-y

- LEAD INDUSTRIES ASSOCIATION, INC._

208 MADISON AVENVE
NEW YORK 17, &L V.

*BE SUBWAY SINPHOKY WILL NOT BS HEARD TONIOHT.....OR IVIR AT PHILRABMNOMIC
BALL* (Pig. 1). That was the bold claim made by a Lead Industries Assccisticm
smouncemant in the Kew York Times on the opening day of Philharmonic Hall in Bew
York's new Lincaln Center for the Performing Arts. I
claia that will not be refuted for years to come. In
review scms eperiences with railroad and "subway symphordes® thet possibly serve
a8 & beckground to this L.I.A. prooouncesant.

Somecne bas told us that gince 1915 the Eew York Centrul Railroed fSystem has
soggested that all nev buildings along Park Avermue porth of Grend Central Statiom
be installed on lead-asbestos pads for protecticn against vibration csused by truim

the

wder mumercus other bulldings in this country and abroed.

Tor several years our ocapary, and I'm sure many structurel and mechariocal
snginesring firms, have bean interested in actual data on the vibration reductica
provided by lesd-asbestos pads, but it wee not until Pebruary, 1559, that we were
givea the opportunity to measure an installation, torking for the architectural
fira of I.K. Pel and Associates, we measured the railroad-intuced vibrstion levels
in Montreal's Queen Elizabeth Hotel (mounted on lead-asbestos pads) and oampared
these with vibration levels in a non-isclated 3-floor SO ft. high eoncrete struo~
ture, the Dorchestar Street Bridge, in froot of the Queen Elisadbeth Hotel. As seen
in Figure 2, both of these structures are locsted directly over s large arrey of
depressed tracks of the Ceutral Station of the Cansdian National Rallways, and 4t
was possible to msasure vibration simitanecusly in side-by-side isclated and =
isoleted building columns (such as st Points "A" and "B" in Fig. 2) for train
passages renging as closs as 17 ft. and a8 far as 220 ft. from the colums, (In-
cidentally, each single dashed line shovn in Pigure 2 sctually represents two reils
in the track bed.) The tape recording you are about to bear is the mpliffed
signal from & vibration pick-p mounted on one of these columns during a train
passage on & nearty track (TAPZ RECORIDNG),

*Presented st the 35th ammual meeting of the Lead Industries
Association, Inc., Drake Hotel, Chicago, 1., April 29-day 1, 196)
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When a coluzmn or & besam or a oconcrete slad or a wall of s duilding vidbretes
in this wgy, it rediatee sound that can be heard; or if it vidbretes with sufficiest
intersity, it produces vibrstion that can be felt., It is important t¢ realiss that
we can keyr the radisted sound of & vibrating structure at lower inteasities of
vibretion than we can feel. It i3 also important to realise that for earth-borne
ard structure-borne vibration, the low frequency vidbretion is transsitted quite
well, but higher frequency vibretion is more easily abeordbed within the structure
and 15 not 80 wall tranmitted. Thus, reilroads and sudbsays typically produce
nmbling eounds when Lsard inside nearby buildings that are comnected by structural
peths to the rallroed or subway tracks,

Ve would like to {llustrete this point on the frecuency coctent of the vibretion
or the radiated sound by replaying the last tape recorcing, but listening only to
osrtain "filtered” parts of the total signal. <The original recording that we have
already heard coctained the full audio frequency renge of the signal—from & low
frequancy of about 20 cycles per second (cps) wp to a high frequency of about
10,000 cps. Tor the "filtered” signal, we will first hear only the 2-75 cps pore
tion, then the 75-150 cps porticn, thes the 150-300 cps, 300-600, 600-1200 and
1200-2,00 cps porticns. In most practical situations, the vidbraticn energy coo-
tained in the lowest 3 or 4 of these frequency baxis is usially of most concern;
the higher frequencies are sbesorbed or dissipated before they travel very large
distances. The sounds that we hear may be represented graphically by the vibration
lsvel traces shown in Pigure 3 (TAFE HECORDDKG).

Vidbration dats may also be plotted as showm in Pigure 4 to show the general
distribution of vibration levels as a function of the frequency bands that we have

given frequency band for s particular train passage. In this greph, the vibretion
was recorded from an unisclated pick—p point at Position "C" on Figure 2. That
point was selected becsuse we wanted to learn scaething sbout the vibratioa pro-
duced by trains passing over switch joints. The resuiting levels sre several de~
cibels higher than for conventional track sections without sdtches. In additiom,
because of the presence of curved track in this array, same "wheel squeals” were
also recorded ard are showm in Pigure 4.

Follondng this brief irtroduction to the basic characteristics of reilroad
vibrstion es it manmifests iteelf in buildings, let us return to the discussion of
lesd-asbestos pads, Figure 5 shows schematically a vertical section through the
Queen Elizabeth Hotel and the Dorchester Street Bridge. The isclated and unisolated
cclunns used for vibration messurenents are also shown. The actual detail of the
isolation joint of the hotel columns 4» much more complex than indicated in this
sketch, because all the underground portion of the column base must also be pro-
tected against earth-barne pick=p.

In Pigure § we plot the difference between the vibrution levels in the bridge
and in the hotel ooluxns for the low frequency bend 20-75 cpe. These levels were
recorded for columm positions just a few feet above track eslevation. Nots that
this plot includes a train passage for ssch point on the graph, and that trains
ware recorded for several different distanses from the pick—up locstions, The dife
ference values shown in Pigure 6 are an indicstion of the isolation effectivenees
of the lead-asbestos Joints, although these values prodbably also include scme ef=
fects of other differences, such as geometry and structure, betwean the two build-
ings. Somevhat similar plots were obtained for other frequency bands, but we will
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pot go into the detalls of those plots bere. An intereeting effect showns by the
dats of Figure § s that the isclation jci=t sseas to be more effective for the
larger horizontal distances than for the aacrter distances between ths train treck
and the column involved. This 1s a rether cxplex phencoencn and it may be re-
lated in scme vy to the relative amounts cf vertical vs horisontal vidbretion im
the earth at increasing dlstances from the treck and the relstive isclation cape~
tlity of ths lead-asbestos pads for vertical and horizcntal components of vidbretiom,

On & floor position one floor sbove the tracks (ot elevation 92 ft. in Pigure
$), the Pigure 7 data were obtained. This riot probably represents s more reslis-
tic picture of the effect of colwmn isolatinn because the msasurement positions
dnclude a more camposite collectiocn of seve—el possible horisontal and vertical
peths between the truin tracks and the meamiresent positions. Here it 1s seen that
in the frequency bands of 20 to 300 cps, tbe vibration levels in the isclated struo-
ture are abost 5 to 12 db lower than in

E
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tantatively assigned adout 8 db as the averugs value of low frequency isclstion
that wvas achieved by the 1 inch thick lead-esbestos pads used under the Queen
Elisabeth Hotal.
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section of Pigure 8. Two 3/8 inch
stiffenar sheet, are contained within a 1/2 inch thick lead Jacket, which is sealed
closed wtile the entire assambly is held woer a pressure of sbout 200 prd. The
area of the pad can be made to fit the cciu= base requiirenents, although for very
large bases, seversl pads may be laid side ry side to make up the total area. In
typical installations the surface loading oo the lead-asbestos pads falls in the
range of about 500 to 1000 pai. For a pressure of adout 1000 psi, the pad oom-
presses about 1/8 inch froa the orijinal mew<nal 1 inch thickness.

In the case of the Queen Elizabeth Botel, "millboard asbestos® was used. The
short fiber asbestos used in millboard reqiives the sddition of birnders to bold
fibers together into the mat form and this results in an asbestos material that
only 825 asbestos content by weight. The lomger fiber "roll fire felt" more
holds itself togeiher wdthout binders and taus is 995 asbestos cantent by weight.
Since the asbestos fibers are the principas resilient element in the pad, wo be-
lieve it i3 worth the suall extrs cost to use "roll fire felt asbestos®.

Before leaving the lontreal scene, we wcsh to mention that certain portions of
the Cruciform Building, now known as the E-mil Bank of Canada Building, and other smal-
lae buildings in the sace Place Ville Nivws Devsloroent® (all located over of
nearly over the array of tracks of Figure & detween the Tumnel Eirance and the
Dorchester Street Bridge) were installed oc Ssad-asbestos pads sxdi the reeults bave
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® & project of Webd and Knapp (Canada) Lta.

Architects: I. M. Pl axd Aseccistes

Associste Architects: Affleck, Desbarets, Dimakopouloe, lLebenscld,
Michaux! and Sise

Structural Engineers: Brett Oueiisite Hlauer Associates
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bost vary gratifying. (Por a short time & fev weeks ago, during the early morning
ocomuting period, I was in ocne of the new diuildings two floor levels directly above
the two tracks that came out of the tunnel entrance, and I was not able to hear or
foel any train passsges, although sdrittediy I was in & fairly noisy ocorridor for

these observations. The architects oorroborate these findings.)

Lot us now return to the "sudbwvay sympbony” at lLinccln Cecter's Fuilharmordse
Hall®. The naxt tape recording is the sound of & mulamy passage as heard inxide
the subvay twmal shown in the cut-ay section of Figure 9. The nearest track in
this twmel is about 56 ft. from the corner of Phiiharmonie Hall and about 150 ft,

from the nearest ingide sesting area of the Hall, There are four tracks in the
tumnel: two locals and two @presses. The local stop is Just off the bottam of
‘the » 80 cos local is slowing down and the other local is speeding wp during

&

¢ passage e Phtlharmonio Hall, while the expresses pess through at normal
+ 4 train passes by on each treck about every 4 or § minutes
(TAPE EXCORDDD).

One of the dexign requirenents set sarly in the history of the new Philharmonis
Hall wvas: "There must De no subvay noise inside the Eall!®™ This has served as &
geiding principle in the design of the structure of the building. The basice
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4sclation peds under all colizns of the building, (2) the irsertion cf & vibratiom

isclation joint in many of the exterior and interior walls and partiticns &t or

pear the basenet level, and (3) the use of a "resilient® linirg, consisting of
exterior

Excavation work at the site of Prilharmonic Hall was started in 1957, and by
October 1961 the basic concrete structure of the brilding was es
At that time 3 sbway vibrstion msasurensrl program was carried ocut at the building
to deterxine the effectivensss of the vibration isclation designs. At the time
these measurenants were nade, the exterior glass walls of the building, mazy of the
interior partitions of the buildirgs, and the doors of the main hall were pot in-
stalled. Thus, it vas not possible to achieve & sufficiextly low background noise
level inside the hall to even expect to hear subwvgy noise. However, with the use
of very sensitive vidbration messurement equijment, it was possible to detect subway
passages tlat would normally not be heard by ear, even in s very quiet envirorment.
Knoving the saouwrt of the structural vibration, it was possible to calculate ap-
praxisately the smount of noise that would be radisted by that vibrsting structure,
We were also adle to cacpare the noise and vibretion levels with levals that had
been previcusly measured in this sane location before Lincoln Center wes even
started, and othar carparisons oould be made with levels measured in Carmnegie Hall
which was known to be bothersd by subvay noiss,

#1 project of Lincoln Center for the Performing Arts, Ins.
Architects: Harrison and Abremovits
Structural Enginesre: Amann and Whitney

i
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A large mxber of measurememt positions were located within the dotted region
of the building, ranging in slevation frum the baseosnt (which is at sbout the
slevation of the sutvay tracks) up to an elevation ane floor above the orchestra
fiocor sesting ares. The orchestrs floor &is about 35 fi. above sudvay track sleva~
ticn., Hore than 150 subway passages were recorded; most of these were recorded
similtanecusly at two or threes different positions.

Pigure 10 serves as a sazpls to show the locations and the vibrstion levels in
the 75-150 cps frequancy band for 15 of the measurenent positions in the building
proper but outside the auditorium area. JNote that for most positions, two direction-
&l components of vibration are shown, The mumbers shown in the circles are the
median values obtained from seversl pessages. For these tests the vibrstion
levals are givea in decidels above 107 g accalerstion. We will not go into detall
on the interpretation of these levels at this time.

Figure 11 serves as a sample to show the locations and the vidbration levels in
the 75-150 cps frequency band for § measurenent positions inside or near the main
ball, Position 17 was in the stage ares, Fositicn 18 was at a poured concrete wmll
near the edge of the main hall (this wall is enclosed by ancther interior wall in
the campleted ball), and Position 19 was in the forwerd pert of the orchestrs flooe
seating area, representstive of those sests nesarest the sbway.

The messuwred subway vibreiion levels at Fosition 19 in the seating ares nearest
the subvay are plotted as & functicn of frequency in the lower ahaded ares of Figure
12. Thess levels are seen to be about 10 éb below the “ribrstion criterion® levels
that were sst for the hall, This nesns that subway passages carmot be heard ingide
the main hall even during the quietest background shien the orchestra sy be pre-
paring for recording sessions. Even though these messurenents were made nserly a
yoar before Phllharmonic Hall was opened, the data gave the assurance that the
vibrstion levels were satisfactorily low., Ve Dalieve no cne has heard a subway
passage inside the auditorium area since its cacpletion.

Also shovn on Pigure 12 4s a plot of sane earlier vibration levels odtained in
Carnegle Hall for nsarty Severth Avemus sutvay passages. These were definitely
audible inside the ball.

One other sigrificant comparison is shown in Figure 13. In 1958 an esteblish-
ment known as Harvey's Bar ocoupied the corner of the present site of Fhilharwmonis
Hall, near the subways. In FPigure 13 the upper shaded ares gives the vibrstion
levels measured st & wall and & floor positiocn in the basenent of Harvey's Bar about
53 ft. from the nearest subvay tracks. The lower shaded ares gives the runge of
vibration levels measured st four positions in the basenent of Philharmoric Hall
not more than sbout 6 to 10 ft. from the original measurements in Harvey's Bar. Om
the average, tde vibration levels in the basecant positions of Philharmonic Hall
range about 15 to 30 @ lower than those for the similar location in Harvey's Ber,
The distance to the subway trucks 1s essentially the same for both groups of read-
ings, #0 ws believe the large improvement can be attributed to the new construction.
We do not know how much of this difference right be due to the mors messive con-
struction of Philharmonic Hall, but we believe that the column isclation joints,
the well teclation joints, and the “rezilient™ linirg of ths sxterior wdarground
walls a1l share & large part in achieving the lower vidbration levels.
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This report gives only & very brief suamary of the data obtained in this
measurenent progrsa, but the results do indicate a significant reduction in sibway
noise and vidbration eampered to what would have been axpected for occuventionsl

oeonstructiog.

Proa these restlts we have tentatively assigned & valus of about 10 to XS & -
for the low frequency vibration recuction achisved with the use of lead-ssbestos
p.d-cnduu rezainder of the isclation design. Ve wishk to mention, however, that

the thickness of the pads used at Philharmonic Hall 4s 3 inch® for s growp of
ocluzns nearest the subway and tapers off in approximately 1/4 inch steps each 30
ft. further recoved from the submay. In addition, we eephasise that the entire
mmummmmcuwmmmauummzmwm
would bridge the isclation joints and short circuit the effectivensss of the pads,
In order to achieve the full capadility of lead-asbestos pads, or of any isclstiom
material, it is alvays necessary that carsful attention be given to tbese details,
both in the design ard in the axecution of the design.

In reviewing the Montreal and the Lincoln Center work, we have mentioned noise
reduction values of 8, 10 and 15 db, What do these values mean t0 us in actual
real-life situations? In the naxt tape recording we will listen to the structure~
borne vibration signal of a typical train passage, In the middle of the first treim
passage we will introduce a 3 ¢d signal reduction for a few secords 8o that we can
g%t a personal fealing for the magnitude of a 3 db change. He will then replay the
sans train passage and introduce a 10 dd reduction; and in the final
we will introduce a 20 ¢d signal reduction (TAPE RECORDING).

el o

;

We might mrmarise those signal changes as follows:

1. The 3 &b change was just noticeable but was not large encugh that we would
be impressed by the change. If we had @ serious ncise or vibrution pro-
blex, a 3 ddb reduction prodadly would mot be enough to solve the problem.

2. The 10 @b change was a significant reduction and would represect s notioce-
able izprovement in the intruding noise that might be heard in an office,
restaurant, hotel, hospital, apartment or retall shop. This improvement
is worth achieving. It could rake an intolerable situstionm tolsrsble or
8 tolerable situation acceptable. In & typical good installation of lesd-
asbestos pads, this axount of nolse reduction can be achieved. Ancther wmy
of judging the effectiveness of such an installation s illustrated by the
fact that railroad or subwvay noise heard, for exaxple, oo the second floor
of an isolated building would probably be heard all the vay wp to the fourth
or fifth flocr of an unisolated building.

3. The 20 & changs was a dramatic change and would usually de sufficient to
eliminate a most seriows noise or vibrution problen. We caution that &
conventional installation of lesd-asbestos pads alone probably will not
achieve this asount of improvement, although it might be possidble to sttain
this with very special vibration isclation designs involving lesed-esbestos
peads plus cther isclstion trestments.

Moth“MMod&amdelqum
one .
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One othar major caution that we wish to mention is that the information givem
here represents but two buildings of hundreds that have bean 80 isclated, We feal
that we must contirue to be canservative in cur claizs and csutious in our designs
involving lead-asbestos pads uttil we have more data on more actual fisld installa~
tions. Henoe, we urge a conservative use of the data that we have presented here.

In bringing this review to a closs we will hear next a tape recording that was
obtained in a very nice restaurant in Kew York City located directly adove a subway
1ine (TAPE RECORDLG). And now we will hear a subway passage as recordsd in our
own office at 101 Park Avenue in Kew York City, which I estimate to be about &
sbove the subsay treck (TAPE RECORDIMC).

£
Prom these recordings I believe we can realise that any major ity having refl~
roxds, subways, slevateds and wpressays and fesling the pinch of cromding bulld-
ings closer and closer together probably has need for protective measures against
the intrusion of ncise and vibration caused by our various transportion systems,
We have evidence that lsad-esdbestos pads can play an izportant role in this pro-
tlem ares.

Asinovdsdgent

The work of the acoustics consultant in the railroed and subway vibrstion as=
pects of the two major projects described in this paper conzisted of evaluating the
intensity of the noise and vibretion problen and setting certain basic guidelines
for the protection of the eritical parts of buildings against the intrusioa of the
noles and vibration. The real work of developing the designs and incorporeting
tham into the builiding siructures has been the job of the architects and the strue-
turel engineers. There are many individuals who share in that work, but I want to
especially recognize those with whom I worked for I imow they had difficult and im-
portant roles in the desigrns of the bulldirgs., For the Cruciform Buildirg in Moote
real, this includes Henry Cobb and Don Gorman of I.M. Pel and Associates, Join Brett
and Roger Nicolet of Brett Ousllette Elauer Associates and Fred Severud of Severud-
Elstad-Krueger Associates. For Pnilharmonic Hall, Dan Sella of Harrison and Abre~
movits and Tyge Hermansen of Ammarn ard \hitney were instrmental in working out
the actual isclation designs, ard Joe Tilney of Harrison and Abremovits and A.J.
Allio of Puller-Turnerialsh-Slattery gave the essential care and supervision at
the job site that produced the successfiul remilts,

LIST OF FIoURs

1. Taken from lead Industries Assoclation sdvertisement in special Linecoln
Center Section of Kew York Times, Septecber 23, 1962.

2. Approximate relstionship of Queen Elisabeth Hotel, Dorchester Sireet Bridge
and Cruciform Bullding to the depressed track yard of the QR Central Sta~
tion in MHontreal.

3. Typical recorder traces of vibration lewels in varicus frequency bands pro-
duced in @ building occluxn when a truin passes by at low speed on & nDeardy
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Typical range of vibretion levels msasured at unisclated Point ®C* of
Figure 2 for train passages over nearby switches and curved mils,

Schematic vertical section of bridge and hotal structures showdng relative
locations of ocolumns used in vibration messurements.

Measured difference 4in vibration levels between hotel and bridge colums
st 20-75 cps for various distances to trein trecks. Vibretioo in isclated
hotel columm is lowsr than in unisclated bridge colum,

Measured difference in vibration levels between hotel amd bridge structures
oce floor above tracks for typical truck activity below and to the side,
Vibration lsvels in hotel always lower than in Hridge strusture fur the
eane trein passage.

Section of typical 1 inch thick lesd-asbestos ped.

Appreximste location of Philharmonic Hall in relstion to subway trecks in
tunnel under Brosdway.

Section through Philharmonic Hall approximately along Building Line 12 (eee
Pig. 9), showing vibration measurement positions and general location of
isclation joints. mmbers are median subvay-inmtuced vibration
levals, in db re g accalerstion in 75-150 cpe frequency band, for hori-
sontal or vertical oaxpensats.

Moasurwent Positions 17, 18 and 19 inside and nearby Positions L4 and 16
Sust cutsids the main hall.

Cazparison of messured vibration levels st orchestra seating Position 19
with criterion levels and Carmegie Hall levels.

Coparison of messured vibration levels at spprovimatsly the seme locstiom
in 1958 and 1941,

10G_OF TAPE RECORDINGS
Vibration record of train passage (oversll),

Vibration record of truin passage.
Overall, 20-75, 75-150, 150-300, 300-600, 600-1200, 1200-24,00 cpe.

Sulray passage as heard in 65th Street Station at Phllharwonic Eall.

Train passage wvith 3 @, 10 @b, 20 &b sdgnel changes.
Subways as heard by structurel paths in Stouffer's reriaurant.
Subwvay as heard by structurel paths in BER-New York office, 80 ft. sbove

P
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