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_ I. SUMMARY

'_ The purpose of the investigations described in this report was

to provide better understanding of the acoustical and vibrational

performance of floating floors and to use the knowledge gained for
the preparation of design charts.

,_ The behavior of the sound and vibration transmission of float-

ing floors in the low-frequency and high-frequency ranges were ana-

lyzed separately. In the low-frequency region, the basic resonance

frequency, above which excess attenuation a becomes possible, was

calculated. The high-frequency behavior was investigated by thestatistical energy analysis method.

In order to evaluate the theoretical results, we measured thedynamic stiffness and loss factors of various commonly used resil-

ient mounts. For all measured mounts, the dynamic stiffness was

found _o be frequency independent and to increase with increasing

static load.

The theoretical investigation showed that the lowest possible

basic resonance is given by the surface mass of the floating floor

and the stiffness of the trapped air cushion. It is demonstrated

that properly loaded neoprene, precompressed glass fiber, or cork

_m_ being nearly as soft as the trapped air, enable one to ap-
mounss,

proach this basis resonance frequency.

Wellabovethebasis the sound
resonance frequency, excess

_ransmission loss obtained by adding the floating slab increases

with a slope of 30 dB/deoade.

_The excess attenuation is the increase in attenuation obtained
by adding a resiliently supported slab on to the existing floor. !;

tCt l



Report No. 1830 Bolt Beranek and Newman Inc.

This large potential excess attenuation can be only partially

realized because of unavoidable flanking transmission through the

walls common to the source and receiving rooms. A simple engi-

neering procedure is suggested for estimating the flanking trams- !

.. mission.

(

r,

r I

' _
bf

r
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II INTRODUCTION

i_] _ In order to increase the sound transmission loss (TL) of a

structural floor, it is customary to add a second slab supported

on resilient mounts. The resilient mount can be a continuous re-
silient layer, such as a glass fiber blanket, cork layer, etc.,

or may consist of individual isolators, such as steel springs,
...... - coz'k, neoprene, or precompressed glass-fiber unit mounts, suitably

spaced.

In the analysis of the low frequency behavior of the floating

slab, we consider the surface mass of the floor, the combinedstiffness of the supporting mount, and the enclosed airspace as

lumped parameters. In the high frequency regime the effect of the

various modes excited in the floor is analyzed by statistical

methods. In both cases we calculate first the TL of the struc-

tural alone and then the TL of the entire floating sys-
slab slab

tom. The difference between the two TLs provides the excess trans-

mission loss ATL gained by the addition of the resiliently sup-
ported second slab.

A knowledge of the basic resonance frequency and the high
frequency asymptotic slope of ATL vs. frequency permits a simple

engineering estimate of the transmlssio_ loss gai_ ATL. The de-tailed analysis also provides useful information about the rela-

_ rive importance of the design parameters.
....... The ATL calculated in this manner can be regarded as the maxi-

mum possible value that can be obtained by the addition of a float-ing floor. In practice flanking transmission through walls common

_o source and receiving room _ends co reduce ATL and we indicate

how this reduction can be estimated.

!-!
3
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Ill.LOWFREQUENCYBEHAVIOR

_i_ii _nthedesignoffloatio_floorsonefrequentlyoverlooksthe _'i,'_ fact that the dynamic stiffness of the air cushion trapped between

the two slabs in many cases exceeds the stiffness of the resilient

moun_s. Consequently, the desired low basic resonance frequencies,

predicted from the surface mass of the supported slab and the
stlffn_ of _he mount alone, are no$ realized in many Installa- ""

tions. _,_-[.:

In order _o illustrate this limitation, we calculate the reso-

nance frequency that is obtained when only the air cushion provides _I .i'the stiffness. This frequencyis the lowes_ possible. _'

Sketch SK-I shows a section of the floated floor system: _I

PSI Psl= surface mass of slab 1 _ 'i

Ps2 = surfacemass of slab 2

do = thickness of air cushion

®
PS2 The pressure in the air cavity

is given in Eq. l:

SK-I. Sectlo_ofthefloated '_
floor syszem, [Yolk

LV! ' (1)

P=P0 _

where the symbols are as follows:

P0 = static pressure

V0 = d0A = static volume

A = surfaceareaoftheslab

4
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V = instantaneous volume

= ratio of speclfio heats

(K = 1.4 air for adiabatic compression and K =i for Iso-
I

ghermal compression.) a
The dynamic pressure, p_, san be calculated by differentiating

Eq, 1 with respect to V:

d/! E V- (E+I)
dV = -P0KV0 (2)

dV
p_ = dp = -poe -9- " (3)

The dynamic force F' acting on unit area of beth slabs is

dV
P' = P_ = -PoE -9" " (4)

If the displacement amplitude causing the compression is x, then

V 0 =d0A and dV=-xA.
Accordingly,

PoE

P'= kox= do x (5)

gives the dynamic stiffness k0 per unit area of the air cushion:

k0 = (6)

d,

I:_! alf the entire airspace is filled with glass fiber, the compression :
process becomes isothermal at low frequencies (below 50 Hz), and
<=I indicating 40% more compressibility than the adiabatic pro- <

I._! cess [I], ,'

J
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For a completely rigid structural slab and harmonic motion of the _ i!

floating slab, the external force F' must balance the inertial force _ [_of the slab and the restoring force of the compressed air cushion.

The balance of forces for unit area of the slab is

P0 K

d

The frequency at which motion can be sustained in the absence of _ Iian outside force follows from Eq. 7 by putting F=0 and solving for ii

r

(8) i;meo = doPs I |_,j "

For a slab of surface weight Wsl , Ps=Wsl/_, where g is the aecelera- _i__J
tion of gravity. The resonance frequency is then

In deriving Eq. 9, we assumed a completely rigid str_otwr_l _'_I
slab. In practice, however, though the structural slab is usually

a heavier, stiffer structure than the floating slab, it cannot be
considered completely rigid. For a conservative estimate, we as-

sume that it has a mass-like behavior. Consequently, the surfaceweight Ws in Eq. 9 should be replaced by Ws=(Ws Ws2)/(WsI+Ws2),

where Ws2 is the surface weight of the structural slab. This modi-

fies the resonancefrequencysomewhat:
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L,,i

l P_ 1 /-E_G (io)

P0 = 2.12 x i0 a Ib/ft 2

g = 32.2 ft/sec 2

_ = 1.4 for adiabaticcompression

z = 1 for isothermal compression, (ll)

_' we obtain the following formula for the lowest possible resonance

frequency due to the stiffness of the enclosed air volume alone:
= 171

f00 for adiabatic compression , (12a)

= 140 for isothermal compression (12b)
@

Ws is the equivalent surfaoe wcCght in ib/ft 2 and do, the thickness

of the airspace in inches. (Isothermal compression occurs when the

is filled with glass fiber, and adiabatic compression,
airspace

whe_ the airspace is free.) Equation 12a is shown in graphical

form in Fig. I. For isothermal compression, the resonance fre-
quency read in Fig. 1 should be multiplied by 0.85.

I"_.. If the floating slab is supported on resilient mounts, each
.d

having stiffness k, and the number of mounts per unit surface area

is n', the resulting stiffness per unit area, kres, is increased to

kre s = k0 + n'k , (13)

w,d and the resulting increased resonance frequency f0 is given by

7
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WEIGHT FOR DOUBLE

3 WALL OR PARTITION

,-n W1+ W2 ,

"r i,

N

m 1130

-° \ \,J,_- B I\1 t_f\ \
= _,lX\ \::} "t

,_, J\Jr\\ \ t\ _l
; klkl\\ \ I\ :.

o-"_2 I'klk \\ \l \ _;]_:" I I\l\\\k
> AIRSPACE \ \ \ \1 k

THICKNESS (IN,) I0 6 ,4 3 2 I_!
o \ \\1\\ \ ;_,JuJ

:_ B I0 e 3 60 '

MINIMUM RESONANCE FREQUENCY (Hz)

FIG. 1 MINIMUM RESONANCE FREQUENCY AS A FUNCTION
OF THE EFFECTIVE SURFACE WEIGHT WITH THE
THICKNESS OF THE AIRSPACE AS PARAMETER !;I
(MULTIPLYTHE RESONANCEFREQUENCYBY0.85 IF THE
AIRSPACEIS FILLEDWITH GLASSFIBER)

8
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1 (/q-_D+n'k)g

fo= "V (14a)
or

i=
f° = foo "_ + n'kk0 (14b)

_I For aonvenielice li_ comparing the _'_ _ ° *_ for_l!._._ for k__.ff.....c_, .......
are

k 0 _ 3.10s
d0 for adiabatic compression (15a)

and

k0 _ 2.14 i0_ for isothermal compression, (15b)d o

where k 0 is the stiffness of the air cushion per sq ft of floor

area in ib/In, per ft2, and d o is the thlekness of the airspace

. . _ in inches. Equations 15a and 15b are shown in graphical form in
, - . Fig. 2. =

_ " r_ It is clear f_om Eq. lhb that making the resilient mounts

- much softer than the enclosed air (n'k<<k0) does not decrease the
basic resonance frequency significantly.

As a practical example, the basic resonance frequency, f0, for

a slab of 50 Ib/ft _ equivalent surface weight and B-in. thick air-
space without glass fiber cannot be reduced below a limiting value

-;_ (see Eq. 18a) of f00 =17,1 Hz. If the stiffness of the enclosed

• .].

_ aIn drawing up the right-hand scale in Fig. 2, we used the simpli-
fied relation lm2 =I0 ft°, instead of the accurate im 2 =10.76 ft2.

_t
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FIG. 2 DYNAMIC STIFFNESS VS AIRSPACE THICKNESS
FOR AIR CUSHIONS OF UNIT AREA _ "
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_ air volume is larger than the stiffness of the mounts, the some-

what stiffer cork End neoprene mounts can perform nearly as well

as a softer precompressed glass fiber mount. If the cork or neo-

prene provide better resistance against environmental factors,

they can be used without substantial increase of the basic reso-
nance frequency.

]

_mN

r__ 11
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IV, HIGHFREQUENCYBEHAVIOR

A. Transmission of Vibration from the Floating Slab

to the Structural Slab through a Mount
=al

In dealing with the high frequency behavior of the floating i]

slab system, we assume that the point admittance of the slabs for

bending waves is like that of an infinite plate, i.e., real and _

independent of frequency. This assumption is certainly not valid

at low frequencies for a single mount. But since very many mounts

are involved in conducting vibrational energy between the two

slabs, we shall assume that the average point input admittance

over a finite plate can be approximated by the admittance of the
;i

infiniteplate. _ :

Using this assumption, we calculate the power transmitted i

through a mount of impedance Z from the floating slab (slab I) to " !i!
the structural siab (slab 2) when an incident bending wave of the _I

velocity amplitude v 0 arrives at the mount. Sketch SK-2 shows the _4 ;:
slab arrangementand defines the notations. _

VO v 0 = peak amplitude of the _arriving bending wave,

_ V, assumedsimpleharmonic _] .
_ v, = peak normal velocity of '

slab1 at themount,

assumed simple harmonic

v2 = peak rlormal velocity of
slab 2 at the mount,

Y2 (_ assumed simple harmonic

Y*,Y2 = point input admittanceV2 of the infinite slab,
assumedreal

Z = lumped impedance of the
SK-2. Schematic slab mount ¢.=

arrangement. F = peak dynamic force exerted
on both slabs by the mount,

I assumedsimpleharmonic _. '
i
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The following three equations permit us to calculate the force

and power _ransmitted from slab 1 to slab 2:

F = (v1-vz)Z (16a)

•
,_ v I = v0-Y_F (16b)

V2 = Y_F • (16c) .

,_, Solving the above equations for the force gives

Z

= vo _ . (17)

In order to obtain F conjugate, F_ it is convenient to re-

write Eq. 17 in a form where its denominator is real:

Z+IZI2CyI+Y2)
F = v o (iB)

. I+(Z+Z*)(YI+Y_)+]Z]2(YI+Y2)a

and

z*+Iz[2cY_+Y2) (19)

I+(Z+Z_)(YI+Y2)+[ZI2(YI+Y2) 2

The asterisk as superscript indicates the complex conjugate of

a symbol.

The power transmitted from slab 1 to slab 2 is given by

_12 = (1/2) Ee{FF*Y_}
(20)

(Since the bending wavelength in the frequency region of interest _I
is much smaller than the horizontal dimension of a typical floor

mounu, the power transfer throughbendingmomentis negligible i;compared with the power transfer through the force.)

13
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Following some elementary calculations, we obtain

_rn = _- I+(Z+ZW)(Yz+Y2 )+IZI2 (y_+y2)2 , (21) .

. where -z2is the time average power and vo is the peak value of the

_ransverse velocity in slab I. _ _:

i_ Lhe f'oilowlng statistical considerations we will be deal-

ing with the space average of the slab velocity; therefore, we

substitute <vl> x for v_/2 in gq. 21 so that

JzJ Y
_12 = <v_> x = (22a) !'_

giving _ ,
tzPY.

K12 (_) = I+2Re{Z}(YI+Y2)+IZJ 2 (yl+y2)2 . (22b) I_

U]

B. Sound Transmission Loss of the Single Structural Slab

Since we are primarily interested in the increase in trans- _I

mission loss, ATL, provided by the addition of the floating floor

_o the s_ructural floor, the TL of the structural floor alone --as

well as the TL of bhe composite structure - must be calculated.

The calculation of the structural floor TL is less complicated, so
we use it _o provide insight into the statistical energy analysis

procedure that will also be used for _he TL calculation of the
more complicated composite structure. To understand more clearly

the physical phenomenon of the sound transmission, we distinguish

14
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between the so-called forced (or mass-law) transmission and trans-

mission by the resonant modes.

I. Forced transmission

I_ If a sound wave strikes a partition at an oblique angle, the

wall reacts to the sound wave by yielding to the local pressure.

The forced wave in the wall, as a direct response to the exciting

sound wave, propagates with the trace velocity of the sound wave,

i_ which for low frequencies is usually much greater than the propaga-
tion speed of free bending waves in the wall at the same frequency.

If for momentthe free thatare
we disregard a bending waves

always present in a resonant system of finite dimensions (due to

reflections of the forced wave at the boundaries), we obtain a
locally reacting mass-like behavior. The amplitude of the wall's

transverse velocity at each point is proportional to the localpressure, and the transmission loss is given by the mass law:

TL(e)_ 20logPs_ cese, (23)
2poC o

where Ps is the surface density of the wall and 0 is the angle of

incidence (normal incidence = 0_). a
From Eq. 23 we see that the TL is dependent on the angle of

incidence. If one averages ever all angles of incidence from 8=0°__ _o 8=80 °, one obtains the so-called field incidence TL:

TLfield _ I0 log _/Ps_l 2 (24)
_ _2PoCo]

,_I or

TLfiel d = 20 log Ws + 20 log f - 33 dB _ (25)

aThe symbol 'log' refers to the 10-base logarithm throughout this
report.

15
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where Ws is the surface weight in Ib/ft 2 and f is the frequency in

I

L,

HZ. Equation 25 is plotted in Vig. 3. i'

The field incidence TL given in Eq. 25 should be considered i

as an upper limit for the sound transmission loss (for ncnabsorb- "I

" " ing walls) that can be achieved only in the complete absence of

theresonantwaves, i'

Since the velocity of free bending waves is frequency depen- _]

dent and at low frequencies (well below the critical frequency) is

small compared with the velocity of sound in the surrounding me- _ -_H
dium, the free bending waves do not radiate efficiently in the low

frequency range. Consequently, the TL is often successfully pre- _

dieted by the mass law (Eq. 25).

2 Sound transmissionby the resonant modes _iI

In addition to the sound energy transmitted by the forced _ .;

waves, free bending-wave resonances (excited by the forced wave) .,

transmit an additional amount of sound energy and thus reduce the &k| i_
transmission loss of the wall. If we calculate the "mass-law

transmission loss" and the "resonant mode transmission loss" sep- i:_

arately, we can calculate the actual transmission loss on the _

basis of the total transmitted power. Should the "mass-law TL'r

be the same as the "resonant mode TL", the actual TL would then
be 3 dB below the value calculated from the mass law alone.

First we describe qualitatively the process of sound trans- _I

mission by these free resonant waves. As mentioned earlier, the

bending wave speed depends on frequency, increasing with the square

roo_ of frequency. At low frequencies the bending wave speed is

small compared with the velocity of sound; and the air acted upon _J
_Sby different parts of the plate vibrating in opposite phases can

be shuffled back and forth without being compressed and, therefore, _

i

16
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without causing effective sound radiation. Only at the edges and .i

corners of the plate, where such a compensation is not possible and :'

a net volume change occurs, will there be some sound radiation.

: Near and above the coincidence frequency, a however, the bending

wave speed has the same order of magnitude as the sound velocity. _ !'

The free bending waves radiate efficiently from every point of the i

wall surface, and the sound transmission loss in this region is usu- ___ _]

ally controlled by resonance rather than by forced waves. If the I'_ iI

s_rucDure does not have sufficient structural, damping, the free bend- _ _ing waves can run many times across the plate (radiating sound effi- !!

clently) without noticeable loss in amplitude; consequently, the TL _

in this region depends very much on the structural damping. _ i(

The qualitative discussion given above in terms of a wall is ii

equally applicable to a floor slab.

The energy balance of the basic slab for resonant modes can be i

writtenas _]

_as= _loes+ _rad' (26)

where _as is the power flow from the acoustical field into the reso-

nan$ modes of the structure, _loss is the power lost in the struc-
DuPe due Do internal damping and edge losses, and _rad is the power
loss due Do acoustical radiation of the structure.

|._

According to the statistical energy analysis [2], the above _I

powerbalancecanbe writtenas _I

_asmna - = Eem_ s + P0c0Aerad<V 2> , (27)

where na : acoustical modal density in the source room

ns = structural modal density in the structural slab

aThe coincidence frequemcy of a homogeneous slab is given in Eq. 45. _ '
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:j

I _ Ea = total acoustical energy in the source rooma

J m

i

. ' Es = total mechanical energy in the structural slab

,L . , =
.._..,. . ns loss factor of the slab

.__,.._'._ A = slab surface area

Ore d = radiation efficiency of the slab

has = coupling loss factor _f'romacoustic $o structural
slab)

_ <v_> = mean square slab velocity

P0 = densityof air

mm o 0 = velocity of sound in air.

has no_ known, we shall replace it by know quanti-
Since is well

ties.

From Was =-_sa it _ollows that

Es = Ea

which gives

n s

has= anSa'

lw,_ The definition of the loss factor is

-sa = Es_nsa = <v2>PsA_sa = <v2>P0e0A°rad , (30)

providing _

2'

-_ aEa and Es are measured within a unit bandwidth centered at the _,
frequency, m.

19
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p0Oo (31_M!
_sa = pea) erad s

;{

where Ps is the surface mass density of'the slab.

_:. Putting Eqs. 29 and 31 into Eq. 27 gives _ *'- . !
L

= . _
- ns _s °rad Es_no+<V2>PcC0AOrad . (32_ _ I

The acoustical and vibrational energy is i_
E.

<p_> _'._lli_,
Ea = V (33) !_

! °°°° _I:_
I and _:liEs = <V_>PsA , (34) _ "_

I _]
>2where <p_ is the mean square pressure in the source room and V

is the volume of the source room. Thus, we obtain for the mean

square slab velocity, as a function of the source room pressure,
r7

<V2> = <p_> ns V Crad 1 (35) [J "!na A cop s psmns+2P0C0Orad

The power radiated by the slab into the receiving room is

_ac= P0c0Aarad<v_> (36)

2 A

nsV p° °tad (37)
Was = <Pz>2 na APs Ps_s+2p0c0erad '

20
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!

L_ The power incident on the slat from the source room is [3]

<pl >2

_in= _poc'-_A " (38)

,'_J The ratio of the incident to transmitted acoustical power is con-

sequently ....

Z

<p2>

= (39)
2 *

_ac ns V Pc _rad A . ,
<P_>_ na A Ps cT Ps_n+2p0c0°rad

which simplifies to:

PsA
_in i ns Ps_n+2p_co°rad (40)

" i _ _ac= _ _ PoC0Cradn a

. or

m__s
n s ntot

TL = i0 Io_ hO_ad_,m o nao

where ms is the total mass of the'slab and m 0 is the mass of the
air in the source room.

The TL is directly proportional to the ratio of slab mass perssructural mode to air mass in the source room per acoustical mode,

L_ and also proportional to the ratio of total loss factor to the

21

_ L



7

Report No. 1830 Bolt Beranek and Newman Inc.

acoustical loss factor; the TL is inversely proportional to the _

. " . I radiation efficiency of the slab. If one replaces na and ns with

i!\-!_ .i<''I their actual numerical values, the TL naturally becomes independent !'

,_"... of room volume and slab surface area. Equation 41 is easy to re- i
member and provides a remarkably simple solution to a complicated _ (,

problem, i:
i.

In order to obtain the "reoonant-TLl, of the slab, we put [_] _ ii

==[=:"":.... 4_f_V g

o , C",> i';
0 8

and

/i-_ A

ns = 2CLh (43) _I

into Eq. 40 and obtain _i

Tin 2_f2CLhP s ntot

3 nrad "
_ao /i-2 c0P0ara d

Using (ntot/nrad):(ps_n)/(pocoarad) and considering the equation _|_I

for the coincidencefrequency,a ,'i

fe 2_ hoL , ("5) _ .i

where h is the slab thickness,we get _ !.

aFigure " gives the coincidence frequency for dense and light-

weight concrete slabs as a function of the slab thickness.

W
22
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f0s Trim 4_2Psf2f n _ 1 f 2n (46)
_o_ _ _ LPo°oJfoe_

_ac Pc o tad tad

" Recognizing that the first term in Eq. 46 is the field incidence

transmission, the "resonant TL" can be written as _ V

20TLre s = TLfiel d + l0 log fc o_ ....
tad

When [(f/fe)(20/_ad) ] < i, the "resonant TL" is smaller than the _
field incidence mass law TL. ',

Below the critical frequency and wllen the dimensions of the _i

slab are large compared with the acoustical wavelength, the radia- "_

tion efficiency ara d can be approximated [4] by the following _
function:

2

arad= 7 feg ; f < fc ' (48) _

where A is the surface area of the slab, Prad is the radiating

perimeter (which is the actual slab perimeter plus twice the _]

length of all stiff ribs or flexible Joints, if any). The func-

tion 20 log [g(f/fc )] is plotted in Fig. 5.

Above the critical frequency the radiation efficiency becomes

unity and the TL for the resonant modes can be calculated accord- _
ing $0 Eq. 47:

_Lres =_Lfleld +I0log_ _ ; f• fo (49)
C

Figure 6 shows the calculated resonant TL of Eq. 47 and the field

incidence mass law TL of Eq. 24 for a 12-in.-thick 121 lb/ft 2 dense

i 21_ :'i
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1,4

eoncrebe block wall. The circles show the measured values ob-

tained in a laboratory test.a The loss factor (_=0.015) represents

the viscous losses plus the power loss through conduction of vi-

brational energy into adjoining structural elements. The agree-
m

ment between the measured and calculated TL is very good.

C. Sound Transmission Loss of the Composite Floor

:' ! 1. Forced wave transmission

' ir_ The sound waves incident on a floating slab force it to re-
!!"i " " ! _* spend locally to the sound pressure. In the absence of the vlbra-

tiom isolating mount and the structural slab, the forced response

i

_ : : :I _ of the (infinite) floating slab would obey the mass law.

"_ I_ The presence of the vibration isolator creates a force which
t _i resists the motion of the floating slab; and this resisting force

is transmitted through the isolator to the structural slab, forcing

_ _ ittorespond._inootheforcede_eltatienrumsalongthefloatingslab with the trace velocity of the incoming waves, the forced re-

_:' _ _ sponse of the structural slab is an effective radiator with a radi-

S;//:ill_ atie_effiolomoyofnearlyunity.
L_ The sound pressure of the incoming sound wave p_ must be bal-

anced by both the inertial force of the floating slab and the re-

storing force of the isolator:

ii!I iI_ p,=i_o_v,+nZv, (_o)
' is the surface mass density of the floating slab, v I is

• _ wherePs_
i

_I _National Gypsum Company, 14 June 1967, Test No. 3002.
_md

F"_ 27 :
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its velocity at the isolator, Z is the impedance of the isolator

and n' is the number of isolators per unit area. The force trans-
mifited to the structural slab through each isolator is given by

F = Zv, for v I >> v2 (51)

Using the value of vI from Eq. 40, we get _ ..

_-zF = zv_ _+n,zP, (5a) ii:
iraI

!'l
The forced mass law response of the structural slab is

v_= Fn' , (53) _"
_$2 _ 'i

where ps 2 is the surface mass density Of the structural slab, The _A [_{.,

aound power radiated by the structural slab is _'_]ii

_2a F v 2 poeoA P_ _' iPsl;+n, z'_ <p_>poooA . (54) i_Is! i
L

Assuming the mount is adequately represented by a spring with vis- ',

cousdamping,weget _ ii
k

Z = - i j + r , (55) _ i
where r represents the real part of the impedance of the mount.

The power incident on the floating slab from the source room is _J

<P_>

_la= _ A (56) _:

J

%
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_2p2
S2

_la (57)
Z 2

_2aF _n,2(p0c0)2 i-_sz_+-_I

- IL_ Using Eq. 55 and making the Justified assumption that k/m > r,

we obtain the following approximations for the forced wave trans-

mission loss: above the natural frequency where ps _(k/_)n',

2 2 _6

PSlPS2

TLF = l0log (58)
4n,rkr(p0c0)2 ;

at the natural frequency of the floor where n'(k/_)=psz_,

2 r_ p2rrn,2Ps 2 o s 2

TLF = i0 log = I0 log (59)

4k_(p°c°)2 4p_1(p0c0)_

Equation 58 gives the forced-wave TLF of the composite £1oor

above the natural frequency of the floor.

Equation 59 permits us to approximate the TLF of the compositefloor a_ the resonance frequency of the floor.

2. Resona.t tra.smiss_on !
,2

The power supplied to the floating slab by the acoustical
field is partly transmitted through the isolators to the struc-

[_ rural slab, partly dissipated in the floating slab itself, andpartly reradiated as sound toward the source room. A part of the

I_ power transmitted through a mount into the structural slab will
re-en_ar the floating slab through the other mounts.
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The power balance reeds

' _as = _12 + _q_ + _rad_ - _2z 460)

.. where as = power introduced into the floating slab by the

acousticalfield /

-"_........ _i_ = power transmitted f_om the floating slab to the _

structuralslab throughthe isolators ::;

_rad2 = acoustical power _adiated by the floating slab _

- _ !__ = power lost in the floating slab due to its !'i
internaldamping _

-2_ = power transmitted from the structural slab back "

into the floating slab.

Using the same nomenclature as fo_ the single slab calcula- i

[., ..: tions in Seo. IV,B.2, and reoa].ling the value of _,2 from Eq. 22,

n'_ IZI2y_

I+(Z+Z*)(Y,+Y=)+IZ]2(Y_+YR)z '

(61) _'i

we canwritetbepowerbalanceas: ,:,_il

where K01(_) can be immediately evaluated by chan_Ing the subscripts

3a
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!

in Eq. 22. Accordingly, we get:

izr Y L

K2x (_) = l+(Z+Z*)(yz+y2)+IZl 2 (yz+y=) _ = ?_2 Kz2(_) (63)

Combining Eqs. 29 and 31 gives "

.q
ns I P0o0

nas = na _ Or,ad z . (6#)PSI

Using Eqs. 33, 34, and 63, we get

na Ps c0

Yz

-<V2Z> _ EZ2 (m)nIA (65)

.The power balance of the structural slab (slab 2) provides

<v_> as a function Of <v_>. The power balance is

- _ _2 = _n2 + _rad2 + _2z _ (66)

where Wn2 is the power lost in the floating slab due to its in-
ternal damping and transmission of vibrational energy into adjoin-

f_ ing structures.
Inserting the appropriate terms into Eq. 66, we get

' ¥$
= + (_)n (67)

' <VI2>KI2 (m)n'A <v_>A s2anl2+PoCo_rad2 _ Kz2 ,

31 _:
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r

whichylelds

', -" , ' { K_(_)n' _,

-- K,2 (_)n'
Ps2_n_+P0eo_rad2 +y_

Putting this value of <v[> into Eq. 65 and solving for <v[> gives _,,,LC

nsl qradl V _i!
<P_> na ps2 co A

K_2 (_)n'+Psl_n,+2P0C0Sradl - YI

Ps2_n_+P0C0_rad2 + _ KI2 (_)n' _

Combinlng Eqs. 68 and 69 yields the velocity of the structural _Islab:

<P_> } ns, arad, K_2 (_)n' _] -:
_a YI

Ps_e° + (_)n' '
Ps2m_2+P,Coerad2 _-_'K12 _ !

<V_>= Y1

y-_[K n (m)n'] 2

Kn (m)n'+Osl_ z +2poCoOrad_ - y_ _--_

Ps2_q_+Poc_Orad2 +y--_K_2 (_)n'

(70)
The acoustic power radiated by the resonant bending waves of the

structuralslabis:
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Id =<v > °c'0sradA (71)_2aR •
J .

Now considering that for thick concrete walls the radiation term

(P0C0_rad) is always small compared with the internal loss terms" . " (ps_q) and inserting EQ. 70 into Eq. 71 we get:

.............in n.
'[' :_ _l P0

" ' _ <p_>_A naPs_ --- eradlOrad_

(72)

Psl _q_ PSl nl YI

PS2_q2 Psz

A qualitative evaluation of Eq. 72 reveals that above a cer-

tain frequency [defined by pszm_1=K12 (c_)n']a the acoustical power
_--" ' r_, transmitted by the floating slab system decreases with the seventh

:/.,i ,,_ I_ power of the frequency. Furthermore, the transmitted power is in-" directly proportional to the loss factor of the slabs and directly

proportional to their radiation efficiency. Accordingly, the sound

transmission lose of a floating slab system depends to a very large

" degree on the loss factor of the floating slab.

I_ The acoustical power incident on the floating slab from the
_,g source room side is:

W_i <P_>
_in= _ A . (73)

f

I,

aSince the floating slab does not have rigid connections with the

:,_ res_ of the structure, its loss factor, nl, is governed by the
viscous losses alone.

|

....I 33 ,
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The logarithmic ratio of incident to transmitted power gives the
sound transmission loss of the composite floor,

TLcoMPF I0log , (74)

_2aF+_2aR _ i__
i:

where the power transmitted by the forced waves, _2aF, and the_ 5J]power transmitted by the resonant waves, w2aR, are given in _.

and 72, respectively. Using the above equations and replacing nsl

na with their respective values from gqs. If2and 43, we obtain the
sound transmission loss of the composite floor:

TLcoMP = l0 log

r2PoCon,kl2 2Ji-2 (poco)_ C_rad1_rad2 _ __

PslPs2_ ] CLh (i Ps_ Y_ nl + Psz_ l '

(75)

We are also concerned with the difference in sound transmis- _]

sion loss, ATL, between the composite and the single slabs. ATL

is the logarithmic ratio of the total acoustic power transmitted _ _
by the single slab and the total acoustic power transmitted by the

compositeslab,namely:

(_2aF+_2aR)singleATL= l0log (76)

_2aF+_2aR)°°mp°site

34
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The Sransmitted powers are given in Eqs. 211, 37, 54, and 72, re-

D spectively, Inserting these in Eq, 76 gives:

ATL = 10 log
2

• radIrad2 I

P P _] ( Ps* gl _I Ps* _nlsl s2 / 2CL1h*PslPs'n2_s I+PT Y, _2 +_

(771

Assuming that the forced terms are negligible compared with the

resonan_ terms, we can reduce Eq. 77 to

( __ °sr°_ll_,__l°_°g[__s'°_'%o_l ÷_s'_'_+_,-;;-_ij%_ _ • l_,
If beth slabs are of the same material, then

.......'k_ Psl hl YI h_
= = -- and =

Accordingly, for a common slab material the improvement in sound

transmissionlossissimply F:'

i •

:i

'_l 35 i
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V. MEASUREMENT OF THE DYNAMIC STIFFNESS AND LOSS FACTOR
OF VARIOUS VIBRATION ISOLATION MOUNTS

"_._--- The design of a floating floor or amy other vibration isola-

tion system requires knowledge of both the dynamic stiffness of

the vibration isolation mounts (usually as a function of the static

load and frequency) and the loss factor of the mounts. However,

vibration isolator manufacturers almost never provide this impor- ;_
.... rant design information to their clients. Many times the only In-

_ _, formation given is the recommended loading and some type of an iso-

lation factor, Occasionally, a load-deflection curve is provided;

but though this might be sufficient for static design, it reveals

little information about the dynamic properties needed for design-

ing a vibrationisolationsystem.

•_ _ The purpose of the following experimental program was to mea-

sure the dynamic stiffness of a number of vibration isolation

mounts currently used in floating floor construction.

A. Measurement Method I:

The measurement i_ shown in The vibrationleo-setup Fig. 7.

later (sample) rests on a flat rigid foundation. The dynamic ,'

fore°ieprovidedbyanoloctrodynamlcshakerandioappliodtothe
sample through an impedance head (Wilcoxon Model Z6021) and an i'

adapter. A static load is applied to the test sample at the ,adapter by the weights attached to the flexible piano wire. The _

! I_ impedance head provides two electric signals, one of which is i
6, proportional to the force acting across the impedance head, and

the other, proportional to its aeceleratiom.

The dynamic force F (which we would like to keep constant),

acting on the sample, is smaller than the force measured by the

i

--" 37 .

i

.... L L .



.
•

-
.

.
•

+
.

.
+

+
_

.
,
_

.
.
.
.
.

.
.

f
l
)

=
O
U
T
P
U
T

o

E
]

+
S
H
A
K
E
R

,
=

F
C

O
M

P
R

E
S

S
O

R
o

IN
P

U
T

t,
F
O
R
C
E

F
'

B
E

A
T

(3

IM
P

E
D

A
N

C
E

A
C

C
E

L
E

R
A

T
IO

N
_,

F
R

E
Q

U
E

N
C

Y
m

_
O

S
C

IL
L

A
T

O
R

8,
C

O
M

P
R

E
S

S
O

R

A
D

A
P

T
O

R
L

C
m

C
U

,+
S

A
M

P
L

E
._

_

P
IA

N
O

M
A

S
S

R
IG

ID
C

A
N

C
E

L
L

A
T

IO
N

_o
F

O
U

N
D

A
T

IO
N

C
IR

C
U

IT
F

O
R

i
A

D
A

P
T

O
R

M
A

S
S

;
L
E
V
E
L

i
S

T
A

T
IC

R
E

C
O

R
D

E
R

o

1
°fp

.
-

P
H
A
S
E

M
E
T
E
R

:3 :
E

F
I
G
.
7

S
E
T
U
P

F
O
R
T
H
E

M
E
A
S
U
R
E
M
E
N
T

O
F
T
H
E

D
Y

N
A

M
IC

S
T
I
F
F
N
E
S
S

A
N
D

L
O
S
S

F
A
C
T
O
R

;
'

i'
3

aE
H+

-
B

E
E

.I1
-:

:
L_

|-
t

E
_

B
'7

_
.F

-1
.F

,7
-'-

-
-

_
_J

"
I

-
'
_
.
i
]

Z
J

T
I

?"
|



..... • .............. ,;:.r_..._ ........,_._• .. ........ . ....... •

Repcrz No. 1830 Bolt Beranek and Newman Inc.

force gauge impedance head by the inertial force due to the adapter.

In order to keep the dynamic force acting upon the sample constant,

, _ the shaker must supply the force,

-._ ,,__ F'= F +_m , (80)

where m is the mass of the adapter, _ the acceleration of the

..............._ adapter, and F the dynamic force acting on the sample. An elec-

trio signal proportional to xm can be obtained by taking an appro-

priate fraction of the acceleration signal from the impedance head,
as shown schematically in Fig. 7. By the addition of this term to

the force signal, the inertia of the adapter mass is compensated --
a process often referred to as electronic "mass cancellation".

In the present measurements it was possible to reduce the
virtual mass of the adapter (the sample holder) to one-thirtieth

of its actual value in the frequency range from 20 Hz to 4000 Hz.Above 4000 Hz, cancellation is not possible because of the first

, [ _._ bending wave resonance of the sample holder.

Using electronic "mass cancellation", we could hold constant

_ne dynamic force F acting upon the sample during each frequency

sweep. A Bruel & EJaer beat frequency oscillator supplied the

I_ excitation signal to the shaker and drove a Graphic Level Re-

corder, which recorded the acceleration signal as a function
of

frequency.

,_ B. Measurement of the Dynamic Stiffness
The dynamic stiffness of the sample is defined as

k - F F _2F (81)

I
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and

l_f= w2FIT, (82) ,_

where x is =he displacement and k is the dynamic stiffness of the
mount.

. Since the dynamic force acting on the sample is held constant, _
El

._i the acceleration Mgna] wi]] _ner.eas_ with th_ square off the fre-

quency if the dynamic stiffness of the mount is frequency inde- ._ i_
_] ,t

pendent. On a logarithmic plot of acceleration, the curve of ac- i_
f_

:: oeleration vs frequency would then have a positive 40 dB per de- _ ;[
cade slope below the frequency of the lowest resonance that is due

to the stiffness of the mount and the uncaneelled mass of the [[

adapter. _
- !

Figure 8 shows a typical acceleration vs freque_icy curve, ob- _-I

tained for a low-density cork mount in the form of a 2-in. cube. _ ._

The acceleration response curve has a 40 dB/deeade slope, indieat-

H ;}ing that the dynamic stiffness of the mount is independent of fre- I::;
: ::_ quency. The first resonance frequency is around i000 Hz. For ,

J

comparison, the acceleration response for a pure mass is also _ i]}i

shown in Fig. 8. For a constant force, _he representation of this _ _
A

response is naturally a horizontal line. Actually, the response

_ , of the system to a known mass is used to evaluate the dynamic

stiffness of the mount. Namely, at the frequency f*, where the

horizontal line for the mass alone crosses the straight sloping

part of the response of the mount, both mechanical impedances are

equal:

kx = m_ = -lln2f*2mx , (83a)

and !
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k = 4_2f*am . (83b)

Both the frequency and the mass can be measured accurately.

C. LOSS Factor Measurement

Let us assume a complex Young's modulus for the mount in the _i!:

_'orm:

. E = E (l+Jn) (84)

where E is the real part of the Young's modulus and q is the loss

factor. This gives the following relationship between dynamic

forceandacceleration:

F = - w_'kk2[l+Jn] • (85) _:,,

Aocordlngly, the loss factor can be measured dlreetly in terms of _"

._ the angular phase difference a between the force and acceleration

signals:

n = tan _ . (86)

This method of measuring the loss factor is conceptually _!

simple. In praotlce, however, even small disturbances - such as _|

building vibration superimposed on one of the signals --make an _ _

accurate reading of the phase difference difficult at low signal

levels, Such disturbances can be reduced by simultaneous filter-

ing of both signals, provided that both filter sets have identi-

calpl_asecharacteristics.

@t
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D. Depenaence of the Dynamic Stiffness on Static Load

It ls frequently observed that the dynamic stiffness of a
vibration isolation mount increases with increasing static load.

In designing a vibration isolation system, therefore, it is of
prime importance to know the magnitude of the dynamic stiffness

--- corresponding to the design static load,

The dependence of the dynamlc stiffness of the sample mounts

D on static load was determined by recording the acceleration re-sponses for various static loads applied to the sample. The ap-

paratus used to record these responses is shown schematically in

D Fig. 7; the static load on the sample is given by vector addition

of the tension forces in the loading wires.

Figure 9 shows the effect of the static load on the acceler-

ation response for a 2-in. cube of standard density cork. The
r'W

- _ upper curve was obtained for no static load, the lower curve for

73-1b static load. It is clear from the Figure that the static

load increases the dynamic stiffness by about 3 dB, corresponding
co a 41% increase of the dynamic stiffness (that is, there is

less acceleration for the same force excitation).
The stiffening effect of static load for a precompressed

glass-fiber sample is much more pronounced. Figure lO shows the
acceleration response (for constant dynamic force) for a 2-in.

cube of precompressed glass-fiber mount, both with and without
-- static loading. The 73-ib static load increased the dynamic

stiffness of this particular mount by 3_5_.

The dependence of the dynamic stiffness on static loading was

evaluated for a number of vibration isolation mounts. Figures ll

and 12 summarize the results of these tests. The dynamic stiff-

ness increased with increasing static load in all cases, but more

'I-- so for the soft pads, such as the precompressed glass-fiber and

F,
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light-denslty cork mount. In Figure ii the dynamic stiffness of

the enclosed air cushion is shown for comparison.

•. E. ResonanceMethod

I_ order to evaluate the dynamic stiffness of the vibration ,.

isolatio_ mounts by a second Independent method, the shaker, im-

pedance head, and adapter assembly were inverted (turned 180°); B_ _
the sample was then placed on the adapter and loaded with differ- _!;

en_ known masses. The acceleration vs frequency curves obtained
t.

under these conditions for different mass loadings of the sample

are shown in Fig. 13. At each resonance frequency, the inertia ii

and stiffness terms cancel each other and the response is con- _l'i

trolled by the resistive component of the impedance of the mount, i_

Equating the inertia and stiffness terms yields the stiffness di- _i

rectly: _!

k= = , (87) :

where f0 is the resonance frequency and M the added mass.

The nonresonant response at frequency m 0 (obtained withoutthe additionalmass) is givenby Eq. 82 as

According to Eq. 85, the acceleration response with the added _ ;
massM is !

L

2F 1

i

48 i
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!

where m_=k/M, and q is the loss factor of the mount. Dividing ]

Eq. 89 by Eq. 88 provides a convenient method for the evaluationof the loss factor:

IXresl.= ! (90)

1 i_ln

"=7:'" 1 O__ i_ 1ogarlthmle form: ..

; 1 20lo__=20los(_l. (91)

i_resl _ !iiI
where M, Xres and q are evaluated at the resonance frequency f0' i!

Figure 13 shows the acceleration response evaluated for.three il

different additional masses: M=4.3, 3,07, and 1.22 kg. The..... fourth response curve, wlth the highest peak, is obtained fop no

additional mass and partial compensationof the adapter mass. !

'. According to Eq, 91, the loss factor _ can be direetly read ms _

the distance in d8 between the two dotted lines at frequency f0

in Fig. 13. The loss factors of the measured mounts are shown in!
Table I.

TABLE I. Estimatedlossfactorof themeasured 3

vibration isolation mounts. _

_. : Average
Description Size Loss Factor

T High densitycork 2 in. x 2 in. x 1 in. 0.26

2 in. × 2 in. × 2 in, 0.206" _' 2 in. × 2 in. x 3 in. 0.25

• _'
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TABLE I (continued)

AverageDescription Size Loss Factor

Standard density cork 2 in. x 2 in. x 2 in. 0.21
2 in.x 2 in.x 3 in. 0.23

Low density cork 2 in. x 2 in. x 2 in. 0.19

Precompressed glass-fiber 2 in. x 2 in. x 2 in. 0.15

Neoprene 2 in. x 2 in. x 3 in. 0.195

A detailed description of the measured vibration isolation mounts

is given in Appendix !.

'_ F. Anisotropic Behavior of Dynamic Stiffness

In measuring the dynamic stiffness, we observed a pronounced
anisotropy of the cork mounts. The dynamic stiffness was 40% to

80% lower when the load was applied at the smooth-surface a thana_ the rough surface (perpendicular to the smooth-surface). The

s_atic load deflection curves discussed in Sec. VI confirm these

'_ findings. (The dynamic stiffness vs static load curves summarized

in Figs. ii and 12 are those obtained with load applied to the

smooth surface of the cork samples.) Therefore, in order to

achieve the best performance of the cork mounts, the contractor

_ responsible for the installation should be aware of, and made re-
sponsible for, the proper orientation (smooth surfaces horizontal)

'_ ofthemoun_s. _

aThe smooth surfaces result from the application of the pressure

_o these sides during steam curing, i_

--I
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VI. STATIC LOAD-DEFLECTION CURVES /

The static load-deflection curves of representative samples

• , were measured by the Korfund Dynamics Corporation. The samples

were identical with those used for the evaluation of the dynamic
stiffness, as described in Scc. V.

" i Figure 14 shows the static load-deflection curves for a 2-1n.
cubic standard-density cork mount measured with two different

orientations uf Lh_ _ample. These curves are _u_l_a .... ij rcprc-sentative for all the measured cork mounts; they demonstrate the

anisotropy of the cork mount, and confirm the findings alreadymade in the measurement of dynamic stiffness (see Sec. V.E).

The most controversial feature of all the measured staticload-deflection curves of cork mounts is that the curveskindicate

a "softening" of the mount with increasing static load. a This is

contrary to the dynamic measurements (see Sec. V.C), which show a

definite increase of dynamic stiffness with static load.

_igure 15 shows the static load-deflection curves measured

for a 2-in, × 2-in. x 3-in. neoprene mount and a 2-in. x 2-in. ×

2-in. precompressed glass-fiber mount. While the load-deflection

curve of the neoprene mount seems to be linear, the curve of the

precompressed glass-fiber mount shows pronounced stiffening with
increasing static load.

If one tries to evaluate the "dynamic stiffness" as the tan-
gen_ of the load-deflectlon curve at the required static load,

the result would be in complete disagreement with the dynamically _ j

aThs load-deflection curves published in the Korfund Engineering

Manualindicatethe samebehavior. _ i
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__ measured stiffness, b This is true not only for the cork but also

for the neoprene and precompreseed glass-fiber mounts.

Correlation between the static and dynamic stiffnesses could

be found only by using the initial slope (taken at small deflec-

tions) of the static load-deflectlon curve. Here the stiffness

evaluated from the initial slope was two to three times smaller

than the measured dynamic stiffness.

Im summary, we conclude that the static load-deflection curve

does not provide useful information about the dynamical behavior

of the measured mounts. This curve always predicts dynamic stiff-

__ nesses _oo small - with the possibility offerz.ors as large as
500% (e.g., cork under high loading). Consequently, amy criteria

for the measured mounts based on static deflection under load are
irrelevant and should not be used in specifications.

Since the above findings are very much in contrast to common
belief and also seem to indicate that the currently recommended

_' " :i _ design procedures (which are based on the belief that the staticload-deflectlon curve enables one to predict the dynamic behavior)

are wrong, the subject needs to be more extensively investigated

'_ than it was possible to do in the framework of the present study

'< . of floating floors.

• _

• '_

bSince the dynamic stiffness was measured by two independent ,,
methods (impedance head and resonant method), both providing the

same result, the correctness of these data is assured. _,I

_t

r:

I l'I
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VII. POINT INPUT ADMITTANCE OF CONCRETE SLABS

In order to evaluate Eqs. 21, 75, 77, 78 and 79, we need the fl ,.
point input admittance of the concrete slab. The input admittance

of an infinite uniform, homogeneous plate is given by [_]:

y = 1 (92)

2.3pCLh2'

where p.is the density of the slab material, sL is the propagation _-
velocity of longitudinal waves in the slab material, and h is the

slab thickness. If we insert into Eq. 92 the appropriate values, _ B

Dense Concrete Lightweight Concrete Ni l
p = 2.3 103 kg/m 3 p = 6.102 kg/m 3 !_

cL = 3.4 103 m/sec eL = 1.7 103 m/sec , _ !

we obtain the input admittance, _ iI

m sec (93 H ri!8.9 10-5 (h in inches, Y in Newton"
YDENSE h2

= m/see_ . _ :
6.8 i0 -_ (h in inches, Y in Newton" (94)

YLIGHT h =

Equations 93 and 94 are plotted in Fig. 16.

=Im = 40 in., i Newton _ 0.225 Ibfore e. _ _i
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VIII. CALCULATION OF A CONCRETE EXAMPLE

In order to demonstratehow to use the results of the pro- _-'

i! !i'. vious Sections, we shall calculate the acoustical performance of M _

a floating floor system consisting of an 8-in.-thlck structural

slab and a 4-in.-thlck floating slab, both of dense concrete.

The floating slab is supported on standard-density cork mounts,
__..i...... of 2 in. x 2 in. × 2 in. dimensions. The airspace between the _ -

!"iii slabs is assumed to be filled with low-denslty (e.g., 0.5 ib/ft 9)

,mI_, 2 .;._.'>.'s.:_ii_"._._.;z_L#.W,:'_.'.>,.'.' 1 '

...... --'__ _ " ...... _ GLASS FIBER

961b/ft 2 " . • ,, •-..,.. , , .._,.,..,.4...=_: _, _( _:... _._.. 2

SK-3. Sketch of the floating

floor. ,!

A. Calculation of the Basic Resonance Frequency

' 1 The surface weight of the slabs is: _ :_

= 144 lb/ft' x 1-_ ft= 48 lb/ft 2 _!ii_:I Ws_

and

WsB 96 lb/ft 2

Accordingly,

58 ,,
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]

--_ Ws_XWs0 4,6 x l0 s
Ws = = 32 ib/ft 2

__ Ws_+Wsa 1.4_x 102 '

:i[.'[-r._ The lowest possible resonance frequency can either be calou!atedf_om Eq. 12b, or can be obtained directly from Fig. i:

f00 140 140 = 17.7 Hz
/_ /2 × 32

The weight of im 2 of floating slab isa

W = 48 × i0 76 = 516 ib/m 2 .

I _ Since the rated load of the standard density 2 in. x 2 in. x 2 in.cork mount is 133 lb, the number of mounts per m2 of slab area is

[
._ n' 516 Ib/m 2 1 _ 4 1

' The dynamic stiffness of the standard density cork mount under the

rated load (133 lb) can be approximated from Fig, ll:

k = 4.5 x 103 lb/in, = 8 x lO s N/m b .

The stiffness of the mounts, per im _ of a slab area, is four times
the stiffness of a single mount:

: n'k = 4 x 4.5 x 103 = 1,8 x 10 _ ib/In. = 3,2 106 N/m .

i' _ The dynamic stiffness of the trapped air per square meter of slab i

a lm 2 = 10.76 ft 2 ,

--7 b l lb/in. = 1.78 i02 N/m ,

' -i ;i+ i
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: areaisobtainedfromFig.2:

kD = 1.07 x lOW ib/in. = 1.9 I0s N/m . _ il,
B! j.

The actual natural frequency of the floated floor system is cal-

culated according to Eq. 14b:

: f0 f00 = 17.5 i + 1.07

B
B. Calculation of the Improvement in Sound Transmission

Less: The improvement in sound transmission lose over the single

slab, ATL, is given in Eq. 76h. In order to evaluate this equa-

_i. ::_" tion, we first have to calculate K,2 (m), as given in Eq. 22: q

,, IZlay2

"-' Since the real part of the impedance of the mount is small compared
•T : I

,_ with the imaginary part, we can reasonably assume that_": _ ,_111

Z = i k + r = i k i 8 x l0s N/m
_ _ = 2_f i/sec ' ,

IZI 1.27x l0sNsee ] fromSec.V:

and _ /

l i6o i;!'

!
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Re{Z] = n[Zl = 0.21 x 1.27 × 10 s 2.67 x l04 Nsecf = f m

The point input admittances, Y, and Y2, can be calculated from
q., ,

Eq, 93 or obtained directly from Fig, 16:

m
YI = 5.55 x i0-G seoN '

I11

Y_ = 1.39 x 10-6 seoN '

]
Yz+Y2 = 6,94 x i0-_ m

scaN '

( m )_
(YI+Y2)_ = 4.8 x 10-n

Accordingly,

1,62 x i0 la 1.39 × i0-_
f2

• _ K,_ (_) =
1 +2 2.67 x 1O _ 6.94 z i0 -_ +1.6_ x 1O l° x 4.8 x i0 -_*

f f2

2.26 xl0 _ __I
f2 2.26 x lO_ ,;

K_(_)=
1 1 f2

1 _ 0.38_-+ 0.78-- !_

which shows _hst, for floated floor applications, Kia (m) can be

'_ simplified to

_ K_2 (m) _ IZI2Y2 ,,

Inspecting the former numerlcal result, we see that

I

o
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Kl_(_)• I if f < 150Hz ,

' i: " and

_-. Kz2(_)< i if f > 150Hz

';;:" _i Using the material constants listed below, we can numerically

evaluatethe varioustermsin Eq. 77:

e0 = 340 m/see n_ = _2 = 10-2

eL = 3.4 × 10 a m/see n' = 4 1

p = 2.3 x 103 kg/m a k = 8.10 _ N_

Ps! = 2.3 x 102 kg/m z KIz (_) = 2.26f2x i0 _ NSeCm _i!!_,

ps2 = 4.6 x 102 kg/m 2

!_: 'i I NOW we start the numerical evaluation of Eq. 77 by calculating
..,_. . . the respective terms of the numerator and the denominator sepa- :i

rarely.
!
I The firsttermin thenumeratoris: _"

i_: ii

• _ :

_Ps_I 4.6 l02 x 2_f' .6 f_ :

Assuming a loss factor of _2=0.01, we find that the second term

i_: "' in the numerator becomes _ !/

J 62



._ Report No, 1830 Bolt Beranek and Newman Inc.

_/i"_o2a 2 _/i_-(3.4 x 102) 2 _2
0 tad3 rad_

2cL2h2p_2n_ 2 x (3.4 103 ) x 0.2 x (4.6 × 102) 3 x 0.01 x 8_3f _

'-" _ 1.75 l0 -3 _3 .
L,: _ f3 rad_

L_ Comparing the above two terns, we notice that below 4.9 kHz th_

......... resonant contribution is large compared with the forced contribu-

__ tion.

The first term of the denominator is

3

' _ The second term of the denominator is

_Ji-2c_ Orad1_rad3 I
X

_'_ 2CL1hlPs_Ps_2_3 1 + psl YI ql Psl mnl

Ps2 Y2 q2 +

The first part of the second term of the denominator is

(Ps3h3)/(ps h,) times the second term of the numerator (already
calculated).

J
w/l-_ c° °rad_Crad3 = 7 l0 -3

2CL h2Ps ps2_2_3 f3 Crad|arad2 '

If we assume W1=10 -_, the second part of the second denominator

termgives

. 63 !_
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i ' Ps, Y, n, Psl _n* i 4 1 (2.3 i0 a) x 2_f × i0 -2 !_

,I

3 + 1.6I0-"f_ _ _
u

which, for f > 26 Hz, reduces to (6.25 xl0S)/(f'). _ _

Putting the previously evaluated terms into Eq. 77, we obtain,

for the improvement in sound transmission loss over the single
slab, ,_

ATL _ i0 log f2 f3 tad 2 '_

1.48 i0-2 + h × 1.75 i0-3 × 6.25 lOs | • i_

f6 " _ _ aradl arad 2J /_

H ;i
Since the first terms in the numerator as well as in the de- 4

nominator are small compared with their respective second terms, _ i[!

the ATLcanbe approximatedby

ATL = i0 log_rad_ 4 x 6.25 i03 = i0 log x lO-S --faradl , _ ,.

Urad2ATL = - 44 dB + i0 log + 30 log f .

Sradl

Figure 17 shows the calculated improvement in sound transmis-

sionlossfor Orad2=Orad1=l.

64 ,_
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The rapid increase of ATL with increasing frequency implies

. __7 a very large improvement at high frequencies, This improvement,

, _ however, usually cannot be fully realized because of flanking

[ transmission. The next Section of this report gives a brief

/ "" . _ treatment of the flanking problem.

_7

..1

b
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IX. DISCUSSION ON FLANKING TRANSMISSION

F'7 It is common knowledge that the improvement of sound trans-
LJ

mission loss for floating floors is limited by flanking transmis-

,_ slon through structural elements common to the source and receiv-
_J

Ing rooms. Figure 18 shows the three principal paths of sound

transmission between the source and receiving rooms. Path i rep-
.......... __ resents the direct sound transmission through the floating floor

system. The sound transmission loss through this path was calcu-

lated in Sec. IV. Path 2 represents the flanking transmission

through the walls common to the source and receiving rooms. This

is the flanking path mainly responsible for limitation of the po-

tential performance of a floating floor system. Path 3 represents

the flanking through the walls of the source room into the struc-
tural slab, which in turn radiates sound into the receiving room.

One of the first treatments of flanking transmission was
given by Meyer st aZ. [6], in a paper presenting measured data

U and a qualitative theory. Westphal [?], in a subsequent work,presented measured data obtained in a variety of buildings. Kihl-

man [8] has derived a theoretical solution for the transmission of

D incident bending waves at the Junction of semi-infinite plates.

GSsele [9], in a recent work, has reviewed the flanking transmls-

sion problem and has given an engineering formula for the calcula-

tion of bending wave transmission through a Junction. According

to G6sele'e formula, which agrees with measured results, the ve-

locity transmission factor, y, through Path 2 (see Fig. 18) is

y = i0 log = 20 log Wkd + 12 dB , (95)
Wng

3

67 }_
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_l SOURCEROOM _ _;
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IDIRECTTRANSMISSION _ qBand3 FLANKINGTRANSMISSION

FIG 18 PRINCIPAL PATHS OF SOUND ENERGY
TRANSMISSION BETWEEN SOURCE AND

RECEIVINGROOM
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-3

"--" where <v_> = the space-average squared velocity of the flanking

wallin the sourceroom
<v_> = the space-average squared velocity of the flanking

partitionin the receivingroom
.--J

Wkd = the surface weight of the flanked partition (in our

-_ case, the structural slab only a)

gng = the surface weight of the flanking partition (the

._] wall in our case).

Using GSsele's engineering approximation for the velocity trans-

mission factor, one can calculate a so-called flanking transmis-

sio_ loss TLfb:

gO

TL£ = i0 log _f TLng + I0 log AngAkd + 20 log Wkd
= _T-- + 12 , (96)

"'rig

where _0 = the sound power incident on the flanked partition

due to the airborne sound field in the source room

_f = the sound power radiated into the receiving room

throughflankingPath 2

TLng = the sound transmission loss of the flanking partition
Akd = the surface area of the flanked partition (the struc-

turalfloorslab) _:
Ang = the surface area of all flanking partitions in the

,_ receiving room (four walls, in our case).

aAbove the basic resonance frequency of the floating slab system,the floating slab is dynamically decoupled from the structural
slab.

bThe derivation of Eq. 96 is given In Appendix II. ._

2J
-I 69 v
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For conveniencein evaluationof Eq. 96: _ "]!
[.

= 20 log Wkd + 12 is plotted in Fig. 19. _ I:I
Wng

The "Flanking-Sound Transmission Loss", as defined in Eq. 96, is _ -,

directly comparable with the TL of the flanked partition (e.g.,

if TLf is less than TL, the partition is flanked). _ _i

As an example, let us calculate the "Flanking-Sound Transmis-

sion Loss" at a frequency of i000 Hz for a construction consisting _ ,

of a 4-in. floating slab resiliently supported on a 12-in. dense

concrete structural slab, with flanking walls made of 12-in. dense _
concrete. From Fig. 6, we get the TL of the 12-1n. wall at

i000Hz: _]

TLng= 62dB . 1

Since Wkd/Wng = i, Fig. 19 gives _ = 12. Further, assuming that

the surface area of the four flanking walls, Ang , is 2.5 times _I i_

the area of the structural slab, we obtain, from Eq. 96,

TLf = 62 + l0 log _7_ + 12 = 70 d S.

This means that the flanking transmission will not permit us to

realize more than 8 dB improvement in sound transmission loss by

adding the 4-in. floating slab to the 12-in. structural slab.

This example clearly indicates that an expensive floating floor

construction, intended to increase the sound transmission loss of
a structural floor, is not Justifiable if the flanking transmis-

sion is not reduced at the same time. It should be noted that
v_bration isolation of a floating floor is not eubject to flank-

ing, since the floating slab does not have any rigid connection ,

I 7o
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30 •

,- I IilJill l /
Akd /
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fl
to the walls. The concluding Section contains advice for the re-

duction of flanking t_ansmiaslon, fl
Z,

L..
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X. VIBRATIONAL AND ACOUSTICAL RESPONSE TO POINT-FORCE

EXCITATION

In the preceding Sections we have calculated the response of

S a single slab and a floating floor system to acoustical excitation.
In many applications, however, the floor is excited by vibrational

I!

forces as well as by airborne sound field, It is of interest to

know the vibration response of the floor system to s_*chforces,

__ for, with this knowledge one can calculate the sound power radiated

by the floor into the room below. The point force gives a good ap-

proximation for the vibration forces transmitted to the floor by

the of the machines,supports n

t,

A, Single Slab

When a point force F is applied to a slab, the power, _s' !_
transmitted into the slab is given by

_'_ _s(X)= FaY(x), (97)

where Y(x) is the point input admittance of the slab at the exci-

tation point x. In order to simplify the analysis, we again as- ._i_

sume that ths point input admittance of the finite floor can be

approximated by the point input admittance Y= of an infinite slab i

of the same thickness; Y= is real and independent of frequency, /.f
This assumption is valid only at high frequencies, At low fre-

queneles one has to calculate or measure the point input admit- _.r_
_anee at the point of excitation. While Y(x) for the finite slab

fluctuates strongly with position, the space average of Y(x) i

equals the point input admittance of the infinite floor Y=. Ac- i

sordingly, even at low frequencies, Y= is a good approximation for !

Y(x). Using the input admittance of the infinite floor in Eq, 97,

--]

-- i
i
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weobtainthefollowingapproxlmabion:
,i

(F

This power supplied to the slab must be equal to the power lost
in the slab, _q, plus the power radiated as airborne sound by the

slab, _rad" The power balance of the slab can be written as _.

_s = FSY= = _n + _rad " (99)

Using the nomenclature introduced in Sec. IV.B.1, we obtain

F_Y® = <v_>PsA_n + <vS>pDc0AOra d , (100)

which immediately yields the space-tlme average squared velocity, _

FSY=
<v2>= (101)

It should be noted here that the loss factor n represents

both the internal viscous losses in the slab material, and the _I .:
power lost through conduction of vibration energy into adjoining

structural elements. At low frequencies usually the latter loss _
mechanism is the dominant one. r_

The sound powe_ radiated by the slab into the room below is _]
given by

wi = <v2>p0c0A_rad = FSY P°C°°rad (102)
= ps_+p0C0Grad •

L
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. 7 Since the power lost by radiation is usually negligible compared

with the other losses, we obtain a

'; "-1 _1 : F2Y_ P°C_arad (103)
Psmq

%. .

. . '---_ Further, we have already given the point input admittance of an

.......... _-J infinite, uniform, homogeneous slab of thickness h In Eq. 92 as: "

Y_= (104)
1

2.3 POLha

--_ Using Eq. I04 and considering ps=Ph, Eq. 103 reduces to:

PoCoerad
_ =Fa (105)

2.3PaCL_h3m

Using _o =10-'2 wa_s as reference, we get the follow equation forthe power level of the sound radiated into the receiving room:

n v [ _]j
_1 F2 2.3 p2egnh3_I- PwL=10log=l0log • (106)

Inserting the appropriate values for the constants for dense

'3
aNode that the surface area of the slab is canceled out. The in-

fluence of the surface area is, however, still contained in the__ loss factor which decreases with increasing slab area (i.e., as
the area-to-perlmeter ratio increases). Below the coincidence

_'_I frequency of the slab, ore d also depends on the surface area.

q
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conre_e, p = 2,3 103 kg/m 3

oL = 3._ lO s m/see _ '!

_. P0C0 = 400 mks rayls , ,:

• . L"I

we find that Eq. 106 yields, in mks units (FN in Newtons, hm in ]
mezers),a

f_

PWLre 10-,2W = 20 log FN + 10 log arad - i0 log n + 8N , (107) [i_

with

eN=32-3ologhm-10logf . (108) !!
i

In English units (Fib in pounds; hin in inches) we get _ I

PWL(re 10-nWatts) 20 log Fib + I0 log era d - i0 log n + 81b , _

CLO9) H ii !
when _c

t

HBlb= 93 - 30 log hin - i0 log f . (II0) "i
J

TO speed up calculation, we have plotted 0N and ®ib in Fig. 20. _ IC

In calsulatlng a concrete example, one reeds the respective

value for O from Fig. 18 and adds 10 log F + 10 log erad - i0 log _

(with F in the appropriate units). The radiation efficiency term

i0 log era d is zero above the coincidence frequency b of the slab;

I below the coincidence frequency it can be evaluated from Fig, 5.

al Newton = 0.225 lbf ; lm = 40 in.

bThe coincidence frequency is given as a function of slab thick-
ness in Fig. 4.
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As an example, let us evaluate the sound power level of an

8-in.-thiok dense concrete slab for a vibration point force of _ili
•:'_'.. i0 ib at a frequency of i000 Hz and n=O.01. From Fig. 18 we get

i'!i 10®ib=36"logn =Sincel0logf>fc'0.01I0=_log20.Crad = 0, 20 log F = 20 log i0 = 20, and

Thus, the sound power radiated by an 8-in.-thick slab excited
by a 10-1b force at 1000 Hz is

PWL = 20 + 0 + 20 + 36 = 76 dB (re 10-12Watts) _i_

B. F1oatlngSlabSystem _

Having calculated the response to point-force excitation of

a single slab, we are interested in knowing how much can be gained

[]by adding a floating slab. It is reasonable to assume that the _.

point input impedance of the floating slab well above the basic L_

ii:!i_ii:i'" resonance frequency (given in gq. 14) is not influenced consider- [_i ably by the soft vibration isolation mounts. Accordingly, the i!

:):_ power injected by the point force into the floating slab is _ '_,

_,= F2YI . (lll) _

This injected power is partly dissipated in the slab itself .

' through viscous losses, a partly transmitted through the isolators _ i
to the structural slab, and partly radiated as sound. A part of

i the power transmitted through a mount into the structural slabwill re-enter the floating slab through the other mounts. The
Z

' asince the floating slab has no rigid connection to the rest of !

thethe structure,structural slab.its loss factor is always smaller than that of _

i

78 _ i_;



/

-_ Report No. 1830 _ Bolt Beranek and Newman Inc.

power balance reade

....."...' .. _''I _l = _i + _12 + _I red - _21 , (112)

where w] = power supplied to the floating slab by the point

force

•-_ _ = power lost in the floating slab due to its internal

damping

"-- -12 = power transmitted from the floating slab to the

structural slab through the isolators

_irad = acoustical power radiated by the floating slab

_2_ = power transmitted from the structural slab back

into the floating slab,

With the nomenclature introduced in Sect IV, Eqs. IIi and 112
yield

E!
F_YI = <v_> A 22 (_)n'+Ps _l+P0C0_rad, A_ K_2 (_)n'

(113)

The power balance of the structural slab is

_12= wn2+ + _22 (114)_rad_

or •

<v_> AKI2 (_)n' = <v_> A psa_n2+p0e0Orad2+ _ K,2 (m)n' ,

(ll5)

which yields

79 _'P
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<v_>: <v_> K_2(_)n'L (116) !.

ps2_n2+poe0Orad2+ _ K_2 (_)n' _ }'

Inserting this into Eq. 113, solving for <v_> and putting back ii

<v_>intoEq.116gives _ ,_

<v_>= Kz_(m)n' _ 5i

[o ,_.]e2mn2+P°o°Grad2 +Y2 K12 (_)°l _ "

x A

" [o l
(z17) [I

Neglecting the radiation loss terms and multiplying by P0e0Orad2 A _J igives the sound power radiated into the source room:

PoO0_ad2 1f

X2a= F2Yz (118)
Ps2 _n2 PSz Yz nz PSl mqz

1 + ps2- Y2 _2 + _ _

The improvement in performance over the single slab is the

logarithmic ratio of the acoustic power radiated in the source

room by the single and composite slabs (as given in Eqs. 103 and
llB, respectively).
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_ '
Yz + -* Y_ nl

_mprovomentolOlog_a_a_lOlog _ % V _+_/J

(119

;;ii ' _ If both slabs are of the same material, Eq. 119 simplifies to

_:_::: :-i [!( h__, Ps/_,II
---_ Improvement=_0logLh_I+h=--ns--+_.--T_T_/J. (l_0)

r_ Comparing Eq. 120 with EG. 77, we notice that the improve-

i_"i_. -.J ment to be exactly the same as ATL, if one neglects the contribu-
tion of the forced terms in Eq. 7_. The practical example calcu-

lated in Sec. VIIi showed that in fact these terms are negligible

compared with the resonant terms. Accordingly, the improvement

for point-force excitation and ATL are practically identical.

, Equation 120 again demonstrates the importance of high loss

I _ factor for the performance of a floating floor. It is recommended

_-- that further research should be directed to find practical methods

for the construction of floating slabs of high viscous losses. In
_ : contrast to the sound isolation performance of the floating floor

system, the vibration isolation performance is not subject to

I _ toflanking,walls, since the floating slab does not have rigid connection _!:_
!!

:i
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XI. CONCLUSIONS AND RECOMMENDATIONS

As a result of the study described in this report, theoreti-

cal methods for the calculation of sound and vibration isolation

properties of single and floating floors have been developed. The

most important results are presented in graphical form, to give

the designer a quick grasp of the somewhat complicated equations.

Thc thcorstical calculations show thaL Lhe stlff_ess of the

trapped air sets a lower limit for the basic resonance frequency _I
. of the floating floor. The low resonance frequencies often claimed .,

for very soft mounts, such as precompressed glass-fiber, usually _
neglect the stiffness of the air. Such a low resonance frequency

may be realizable in isolating individual items of small equip- _i1merit, but in floated floor applications, where the air is trapped

between the slabs, it is completely unrealistic.

t!iiOur measurements of the dynamic stiffness of various elastic _.

floor mounts, such as cork, neoprene and precompressed glass-fiber,

showed that the dynamic stiffness of all measured mounts increases _I !_

with increasing static load. The dynamic stiffness was'found to ,,

be independentof frequency in the region from 20 Hz to 2 kHz. A _i]"
comparison of the static load-deflection curves a with the curves

of dynamically measured stiffness indicates that the tangent of _I
the static load-deflectlon curves does not agree with the mea-

sured dynamic stiffness. The tangent of the static load-deflection _Icurve for every type of mount indicates stiffness two to three

times smaller than the stiffness measured dynamically. Both the

static and the dynamic stiffness of the cork mounts show an aniso- _

tropic behavior. The static load-deflectlon curve of the cork

aThe static load-deflection curves were measured by the Korfund

DynamicsCorporation.

i
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-J samples would also indicate a dynamic softening of the mount with

increasing static load - an indication disproved by the dynamic

measurements.

A eample calculation of the improvement in sound and vibra-tion isolation achieved by a resiliently supported floating slab

indicates that, above the basic resonance frequency of the system,

the improvement increases with increasing frequency at the rate

of 30 dB/deeade. For a given floating floor system, the improve-

ment in air-borne sound isolation is practically the same as the
improvement in vibration isolation. The calculations point out

the Importance of a high loss factor for both the acoustical and

the vibrational performance of a floating floor system.

Calculation of the f_anking sound transmission between the
source and receiving room shows that the large potential improve-

ment in transmission loss for air-borne sound, to be expected fromthe addition of a floating floor, cannot be realized in practice

unless one also reduces the flanking transmission. On the other

hand, since a properly installed floating slab had no rigid con-

nectione to the walls of the source room, its vibration isolation

performance remains practically unaffected by flanking through the
walls.

21 illustratesthe of floorinFigure proper use a floating

a typical mechanical equipmen_ room. The airspace between the ._

structural slab and floating slab is filled with low-density non-
load-bearing glass-fiber, designed to reduce the dynamic stiff-

ness of the trapped air. _ Machines with a disturbing frequency

aFor isothermal = 1.0, to 1.4 for adiabatic
processes Y compared

processes; this result of adding the glass-flber is an apparent
increase of about 40% in the volume of the airspace, even though

r_ the glass-fiber itself occupies some offthe volume. _
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, -] (RPM/60) lower than twice the basic resonance frequency, f0, of

-7 the floating floor system (as given in Eq. 14) will require Inde-

" _ pendent treatment, they should be bolted to a heavy concrete in-

ertia block resting on steel springs in series with two layers of

'_ r'-1___l ribbed neoprene, supported on a housekeeping pedestal. The house-

keeping pedestal should be somewhat higher than the level of the

-7 floating slab. Machines with disturbing frequencies above 2f 0 can

_i-_i_-_- - ,- either be rigidly mounted on the floating floor az shown in Fig. '

21, or may need additional vibration isolation. The choice of
the mounting depends on the degree of vibration isolation required.

-I The air gap around the perimeter of the floating slab and

, , also around the housekeeping pedestal should be cleaned, filled

with low-density glass-fiber (0.5 lb per fb_), and caulked with a

non-hard nlngcaulkingcompound hlstreatmentisabsolutely
[ [.] essential, to reduce flanking transmission of vibration from the<_;i_i'i_: ... floating slab to the walls.

ordsrtoprotecbbhevibrationmoustsandtheglassfiberi in the airspace from water, the floating slab should have a rim

[_ ar°und the perimeter ' as sh°wn schematically in Fig' _i' If pos-
sible, no pipes or ducts should penetrate the floating floor.
When penetrations are unavoidable, carefully detail them to avoid

_ _. short-circuiting the floating floor.

In order to realize the potential Improvemenb in air-borne

I I sound isolation expected from the floating floor, one must inter-

i rupt the flanking path through the mechanical equipment room walls.

_ This can be done either (1) by setting the walls on a layer of
vibration isolating material, such as cork, neoprene, etc. (as

'i_I shown in Fig. 21), or (2) by erecting a second gypsum board or I

similar wall on the floating slab itself, which would protect the !

)rimarywalls from incidentsound. When a large improvementis i[

sought, the ceiling must also have similar protection. '}

k:
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BBN has frequently used the second method in the design off .,

music buildings; but we have found this method to be both expert- _I[]i'_sive and impractical for mechanical equipment rooms, where the i_

walls are penetrated in many places by pipes and ducts. Because [] i_
_ of its simplicity, the first method seems to be better suited for _ ,

mechanical equipment room applications than Method 2. Unfortu- _'

D
nately, the scope of the present work did not permit us to assess !_
the inn_e_se _n f]snkln_ tramsmiss_nn Ins_ rhlm tn th_ resl]_nt

supporting of the walls. Since the acoustical performance of a _ i_

floating floor depends entirely on how well one controls the _;

flanking, further study of the reduction of flanking transmission [] ii

by resiliently supported walls is strongly recommended. The _,i
simplest approach would be experimental evaluation. _

B _,i

N •

r
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APPENDIX I: DESCRIPTION OF THE TESTED SAMPLES

A. CorkMounts _._

The samples were cut from a large block made of pure granules

_. of cork, compressed and baked under steam pressure at a steam _._,

temperature of 600°F without the addition of any foreign binder, i

The physical properties are controlled by granule size and density, l_ i
The density designation and lead bearing capacity _a._ for

-I
the different cork samples are: i_l

DENSITY DESIGNATION LIGHT STANDARD HEAVY

Specific weight ib/ft 3 6.7/7 15/16 18/20

DLoad capacity ib/ft 2 400--1400 1400-4300 4300--8000

Range psi 2.78--1D 10-30 35--55 _

B. NeopreneMount _I

" " The mounts are made of neoprene, specially compounded to meet

'- the requirements for elastomeric bridge bearing pads and cured for _I

30 minutes at 300°F. They have the following performance speci-

fioatlone:
i. Original physical properties:

i.i Hardness (Shore A) (ASTM D-676) ............. 60!5
1.2 Tensile strength (mln) (ASTM D-412) ......... 2500 psi

1.3 Elongation at break ......................... 350%
2. Accelerated tests to determine long-term aging

characteristics: _ _ •
2.1 Oven aging -- 70 hours at 212°F (ASTM D-573)

Hardness points change, maximum ............. 0 to +15 _ _!,
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. .-_ Tensile strength, percent change, maximum ... +15

• Elongation at break, percent change, maximum, -110

E 2.2 Ozone (i. PPM in air by volume --20% strain --

_!' IO0°F) (ASTM D-I149)

i00 hours .....,.,.. ....... .............. .... no cracks

'IT'I''T 2.3 Compression set (22 hours at 158 °)

_" ;....... Percent maximum ............. 25

2.4 Low temperature stifrness (ASTM D-797)

i_,i._ii . : At -_O°F Young modulus, maximum ........ i0,000 psi

• pound/lln in., minimum ..................... 225

3. The pad is of the compound known as neoprene cast in mold un-

_ L._ der pressure and heat, It Is in accordance with the require-

;,_ _ ments of ASTM method D-15, Part B.
.ziI_ ..

C. Precompressed Glass-Fiber Mount

The precompressed glass-fiber pad, of 2 in. x 2 in, x 2 in.dimensions, was supplied by the Eorfund Dynamics Corporation and

is believed to be equivalent to the "Q"-PAD of the Consolidated

Kinetics Corporation.

i
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APPENDIX II: CALCULATION OF THE FLANKING TRANSMISSION LOSS

- The flankingsound transmissionloss is defined as

T 0

. .1 _ • TLf l0 log _f (,I-l)

!

where _Q is sound power incident on the flanked wall from the ,i;'_

ocurcc room, and Wf is th_ sound power radlated lz_to the _,ec_lving

o H
In a diffuse sound field the sound power incident on a wall !_

of surface area A is given by: _ i!

' % A (zI-2) i'_

The normal sound transmission loss of the flanking wall is _ [!

given by

<p_>

TLNG 10 log O°_-_°A= , (zl-3)

<v_>P0e0AOra%0
where <p_> is the space-average mean square pressure in the receiv-

ing room <v_> is the space-average mean square velocity of the _ "

flanking wall in the source room, OradNg is the radiation effi- '_

olenoy of the flanking wall, and A is the wall surface area. _ }_

gin this derivation we assume that the flanking partition is a

single wall. _ /:

9O



!

I

I _ Report No. 1830 Bolt Beranek and Rewman Inc.

Solving Eq. II-3 for <v_> gives

<p:>
<V_>= TLNG (II-4)

The velocity t_a.._mi_.on factor, y, is defined as

y = i0log , (II-5)

<v:>

where <v_> is the space-average mean square velocity of the flank-

ing wall in the receiving room.

solvlngEq.  - fo <v: glvss

_ <V_>= . (II-6)

The power transmitted through the flanking walls is

_:"_: ' _ _f = <v_>p0c0eradNGANGRR (II-7)

•' [ where ANGRR is the total surface of flanking walls in the receiv-
ing room,

._ _ Using Eqs. I!-4 and II-6, we get

. <p_> ANGRR

_f=_ TLNQ . (zz-8)

• _ I0i0 1of0 ,_

, _ 91 iI
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