of aircraft noise. Theseviews, ideas, and opinionswere valun-
i teared.
i -

Informationobtained fromschoolofficials and hospital personnel,wasobtained
during telephone conversationsmadeto collect architectural data. Additional information
wasobtained from FAA sponsoredmeetingsand official briefings.

8. I .I Considerationof Soundproofing

The facilities director of a schoolin Georgia said that the schoolswere certainly !
not built with aircraft noise asa consideration. !

i
A Florida schoolofficial statedthat someschoolsin the area havebeenmodified

to cut downon aircraft noise. The methodusedto improve the noiseproblemin these
schoolswasthe installation of air conditioning in orderto keep the windowsclosed. No
indication was givenas to the effectivenessof thesemodificationsregardingspeech
interference.

/-
8.1.2 Local Interest

An offlc;al of the facilities departmentof a V_rginla schoolsystemfelt that the
soundproofingprogramwassomethinggoodand would be beneficial to the students.

Off;cials of schoolsystemsin New York and Louisianastatedsimplythat they had
no interest in the soundproofingprogram.

During the courseof the study, certain localities were foundto be mostinterested
in soundproofing. The Followingis a portionof a letter from onesuchIoaa];ty:

!!
"Bostonhasbeendesignatedas a clty to be includedaspart

of the study, and the purposeof this letter is to expressour desire
to cooperatewith youand to moveahead expeditiously. This is
a subjectof great importanceto usand we are anxious to obtain
the conctusio_ as to the f'eastbility of soundproofing. . ."

Schoolofficials in Texasand Ill;nots were indifferent to the soundproofingpro-
gram. Theseofficials would accept a programof soundproofingbutwould probablynot
act;rely seekit.
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Appendix0 containsa list of"the sourcereferencesof views expressed.

8.2 Findings

The following includes views, opinions, suggestions,andrecommendations
developedduring the courseof the study:

(a) soundproofingis a feasibletechnlqua for the allevlotion of the impact
of aircraft noisefroman engineeringand technical point of view.

(b) the nolse pradlctlon methodolgywassubstantiated. ThlsIndicatesthat
the techniqueof estimatingthe level of interior noise, and the corrective
modlflcatlons to reacha pre-determlnedgoal is a valid technique.

(c) the nationwide impactIn termsof bothpeople and buildingswasestimated.

(d) soundproofingls seenasdesirableand acceptable by somelocal i

authorities.

(e) establishmentoFo data bankwhich couldbe usedasa central repositoryof
natlonw|de impactedpublic bulldlng by let operated airports, location,
type and size, nolsecontour, activities, occupants,contacts, architectural
and engineeringplans, and oil related statisticsconcerningpopulations,
schools,and hospitals.
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GLOSSARY

Absorption -- Thedissipationof noise energy by viscous interaction at surfaces.

Absorption Coefficient -- The ratio of the sound energy absorbedby a surfaceto the
soundenergy incident uponthe surface. The absorption coefficient for
a given surface is a function of both angle of incidence and frequency.

Acoustical Material -- Any material considered"n termsof its aeousrcal properres.
! Commonlyand especially a material designedto absorbsound.

AcousticBaffle -- A fitting in a ventilation duct which attenuatesnoisetravelling along
the duct while presentinglittle flow resistance.

Ambient noise -- The all-encompassingnoiseassociatedwith a givenenvironment,usually
being a compositeof soundsfrom manysourcesnear and far.

Attenuation -- The reduction of the energyor intensity of sound, it may bedue to geo- '
metrical spreading, absorptionor transmissionloss.

A-Weighted Scale -- A frequencyweighting systemthat hascharacteristicswhich
approximately match the responsecharacteristicsof the humanear.
A-welghted levels are often referred to as dBA.

Exterior Wall Rating (EWR)-- A single numberrating of the transmissionlossof a con-
strucfion eleme'nt, representingthe attenuation of A-welghted transpor-
tation noise. SeeAppendix B.l"

Frequency-- The time rate of repetition of o periodic quantity, it is usuallyexpressed
in Hertz.

Hearing Loss-- Theamountby which a person_shearing isworsethan normal, resulting
from specific causesuch asadvancingage, noiseexposure,or 'njury.

Hertz -- Theunit of measurementof frequency, it is the numberof repetitionsper second.

Infiltration -- The leakage of air through wall panelsdue to incompletesealingof jointsS
window frames, doors, etc.

Leq -- Equivalent Noise Level, a metric for describing a time periodof fluctuating noise
with a single number. Leais an average level basedon the average energy
contentof the noise. It is'the constantnoise level which would contain
the sameamountof acousticalenergy asa fluctuating level for the given

per!od. Leq is always basedon the A-weighted noiselevel. Thetime
perrad over which the averaging is conductedshouldbe specified, such

as (Leq)8 for an 8-hour period.
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GLOSSARY (Cant'd)

Level -- A scale usedto describethe amplitude of acoustloal quantities -- usually ten
timesthe commonlogarithmof the ratio of an acoustical quantity divided
by a reference quantityof the samekind.

Live Room-- A roomwhich is characterizedby an unusuallysmallamountof sound
absorption.

Metric -- A measureof noise. Somemetrics are complexandmay account far character-
ist;cssuchasnoiseduration, noise level, frequencycontent, time of
occurrencet or single events.

Nolse -- Annoyingor unwantedsound.

Noise Level -- Thesoundpressurelevel of noise_usuallyA-weighted.

NR "- AbbreviationForNoise Reduction,the differencebetween the noise levelsoutside
and insidea structure. Within the presentstudy, NR is taken as the
exl_rlor A-weighted level minusthe interiorA-weighted level.

Octave Band-- A frequency interval whoseupperand lower limits differ by a factor of
two.

SoundPower Level -- Total acousticpowerexpressedan the decibel scale. Abbreviated
• e

PWL, this is d fined as l0 log10 _/[ref, wher_te21is the acoustlopower
and Iref is the reference power, usually 10" watts.

SoundPressureLevel _. Arnpl;tudeof soundexpressedan the decibel scale, abbreviated
SPL, this is definedas 10 1_31n(p2/ppaf), wherep is the root mean._uaro
acousticpressureand Pref is tee referencepressure,usually2 x 10"° n/m2.

PureTone-- A soundin which the soundpressurechangessinusoidallywith time.

I_adlat;on-- Theprocessof turning structure-bornenoiseinto airborne noise.

Reverberation-- Thepersistenceof previouslygeneratedsoundcausedby reflection of
acoustic wavesfrom the surfacesof enclosedspaces.

Shielding -- With respect to buildings1 the tendencyof the portionsof a structure facing
a noisesourceto attenuate the noisebefore it reachesportionsof the struc-
ture not facing the noisesource. Theshieldingbuildingfaces can be
thoughtof as creating an "acoustical shadow".

SoundInsulation -- (a) Measurestaken to reducethe transmissionof sound, usually6y
acoustical materla/sl (b) the property of a partition that opposesthe trans-
missionof soundfromone side to the other.
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GLOSSARY (Concluded)

SoundLevel Meter -- An instrumentfor the direct measurementof soundpressurelevel.
It consistsof a m|crophone,an amplifier, a calibrated attenuator,and a
displayto indicate the measuredsoundlevels. Variousfrequencyweighting
networks, suchas A-weighting, are often incorporated.

": t Structure-BorneNoise -- A condlt|onwhenthe soundwavesare beingcarriedby a solid
material. Airborne noisecan be created fromthe radiationof structure-
bornenoise Intothe air.

: STC -- Abbreviation for SoundTransmissionClass,a singlenumberrating of the transmission
lossof an interior constructionelement, representingthe attenuationof
A-we'ghted inter'or no'se.

TL -- Abbreviation for TransmissionLoss,the attenuation (in decibels)of soundtransmitted
througha panel. In general, TLis a functionof frequency.

i _
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APPENDIX A

TECHNICAL SUPPORTING INFORMATION FOR
DEFINITION OF THRESHOLDLEVELS

OF NOISE EFFECTS

The datapresented in this Appendix provides the technical backgroundinformation
required to supportselection of the thresholdlevelsof noiseeffects specifiedin Chapter2. !

Theadverseeffects of noiseon peoplecan be groupedinto threAeg_eneralcategories:
degradationof health, behav;oralreactions, andactivity interference._'' Thecharac-
teristics of thenoise impact related to each of thesecategories is discussedIn the follow_ng
pages. Interferencewith no_se-sensltiveactivities occursfor lower levelsof noiseexposure,
and was thereforechosenas the basisfor defining thresholdnoiselevelsfor this report.

A-1 PhysicalHealth Effects

Adversephysical health effects from noise exposureoccur in thee forms: hearing
damage, physicalpaln or injury, and physiological reaction. The immediate physical
sensationof discomfortdue to noisegenerally occursabove 120dBr while auditorypain
occurssomewherebetween 135and 140 dB, andactual immediate injury for unprotected
ears at levels above150 dB.A'ltA'2

The levelsassociatedwith hearing damagedue to accumulatedexposureto noise
cover a large rangereflecting the variation of individual susceptibility to such expasure.
Levelsspecified as criteria far hearing protectionvat/ greatly becauseof thls and because

of the intendeddegreeof protection. TheOccupational Safety and Health^A_minlstrotion
regulationsllmff8.-hourworkplacenoiseexposureto a max*mumof 90 dBA._''_ This level

ropnsse^n_protectionagainst long-term hearingdisability. At the oppositeextreme,
Krytor_" hasreportedthat 8-hour level of 65 dBAwill result in little or no hearingI_s
in at least 75 percentof people. Higher levels can be tolerated for shortertimes, and
total exposureI.sprobably best representedin termsof total acousHcenergy. Irka.review
of hearing lossreformation, the United StatesEnvironmentalProtectionAgency_'_ has

identified an 8-hour Leqof 75 dBAasan appropriate level to protect againsthearlngloss.

Variousphysiological responsesto no_seshave been notedandmeasured. These
are In the natureof involuntary stressreactionswhich could lead to long-term health

problems. Thesephysiological responses,howe_r_ are r_p?rt_dno._:to be measurable
for A-weighted soundlevels below about70 dB."_ ':' '_'_' _"_'_" it is commo,ly held

that long-termadversenon-audltory health effecls will not a_c_r if exposureta noi,-eisA '1,A'4,A 5,A 6less than the exposuresrecommendedto preventhearing loss. " "
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A-2 Psychological and BehavioralReactions

Psychological or behavioral reactions to noiseexposureare of two types:
interference with the performanceof non-audltory tasks,and generalannoyance.

A-2.1 TaskPerformance

Although there are little and somewhatconflicting data reportedconcerning the
performance of non-auditory tasksin the presenceof noise, someconclusionsaboutthis
effect can be made. For steadynoises, interference with non-verbal task performance
doesnat occur for A-weighted levels below 90 dB,A-| IA'4tA'StA'6 However, levels

below 90 dB may have an effect if the noisesareTnte_ttent, unexpected, uncontrolled,
or contain predominantly high ffequancles.A'4',A25'A 6,A-8" As a lowerbound to prevent
task interference for any type of nolsel Kryter_- suggestsan A-weighted level of about
70 dBA. i't should be noted that all the reported thresholdlevels for task interference are
well abovethose identified for speechand sleep interference.

A-2.2 Annoyance

Unlike the adverse hearing and physiological effectsof noisedisaussedabove_
threshold levels for annoyancecannot be separatedfrom those identified for activity inter-
ference. Resultsof studieswhich attempt to determine annoyance indicate that although
annoyance may o:cur for a variety of reasons(and is highly subjective), interference with
some activity, particularly thoseassociatedwith eemrnunloatlon,areoulte important in
causing the subjective reaction of annoyance."_'4¢'A'5"A'61A'¢TtA'l(_ Intrusion levels

identified frorrki_tlerference cons!daratlonsoften agree with levels Identified fromannoy-
ance reaction."-'-_" Due to the hnk behveen aetwlty interference andannoyanceand to
the degreeof subjectivity associatedwith annoyance_ it wasdecided not to directly con-
sider annoyancein the specification of threshold levels Forschoolsandhospitals. However,
becauseof this llnk, it can be concluded that noise levels sufficiently low to produceno
activity interfensnce will probably produce little or no onneyance°

A-3 ActNity Interference

As developed in this section, interference with nolse-sensitiveactivity generally
occurs at a lower level than other adverse effects of noise. For this reason, activity inter-
Ferencewaschosenas the basisfor defining the noise impacton occupantsof public
buildings due to aircraft operations. The following sectionsprovide a discussionof the
technical aspects af noise interference and the rationale usedfor identifieetion of realistic
threshold levels for noise effects on occupantsof schoolsr hospitalsandpublic health
facilities near airports.
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A-3.1 Speech Interference in SchooJs

The primary activity sensitiveto noise intrusion Forschools isspeechcommunication.
In addition to the requirement for the physical reception and recognition of spokensounds,
provisionof a noise environment which does not interff;ro with this activity is important
for two other reasons:

1. A noiseenvironmentwhich is conducive to learning isrequired. After
revle_ qf,_thelatest researchconcerning noise and learning for children,
Mills"_'''_ concludes that e noise environmentwhich would cousespeech

. interference for adultswouldbe sufficient to interferewith the learning A.o
processfor children particularly in the development of communicationskills,n "

2. The short-term disruptionof the classroomcausing direct resultssuchas lass

of flow of lessons. In a recent surveyof ta_c._ersin schoolsexposedto alr-
croft noise from LondonAirport (Heathrew)_" it wasfound that the interfer-
ence with verbal communlcati,onand the resulting disruptionwasthe most
often cited nuisanceof aircraft noiseintrusions. The disruptive effecls of

periodsof communicationh_terferenceon the da!ly educationalprocessin
the classroomhasalso beenrecently cited by Miller A'5

Aspects.of Verbal Communication

Interference with speechcommunicationin the presenceof backgroundnoiseis
governedby the speech spectrumlevel at the listener'sear and by the spectrumlevel of
the backgroundnoise. Somefrequenciesare moreimportant to speechreceptionthan
others, sothat the overall speech interferenceis determined by the signal-to-noise ratio
as a functionof frequency. The :.pectrumlevel of speechat the listener'sear is dependent
on the spectral characteristicsand voiceeffort of thespeakerand thepropagationof the
signal between the speaker and listener. For typical indoorspeechcommunication,this
propagation is aavernedby the distancebehveenspeakerand listenerand the reverberation
in the reomA-1"4

TheArticulation Inde:,c(Al') wasdevelopedby FrenchandSteinberA'15 asan
estimate of speech interference by noisebasedon thespeechandbackgroundnoise level
at a listener position. As originally developed, A[ indicates approximatelythe degree
to which the background_noisepenetratesinto the rangeof levelsof the speechsignal in
20 frequencybandscont'rlbutingequally to A[. Themethodof AI determinationhassince
been furtherdeveloped to allow calculationusingoctave or 1/3 octovefre_quencyband

A .16,A-17 A 18widths. " The.e proceduresa e publishedasANSI Standard$3.5 "

Numeroussh._d|eshave beenc0nduc_e._to relate speechinterferenceasspecified
by AI to variousmeasuresof intelligibility. _- Thesestudiestypically considerthe per-

centage of wordsor sentencescorrectly perceivedin a alven level of speechand InterferingA 2,_ 12noise for normal adult_ familiar with the language. " " Generally, for a given AI,
eword comprehen._oi is lessthan sentencecomprehensiondue to the redundanciesexhibited

in normal speec_',o
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There are two qualitative considerations which must be made when applying noise
criteria based an speech intelligibility to classroom situations. First, children are not as
familiar with language as adulls and hence may misssome of the verbal cues and redun-
dancies which aid adults in communication. For this reason it has been concluded that

background noise levels should.b_ Ja_r for child.r._ to achieve the same level of speech
comprehension as adults A'5,A- ,.A- ,A-19,A- 2 See_d, communication quality cannot
be judged entirely on the basis of ml'elllgibUity A" 1,A- Nagel A'22 has concluded that
the effectiveness of communication ccln be adversely affected even by noise levels which
allow perfect intelligibility° Thisphenomenon occurs because the effort requEred to process
speech information in the presence of background noise increases with levels of this noise
although perfect intelligibility can be maintained.

While there is no quantitative adjustment available for these last two Factors, in

practice they can be accommodated (albeit s|_mewhat arbitrarily) by selecting a slightly
conservative intelligibility criterion,

Speech Inte_e, renc,e,Level

Usir]g.the concepts of AI, the speech interference level (S/L) concept was developedA zJ " "
by Beranek " as a simplified alternahve to AI. The SIL as originally defined is the arith-
metic average of the levels of the back.ground noise it1 three octave bands _mportant to speech
communication. The relationship of this background noise rne_su_ was orlgiaally developed

for speech c_m_unlcation in aircraft by Beranel<and Rudmose"_'Z'_and later elaborated further
by Beranek. '_' zo. As a result of this work, a table of maximum SIL's far which "satisfactory"
speech i_d=lllgrbility _naircraft cabins would be obtained for average male voices was developed.
The maximum 51Lvalues were given as a function of spea!._.er-listenerseparation with vocal
effort as a parameter. This tabJebasslnce been dlselayed qraphicaUy and appears freauently
• • A'2, A 4, A 5, A' 6, ,'_ '19, A'20, A 26, A 27, A'28in the literature in several forms. - .......
The exter_ian of this original work to include sub[ecllve ew_luatlon of the corresponding SIL,
the addition of "communicating" end "expected" voice levels, and the conversTon to other
measures of noise such as A-welghted sound level and perceived noise level has recently

been. reported by Web_te_,_A'26 Although the various Formsof this basic speech interference
prediction by Beranek'_ zJ are widely reported caution must be exercised in their use far
purposes of this report at they are based on an AI of about 0.4. This va ue of A corresponds
to approximately 85 percent correct sentence and 62 peroenl ph 0netically balanced word
reception for average adults.A'18

R.equlrements for Classrooms

The Articulation Index method was used to evaluate the naLse environment require-
ments for classrooms° This method was chosen in order that speech )'ever, room charoateHstlcs,
and noise level of the intrusion could all be properly incorporated in the determination of
required environment. To use A/, it is first necessary to establish the average sound level

of the speech signal at the receiver. For this purpose, normal female voice spectrum levels
compiled by KryterA'2 were used• For the classroom enwronment, it was assumed that
instructors would typically use a raised voice adding about 6 dBto normal voice level A'2,A'2S
"reproject the voice level from the reference free-field specification, some characteristics
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of the classroommustbe assumed. Although physicalclassroomcharacteristicsmay vary
considerably, a maximumspeaker/llstener separationof 9 meters (29.5 feet) and a total
room absoq0tlonof 600 sabins (Englishunits) were assumed. Theseassumedparameters

agree well with those determined in the_me_a_u[er_ntAp_tlonof this programas well as
with average values reported elsewhera._':7'_-'_'_-'_' It shouldbe further noted that

the voice level at the listener is only sl!ghtly affected by. t_se assumedvalues as the 9m
position is well within the reverberantfield of the room,A- anda range of 300 to 1,000
sab;nscorrespondsto only a 2.7 dBvariation in speechlevel at 9 meters froma speaker.

I • Using the speech level data and the assumedroom characterist_csl the average speech
level at a 9m listener position wasdetermined. TheA-welghted level of the projected

• • * • e

speech signal was 61.6 dB at 9m wh.ch comparesquite well w.th the m_as_ed averag
speechA-weighted level of 62 dBat 7m recently reported by pearsons._"

Another requirement for useof A[ in the specification of a communication environ-
ment is the relative spectrumlevel of the interfering nolse. Forthis puq_ose,an average
outdoor aircraft noisespectrumcombinedfor takeoff and ]andlng operationswas usedto
obtain the relative octave band spectralshape._'_" Thlsshapewasthen modified for use
indoorsby application of average exterior to _nterior noise reduction data in octave bands
(Appendix N of ReferenceA-34).

Using the above informationend the proceduresfor determination of A! from octave
band data as specified by ANSi $3.5_ "18 the relationship between indoorA-weighted
sound level and resulting A[ was calculated. Thisrelation wasshownin Figure 2-2 of
Chapter 2.

The relation between A! andA-welghted noise falls into two ranges, each approxi-
mately a straight line. At levels belowthe transition at 45 dBA, where AI = 0.98, very small
gains TnA! would be obtained for large reductions in level. Thisvalue of A[ producesfor
average adults correct recognition of 100percent of first-presented sentencesand 98 per-
cent phonetically balanced (PB)froma 1,000-word list. Since intelligibillty is not perfecb
there is clearly someinterference at this revel. !ntelligibillty is very goodat this level,
however, sothat in view of the markedchange _nslopeat lower levels it would not be
reasonableto establish a ariter_on at e lower level. We therefore identify a level of 4,5 dBA
as the threshold level for speechinterference.

As discussedpreviously, the characterization of the norseenvironment in the class-
roomdependsboth on the Intensity of eaah intrusion and frequencywith which they occur.
However, given that the noiselevel of 45 dBA is a threshold at which interference with the
speechaotlvity will begin, it can becomparedto steady-state soundlevels prevlousl,y

_c_mm.e_nded_or¢l_sro_.__se _-_,etg_ted noiselevels rangefrom 35 to 50 dB._'2,A'4,
. _,_u,A o,A-17tA 28,A-31,A _A-3/,A- U Further, if can beshownthet the equivalent

'PNC of the Identified A-weighted level is about 38 dB. This compareswith_ values
recommendedby Beranek, Blaz;er, andFigwer for classroomsof 30to 40 dB._'_u

Although the noise level of45 dBAhas been!dent!fled asthat level at which
communication _nterference due to aircraft noisewill begin in classrooms,assessmentof
the noiseenvironment of any given alassroomalso dependson the exlsHng background
noiseIn the absenceof aircraft noise. Recentnoise measurementsin 72 classroomsin the
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absenceof aircraft noiseandverbal communlcotlonindicated levels from 42 to 67 dBAA'39
While much of the measurednoise may be attributable to sourceswhich would stop while
a teacher is speaking (studentstalking, 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 aswell as the threshold of 45 dBAmust be considered
as a lower bound•

A-3.2 Sleep Interference in Hospitals

Becausesleepmay be crucial to patient recovery, and is a critical activity for
patients in hospitals, interference with sleep is the criterion usedin the consideration of
the noiseenvironment of hospitals• A/though research hasbeen done on the immediate
effects of noises, the llnk between sleepdisturbance and well-being hasnot been demon-

strated quantitatively even though adverseeffects of sleep disturbance are postulatedby
many sleep investigatorsA'2,A-5,A'13 Indirect evidence of this assertionIs afforded

• e " • ° ° ' * se ° eby surveysof eommumty r achon to azrcraff no_sowhich md_catethat I ep raterferenc
is a significant contributor to general annoyanceA._ Although there hasbeensomerecent
researchwhich indicates that people may adjust to sleeping in intrusive aircraft noiSe
environmentsover a period of years,A-40 nosuchadoptation would be expectedduring
a shortperiod of hospitalization.

SleepDisturbanceFromNoise Exposure

There has beena numberof studiesreportedwhich relate sleep disruptionand
awakening to steadyand intermitt^en_tnnolses.In a compilationof recent data, the U.S.
EnvironmentalProtectionAgency_'_" found that for steadynoises, sleepdisturbancebegins

when the noise level reachesabout 35 dBA. [n a studyof sleep awakening due to steady
nolse, GrandjeanA':4"1foundthat a soundlevel cc_rr_oondTngto a noiselevel of 36 dBA
producedawakening in 10 percentof hissub.jects_-'_'_ TheEPAcompilahon of sleepdata
also indicated that single event maximum levels of 40 dBA result in a probability of awak- t
ening of 5 percent and that maximumlevels of 70 dBA result in a 30 percent probability of
awakenlng_A'19 Usingrecordingsof noiseproduced by passingtrucksl Thlessenfound

that 10percent of hissub.featseither shlf_e_._oa shallowerstageof sleepor awakenedfor
maximumlevels between 40 and 45 dBA_ ''_" Thlessenfu_th_ found similar responsein
50 percent of his subjects for e maximum level of 50 dBA.'_'-'_ Also fo_rcraf!snOlse
approximated by the (A-welghted) SoundExposureLevel (SEL), LukasA ,A-.4 deter-

mined that sleeodisruotlon occursat a rate of about 5 to 10percent for an SELof 52 dB.
Although LukasA-40'A-45 statesthat the highest correlation between sleep dlsruptmnand
noise exposureexists when both intensity and duration are taken into account, the maximum
A-welghted level correspondingto this SELcan be approximated. If a 20.-secondduration
between 10 dB down points of the flyover event is assumed,the correspondingmaximum
level producing 5 to 10 percent disruption is about 42 dBA.

As will be noted from review of above data, there is somevariation in the response
level associatedwith given noise levels. Thisvariation is likely a result of dlffereneesin
age of subjects, backgroundnoise level during the experiment or other parameterswhich
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may affect the resultsbut were notalways reported. Tosimplify this situation, LukasA'46
has recently estimated the degreeof sleep interference for various single event A-weighted
maximumsound levels basedon a compositeof the reported laboratory data through 197,5.
The resultsof this determlnatlon werepresented in Figure 2-3 of Chapter 2.

Requlrementsfor Hospitals

Todefine interference with the sleep activity in hospitals, the level at which
, awakening beginsto occur wasconsideredc_the level correspondingto the beginningof

interference. This criterion waschosendue to the lack of data relating sleepdisruption
without awakening to physical andpsychologicalwell-belng. Applying this criterion to
the data shown in Figure2-3 of Chapter2, the thresholdlevel for interferencewith the
activity of sleepingis 40 dBA.

As with the caseof classrooms,characterization of the noise environmentin hos-
pitals dependsonthe intensltyof each intrusionand the frequencyof their occurrence.
However, aswith classrooms,the thresholdlevel of 40 dBA identified abovecan be com-
pared to various other recommendedinterior soundlevels for hospitalsandsleepingenviron-

ments. Forsteady,noisesthemcemmendedinterior noiselevels.far hospltolsrangebetween,_
34 and47 dBA._'2'A'30'A'35'A'3_ For further comparison,m a previoas review WyleA'_':
concluded that interior nolse levelsabove45 dBAare likely to causesleep dlstulban_:efor
a slgnlficant percentageof the population.

Characterization of the noiseenvironment in anyspecific hospital is dependent
on backgroundlevels in theabsenceof aircraft noiseaswell ason the intensity, duration,
and rate of occurrenceof aircraft noiseintrusions. Backg_ouJz_noiselevels in patient
roomsof eight hospitalshave beenmeasuredand neported."_''_ The resultsof this study

fndicated that !he backgroundnoiselevel rangedfrom 35to 60 dBAwith the average level
for 24 hoursbeing typically between40 and45 dBAA-47

A-4 Summar,¢

. Basedon the literature cited in thls review, interior levels which define the
approximate thresholdof noiseeffectsof people from aircraft noisehave been estimated
for schools, hospitalsand public health facilities. TheA-welghted soundlevels defining
thesethresholdsore=

Schools LA = 45 dBA (SpeechInterference)

Hospitals(andPublic LA = 40 dBA (Sleepinterference)
Health Facilltles)

These identified valuesdefine thosenoi_ levels below which interference by the noiseis
not expected to occur. While lowerlevels havebeen suggestedin somecasesby others
as desireddesigngoalsfor new schoolsand hospitals, theseare not supportedby the liter-
ature, it is believed that the above levels representrealistic measuresof the desired
thresholdswhTchare supportedby the literature.
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APPENDIX B

DEVELOPMENT OF THE EXTEP_ORWALL RATING (EWR)

B-i Exterior-Interior Noise ReducHen

The following procedurecan be employedto obtain an expressiondescribingthe
exter'or-to-lnter'or (oufdoor-to-mdoor)noise attenuation of a buildlng structure.

For an exterior slngJe-frequencysoundsourceand a reverberantrecelvlng raom_
the soundintensity incident at the locationof an exferlor wall of the receiving reom_
assuminga free progressiveplanewove, is

2
Pl

11 = -_. (B-I)

2
whore PI = Theexterior free-fleld meansquaresoundpressure;

pc = The acoustic impedanceof air.

Thepower which will be rcdiated into the receiving roomby the wall is

(Ph
W= TIIS = (B-2)

where "r = The transmissioncoefficient of the wall at the sourcefrequency;

S = Thesurface area of the wall exposedto the noisesource,
I

Thesteady-stote reverberant intensity in the receiving morn, assuminga perfectly diffuse i
field,, will become !

2

12 = W = --P.z_Z (B-3)A 4pc

where A = Thetotal absorptionin the roomat the sourcefrequency;
2

P2 = The reverberantspace-averagedmeansquaresoundpressurein the receiving
room.
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Substitutingthe value of W from Equation(8-2),

,p, s A
PcA 4Pc or 2 4"rS (B-'4)

P2

If 10timesthe IOg]Oof each side of Equot{on(B.-4) is taken,

2
Pl I A •

10 log10-._ = 10 IOglo T + 10 log10 .-_ - 6, dB (B-5)
P2

Plowin general, soundpressurelevel is defined as

2

SPL = ]0log]0 _ , dB
Pref

2
where p = Themeansquaresoundpressure_

Pref = A referencepressure.

ThUS,

2 2 2
Pi P2 PI

SPLI - SPL2 = 101og10 2" - 101ogi0 2 - 101og10--_ , dB (B-6)
Pref Pref P2

Defining transmissionlossas

1
TL = 10 log10 "T", dS (S-7)

SubstitutingEquations(B-6)and (S-7) into (B-5),

SPL1 - SPL2 = TL - 101og10 S/A - 6, dB (B-S)

where 5PL1= The free°field exterior soundpressurelevel which wouldexistt in the
absenceoFthe transmittingwall, at the wall's exterior surface;

SPL2 = The averageinterior soundpressurelevel Tnthe recelv_ngroom;
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TL = The transmissionlessof the wall at the frequencyunder consideration;

SandA = Defined earlier.

Thlsdifference betweenthe free-field exterior soundlevel andaverage interior sound
level is referred to asthe nolse reductlon of the roomor structure.

Equation(B-8) givesthe noisereduction of a uniform structureonly fora single-
" frequencyor narrow-frequencyband of soundslnce transmissionlossand absorptionare

frequencydependent. Thustcalculation of the noisereduction in overall soundlevel
, provided by a structurefor broadband incident soundwould require knowledgeof the

spectral levelsof the incident sound,multiple calculations of spectral noisereduction,
and oomblnatlonof the resultingspectral interlor levels into a single breadbandinterior
soundlevel. Tostmpllfy thisprocess,a singlenumbertransmissionratingwhichsynthesizes
the spectralT/values into one numberlndlcetlve of the broadband transmissioncharocter-
tstlc of a structurewouldbe desirable, if, in addition, frequency-lndependentvalues
could be usedfor the 10 IOgln (S/A) term, an equationin the form ef Equatlon(B-8) could
be usedto calculate the brood bandnolsereductian of a structure in a singlestep.

A retlng which approximatesthe broadband transmissioncharacteristicsof struc-

tures,called ExternalWall Rating(EWR),.hasbeendevelopedfor thls type of app_icptlon
to calculate outdoor-lndoornoisereduction of _ncidentA-weighted soundlevels.°-_ In
addition_ data were obtained in thisprogramwhich showthat typical valuesof total broad
band interior absorptionfor the typesof roomsencounteredin thls studyere nearlyfrequency

independent. This sameinsensitivityof tn_erlorabsorptionwlth frequencywasobserved
for testsm ever 100 roomsin residences.B" Thesetwo developmentsallow applicationof
the following equation:

SPL - SPL. = NR = EWI_ - 101ogS/A -6 -C, dB (B-9)
O I

where NR = Difference between (1) the free-field A-welghted soundlevelwhich would

exist, in the absenceof the structure_at the structureexteriorsurface (SPLo),
and (2) the average interlor A--welghtedsoundlevel (SPLi);

EWR = ExternalWall Rating;

S = Transmlttlngsurfacearea;

A = Typlcal inferior absarptlonvalue;

C = A constantwhich is a function of the sourcespectrumand is describedlater
in SectionB-2.4.

Note that Equatlon(6-9) appliesonly to a single homogeneousstructure.
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B-2 Developmentof EWRRatingScheme

B-2.1 EWRConcept

Tndevelopinga single numberEWRrating, two basicprincipleswereemployed:
(1) restrict the outdoor noisespectrumto a constantshapevaryingonly in level, and
(2) approximatethe actual transmissioncurve for a structurein termsof an ideal TLcurve
which wouldfilter the outdoorspectrumsuchthat the resultinginterior spectrumhas the
inverseshapeof'the A-weighting curve. Thenwhen the _nteriorspectrumis A-welghted,
each one-thlrd octave bandwouldcontain equal energyand therefore be equally important
in determining the interior A-weighted noise level. Thisfacllltates the prediction of
interior A-weighted noise levelsandnoise reduction.

The problem is conceptualizedin FigureB-1. Consider, for the moment, that
the exterior noisespectrumexhibits a shcge similar to that shownin the figure. As will
be discussed_this, in fact, is the nominal average spectrumfor the typical sourcenoise.
it ls deslred_ then, that the transmissionlosscharacteristicof the wall oct as a shaping
"filter'* to theprescribedexteriornoisespectrumsoas to producean interior noisespectrum
similar in shapeto the inverseof the A-welghted responsecurve. ]nterlor absorptlonr
having been shownto be independentof frequency* will not affect the shapeof the
interlor noise spectrum.

Exterior Noise interior
No;se Reduction Noise

"go A-Welghted
"_ _ Interior Nolse

frequency frequency frequency

FIGURE B-1. CONCEPTUAL ILLUSTRATION OF bASIS FOR STANDARD
TL CURVE FOR EWRCONCEPT

To identify the precise shapeof this standardtransmissionlosscurve, an assumption
mustbe made asto the frequencycharacteristics of the incidentexterior noise. For the
initial developmentof EWR, the characteristics chosenwere thoseof highwaytraffic noise.
FigureB-2 presentsthe typical rangeof highway spectraaveragedover a 24-hourperiod
for a single location near a heavily travelled freeway. Uslngthesedata, the nominal
average spectrumFor highwaynoisewascalculated, with the resultsillustrated in Figure B-3.
Note that the octave band levelsare relative to the overall energy-averageA-welghted
soundlevel.

* SeeSection B-lo
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Knowingthe characteristicsof the exterior noisespectrum,the shapeof the
special tmnsmtsslonlosscurve shownin FigureB-4 wascomputedaccordingto the con-
ceptsof Figure B-1. Severalstraight-llne approximationsto the curvewere investigated
and the curve shown in Figure B-5 waschosenas the EWRstandardcontour. Thlscontour
can be usedin a mannersimilar to an STCcontourto determinethe EWRrating for a
given wall or constructionelementbasedon its TL curve. To dothis, the standardcontour
is adjustedvertically to the highest positionrelative to the TL curve until, over the fre-
quency rangeof 125 to 4000 HzS the sumof the deficiencies in the 16 one-third octave

i " bands (that is, deviationsof the TL curvebelow the contour)is32 or less. TheEWR is
then arbitrarily taken asthe value of thestandardcurve level at 500 Hz.

!
The fact that the actual EWRvalue is arbitrarily taken asthe level of the EWR

contourat 500 Hz impliesthat on EWRvalue obtained usingthe aboveproceduresmay
requlre final adjustmentby a constantto better approximatethe reductionin A-weighted
noise levels for the structure. AIs% EWRvalues assumean incldent noise frequency
spectrumsimilar to that of typical highwaynoise. Thereforet the spectralshapeof the
EWRstandardcontour, and henceactual EWRvalues, are dependentuponthis highway
noise spectrum. To useEWRvaluesfar predicting building attanuatlon of aircraft noise,
which hasa different frequencyspectrum,an additional correctionwill be needed.
Theseadjustmentsare thoselabelled "C" In Equation(P,-9), andare developedfurther
on in Section B-2.4 of this Appendix.

B-2.2 EWRfor CompositeStructures

When a structureis composedof several dlfferant transmittingelements, the
transmlsslon lossof the compositestructuremustbe determined. Standardprocedure
first entails calculating the compositetransmissionlossin eachone-thlrd octavebancl.
Then a single numberrating suchas EWRmay be determinedfrom thiscompositetrans-
missionlosscurve. However, the resultsof samplecalculat'ons* red'care that a com-
posite EWRvalue may be determlnedwith little errorby obtaining the EWRof each
structureelement and combiningthesevaluesindependentlyof frequencyasshownbelow
in the samefashion as is normally usedto computecompositetransmissionloss:

I

EWRcomposite = 10IOglo _ "7 , dB (B-IO)r i Si43

where i = Index for the transmitting structureelements;

S. = Surfacearea of the i_th element;i

r._ = The transmissioncoefficient of the iJth elementcorrespondingto the EWR

f of that element (EWe), or:

* See Section B'2.4, B-7



-EWRi//O
= 10 (8-11)

How if Equations(8-10) and (8-1 I) are substitutedinto Equation (B-9), the following
general expressionmay be defined for the EWRof a compositestructureto predict noise
reductionof A-welghted soundlevels:

-EWe/10 + ]0 log10 A - 6 - C, dB (B-12)
FIR = SPL° - SPL = -1010910 7. Si I0

i

where C representsthe source-crltlcal adjustmentconstantsdescribedin the previous
section.

B-2.3 Calculation of the TabulatedEWRValues

The EWRvaluestabulated for the variousconstructionelementsusedin thisreport
were calculated usinga computeralgorithm which simulatesthe standardEWRcontour-
fitting technique describedin Section8-2.1. The tran=mlssionlosscurvesused for the
contour-fitting exercise were obtained in one of twoways.

TransmissionJossdata usedfor deten_inlng wall and roof-caillng EWRvalues were

calculated usinga secondcomputeralgodthm,basedon the transmissionlossthepr},pre-
sentedin a recent U.S. Departmentof Housingand UrbanDevelopmentreportB'_ Thls

: theory allows calculation of TL valuesassumingthe existenceof significantacoustical
absorptionin =tudworkwallst in furredwalls_ and in slngle-joist roof-ceilings. Since
EWRvalues for building elementswithoutabsorptionwere desired, negative EWRadjust-
mentsto account for the effects of the insulation were required. Theseadjustmentswere
obteTnedfroman extensive literature searchfor transmissionlossvaluesof all typesof
building exterior construattons. ComparativeEWRanalysesudng numerousTLdata for
walls androof-ceilings with and without absorption resulted in absorptioneorraedonsof
minus4 dB for studworkwalls, minus3 dBfor furredwalls andminus5 dBfor slngle-joist
spaces. Thesecorrectionswere applied to the calculated EWRvaluesyielding the values
tabulated at the end of the Appendix.

TransmissionI_s values usedfor detarm_n|ngthe EWRof windows, doorsandair
conditionersconsistedof' publishedmeasurementdata collected duringthe literature
search. No speclol adjustmentswere requlredbefore placlng the resultlng EWRvalues
in the tables.

It shouldbe noted that the EWRvalues tabulated for walls and roof-coilTngcon-
structionswere calculated ideal values whichwould not be canpletely achieved by standard
constructiontechniquesdue to the usualpresenceof gaps, leaks andflanking paths. The
literature searchdata indicated that the averagereductionof these ideal values due to the
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imperfectionsof actual standardextensionconstructlonis about 4 dB. EWRvaluas
tabulatedat the end of thTsAppendix for the other constructionelementsare basedon
the measuredperformanceof standardconstructlon. Thevalues given in the EWRadjust-
ment tables, usedto adjustthe EWRofbasicstructuresto account for the effectsof
detail modifications, warealso obtainedfromcomparativeanalysesusing data from the
literature.

. B-2.4 EWRAccuracy andRegressionCon.stan_

The most importantcrlterlon for application of EWRto this study is that it should
give better accuracy in calculating the interlor A-welghted noise level Fore variety of
exterlcr wall structuresthan any other single numberrating scheme. To evaluate the
accuracy of EWRfor the prediction of structure noise reduction of incident aircraft noiset
a large-scale comparisonwas madebetween noise reduction basedon EWRand a more
accurate noise reductioncalculated Tna classical mannerwith TLvalues at each frequency
band. That is, the exterior noise level spectrumfor aircraft shown in F_gureB-6was
applied along wffh frequency-dependenttransmissionlossdata for many commonlyused
exterior walls to predict inter;or spectra. Thesespectrawere then A-welghted to deter-
mine an accurate interler A-welghted noise level for eachwell type. The EWRaf eoeh
wall wasalso determinedand applied to the exterior A-weighted level to obtain an estimate
of the interior A-welghted no_selevel according to Equation (B-12). A linear regression
analysis was then conductedto determinethe correlation between the two resulHnginterior
levels. Note that the abso_tion term(A) and constantsin the noise reduction Equation(B-12)
are independent of Frequencyand would not have any effect on the regressionoutcome
since they would have beenappITedequally to both noiselevel caleulatlons. Thusthey
were not required in the ealculatlons. CombinaHons0f225 wall constructionsand 33
window construaffonsin area ratios of 0, 10, 1,5and 20percent of total wall area were
used far a total of 22,500 separatecases, in each case, interior levels basedon compasffe
octave band trensmlssianlossvalues and on compositeEWRvalues were determlned.

The aircraft noisespectrumof Figure B-6 used in this comparisonwasderived from
sounalevel measurementsof commercial aircraft operations. Two noise measurements
were utilized _ one underthe landTngpath and one under the takeoff path located approx-
imotely within the NEF40 contour at LosAngeles [nternaHonalAirport. Approximately
one hour of data was reducedfor each alte and the energy.-equivaIent nolse level in each
octave band wasdetermined. Thesewere tlme-averaged spectra which were dominated
by the noise spectra of the aircraft flyovers. The frequency spectra for takeoff and landTng
were similar in shape (bothdecreasTngin level with increasing frequency) so they were
combined into the slngla average aircraft noise spectrumshown in Figure B-6.

An iniHal linear regressionanalys_swas carried out using each palr of interior
A-weighted noise levels calculated using (1) the clessTcalmethod with Tk values for each
frequency band, and (2) the approximate single numbermethod with EWR. Since the
slope of this regressionwasvery close to unity, an addTtlonalregression forcing the slope
to be unity wasperformed. A conceptual illustration of this regressionis shownin Figure B-7.
The correlation coefficient for the unity slope regressionis about 0.98 and the 90 percent
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confidenceinterval (calculatedbasedon the assumptionthat the overall distribution was
gauss;an)is lessthan +_2riB. As illustrated, the regressionline has an intercept of +,5.8 dB
for this caseof aircreft noiseasa sourceso the constantC in Equation (B-12) is -_.B dB
for this source. A shn;lar regressionanalysiswas performedusingthe highwaynoisespec-
trumshownearlier in FigureB-3. Applying the sametechnique of a forced unity slope,
the 90 confidence interval was-+0.6 dBand the intercept correspondedto avalue of
-3.5 dB for the constant C,

Theo_ y other viable a_te_natesinglenumberrating available is celled the
SoundTransmiss;cnClass(STC).D u Forcomparison,the sameanalysescarriedout for
EWRwere alsorepeatedfor STCto determinehowaccurately this rating methodcould
predict interior A-weighted levels of a;rcraft noise. The resultsof this comparisonare
summarizedin Table B-1,

TABLEB-1. COMPARISON OF CORRELATION COEFFICIENTS AND 90 PERCENT
CONFIDENCE INTERVALS FOR TWO ALTERNATESINGLE NUMBER RATING METHODS
FOR PREDICTING INTERIOR A-WEIGHTED NOISE LEVELS.

Aircraft Source Highway Source

Rating RegressionLine Unit Slope RegressionLlne Unit SlopeMethod
r 90%ConfidenceUmits r 90%ConfidenceL;mlts

EWR 0.984 +1.7 +1.9 0.998 4-0.6 ±0.6

STC 0.926 +3.5 4-3.9 0.962 4-2.7 +_2.8

The 90 percent confidencelimits for the STCmethodare approximately twice
(about+_4insteadof +2) that for the EWRmethodfor an aircraft source. TheEWRmethod
shouldthereforeDesomewhatmorereliable for application to this program. Actual meas-
urementsof outdoor-lndoornoisereductionsfor A-weighted noise levels earrledout in
th_sprogramwere alsoshownto agreesatisfactorily wlth predlcted values basedon the
useof EWR(seeAppendix G).

In summarytthroughoutthis study Equation(B-12) wasusedto estimateinterior
A-weighted noiselevels for predictive analyses. The tabular values of EWRandthe
correspondingad._ustmentfactorsare listed in Tables B-2 throughB-7.
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TABLE B-2a. EXTERIOR WALL BATING (EWR) VALUES FOR EXTEPJOR
CONSTRUCTIONS*

o

z

EXTERIORS

Alum.Siding/I/2"Wood A 37 35 39 40 41 37 37 38 39 41 42 37 33 39 --

7/B"Stu_=o/Pop_r B 44 44 45 44 40 45 45 45 40_ 38 37 45 41 46 --

7/B"St_==o/1/2"Woo4 C 45 45 45 45 42 46 46 45 42 40 39 46 42 47 --

I/2"WoodS;d;ng D 33 34 138 40 41 36 36 37 39;41 41 37 31 39 --

3/4"Woo_S;d;ng E 38 37 37 38 39 34 34 35 37i39 39 35 34 37 --

4-1/2"_r;ckV_nc,=r F 53 52 52 52 48 53 53 52 48147 46 53 50 54 --

9"_,Ick G 54 57 59 58 -- 58 58 59 153 53 53 53 53 53 53

4"Cancrate H 54 54 ...... !55 55 55 !49 .... 48 48 48 48

6"Concrat= l 54 55 57 56 --156 56 57 ,50 51 51 50 50 50 50

ii 6"Concrelo J 56 58 50 59 --159 59 60 54 54 55 54 54 54 56
k

:" 6"HollowConcretctBIockK 46 57 49 49 --148 48 48 42 43 43 41 41 41 41

6"HollowConcrelaBIock L 47 49 51 51 -- 50 50 51 44 45 45 43 43 43 43

6"BlockW/I/2"Slucc= M 47 48 50 49-- 49 49 !50 43 44 44 42 42 42 41

8"filocl_w/I/;2"$tucco N 48 50 50 51 -- 51 51 52 45 46 46 44 44 44 44

* 11_esevalues are to be used in conjunction wffh 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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TABLEB-2b. EWRVALUE FOR BASIC ROOF-CEILING STRUCTURES*

Single-Joist Systems Attic SpaceSystems i

E E

o
I .== I

"0 13

Roof 0 O E u_ O O E ;
C

Wood 36 36 32 29 Wood 44 47 56
Shingles Shingles

Composition 39 42 34 35 Comp_ifion 48 51 61
Shingles Shingles

Clay or 47 48 41 40 Cloy or .53 56 66ConcreteTiles ConcreteTiles "

Built-up
39 39 36 32 Built-Up 46 49 58Roofing Roofing

1/2" Wood- 31 I/2" Wood - 44 47 57
SheetMetal SheetMetal

* _ese valuesare to be usedIn conjunction with Equation(B-12) andvaluesfor the
sourceconstant(C) of -3.5 for htghway and -5.8 for a'rcraff noisesources.
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TABLEB-3. ADdUSTMENTSTO BASIC EWRVALUES
DUE TO MODIFICATIONS

Modlfioaflon Modification Modlflcatlon
Category1: A Cetegory2: A Category3: ,x

EWR EWR_ Limpness EWRMass dB StudSpace dB dB
Increases Absorption Increases

FiberboardUnder 8
Both Panels

Double Mass 3

One Side Resilient Mounting of 8
One or Bath Panels

Absorption in
Stud Space_) 4 Staggered Studs 8

Double Mass 4
BothSides 24-inch StudSpacing 2

Metal Channel Studs S

Table Instructions

(_) Toobtain the Total EWRadjustmentfor multiple modifications: add the adjusffnents
for each of the three categories. If morethan one Category 3 modificatlon is used,
count the value of the largest adjustmentplusone-half of the value of the next
largest.

_) If fiberboard is usedfor a Category3 modlficatlonl count Category 2 studspace
absorptionas only 2 dB.

_) An additional treatment notrelated to the three categories is the caulking of all
tiny leaks or crackswhich usuallyexist at exterior wall element junctions - corners,
seams,etc. Sealingall suchposslbleleakswill increasethe wall EWRby 4 dB over
that of standardunsealedconstruction. If developmentplansspeelfy suchcomplete
sealingt add4 dBto the EWRincrease determinedfrom the table.
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TABLE B-4. EFFECTSOF VENTING ATTIC SPACE CONSTRUCTIONS* ON
EWR VALUES WITH AND WITHOUT ABSORPTIONS

Vented Attic EWR, dB VentedAttic EWR, dB
Basic ConstructionEWR, dB (Without Insulation) (With Insulation)

40 to 43 28 35

Plasteror Oypb0ard 44 to 46 29 36

Ceiling 47 to 49 30 37
50 to 52 31 38

Fiberboard Ceiling 52 to 62 39 42

* Basedonminimumventing requirementsof the UniFormBuildingCode.

TABLE B-5. ADJUSTMENT TO BASIC ROOF EWRFOR ADDITION OF
INSULATION* IN NON-VENTED ATTIC/dOIST SPACES

Description Adjustment Factor_dB
(To be Added)

Single doistConstruction - 5

All Cases

Attic SpaceConstructions-

FiberboardCeiling 2

Plasteror Gyp Ceiling 6

* A minimumoF4 inches is required to count this adjustment.
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TABLE B-6. EWRVALUESFOP,COMMON WINDOW ASSEMBLIES*

DESCRIPTION EWRt dB

1/16" glass 28

1/8" glass 28

Single - 1/4"plato glass 28

Glazed 5/16" glass 32

Windows 3/8" glass 34

2-ply glass, 0.53" total 42

3-ply glass,,0.82" total 45

! .Jalousie 4-1/2" widet 1/4" thick louverswith
Window 1./2' overlap - crankedshut 22

1/4" glass, 2" airspace, 3/16" glass 43

I 3/8" glass,2*' almpacel 3/16" glass 45

'_ Double - I/4" glass,2" airspaces 3/16" glass 44c.

Glazed 1/8" glass, 2-1/4" airspacet 1/8" glass 36

. Windows 1/8" glasst2-1/4" 1/4" 40
o_rspacBi glass

1/4'* glasse2-1/4" airspacet 1/4" glass 42

3/32" glass,4" airspace, 3/32" glass 34

3/16" glassl4-3/4" airspace, 1/4" glass 48

" Thesevalues are to be usodIn conjunctionwith Equation (B-12) and values
far the sourceconstant(C)of -3.5 for highwayand -5.8 for alreraff noise
sources.
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TABLEB-7, EWRVALUES FOR COMMONLY USEDDOORS*

DESCRIPTION EWRId8 '

1-3/4" wood, 20

Hollow 1/16" undercut

Core 1-3/4'* woad, 21
Weatherstrtpped

Doors Steel (3.22 Ibs/ft2), 32
Magnetic weatherstrip

]-3//4 '' wood, 22

_lld 1/16" undercut

1-3/4" wood, 30
Core Weatherstrlpped
Doors

1-34" wood, 39
Drop seal threshold .

2

1-3/4" wood, weathetstrlppedand 35 I

Alumln_umstorm door, glazed 1/16" gloss " i

Sliding Glazed 3/16" safety glass, locked 30

Door

* Thesevalues are te be usedin conjunction with Equation (B-12) andvalues
for the source constant(C)oF-3.5 for highwayand -5.8 for aircraft noise
SOU raeS •
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BUILDING AND ROOM CONSTRUCTION WORKSHEET

A, Name of"Building

B. Address

C. Distance fromAirport NEF

D. Owner

Ocoupan¢y Agency

Personto Contact Phone

E. Use: School O Hospital O Other

F. Average Dally Occupancy: Staff`
Day/Night

Students/Patlents

G. Building Size: SKETCH:

No. of Stories

Length

Width

(Sketch layout in space to right.
ShowNorth and direction to
airport.)

C-I



Page 2

H. RoomSize Information:

On the following teble_ list the nominal dimensionsandnumbersof roomsadjacent

to ou_lde walls. List separately for each type (i.e., use)room. If all slmflar-u=e :
rocensare notthe samesize, usea separatellne for each size. Roomswith dimen-
sionswithin 20%of each othermay be groupedtogether.

RoomUseand Occupancy Dimensions* No. of Rooms :

08

b. i

C' ,. , , ,

d.

* Give dimenslonadjacent to outside wall first.

If asignificant numberof patlent/student roomsare notadjacentto outsidewalls,
glve approximatenumberof building occupantsusing theseinterior rooms

[. Wall Construct/on:

1. Outside Wall Material ,,

O AluminumBiding/½" Wood O 6*' Concrete ";

0 7/8" Stucco/Paper O 8" Concrete !

O ½"WoodSiding O 6" Hollow ConcreteBlock

O 3/4" WoodSiding O 8" Hollow ConcreteBlock

O 4-½" BrickVeneer O 6" Block w/½" Stucco

O 9" Brick O B" Block w/½" Stucco

O Other

2. Interior FinishMaterial of Exterior Walls

0 ½" Gypsumboard O ½"Plaster

O 3/8" Gypsumboard O 3/4" Plaster

O 2 Layers½"Gypsumboard O 7/8" Plaster

O 2 Layers5/8" Gypsumboard O ½"Gyp./¼" plywoodpaneling

O 3/8'* Gyp. Lath/I/8" Plaster O ½"PlywoodPaneling

C-2



Page 3

interior Finish Materio] of ExteriorWalls (Continued)

O ½" Soundboard/½"Gyp. O ExposedExteriorWall

O ½" Soundboard/3/8" Gyp. O PlywoodPaneling

O Other
._"

3. StudArrangementsin Exterior Wa_s

! " 0 No studs

! 0 2" x 4 .=studs, 16" spacing• ii
i O Other studs. Size Spacing .,

t O Staggeredstuds

i O Metal channel studs

4, imulation in StudSpace
=

:i Type. ,,

Thlekness I

5. Special Features

O Resilientmountingof panels

_i O Fiberboardunderpanels O one s_de O both sides

!e O Doub[e layer panels O continuouslyglued O spot laminated

J, RoofQndCeiling Comtruatlon

(_f utilization of topstory is not slmIIor to otherfloo_t pleasenotedifference
under "additional comments".)

1. O Single joist construction or O Attic SpaceConstruction

2. Pc_ofConstructlon

0 Concreteslab, Thickness

0 Wood, Type Thickness

0 Metal deck, Thickness

I_afterspacing _..

Joist Spacing (if attic spaceconstruction)

C-3
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3, Exterior Materlal

O WoodShingles O Built~upRoofing. No. Plies

O CompositionShingles O Clay or Concrete Tiles

O Other

4. Ceillng Material

O ½"Gypsumboard O ½" Fiberboard

O 3/8" Gyp. Lath/1/8" Plaster O ExposedFraming

O Other

5. insulation

Type Thickness

6. [f attlcspace, OVented or O Unventad

K. Windows*

Thefollowing Tnfarmatlanis neededfor each roamtype listed underH. [f windows
differfor similar type rooms,indicate the breakdown.

1. Number of windows per room

2. Windowsize

3. Thicknessof glass s

4, if laminatedglass, numberof plies

5, [f doubleglazed_ thicknessof alr space

6. [f jalousie, widthof slats andoverlap whenclosed

7. [f normallyopen, fraction of windowarea whlch is open

8. Do windowsopen?O or are they non.-opemble?O

9. Type of frame andseals

* ]ncludingsliding glassdoors.

C-4
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L. Exterior Doors*

0 Solid Wood

O HollowCora O Wood O Steel

Typeof seah O Gap at bettom

O Weather stripped

O Other typeseal

O Stormdooralso

* Only if a substantialnumberof roomshaveexterior doors. Considersliding
glassdoorsto be windows.

M. Ventilation System

O Windowsonly O Central forcedair

O Through-the-wall air condffloners

Numberper room

Dimensionsof opening

[. IN. RoomInterior*

The following isneededfor each roomtype listedunder H.

1, Percentof floor carpeted

2. Percentof wall coveredwith heavydrapes

3. Acoustical the on ceiling? O Yes O No

4. Numberof doorsleading to interior roomsorhallways

(Describeunusuallylarge doorsbelow,)

* Plec=eprovidebreakdownIf'not typical for all.

O. Additional Comments

• , , ., ,, ,

C-5
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Addltlcnal Comments (Continued)

i

:i
Prepared by Date

0 Supplemental sheets attached

C-6
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TABLE D-I

SUMMARY OP BUIM]iNG INVESq] GATION

Mlks AlrporL Los Anl_elcs lnternaU_ml Cit_ LAX SL-*toCollinmla

Imm Y_u- Construction Materials Wlnduws No. of IMum_ * Stud_,t/
Narno of BtfiJdin_ Location NEF Alrl*stt Built l'_ttexior Interior ltoof Ceili_ Size No, VehiiinLton Floors SIlo No_ Patient No,

1, Imlmria/9cl t. 540 Imperial Ave. 30 0, 5 1953 0"Brick I/2" Gypsuttt W_d l/2"Plberbu_u_ 3'5"x _/Yo Central 1 9(]0 '2 14 GO
I/2'* Plywo..M Ac',,'.IsLIcTIIo 4'10" Fat, Forced Air

Wall

2. ClydeWoodworlhScl_52GoW104U, Str, 30 2.3 1954 I'Woodai_d I/2"Gypsum l"Wooq Aco_sUc'Pllo 3.5k 6 Wh;(bws 1 34'x2fl' 32 1,035
Stucco 6 l_ly _- 8' Only

SI,'_

3. LennoxltlghSdt. li03313ufordAve. 30 0.1 1097 5'_oncreto.'mdJ/2"Gyl,-Sum- l,.Wood AcoualicTil0 42_x 50_ Windows l 3L'x28' _ 1,229
9baeco tmard 6 Ply + _" COly

Sl,'kq

4. Felton Avmuo Selt. 1041 Feltort Ave. GO O. 5 1950 l**Wood Siding I/2,'Gyl_um l'Wood l/2"Acoustic 9'x9' 6 Windows 1 30'XGO' 20 700

•*-Stucco 1/2" Plaster Planks Tile Otdy
I/2" Plywo_d

§. FlgueroaStreetSeh. 51OWlllthStr. 30 4.5 1950 5"Brick4- 3/4"PhL_ter¢ l"Wood pla.qter 3'x8' 9 Wh_(k3ws 2 30'x30' 12

aut Stucco l./9'_retchWood planks, O Olfly
LalJt Ply +Sln_

ALT 991hSR'eetSch. 54_wgsthStr. 30 0.2 1998 3/4Wo_d I/2"Gypsum l,,Wood l/2,'AcoqsLie 3'x5' 5 Windows 1 30'x30' 14

tc) 91ttlng+Stucco Planks, S '1ale Qdy
-- Ply + SLa_

O. W_tebesterlll_Sch 7409W, M_tehoster GO O,_ 1059 8"Reininrcod l/2"'Gylm_m U'_onerete 9'x5' Windows I 50'x25' 98 2,500
Concrete _/2" Pl_ter Otfly

7. ImperiM l]ospltM 1122_ InglevaJod Ave. 30 O. 5 5'_2_crete l/2*'GyD_um G"Camerete 6'x9' Wlntiows 2 16'M2' 59 92
8"_rick I/2"Plamer Otdy

O. I_glewood lInnpSal 429 E OOth Str, _0 L O Before 9/4 Wood _ I/_"Gyl_m l..WoodPl,-mk, 5'x5' Window + 1 14'x18' 28 28
15_ StUcco 1/2" Plaster 6Ply shag Forced Air

A_T. Lawndalc lli_ _:h. 14_3l Inglevaxxl Ave, _0 2.4 B" Concrete PalntedConerete 9" Slal) 3'x6' Whl_ws 2 25' 50 2,000
out 8" llollow Block Reinforced Ot_ly

Concrete Block Concrete

9, Iv_rnlng_ido ScI_ _7 2.0 O" Brick _/S Gylxqum Wood 1/2 Gyp_m
1 _1/4 x _'7" Windows

Oaly I :M' x 28' '_2 176_

10. Centinela llospltat _0 1.5 5" Concrc_._ 1/2 ph_ster Concrete ShLb YT" x 4'5" Wlmks_vs H 15' xlti' _.CO _70
Only

• Include patient 5eds.
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TABLE D-2

SUMMARYOF _U_LDINGINV_IG ATION
Airport. _letcn City D_vcr State Colorr_b

MJles
l_om Year No. of Sludent/

NaxneoflDltidir_ Lncaiinll NEF Nr_rt Built /5_tezior L'tierlor Roof Cellin_ SIr,o No, Y_EilaLIooFiner8 Size No. I_tI_INO.

L ClydeMiller Elem, 2300 TowerR(L ]{)33 8'_.mlcrete i_'po�ed Ext. l'_'ood ]t,_xlPI_ter 4'x 7 l 3{)'x {) ]25
Sell. AuI_ora Blod_ w/ W_l Itdnted 511_'zthblg 7' 20'

Brick Ext. {)ldnglcs

2, DonvorGellerai West 3th& out (3.0 1{)67 5"I_rec;t_t l/{)'Gypsum 9" C_m- ]/2"Gypsum- 3ix 5 C_ltral {) 26'x I00 350
tioga. Cherokee 30 Concrete,2" creteSlab booxd _wivus Forced Air 21'

rigid Qrm
i_L_daiIon

]/2"Gyp_inIJoard

3. Parki,-_mSchcol 130OIE, 3{)Ave, 3{) 1.2 1354 4"/]rlckoll{)" Expo,JedExL Mct,'fl ,'_*'/¢oust[c 4_x {) UaitVvnH- 1 {)7*3'_<{)3 453
AurOra Concrete_ock Wail Deck Pl_ter on {)_{)" ion_ 31'

MCL'flL,flh

4. SableScl_ol 2O01S_blel3l_t 3{) 2.0 1{)62 0"Brick-4" F.xposedCon- Acoustic
Brick w/{)" crete ninck Plaster Wlildows l {)2'{]'_ 23 {)4{)
Dinck Oaiy 1{)'{)"

5. Mo_tvtewSclx_ol 2055 MaiJne {).{) l{)31 7/d"Siucco/ 3/4" 3/4- Acoustic 3'lO"x lO 2 through 1 {)3'x {)3 250
Paper nnd4" Pinelor Wood Pla_teron 25" the w_Jlair- 2{)_

_._ Brick w/8" Metal L'_th co_dEloners
Block I]acl_p per nmm

6, NoethJuaiorlliBh 12093P._nivicwDh'd. 30 {).B 1{))37 12. Maeonry _t_cnirai 2"Gypsum Acoustic 4'x {) Windows b 3{)_X 23 1,{)00
Sclt Wnil w/Brick Glazed _le Docko_t1" P/aster oil 2_ Unit Vent 24'

Exterior Forldx_rd _Uel_l
onSteel Metal Lath
Jetets

7, Elyria Sch. 4725 l{)gh Sir, out 3, 7 IX%tT_OnW 3/4"Pl_aier t'_Vood 3A" Pklster 3'{)'_ 5 Windows& 1 30'x 4 78
3{) Wall w/Brick Sheailflng on ML_ai 7' Unit VeJti 22'2"

Exterior tath _ AR_Lted II_'ders
Acctmtl_-'dTile



TABLE D-2 (Cont'd.)

from Y_r Con._lmctlon _teH:ds Wln_z_,n No, o! Room ,_tu_t/

Name of 13uildin_ IJa_--dion NEF Ai_rpo_ Built Exterior Interior Roof CcL_Ig Si_ No, VenlflaUon Floors _ize No. Patlenl No.

B, b_nlIoyJr. Illgll 2540 IIolly 30 1.2 ]028 l'B*_.Vnlls 'Fer_n KeeneCcnmnt 21/2'' Acoustic 9'x 5 Windmv and 3 34t8 '' 45 1j425
Sct_ North IUU F_Ck CoIL'_ Exterior PL'cqler Concrete Pla.qter 5t Unit Vent-l- x 32t

Keetle CemonL & S],'_) L._Iccn
Pl,-mter

9. P.u_S Scl_, 1035 Fa,rls Str. 30 1. ! 1056 12"Wnlt-Pace Face Brick S_cfllght Amu_Hc 3t93/4 '' 7 Windows & I 3P4"x fl R'/0
Brick l_terior Pl_ster x 7'8" Unit Vent[- 32'
:md h_lerior lnlor_

10. Fitznlmons Army Peorl_ & Montvtew 30 0.4 N.A. 13" Face 13rick 3/4" plasler 3_on '- tl,_t Pl,_qter 2'fl'x [ Wintk_vs 4 8qtt_ 610 937

Uosp, Bhd. crete 5'5" 14'0"
St_

IL lial_eLt Sch. 29_ d_r_ue 30 i. I t'Concrete Concrete UIock 21t2'' Acoustic 6'9"x 8 WmdrJws 2 32'x 26 500
Block Cmtcrcto TUe AR_lied 4*B" 8_5_| '' Unit 24 t

SJ_ to Concrete V_t

Sl_(tet l:lmr)
or to _spe_led
Plastex Ceiling

_o 12. Boston Sch. 1265 l_sinn Sir. 30 l, ! 12"W,'dl-4" l_,, pitier S]cyligitt Acoustic 3'9_/4 '' Windows & 1 3t'4'_ i50
Face ]]rick Fa_o Brick Pt,'mter x 7'B" Inlet Ventt_ 32 _

Interior ,'md ;l_-
terior



TABLE D-3

SUM_3_Y OF BUILDING IN_qTIG A_ION

Airl_rt fi_ II,'u_r CRy Pl_ccdx St_e Arl_l
Miles

from Year Co_trocUc¢_ _ed_s Wi.dows No. of R_m 9h*de,iI/
]_meofl_ildln 9 Loco_lon NEF Airport Built [_tertor ],Letter Root Cellin_ Size ]_. VcnLllallon FJoorsSIzo No. PaUc,tNo.

L Gr3nLElem. Sch. 720S4UIStr. 39 2.9 1929 Brick 3/4"Ph'tstcr Asphalt MetalL'Rh 3'10'_ 5 CeJItral 91'x25' 22 442
Shtngl_ Piaster 7'37/8" Forced Air

2. /,alelhlO Gray Sch. 201 E. 12uran_ 30 2.3 195Q 19"l]rtek 3/4" Pl,nster l"Woed Acoustic 7'5"x 6 Whldaws 32'x2'1' 7 201

Sh_th- "fie 3'8" Oaly
ing

3. Lln_l, Ab. Elem. 1O21K 13ucke_e Rd. 30 2. 0 1949 5'_]dck 5/8" l'laster l'%Vood 3/4"Pleater 3'8'_9 '' W}nd_m.s 24'x37' 12 _DO
Selz, on Brick SIz_'zLh- on Mel_ L'tth x 2'1" O,ly

Ing,S[dngl_ acaustic,'d
UIo

4, Dar_az- F.lerc,entary 701 S. 9th Ave, 30 3, O 1925 1'3" Brick 3/4" Pl_qler 7/8"Wc_1 3/4"Ph'mter 3'9"x Vvlndaws 31'3"x 17 425

Sd_ Sheatldng on MoLd L_th 7'2" (_dy 24'61/_ '

5. Ilerrem Sil,mstre 1450 & llth SLr. 30 2. O 1956 4"Bride w/ Exposed F.xt Comp. A_usttc 9'2"x 5 CenLral 1 23'8"x 8 120
FJem. Sch. Concrete Block Wall Shingles Tile Applied 9'51/9" Forced Air 32'

To PI._Ier

O. AmzOtLScK l_hStr. & /_pczche 30 1.95 1940 Pi_teron Wood A_ostlc 4'x9'1" 6 1 30'x24 t 21 500
Str, Brick Shealldng "fie

7, S_dff FJem. Sell. 1430 S, IBlh Str, 30 O, B 1938 12" Cvncrete 5/8" Piaster l,'Woed ,%cousUc 3'87.@ ' 7 Forced 9 3513"x 35 5_
Block Shcatl_ng "fie x 6'3" Cmtr_d hlr 25'

Eva[_m[[vo
Air

6, W'd_t tlawk/ns 241/E. _ckeye Rd. 30 1358 Brick 5/9" Pl;mter l"Woed Acousdc 6'9"x 7 Forced 3 35'3"x 01 1,3_0
Elom. Sck Sh_-tthtng "file 3qI_" C_tral Air 25'

Ew_p. Coolers

9. ArI_ St. ltos_ 25(]0 E. Vml _ren 30 3. l 1970 10" Bride Exlx)sed Ext. lO"Pre- 3"x3' 2 Central 1 9'3"x 72 552
Reinforced Wall C.-_t Slab Forced Air 13'4"

lO. Cldtdrm Hoeq_. 200 N. Cury 30 3. l 1963 4'_*_dt Con. 5/8" Plaster 3"Con- Piaster 4'x 2 Ccntr_/ 3 19'x 70 150

Blodt Cen_.nt crete Sl_ 5'5_" Forced _lr 15'133/4"
Grout

_._ _.... _ ,_ ..... _,:_ ...... ................................................................................
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TABLE D-4

SU_d_Y OF BUZL_NG _ES_GATIC_

Airport l_m C|ty_.l_st_n St_e Massact_uetts
Miles
front year C_naL_cLIon M_erlals W_bw8 . No. of ft73m _u_ont/

N_Jnoo[IAtlldln_ Lot_311on N_.F Air_rt Built Exterior Intcrlor Roo.__.fCetlln_ Slz....,.ENo._..._V'enUlatialFloorsSzo No. Pat.lentNo.

L WJnUtropCorrmJ, 44[MncQlnStr. 30 0.4 19_ 9"Brick I/2"Gypeum C'_- I/2.Clypsum- 35"x 2 W'lndowe 3 ll'IDt_54 2_

Ho_[_ Wi_lxrop creCcSlab board 'II" OIdy 20'3"

2. Wl_lhropJr. l[Igh 44/.,incQln Sir, 30 0.5 1988 9"Brick, 9', EsposedCon- 6"Con- I/2"GypsmP_- 8'5"x 2 Windows# 2 3Pl"x 45 019
Belt WhlflLrop Concrete Block crete Block creie_ab boazxl 4_ Ileal VmL 23_9_

System

3, Ju[iaWardl_wa Cr_scmRAw, 30 1.3 lfiQ0 _/4"Waod :}ff_G_psum 3/4"Woad 3/_'Gypaum40"x 6 WLn_s 2 2B'x30' lo 210

plaster Plattter

4. On_eldJr. ll_h Revere 30 1,7 192/ 14"Brick 3//]"G_sum ['_Arood 3/S"Gypsum 4fi'_( 6 Windows 3 24'5"x 27 400
Sch. Wood h_h & L_h W/1/8" Plnrd_ 'lath, 1/8" 94" Only 30'

Plaster plaster Pln_t_r

5, Chuveru_ F.c]_ 10 _V_Jre St. 30 O. O 1008 I8"Bri_ & 3/8"Gypsum& O'Coo- P_po_od Can- 45'x 4 Windm_a 3 2_0 '' 18 315
E. Dostan Concrete Wood la_ w/ crete crete, Ceiling O'B" Only

CsSurr_ p|mst_ Shah,_ _alnto_
Ply*Slag

fl. CI_[_ISclz. OlEahlw _0 1.0 10Q0 lfi"nrlck& 3/_"Gypalnt lfi,'Block3_,,Wood 8'8"x 7 WIndu_s 3 2"P3'_ ]8 1_
E. _t_t_ 3/4" piaetor Lmth i/8" pins- w/3/4" planlt-fl PIys 4'0" Only 3PG"

ter c_ Back Pl_tcr _ Slag
BearL.g Wall

'L ChelseaMem. l_sp, Cimlse_ 30 1,3 l_ 8"Bri_&4" p,MntedCemmt 6,,C_m-l,,2"Oyps_m 2_'_ 2 W_llck}ws 3 [|tS"X 98 75

/ercctlOmcrete slab G Tile

Ply+_ag

fl, WUllamsScb- 5tlt&Arllngt_nstr. 30 1.6 1909 16',Brl_w/ 3/8"Gypsum _/4',Wood :_"Gypsum 52'_ 4 wlnd_ws 3 33'9'_ 75 1,400
Chdsc_ Phmter _ Wood Lnth _' )/fi" Plat_ fi 1-_4 & l_" _nly 2V3"

La_* Ph_ter Ply+ _lag Plaster 8'



TABLE D-4 (Cont'd.)
_lee
from Year ConstructionMaterials Windows No, of Room _dmt/

I¢lmeofl3ulld/n_ Location NE_.._FAirport Built Exterior Interior Rvo___..fCeilte_ Sir.o No. Veatlktu_ FloorsSize No. PatimtNo.

9. EdwardSchool MaimStreet out 2.5 1931 12"Drick& ,'V4"Ph'mteron ,'V4" 3/8"Gypsum 54"x 4 Windows 3 2T6"g 20 530
Ch,_lcst_vn 30 Pl,%._terCv_t 12"BrickWatl Wvod I_lh & I/B" 100" Only 20'9"

Sheathing Plaster
GPly_Slag

lO. l_lJme_FJem.ScI_ 127M:trionStr. 30 1.0 1098 18"Brtek 3/4"Pl,'_tez' l"Wood 93"x 3 Wlndow_ 3 27'6_52 700
_.. l]o.qteo _ 1/8"]qiligll Pl,_k, 0 53" Only 33'3"

11. f_lurtleffScl_ C_trnl Ave. & 30 1.3 191! O"BrtrJ_ 3/0"Gypsum 6"Ccmcrete 1 3 28_x30_ 1,000
ShurtleffStr. Lath& I/8" Slab6 Ply
Chel_'t Piaster t Slag

12. l_wrenceMom, 193,'mdGoverr_rsout 5,8 1022- 9"13rick& 3/0"Gypsum 6"Concrclo 3/_l"Gyp-6'x t Wlndaw8 1-6 14fxlSj 100 200
llosp. Ave. 30 1970 Pl_ter Watls Lalh&I/8" SlatU6 Ply _lm I_th 8_ Foxed Air

Pl_ster *Slag &I/8" CoolWater
Pl_mter

&

;: :-" , ,



TABLE D-5

SUMM_'WOFBUII,_G ,LNVEST_GATLOH

AirportMland]ntermtio_al CityMl.'v_ St,doFlorhh
Milea

Irom Y_r ConatPJcUon M,_ert,'tls Wbxk_ No. o[ Room Studmt/

N_meolBallclL_ Loc_J.c_ NEFF Ai.riJort Built Exterior ]_!ertor Roo._l CoJ.lin_ SI_o No, VmUlaflon Floors Size No, Patient

1, D.u3barBlemeetar_ 505N.W. 20thS[r, 30 4.0 B'_31oekwith ConcretoBlock 6" I/2"Acous-2'xq t 12 CimLral 2 28'x35 t 34 628

School l_"Stucco and Stucc_ Concrete ticG_lllng Forced Air
51_

2. Jackson MCn_Ott.'tl 16tt N.W. 12th Ave. 30 3. 5 G'_Concrete l/2"Ph'z_ter 0"Con- _2"Aco_s- 2'x5 _ 2 Wincbwa 14 12tx22 * 735 l, 250
llos[_L_I Block wire mesh 6" crete tic _filo C¢_ztr_

Bollmv Block Slab Forced Air

3. Pan .American 5959N.W. 7i[zStreet 30 0.0 B"]iotlow _,_"pla_tcr c*t 6'*Con- 1/2" AccuSe 2_,_' x 3 Windows- 2 12t_6 _ 8B ItS
llosp, Concrete ;rod Concrete Btocke crete tic"file 5' Throu_-the

Block -_tucco Slab Wall Air CaotL
C. F, &Ualta

4. Cttz_uGrovcFAc_), 2I_N.W. SthStr. 30 2.8 8"Blockar_i t/_"Ac_zstic 4,_on- ll2"Acaus-3'x5 _ 14 Wtntk_vs 1 32'x45' 990
Sell. l_*_ucco T_Io ctzBlocka crete tic 'hie Ollly

Brick V_neer Slab 6
Fly+

• _ 5. _cyl_lem.Scl_ IS01N, W. IEaco 30 4.4 B'_t3Iock+l/_ '' PalntedBtoc_ 6'Eon- _"A_us-21/_'x _ WJmbws ]-2 28_x30_ 34 55t

J4 Stucco Brick crete tic Tile 7' Only
Vcl_et!r Slab, 6

Ply + SL_

6. l_ekerT. Washln_;-12OON.W. 6thBu.. _(} 4._ 8"Bultowcon- ¥_'_l_ter 6'_n- I/_"_s- 3'x7' II Wir_ws 3 2_'x45 _ 54 80_
ton School crete _ock + crete BU _31o O_ly

Stucco _lab, O
p_y

'L Avl_radrdoElcmen-S25_S.W,0(hStr, 30 2.1 I_9 8'_lockwlt]l _/2"Pla_tor l'Waod ]/2"Amus-31,_*x 0 Windows 2 28'x30' rio 770
tary School I/2,_cco Plonk tic 'l'do 8' Ozdy,Some

8%_Dbe Betck OpIY_I_ Whldow Air-
Condttioner_



_ ,_, _v_,_ , .._ _ _ • _; ._r

TABLE D-5 (Cont'd)

Miles
from yo._r Co_t.nlcUon M._tErlz_s Windows No, of l_.col_l S{udoni/

N_.nle of/]uJldln_ Loc_Lia_ NEF Airport Built '_ter/or lntez;joz: ltoo( Cdlin_ Sizo No, Ve=sUlntion Floors Slzo J_'-_. _ic_t

fl'_loc_with PaJntedDloc.k 6'_._on- }/_'Acoa_- 3_/2"x 7 Cen[s_d l 26'x30 t 43 080

9. _hoolKmSingt_aElon_ 711N.W. 30th Sir. 30 2, 0 1950 _/2" Stucco crote tie Tile 7" Forc_ ._.lr
Slzlb

9. _Bum'_Vlst_Elo.n_ 300IN.W, 2_dAvo, 30 4,3 8'_lock_t l/2"PJ_ter 0"Con- _)"Gyp, 4tx8 ' 5 WiJKluws 2 25'x30' 22 340
Set_ool V2"Sl_cco crc_e h'_l_ _u_d O_dy

Slab, 6 _"PI,_._tor
Ply +Slag

1O, =Robert Lee Jr. 3100 N.W, 5th A_, 30 4.0 1924 8_]lock ,'u_l Painted _tockq 6'_on- E_7_oAcd 4'x8' 5 Win_w vzd 3 29_x30 ' 30 825

l_t Scboo! V2,_cco crete Concrete Wintbw ._r-SLY, 6 /_un CondlHoner

I
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TABLE D.-6
St_£_LY OF B_LI_G _GA_{3N

Alrl_Jrt Win. ll,'trL_[Icld City AflPnh'L Skdo Geor_da
_lcs
_roln Ye_- Const _ c Uo]dVL_ter h'tls Wlmbw8 No. o[ Room Stu d(.'nt_

N,_te of _Udln_ L_c,'dl_ NE__.FFAirport ikL_t l_tcrior Interior Rc_f Cg_ln _ Size No. VcntikRlm_ I/l_r_ Size No. l_aflcnt

[. Newton F..statcsScb. 0050 Northwest Dr. 30 1.2 1052 4"0rick ConcreleBlock 71_'' Ac_stic ]0'O"x 3 Windows 2 36x25 6 192
CoUpe PT_k O'_oncrc_o Concreto _llc B'I" Only

Block SI_

2. Langtno Bctmol 2Q0I Walker Ave. 30 1.3 1952 4'1Stick on Cuncrclu Block 2" CO,- Ac_;ustie 5_xG' 6 Windows 2 30'x03 13 25D
CoRego I_k COncrete crete Sh_b 'Pile 0nly

_ock

3. I_ Shorelllgh 2t34D_e St_ro Ave. 30 2,5 1005 4'Tirlck P,_AniedConcrete 21/2"Co.- Acoustic14'4"x 2 WlndL_va 2 30'x0240 927
Scl_! Colic"go 1_ 8'_lock Block _0 Sktb _ic 711'' OBly

4. _lste4'n 8clLol C;uvpbel_ Rooti 30 0.8 1007 4"Brick F_sed Con- 2_COncrelo Acoustic 8'6'_ 3 Windows 2 06_x 8 214
8'_3oncreto crete Block S_ 'IBo 8' 0,ly _"

Block.

§. CoUege Park lll[d_ 3_05/¢kflnc 00 0. 9 1940 10'_7.oncretc _" PL.%slor 2'X_on- Met._lLnth ti'4'_¢ Windows 2 22'x 25 47"/
- . I_chool CoUcge l>ack c_e Sl._b ._4" Ply- 8'6._1" Only 20_

2'_datiu_ tot

O. Woodw;udAc.'ui_my ll3OSpoahEngDrivo_ 30 0.'/ 8"Urick4" _"Pl_._ter 6'SlnbO I/2"PlastcrO'xS' 3 Windows 3 16'x 20 1,050

N,l_, ._J;lnLz C_ncreIo Block PJy + Slag & Only 46'

7. Fom_L_J_Scl=x)I 2071 DvtflovardDr. 30 2.9 0'Brick 6'_3oncrctc 6'_oncrcte 1/0" 4'x5' 6 Wincbws 1 26'x 16 406
AllnnL_ Block Plus Sl._b, 6 Ply Acoustic t_dy 00'

[_J.ntodW;dls _ Slag Tile

8. CrawfordL_ngSch 32001affop:tDr. sS.W. 00 l.'l 0"Brick 6"l[ollmvC_ln- 6'_oncretu 1/2"AcousUe3)0"10 Wintk_vs 2 28'x 42 025
creto Block _ Sl:_b Ttio X6 _ O.ly 00 _
I_,dnt

9, Ocorge tflgh Sch 800 llutehc_so Rd. 00 3.0 1072 8"J]rick fi'Tfol[ow Block 8'_v_lcr_te V2"Act_s- 6'5"x 8 Ccntr_ 0 140'x .°0 1_046
Wnti_dI_nt StabOPlya+ L[cTile 4' FurcedAir



TABLED...6 (Cont'd.)

1_Jes

from Y_u' Co_cUon MaZezt_ Window8 No.or _toom _tudent/
NameofEtzLldi.n__ Lo_ttlon NE_FFAiri]orj Built Exterior ]r,tertor P,_of CdU.f. Siz...._oNo._,Ve,zUInLIonFloorsSize No.._j,PaUent

10. _tlel it, Youztg 710TemploAv_z_Je _od 2'*Gy_ Aco_mUc8'1'_ 2 Wincbw_ 1 3lq0"x 22 200
School CoUeb,e l_zrk 30 0.3 1052 4"Drickand Concrete _umdeck '1_0 4' Only 24'10!/4"

ConcrctoZ]locl_,Block 5 Ply

IL St.JolmSchool 240ArnOldstreet S0 5.4 0'_ricJ_ 6"lloUowCon- 5,_lab _', 4'x5'8 Wlncbw_ I 04'x05'lO
lla_vUle, Ge3r_t creteBlock Acoustic only

T_]O

0
I



TABLE D-7

OVERALLROOMS AND WINDOWS

Summary'of Numbersand Sizes

Average Average Average Average
No. of Room No. of Window
Rooms Slze Windows Slze

All

Schools 23.56 32'9"x29_" 5.38 4'41/2"x6'4"
(955.02ff '_) (27.86ff 2 )

All
Hospitals 179.7 12'5"x17'101/2 '' 1.98 2'11"x5'4"

(222,5ft2) (15.51ff2)

_Q
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TABLE D-8

HOSPITALWINDOWS AND ROOMS

SummaryoFNumbersand Sizes

Room Room Window Window
City Number Size Number Size

Atlanta (E)

Miami (C) 411.5 12'x 21'A" 2.43 2'1" x 5'

Phoenix (B) 71 10'9"x 14'6" 2.21 4'5"x 6'8"

3oston (D) 60.6 13'x 17'3" 1.45 3'11" x 6'3_"

Denver (F) 355 12'8" x 15'5" 1.56 3'9" x 5'5"

LosAngeles (A) 60 15'6" x 13'5"
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TABLE D-9

SCHOOL ROOMSAND WINDOWS

' _" Summaryof Numbersand Sizes

Room Room Wlndaw Window
C;ty Number Size Number STze

Atlanta (E) 22 40'3" _ 30'2" 4.8 5'8" x 5'6"

Miami (C) 39.5 32'8" x 33'6" 7.8 3' x 7'3"

Phoenix (B) 17.8 31'9" x 26'2" 4.9 4'11"x 6'3"

Boston (D) 30.8 29' x 28']" 3.9 5'2" x 6'10"

' Denver (F) 11.7 28'11" x 24'5" 9.8 5'2" x 4'3_"

/

Los Angeles (A) 23.25 30'11" x 27'8" 2.3 3'3" x 8'

!-

I
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APPENDIX E

CALCULATEDNOISE REDUCTIONS

_w



TABLEE',I, CALCULATEDNOISE REDUCTIONS -. LAX

s. lO"EwP'/I°(if2)
A NR

i Building Room Windows Doors Walls Roof (sablns) (d_)

: Imperial Scllool 2, 11 .1846 .0317 .0036 .0014 1250 26I"
6 .0317 .010B .0014 1000 32

! LennoxH.S. 4BIdg3,3BIdg6, .167 .126 .0043 .0014 630 21
3 Bldg 4

Felton Ave. B=hool 9, 5, 11 .428 .013 .020 .0451 630 19

Clyde Woodworth 4 .3772 .1912 .0826 .0015 630 18
School

Momlngside H,S. J2 .3675 ,1207 .004 nll 500 1B

V2 .1647 .i207 .004 nil 500 20

Cenflnella Hosp. 5114, 8128 .0225 --- nil --- 125 26

We=tchesterH.S. F9 °3899 --- .0024 .0075 500 19

'_ lmpedal Hospltal 227, 224 .036 --- 0003 --- 140 24

Figuema St. School Classro0m .1902 --- .001 .0113 500 22

Lawndale H.S, LowerStory .114 110 "nil 630 23

UpperStory .224 n| I .009 630 23

E-1



TABLEE-2. CALCULATEDNOISE REDUCTIONS -PHX

s • lo"EwP'/I°(f12)
Building Room Windows Doors Walls Roof A NR

(sabins) (dB)

Grant Blem.School Classroom .2219 --- .0012 .g616 800 22 '

Adellna Gray School 6 .2615 .0793 ,0005 .0122 800 22 .

LincolnElem.School Classroom .23S3 .0798 .0043 .3535 I000 20 :

Skiff Elem. School 2ndFloor .2853 .1262 .0126 .0220 800 21 ;:
Classroom

WilsonHawkins 2ndFloor ,2853 .1262 .0020 .0220 800 21 .
Elem. School Classroom

DunbarElem.School Classroom .2140 .0019 .0613 630 22

SilveslreHerrera 2 .2457 ---. .0017 .4330 800 19
Elem. School

Ann Oft (Stevenson) Classroom .3075 .0798 .0010 .0361 630 20
School

Arizona State Hosp. PatlentRoom .0106 .1262 .0005 nll 125 18

Arizona ChildrenJs Patient Room .0998 nil .0003 0001 125 19
Hospital

E-2
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TABLEE.-3. CALCULATEDNOISE REDUCTIONS-- MIA

S. Io'EWP/IO (ft2)
Building Room Windows Doors Walls Roof A/C Vents A NR

Unlts (sabin (dB)

DunbarElem.School Classroom .0168 .0200 .0204 ,0016 --- 800 29

dacksonMemorial _affentRoom .0317 --- .0005 .0026 250 27
Ha_pital

CitrusGroveElern. Classroom 1.325 ,2524 .0262 .0321 ..... 1600 18
School_

Wheatly Elam.Schoal Classroom .1981 .1262 .0036 .0084 ...... 800 22

BookerT. Washlngton 3rdStory .8661 .0070 ,0113 --- 800 21
School Classroom

PanAmericanHasp. PatientRoom .0594 --- .0025 .0019 0190 200 22

AuburndaleBiota. Classroom .2663 .2524 .0022 .3344 .0190 2.389 630 11
School

KensingtonElam, Classroom .2718 .0200 .0171 .0078 --- 3.344 630 11
School

BuenaVieto Elom. Classroom .2536 --- .0044 0008 ...... 630 22
School

RobertE. LeeJHS TopStory .2536 .0252 .0056 .0078 0285 .0107 630 21
Classroom
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TABLEE-4. CALCULATEDNOISE REDUCTIONS-- BOS

s. ]0"EWP'/10(ft2)
A NR

Building Room Windows Doors Walls Roof Skylight (sabins)(dB)

WinthropCommunity 319 .1712 - 2 --- 430 22 ,
Hospital 271 .0250 - 2 --- 250 28

WinthropJHS 206 .0457 - I --- 500 28

220 .1412 - i --- 700 25

Julla WardHowe 1stFloor .2536 . I --- 630 22 :

School Classroom
2ndFloor .2536 • I --- 630 18

Classroom ,:

Garfield JHS Classroom .2855 • 630 22

CheverusSchool 8, 2 .2068 , _2 500 20

ChapmanSchool ClassroomT°PFloor .3861 , 350 14LowerFloor .3861 350 18

Classroom iChelseaMemorial 201_210 .0285 , i - - 200 27
Hospital

Williams School TopFloor .2198 - . ( --- 500 21
Classroom

EdwardSchool Classroom .2568 - _ --- 370 20

BarnesSchool ClassroomT°PFloor .1065 - r .1268 630 21

LawrenceMemorial 435 .0761 - r 160 21

Hospital 206 ConstructlonlI Data Not Provided 520 --
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TABLE E-5. CALCULATED NOISE REDUCTIONS -- ATL

S • 10_EWR/10(ft 2)
A NR

i Building Room Windows Walls Roof (sabins) (dB)
!
r, Newton Eslates Classroom .4184 .0068 .0036 800 21

School

konglno School Classroom .2853 .O01B .0131 800 22

LakeShareH.S. Classroom .333 .001 .001 800 22

EasternSchool Classroom .3004 .0012 .0131 800 21

College Park H.S. Classroom .3089 .0009 .0021 630 21

WoodwardAcademy Classroom .0951 .0019 .0015 1250 29

Willlam A. Fountain Classroom .1902 .0007 .0012 800 24
I School

CrowfordLongSchool Classroom .3566 .0007 .0016 800 22

SamuelYoungSchool Classroom .4057 .0008 .0013 800 21

St, John School Classroom .3804 .0016 .0012 1250 23
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TABLEE-6. CALCULATEDNOISE REDUCTIONS-- DEN

S • 10"EWR/10""lit2/
Unit Gloss A NR ,

Building Room Windows Doors Walls Roof Vent Blocks 'sabins (dB)
i,

Clyde Miller Elem. Classroom .3106 --- .0052 .0755 ...... 400 18 '
School

park LaneElem. 20, 6 .2549 --- .0043 .0085 .0095 --- 800 23

School i

Sable School Faculty .3423 .0317 .OOiO .0024 --- 250 16
Dining Room

4 .3059 .0340 .O01O .0024 --- 1000 23

MontviewSchool Classroom .1173 ,1589 .0366 .0315 .0197 --- 630 21 !
12 .1i41 --- .0003 .0720 .0126 --- 630 24

North JHS 13 .3360 --- .0003 .0720 ,0126 --- 630 21

FitzsimonsHospital 4133, 4062 .0235 --- .0007 ...... 160 26

BostonElem.School 1 .3426 --- .0006 ,0101 .0142 .0064 BOO 21

PoHsElem. School I .3426 --- .0006 .0101 .0142 .0064 800 21

DenverGeneral PatientRoom .1030 --- .0002 ...... 150 20
Hospital 13' x 15_

Elyrfa School Classroom .2052 o-- .0039 .2628 0095 --- 500 18
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APPENDIX F

INSTRUMENTATION

TapeRecorder: Kudelskl Negro IV-SJ

Tope: 3M Low Noise 18-7

_" Tape Speed: 3-3/4 inchesper second
i

is Microphone: Bruel & Kjoer½" CondenserMicrophonesType4133
Type: Free-field 0° linear response
TemperatureCoefficient: Lessthan +0.1 dB/°C between-50°C and+60°C I
Ambient PressureCoefficient: -0.1 dB for +10% pressurechange
Relative Humidity Influence: Lessthan 0.1 dB

I
t

Preamplifiers: Kudelski I

SoundLevel Meter: Bruel& Kjaer PrecisionSoundLevel Meter Type2203, ANSI Type1
Equippedwith Octave Filter Set Type1613
(In Boston,the 5LM, equippedwith Flexible ExtensionRedUA 1096,
wasusedas an amplifier for the interior recordedchannel.)

Field Calibrator; Bruel & Kjcer Type4230
Calibration Level: 94 dfi

: Frequency: 1000 Hz + 1.5%
Accuracy: + 0.25 dt_@ 25°C

+ 0.50 dfibetween 0°C and50°Cm

Ambient Pressure[nfluenoe= + 0.05 dB/IIX) mbor from500 to 1100mbar
TemperatureCoefficient: See Accuracy

=
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APPENDIX G

COMPARISON OF MEASUREDAND
PREDICTED NOISE REDUCTION

G-I Me,asuredNoiseReduction

r" TablesG-1 throughG-3 showthe measuredexterior noise levels (correctedto
free-field), interior noise levels_and noise reduction. Exceptwhere notedotherwise,
each value shownis the averageof measurementsfrom twelve aircraft noiseevents. The
standarddeviation for each set is shown. In addition to measurementvariations, the
standarddeviation of the levels representsthe variation of levels betweenaircraft. The
standarddeviation of the noisereductionsis due to variations in NR associatedwith air-
craft _ectrum variations, plusspatial variations in noisewithin the room. Thesevariations
are normallyexpected, andare the reasonwhy NR is taken as the average of a numberof
eventsand a numberof interior positions.

G-2 ComparisonWith Prediction

Tables G.-4 throughG-6 showthe measuredandpredicted NR for each room,.
together with the difference (A). The difference is the predicted value minusthe measured
value.

A statistical analysisof the differences hasbeen performedfor the buildingsaround
each airport, and is summarizedin Table G-7. Shownare the meandifference, standard
deviation of differences, and 90percent confidence limits.

The confidence limits are illustrated in Figure G-I. Shownare the 90 percent
confidence limits for the three city groupings,relative to A = 0. Also shownfor com-
parison is the computedconfidenceIhnit of +.1.9 dB given in Table B-1 of Appendlx B
for the difference betweennoisereductionscomputedwith EWRandby the classical
methodusingtransmissionlossdotaat each frequencyband. While the confidence limits
about the mean for each clty fall well within thlsexpected EWRconfidence intervals the
extremesof the confidence limits for the measureddata for all three cities extends to
+2.5. However, consideringinherent field measurementaccuracyof typically +.1-2 dB,
theseconfidence limits for the difference betweenmeasuredand predicted noisereduction
are quite reasonable. Theuseof the EWRmethodfor the presentproject is thusvalidated.

G-1



G-3 Comparisonof Aircraft Noise LevelsWith Predictions

At each measurementlocationpredicted noise levels were obtainedfrom the fleet
medlannolsecontoursdiscussedin Chapter 3. Figure G-2 showsthe statistical dlstrlbutlon
of the differencesbehveenpredicted levels and levels recordedat each studybuilding,
Predictedissubtractedfrommeasured,so that a positive dlfferenee meanso loudermeas-
ured event. Thecurvesshownare the cumulativedlstrlbutions,andrepresentthe percentage
of eventswhich exceed the differenceshownon the abscissa.

Thefollowing pointsmay be notedon Figure G-2:

• The standarddeviation is approximately8 dB. Thlsis e typical varlatlon _.:'
observedbetweenaircraft levelsat a glven polnt.

• The predicted levelsare somewhathigher than median. Thlsmaybe due te
quieter aircraft types(general aviation jets, non-jet aircraft) being in the
measuredsample. Aircraft were not identified duringmeasurements;in some
casesthey could not even be seen.

• Predicted levelscorrespondedto the 40th nolstestpercentileof measurements
at DENt 20th at LAX, and 10th at BOS.

Thedifference in meanbetweenthe three airportsshowsthat no onenolsecontour
conbe applledequally well to all airports. The one useddid, however, fall wlthin a !
reasonable,slightly conservative, range relatlve to measurements.

!r

i
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TABLE G-1. MEASUREDLEVELSAND NOISE REDUCTION - LAX

Exterior Interior NR

Building Room Av. • Av. o" Av. =

Imperial School 2 85.7 4.1 56,8 3.2 28.9 1.8

" 11 85.0 5.2 57.5 3.1 27.5 2,6

6 82.6 5.1 50.8 3.4 31.8 2,5

LennoxH.S. 4 Bldg3 71,3 3,3 50.9 4.2 20.4 2.3

3 Bldg6 75.6 5,6 53.7:5.7 21.9 2,0

3 Bldg4 71.3 3.7 57.9 3.3 13.4 1.5

FeltonAve. School 9 89.1 5.0 70.B 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 4.1 21.4 1.5
School

1" MorningsldeH.S. J2 86,0 3.4 63.2 3.9 22.8 1.1

V2 76.0 8.4 54.5 6.3 21.5 3.5

Centlnella Hospital 5114 68.3 3.5 40.8* 1.9 30.0* 1.7

8128 68.9 3.2 42.6** 1.5 29,9*_ 1.0

We=tchesterH.S. 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 1,9 21.3 2.7

• CountlngonlySinterlormeasurementsabovebackground.

•* Countingonly 4 interior measurementsabovebackground,
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TABLE G-2. MEASUREDLEVELSAND NOISE REDUC'ffON - BC)S

Exterior Interior NR

Bulldlng Room Av. _ Av. cr Av,

Winthrop Communlty 319 82.8 7.7 60.3 9.0 22.5 3.6

Hosp;ral 271 78.1 6.1 49.4 5.7 28.8 1.6 • :

Winthrop JHS 206 76.3 4.9 56.3 3.1 20.0 3.4

220 68.8 6.9 45.0 7.3 23.8 6.5

Jullo Word Howe Left Front 84.7 2.4 63.1 2.0 21.6 1.0
School

RightFront 85.7 3.5 60.7 3.3 2.5,0 1.0

CherverusSchool 8 77.2 4.9 58.8 4.0 18.4 2.4

2 78.9 2.4 61.0 1.4 18,0 1.9 i
i

ChapmanSchool Left 79.0 4.8 70.0 .S.5 9,0 1.6

Right 78.3 4.2 64.7 4.3 13.4 2.3

Chelsea Memorlal 201 74.3 2.9 50.3 2.0 24.1 3.0

HospEta[ 210 78.9 5.3 55.0 4.3 24.0 3.8 '

Willlams School 15 75.7 4.9 .57.2 4.8 18,5 ._

20 77.2 3.9 58.1 3.6 19,0 0.6
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TABLEG-3. MEASUREDLEVELSAND NOISE REDUCTION - DEN

Exterior Interior NR
• • u

Building Room Av. o Av. ¢r Av. _

Clyde Miller Elem. 5 72.9 4.5 57.7 3.9 16.9 1,0
School

Park _ne Elcm, 20 91.5 6,3 57.4 5.3 34.1 2.9"
Sahool

6 87.9 3.9 53.1 3.3 34.8 2.6"

Sable School Facultyi 85.7 6.0 70.3 4.3 15.5 2.7
DtnlngRoom

4 79.6 5.1 50.6 5.1 28.7 1.5

North JHS 13 84.5 6.2 59.4 3.2 25.0 5.2

12 87.6 3.4 63.5 3.3 24.1 0,7

FitzdmonsHospital 4133 81.9 "2.9 56.4 3.6 25.5 1.0

4062 81.7 3.7 56.3 4.0 25.3 1.5

1" BostonElem. School I 87.6 2.6 61.8 2.8 25.8 1.8

ParisEJem.School 1 6].5 3.3 41.6 1.9 19.9 2.0

* Wall with windowsfacingaway fromaircraft. Microphoneonwall facingaircraft
approximately 10 dB solf.-shtalding.
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TABLE G.-4.PREDICTED AND MEASURED NOISE REDUCTION - LAX

Building Room Predicted Meas'd A

Imperial School 2 25.8 28.9 -3.1

11 25.8 27.5 -1.7

6 31.B 31.8 0

LennoxH.S. 4 Bldg3 21.4 20.4 1.0
i

3 Bldg6 21.4 21.6 -0.2

3 Bldg4 21,4 18.0 3.4

Felton Ave. School 9 19.2 18.3 0.9

5 19.2 18.1 1.1
/

11 19.2 19.2 0.0

Clyde Woodworth 4 18.0 21.4 -3.4
School

MorningsideH.S. J2 18.3 22.8 -4.5

V2 20.1 21.5 -1.4

Centlnella Hospital 5114 25.7 30.0 -4.3

8128 25.7 29,9 -4.2

WestchesterH.S. F9 19.0 16.0 3.0

Imperial Hospital 227 24.0 23.3 0,7

224 24.0 21.9 2.1

T =-o.4,B =2.2, 2.6
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TABLEG-5. PREDICTEDAND MEASUREDNOISE REDUCTION - BOS

Building Room Predicted Meas_d

Wlnthrop Hospital 319 22.0 21.7 0.3

271 28.0 28.8 -0.8

CherverusSchool 8 20.0 18.4 1.6

2 20.0 18.0 2.0

Winthrop J.H,B. 206 28.0 23.0 5.0

220 25.0 27.0 -2_0

ChapmanSchool 3rdFl.,left 14.2 9.0 5,2

3rdFI., rt. 14.2 13.4 0.8

Julla Ward Howe Left 22.0 21.6 0.4
School

Right 22.0 25.0 -3.0

Williams School 15 21.6 18.5 3.1

20 20.6 19.0 1.6

ChelseaMemorial 201 26.9 24.1 2.8

Hospital 210 26.9 25.0 1.9

: 1.3, I_-T: 2.2, (_)_ : 2.6
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TABLEG-6. PREDICTEDAND MEASUREDNOISE REDUCTION - DEN

Building Room predloted Moos=d A

Clyde Miller Elem. Classroom 18.0 16.9 1.I
School

PorkLaneElem. 20* 33.0 34.3 -1.3

School 6* 33.0 34.0 -1.8

SableSchool 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

FffzslmonsHasp. 4133 26.5 25.5 1.0

4062 26.5 25.3 1.2

BostonElem.School I 21.5 25.8 -4.3

PallsElem.School I 21.5 19.9 1.6 ,

= -1.2, I%3= 2.1, (_)½= 2.7

* Includes10 dBshielding due to windowsfacing away from aircraft.
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TABLEG-7. SUMMARYOF STATISTICALANALYSIS OF
• DIFFERENCESBEI_VEENPREDICTEDAND MEASUREDNR

90% ConfidenceLimit

Airport N* Mean ¢ Lower Upper About Mean

LAX 17 -0.62 2.55 -1.70 0.46 +_.I.08

BOS 14 1.35 2.34 0.24 2,46 +_.I.11

DEN 11 -1.06 2.65 .-2.51 0.38 _+1.45

* No. of roomsmeasuredforeach city

i

t
i?
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FORTHREEAIRPORTS. (THE MEAN DIFFERENCEFOR EACH CITY IS
DESIGNATEDBY THE DIAMOND.) FOR COMPARISON THE ANTIC-
IPATED90% CONFIDENCE LIMITS ACCORDING TO CALCULATED
VALUESOF NOISE REDUCTION. (SEETABLEB-1 IN APPENDIX B.)
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APPENDIXH
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ATL

NOISE INSULATION ANALYSIS

Building: Newton Estates School Room: Classroom

Exterior Noise: NEP 43 Average Peak Level 95

Measured Noise Reduction (LAX, DENI BOSs only) ---

Analysisof Existing Noise Insulation

Component DescrlpHon % Total Transmission

Windows Single glazeds 264 if2 98%

Walls 4" brick & 8" block 2%

Roof 7½" concrete & insulation nll

Interior Absorption: 800 Sabins.

r_

Predicted Noise Attenuation =J 21 I

Stage I Rehabilitation

Actlon_ Replace w_ndowswith double glazing. Provide mechanical ventilation as needed.

NR = 32 i

Stage II Rehabilitation

Action_ Eliminate windows and fill space wlth brick and black.

NR = 37

Stage III Rehabilitation

Action:
NR =

Comments:
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ATL

NOISE INSULATION ANALYSIS

Building: Longino School Room: SecondFloor

Exterior Noise: NEF 35 Average peak Level 85

Measured Noise Reduction ILAX, DEN, BOS, only) ....

Analysis of Existing Noise Insulation

"ornponenr Description % Total Transmisslon

Windows Single glazed1180 ft2 95%

rails 4" brick & 8" block 1%

Roof 2" concrete12" insulation, roofing, acoust;c tiles 4%

Inter;or AbsorptTon: 800 Sabins.

Noise Attenuation =_2--_
Predicted

Stage I Rehabilltat;on
orlon: Replacewindowswffh sealed double glazing. Provide mechanical ventilation as

eeded.
NR = .32

'Stage II Rehabilitation

Actiont Eliminate w;ndowsandfill space wffh brick and block to match wall. Cement ½"
fiberboard and 5/8" gypsumboardI then new acoustic tiles, to ceiling.

NR = 40

s;:t :oI:I e,,ob,itatian
IX/R=

Comments: Existing NR the same_Stage ] NR = 34 and Stage I] NR = 41 on first floor.

H-2



ATL

NOISE IlNSULATION ANALYSIS !

Building: Lake ShoreHigh School Room: Classroom

Exterior Noise: INEF 38 Average Peak Level 90

• Measured Noise Reduction (LAX, DEN, BOS_ only) --.Analysisof Existing Noise InsulaHon

Component Description % Total Transmission

Walls 4" brick & 8" block nll

Roof 2_" concretef 3" air spacer acoustic tiles See Comments

Interior Absorption: 800 Sablns.

Predicted Noise Attenuation =_2"_

Stage ! Rehab_lltation
IAction: Replacewindows with sealeddouble grazing. Providemechanical ventilation as

needed. !NR = 34 I

IStaae lZ Rehabil!tatlon I
/ .

k

Action: Eliminate windowsand fill spacewffh br!ck and black to match walls.

NR = 41

Stage 1!1Rehabilitationctlon:
NR=

Comments: Roof transmTsslonnegligible provTdedjoints between tiles are well sealed. This

must be reflEXed(and corrected ff needbe) before other rehabilffaHon.
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ATL

NOISE INSULATION ANALYSIS

Building: EasternSchool Room: 2nd Story Classroom

Exterior Noise: NEF 37 Averege Peak Level 83

Measured Noise Reduction (LAXt DENs BeSt only) -.-

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Singleglazeds 240 ff2 96%

Walls 4" brick & 8" block nll

Roof 2" concrete & 2" insulation & rooflng_a¢ousti¢tiles 3%

Interior Abso_.otian: 800 Sab_ns.

Predlcted Noise Attenuation =[_

Stage I Rehabilitation
Action= Replace windowswith sealed double glazing. Provide mechanical ventilation as
needed.

NR = 31

Stage II _ehabilltation 1 !

Action,. Eliminate windowsand fill space with brick andblock. Cement ½" fiberboard_ 5/8'
gypsumboard_then acoustic tiles to ceiling on second floor.

NR = 41

SAtcatg|:;iI Rehabilitation
NR =

Comments= First floor orlqinal and StaRe ! NR the sameassecond. First floor StaRe I NR

= 33,
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ATL

NOISE INSULATION ANALYSIS

Building: Colle.qePark Hi.qhSchool Room: _econd Story Classroom

Exterior Noise: NEE 41 Average peak Level 87

Measured Noise Reduction (LAX, DENI BOS,only) ___ i

A..nolyslsof Existing Noise Insulation i

Component Description % Total Transmission
t

..Window_- Single fflazed r 195 if2 99%

,WaJls lO' concrete nll

,Roof 2" concretet 3/4" plaster on lath ceiHn.q 1_

Interior Absorption: 630 Sabins.

Predicted Noise Attenuation =[_

Siage I Rehabilitationi *

JAction: Replace windowswith sealed doubleglazing. Providemechanical ventilation as

i I n"ed_d"
1.

NR = 33

Stage 11 Rehabilitation

Action: Eliminate windowsand fill spacewith 9" brick..... NR = 42

Stage II1 Rehabilffatlon

Act on:
NR=

Comments_ Assumingat teast 2" air space between roof slab and ceiling. If not, must

cement ½" fiberboard and 5/8" gypsumboardto secondstory ceiling before other rehabilitation., =

First floor NR almost the same.
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ATL

NOISE INSULATION ANALYSIS

Building: WoodwardAcademy Room: Tn_Flnne C'lct_qrr_

Exterior Noise: NEF 35 Average Peak Level 73

Measured Noise Reduci'_on _LAX, DENu Best only) ---

Analysis of Existing Noise InsufaHon

Component Descriptlon % Total Transmission

Windows "Single glazed_ 80 ff'z 97%

Walls 8"brick 2%

Roof 6" concretet ½" plaster ce_ling ]%

Interior Absorption: 1250 Sables.

Predicted Noise Attenuation =_-_

Stage l r.:ehabil[tation
Action: Replace windowswith sealed double glazing. Provide mechanical ventilaHen as

eeded..: NR= _9

Stage II Rehabilitation
Achon: Eliminate windowsand fill spacew_th bricks,

I NR = 43
t

r {Stage Ill RebabilltationJ

AcHon:
NR=

Comments: See comment for College Park H.S. First and secondstory Sta,qeI NR = 40 I

Stage IZ NR=46.
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ATL

NOISE INSULATION ANALYSIS

Building: William Fountain School Room: Classroom

Exterior Noise: NEF 35 Average Peak Level 75

Measured Noise Reduction (LAX_ DENt BOSi only) ---

Component Analysis of Existing Noise lnsulaHon
Description % Total Transmission

W ndows Slngle glazed_ 120 ftz 99%

Walls 8" brick nil
6" slabr acoustic tile ceiling 1%

I
L
J

[nterlor Absorption: 800 Sabins• i

Predicted Noise Attenuation = i

Stage I Rehabilitation
i" Action: Replacewindowswith sealed double glazing. Providemechanical ventilation as

needed,
NR = 36

Stage I! RehabtlltaHon

Act on: Eliminate windowsand fill space with brick.
NR 43

[SAtcat::;:, Rehabilitation

r NR =
Comments: Assumingat least 2" air spoae between roof slaband eeilinF/. Joints between

tiles must also be well sealed. Otherwise_ mustcorrect asdescribed in commentsfor Lake

Shore H.S. and/or College Park H.S.
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ATL

NOISE iNSULATiON ANALYSIS

Building: Cmwford Long School Room: SecondStory Classroom

Exterior No_se: NEF 33 Average Peak Level 73

Measured Noise Reduction (LAX, DENs BOS_ only) ...

Analysls of Existlng Noise insulatTon

Component Description % Total Transmission

Windows Single glazed, 225 if2 99%

Walls 8'_brick rill

Roof 6" =oncmta, acoustic tile ceillni_ nll

Interior Absorption: 900 Sabins.

Predicted Noise Attenuation =

IAStage

I Rehabilitation

ction: Replace windowswith sealed double glazing. Provide mechanical ventilation as

needed.

NR = 33

IStaoe II Rehabilitation

Action: Eliminate windows and fill spacewith bricks. NR = 42

Rehobl,tatoo
NR=

Comments: S_e comment for william Fountain School. For first floors Stage II NR = 45.
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ATL

NOISE IFISULATION ANALYSIS

Building: Samuel Younc/School Room: Classroom

Exterior Noise: NEF 40 Average PeeleLevel 100

Measured Noise Reduction (LAXt DEI',I_Bast only) .--

Analysis of Exlsting Noise lnsulallon

Component Description % Total Transmission

Windows Single glazed, 250 if2 99%

Walls con[using, but brick & block, small area nil

Roof 2" gypsumdeck, bulltup roofing, 12" space, _." nll
acoustic tile

Interior Absorption: 800 Sablns.

1 Predicted Noise Attenuation =

I. Stage I Rehabilitation
Actlon_ _Replacewlndaws wlth sealed doubleglazing. Providemechanical ventilatlon as

eeded.

NR _ 33

Stage I1 Rehabilitation

Action.. Eliminate windowsand Fill spacewith 9" brick.

NR = 42

[S:_::_I I Rehabilitation

FIR=
Comments: dolnts between acoustic tiles mustbe well sealed.
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ATL

NOISE INSULATION ANALYSIS

Building= St. John School Room= Classroom

40 85Exterior Nolse: NEF Average Peak Level

MeasuredNoise Reduction (LAX, DENt BOS, only) ...

Analysis of Existing Noise Insulation
I

Component Description % Total Transmission

Windows Single glazing, mostof onewall .99%

Walls B" brick, one wall corner room nil

Roof 6" concrete, acoustic tile ceiling rill

i 'll

r Interior Absorption: 1250 Sablns.

Pred,cted Noise Attenuation =_

: Stage J Rehab_lltation
• JAction: Replacewindowswith sealed double glozlng. Providemechanical ventilation as

'. l needed.
NR = 35

Stage 1I R_habilltatlon

Action_ Eliminate windows and fill space with bricks. NR = 43

AStageIll Rehabilitation

than:
NR =

Comments: Assuming2" air space beh.veenconcrete slaband acoustic tiles. _.N_: _n_,_,

between files must be well sealed.
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I

NOISEINSULATIONANALYSIS

Building: Imper;a] School Room: 2 & 11

Exterior Noise: NEF 45 Average Peak Level 93

i
i" Measured Noise Reduction (LAXt DEN_ BOSI only) 28

AnalysisoF ExistingNoise Insulation

Component Description % Total Transmission

Windows Single glazod_ wood sasht 180ft2 82%

Walls 9" Brick 2%

Door Solld wood, weathorstrlpped 15%

Roof Builtup raoflngt fiberboard eeTllng, attic space 1%

Interior Absorption: 1200 Sabins.

Predicted Noise Attenuation =_-_

Stage I Rehabilitation
Action: Raplace windowswith sealed double glazing. Provide mechanical ventilation as

needed. :
NR = 32

Stage 11 Rehabilitation
IActlon. Stage Ir plus install acoustic seals arounddoor. Any hollow core doorsmustbe

replaced with solid at least 1 3/4" thick,
NR= 37

Stage III Rehabilitation
Action: Eliminate windowsand fill spacewith brioks_sameasexterior wall. Replace

existing doors with acoustico_ double doorst or constructentrance vestibule usingwell sealed
solid core doors.

NR = 42
Comments: 1/3 of window area Facingaway fromaircraft.
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LAX

NOISE INSULATION ANALYSIS

Building: Imperial School Room: 6

Exterior Noise= NEF 45 Average peak Level 93

Measured Noise Reduction (LAX, DEN, BaSt only) 32

Analysis of Existing Noise Insulation

i Component Description % Total Transmission

Windows None; space filled with stucco/frame construction 16%

: Walls Sameas2 & 11 8%

Door " " " 72%

Roof " " " 3%

Interior Absorption: 1200 Sabins.

Predicted Noise Attenuation =_

Stage I Rehabilitation

Act on: Install acoustic sealsaround door.
NR 37

Stoge 11 Rehabilitation
Action: Removestucco/flame window filling and replace with bricks. Install double door

or entrance vestibule.
NR = 42

AStageIll RehabilltatiOn Jction: NR = .

Comments_ Existing room isslm;lar to Stage l rehabilltatlon of Rooms2 & 11; stu_¢o/ftame

window filling is not significantly moreeffecHve than double ,qlozin.q.

H-12



LAX

NOISE INSULATION ANALYSIS

Building: Lennox High School Room= 4, Bldg.3; 3,BIdg.6_ 3,Bldg.4

Exterior Noise: INEF 38 Average PeakLevel 80

Measured Noise Reduct¢on (lAX, DEN, Best only) 20.4t 21.6, 18.0

Analysis of Exist_ngNoise Insulation

Component Description % Total Transmission

Windows Single glazed, steel sash, 167 ft_' 56%

[}oar Hollow core wood_ no seals 42%

• WaIIs 6" concrete & stucco 1%

_of Built up roofing, fiberboard ceiling, attic space nlI

Inter;or Absorption: 630 Sablns.

Predicted Noise Attenuation =[T_

Stage I R0habilltafion

Action: R_placewindows with sealed double glazing. Providemechanical ventilation as
needed. Replace door with 1 3/4" solid core door, wootherstripped.

NR = 30

Stage I[ Rehabilitation

Act on: Stage I_ plus acoustlcal seals arounddoor. NR = 33

Stage II1 Reheb[litatlon
Action: Eliminate windows and fill space with 6" concrete & stucco. Replace door wlth

acoustle double door_ or constructentrance vestibule uslngwell sealed solid coredoors.

NR = 38
Comments:
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LAX

NOISE INSULATION ANALYSIS

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

Exterior Noise: NEF 41 Average Peak Level 90

Measured Noise Reduction (LAX.- DEN,, BeSt only) 18.3t 18.1t 19.2

•Analysts of Existing Noise lnsulatlon

Comuonen: Description % Total Transmission

Windows Single glazed, wood sasht 270 ftz 85%

Walls Stueca/gypsumboardFramecanstr.t uninsulated 3%

Door Steel, no seals 4%

Roof Builtup roofing_ Fiberboardceilings vented attic 9%

spoco,

Interior Absorption: 630 Sablns.

Predicted Norse Attenuation =

Stage I Rehabilitation
IActlon: Replacewindows with sealed double glazing. Provide mechanical ventilation as

needed.
NR = 26

Stage II Rehabilitation
Stag. I, sealson door acoustic in attic vents

Actlon: plus Install acoustic and install baffles

NR = 30

Stage 111Rehabil_tatlon

Action: Eliminate windows and replace with stucco/gyp Frameconstructlon, insulate walls
and attic, install second layer ½" gypsumboordon walls. Replace doorwith acoustic double
doo_, or construct entrance vestibule ustng well sealedsolid core doors.

NR = 35

Comments:
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LAX

NOISE INSULATION ANALYSIS

Building: Clyde Woodworth School Room: 4

Exterior Noise: NEE 37 Average peak Level 88
i

:_ Measured Noise Reduction (LAX, DEN, BOSI only) 21.4

_" Component Analysis of Existing Noise Insulation
Description % Total Transmission

Windows Single glazed# 240 ft2 63%

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

Doors 2 hollow corewood, no seals 32% !

Roof Buill_p roofingl fiberboard ceiling nil i
, , j

Interior Absorption: 630 Sabins.

. Predicted Noise Attenuation =J18 I

Stage I Rehabilitation

Action: Replace windowswith sealed double glazing. Provide mechanical ventilation as
treaded, Replace doors with 1 3/4'* solid core_ weatherstrlppad.

NR = 27

Stage II Rehabilitation

Action: Eliminate windows and replace with sluooo/gyp frame construction. Add _'" gypsum
board to Interior of walls. Insulate walls and attic. Replace doorswith double acoustic
doors or vastihuleswlth well sealedsolid core doers,

NR = 37

JSAtcatgi:2;I Rehab;litation NR = ....

Comments:
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LAX

NOISE INSULATION ANALYSIS

BuTIding: MorningsideHigh School Room: J2

Exterior Noise: NEF 37 Average Peak Level 88

Measured Noise Reduction (LAX, DEN, BOS, only) 22.8

Analysis of Existing No_se Insulation

Component Description % Total Transmission

Windows STngleglazed, 340 if2 80%

Doors 2 steel, no seals 18%

WaI Is Br!ck 1

Roof Bulltup roofing_ Fiberboardceilln.q nll

Interior Absorption: 500 Sabins.

Noise Attenuation =_
'Predl Cte d

Stage ] Rehabilffafian

Action: Replace windowswith sealed double glazing. Provide mechanical ventilation as
needed. Weatherstrlp doors.

NR= 27

Stage II Rehabil ration

Action: Eliminate windowsand fill spacewith bricks. Replace doorswith double acoustic
doors or vestibules usingwell sealed solid coredoors.

NR _ 40

sAcagi:2:IRahab,itotlan NR =

Comments:
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LAX

NOISE INSULATION ANALYSIS

Building: Morningside High School Room: _2

Exterior Noise: NEF 37 Average peak Level 88

Measured Noise Reduction (LAx.. DEN.. BOS, on_y) 21.5

J Analysis of Existing Noise Insulation
I
Component Description % Total Transmission

Windows Single _lazedr 150 ft2 65%

Doors 2 Steel t no seals 32%

Walls Stucco/plaster frame construction 3%

Roof nl t

interior Absorption: 500 Sablns.

Predicted Noise Attenuation =

Stage ] Rehabilitation
Action: Replacewindows with sealed doubleglazing. Providemechanical vonHlutlon as
needed. Weatberstrip doors.

NR = 29

Stage ii Rehabilitation

Actlom EI]mlnatewindows and fill spacew_thwall construction. Insulate walls and roof.

_:d _'it_YPwSUITbsea_a[ad:°oi_tje:i:;ol''_oW_sIJs" Replacedoorswithdoubleaca_c do:: orvesti-

,;:,;;,:,Re,°bi,,t°,io°
NR=

Comments: ..'_

H"I7 ,_:.r'J._"
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LAX

NOISE INSULATION ANALYSIS

Building: WestchesterHigh School Room: F9

Exterior No;se: NEF 33 Average Peak Level 75

MeasuredNoise Reduction (LAX, DEN_ BOS, only) 16

Analysis of Existing Noise Insulation

Component Description % Totat Transmission

Windows Single glazed_ wood sash 50%

DOO_ 2 solid corewoad, no seals 48%

Roof 6" concrete 1%

Walls 8" concrete 1%

Interior Absorption: 500 Sablns.

Predicted Noise Attenuation =
4

StageI Rehabilitation
Action: Replace windows with sealed double glazing. Providemechanical ventilation as _'

needed. Install acoustic seals on doors. / NR = 36

Stage 11 Rehabilitation

IActlon: Eliminate windows and Fill space with concrete. Replacedoors with acoustic
double doors or construct entrance veshbule using well sealed solid core doors.

NR = 41

SAtc:g:nl:lI Rehabi'itaHon
NR =

Comments:
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LAX

NOISE IhlSULATION ANALYSIS

Building: Figueroa StreetSchool Room: Classroom

Exterior Noise: NEF --- AveragePeak Level ---
I

" _easured Noise Reduction (LAX, DEN, Bast only) ---

Analysis of Ex_stlngNoise Insulation

Com.ponent Description % Total Transmisslan

Windows Single glazed_ 120 ft.2 95%- 100%

Walls 9" Brick & Stucco nil

Roof Builtup roofing_ plaster ceiling 5% (2ndflo_r)

k

Interior Absorption: 500 Sablns.

Predicted Noise Attenuation =[_

[Stage I Rehabilitatlon
/

EActlon: Replace windows wlth sealed double glezlng. Provide mechanical ventilation as
needed. Insulate roof.

NR = 34

str'_agal] RehabUitatlon

Action: Eliminate wlndows. Insulate roof.

NR= 38

Stage Ill Rehabilitation

Act on: NR =
Comments:
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LAX

NOISE If_SULATION ANALYSIS

Building: Lawndale High School Room: Top Fluor/Lower Floor

Exterior Noise: NEF --- Average Peak Level ---

Measured Noise Roducfion (LAXI DEN_ BOS, only) ---

Component Analysis of Existing Noise insulation
Descrlptlon % Total Transmission

Windows Single glazed, 70 ft2 to 150 f't2 50%/100%
Was 8" concrete or block rill

RooF 6" concrete r_iI

Doors 2*' steel, 1st floor only 50%/--

Interior Absorption: 630 Sablns.

Predicted Noiso Attenuation =_--_

Stage i Rehabilitation •
Action: Replacewlndowswlthsealeddoublaglazlng. Prov_demechanlcalventilatlonas

needed. Install acoustic sealson doors. NR= 34

Stage il _ehabUitafion

Action.. Ellm_natewlndows. Double acoustical doorsor vestibule.

NR =

Rohobi,itot,on
NR=

Comments_
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LAX

NOISE INSULATION ANALYSIS

Building: Centlnella HospHal Room: 5114 r 8128

Exterior Noise! NEF 25 Average Peak Level 78

• Measured Noise Reduction (LAXt DEN, BOSr only) 301 29.9

Analysis of Existing Noise Insulation

Co.rnp.onent Description % Total Transmission

Windows Single glazed 100%

Walls concrete nll

Roof nil

Interior Absorption: 125 Sabins.

: Predicted Noise Attenuation =_
L_

Stage I. Rehabilitation
laotian. Replacewindow with sealed double glazing. Providemechanical ventilation as

/n oeded.
NR = 37

Stage I.I Rehabilitation

Act on. Eliminate window and fill space with concrete or bricks.
NR 41

JStagoIl I Rehpbilltafion
IACI _on**

NR =
Comments:
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LAX

NOISE INSULATION ANALYSIS

Building: Imperial Hospital Room_ _, ;_;_7.224

EXterior Noise: NEF 34 Average Peak Level 70

Measured Noise Reduction (LAX_ DEN_ BOS_ only) 23.3 r 21.9

Analysis of Existing Noise Insulation

Component Descriptian % Total Transmission

Windows _" glassl 6' x 6' 99%

Walls 9" Brlck 1%

Roof 6" concrete, suspendodacoustic ceiling nil

Interior Absorption: 140 Sab;ns.

Predicted Nc_lsoAttenuation =_

Stage I Rehab;l|tation

laotian.,. Roplace windows wlth sealed double glazing. Pravldamechanlcalventllatlonas

needed.
NR = 34

Stage I! Rehabilitation

Action: EliminQte windows. Fill In space with bricks. NR = 42

Stage III Rehabilitation

Action: NR =
Comments:
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PHX

NOISE INSULATION ANALYSIS

Building: Grant Elementary School Room: Classroom

Exterior Noise: NEF 30 Average Peak Level 82

Measured Norse Reduction (LAX, DEN, BOS_ only) ---

._ Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Slngle glazodn 140 if2 78%

Roof Sheathing & shingle, ventedart;on plaster cellin_ 22%

Wall 12" brick nil

Interior Absorption: 800 Sablns.

Predicted Noise AttenuaHan =[_

Stage I Rehabllitatlan
Action. Roplacewlndawswlthsealeddeubleglazing. ProvidemechanioolventilaHonas

needed. NR = 28

Stage II Rehabilitation

Action: Stage I, _lus acoustically baffle attic vents.

NR = 35

Stage III Rehabilitation

Act on: Eliminate windows and fill mace with bricks. Baffle attic vents.
NR -- 42

Comments:
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PHX

NOISE I_ISULATION ANALySIs

Building: Adellne Gray School Room: 6

Exterior Noise: NEF 32 Average Peak Level 90

Measured Nolse Reduction (LAXI DEN, BOS, only) "--

I Analysls of Existing Noise Insulation _1
Component Descrlptlon % Total Transmission

Windows Single glazed, 165 ft2 74%
Was 12" brick nll

3oars 2 soledwoodl no seals, shielded by porch 23%

Roof Sheathing &shingles, plaster cell;n_, Insulated 1%

Interior Absorption: 800 Sablns.

Predicted Noise Attenuation =[_

Stage I Rehabilitatlon
Action: Replacowlndowswlthsealeddaubleglazlng. Provldemeehantcalventilationas

needed. Weatherstrlp exterior doors.
NR = 31.0

/Stage II Rehabilltation - ]
JAction: Eliminate windowsand flii spacewith bricks. Install acoustic sealson doors. GlueJ

r /½" fiberboard, followed by 5/8" gypsumboard,to ceiling. Apply new acoustic tile, to eaillr_

/ NR°., /

Stage 111Rehabilitation

Act on: NR =
Comments:
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PHX

NOISE INSULATION ANALYSIS

Building: Lincoln Elementary School Room: Classroom

Exterior Noise: NEF 36 Average Peak Level 90

Measured Noise Reduction (LAX_ DENI BOSI only) ---

_. Analysis of ExisHng Noise Insulation

Component Description % Total Transmission

Windows Single glozed, 1BOif2 39oz_

Walls 8" Brick & 5/8" plaster 1%

Roof 1" sheathing & shingles, piaster ceiling., vented attic 49%

Doors 2 solid woods no seals1shielded by porch 11%

Interior Absorption: 1000 Sablns.

I Predicted Noise Attenuation =_

Stage I Rehabilitation
Action: Replacewindows with sealed double glazing. Providemechanical ventilation as

needed, insulateattic and acoustically baffle attic vents. Weatherstrlp doors.
NR = 32

Stage II Rehabilitation
lAction. Eliminatewindows and fill space with bricks. Modify attic as in Stage I. Install

acoustia sealson doors,
NR = 39

t

: /Stage III
Rehabilltatian

Action:
NR =

Comments:
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PHX

NOISE II_SULATION A_ALYSIS

Building: Skiff Elementary School Room: Second Floor Classroom
i

: Exterior Noise: NEF 39 Average Peak Level 94

MeasuredNoisReduction(U X,DEN, OS, ---

"" ; : i Analysis of Existing Noise Insulation 1.

" ' i :, Component predlcled Description 9" Total Transmission

Windows Single glazed_ f80 ft 2 64%

!'_: : Walls 12" concrete block 3%Roof" 1" sheathing & shingles, acoustic tile ceiling, 5%
vented attic.

Door Solid woodI no seals 28°/0

Interior Absorption: 800 Sabins.

Noise Attenuation =

Stage I Rehabilitation

Action: Replacewindowswhh sealed double glozing, provide mechanical ventilation as
needed. Weotherstrip door.

=

NR = 29

Stage II Rehabilitation

Action: Eliminate windows and Fill space with 12" concrete blocks. Acoustically baffle
attic vents. Install acoustic seals on door.

NR = 34

IllRe,_,abilltailo_-_ _-2_'2L- .................._ .......
: Stage 11,plus cement _" fiberboard Followed by 5/8" gypsumboardto inferior of

or walls. Alternate wall modification is to add stud framlng_ [nsuJatTonand gypsum-

to existing walls. NR 40
Comments: For first Floor classrooms NR is wrthJn ldB of these values.
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PHX

NOISE INSULATION ANALYSIS

Building: Wilson H_wkins Elementary School Room: Second Floor Classrooms

Exterior No_se: NEF 40 Average Peak Level 92

Measured Noise Reduction (LAX, DEN_ BOS, only) ---

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazed I 180 if2 66%

Walls Brick nil

Roof 1" sheathing & shingles, ac. file ceiring vented attic 5%

Door Solid wood, no seals 29%

Interior Absorption: 800 SabTns.

Predicted Noise Attenuation =[_

Stage I Rehabillfatlon
Action: Replace windows wlth sealed double glazing. Provide mechanical ventilation as

needed. Weatherstrip door, NR= 29

Stage II Rehabilitation
[Action: Eliminate windows and fill spacewith bricks. Acoustically baffle attic vents.

Install acoustic seals on door.

I NR = 40

Stage 111Rehabilltatlon

Action:
NR--

Comments: Sameas SKIFFschool except walls are brick instead oFblock. Note that brick

Tsbetter for soundproofing, so that wall modlf[cations are not needed to achTeve N_ = 40,
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PHX

NOISE I_SULATION ANALYSIS

Buildlng: Dunbar Elemenlary School Room: Classroom

Exterior'Nolsa: NEF 30 Average Peak Level 83

Measured Noise Reductlon (LAX, DENt BOS, only) ---

Analysis or"Exlstlng Noise Insulation

Component Descrlpt_on % Total Transmlsslon

Windows Single glazed, 135 ffz 77%

Walls 15" brick, plaster interior nll

Roof 7/8" sheathlng, ashetopshingles, plaster coating 22%
vented & insulateclattic space

Interior Absorption: 630 Sablns.

Predlcted NoiseAttenuation =[_

Stage 1 Rehabilitation

Action: Replace wlndowswith sealed doubleglazing. Providemechanical ventilation as
needed. Acoustically baffle attic vents.

NR = 34

Stage II Rehabilitation

Action: Ellmlnate wlndowsand fill spacewith bricks. Baff/a attic vents.

NR = 40

[ SAt;tg:2;l Rehabilltati°n

NR=
Comments:
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PHX

NOISE INSULATION ANALYSIS

Buildlng: S;Ivesfre HerreraElementary School Room: ?

Exterior Noise: NEE __.36 Average Peak Level 93

Measured Noise Reduction (LAX, DEN, SOS, only) ---

Analysis of Exlstlng Nolse Insulatlon

Component Descr_ptlon % Total Transmission

Windows S_ngle .qlazed_155 ft 2 36%
!

Walls 4" brlck & 4" concrete bJgok nil I
IRoof Steel joists, shealhing & ¢ocrJ_q.shlng!e_ acoustic 63%

files on plaster ceiling, vented attlc.

Interior Absorption: 800 Sablns.

Predicted Noise Attenuation =_-_

Stage ] Rehabilitation
JAction: Acoustically baffle attic vents. Replacewindows with sealed double glazing.

Provldemechanical venti/atlan as needed.
NR = 33

Stage J! Rehabilitation

Act on: Ellmlnate Windowsand fill spacewith bricks. Insulate atHc and baffle attic vents.
NR = 40

Stage III RehabUifatlon

ction: NR =
Comments:
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PHX

NOISE INSULATION ANALYSIS

Building: Ann _tt (_vr,_nn_ _h_nl Room: (_lassmom

Exterior Noise: NEF 40 Average Peak Level 92

• Measured No_seReduction (LAXt DENt BOS, only) ---

Analyds oF Existing Noise Insulation

Component Description % Total Transmission

Windows Single .qrazedI 200 ft2 7:_%

_ Walls Br_ckand plaster ni I

Doors 2 woad with wlndowpanelst unsealed 19%

Roof Sheathln9 & composition shln.qlest ac. tile ceillnat 9%
vented attic space.

Interlor Absorption: 630 Sablns.

Predicted Noise Attenuation =_-'_
L__.__J

I

Stage l Rehabilitation
IAetion: Replacewindows with sealed double glazing. Providemechanical ventilation as

neoded. Weotherstripdoors. NR = 28

Stage II Rehahil]tation IAction: Stage10plus insulate attic and acoustically baffle attic vents. NR = 31

Stage Ill Rehabilitation [

Action: Errminutewindows and !iJl space with bricks. Replace doorswith 1 3/4" solid wood

wlth acousH¢seals. Znsulateath¢ &baff e vents. NR 41

Comments:
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PHX

NOISE INSULATION ANALYSIS

Building: Arizona Children'sHospital Room: PatientRooms

Exterior Noise: NEF --- AveragePeakLevel ---

MeasuredNoise Reduction(LAX, DENj BOS,only) ---

Windows Analysisof ExistingNoiseInsulation

Cornponent Description %Total Transmission

Singleglazed, 45 ft2 100%

Walls Brick, block & grout, 10" total nil

Roof 3" concrete, Insulation,plasterceiling nll

InteriorAbsorption: 125 _blns.

PredictedN°lse Attenueti°n =i' 19 I

StageI Rehabilitation

Action: Replacewindowswith sealeddoubleglazing. Providemechanicalventilationas

I _eeded, NR= 31

StageI/ Rehabilitation

Action. Eltm'natewindowsand fill spacew th bricks. NR= 41

AStageIII Rehabilitation

ct;on: NR=
Comments:
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PHX

NOISE li_SULATZON ANALYSIS

Building: Arizona State HospTtal Room: Patient Roam

. Exterior Noise: NEF 27 Average Peak Level 65

Measured Noise Roduction (LAXt DEN, BOS, only) ---

Analysis oF Existing Noise Insulation

Component Description 0,"Total Transmission

Windows 2 sealed _" glasst 5" x 8' 8%

Walls 10" br_ck nil

Roof 10'* concrete, plus insulation, roofin9 & plaster nll

Door Wood or metal, no seals 92%
=

Interior Absorption: 125 Sabins.

Predicted No_seAttenuation =l 18 I
/ I

q

Stage I Rehab;ITtatlon

Action: Weatherstrlp door.

:. . NR = 24

Stage II Rehabilitation

AcHon: Replace doorswith 1 3/4" solid core wood with acoustic seals.

NR= 28

Stage I11Rehabilitation

Act on: Stage I|, plus either double glaze windows or eliminate and fill wTth brTck.
NR = 35

Comments: Noise reduction of"42 possible if eliminate windowsand install acoustic double

doorsor entrance vestibule wffh acoustically sealed solidcore-doorst
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MIA

NOISE INSULATION ANALYSIS

Building= DunbarElementary School Room: Classroom

I Exterior Noise: NEF 36 Average Peak Level 83

Measured No_seReduction (I..AXr DEN_ BOSI only) ...

Analysis of Existing Noise insulation

Component Descripttan % Total Transmission

Windows jalousle_ 2" a_rgapr plastic. 170 ft2 29%

Walls 8" concrete block with }" stucco 35%

Roof 6" concrete slabt acoustic tile ceiling 3%

Door Solid woodweatherstrlpped 34%

nteHor Absorption: 800 Sabins.

, : Predicted Noise Attenuation =_'_

Stage I Rehabilitation

laotian: Eliminate windows and fill spacewith 8" block. Cement ½" fiberboard_ then 5/8"

Jgypsumboardto reterior of exterior walls. Install acoustic sealson door.NR 40L

Staga II Rehabilitation

Action:
NR =

Stage Ill Rehabilitation

Action: NR =
Comments: Rooftransmlssion negllglble, so first and second floor NR the same. Existing

structure isa well balanced acoustic design -- door and window transmissionare just comparable

to wall.
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MIA

NOISE II'4SULATION ANALYSIS

Building: Citrus Grove Elementary School Room=CIn_rnnrn

Exterior No;se: NEF 35 Average Peak Level 79

Measured Noise Reduction (LAX, DEN, BOS, only) -'-

Analysis of Existing Noise [nsu]aHon m Total Transmission
Component Description o,

Windows Jalousie, 210 if2 8 %

Doors 2 solid wood_ no seals 15%

Walls 8" concrete block 2%

Root" 4" concrete slob 2%

interior Absorption: ]600 Sabins.

Predicted Noise Attenuation =_--_

Stage I Rehabilitation
Action: Replace wlndows wlth sealed double glazing. Provldemeohanicalventilationas

needed. Weathemrlp doors.
NR = 29

Stage II Rehabilitation

Action: Eliminate windows and fill space with concrete block andacoustic Hies to match
walls. Cement 5/8" gypsurnboardt then new acoustic Hies, over existing tiles on walls and

ceiling. Install acoustic seals on doom.
NR = 40

Stage III Rehabilitation

Act on: NR =

Comments:

H-34



MIA

NOISE INSULATION ANALYSIS

Building: Weatley Elementary School Room_ Classroom

Exterior Noise: NEF 35 Average Peak Level 85

Measured Noise Reduction (LAX, DENs BOS_only) ---

Analysis of ExisHngNoise Insulation

Camp.anent Description % Total Transmission

Windows Single glazed_ 210 Ft_ 59%

Door Sol_dwoodI no seals 37%

Walls 8" concrete block & stucco 1%

Roof 6" concrete slob 2%

Interior Absorption: 800 Sabins.

predicted Noise Attenuation =_

Stage ] Rehabilitation
Action: Replacew'ndows w th sealed double glazing. Provide mechanical ventilation as

needed. Installacoustic seals in door.
NR = 33

it:::n i.| 2_:ibn_i:a:_:dows and Jill s acewifh co c e e bloc 1
. . p n r t k. Cement ,_"fiberboard, then J

5/8 gypsumboard_to ceiling and walls. Install new acoustic tiles on ceiling. Replace door|

with acousticdouble doorsor vestlbule. NR = 43 J '

Stage Ill Renabillfatlon

Action:

NR=

Comments= Ceiling treatment not needed in Firststory roomsof 2 story sections_
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MiA

NOISE IPcSULATION ANALYSIS

Building: Booker T. Washington School Room: 3rd Story _:las_raom

Exterior Noise: NEF 35 Average Peak Level 83

Measured Noise Reduction (LAXt DENI Best only) _._

Analysis oF Existing Noise Insulatlon

Component Description "* % Total Transmission

Windows S!ngle glazed, 230 if2 9.5%

Wails 8" concrete block & stuccoI _-" plaster 2%

Roof 6" concrete slab 3%

interior Absorption: 800 Sabins.

Predicted Noise Attenuation =_

Stage ! Rehabilitation
ction: Replace windowswith sealed double glazing. Provide mechanical ventilation as

eeded. NR = 31

Stage I.! Rehabilitation

Act on. Ellminate windows and fill to match walls.
NR 34

I

• /Stage Jil Rehab_/itatlon .
|Actlan: Stage Ill plus treat walls and ceding with ½" fiberboard and 5/8" gypsumboard

emented in place. Replace acoustic tiles on ceiling., NR = 44

Comments: On fi_t and secondfloors_.StaRe l NR =,32 t Stafle il N_=37, Staae H! NR=47.
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MIA

NOISE IblSULATION ANALYSIS

Building= Auburndale Elementary School Room: Classr_nm

i Exterior Noise: NEF 30 Average Peak Level 75
J

Measured Noise Reduction (LAX, DEN, Bast only) ---l"
Analysis of: Existlng Noise Insulation

Component Description % Total Transmission

Windows single glazed, 170 ft2 8.2%

Walls 8" adobebrick, 8" concrete block nll

Roof 1" plankss builtup roofing, acoustic ceiling , 10.2%

Dooff 2 solidwoodS no seals 7.7%

Vents 60 ftz open Ioovered vents, below roof overhang 73.2%

AC Unit 6 ft2 opening 0.6%
Interior Absorption: 630 Sab_ns.

Predicted Noise Attenuation =1--_
L_.._J

Stage I. Rehabilitation
_AcHon. Either ellmlnate louvered vents or construct acousHcal baffles. Bafflesrnust be

constructed on both the Inside and theoutside. Provide mechanical ventilation as needed.

L NR = 17 I

J NR = 30

Stage llI Rehabilltatlon ,
AcHOO: Stage IIi except for window modification. Eliminate windows and fill spacewith

brick, ln=ta I lnsuatlon In roof.
NR = 35

Comments=
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MIA

NOISE INSULATION ANALYSIS

Building: Kensington Elementary School Room: Classroom

Exterior Noise: NEF 38 Average Peak Level 84

Measured Noise Reduction (LAX, DEN, BOB, only) ...

Analysis of Existing Noise insulation

Component Description % Total Transmission

Windows Single glazed, 170 ft2 7.4%

I Door Solid wood, weatherstr[pped 2.0%
V.e.nts 3_ x 29' Iouvemd vent below roof overhang 91.2%

Roof 6" concrete slab 0.2%

Wails 8*' block & ½" stucco i .7%

interior Absorption: 630 Sabins.

Predicted NoTseAttenuation =[--_ I
I I r

Stage ! Rehabilitation i

Actlon_ Either eliminate vents or acoustically baffle. Baffles must be constructed both in-
slde and outside. Provide mechan col ventilation as needed.

I "'Nit= 2t

IStage 1! RehebilitaHon

Action: Stagel, plus replaoe wlndowswlth sealed deuble glazlng and install acousHc seals
on doo/'_.

NR = 30

Stage 11! Rehabilitation I

Action: Stagei, plus acoustic sealson doors. EHmlnatewindows and fill spacewith block.
Cement ½" fiberboard and 5/8" gypsumboordto interior of exterior walls and ca;ling.

NB = 39

Comments:
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MIA

NOISE INSULATION ANALYSIS

Building: BuenaVista Elementary School Room: Classroom

Exterior Noise= NEF 40 Average Peak Level 85

Measured Noise Reduction (LAx, DEN/ BOS, only) ---

Analysis of Ex_stlng Nolsa Insulation

Component Description % Total Transmission

Windows Single glazed, 160 ft2 98%

Walls 8" block & stucco, ½" plaster 2%

Roof 6" concrete slab/plaster ceiling nil

Interior Absorption: 630 Sabins.

Predicted Noise Attenuation =_

Stage I Rehabilitalion
orlon: RepJaeewindows with sealed double glazing. Provide mechanical ventilation as

needed. NR = 33

Stage II RehabilitationAct on: Eliminate windows and fill spacewith block, stucco and plaster to match walls.
NR = 36

Stag.e111Rehabilitalion
Actton: Stage iI, plus cement ½" fiberboard and 5/8 _ gypsumboardto interior of exterior

walls.
NR = 44

Comments_
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MI._,

NOISE INSULATION ANALYSIS

Building: Robert E. Lee Junior Hi.clhSchool Room: Top Story Classroom

l Exterior Noise: NEF 40 Average Peak Level 86
Measured Noise ReducHon (LAX, DEN_ BOS, only) _..

.AnalysisoF Existing Noise Insulation
i

Component DesortpHo.n . % Total Transmission

Windows Single _lazed r 160 ft2 . 77%

Vents Single _lazed t 67 ft2t shielded by t!all 3%

D.oom 2 solid wood,, no sealst shielded by hall B%

AC. Unit 3j x 3.' opening 9%

Walls 8" block & _" stucco ., 2%

Root" , 6" coocmte slab 2%
Interior Absorption: , 63.0 Sabins.

Predicted Noise Attenuation =[_

Stage I Rehabilitation
Action: Replacewindowswith sealed double glazing. Provide mechanical ventilation as

needed.
NR = 26

I Stage l.I Rehabilitation
orlon. Stage i# plus weatherstrip doorsand ellrnlnate or acoustioolly baffle window AC

nits.
NR = 31

Stage I11Rehabilffation 1

IActlan: Eliminate windows and Fill space with block, install acoustic seals on doors. Cemen

}" flbarboordl then 5/8" gypsumboard_ to Interior of exterior walls and ceiling.

J NR = 42

Comments: NRin lower storiesalmost the same. Ceiling treatment not needed in lower
stories.
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/

MIA

NOISE INSULATION ANALYSIS

Building: JacksonMemorial Hospital Room: portent Room

• Exterior Noisel NEF 38 Average Peak Level B6 '

I " Measured Noise Reduction (LAX, DEN, BOSI onJy) ...

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazedr 20 ft2 99%

Walls B" concrete plus brick 1%

Roof 6" concrete SeeComment

] Interior Absorption: 250 Sabins.

Predicted Noise Attenuation =[_

!i . Stage I Rehabilitation

_i Action: Replacewindowswltb sealed double glazing.• Provide mechanical ventilation as
,: _eeded,

NR = 38

Stage i] Rehabilltatlon

Action: Eliminate windows and fill space with cancrate and brick.

NR = 45

Stage ]11 Rehabilitation J

JAct on: NR = .
Comments: On top floor_ Stage i and Stage ]l NR = 36_ due to transmissionthrough roof.

Stage I1 musttherafore include cementing _-" s_ndboard and 5/8" gypsumboardto coiling in

top story.
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MIA

NOISE INSULATION ANALYSIS

Building= Pan American Hospital Room: Patient Rqom

Exterior Noise: NEF 34 Average Peak level 7_

Measured Noise Reduction (LAXt DEN1 BOSI only) ___

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazedt 38 if2 72%

AC Unit 21x 3_ openina _3o_

Walls 8" block and stuccot _" plaster 2%

Roof 6" concrete slab 2%

Interior Absorption: 200 Sabins.

Noise Attenuation =_
Predicted

Stage I Rehabilitation .
Action: Replace windows wlth sealod double glazing. Ellminateoracoustlcallybafflealr

conditioner vent. Provide mechanical ventllatlon as needed.

NR= 32

Stage II Rehabilitation
Action: Eliminate windowsand Fill space with block. Eliminate or baffle AC units.
Cement ½" fiberboard fallowed by 5/8" gypsumboardto interior of exterior walls. Apply

same to ceiling on top floor, and replace acoustic tiles. NR = 39

ASt:t::;:iRohob,,,tation
NR =

Comments=
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BOS

NOISE INSULATION ANALYSIS

Building= Winthroo Community Hospital Room: 319

Exterior Noise: NEF 38 Average Peak Level 88

Measured Noise Reduction (LAX, DEN, BOS, only) 2i.7

Analysis of Existing Noise Insulation

Component Description % Total Transmissio

Windows Single glazed, 10B if2 99%

Walls 9" brick and plaster 1%

Roof 6" conorete_. _lypsumboardceiling nll

Interior Absorption= 430 Sab;ns.

Predicted Noise Attenuation =_2"_

Stage I Rehabilitation

Action: Replacewindows with sealed double glazing. Providemechanical ventilation as
•_eeded.

NR = 33

Stage II Rehabilitation

Action: Eliminate windows and fill spacewith brick and plaster.

NR = 42

JSAraH:;;I Rehabilitation

NR=
Comments: _,_
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BOS

NOISE II_SULATION ANALYSIS

Building: Winthrop Community Hospital Roam: _71

Exterior Noise: NEF 38 Average Peak Level 88

Measured Noise Reduction (LAX, DENI BOSi only) 28.8

Component Analysis of Existing Noise InsulationDescription % Tolal Transmission

Windows Single glazed/ 18 ft2 97%

Walls 9" brick & F_aster 3%

Roof 6" eoncmtet acoustic tlle ceilin,q nil

/

Interior Absorption: 259 Sabins.

Prodlcted Noise Attenuation =J 2B ]
I I

Stage I Rehabilitation

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

NR = 37

Stage II Rehabilltatio_

Action: Eliminate windowsand Fill space with brick and plaster.

NR = 42

Stage 111_ehabilitation

Action:

NR =

Comments:
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BOS

NOISE INSULATION ANALYSIS

Building_ Winthrop Junior High School Room: 206

Exterior Noise: NEF 36 Average Peak Level B4

,_AeasuradNoise Reduction (LAXt DENt BOS_ only) 23.8

Analysis o[ Existing Noise Insulation

r'omponent . Description % Total Transmission

Windows Plastic glazlngs 12.5 if2 74%

Window Panels 2 la_,orsplastic, 3" ai_pace. 55 ft2 20% ,.

,Vails 4" brick, 4" block, 2 '_,wood core 59"

_oof 6" concrete, gypsumbaardcellin_l nil

ltorior Abson,oHon: 500 Sablns.

Predicted Noise Attenuation = _'_

Stago I RohablHtation
Action: Replace windowswlth sealed double glazing, Provide mechanical ventilation as

needed. NR = 36

Stage ]I R_hebilltati:n
orlon: Eliminate windowsand window panels, Pill space with brick and black similar to
all construction,

NR = 42

Stage ]II Rehabilitation

Action:

I NR =
Commentst
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BOS

NOISE INSULATION ANALYSIS

Bullding: Win!hrop _nlor High School Room: 220

Exterior Noise: NEF 36 Average Peak Level 84

• Measured Noise Reductign (LAX_ DENt BOS, only) 20.0

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows ,'Plastic glazing, 31 if2 73%

Wlnd,ow Panels ..2 layers plastic, 3" el,pace, 125 ft2 20%

Walls 4" brick, 4" block, 2" wood core 6%

Coiling 6" co?crate, gypsumboardceiling nll

Interior Absorption: 700 Sabins.

prodlcted Noise Attenuation =_]

M _

Stage I Rehabilitation

Action: Replace windowswith sealed double glazing. Providemechanical ventilation as
oedod.

NR = 33

Stage II Rehabilitation

Actions Eliminate windowsand window panels. Fill space with brick and block similar to
wall construction.

NR = 39

s2:::;;iRohob,,itatioo
NR= ,,

Commonts:

J, ,
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BOS

NOISE INSULATION ANALYSIS

Building: Julia Ward Howe School Room: First Floor

Exterior Noise: NEF 40 Average Peak Level 9_

Measured Noise Reduction (LAX, DENI BOSi only) 21.6_ 25.0

Analysis of Existing Noise Insulation

Componem Descriptlon % Total Transmission

Windows Single _lazedr 160 ft 2 _7%

Walls Woodsldlnl_I plaster interlorse frame consh_ctlon 13%

InterZorAbsorption: 630 Sablns.

Predicted NoTseAttenuation --_'_
L__._J

Stage I R0habilitatlon

Action: Reolocewindows with sealeddouble glazing. Provide mechanical ventilation as

_ needed. NR = 27 __.

Stage II R0habilltatlon
JAetlon: I_place windows as in Stage 1. Install ½" gypsumboardon Interior ofexterior wall$t

mslllenfly mountedon new 2 x 4 framingwith insulation In stud space.

I NR = 33 .

I Stage II ' Rohubi ' ' t_t 'on

ctlon, stage]l, plus eliminate windows and fill space with sameas wall construction.. NR = 40 ....

Comments= CalculatlonsforSwlndowclassroam. S_qehayesl_smalJerwindow¢. dimenslor

not _llvent butappear to be sametotal area from photoE/raphs.
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BOS

NOISE INSULATION ANALYSIS

Building: Julia Ward Howe School Room: e_'_-rl Flnnr

Exterior Noise: NEF 40 Average Peak Loyal 92

Measured Noise Reduction (LAX, DENI BOSt only) ...

Component Analysis of ExlsHng Noise Insulation
Description % Total Transmission

W ndows Sameas first Floor 35%

Walls " 5%

.Roof Wood & shingle roof, plaster ceilin_t r vented attic 59%

Interior Absorption: 630 Sabins.

Predicted Noise Attenuation =_18"_

Stage l Rehabilitation

Action: Insulate attic and acoustically baffle vents_ plus Stage I of first Floor.
t-,

NR = 27

Stage II Rohabilitation

Aotion: Attic improvements as in Stage 1, plus Stage II of flfst floor.
NR 33

Stage III Rehabilitation

Action: Attic irnorovementsas in Stage I_ plus Stage Ill of lifts floor. NR = 38
Comments:
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BOS

NOISE INSULATION ANALYSIS

Building: Garfield ,Junior High School Room: Classroom

Exterior Noise= NEF 40 Average Peak Level 90

" Measured NoTseReduction (LAX, DEN, BOSt only) "-
Analysis of Existing Noise tnsulation

Coml_onent Description % Total Transmission

Windows Single glazed, 180 ft2 100%

Walls 12" x 14" Brick, g_ & plaster on2 x 4 studs nll

t Roof 1" planks on 24" joists, gyp & piaster ceilin_ nll

I

Interior Absorption: 630 Sablns.

_redlcted Noise AttenuaHon =[_

Staga I Rehabilitation
ction: Replacewtndowswith saaled double glazing. ProvldernochanlcalventilaHonas

ceded.

NR = 34

Stage II Rehabilitation

Action: Eliminate windowsand fill spacewffh sameasexterior wall. Add Insulation

between ..'_ NR = 45

roof and ceiling.

I Rohobi,,tot,oo
NR=

Comments:
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+
i BOS

NOISE INSULATION ANALYSIS

Build;ng: Cherverus School Room: Classroom

Exterior Noise: NEF 37 Averag0 PeakLevel 87

Measured Noise Reduction (LAXt DENI BOS_ only) 18.4, 18.0

_C Analysis of" Ex_stlngNoise Insulationo,mponent Description % Total Transmission

Windows Singleglazed,130ft2 62%

Door Solld core wood, no seal 38%

Walls 18" brick with concrete columns nil

Roof 6" concrete on 18" x 12" joists nil

Interior Absorption: 500 Sablns.

Predicted Noise Attenuation =_'_

Stage I Rehabilltation
JAction: Replacew_ndowswith sealed double glazing. Providemechanical ventilation as

needed. Weathe_trtp exterior door. NR = 31

Stage II Rehabilttatlon
Action. Eliminate windows and FI space with bricks. Replacedoor with acoustic door or
vestibuJe. Install gypsumboard or plaster ceiling on top floor_putting insulation between

Jjoists.
/ NR = 4.5

S;cagoenllI RehabiHtation

: NR =
Comments:
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BOS

NOISE INSULATION ANALYSIS

Building: ChaornanSchool Room: Classrooms

Exterior Noise_ NEF 38 Average Peak Level _1

Measured Noise Reduction (IAX, DENt BOS, only) 9.01 13t4

7. Analysis of Existing Noise Insulation

Component Description S" Total Transmission

Windows Single glazed_ 240 ft2 100o/_

Walls 16' brick & 3/4" plaster nil

Roof Wood roof¢ plaster ceilin,q t vented attic SeeComment

Interior Absorption: 350 Sabins.

Predicted Noise Attenuation =_

•. Stage I Rehabilhation

Action= Replacewlndowswlthsealeddoubleglazlng. Provlde mechanical ventilation as

• needed. Install acoustic baFlieson attic vents and insulata attic.

NR = 29

Stage I! Rehabilitation

Action: Eliminate windows and Fill space with bricks. Attic modificaHon as in Stage 1.

NR = 41

Stage III Rehabilitation

Action:

NR =

Comments: NR = i4 in top Floor due to roof. Becomessameas Iower f199r_ if qti'i_: i_

baffled and insulated. Measure_nentsin top floor classrooms
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BOS

NOISE IINSULATION ANALYSIS

Building: Williams School Room: Top Floor

Exterior Nolse= NEF 37 Average Peak Level 90 i

Measured Noise Reduction (LAXt DENt Bast only) 18.5, 19.0

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazed_ 140 ft2 95% ',

Roof' Builtup roafing_ plaster ceiling 5%

Walls 16" brick nil

Interior Absorption: 5r_0 Sabins.

Predicted Noise Attenuation =[-_

Stage [ Rehabilitation
Actlom Replacewindows with sealed double glazing. Providemechanical ventilation as

needed. NR = 31

Stage IT Rehabilitation

Action: Ellmlnatewlndows and fill spacewith bricks.

NR = 34

Stage I]1 Rehabilitation ' NR tap

Action: Stage lb plus cement ½" fiberboard followed by 5/8" gypsurnboardto ceiling on
Ifloor. Alternate ceiling modificatlon is studframing and insulation, then gypsumboan:l

mounted resiliently. = 41

Comments_ For flrsFand secondfloorsf exlsfinq NRis the same, Staae 1 NR=g4, Staae It

and Sta,qeI]! NR = 44.

I H-52
i

I



BOS

NOISE INSULATION ANALYSIS

Bullding: Chelsea Memorial Hospital Room: Patient Rooms_01 _ 91(1 !

_tertor Noise: NEF 37 Average peak Level 87

Measured Noise Reduction (LAX, DEN, BOS, only) 24.1, 25t0

Analysis oF Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazed, 18 if2 lnnq,T

Walls 8" brick & 4" concrete block .. , n.,if

Roof _,conc_te, acoustic tiJe ceil;rig , niJ

Interior Absorption: 200 Sabins.J ,,,

Predicted Noise Attenuation =l 27, ]

. Stage I Rehabilitation

Action: Replace wind_.vswith sealed double glozing. Provide mechanical ventilation as

, needod,
NR = 37

Stage I! Rehabilitation

Action. Ellr_ inate windows andFill spacewith brick and Block. NR = 41

Stage Ill Rehabilitation

Action_

NR =

Comments:
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BOS

NOISE INSULATION ANALYSIS

Building: EdwardsSchool Room: Classroom

Exterior Noise: NEF ... Average Peak level .-.

Measured Noise Reduction (LAXt DENI BOSI only) ...

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazed, 160 ft2 99%

Walls 12" brick nll

Roof Bulltup roofing, plaster ceiling 1%(top floor only)

Interior Absorption: 370 Sabins.

Predicted Noise AttenuatTon=[_

Stage I Rehabilitation

Action: Replace windowswith sealed double glazing. Providemechanical ventilation as
needed. Install insulation between ceiling and roof. "

NR = 32 i

Stage I] Rehabilitation i

Action: Eliminate windows and fill space with bricks. Insulate r_fas in Stage 1.

NR = 40

[SAtatg:;iI Rehabilitation

NR =
Comments:
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BOS

NOISE INSULATION ANALYSIS

Building= BarnesElementary School Room: Third Floor Classroom

Exterior Noise= NEF 37 Average Peak Level 86

I *

Measured Noise Reduction (LAXt DENt Best only) _..

: Analysis of Existing Noise Insulation
i "

Description % Total Transmission
Windows Single glazcd_ 70 ft2 31%

Skylights Cupola shapessingle glazed_ about 80 ft2 36%

walls 18" brick nil

_oof Builtup mofingt plaster ceiling 33%

nterlor Absorption: 630 Sablns.

Noise AttenuaHon =_'_-_Predicted
J

!..[Stage' I Rehabilitation "11

f
! JAction= Replacewindows and skylightswith sealed d_ble glazing. 4" glassblocks may be

[used to replace skylights, or eliminate and fill with roof construction. Provide mechanical
_- Iventllation as needed.

jJ NR= 25

IStage i! RehabilitaHon '1

l_:toion AiSt:amg:t:pl:_i:gme:_i_ic_Ib::b sOa_tu;olflrea_rndgbaYnS/SnsU_soU:_b_r_ ;;s_imh:oga_nthird I
|mounted reslhently, e

/ NR=33 1
Stage Ill Rehabilitation
Action: Eliminate windows andfill space with bricks. Eliminate skylights and fill space

with roof construction. Stage lI ceiling modification on third floor.

NR = 40
Comments: For first and secondfloors, ex_stlngNR = 26_ Stage I & Sta_e II NR = 38t and

Stage III NR = 4.5,
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BOS

NOISE INSULATION ANALYSIS

Building: Lawrence Memorial Hospital Roam: Patient Rooms

Exterior Noise: NEF --* Average Peak Level --.

Measured Noise Reduction (LAXI DEN, BOS_ only) ---

Analysis of Ex[stlng Noise InsulaHon

Componenr Descriptlon % Total Transmission

Windows Singte glazed_ 48 ft2 100%

Walls 9" brick nH

Roof 6" concrete, plaster ceiling nil

interior Absorption: 160 Sablns.

Predicted Noise Attenuation =_--_

Stage i Rehabilitation

Action= Replace windows with sealeddouble glazing. Providemechanical ventilation as

needed.
NR = 33

i

Stage II Rehabilitation

Act on= Eliminate windows and fill space with bricks, NR = 43

Stage lll Rehabilitation

Act on: NR =
Comments:
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DEN

NOISE INSULATION ANALYSIS

Building: Clyde Miller School Room: Classrooms

Exterior Noise: NEF 29 Average Peak Level 77

Measured Noise Reduction (LAX, DEN, Best only) 16.9

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazed, 200 ft2 79%

Walls 8" concrete block 1%

Roof 1 " Sheathlngn plaster calling 19%

Interior Absorption: 400 Sabins.

Predicted Noise Attenuation =_

• " Stage I Rehabilitation
[Action: Replace windows with sealed double glazing. Providemechanical ventilation as

needed, NR= 24

Stage II Rehabilitation

Action: Stage I_ plus add clay or concrete tiles to roof.

NR = 28

Stage Ill Rehabilitation 11.

Actlan: Eliminate windows and fill with 8" concrete block. Add tiles to roof as in Stage

NR = 32

Comments: Stage III plus adding 2 x 4 framing and plaster to walls and ceillnc/wou d .qv e

NR = 39.
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DEN

NOISE II_SULATION ANALYSIS

Building: park I.ane _=hcol . ._ Room: 20,

Exterior Noise: NEF 37 Average peak Level 92

Measured Noise Reduction (LAX, DENI BOS, only) 24.3, 24.8

Analysis of Existing Noise Insulation

OP
Component Description ,o Total Transmission

Windows Single glazed, ]60 ft2 92%

Walls 8" block & 4" brick I ,5%

Roof Metal deckt brick exterior, plaster ceiling 3%

Unit Vents 3 ft2 opening 3.5%

Interior Absorption: 800 Sabine.

Predlcted Noise Attenuation =_

Frage I Rehabllltatlon

JActlon: Replace windows wlth sealed doubleglazing. Provide mechanlcal ventilation as

needed. . .
NR = 32

Stage II Rehabilitation
Action. Eliminate windows and fill spacewith brlck/block. Eliminate or acoustically

affle unit vent openlngs.
NR = 36

SAt:t_:/i ! RehabilltaHon

l NR=

Comments: Measured NR dB higher than shownhere becausewindows faced away from air-

craft. Values shownhere are for equivalent roamsfacing aircraft.
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DEN

NOISE INSULATION ANALYSIS

Building: Sable School Room: Faculty Dinina Room

Exterior Noise: NEF 40 Average Peak Level 92

Measured Noise Reduction (LAX, DENI BOSI only) 15.5

Analysis oF Existing Noise insulation

Component DescrTptlon % Total Transmission

Windows Single glazed, 216 ft2 92%

Door Solid wood, weatherstr;pped 8%

Roof 6" concreter insulated nil

Walls 4" brick & 8" block nil

interior Absorption: 250 Sabins.

Predicted Noise Attenuation =_

Stage I Rehabilitation
Action: RerJlaoewindowswith sealed double glazing. Provide mechanical ventilation as

needed.
NR = 25

Stage II _ehabilitatlon

Action: Stage I_ plus installacoustic sealson door.

NR = 28

StOoge Replace door with acoustic

ill Rehab_lltatlon

Action: Ellr_mate windowsand Fill spacewith bricksandblock.

double door or entrance vestlbule. NR = 36
Comments: Roomhasvery little absorption - could improve exlstinq and rehabllitate
attenuation by up to 5 dBby installing cerpetst acoustic file t and hanging heavy drapes

over glassinterior walls,

H-59

• . . r .



DEN

NOISE INSULATION ANALYSIS

Building: Sable School Room: 4

Exterior Noise: NEF 40 Average Peak Level 92

MeasuredNoise Reduction (LAXt DEN, BOSI only) 28.7

Analysis of Existing Noise [nsulation

Component Description % Total Transmission

Windows Singleglazed, 190 ft2 89%
Door Solid wood, weatherstrlpped 11%

Walls 8" block & 4" brick nil

Roof 6" concrete, insulated nil

Interior Absorption: 1,000 Sabins.

Predicted Noise Attenuation =_2-_

Stage I Rehabilitation
IAction: Replace windows with sealeddouble glazing. Providemechanical ventilation as

needed. NR = 30

AStageI,l Rehabilitation
ctlon. Stage I, plus install acoustl¢ seals on door.

NR = 35

Stage Ill Rehabilitation

Action: Eliminate windowsand ill] spacv w'th bricks and block. Replace door wlth acoustic

doub e dooror entrence vestibule. NR = 42
Comments:
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DEN

NOISE INSULATION ANALYSIS

Building: Montview SchwI Room: ¢la,=_rnnm

Exterior Noise= NEF 37 Average Peak Level 88

Measured Noise Reduction (LAX, DENt Best only) ...

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazedt 75 ft2 32%

Wall.._.s 40% block & Brick, 60% stucco/plaster 10%

R_o_r Hollow carewoode rubberseals 44%Builtup roofing, plaster ceiling, _nsulated 9%

Ut_lt Vents 2 per room, 6 ft2 total opening 5%

Interior Absorption: 630 Sablns.

Predicted Noise Attenuation =_-_

Stage I Rehabilitation
Action: Replacewlndowswlthsealeddoubleglazlng. Provldemechanical ventilatlonas

needed. Replace door with 1 3/4*' solid core door_ weatherstrlpped. NR = 26

Stage lI Rehabilitation

Action: Stage It plus add clay or concrete tlles to rooft eliminate or acoustically baffle
unitventst install a_oustlcsealson deert insulate stucca/plaster portlon of walls and add

second layer of lathing and plaster NR = 33

Stag.eIII Rehabilitation
Achon: Eliminate windows and fill to match wall. Insulate wall. Cement }" fiberboard
and 5/8" gypsumboardto Interior of plaster portion of wall. Replace door with solid core

wood deer with acoustic seals. Modify roofand attic vents as in Stage ilI_IR= 39
Comments:
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DEN

NOISE INSULATION ANALYSIS

Building: North Junior High School Room: 12

Exterior Noise: NEF 36 Average Peak Level 78

Measured Noise ReducHon (kAXl DEN'I BOS, only) 24.1

Analysis of Existing Noise Insulation

Component Description % Total Transmission

Windows Single glazed, 70 if2 53%

Glass Blocks 160 ft2r in place of window 7%

Walls 12" brick, tile interior nil

Unlt Vents Opening 4 ftz 6%

Roof Steel ]alsts, gypsumdockr plaster celllnl3 33%

l--Interior Absorption: 630 Sahlns.

r'_

Noise Attenuation = J23.9 J
Predicted

Stage I Rehabilitation
Actlon_ Replace windowswith sealed double glazing. Provide mechanical ventilation as

needed. NR = 27

Stage 11 Rehabilltatlan

Act on: Stage I, plus add clay or concrete tiles to roof.
NR 31

Stage Ill Rehabilitation J

fAction: Eliminate glassblocks and windows, fill spacewith bricks. Eliminate or acoustlcall

baffle unit vent openings. Add clay or concrete tiles to roof. NR = 40 J
Comments:
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DEN

NOIS6 INSULATION ANALYSIS

Building: North Junior Hiqh School Room: 13

Exterior Noise: NEF 36 Average Peak Level 78

Measured Noise Reduction (I-AX_ DENt BOS_ only) 25

Analysis of Existlng Noise Insulation

Component Description % Total Transmission

WindOWS Sln_lla_llazad_ 210 if2 . 80%

Walls 12" brlck t I'tlo Interior nil

Unit Vents 4 ft2 opening 3% --J

Roof StoolJoistst _sum dock t plaster cellln¢l 17%

Interior Absorption: 630 Sabins.

predicted Noise Attenuation =_-I--_

Stage I. Rehabilitation
Action. Reolacowlndowswithsaaleddoubleglezing. Provldemechanlcalventilationas

needed. NR -- 27

AStageII Rehabilitation
chon: Stagele plus add clay or concrete tiles to roof.

NR = 31

Stage ill Rehabilitation

Action: Eliminatowindcwsandflllspaoowithbrlcks. Ellminata or aooustically baffle unit

vent openings. Add clay or concrete tlles to roof. NR = 40
Comments:
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DEN

NOISE iNSULATiON ANALYSIS

Building: Fitzslmons Hospital Room= 4133. 4062

Exterior Noise: NEF 35 Average Peak Level 80

Measured Noise Reduction (LAXI DEN, BOS, only) 25.5.25.3

Analysis of Existing Noise insulation

Component DesoriptTon % Total Transmission

Windows Sinflle .qlazedt 15 if2 . 100%

Walls 12" masonry ., nil
Roof Concrete slob .. nil

Interior Absorption: 160 Sabins.

Predtctad Noise Attenuation =_

Stage i Rehab_lHation

Action: Replacewindmv with sealed double glazing. Providemechanioal ventilation as

needed. NR = 38

Stage 11 Rehabilitation

Act on. Eliminate window and fill spaoewEth masonryto match wall.
NR 42

Stage IllRehabilltatlon

Actlon: NR =
Comments:
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DEN

NOISE INSULATION ANALYSIS

Building: BostonElementary School Room: 1

Exterior Noise: NEF Average Peak Level 85

Measured Noise Reduction (LAX, DEN_ BOS, only) 25.8

Analysis of Existing Noise Insulation

Camp.anent Descrlptlon % Total Transmission

Windows Single glazed, 200 ft2 92%

Walls 12" brick & ½" plaster nll

Roof Brick exterior, plaster ceiling 3%

Skylights 4' x 41 glassblock, 4 in each room 2%

Unit Vents 4.5 ft_ opening 4%

Interior Absorption: 800 Bobins.

Predicted Noise Attenuation =_

Stage ] Rehabilitation
Action: Replace windows with sealeddouble glazing. Provide mechanical ventilation as

needed, NR "_ 30

age il Rehabilitation

q

Action: Eliminate windows and Fill spacewith brick. Eliminate skylights. I_limlnate unit

vents or acoustically baffle openings.
NR = 37

AStatgi_nllI Rehabili tati°n

NR=
Comments: Identical to ParisSchool.
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DEN

NOISE IINSULATION ANALYSIS

Building: Paris Elementary School Room: 1

Exterior Noise: NEF 30 Average Peak Level 65

Measured Noise Reduction (LAX, DEN, BOS, only) 19.9

• Analysis of Existing Noise insulation

Component Description % Total Transmission

Windows S_ngleglazed, 200 ft2 92%

Wafts 12" brick & 3""plaster nll

Roof Brick exterior, plaster ceiling 3%

Skylights 4_ x 41 glassblock I 4 in each room 2%

Unit Vents 4.5 ftz opening 4%

interior Absorption: 800 Sablns.

Predicted Nalse Attenuatlen =_--,_

Stage I RehabTlitation
Action: Replace windows with sealed double glazing. Provide mechanical ventilation as

Jneeded. NR = 30

Stage I1 Rehabilitation
[Action: Eliminate windows and fill space with brick. Eliminate skylights. Eliminate unit

ventsor acoustically baffle openings.
NR = 37

Stcatg:nl;I Rehabilitation

J NR =
Comments: Identical to BostonSchool.

H-66



DEN

i
NOISE iNSULATION ANALYSIS

i
r

Building: Denver General Hmpital Room: 13_x 15_ patient Rg9m

Exterior Noise: NEF ... Averag_ Peak Level _._

I Meosur_d Noise Reduction (LAX_ DENs BOS_ only) ...

Analysis of Existing No!so Insulation

Component DescripHon % Total Transmission

Windows Single _llazedr 65 ft2 100%

Walls 5" conarete_,2" foam insulatlonr ½1__]ypsumboard nil

Roof 3" concrete slab plus insulation nll

• Interior Absorption: 150 Sablns.

Predicted Na,se AttenuaHon-- r--io-_

Stage i Rehabilitation
IAction: Replace windowswith sealed double glazing. Provide mechanical ventilation as

. Ineeded'
NR = 32

Stage i.I RehabilHatiou

Action. Eliminate windows and fill with wall construeHon. NR = 38

AStageIII Rehabilitation

ctlon:

NR=

Comments: Attenuation and rehabilitaHon virtually the samefor 26' x 21' patient rooms.
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DEN

NOISE INSULATION ANALYSIS

Building: Elyria Room: Classroom

Exterior Noise: NEF --- Average Peat<Level ---

Measured Noise Reduction (LAXt DEN_ BOS_ only) ---

Analysis of Existing Noise Insulation

Component Description % Total Tmnsmtsslon

Windows Single glazed r 130 ft2 42%

Walls 13" masonryar_dbrick 1%

Roof Wood & composition shinFilesI unir+sulatedve_ted 54_'_
Ofl'lC.

Unit Vent 3 ft2 oper+l+,q 2%
I

Interior Absorption: 500 Sablns.

Predicted Nolse Attenuation = [_

Stage I Rehabilitation u

Action: Replace windows with sealed double glazing. Provide mechanical ventilation as
needed. Install acoustic baffles in attic vents.

NR= :_O

Stage II Rehabilltatlon

Action: Eliminate windows and fill space wlth masonryand brZck to match wall, Install

ac_stio baffles in attlc vents. Eliminate or acoustically baffle unit vents.
NR = 36

SAtcag:;;I Rehabilitation

NR =
Comments:
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APPENDIX I

CATEGORYA & B NOISE REDUCTION IMPROVEMENTS



TABLE I-1. CATEGORY A & B NOISE REDUCTION IMPROVEMENTS - LAX

Category A' Category B

Existing
Building,, NR NR Z_NR Stage NR A NR Stage

Schools

Imperial School Room6 32 Exists 42 10 II
Room2 & 11 26 37 11 I 42 16 Ill

LennoxH.S. 21 33 12 II 38 17 Ill

:eltonAvenue 19 30 11 II 35 16 Ill

Clyde Woodworth 18 27 9 I 37 19 II

MomingstdeH.S. RoomJ2 18 27 9 [ 40 22 II
Room'/2 20 29 9 1 40 20 II

Westehester 19 36 17 I 41 22 11

Hgueroa St. 22 34 12 I 39 20 II

LawndaleH.S. 23 34 1] I 41 22 II

Average 10.6 '17.8
StandardDeviation 3.1 4.0

i Hospitals
! Continella 26 37 11 I 41 15 II

Imperial 24 34 10 I 42 18 l]

Average 10.5 16.5
StandardDeviation 0.7 2.1

I-I
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TABLE I-2. CATEGORY A & B NOISE REDUCTION IMPROVEMENTS-PHX

Category A r Category B

Existing
Building NR NR ANR Stage NR ,'_NR Stage

Schools

Grant Elementary 22 35 13 II 42 20 IIl

Adeline Gray 22 31 9 I 41 19 ZI

LincolnElementary 20 32 12 I 39 19 II

;klff Elementary 21 29 8 I 40 19 Ill

Wilson HawkinsElementary 2} 19 8 I 40 19 II

DunbarElementary 22 34 12 I 40 18 IIE

Silvestre Herrera Elementary 19 33 14 I 40 21 II

Ann Ott (Stevenson) 20 31 11 II 41 21 UI

Average 10.9 19.5
_tandardDeviation 2.3 1.1

Hospitals
_rlzona Children's 19 31 12 I 41 22 II

_,rtzonaState 18 28 10 II 42 24 IV

_,verago 11.0 23.0
StandardDeviation 1.4 1.4

I-2



TABLE I-3. CATEGORY A & B NOISE REDUCTION IMPROVEMENTS - MIA

Category A Category B

Existing
Building NR NR ANR Stave NR ANR Stage

Schools

Dunbar Elementary 29 - Exists 40 11 I

' - Citrus Grove Elementary 18 29 11 1 40 22 ll:

Weatly Elementary 22 33 11 ! 43 21 l]

BookerT. Washington 21 31 10 I 44 23 III

Aubumdale Elementary 11 30 19 I! 35 _4 ll

KensingtonElementary 11 30 19 I] 39 2B Ill

BuenaVista Elementary 22 33 11 ] 44 22 Ill

_obortE. LeeJ.H.S. 21 31 10 H 42 21 Ill

Average 13.0 21.5
StandardDeviation 4.1 4.8

Hospltals
JacksonMemorial 27 38 11 ! 45 18 II

, PanAmerican 22 32 10 I 39 17 1I

f" Average 10.5 17.5StandardDevlation 0.7 0.7
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TABLEI-4. CATEGORY A & B NOISE _EDUCTION IMPROVEMENTS- BOS

Category A Category B

Existing
Building NR NR /XNR Stage NR ANR StaB_

Schools

WinthropJ.H.S. Room206 28 36 8 I 42 14 II
Room220 25 33 8 I 39 14 II

Julia WardHowe School 1st Floor 22 33 11 II 40 18 Ill
2nd Floor 18 33 15 l[ 38 20 Ill

GarFieldJ.H.S. 22 34 12 I 45 23 II

CherverusSchool 20 31 11 I 45 25 II

ChapmanSchool 18 29 11 1 41 23 II

fVilllamsSchool 21 31 10 I 4,1 20 Ill

EdwardSchool 20 32 12 1 40 20 II

BarnesElementarySchool 21 33 12 II 40 19 lII

Average 10.OO 19.60
StandardDeviation 2.3 3.6

Hospitals

WinthropCommunity Room319 22 33 11 I 42 20 II
Room271 28 37 9 I 42 18 II

LawrenceMemorial Hospital 21 33 12 I 43 22 II

ChelseaMemorial 27 37 10 I 41 14 " II

Average 10.50 18.5
StandardDeviation 1.3 '3.4
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TABLE I-5. CATEGORY A & B NOISE REDUCTION IMPROVEMENTS- ATL

, CategoryA Category B

Existing
Building,, NR NR _NR Stage NR ,A.NR Stage

Schools

qewtan EstatesSchool 21 32 11 I 37 16 l!

Longino School 22 32 10 I 40 18 II

Lake Shore H.S. 22 34 12 I 41 19 II

EasternSchool 21 31 10 ! 41 20 I!

College Park H.S. 21 33 12 I 42 21 II

WoodwardAcademy 29 39 10 ! 43 14 II

William Fountain 24 36 12 I 43 19 I1

Crawford LongSchool 22 33 11 I 42 20 II

SamuelYoung 21 33 12 I 42 21 II

St, John School 23 35 12 I 43 20 II

: Average 11.2 18. B
StandardDeviation 0.9 2.2

t •

NO HOSPITALS

I"
]

I-5 ,



TABLE I-6. CATEGORY A & B NOISE REDUCTION IMPROVEMENTS- DEN

Category A Category B

_xisting
Building NR NR Z_NR Sta_e NR -_ NR Sta_c h

Schools

!Clyde Miller 18 28 10 I1 39 21 IV

Park Lane 23 32 9 I 36 13 I!

Sable School (Faculty Dining Rm) 16 28 12 l] 36 20 Ill
Room4 23 35 12 11 42 19 Ill

_onh, iew School 21 33 12 I1 39 18 Ill

North J.H.S.
Room#12 24 31 7 II 40 16 Ill
Room//13 21 31 IO II 40 19 Ill

BostonElementarySchool 21 30 9 J 37 16 II

ParisElementarySchool 21 30 9 I 37 16 II

Elyria _ 18 30 12 1 36 18 II

Average 10.20 17.6
StandardDeviation 1.8 2.4 -

Hospitals

:itzslmonsHospital 26 38 12 I 42 12 II

Denver General 20 32 12 I :38 18 il ::

Average 12 15.0
StandardDeviation 0 4.2
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APPENDIX J

A-WEIGHTED CUMULATIVE NOISE METRICS

Thlsstudy consideredaircraft noiseTntermsoFmaximumA-weighted noiseJeveJs.
Another approachto representingnoiseis in termsof A-.welghtedcumulativenoisemetrics.
The twomostcommonlyusedcumulativemetricsare:

1 f L/10 dt
i. Leq = "_ 10 (J-l)

where I. isthe lnstanteneousA=welghtednoiselevel, and T is the time periodof interest,
and

Ldn - 24hrl ../0700 10L/10dt +,,/2200 10(L + 10)/10tit (J-2)

where the first integral representsdaytime andthe secondrepresentsnighttime.

Thenoise reductionsdeveloped in thisstudyapply to any A-weighted alrcraf't
noise level, not justthe maximum. (To computeLeqor Ldn, NRwould be subtracted
from L tnEquation(d.'1) or (J-2). BecauseNR Is constantfor a givenbuilding, it may
be factoredout of the integrals.) NR for Le and Ld is thusexactly the sameas for

!_ . .q n .max mumlevels. Thebuilding nolse reduct onand unit costdata developed n thisstudy

are equallyvalid for applleotion to impact expre_ed as Leqor Ldn.

)
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APPENDIXI¢

STATEAND REGIONALCONSTRUCTION
COSTADJUSTMENTFACTORS



TABLE K-I

STATEAND REGIONAL BUILDING CONSTRUCTION COST
ADJUSTMENTFACTORS

FAA Region States General Labor Material
,=,

I. New England(ANE) Maine .87 .77 .97
Vermont ,96 .98 .94
New Hampshire .91 .82 1.00
Massachusetts 1.01 .95 1.07
RhodeIsland 1.08 .90 1.25
Connecticut .98 .95 1.00
RegionalFactors .97 .90 1.04

2. Ea:tem (AEA) New York 1.03 1.07 .99
New Jersay .97 .98 .96
Pennsylvania .99 .99 .99
Maryland .97 ;93 1.0 I
Delaware 1.01 1.00 1.01
Virginia .87 .7[ 1.02
WestVirginia 1.00 .94 1.05
RegionalFactors .98 .95 1.00

3. Southern(ASO) North Carolina .73 .48 ,98
SouthCarolina .72 .51 .92
Georgia .84 .72 .96
Flodda .96 ,98 .93
Alabama .79 .63 .94
Mississippi .84 .71 ,97
Tennessee .85 .77 .84
Kentucky .94 .86 1.0 I
RegionalFactors .83 .71 .94



TABLEK-_ (Cont'd.)

FAA Region States General Labor Mater_al

4. Great Lakes(AGL) Ohio .99 1.00 .98
Indiana .96 .94 .97
Ilffnols .99 .98 .99
Michlgan 1.01 1.00 1.01
WhconsTn .97 .93 ,98
Minnesota ,99 .94 1,04

5. Southwest(ASW) Arkansas .83 .73 ,92
Louislana .84 .72 .96
Oklahoma .88 .82 .93
Texos ,84 .74 .93
New MBxIso ,86 .81 ,9 I
ReglonolFactors .85 .76 .93

6. Central (ACEi Nebraska .98 .91 1.05
Kansas .92 .86 .97
Missaurl .99 .99 .98
Iowa .98 .92 h 05
ReglonoiFosters .97 .92 1.0I

7. RockyMountain (ARM) Colorado .91 .92 .89
Utah .91 .95 .86
Wyom|ng .94 .89 .98
Montana .99 .88 I. I0
North Dakota .92 .75 1.08
South Dakota ,87 .73 1.0 I
ReglonalFactors ,92 .85 .99



TABLEK-I (Cont'd.)

FAAI_gion Statcs Germml Lobor Matorlal

8. Wmtnm (AWE) Arizona .90 .95 1.01
Novada 1.0O I. 13 1.03
California I. I0 I. 16 1.04

f 9. Northwo_(AI_IW) Idaho .95 .87 1.03
I Oregon 1.03 1.02 1,03

. . Washlngton . .99 .98 1.01
P_gionalFa_rs. .99 .96 1.02

]0. P_ifl© -Aria (AFC) Howali I. It .8S 1.36

I I. AIm_ (AAL) Al_ko 1.27 I. 19 1.35

g



• TABLEK-2

SIXREGIONAL _UIL01NGCONSTRUCTION' f,2
COSTADJUST/C£h.ITFACTORS

Ccrm=tlcn Fact_'_
Genoml _bor /V_forlal

RegionA I. 10 I, 17 1.03

RegionB 1.00 ,92 1.07

RegionC .84 .74 .94

RegionD .97 .94 1.00

RegionE .85 .75 .95

RegionF .94 .88 .99

Alwkc 1.27 h 19 1.35 :

H=wall I. I I .85 1.36 "

PuertoRico .87 .37 1,36
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TABLE L-I

REGIONAL z_NR BY CATEGORY

ComtnJctlon CategoP/A Categoty B
Raglon

School ,,Hospital School Hospltal

A 11 11 18 17

B 11 11 20 23

C 13 11 22 18

O 10 11 20 10

E 11 -- 19 --

F 10 12 18 15

NaHonal Average 11 11 20 18
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APPENDIXM

CO51"INGSOFSAMPLEBUILDINGS(1977PRICE)



TABLE M-I

COSTINGS OF SAMPLEBUILDINGS (1977PRICE)

CONSTRUCTION REGION A

Schools Ho=pltal=
Room Costs Room Room Costs Room

Name No. Cat. A Cot. B 5.F. Name No.. Cat. A Cat. B S.F.

Imperial School 14 $ 4,720 $ 4,924(2) 12600Centlnela Hospital 260 $ 847,382 $ 840,768 58500
43,920(3}

Impedal Hospital 92 305,367 348,937 17664
Lennox Hlgh School 36 164,285 206,235 31248 "

Sample Hospitals 352 $ I, 152,749 $ I, 189,705 76164
FoltonAvenuo School 20 108,836 109,831 18000

Clyde W_xlworth Seh, 32 182,080 170,350 30464

Momlngdde School 72 346,075 393,736 68544

W_tehedor High Sch. 588 239,027 277,280 43500

Sample School Bldgs. 232 $1,045,02351,206,276 21)4356

Co=tPor_. Ft. _;5.ll 55.90 CostPerSq. Ft. $ 5.M $15.62

Cmf PerSehoolRoom Cmt PerHo_pltolRoom 3,275 $ 3,380
torE_glonA $ 4,504 $ 5,199 forReglonA

Ou_Ide NEF 30

Flgueroo Street School $ 115,815 --
Lc_vndalaHigh S©hool $ 352,329 --



TABLE M-2

CASTINGS OF SAMPLEBUILDINGS (1977PRICE

• CONSTRUCTION REGION B

Schools Hospltals
Name ' Room Costs Room Name Room Room

No. Cat. ,_'. Cat. B. 5.F. ' No. Cat. A. Cat..8. S.P;

Grant Elem. School 22 $25,291 $31,605 17050 Children Hospital 70 $25,855 $55/[68 _3356

Ado Ina Gray School 7 30,762 57,662 5376 Arizona StateHosplto( 72 125 55s593 9360

'Lincoln EIom. Sghool ]2 46,689 46,882 10656 Sample Ho_pItcls 142 $ 25,980 $[ [ I, 06| 227(6

Skiff EIom. School 35 47,512 55,965 30844

W|l_on Hawklm Ele.. 2l 28,531 36,199 18506

DunbarElem. 'SGhoal 17 71,139 84,543 13328 '"

I-_rmra Sllvorstm El. 8 17,544. 14,300 6810

Ann Oft School/. ' 21 89,562 89,687 15120

SampleSchool Bide=. 143 $357,030 $416,843 117690

Cost Par Sq. Ft. _ 3,03 $3.54 Coat Per Sq. Ft. $ i.!4 $ 4.89

Co_t Per School Room $ 2t497 :_ 2,915 CmtPerHospltalRoom $ 183 $ 7B2
for R_Ion B ForRegionB

{



,_ TABLE M-3

CASTINGS OF SAMPLEBUILDINGS (1977PRICE)

CONSTRUCTION REGION C
,R,

Schools Ho,spltoJs
NamQ "---'r_m Casts Room Name Roam Costs Room

.... No. Cot. A'. 'Cot. B; S.F. No. Cat A._at. B. S.F.

DunbarE/omantarySo. 34 -- $23,859 33320 JacksonMemorial 'Has. 735 $2,172,927 $2,118,842 194040

Citrus Grove Ele. sa. 53 194,931 183,317 44648 PanAmerican Hospital 88 .202,900 .249,107 16896

WheatloyEfornontoW 34 175,756 229,880 28560 Sample Hospitals 823 $2,375,827 $2,367,949 210936

BookerT. Wa0hlngton 54 289,699 440,367 60750

Aubumdale EIo. So. 60 305,593 468,540 50400

KensingtonElo. Sc. 43 22,950 31,221 33540

BuenaVIsta EIo. sa. 22 23,861 75,498 16500

RobertLeaJunior H,S. 30 11.},616 104,015 23400. , ,,i

Samplo SchoolBldgs. 330 $I,124,406 $l,556,697 291118

Cost PerSq. Ft. __3.86 ._5.35 Cost Per Sq. Ft. $11,26 $ 11.23

Co_ PerSchool Room L_ 3r407 $ 4_717 Cost Per Ho_pttalRoom $ 2,B87 $ 2,877
for I_glon C for RegionC



TABLE M.-4

Cos'rINGS OF SAMPLEBUILDINGS (1977PRICE)

.... CONSTRUCTIONREGIOND

.... ' ' :' Schools ' " Hospitals
Name . Room Costs• Room Name Room Costs Room

No. Cat. A. Cat. B. S.F. No. Cat. A. Cat. B. S.F.

"Wlnthr0pJu'nl0r H.S. 45 $23',671 $1"9,312 "33238 WinthmpCommunI_ H. 54 $173,296 $171,953 12960

:;JuitaWard Ho_o So. l0 54,005 44,563 8400 Chelsea Memorial "Hos. 28 68,705 67,941 5241

SampleHospitals 82 $242,001 $239,894 18201
G=rRdd_Junlor H.S. 27 121,889 135'833 :19'64

Chovaru=School_ 18 125,430 142,615 12258
p,. r.. . ":

_ ChapmanSchool i8 95,109 103,828 15480

.... .': WIIJl_,h_=$=h:ool 75 342,648 367,447 ' 67155

Bemo=ElonmntarySo. 52 213,631 338,814 47121

SamploSchool Bldg. 245- $976,383 $1,152;412 203916

Co@.ParSq. Ft. $ 4.79 :'"'_;5.65

Cmt Per$©hool Room. _ 3,985 _ 4t703 Cost Per Sq. Ft,i:: .. _ $13.30 _ 13.In.
forRoglonC CostP,=rHosl_it_aJP_oom $ 2,951 $. 2,925

...... =forRoe|onD
Out=ldo NEF 30

Edward School $ 77,481 $ 83;924 ' "LawmnooMorr_dal Hospital $ 37,573 $ 34,081



TABLE M-5

CASTINGS OF SAMPLEBUILDINGS (1977PRICE)

CONSTRUCTION REGION E

School# Ho_pltall

Nora C_ts _ Name Co_
Room Room
No. Cat. A. Cat. B. S,F. Cat. A. Cat. B.

Newton _toP;I So. _ $ _ $_'_ 5400

No Sornpl¢
Lon_llnoSchool 13 52,831 91,509 10764

Lako ShoroHl_h So. 45 173,756 161,873 29700 ...'.
. Eml_m School 8 33,828 57,381 6624 '. "

Coll_o Park H.S. 25 141,587 71,911 16500

Woodward Acadomy 26 77,426 75,874 19136

Fountain School 16 55,814 58,360 12480

Crawf0rd LanaiSo. 42 209,484 222,015 42336

5amuolR. Young Sc. 22 69,244 66,572 17409

St. John School 10 428693 45,239 8640

SamploSchool Bldgs 213 $885,843 $876,880 168989

Cost Per Sq. Ft. _ $ 5.19

Co_tParSchooIRoom .$ 4,159 $ 4,117
for P_glon E



TABLEM.-6

Cos'rINGS OF SAMPLEBUILDINGS (1977PRICE)

CONSTRUCTION REGION F

Schools Hospitals
Name --'--I_oom Costs Room, Name Room Costs Roam

No. Cat. A. Cat. B. S.F_ No. Cat. _" Cat. 8. S.F.

ClydeMlller E.S. 5 $18,770 $30,706 3000 FttzslmonsArmyHasp. 611 $965,000 $ 987,374 75182

Parkland School . 23 75,465 76, 152 19454

Sable School 26 143, 110 117,034 11407 .

6, Mon_vlewSchool 23 88,950 83,711 18216 . _

:: North Junlor H.S. 25 116,043 117,,505 18000

BostonElam. 12 69r720 76t 736 11729

ParisSchool 8 42,833 46,548 8012 "
m

SamplaSchoolBldgs. 122 $554,892 $548,392 89818

CosfPaPSq. Ft, $ 6,]8 $6t1| CosfPerSq. Ft. $ 12.84 $13.13

Cost P©rschoolRoom .$ 4t548 _; 4t49S Cost P=rHo=ptfalRoom .$ Ir580 $ It616
for Rag|onF for RaglanF

Outside NEF30

ElyrlaSahool $ 14r278 $ IS,267 Denv©rGonomlHospital $ 77,041 $ 6S,967
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TABLE N-I

SUMMARYOF PROGRAMCOST BY STATEAND CONSTRUCTION REGION

Schools Ho'.pltals
Construction No. of No. of No. of' No. of No. of

Region State Airports Schools Students Cod' Hasp. Patlcnts Cost

A 8 A 8

A California 38 123 82952 $2819770 (46) $13296750 (77) I I 3483 $953020 (I) $6137960 (10)
: (Pacific Coast) Hawaii [5 20 14427 3020850 (20) 0 0 0 0

Total 53 143 97379 $2819770 (46) $16317600(97) II 3483 $953020 (I) $6137960 (10)
Z
'-- 8

(InlandWost) Arizona 13 20 11712$ 119840(2) $ 1233055(18) 3 872 $ 72650(I) $ 98550(2)
N,,vade 5 6 5909 187250 (I) 466400 (5) ! 900 0 422340(I)

Total 18 26 17621$307090(3 ) $ 1699455 (23) 4 1772$ 72650(I) $ 520890(3)

C
(Gulf' Coast) Florida 39 85 63602 $2235180 (24) $ 8287800 (61) 10 4007 $ 89490 (I) $6835590 (9)

Louisiana I I 8 4751 160140(2) 665120 (6) 0 0 0 0
PuertoRico 2 4 1665 320770 (4) 0. 0 0 0

Total 52 97 70018 $2395320 (26) $ 9273690(71) 10 4007 $ 89490 (I) $6835590 (9)

D

(East Central) Connecticut 5 5 1916$ 0 $ 362210 (5) 0 0 $ 0 $ 0
Delaware 0 0 0 0 0 0 0 0 0
Illinois 2 1 65 4 1701 1984350(24) 4567330 (41) 2 548 0 962500 (2)

elnoluda 12Public Health Focilltles



TABLE N-I (Cont'd.)

, Schools .. Hospitals
Construct;on No. of' No. of No. oF No. of No. of •

_Region State Airports ,Schools Students Cost Hosp. Patients Cost

A 8 A B
D

(East Central Indiana 20 13 6554 $ 4941404 8) $ 6397104 5) 0 0 $ 0 $ 0
(Cont'd.) Molne • 8 4 1094 II 206974 (4) 0 0 0 0

Mary/and 3 8 4692 135500(I) 719670(7) I 180 0 3|0110 (I)
Massachusetts 8 4 1 206 17 924580(II) 3015090430) 6 1538 132810(I) 2568620 (5)
New=Hampshlre 3 6 2636 -- 493920 (6) 0 0 0 0
New Jersey 8 51 27847 569890 (10) 3810020(4 I) 5 999 0 1752400(5)
New York 26 180 182373 12002824(94) 16860042(86) 20 6438 255871045) 8713960 (15)
Ohio 20 25 14912 669520 (7) 19144,40(18) I 186 0 327710 (I)
Pennsylvania 19 24 12169 1873064 4) 2173154420) I 186 0 327710 (I)

Z Rhode Island I 0 " 0 0 0 0 0 0
• Vermont I J 464 89380 (I) 0 0 0

I'@
Virginia 15 14 6694 3.546904 I) 893720413) 0 0 0
West Virglnla 9 4 1264 0 239800 (4) 0 0 0

Total 167 441 325013 $17322800(160)$35985560(281) 36 1007552691520(6) $14963010(30)

E
(Great Lakes Alabama 15 19 9783 $ -- $1642640(19) 0 0 0 0
ond'South) Arkansas 12 6 3636 -- 601080(6) 0 0 0 0

' Georgia 26 27 17059 989830 (12) 1468890(15) I 626 0 1144920(I)
Kentucky 7 18 12416 -- 2037840 (18) I 155 0 224090 (I)
Michigan 26 30 18526 652950 (12) 1766170(18) I 626 0 1144920(I)

..... Miss|sslppl • 17 I I 6252 .... 1029250(I I) 0 0 0 0
North Caroline 18 6 27 12 -- ' 448750(6) 0 . 0 0 , 0
SouthCarollna 16 8 .. 4788 -- 790460(8) 0 " 0 , 0 0

• Include 12Publlc Health Facilities

¢_!_: ' _ 5. , ....



TABLE N-I (Cont'd.)

Schools Hospitals
Construction ' " No. of No. of" No. of No. of No. of

Region Stat_ Atrpor!s, Schools Students Cost Hasp. Paffentl,, Cost
A B A B

E
(Groat Lakes T_hfie'ssec 14 20 12796 $ 207950(2) $ 1889630(18) 2 1252 $ 0 $ 1829290(2)
and South) Wisconsin 19 12 7198 -- 1185670(12) ..J.] 626 O 1144920(I)
(Co,i'd,)
- ' Total 170 157 95166 $1850730 (26) $12857380(13I) 6 3285 0 $5488140 (6)

F
(Central) Alaska 24 0 0 $ 0 $ 0 0 0 $ 0 $ 0

Colorado 12 63 35850 $2492230 (28) 3802710 (35) 14 5496 I t23610(6) 3451780(8)
Idaho 7 0 0 0 0 0 0 0 0
Iowa 12 6 2500 0 449510(6) 0 0 0 0
Kansas f4 5 2320 0 418040 (5) 0 0 0 0

' Minnesota If 19 9384 350220 (4) 1361990(15) 1 692 0 728820 (I)
Missouri' 15 • I l 5914 563990 (6) 525920 (5) 0 0 0 0
Montana II 7 3407 113710(2) 413540 (5) 0 0 0 0
ixJebra'ska 9 6 2896 0 516930 (6) 0 0 0 0
NeW Mexico 13 5 2922 0 561880 (5) 3 584 0 565600 (3)
North Dakota 6 5 1876 0 337130 (5) 0 .0 0 0
Oklahoma 16 16 73 [ I 0 1312550(16) 0 0 0 0
Oregon 8 3 1392 0 251720(3) 0 0 0 0

' .... " South Dakota 7 4 1983 254690 (3) 107880(I) 0 0 0 0
• Texas 53 ' 17 11830 363840 (4) 1424920(13) 2 910 0 1103730(2)

Utah 3 I 724 0 112380(I) 0 0 8 0
Washington 15 20 9544 0 1258600(20) 2 502 486420 (2)
Wyoming 12 5 2320 O 418040 (5) O 0 0 0

.' " Total 248 193 102173 $4138680 (47)$13273740(146) 22 8184 $1123610 6)$6336350(16)

• Include 12Public Health Facilities



TABLE N-I (Cont'd.)

Schools Hospitals*m.,

Canal"ruction No. of' No. of No. of No, of No, of
Rag|on _Alrports Sch_ls: Studonts Cost Hosp. Patients Cost

'...... A B _ _ u

All Reg|on 708 #057 707370 $28B34390 (308) _ (749) 89 30806 $4930290(15) $40281940(74)
Tota|

25% Mark-up** 720860022351860 1232570 100704901.Iiw, , ,.,

$36062990 $1H759285 $6162860 $50352430

Total Costs.(A÷B) $147,802,275 $56,515,290

Z ($147,800,000 ) ( $56,500,000 )

Grand Total Cmt (Schoolsand Hospitals) ,_4 ,$204,300,000

*,include 12Publl¢ Health Facilities
*_' 51cludoOverhead - 10%, Profit - 10%, and ConHngoncy-,5 %



APPENDIX O

MEETINGS

In the courseof meetings, thefollowing people offered opinionsand views.

o Mr. Beavers,Facilities Director of College ParkHigh School,
Atlanta, Georgia;

o Mr. Phillipst Directorof SchoolPlant Planning, Miami, Florida;

o Mr. RichardVia, Facilffies Department,RoanokeSchool System,
Roanoke,Virginia;

o Mr. Murphy, BuffaloSchoolSystem,Buffalo, NowYork;

o Mr. Hoaslip, ConstructionManagementAssociates,New Orleans_
Louisiana; ;

o Mr. Richard E. Mooney,Director of AviaHon, MassachusettsPort
Authority, Boston,Massachusetts;

_ o Peter M_tz, MassachusettsExecutiveOffice of Transportationand
I Construction, Boston,Massachusetts;

o Jim Prendergost,Mayor'sOffice, City of Revere, Massachusetts

e David Charakr Mayor'sOffice, City of Chelsea, Massachusetts;

o ThomasRellly, Selectman,Winthrop, Massachusetts;

o BurrLoc/o,vood, AssistantAirport Manager, LosAngelesInternatlono$ m
Airport, LosAngeles,California;

J

o Dr. John W. Meyer, Superintendentof Schools,El SegundoUnified
School District, Callfornla;

o Mrs. V. Bergen, Principalof Imperial ElementarySchool, LosAngeles
Call fornla.

O-I



APPENDIX p

RATISTICALA NALYSIS

Thisseationdescribesthe statlstlaalapproachesusedto analyze the
collecteddata.

A variety of mathematicalanalyseswarnperformedIncluding:

1. Averaging

2. Analysisof Variance

Averaging

Simpleaverageswere nat alwaysused. Many averagecalculationswere
performedon the basisof Frequency. Forexample, In detarmt'ningthe average
w;ndowsize and number,and the averageroomdze and number, the frequency
averagewas usedIn order to develop mornrepresentativeaverages.

The Follow;ngshowsan exampleof the d;ffereneebetweenthe frequency
averageand the simpleaverage. Since the actual numbersof windowsdirectly
relate to cost, the simpleaveragewould lead to erroneouscost estimates.

,v

FREQUENCY AVERAGE SIMPLEAVERAGE

'_ BulldlngA BuildingA

S00Roomsx 3 Windowsper Roam 10=:luarefeel"

x 10squarefeet : 15,000

BuildingB Building B

100Roomsx 3 windowsx 40 ft2 = 40 squareFeet

12,000

15,000 + 12,000 10 + 40
1800windows 2

Average= 15 if2 Average= 25 if2

P-I



Analysesof Va rianoe

l AnalysesoFvarianceware performedto ascertainthe significanceof
differencesin meansandtotals. For example, an analysisOfvariance was
performedon the regionalcostcorrectionfactorsIn orderto determinewhether
ornot the costcorrectlon factorswere In fa_" different. The regionalFactors
warnbasedon averagedata developedfor cltles. Averaging data In this mann,.:
gomotimesproducesmeaninglessaverages. IF the averagesare not suft'lolently
different Fromoneanother, the value of the correctionfacto= hasbeen averaged

away.. This analysisls performedto Insurethat this hasnot happened. The
followingshowsthe computationalformulasusedIn the analyd=.

ANALYSIS of'VARIANCE

SSa = _ [ (_" A2)/q - G2/pq ]

SSa = n"h [ (_ _2)/p . G2/pql

SSab= n"'_ [ (Z AT. (,_ A2/q). (T-B21p) + (G2/pq)]

SSw.cell = _ZSSI i

_h Pq
T_(Vnli )

P~2



APPENDIX Q

LISTOFAIRPORTSFOR DATASHEET- BY FAA REGION

FAA Raglan Alrpart Name Location

I ANE LoganInternational Boston,Massachusetts(L)*
BradleyInternational Hartford, Connecticut (M)**
Portland International Portland,Maine
Hartford Bralnard HartFord,Connecticut
BarnsoMunicipal Wcstfield, Massachusetts
DanburyMunicipal Danbury,Connecticut
FitchburgMunlalpa] Fitchburg, Massachusetts

#2 AEA J.F.Kannady Intarnaffonal New York, New York (L)
La Guard/a New York, New York (L)
Newark Nawark, New Jersey(L)
PhiladelphiaIntomotlonal Philadelphia,Pennsylvania(L)
Greater Pittsburgh Pitt=burgh,Pennsylvania(L)
WashingtonNational Alexandria, Virginia (L)
Dullos International Chantilly, Virginia (L)
Greater BuffaloIntomatlanal Buffalo, New York (M)
Rochester-MonroeCounty Rochester,New York (M)
Clarence E. Hancock Syrccur_,New York (M)
AlbanyCounty Albany, New York (M)

_. Baltlmom-WashlngtonInternational Baltimore,Maryland (M)
Norfolk Regional Norfolk, Virginia (M)
L. I. MaaArthur Isltp, New York
RichardE. Byrd Flying Field Richmond,Virginia
Morl'l=townMunicipal Mardstown, New Jersey
North Phlladelphla Philadelphia,Pennsylvania
RoanokeMunicipal Roanoke,Virginia
FrederickMunicipal Frederick, Maryland

+ ,

#3 ASO William B. HartsReldIntematlonal Atlanta, Georgia (L)
Miami International Miami, Florida (L)

Ft. Laudordale- Hollywood Ft. Laudardala,Florida (L)
TampaInternational Tampa, Florida (L)
Standlfcrd Louisville, Kentucky (M)
Greensboro-HighPoint-WInstoo Greensboro,North Carolina (M)

SalemRegional

*Largo HubAirport
**Medium HubAirport

Q-I



..... L

(Continued)

FAA Region Airport Name Location . :.

Ralelgh-Durham Ralelgh-Durham, North
. Carolina (M)

Doug/asMuntcipa/ Charlotte, North Carolina (M)
Nashville Metropolitan Nashville, Tennessee(M)
MemphisInternational Memphis,Tennessee(M)

i BirminghamMunicipal B_rmTngham,Alabama (M) "
Jacksonville International Jacksonville, Florida (M)
McCoyAFB Orlando, Florida (M) _ "
PalmBeachInternational West PalmBeach, Florida (M)

_. PuertoRico International SanJubn, PuertoRico (L)
St. Petersburg,Cleanvatar St. Petersburg, Florida
MoGhee Tyson Knoxville, Tennessee
FultonCounty Atlanta, Georgia
ape Locka Miami, Florida

. KayWest International . Key Wast, Florida
Capital City Frankfort, Kentucky

• Greater Cinn¢inafi Covington, Kentucky (M)
IrnesonAirport Jacksonville, Florida

//4 AGL • .Minneapolls-St.Paul International Minneapolis-St. Paul,
. Minnesota (L)

O'Harc International Chicago, IIIinals (L)
• Midway Chicago, Illinois (L)

Cleveland HopkinsInternational Cleveland, Ohlo (L)
: Detroit MetropolitanWayneCounty Detroit, Michigan (L)

General Mitehe/I Field Milwaukee, Wisconsin(M)
. IndianopollsMunicipal * "Indianapolis, indiana (M)

;lamesM. Cox DaytonMunicipal Dayton, Ohlo (M)
.... PortColumbusInternational Columbus,Ohio (M)
• . EvanSvilleDressRegional : ' Evansville, Indiana

Kent County Grand:Raplds,Michigan
Pontiac Municipal Pontiac, Michigan

:" BurkeLokefront' Cleveland, Ohio
Marion Municipal 'Marion, Ohio
•KokomoMunlolpal Kokomo, Indiana
LostNation Mentor, Ohio

#5 ASW Dallas-Fort Worth Regional_ Dallas-Ft. Worth, Texas(L)
';_ • New OrleansInternational New'Orlconst Louisiana(L)

HoustonInter-contlnental Houston,Texas(L)
Albuqu0_ue International AlbuqueJque,New Mexico (M)

' " Tulsa International " ' ' Tulsa,.:Oklahoma(M)
' Will RogersWorld OklahomaCity, Oklahoma(M)

El PasoInternational El paso, Texas(M)
SanAntonio International SanAntonio, Texas (M)
RyanField BatonRouge,Louisiana

Q-2



(Continued)
F_ Region Alrport Name Location

• LubbockRegional Lubbock,Texas
MeachamField Fort Worth, Texas
Lake[rant New Orleans, Louisiana
Lafayette Lafayette, Louisiana
CoxField Paris, Texas

• Shreveport Shreveport,Louisiana

#6 ACE KansasCity In[emotional KansasCity, Missouri(L)
Lambert.St. Lou_sMunicipal St. Louis, Missouri (L)
EppleyAirfield Omaha,Nebraska (M)
Wichita Municipal Wk:hita, Kansas
FairFaxMunicipal KansasCity, Missouri
SpringfieldMunicipal Springfield,Missouri
ColumbusMunicipal Columbus,Nebraska
IndependenceMunldpal Independence,Kansas
Desh4olnesMunicipal DesMolnes, Iowa

1 TrI.Clly Chore/vale, Kansas

#7 ARM StaplatonInternational Denver, Colorado(L)
Salt Lake City International Salt LakeCity, Utah (M)
Great Falls International Great Falls, Montana
Joe Fo_ Field SiouxFalls, SouthDakota
Peter=onField ColoradoSprings,Colorado
CedarClty Municipal Cedar City, Utah
Gregoly MunIc/pal Gregory, SouthD_kota

_8 AWE SanFranciscoInternational San Francisco,Co/IFomla(L)
LosAngeles Intematlanal LosAngeles,California (L)
MeCerrenInterne[lanai I.as Vegas, Nevada (L)
Metropolitan OaklandInternational Oakland, California (L)
SanDiego Inl_rnatlanal SanDiego, California (M)
RenoInternational Reno,Nevada (M)
PhoenixSky HarborInternational Phoenix,Arizona (M)
TucsonInternational Tucson,Arizona (M)
SacramentoMetropolitan Sacramento,California
SantaBarbara Santa Barbara,California
Van Nuys LosAngeles,CaliFarnIa
Buckeyeh4unlalpo/ Buckeye, Arizona
Rohnervllle Fortuna, California
Carson Car_onCity, Nevada
ImperialCounty Imporlal, Callfomla
HollywoodBurbankAirport Burbank, Califomla
Clover Field BeverlyHills, California
LukeAir Force Field Valencia, Arizona

Q-3



(Continued)

FAA Rei_ion Airl0ortName, Location

_/9ANW Seattle-TacomaInternational Seattle, Washington(L)
SpokaneInternational Spokane,Washington(M)
PortlandInternational Portland, Oregon (M)
MahlanSweetInternational Eugene,Oregon
BolsoAir Terminal Boise, Idaho
Hillsboro' Hillsboro, Oregon '
GrantCounty MosesLake, Washington

el0 APC HonoluluInternational Honolulu, Hawaii (L)
GeneralLymanField Hllo, Hcwal[ (L) .
Kahulul Kahulul, Hawaii (M) /
Lihua Llhue, Hawaii (M) '
Heela Koiluol Hawaii
HanaAirport Kailua, Hawaii
Maul Airport Maul, Hawaii "

II AAL AnchorageInternational Anchorage, Alaska(M)
FalrbanksInternational Fa|rbanks, Alaska :
NenanaAirfield Nenanal Alaska

uc
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