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L SUBJECT: IMPROVED SOUND BARRIERS
= HIPLOYING LEAD

To Members of the Lead Industries Association:

The attached engineerirg report has just been published by the Lzad
Industries Association and explains in detail how to calculate the effece
tiveness-of a partition or sound barrier. It is based on & study made
for our Expanded Research Program by cne of the country's leading
acoustical enginsering firms, Bolt Beranek and Kewman, as & result of
earlier recammendations made to us in the report of Skidmore, Ovings
& Merrill, architects and engineers, on expanding the use of lead in
building construction. It deals wvith office pertitions, macllinery
encloaures, and other sound-cortaining structures.

e

Armong other things, it demonstrates that 1f a vall or partition &s
to be built of one paterial, such as brick, wood, lead, ete., the
wall that can be built to peet e sound barrier requirement is lead. In
addition to showing the sound transmission characteristics of s number of
C cenventional wall constructicas and lead, the report includes calculation
methods applicadle to most simple partitioos.

We believe that the data included will enable design engineers,
architects and others concermed with the control of sound to determine
how the use of leed ray help them solve their protlews. -
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The report is being circulated immediately to some 15,000 architects,
building contractors, design engineers, and manufacturers of building
equipment and components.

Additional copies are availasble to merders in quantities up to 25 fyee
of charge and in larger quantities at our cost of 10 cents per copy.

3 Very truly yours,

-1 | @, zj?.s.:?_zh

Secretary
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fncluding an engineoring report by Bolt, Beranek and Newman,
acoustical consultants, on the sffectiveneass and applications
of this material In bulldings and mechanical equipment.
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the need for a better sound barrier
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How valuable is silence? Though
there are fow instances where we
<an get a fiem dollar-andcents answer
to this quesion, thers is no doubt
that the noisy plant oc office, hatel
room of home has a nuisunce value.
Often that “nuisance™  produces fa-
tigue ond irritation keading to crrors.
Peuple prefee 2 quict place to tive and
work. And, by and large, people do a
better job when they have 3 quict
plxc o work.

Vet what office can operale in to-
day’s busness wulld =~theat teres
wnters and telephones? What hames
are without “radis, TV and  ecvord
players? The plant that has no souries
of disturbing noise is rare indoed.

Houue we anat do without
the cquipment which causes noise, our
homes and oitices, schuols and fac-
torics mut. be devigned to minimize
its cffxt and an we wrround ourclhies
with more mahanical aids, the noise
eeduction problem hecomes moce im-
poctant.

Two e seduction  problems
are imohied. The fint is the preven-
tion ot minimizing of swnd reflection
-~the usc of drapes o xoustical tikes
arc cxomples. The socond, reductican of

tcble of contents page sound transmission, bas relicd on mas-
sive cominktion and “wlid” walls to

confine sources of oise,
improved sound barriers As 2 roalt of studics aude for the
employing leod 3 Tead Induwtrics Aswwiation by the
aoustial wtlting firm o Bolt,
‘what the data shew  § Beranck and Newaun wne surprising
faty abat redming sound tranumis-
hew {ead can be vsed vion hatve come mgliglw They have
as an acoustical matorial 6 found that t is quite fasible to build
walls and purtitions which ok *“mus-
engineering and design sve” to seund, yet xtually weigh fess
calculations 7 and eccupy bow space than conention-

s ally consteuncted walls.
typicel example 1 is hoped that the report on the
lead laminote example 11 following pages wall senve as an aid 1o
architedts doviga engineets in puo-
duing buding and mahanwal cquip-
ment woh better characterists for re-
duing wund transmissin and will
eourage them to insestigate fully the
uscfulness of kead in sohving problems
of this kind.

i o
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IMPROVED Sound Barriers Employing Lead

what blocks sound?

The list of new materials and as-
chitectua] products to block sound has
grown and is growmg fonger. It in-
cludes surfacing matenals, acoustical
tle and plustics, movable partitions
and door types. There are special
building techniques, too, for laminat-
ing muateewals, for paaels, doors, walls,
and ceilings.

It is important to discern btween
materials that stop seund transmission
and those which simply prevent sound
reficntion. A room finished in acoustic
tile, for cxample, scems less noisy be
cause sounds ofiginating in it are nod
eeflvted back to 1 ltener in the foom.
A ey conversation next door, how.
cver, can penctrate the tile. And noiscs
from the tiled room leak out to ad-
juining rooms.

To block this st of “leakage™
the parttion or swnd barricr must
hase two key propertics:

weight - The greatcr  the weight
(e squate fod) the greater the 1so-
Lition, or transmissen foss, given by
the partitien puatenal.

fimpness - - The scustical dreny
of any matetial a¢ 2 somnd isolatoe de-
pends nat only o s weight but oa
s “hending stiffacs T I 4 partition
15 ff enough it can ataally lose
much of the advantige ot gainy by be-
ing heavy. This huppens beause the
stffness of 2 partition incteases much
more tapudly than its weight as its
thichnow v increased.

A puneeal rube is:

WEIGHT BLOCKS SOUND

lead approaches the ideal

Lead is an obvious choice in the
search for a heasy, limp muterial for
consteuction of partitions.  Having 2
density two or three times that of
commun huilding mateeials (and 10
to 15 times that of wood) it is also a
“limp” muteeial in the  acoustical
sease. This combination of propertics,
approxching the ideal for acoustical

barriers, leads to the surprising con-
cusion that o twa equally eflectine
sound burrice partitions are built, one
of lead 1nd onc of any «ther common
construction, the lead barrier will al-
most invaniably be the lighter.

Table I compares thickness and
cost for lead alone versus common
partition materials.

TABLE |
Type of Weight
Padtition  Weight of Partition  Ratie Material Cost Thickness
equiv. leod equiv. leod equiv. leod
R/l N/wuh St S/utt inches  inches
Plyweod 22 [2H) LA ] [ 3] [ A0} 34 va
Sheet Stoed’ 30 18 175 s 0.57 114 R
Soiid Modter 18 178 49 033 | R} 1 ihaf]
Goderbleck 22 5$ 49 038! [X%) [ vn
Peoster on studs 12 18 16 043 24 “ 11 ]
Master on
dovble stwds 16 "e T4 038 1y 12 ] N
Brick 104 150 4 100 459 1) Wi
NOTES. 1) o1 employed i @ movable portition, for example.
2) estimated by dividing total erected (osts by twe Yo yot
materiol cosit.
tew weight + high rigidity = poot sewnd holatien
LIMPNESS BLOCKS SOUND
Nk weight + lew rigidity = geod 1ound holetion
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LIMP WEIGHT SAVES SPACE
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savings with
lighter partitions

The advantage of low weight to
the structurdd cagmecer is of more sig-
nifiiance than mught at fird be obvi-
wus. For example, while 2 cinder
blok partition weighs 22 1b 'sq. ft,
s34 b sq. ft. of lead will accom-
lish the sume acoustical isolation task.

us. theee is a saving of 1615 1b for
cvery i ft. of partition erected of
165 1b for every hncar fout if the
caling height in the room s 10 ft.
This added weight will be reficcted in
inctcased flooe shab thickness required
for support of the pantitions :;3 also
in supporting beams, columns and so
oa all the wiy down to the footings.

Ancther area for gencral consid-
ctsticnr 12 which weight may bhe more
important than any othet factor is
where, for one reason of another, an
accustical hastice has to be moved
penwdially. Sound isolating doors or
folding partiticns arc examples.

savings with
thinner partitions

A review of the Tubfe shows that
whet anaterials take up to thirty times
as much thickness as lead to accom
plish equal specch privacy The xtual
saving represented by decreased parts
tion thickness must be bused on the
increaved useful area within 2 baild
g By eeplacing 2 brick wall wah
1y n dead sheets (allowing 1 2 in.
thickness Tur a strwtural framing sys-
tem fot the lead) a 6 in. strip of use
tul Aooe space can be saved. Based on
an average budding cont today of ap
proximately $13 per sy ft, this 6 1
sap feprosents 3 savings of approxe

matcly $7.50 per lincar fixd of pani-
tion
. &

CUTABLE

looking at lecd
as a Liitding material
Using lead for sound l\.\rrm-

titionts muy, at fiest, scem unon

Of course radio and telervision studos,
a5 well as uther faalities where crtial
sound conditions prevail, have long
used lead as an integral pact of walls,
doors, and partitions.  Aside from
novelty, is there anything to recom-
mend or condemn ead s 2 sound
barricr in buildings?

Let's look at cost. The most ex-
ensive lead pactition considered in
mlc 1 cost $4.50 per square foat, of
$45 pet running foot in a room with
a ten four caling. Of this, about $7.%0
worth of usable space is returned per
foot and an unknown saving is made
hevause a Lichter banlding structure <
required. Bt would appear, though,
that Jead cannot economically repluce
intetior  two-coune brick  walls  a
sbout $10 per running foat for in-
terior partitions unless building space

© or weight is at a high premium

Consideting  cinderblock,  sheet
steel, of even conventional stud-and-
faster walls, on the same baus, it can

scen that the costs of 2 kead pert-
ton wall are competitive. Indeed, tead
has ?Uilt an advantage over comven:
tivaal metal partitions.

Aside from considerations  of
cost, fead has many asscts 1s a building
material.  {t is tackable- wt wn be
nuled, stapled, or, i light weighes,
cven cemecnted in place. 1t is pantable

lead sheet s supplied s ready for
painting without any fuither surfae
erpuuim. and it forms 2 Jurble

wd with all nventional  paints
Lead is fircproof. 1t s mulieable
fold it or bend it over any ecgular
surface. $t can even be “dressed T wver
womplex sutfaces. Finally, lead is casly
wt and worked. A uw, han, o
oven a knife can be uwd i htung

lead.

o
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fead partinon s ploted aganst the
frequany, (Figure 1) 1t wan be sen
that the loss increases with frequency
up to the point where the transmission
low reaches about 4% 1o 60 deubels.
Somenhat above ths frecucny & dip
in the tranymsien fias curve acours.
At higher frequendics, the Joss in.
o mrge rapdly. At kewer fre
quencies the tramsmineea los s st
by the weight of the lead. The dip
wt byothe stiffness of the kead. (
fow stiffness the partita has the
h!gll’t the fm{um‘)' of the J!p. thus
the higher the averall (ransmission
foss ) '

Ia Figure 2, teld meaweements
(e 3 painted cnderblak wall are (-
pared with the aalculated effect of a
partien of laad 00 in thilk

As 2 hnal companwaa, Vigure 3 *
shewy the TL's o «veral commaon

DESIGN CHART FOR SOLID SINGLE PARTITIONS
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the uniquely high density tostifiness
o of lead, ospeaatly whea com-
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How lead can be used as an acoustical barrier

fead “wallpaper”

Many existing problems of noise
transmission could be remedied of the
werght of the wall could be signii-
cantly increased without increasing its
stifness significantly. Since the weight
of many typical partitions could be
doubled by the addition of a layer of
fcad as thin as  in. oa cach side, fow
maodifications have to be made in the
comtruction to significantly incresse
the acoustical  isclation  provided.
Leaded cloth similar to leaded vinyls
already in production might also be
used in 2 wallpaper-hike fashion.

door linings

There may he considerable appls-
aation in impeoviag the acoustic iscla-
ticn propetics of dooes.  Approve-
mately {4 0. thick lead sheety with
a decorative wood veneer laminated o
onc face of the shoet and 1 prossure
seasitive adhosne laminated to the op-
prsite face aan eauly be addad o one
of both faes of doors whete high
acnstic nolatin throagh the dooes 18
required - such as in breadaast studios,
muse «hools, and dactony’  ithes
Thus, for example, when a dontor
tokes over an old building with typical
lichtweight jancl doues, these doors
can be crnverted into doors of higher
acoustic ssolation and moedorn Aush
wod appearince by sunply cement-
ing lead sheet and tnmming the edges.

machinery snclosures

Lead bminated to fairly thia
sheets of materials such as alumisum
n be formed into mahinery endlo-
sures for nosy prues of eyur .
Such 2 construction has the advantage
of highet transmissien bay and coa-
sdetable Jamping whide the externw
material provides & haed, dean, work
ing surface.

A leaded fabeic and sure-sen -
sttive adhesune o umply thin tead foud
with pressure sensitine adhesive has
conviderable application toth in the
fabrication of new machinery elo-
wres and inomproving the acoustual
peopertics of exnting enclosures. Foe
cxample, in the manufatuie of sinall
window goom aie onditionery after
the individual clements f the case
have haun formed and attached to one
anthee, the use of such 2 lead tape
scnvey three furtions: Fudt, 6 ne
creases the weight of the cialosure and
thus improves its transmission oss.

Saond, 1t pm\ldcs s vibration
damping for the endlosure. And finally,
bevause it will lap (ver jonts in the
enclosuge, it seals it airtight.

A similar application could be en
visioned immeduately in the ficld of
olcooled teansformers for cleatrwal
substatuns within buildings.

Additiond! applications for such
a pressurc-sensitive lead tape might be
found in the Seld of plasic phono
wraph and radio enddosures as well as
in comnmerad metal Joudspeaker en-
dasures for invallation in the ceilings
af buildings.

spuciat igh transmission
loss lead structures

As the title suggests, this n 2
very gencral type of proposal. As an
example of a structure of this type onc
muight consider 2 3:-layer lamiaation
as fvilows: vinyl tlm, 1,* lead sheet,
37 of relatvely Jow densty Fiberglass
or othet rosilient board, 1,7 lead and
2 final coat of vimyl.
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Thtutﬂkl")‘. wwch 2 construction
waid have the tuasmiwion b
shown If the very high trununiaen
lonses, particularly at fow frequencies.,
indiated by theory were rcalized
practice, such 2 pacel would have con-
saderable application,  particularly n
speuial arcas such as jet engine test
b, dymamometer cells, speuial au-
dnxtne faalities and other tpes of
rescanh labw,

fead backed acoustic tile

Onc of the major problems now
facing the manufacturers of standard
acsustieal tile s that the low weabe
and potonity of nunt ¢Hative surad
abr ng materials permts the trans.
mision of sound. Modern bailding
techniques and econamics require that
most partitions be ereted up againg
the buttom surfae of the acwaw tike
i snh 24 mannce that they do ma

extend from the dooustie tife cethag
up to the structural shib above. As
4 resuft, more and more dithculty s
expericneed with sound transmission
through the acoustic tile over the top
of the pattiion and down into the
next SPMC.

Screral of  the  munufacturers
have begun adding layers of opaque
paint of paper of even sheet metal to
the back surfaces of acoustic tide
Others have modified the ingeedients
from whih the vles ate made to
render the hack surface more airtight,
providing higher tranmission loss.

The application of very thin lead
forl 10 the BlA 0 mawdad o020
tle will prone aoustically  effective
and shoeld pernit the tile manufac.
tusee to sell all of his vacious Jevora-
tine patterned tiles with or without the
requited  transmisson loss  wathout
modifying his pradntion run o2
scfious way

a specific panel material

By arcfully sclating the muxi-
mum stitfness «ompatible with the re
quirement for tanwmision b,
Laminated Tead partitien can he acous-
tually tadured to solve many spaaific
problems. S«h a2 partition, which
micht have connderable application in
the beld of mavable office parttioas
wiuld be consnuted of 8 1" thick
lead shext honded between two 1™
liyers of phwad and would have
the following advantages:

1 Tranuussion loss talored to solve
specch privay  problems between
.5-:—; hf\ting lhtpb&l‘.:ﬂ&lﬂd noise
levels tipal for quict, air wnds-
toned oftkes.

b Sathacnt structueal rigidity to he
supportted in tull height pancls be
tween wmall metal posts 3% or 4% on
«enter.

¢ Attrane  appestance  whether
finished in natural wood, paint oc
«thee coatsngs.

4. Field cutability without  special
equipment,

e. God welue to tcive thumb-
taks, srewns, small nads and which
may be readily rcfiashed, using
sandard cquipment

f. Datreme  thinncss compared  to
comentinal (ondnktion resulting
n Jow shipping amts, casy storage
and cventusl \pace wving i the

crated pusitien,
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Engineering and design calculations

Figures 4, 3, and ¢ arc vale
able compatisons of the cffoct of sheet
Tead with three conventional will con-
dructions. In designing pattitions ‘o
reduce sound transmission, however,
the starting point will he the sound
reduction required and not the ma-
teral of comtruction. In other words
we will sec how much of cach type of
partition material is noeded to xric\c
a sstsfxtory sound roduction. As the
firt step in doing this, we must know
what suund levels are permisetic. big.
T has been establishel by studies of
tests in typical ottces and thus senes
as 2 rulle to what transmission loss is
needed for quict envireaments. It can
be wen that very quict «ffices require
a very high transmission ks pattitien

How cn the traawmission loss of
a umple partition be found? Ttis pove
rncd by the famuliar facters of wodhe
and stitfncss. In the case of any pasts-
ton material sheee 3 sumple structure
18 used (o g osteel, lead, o0 plywandd--
but not plaster on wand o wire lath
with ~lu~f\). the transmissvion kns will
nercase from low o high frequences
it a rate of shout 6 doubels per -
tave. In other wotds, when the fre-
guenny of the sund diables, the in
tensity will be roughly half as great
for sund passing through the panct

This 6 db (e increase i
transmissien hny 1 solely 2 function
of the sutfacc werght of the partitioa
At some frequency, st widl drop off 1o-
ta the “platcau ™ Aad the frequena) at
whith the plitcau stirts 1y 2 functa
ot the sutfncss of the materal. Abene
the plateau, the rise in tranwmission
lons with frequeniy will increase to
abeut 10 db ctase. This ireased
tate of nie with frequency lasts, wa
ally, valy unnl the curve cunes within
about 8 b of 2 propstea of the b
fregueny  portion. From th pont

on, it remains pacallel o and st §

db bclow the progction of the kew
frequency cune.

Refer again to Fig. 3 (page 3y
All of the curves showa are hased on
4 surfxe weight of 1 pound per
T;n fout of surfacc The pont at
which cach plateau beging iy tclated w
the stifucsy of the material in this
seght. Fie plywood, quite steff i this
weight relitine to the other matenaly,
hows & plitcau beginning at 19 Wb,
Aluminum, ncarly three imes 2y thedk
2 sl in the ume waght, » much
stitfer amd thus starts oty plateau at 29
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Gypsum lath plus 1/2 inch of sand plaster __ 1./8 inch of
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db. while veed dants st w0 Limpest
of Al kad shows 3 plataau stasting
o db The widih o cuh placsu
alve 3 Jharsrenvw of the gnen mae
tenal

Thus o <1n he sen that there s

muh the unes have in poseral:

% P L -
Tk AL SANE FINTIE TR WY A T AT OO

o thay have the ume 6 db tane
Mope helow the plateau

e hay have it sanx onensl dupe
e the plateay ronen, bat ditfer
i peent v scerding te
the aitfness ot the matenal and

i placau width

s they hive the unx goncral
shupe abvac the plaau, sunt °
mg with 4 10 db «dtave rac
which dattens anto 4 6 db
atne fise av the une ap
proedches within 3 dh of the
progutea of the low frouency
dope

Apparcnily, then, the whale cune
for any maternal can bhe Jdefined of
valy we know the focatnon and width
of the plazcau And to halp lnate the
Ehruu we know that cach matenad

a8 3 chatadtenistic transmusaion ks

in b, dopending oa ity witfness, a0
whih the plitcau staets, All of the
information 1s generalized i Fig 8

The «aly problem rinuining o
to find the frequenky at whah the
plitcsu varie - to jut i ancher
way- to tind the height or inrenept of
the b froquency poten oo the (une
M wwne hovan froac. o 1L Ja the,
oy o the formula:

Neow = Wiy W+ 1Y (=)
where — Tl is the fronymisiian less in &b of
W0
W i e xtvol sefoce weight of
he portition per squcte foet
{19 n o mumericol constont) 9

TYPICAL EXAMPLE

Finding the transmission loss of 3% in. fir plywood

1y trom the Aird Gdunn 4 the
tuble 0 by ®onad 2 dematy of )
Th wy ft fue Uinch thel fe plymand
Then,

ne 3
=1 "
Wi X ia. ® s [y 50/
{octvel porthen weight)
2) Fad the tranvminsea bine of
this panel at k0 (py - This o purely 2
lur\-fun of wurfac wught astding
to the formula

N » NigW + 114
therelore,
- 0iegl12s ¢ 19
- 20(00512) + 19
Mg = 1024 ¢+ 10 N6

$) Pit the paint: 400 ¢ydes per
wvend and 26 dh trnsmiaeea ke

.41 Threugh the poat bighely
draw the hine sepreenting 4 o db jee
A1AC B i tansissen kas (An
tave i an exmt Joubling o the fre
querky, Moice at S (v the s
wouhd he 26 db, at 1600 (o it weald
he 42 b, ot )

4) Rt to the savond aduma
of the bl tn P X to hod “that the
teanwmnston has haght foe the onst
o the plitcaa for e plimoced o 19
dbh o Mark e ot (appresanatcdy
ar (s, 19 db) v the ow frogucny
vunve yew have drawn

) Fram olunn thae of the
table, tahe 2 platcay width toe he fdy

R T

wond o 2T otves. Muark thes off va
the 1v Jdb kel This nuy be deae
graphially gthree diviseas oqual vnc
wtive) The platcsa will cond st sbeaat
2200 (ps.

=) Abhnc the ond f the plateau
200 (pa 1'4b) the kas (une wilt
aart o rxe at 10 db atave and
this partiular e will hegn to dnp
off to 6 db atave wecwtere beyond
the f2npc of hearing (13000 to 20,
™0 ().

%) Qcteh 1a the plitcss (une
The manumam 23d minimum waill e
abewat 25 to 4 db abone and lbow the
mon plitcan kel of 19 db

By ceenparing the plat foe a 3
wm tr plywed pumitin, jut drasa
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(Fig. 9). to the permissible wund
level data of Fig. 7, you can wce that
such 2 panition will nat he satisfac.
tory. It will help to reduce the sounds
with frequendics above 2900 ¢ps-~
high frequency clicks and hisses—-but
permits too much sound to pass in the
notmal voice frequency range (200-
2000 (ps) and is relatively transparent
to hums, rings, bumps and whincs of
office of production machinery. Using
a thicker partition of plywoud would
tend to shift the whale curve to the

teft (into a lower frequency raage)

without raising it. It can be calcalated

that to shift the cunve far enuagh to

the Ieft to give satisfactory ransmis-

sion Joss to meet the “modetately

noisy officc”” standaed. the plywood
artition would have to be something
tke 3 to 4 indhes thick!

Quite obviousiy all these con-
struction materials except kad are in-
adequate for sound transmission loss
in problem situstions. Is it possible to
improve the siund  transmission ks
of a pantition by using a laminate of
sume desired partition material with
fead? Indeed ot is. In some cases the
lamination of lead will produce a dra-
muatic increase of transmission loss: in
wthers the increase is small or mar.
ginal.

TABLE H

Approximate thickress of single, simple partitions
to meet permissible transmission loss requirement

Material Thickness required in inches
Moderately Very
nolsy Quiet quiet
office office office
Fie plywood 3.67 667 1333
Sund plover .20 s 89
Glow RE] 470 93
Denss concete 14 485 122
Aluminum 13 57 13
Stect 048 20 20
Lecd 00 138 54

The stepped lina through the table indicotes the break
between thote partition moterials which are kmp enough
1o that their weight is efficiently uted (below the line) ond
those which are 3o stiff that port of the effectiveness of their
weight is lost (obove the line).

TYPICAL EXAMPLE

Finding the effect of laminating lead to plywood

As an example of the surt of in-
crease that can be expated, consider
the offect of cementing 84 in. of lead
te a ¥y in. plywood pancl. The two
familiar factors of surface weight and
stifiness will come into play 1n two
ways. First, the new suffae weight
will be highet than that of fir plywod
aloae, s the tranamission foss in the
lew frequendy pstion of the cune
will be higher. Sccand, the new com-

- benatton of surfae weight and wff.

=)

ww will produe a platcau heyght
wincwhere tetween thowe of plywond
and fead.

To find the new low fre-

1) % i plywood will have 4
surfae weche of 3 [h sy ft if 1 in.
thick, thus 1125 Ib.sq ft in 34 in.
thicknoss. The sheet lead laminated to
it will, from the listed denvity of 39
:3 sq ft petan, have 2 surfue weight

59 X 1/14 = 3NN
odding thete, we get — 1123
i)
40 Nk
2) The transmission kns at 100

. then, Gf the partition had 0o
\l':;ncn) sould he -

T = Miog 400 + 190

3) Plot the 400 (ps transmission
koss of 32.6 db

$) Duw the Jow frequemy
slope (6 db per octave)
Now 4t this point we maust
from the ngn‘fr cedure blf!:
the new platcau haght will be deter-
mined by the stifincs and weight
charadtenistns of the Luninate,

Sa) Tiest, from the “ata in Fig.
10, we can find the o, ¢ of the thange
in partition stilfrose. To use this data,
we have to ctermine the rati of
thikntaws btneen the plywind buwe
and the whik Liminated partition:

Ccdaaat

T

quency transmission loss fulliw -20(60)+ 100 plyweod bose thickness s 4
the provedurc in page 8. -4+ 10 wllia fotel thicknens m+R"y
—_——

T v o o v - e L s e o e o
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And we will also have to Jetermine
the ratio of modeli of cladicity for
the two materials of the laminate. The
mexduli are given in Fig 8-

modubvitertod  3X 1
modvivs tee pymead T X 10% e

With th=e two figures we can
entee Fig. 10. At 4.3 on the ratio ot
menfuli sale and €5 (jus below the
Tw parameter) the ordinate is - 3 db
This is a darease in the platcaw
height of the transmission lni cunve
duc to the stiffening offect of the lead

sb) Seond, using Fig. 11, we
wili find the conteibution .f\cigh( to
the shift in the patcau height. Here,
1 addition to the thickness fatio used
in sep 32, we will nced the density
rano for the nutcrials. From the table
in Fig. 8, we have--

swrfoce weight per lach por g

for leod | I »
surface weight por inch b}

for plywoed

Fotering Fig. 11 2t 2 denaty
et of 20 we tind, for 2 thuknes.
rato parameter of %3, a0 vorcase i

the plateau herght of the tranwnission
loss wutve of 16 db. This increase is
Jue to the surface weight increase
brought sbhout by limmnating the lead
to *he plywood.

<) The net effect of the famina-
tion oa the platcau heght 15 there:
fore -

decrease due to stitfening -l
increose dve 1o odded weight 144
Neticreoe 1380

Guing back o the table in Fig. 8
we find that the hase materil, fir ply-
wond, hud 2 plateau height of 194
Adding 13 db to thee gives us the new
platcau height of 32 db The fre
quenny at the beginning of the plateau
will be abuut 370 ¢ps.

6) The precess of aceurately de-
termining the acw plateau width is
complex and need et be carred out.
Actually, the cesult of laminating two
matenals wath diffening platcau widihs
will prodike 1 new pltcaw width
which is smew here intermediate be-
tween the two vngmal values. Sime
the cficat of smull chanpes in platcay
width s inugnificant 1 the whake

transmizsion loss cune, ot s gpond
pratie to tde the larger of the pla:
teau widths for the two stirting nu
tetials. The xtual priformunce of
‘s Liminate will alwavs be alighdy
better tha Jul.

Thus, we can take, from the table
in Fig. & the platcau width of 2.7
gnen for fie plywood. Mark the 32
db level 2.7 ;taves abuine the start of
the placay found at 370 (pv. The
platcau will end, then, at abeowt 2400
P

7) Abose the end «f the platcau
draw the 10 db atave nse which,
agan will begin to drp f 1o 2 6
db adave nie wonewhere above the
normal hearing tange.

H) Sketch in the platcau curve as
ore.

I we compare bueh this cune
(Fig. 12) and the cunc for unlami-
aated 3% in. plywond to the tranumis.
soa ls cntena cunes of g 7,
«wn he wen immediately that adding
the shext fead has made the plywod
paftition  aueptable  for modctately
nosy ofices and, indend, dhinet o the
wne for quet otives thin to the
formee.

Midedwuta




