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LEAD INDUSTRIES ASSOCIATION, INC.

203 MADISON AVENUK
@ NEW YORK 17, N. Y,

s L on o

ik
T —y——y

N
3
E
3 Mareh 27, 1963
-
r SUBJECT: LEAD-ASEEITOS ARTI-
. YIEPATION PADS IN MONTREAL
To the Mezbers of the Lead Industries Association, Inc.: E
Attached {s & reprint of an articie vhich appeared in “The Engineer- ;7-
ing Joussal” of the Erglncering Institute of Canada in Noverber, 1962, 3
Yy & principal &n the firm of consulting engineers foxr the Place Ville ]
Marie Development in Fontreal. It describes field tests of ruilroad ;:
3 vidbratica encountered in the area, tests on existing buildings nearby 3
vith lead-asbestos exti-vidration pads, and the methods used to isolate v
the nev structures froo this vidration, vhich incluivs lead-asdestos 3
pads. i
3
@ In the conclusion it 1s stated that "The studies outliped 1na this -
paper offer & sound approach to the resoluticn of a caoplex prodler, 3
Thbe result indicated to the designers that a satisfactory solution vas 3
achieved vithin the scope of normal constricticn procedures. It is ‘;
] hoped that this paper cay be of use to others in this field.” 3
<9 b
-

Icceuse of the brosd interest in the sudlect and the fact that this
reprint contains about the only published engineering data on such vi-
bration problens and their solution, ve bave hal 15,000 copica printed
and vill distribute then to our cailing list of erchitects and structural
engineers. Adiitional copiecs are avatlable to wenmbers in quantities up
to 25 frec of charge end in larger quantities at our cost of $3.50 per
hundred as long as our supply lasts.,
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Very truly yours,

ey

' -
RLZ:eX Execut{ve Vice President
Enc. b
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THE ISOLATION OF THE BUILDINGS

IN THE

PLACE VILLE MARIE DEVELOPMENT

ROM RAILROAD-INDUCED

© VIBRATIONS

1. E. Brett, wr.1c,
Frome ipnd, Brett & O llette, Conmlting b nginerrs, Montred

Popeamied from THE ENGINELRING JOURNAL of the bnginerning Institute of Conads. fvervrmder 1900

Dastesbiaed by LEAD IS STRIES ASMM IATION, INCS 252 Madisen Ave . N Yeorkh 17, N0 Y,
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The results of the noise and vibration
suney given in this report have been
. taken largely from a report prepared

i i i

.A for 1. M. P’ei und Associates by Boly,
; Beranek and Newman, Ine, @
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THE ISOLATION OF THE BUILDINGS

IN THE

PLACE VILLE MARIE DEVELOPMENT
['FROM RAILROAD-INDUCED

VIBRATIONS

L E BRertt. mvace
Prows yoed, Bortt & One By e, Comstiong Enginerr, Nomtrod

HE PLACEVILLE MARE
Devebopmeont tprrments the oyl
musatnr of foan sears of othnt o the
working  dtaweg  ad  corntnatem
staps. M oan punt caule b e
anbed 1 terme of thae destgn ot
cvnnti tion phasint o the progat as
follms
FPhaw 1. The i1t cnmifomm-
stapes! Boval Bank Rabding. with st
Pura amd domer bveds cineeg 2
plan arca of appeoumateh 93000

sq It

Thaw I, The bt bk e
the renmindesr of the wte, cnening
an arca of wme 250000 v Bt
fether with the threstonny Carbuoart
Bukling and the peogtad 1 sorey
Masndrckl Bukling

The site ol thiy propeet ainssluy &
large porbon o dhe Canadan Nao
tonal Ratway Conneed Statua sl
roud yard in demutean Moutirad
The anter-relatmmshup of the propat
phases ad the pranapal adact
stractures 13 sdwmn o Py 1 The
prostige tiature of the peopet mad -
it imperathe that barthey vsderstand-
ng ol the vane and conted of ral
road-indica] e aid vibaten than
war lesetolore readily avadable be
abtained. 1t b hopesd that this werd
may be ol use to othena,

Nolwe and Vibeation
The disturbaine to the bauddg

xrupants ariung from the train moves
mevits mas tabe the boem of an aedaly
high vibtation e sewse, oe both. The
work “uilyatem” will indeate & straee
tare-bonne vibiatuar, which, # salfic
wnnth wtevse masy e "6edt” by an
The  titm “e” will
weluate & vibwatews “heard” rather
than “felt™ Siwe is ot cifficult (essen-
talls impaaubie) o male complete
ata uug}u-\ dunng the short time
o a Bam pasaigr, magnetn lape e
vdmgs were made of alt cvents and
the tvords were anah asl Liter for
votar and vibwatuon mtenuty ac a
Bwinm of the frequony  composis
Gows o the sygnal.

Ratliced Practice

The we of batap fead-asbotn
bt pads to miemize dintutbances
i ternnal bakbings hay fevn stand-
and practue wath Noeth Amerwean
tatlosad companies lor some tine. The
pad nomede o twn S thah Layens
of aslustin uparated I a 118 in,
et of galvanizeal steed and encand
i a waterhight envelope of % in. sheet
feal The asdustos component ay
vary fomn g owoft fuefelt to 2 hard
Bourd depending npoa the contem.
platedd applcation The pad b pre
compresadd mder & prevare of 200
patand bar 3 beatng capacty vary-
g Loy 600 o 1000 p oot abepending
on the form of the abatos. haolator

o apand

pads of this type were installed In
the foundations of the Queen Elira-
beth Hotel, thie asbestos being in the
form of & cemcut-asbestos board. The
data on the damping charateristics
ol the pads for devign purposes was
not foared in the Iiterature and was
approumated frum the meassrement
program outlined in the following
sectian.

The Mcaurement Program

An cvtemaive program was carried
ot at the ate by the scomtical con-
sultants n this projoct during Feb-
ruary, 1939, to obtain data on the
goneratin and  tranwmisdon of rail-
nud-indiced noise and vibration Into
the owteconlated  strictures. Tape
revonlings were made at  various
kxatiniy of the effects of more than
200 train mosements in order to
envire statintcal validity of the results
with rapeet to the many varable
i the prublem. The records were
Later analyzed to determine the nofse
or vileation lvel 0 ensch of the
frequency bands,

The generation of these disturb.
ances was fonid to be affected by the
folloming variables:

a) Tram speed. Some truin maove-
ments wete ot “platform-speed” and
some at “yard-speed”.

) Equipment, Asle-loeds of loco-
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waotives  generated  higher  energy
Jvels than those of the lighter cars.

) Wiith of raid-points. Noise arising
frun the priscie of the main-rail-
oty was found o be sufficontly
high to warrant the taking of correes
ihe meanres.

&) Switches and frogs Singde-point
firgs wete found to be the most
serwmes paise and vilvation generators
m this projet.

et Ballast, The soldly-frozen con-

ditewr of the 2§t thickiness of ok’

fuallast ;verlving bedorom b uidoubted-
I lad some dlat on the measures
menty,  although  no  quantitative
st wete made to determine the
luere of this factor.

The transmiswon of the disturb-
amcrs was st wath gapadt te
U besivemital wad seitnal distwines
from the tracks and the presoxe o
alnerce of slatir pads in the ad-
jacent atnactuies

The program  cointed  of  the
measureinent of the folbom ing offects:

a) Earth - bonne  rattroad - indhiced
aibestion.

W Structurebome salnud-induced
vibrenon in the olited Quen Fhrae
tuth Hotel amd the wnlated D
chaester Street Bexdge.

1 Hadiatex! porve 1 the huoted and
hexdge stnkturcs

Thaer  differoid  amangements o
measring ouipuent were wad, Ia
the fint 3ystem used to reaind vibeas
tons, the vutput of a Beudd and Kpier
el romcter aas connevted throach
a bundpas Blter to 3 vsamm-tube
soltmater to prnxle 2 dirext-reading
mstrument in the sub-gidn treguendy
funds of 2.4 pr, 48 (pa. K16 (ps,
1632 ¢ps and into the higher free
quency audia bunds. In the second
tipe, compriung two complete na-
teng, the cutput of cach accvleros
meter was rruoided on 4 mapute
tpe and ansdvied m the neeral
anchia frequency hands of 2073 (ps.
THI%0 opr. 150-200 (py and cun-
tnng up tu 10,000 (pr. The third
sivtern was wud foe radiated nooe
el measiremnaenty and comprivesd
4 mxtophine, sound kaed meter and
extave hund analyzer wleted tuaner
the audio bands frem 20 opr 1o
1¢ 000 ps.

Cansirtenst with the varity of cone
ditions ta be impoed by the Develop-
manl, vibration measirements Were
made at 20 Wfferent kxations ranging
vertically: from track dvel o clevas
tions of 110 ft. above and horizontally
e distances eaereding 200t As
a gevwral nde, both the hosizontal
and sertial components of vibraton
wete measwmal at all stations. Alo,
the two tape tevorder systems were
operated  simultanconly s that the
same event winkd e recordad on

Fig 1. Plan view of ste vhowiee keneral amangement of Development and the

railroad lrack layout.
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cach svstem, the only  differeanes
being the intentional differomes Ins
tueen the p.uhulhr plk up poants,
1a this way it way ponable to acour.
ately assas the vibatum beard detter.
enoes that comikd be attnbated to the
measircmnt posttion dfferenen An
important part of the program <.
comed the stindy of the cffectn eness
of the vibratem isolutor pads as nudd
under the wolumm of the Quen
Elizabwth Hotel. Many simultancous
recordings were made with one puk.
up on snisolated Hoted column anld
oue on an unisolater]l Brrlge column
Human Responce 1o Noive and Vidwation

1t will be appropriate at thiy pout
to bricfly divun a few acnntwal
terms.

The noise fn any envitonnent s
wially described by a graph of the
sound prevsare el sy a4 fusten
of the frequeany distnbation of the
poise. The family of mdise eritetion,
INCT, curves showein Fig 2 descrilae
noise comhitions judged to be acoepie
able by the average prtson for vari-
ous situations, Humun acceptame of
these values s based on our aceent-
ance of the talince of the snad
pressute Jovels of the several fre-
queney  componenty ol the naise.
Nuise bevoms a diturhing element
o such balances are st met, withi
teavonable bt or ol the alnolute

4

scurdd preassure Tevels are apprevubly
higher lun the ambent none laels
i1 the spacy (omsilered

1t has bevn foand poastde from
aconlxal studies to tolorlte Ve
what greater prossuers of b o
ety mnse than idxated m the
“NCT unes. The altanafe e
ritenson cunves of Fig 2 man thea he
wadl. The use of thewe  alternate
valies may be conadered in the
deaen stages bovanse of the pregron-
detanee o hm froquenay wnuads
raslioad-indicns] o, the practn sl
impoaabulity of ther cornplte 1o
menal from the noise spatim and
last, but net bew-t, their sntermitteney
for the mapw portson of the bormal
ulfwe day.

The poive and  vibyation  deaupgn
cntena for the Roval Kank Bakling
varicd with the intended XA Y.
The steady-state ambrnt sease Jeaeds
in the cvvutive offkey and cimfer.
enee toums wite to be i the o
of the NC-23 to NC.J0 (unex. The
noee Jevely in private ollcey were
to Tie in the NCR) o NCAT cunes,
The noae lnels i the large, open
officr areas ot iovolving busires
machines were t0 hie i the A435 to
NC-3%5 curves. For thove areas involv.
e buuness maclines, the lavels por-
mstted corresporaded o the NC-43 to
NC-33 conves.
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Fit. 3 summarizes the nsponse of
human beings 1o vibratson. To venly
the tomencal valies, tran passages
were found 1 be heand, Dat pot felt
m o oa hithfleoe hoted qoam. The
measnited sibration: bvels were e the
range between =835 and =70 db e
Ig i the 20 — 78 (py and 7513
ops bands. The numerical value wete
thus lound ta be applicable.

Meamurements

As pln'k-uly indicated, ertensive
meairements were made to valuate
e contnbution of cach of the several
factors 1o the woise and vibeation en-
vuonment to whwh the Devedopmant
winthl be exponed. The  abrateme
nolated hotel, the univolatad Dawdge
andd the active railioad vand penmittesd
the establishment of 1eferone comudi-
tions and the measuremant of data
oy to proceed from an eaiding
sto e o ove i the devign stagen
La bevels of b frogquency sousd
are more eanly beand than the oo
resporting sovnid-prachcing vibeas
trns are feh Foe this seasn, mea-

stements were made of the nob-
Tev oy tather than the vibration kaels

Efet of e cht above Trach Level
Radiatia] nonse kv els rewdting Tnwn
tram manaancnty st platform spesads
ot ronventional ttack, without
switches, were measred  m hoted
areas 8t different ohevatams, interest
beimg taken o the frvpeadies be
tween 20 and 00 opy The areas
were aomntually dismdar and the
mweasured nonse Jvels wete tonventeld
to egqunalnt kaoh m the ndmome
ronen Fach cguivalent notse kol was
then relate] to the highest NCA cune
that had at beast ane peunt i coinmon
with it The devtease of ralioad noee
lvels with hesght fax an polated
nkding war thus oltained and @
shomn fur this paopst e B 4.

FfAect of Sperd
o owae dound  moee diffealt o
iwlate the (et of apewsl. Appeus-

Cable diferetmas e the mveleratis

rates of the tramn, atlerent saach
sttingy anwd ditterenees wethe rolling
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Fig. 2. “NC” and "NCA® noise cnterfa cunes s per Bolt, Beranek & Newman
Figures | and 2 of theic Bnal repoet.

stck combined to mask this elfet.
1t was noted that the vibration levels
measired  pear platforms inceeased
mexberately with ypresd bidwen the
e the dovomotive and the lad car
p.n\nl the Pronition.
Trass trnelling at sand spoed were
prbed to be appeeviably wonice than
U traselliong at platforn speed
and Gains starting ae stopping were
tortieedd to be somevhat lesy nony than
thowe at platform speed.

Trach Joitts and Switches

The mensutement of ol leadds
ariung from track components gave
interestiog gesultn, The pasiage of a2
wheel over a track point appeared
to be somewhat noniker than & whed
nuning on onhnary track. The wedd-
ing of ek then can he of fmewart.
amce,

Of greater importance was the [act
that the passage of 2 whed ;vers the
gap of a nglepoint frog appeared
1o be at least three times as noiny e
that of a wheel over a sk jomt. It
was etimated that the untallation of
a movang ot frog wonld offet tie
mape porteas of thn increase.

measuretient

"Fhect of Divtonce

The natural damping of vibeation
with divtanee was fouud to e of eal
snifx ance with seapact to this pooy
at Ala dunng the woldmg  lay,
tram mnements temd to ocour gesnere
ally e vk oawpatatesd tracke thus
:ulmmg the nove presswie at aay
one poant m the bakding,

fenlator Pad Efcctivenew

From the sorntifu pont of view,
the determination of the ofureny of
the kead-astraton salator pads was
of the greatest intenst, e pube
lished dats om ther dampiog charaes
terintus was and avalable. Threr
unmedated  colnmns of  the  hexdge
strscture aned theoe adjscmt ivolated
wlimns of the hotd stntire pro-
anded 2 Ubdatory swtting foe the
fonvestigation.  Thow  columns are
situatend o the awinaty of Teak 7
neat the wetern wige of the sadroad
vard  The measuremants  confirmed
the ssrfulnes of this tvpe of pad in
general, although some of the reults
were wiexpoected.,

At Trck Lened

The fint setles of measurements
were made near ek Jevel to deter-
mine the harizontal (component .of
vibtation of cach of the siv (olumns
dur to train pasuages on tracks at
varying distances. 1t was found that
the resutts did it follow any simple
Law and they ment fusther discuasion.
The ubration kvels for the isolsted
colemn in the 2075 ¢ps band were
found to he shghtly lower at amall
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Fig 1 Rerponse of humans to vibrations e pee BBN Figwre S

distances and appreciably ke at
larger distunces than fie the unen-
Lated cdumn In the neat higher free
aueny band of T3 150 (ps. the vibeas
ter Lanch for the nolatal column
were shighth higher at small dotarwes
than tlune of the unisolated <ulumn
At the lager distarces, the rosults
were ewentually the sane av e the
first frespuerny burd Thas reudt indie
tater that the naural frequency of
the asnlator pul lies-in the freuency
hand of 73130 cps. The isclanr pcls
appearedd to be less ity the
hicher fnvuencrt For eumple. m
the 150300 «pa frequeny bandd, the
drtferemr in vibeaten Jaeh was agaim
syttt foe wall distanem sl ook
muokerate for & distance of 200 ft | n
the 001200 (pr fregueney bassd the
differemes o hacls was smail moer
the full range of distaner. This was
1t comudered ta be semous on this
propt, side ment. of the  energy
emanating from ralroad vibration 1
comvntrated in frequenoes bekow
30 (pr wid the encrgy comtanal in
the hugher  frequency vibrations ja
readily alnorbed (0 a normal boakling
strintuse,

At ligher Elevations

The vertieal components of vibea.
tion were neat measured at higher
elevativas of these siv ecolumas. The
vibration Jaeh woae found to I
aexlerately bwmer dn the 20:7% o
hand, conmsklerably Jower in the 150
300 ¢ps bund and shightly Jowers in
the 300-600 «p» hand, for the iw-
lated colume: than for the unisolatad
column. These values were recurded

at the lint floe kel abone the

tracks dureng the passage of 4 com.
mutet tramn va Trad 7 simdar, bat
shghtly kmer didferences were found
for the povage of & dusel swatcher
on Trak 11 at 2 Latera] distanr of
100 #

Thoe reults
olatoe pads alforded  some
tum of stnrture—transmitted
and wibratsm Fer parposes od e
nugn, the nolatin of a column was
assumed to atloed a redicteon of B
and  wibtatwn  The  measuremonts
showed  an polson effectineeas
ol the pad sungmg from 2 (b 1o
12 db, deperdiog upon distae,
frespucruy amd other factors Fow s
poss of deugn on ths prosst, an
average value of 3 dL was whateld
The reader 1 cantined aganst an
acveptarke of this value fir uw on
vthes propets without furthet ¢
udetation. Differemees in odumn
Inmp pad compunttion, stk tural

als and grometey wre a few of
the many factors which may give e
to variations in this numencal value,

Nolse Level Computations

The forecasting o the e Jved
to be cvpected from railroad actnaty
in any occupred space of the Do elop-
ment comsnted of the integration of
the ndividual dffats discusud stune
The integration convisted of 2 series
of cottextions to the avquivalent NCA
noise level given in Fig. 4 {or the
height of the partcular space alune
track Jevel  Certain potse  comitrnd
recommendations were ficdudad in
the calculations. The recommenda-
tlons were fonmulatal dusing the des
sign stages and are summansad as
follows:

that the
revfin -
e

sl aten]

&) Dsdator paade The sustallations of
isolator pads betwesn the oolumn
grillages amd the g od the Ladunes
was carres] ot for the mapnty of
the columns thaomigheast the propst
Studies of certamn ondumns st large
distances from tracks and suppruting
NOBY LAY 1arakad the
conmplete feanbulity of onuttug iws
atoe pads ut thew knutums aned this
was dome,

The asbestos cvmponent of  the
pads installed snder the Konal Bank
Budding took the fiem of crment.
asbestin bourd. This tnekding 8 o
sentially to one side of the higher-
speed tracks The ashaton cenponent
of those pads mare ditmtly mer the
higher-spred tracks toxd the b of
Drelelt astustos. Akbough the firee
fedt pech are padably sxoewhat
spetior sovndially to the amad.
asheston puds, they wrre dmugned
to fumtrm under (unpaswse ungt
oads o 600 psi v ovatrested
to the X pur werkhing wnt Jowds
of the Lutter The Joady ol the tower
columns, m rumt o 12000 Lips,
were e covendaralion o this chowe,
It shoukd abvo e mrntiocesd ot ths
tme that the citrime
tup surfaces o the Gmordte Sadingy,

arcas

aetinad and

the xnllages and the dusins to
chratins abene rathioad platform
lvel wern emssaal i two ceeache

thrdl waterproadod Livers ot b
The il was Liter anausd o dan
of protatr e caniete Foo thoae fot.
g duecthh bedow tracks) the upper
suiaes od the fating amd gnllage
were twlaterl wath bead-astbeat n pacde
in place o the ord

bt Dedde apong froge It will be
recallad that opanegap 0y ware
foend to b= the mont offerndc 2 oo
porent ol tackage o the yand It was
recumnunded  that three s b frogs
nearest the odiie areay be seplaed
by the mubh pacter dobic pring
frogy  1he doublespong foan ge-
duce the trad gap amd her the
notse as the whevls pats vver them,
Sinee thew frogy can swing i both
dirextions, the pevdiction i valid for
buth direvtums of traved.

¢) Trach Welding Comntrid with

Fig 4. Decay of rsilkoad noive beved
with height av per BBN Figuee 1.
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the measurementy, the welling of
straight by aind  krw-cun ature
cuned trc ks was cammad vut through-
vut the yard.

d) Propct Separatsm The strc-
tural frameword of the propct was
separatedd from adpsient stnutures to
avoul the mtrodimtem of secomndary
paths of noise o vibwatson tranames.
non, Reubent pomts were prosukd
actoas this separation in the way of
pedostries o wwhxular cressmgs.

$-CONMTL  FOOTING

S

Pod 1nstaliation

The relatnedy fleuble nature of an
bolator pad made cardul workman-
ship necaasary dunng the platng
pesxvddure of the upper conctrte sur-
{ace ol the foctings. This was acvomp-
lahed I the usual manner sath a
mazhined steed soreed sliding on ace
wurateh devebed and machined sup-
ports. Two cuats of Bad aphaltum
paint were plced on the concrete
to provent any posuble  chemical

action between 3t and the lend
sheath of the pad.

The magnituda of many tower
column loads gave rise to griflages
ol large Lnear dimensions. The Jower
gritlage beamns of the heavieat tower
columns, for cxample, covered an
arca o approvimately 9 ft. by 11 (L
Dwmenvuom of this onder resulted fn
the fabwxcation of the isolator ped jn
scgments fae all of the larger footings,
The jownts between the segments
were sealed with industnal tape 2 .
in wxith o praent the intentitial
grillage concrete fiom forming vibes-
tion paths through them. The detafls
ol a typid installation are shown
in Fig 3.

Conchuicns

Tl studies vutlnwd in this Py
olfct a sound apprach to the resolu-
tion of a cumn, peoblen. The tesuk
idicated to the dongnens that a satis-
fxtory slutuon was achioed withia
the acope of mwmal construction pro-
cedures. 1t is hoped that thin paper
may be of uw to athers in this ficld

Achnowled coments

The anthor wihes to express his
deep mdebiednes to Laymon N,
Millee of the firm of Boht, Beranck
and Newman Inc . acoustua! consult-
ants an this propt, for his pains-
taking work durmg thas study and to
LM Pei, anhiteats, for permission
to use the guotid data,
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