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LEAD INDUSTRIES ASSOCIATION, INc.

292 MADISON AVENUER

NEW YORK 17, N Y.

it i

March 30, 1962

SUB/ECT: LEAD ASEEITOS
ANCIVIBRATI

PO PP R

i To Members of the fesd Industries Associstiom, Ina:

Attached {e & preliminary report oo the evalustion of
lead asbestos antivibration pads resulting from resesrch

conducted through the Expanded Research Progrsa af L.I.A.

As explained {n the introduction, the data in tbis
report are in no sense to be considercd final and definitive,
since further research {s undervay to verify the dates and
t0 clear up scoe of the apparent anomalies, as well as to
support the data vith field tests oo actual fnstsllaticas.

we have therefore printed only a limited nuzber of this
prelininary report, vhich ve are sending to all pembers to
be used vith discretion should they have inquiries on this
subject,

We also plan to use {t carefully in dealing with engineers
vho are cootemplating the uge of these pads, pending the fipal
report, vbich ve hope will be availsble around the end of this

Land e

Year.
Very truly yours,
4/..A -
P 2P 7 ~
g:ﬂ Executive Vice Presildent
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] LEAD INDUSTRIES ASSOCIATION, inc.
i 292 Medisen Avonve
e New York 12, N Y,
L]
Preliminery Report

EVALUATIONX

OF LEAD-ASBESTOS

AXTI-VIBRATIONX PADS
; This prelimipary report, issued March 15,
i 1962, covers the initial research by the
3 Expanded Research Program of Lead Industries
3
3 Asgociation, Inc., and will be followed by
is supplesentary data {n the pear future.
:
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] EVALUATICN OF LEAD-ASBESTOS ANTI-VIBRATION PADS

3 Prelimi{nary Report e

INTRODUCTION

E 1cad, alone and in conbination with asbestos, has been used to reduce the
; transmissicn of vibration in structures since before World War I. Lesd and
‘ agbestct pads one inch thick underlie the foundations of the Waldorf-Astoria
; Hotel in Kev York, for example., Similar psds have been used to support

1 heavy machinery such as cooling tovers and printing presses. Lead has been
1 used as the bedding surface of anti-vibration pipe hangers. Because of
accumilated expericnce with this use of lead, many of its ant{vibration
properties are vell known; its extreme durability, practical methods of
manufacture for pads, best methods of installation, =tc.

Recent studies of lcad-asbestos pads vere undcriaken because of two current
engineering trends, First, the need for aaxismm utilization cf material in
today's cuepetitive engineering plcture and, sccond, the desire of users and
manufacturers of cuch pads to achicve standardizatica.

D=spite intensive study, partly covercd by this prelizinary report, the
maxi=ues lizits of operation for lead-asbestos pals are not wvell knowm, In
terms of static loading, fcor example, typicel practice of the 1920's called
for 200 to 300 psi vhile the accepted ncrm for the sa=e pais today {¢ 600 to
800 ps{ or hicher. GShort-time static tests have nct revesled any failure cof e
the pad for loads up to 15,000 psi.

IIRTPAPT ey

; Regnrding standardizatica, it is hoped that cooticuing studies vill meke
- it pcosible to apprafce a vidbration prcble= by si=mple, routine calculation
i prthods and specify a standard mounting -+ perhapz by “catalog nunber™--
vilch vill ocet the requireacnts.

In response to more extensive use c¢f the pads and the groving cemnnd for
enginecring data about then, the load Indusiries Assoclation, Inc., has
prepared this prelininary repcrt. It {s drawvn largely fron a laboratory
Froject undertaren through the Exrandsd Hescarch Program cf the LIA and
carried out by Lescells and Assoclates cf Bosten.

This prolect has ralced nev questions sbout pad behavior vhich require
additional vork. A csocond peneration of recearch 1s nov ip pregress to
attenpt to check the cffectiveness of the pads at varfous loadings and
conditions and to aniver these nev qurstionc. In additicn, the Aszocisticon's
Expanded Recearch Prozran hopes to couplete fleld studies of the pads in
1 building founiaticns and machinery meuntsz co that performance of the pads in
practice will be known and the effects of foundaticn, soil etructure, and
cther variables may be apparcnt.

A s o

A problen cumicn to carly studics of vibration in structures has been the .
accurate detcrainaticn of the frequency-intensity profile of the vidbration
f encountered. Reliadle oeacuring cquipnent 1s bulky and complex. Sme 6
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othervise meticulous ctudies have employed simpler {nstrumcnts and are thus
based on intensity mcasurements of doubtful worth.

In the project reported here, an effort ‘mg made to get high reliab{lity
{n the dnta. The diffi{cultics in arri{ving at 3 cuitadble experimental set-up,
and the further difficulty of accurately mecasuring the small valucs of the
variables may have led to appreeildle error in scae of the findings. Inspection
of the dsta wvould lead to the conclusion that the results reported for the
higher static loadings (400 and £00 poi) are yrobably better than thoce for the
lower loadings. ‘

Furthermore, the tests report~d here intentionally simulated the simplest
possible arrangemcnt of the pad, structure, and vibratica path. Any
practical ajplication of the pade would probably involve a nunbey of com-
plicating factors.

Fer thece reagsons the LIA does not represent the data contained in this
report to be performance data for the pads, It {s, rather, the best available
indicat{ve data on the general behaviour of lead-asbestos pads. While Lead
Industries Assoclation, Inc., cannot, at thic tise, make fim recomwndations
for uce cf the pads, it will be pleaced to vork vith engincers and architects
interected {m using the pads and will, ac alvays, de :lad to =ake availadle
1ts experience and test Judgaent in the solution of specific problens,

DESCRIPTION OF THE PANG, THE TEST3, AND THE RECULTS

The pads tested {n this project vere lcad-asbestca anti-vibratica pads of
typical constructicn measuring 10 x 10". The noninal cne-iach thiciness of
the pad {5 cade up of a top layer of 1/6" lead, an upper layer of 3/6" asbestos
roll fire felt, a =iddle layer cf 12-guage gilvanized steel, a lower layer of
3/8" acbestos &s above, and a bottcm layer cf 1/6” lead. The pads were cube
Jected ts 200 psi before coepletely scaling the edges by lead burning. Actual
thickness of the pads before test was 1 3/327,

Static Test

A short-time ctatic loading test applied 15,000 psi to the pad vithout any
evidence of fallure. The "set™ takcn by the pad at 2,000 psi (short-time) vas
3/16% -- final thickness being 29/32", Fron the static loading data (page 5)
1t can be secen that a typical mcdulus of elasticity for the pad at 800 psi
static 1s 8,900 pei. (This modulus {8 computcd from the first uploed data
using the ncainal pad thickness of one inch.)

Dytamic Tests

Performance sf the pads was measured by bolting them between billets to
apply the prescribved static load and applying & single frequency vidbratory
force of up to 4,000 pounds. The full frequency range (5 to 100 cps) ves
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used by making one run at each of a number of frequencies. Two pads were
employed in each messurement. Agreement between pads was good at high static
loadings and rather poor at lov static loadings.

Generalized behavior data is presented in the four sets of curves on pages
6 to 9. The key values ca vhich these plots are based are presented in
Tadble I.

TABLE I
MODULLI AXD MATURAL FREQUENCIES OF LEAD-ASBESTOS ANTI-VIBRATION PADS
for Nominal 1" Pads

Py K ™ 4
Static load Calculated Calculated Calculated

ral Stiffness Ratural Frequency Dynanic Modulus

v,/ pin. cps

100 0.023 L8 22,760

200 0.097 ) 97,000

400 0.122 56 122,400

€00 0.19% 50 196,300
Notes:

K value is per square inch of pad area.

Approximate values of natural frequency of stanks of pads may be
cbtained by dividing fn, as given, by the square root of the number of
pads in the stack. .
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FREQJICY COINSIDERATIONS e

Most vibration occuring in building structures {s unpredictadble and
complex, It {s almost irmpossible to say bLeforehand vhat frequencies and
intensities vill be encountered, The profile of intensity vs. frequency for
vibration caused by a railroad train has been found, {n cne case, to be:

Frequency Band, cpe 2075  75-150  150-300 300-600 600-1200
Intensity, & 3 16 18 LY S

s (arbitrary reference)

Note that the most intense vibration is in the 75 to 600 cycies per secood
frequency range. For standard lead-asbestos peds 1° thick loaded to 800
ps{ tests fndicated adbout 85 percent {solatica.

Yy

It weuld appear to be s simpler case vhen the annoying vibration {s caused
by & large fan, for cxample, of known shaft cpeed. It has becn suggested
that such a ghalt speed can be divided hy 60 (sccords per minute) to arrive
at the fundamcntal vibration frequency. Tests of such equipnent have
{nvariably shcwm this to be falge, A better approximation is t> divide by
60 and multiply by the nurber of blades in the fan (or vanes in the pump,
{ndependent compression strokes of the cozvressor x 2, etc.) This will
provide an indicaticn of the lcvest frequeacy of disturbance for the
source. JIntegral miltiples of this (x 2, x 3, etc.) vill also be .
{mportant. In additicn, there vill alwvays be high frequency noise. So
long &s there {8 no important lov-frequency rescoance in the supporting
structure, lead ashestcs pads have tested 75 to 95 percent effective
in {solating such vibration.

o

TYPICAL USES OF THESE DAT4

Exaxple 1 -- Ruilding Isolation

lead encased pads have been used for many years for isolation of
bufldings from cbjectionable vibration as might be present ncar railroad
or subvay rights-of-wvay or heavy traffic, For this example, assume that
the vidration {s in the range from 150 to 3OO cps, and that the pads sre
loaded to a static stress of 800 pst. If tvo lead asbestos pads, each 1"
thick are stacked, the expected transmissibility may be obtained from
figure 5 (page 9). This plot shovs that the percentagé of vibration chat
vill be transmitted under these condit{ons vill range from 4.5 percent to
1.3 percent over the frequency range, ‘
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Example 2 -- Machine Isolstion

These pads caa be equally effective for {solating vibrating machinery
from surroundings. Consider the case of large fan type hlovers. One of the
obJectionable frequencies in this csse would be associated with the number
of blades {r the fan and the shaft speed. Assupe 12 dlades and a speed
of 1,200 rpm.

1200 .
r._.'_ x 12 « 240 cps

For 3 lcad-asbestos pad loaded to 200 psi{ the transmissibility will
be 8 percent. (Sce figure 3, page B') The transmissibility for higher
harmonics of this frequency will be lower “han thig value and can be
deternined in the same manner.

Exarple 3 -- droad Spectrun Isoutioh

There vill be applicaticas vhere the impressed vibrations cover a
wide range of freguencies with the lover values being belov the range of
application for these pads. For these lcver freguencies, coil spring
isolators must be used. These spring icolators will, however, transait
Ligher frequencies as longitudinal wvaves along the wcund helix. If in
these cascs, the springs are mcunted on lesd asbestos pads, a broad band
tsolator will rcsult.

APFENDIX

The LIA again points out that the data contained in this report should
not be used for design. This appendix has been added to explain the most
comoca source of discrepancy tetween the indicated behavior of lead-asbestos
anti-vidbration pads end the actual bchavicr in same cascs.

In many applications cf vibration isolators, the structure vhich supports
the systen (g not rigid. An cxazple of such & system is an air conditioning
compressor located {n a building on & floor vhich is above grade. If, for
such systems, the Tiocr stiffness {& rcgnrded as &8 macclzss spring, the chart
{n Figure 6 deccribes the regponse. This curve shows that for such systems
both the frequency ratio {ratio of di{cturbing frequency to the natural
frequency of the pad) and the rat{o ~f stiffness of the icolator pad (K»2) to
the foundation or floor ctiffo~ss (X)) are important. For a given foundation
stiffness, thercfore, s luv value of K2, or pad stiffness, is desirsble.

" Any unbalance of the shnft will, of course, cause vibration at 1200/60 or
20 cps. In practice, machinery in reagonably good operating condition
does not show any objectirnnble tendency to vibrate at this lovw frequency.
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