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Bubject: Lead Noise
Barriers Pepar

®nr  Meabers of the Lead Tninatries Associstion, inc.t

The enclosed paper is & preprint from the Jourmal ou the
American Industrial Fygiene Association. It was sented at the
paticoal meeting of AIHA in Pittsburg in May, 1966. It was

well received by that group and several dozen
for it bave resulted fram word-of-mouth knovlsdge of i{ts existence.

It will be miled to the 17,500 architects and duilding con-
of the L.I.A. list and announced in [ZAD and through

trads shows. Additiomal coplss are availadle to ammders without
chargs, W to 25 coples, or at & bulk rete of & cents each,
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Practical Designs for Noise Barriers Based on Lead

BRUCE FADER

Tochnical Services, Lood [ndurtriar Adsiacistion, lac.
292 Meduion Avenwe, New York, New York

@ Acowsical theory predicts that sheet lend and walt plastic materiak losded wich
Boty divided bead should be eacrilent sound barriern Scvea casg historics mre
ghen 19 <ow how thh “linp maw™ hat been applied in pracrical problema.

Introduction

NE OF THE mret common solutions

to industrial nowe problems is the en-
closure of the note source to reduce the
noise Jevel to bearable limite This situa.
Gon is casly recognized. The difficulties at-

e e v A g enaingy
o, Usually openings are required for feed
of material or parts to and from the noisy
operation. Almost always there must be pro-
sition for access or at least visual ingpection.
These a0d other requirements often indicate
that a complex sthape will be required of
the enclosure. And thn in turn, increases
the difficulty of achieving monolithic, eak-
{ree comtruction in practice.

In addition to thee practical difficulties,
which apply v the construction of even a
single nobe enclosure, there may well be a
question of optimiring perfortmance of the
noise barrier in terms of moise reduction
verws weight, thickness, or cost. This is par-
ticularly  important where poe reduction
requireients are unusually demanding, oc
where a large number of the enclosures will
be needed.

Sheet lead and lead-loaded flexible plastic
sheet recommend  themsehves in both pare
ticulary cited above. First, from a practical
point of view, consider sheet lead used as
a harricr in the plenwn above hung ceilings,
The kad sheet, approximately 1,/64-inch
thick in 2 nypical caw, s allowrd to hang
{trely between the roof stab above and the
hung ceiing below. Perdorations for pipe,
conduit, air ducts, ete., can be tightly waled

by the simple expediemt of hand-crimping
the surplus lead to the surface of the pipe
and taping it there with duct-sealing tape.
The kad surplus s created by folding »
single -inch tuck vertically to conncide with
the pipe. The significant (act about these
lmaeat " L - L3
ance is excellent and wwially in close agree-
ment with theorrtical prediciiont. This hap-
py rewlht s all too uncommon in noise coa-
trol work and may be atinbuied, in large
part, 1o the ease with which lal-free con-
sruction is attained on the job.

Second, acouuic theory and practical ex.
perience alike Whow lead {and Jead-loaded
plastic}) theet 10 be cxcellent batriens to
oo, This fact kas it foundation in the
intrinsic lack of stiffncss of the sheett The
socalled “limp mass”™ thus furnished blocks
noire transmisuon without any detnimental
coircidence dlects. Another theoretical pre-
diction borne out in practice s that, where
the lead i correctly used with other build.
ing matetials in a composite noisc barrier,
#t can suppress or help suppress the unfavor-
able cnincidence dip of the other materiala,

Typer of Conetruction

At one extreme the siniple hung sheet of
iead or keaded plastic mentioned above has
jwored rflective, Even at one pound per
squarr fane {peft this simple expedient pro-
ducey about 29 db av a nine-frequency avers
age tranvinaion Jow Other scheines of in-
ctrasing complexity have been used; there s
na print in goang into great detail concerning
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then, but Iypncal arrangeroants and perfonn.
anuTe nay wne as an index of suitability:

Trpi ol Nojaw flusrwce Daced on Lead
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Case 1—Fluid Noise and Pipe Line

An arrangement pioncered at the Public
Service Gas and Electrie Company of New
Jersey has now been cmplosed all over the
Notth American contnent. The noise source
was & set of pipes and vahes in 2 presure
reduction station.  Upstream of the valves
the gas is at a peemure of abdut 150 pei.
Prcuure on the downstream side varies with

PO Py ]
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Frtae L View of beaded vinpltvaered pipes
i the ga prevure reducten saton.

the type of swrvice, but 15 pa i typical.
To maintaic a st dowmtream prowure i
B v e CAMALKLY WS Vel imemndd s
demand, double Veport rreulating vahes are
used. With thas hich-presure drop and cor-
reypondingly hich flow, a wideapectrum notse
of 110 o 130 db s creawed.

The enclosure (Figure 1) was 8 2-inch
blanket of fine yamn glam fber (6 pounds
pet cubic for) overwrapped with a single
layer of reinforced beaded vinyd sheet. This
fabricbacked, flexible matenal weighs 087
I and i 0.055 inch thick.

Considerable care was cxercised in taping
all scarmy completely closed {Figure 2} with
a tape of the ume material

The result was 10 reduce the peak inten-
sity from 130 db ta (00 db. While higher
than desirable, this brings the noise icw a
range where conventional car protectons can
cope with i,
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fuias 2. Eapladed view shows how leaded
vingt and glam hber are applied.
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Fritng 3 “Belice™ snd “aftes” curves show
the additions] nose redix Gon schimed by addiog
slass bles and lradrd vinyt sheet 10 the et bosuse
Le an internal coentatan Turhene
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rovmt 4 Onerail view of the turtine wait
Smaller b wt bowes beft 8 ducting for tbe ar
wntahe yuemn,
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Frroar 5 The fleniblr beilnws (3} nban

woudre) w usd to cennect the inmale dwt 1o

the ait intade of the furbire [t peovides & res-

v nable tranemiwon b fof muee without intro.

ducing a crexd wewctursl Lt brtween turtune and
dw ling
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proldem at-ard a hodredin] vesset hhe HS Deai-

M Since the vewel mas Bt e out of the

water e “fy” ey pound county, and mwand

bacrees muse have top ooy

Cawi 2 and 3- Cas Turbine Nodsr

The gas tuthine u an incemsingly pop.

ular prime nwaer and, as is evident by Feg-
ure 3, it i a fairly nowy one. The “telore
teatrnent”™ cune in Figure 3 is the gas tur-
bine with an enclowre, but hefore the ad.
dition of leaded plastic.
" The belore and afwer data chnun in the
LUIVE aIC Lany of Wiy CArTed ot on 2
stationary ©as turbine unit measuring 5 by
16 foet (Figurr 4 and producing 750 Lilo-
watts of rlectrc power. A for the combus-
ton 1 taken in at a rate o 11,000 cfm
when the unit operates at rated Yoad and
the mtale duct 8 30 by 30 inches

To pronide vibration isolation betwoen the
unit and the intake ducung. a flexible bel-
lows of leaded plagtic wac ueed  The plauic
sherting weighed 087 pd (Figure $). The
wine material was uwd wn hne the nterioe
of the metal cabinct, and the intemal face
of the cahinet was clam Aber batting re-
tained by screen cloth.

Substantially the sane scheme was uswed
in & inonile gas turbane—-the power unit of
the Ivdroloi vessel HS Denison (Figure 6).
Becauw weight was at a great presnivm in
this {ouildawne wehicte, 3 il lighter Yeaded
plastic sheet was uwd  fu offict was en-
banced by supporting 1 on 2-foot conters.
fhe et wewhed only 043 pd and was
usd. as before, in comunction with glap
fiber abexptive naterial (Figure 7).

Case $--Sheet Metal Noww

The wide-spectrum voise produced by -
pact in expanes of shect metal iy quite a8
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Forar 7. Sevtin throuch the ound bar-

rier uwed in HS Denisvm. It 1 bascally um-

dar e that uied in the swtamany  turbene

(Figure €) encept that behter kaded vingd

Micﬂnflowd.ndu n pontswspended bt

mazunwa hompoen

common problem. In one caswe, an ecclowd
chute, or duct, was being uswd w convey
revacrad sellon hoane (enn L
of a plant 10 oo¢ of the lower floors for
paclaging. Although po actuz! sound mea-
surements were made, the noise levels—par.
ticularly the enenating high-frequency naises
—were well beyond the annovance level.
Short tanpers and worker ineffuiency were
directly traceable 1o the nowe of milbons of
coffre beans bouncing through the chute.

The wlution was quite sruple. A sleeve
of fimible deaded viml shect weighing 3 pof
was hung inude the vertical chute. The
demre wa made with sealed wams o that
poise could pot leak through . Because
coffee 1 a foodstufl, a sevond sheet metal
chute was wserted through the sleeve as
4 lincr. The peime intent was to remove
any possbiity of contact of the fond with
2 lead-bearing material.  Actually, howeser,
the inner liner probably made the arange-
ment mofe cffective because it forced the
leaded plastic and sheet imnetal into oo
contact, thut enbancing the damiping effect.

The rewlt was completely atnfactory. The
beans cauw only a quict murmur now, and
frayed nerves have Jong tnce healed in that
depar. ment.

Case S—Transformer Noise

The “hum™ of big power transformen is

Txios & One of the power trand.umens he.

tide and atter enaboaure encosure s 14 leet
h

an unusually tublioen notse and typifies notse
spectrums of Jow frequency, which sonyetiines
occur in industrial work. Low-frequency per-
formuance of most sound bartiers i notori-
outly poor: thus the achined improsement
ol 17 10 20 db achicved by Portland General
Electric Company is cspecially noteworthy.

ine tramiormers m quostion (Figure 8)
were rach rated 2t 41.7 Mva, stond sbout
14 feet hikh, and required an enclosure mea.
suring approxinately 5 by 10 In 14 feet.
This rnclosure was a built-up laminate of
10-gage steel, 4-poumd  (1/16-inch)  lead
with aa interfacing of glass fiber. Some noue
exapes the enclomure via the radiator mete
work  As an indication of the excellent de-
wiling of the deugn, this Jos was hd w0
only 5 db. Tou of the completed enclo-
sure without the radiators in place howed
a2 22db improvement orer the unendlosed
tramfonner. When the radiators were again
installed, the level roswe, cutting the poise
reduction to 17 dh,

This construction i claed as approxi-
mately a 40-db none barrier because of the
many openings of this sort that had to be
keft in the tandonmer enclosute a3 #t was
anembled. Had it been complete o sub.
santially complete, the reduction would cer-
tainly have been of the order of 40 db.

Car 6—A “Quict Room"™ in & Noiry Ears-
rtonmend

Frankdin Institute in Philadelphia is well
known for its excellent rontract rescarch
work. (ne project at the institute was

o s 2
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Foiae 9 Setuw thruugh the wall ewmgdiged
tn the bFranklhia Instiuie test nean. The angmal
doaywsll (gypeuen board (scrs and wond wwd fram.
ing) remied and the lrad and hnwh were addd

T LA D WAL
90~ Comr Y -+

Fraor 10 Qcousiwal prifurmance of the ong-
sl wall and the wall afier shevt tead had been

added cleprly dnms the mmprseneaet (Ooginal
wall prifiwmasce shen B ctmewd and jed-
shiv quite conmrnatine + The rune ha the baded
wall m 0ot crwrcwd lor “Manking™ of parase
uf meund stound the wall

dudy of noive nade by bearings.  Good
bearings are, of course rather quirt n opera.
ton, and the onhy space avadable for tost-
wig wat net’ Ut had i addien s nocmal
traffic and comeration, machiwey running
continuouddy under test, octasional light sheet
mrtal wewh, and the background rumble of
downumn Pliladetphia’s heasy street vafhe

Beginning with 4 rooey 13 feet 6 inches
ta 9 feet 6 inches by 10 foet high with
plasterbrard walls 0o wood studs, the inei.
tutr constructed the wall shown in section
in Figure 9. Nute that the onginal wall was
rtaincd and that no new framing o dis
nantling af exining structures was required.
(hber twasures indluded uswe of sound-ab-
wuptine facing on the walh and ceiling and
addivon of nawm 1o the celing by dump-
ing wnd oa it from sbose (there was no
for oner the joists) and careful sealing of
cracks and openings throughout.

. 0.8 &) f1
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MCTON 3 AN 20 o0 WAL

Foitar 11, Secciom thrmch the 70-db walt

Fotae 12 Actual performancr of the 70V
evand.

wall a4

The 1ol shomn (u Tggure 10, was w
increase the nowe rediction from  outude
the roown w mude from 32 10 45 db. While
this wall would ot sueet really critical re-
guircrents {{or a broadcax mudio, for rx.
amiple !, it was attained at a rrawnabde cost
in a short timw, Actually it was six werks
betwern the frst inquiry about the wwe of
tead {oe Dose rontrol and the succesdul use
of the completed room. No cutside contractor
wat required, the work being done by the
regular building and tnaintenance wtafl.

Caie T—-A 20-DB Wall in an Acoustical Test
Fanduy

Somectimes the nerd arises for 2 barrer
with & raung of 60+ db. As a practical
nutier, this often wieans that sune alterna-
tve wlution ta the problem should be sought,
unce it i pot vsaally powible 10 attain ra
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tiegs of this wwt in practice One of the
few plares where such petionnance realh
A regquired and really can be attained i n
st {acihties

The wall dexnbed here forms the prima-
oot diading wall betwern the wuree amad
the zrceiving revwns. As such it must be
sapable of divmanthng and reassinhly as
et pancly of varous sres are whatuted
for . Although it 11 hardiv a thin or haht-
wesght wall st i nnech thinnet and Lighiter
than the wdid concrete block that mabes up
the other walis of the test facihty  And of
ourw it n comenently handled in sections
= that teag janch of sveral so can be
sccomitrodated s a preoblen of conuderabis
magnnwde had am other coostruction  of
wieler acoustie rataig been chosen

The wall "Fieure 11, has faces of ' -anch
Bpd- sheet bad sparated by 815 inches
of yace The faces are sepatately framed
with wond  To chiunate strwctural bodg-
tme Al tha v famae s bnvn beeen eved
tn the concrete fioor, udewalls, and ceiling
o the tent facility, Thoe are seakd with
rachardening maste. Withan the wall, each
wad face v obacked with ¢ inches of hber
t.i A woden retaning batten around the
alre of cach panel sen o two prarpeses-
Cangn the lead face o the {rame and peo-
radey an oqenine into which caliing natenal
can Le drmen.

The perfornunce cune of tha wall hae
beeti checied i the facihty sl and, as
then in Figeate 12, 10 a rematkatde 70 dhb
It must be urddrtond that thie perfonmance

would ot be achiesed in any noise banier
where L wat ot jmuble 10 use extreme
care an bunting down and corecting unafl
fraks through cracks, etc. Nether tha wall
e any other should be cotiidered o prac.
tical solution 10 the tpe of hiedd jeoblem
whete accew 18 peuieed through the bare
ries, of where lealage or flanking paths or
moverinenl o mechanwal wear 13 Latde to
be 2 factor.

Conclnrions

Where none 1uw be blowled or contained
ba a barrier, there are three cardinal require-
tents 10 be met in order 1o get the best
perfomunce:

Fuat, the mare mawive the harrier i, the
higher the tranvnissn low it i capable of.

Second, the less sttines the harner jov
sy, the bettry the performance that may
be evpected of i

Third, 0 ahine pood wansnison low
R e R e A aets e Ramd~ CaiNT AN
feaks or strctural features that constitute
wound patha

Shiert lead and leaded plastc et have
bren shewn 1o poreess hivh taw relatne 10
there thuknew and vithornt “limpnes™ 10
produce excellent results in peacincal noise
harmets Although it cann bre  demneme
srated us 2 wparate offlect in the case b
10y eviewed bere, part of the effctivenca
detos feoun the case with which the materials
can te foemed to swal or miannnee leaks

Recenned June 26, 19%6
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