Proceedings of The Institute of Acoustics

SOUND INSULATION BY ABSORBER BARRIERS
F.P. Mechel

Fraunhofer-Institut fuer Bauphysik, Stuttgart/FRG
{supported by Gips-Schuele-Stiftung)

1. INTRODUCTION

There exist situations where a certain sound insulation needed can be only
hardly realised by walls, either as a consequence of a high amount of fittings
{such as in the voids of false ceilings or of computer floors) or because large
masses are not permitted (such as in explosion security openings). Then the ab-
sorber barrier can be applied; it is a staple of boards or quilts of fibre ab-
sorber which fit elastically to the flanking walls (see Fig.l).

The sound insulation of such absorber barriers has been studied already experi-
mentally [1-3] and theoretically [5-9], The theeries applied up to now either
make use of heavily simplified absorber models with a rigid fibre structure, or
the theories make use of parameters (structure factor, mechanical stiffness of
the fibres alone, coupling coefficients) which are undetermined [6-8]. Numeri-
cal estimates from these theories and the fact that absorber barriers are sub-
divided 1n a number of layers make it plausible that for practical use the
existence of elastic waves in the absorber materials can mostly be neglected,

‘2, AIM OF THE INVESTIGATIONS

The sound transmission through a plug of thickness d of absorber material which
is homogeneous and isotropic with a non-vibrating fibre matrix can easily be
derived theoretically, as the absorber material 1s completely described by its
characteristic constants, 1.e. the propagation constant Ty and the wave impe-
dance Z,. They are related to the specific fiow resistance = of the material
via the non-dimensional parameter E = p,af/z according to the relations of Fig.2 °
[10,11]. It was to be tested whether it is possible to bring numerical and ex-
perimental results to an agreement with each other by a generalisation of = to
Zaff With

1/2aff = 1/5 + 1/jupa
which just describes a shunting of the specific flow resistance = by the mass
reactance jupa, with pa being the absorber's bulk density.
3. CALCULATIONS

The transmission coefficient ¢ of the sound power {transmission loss
R = -lo 1g ) of a plane sound wave incident under an angle & (see Fig.1) fs
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with the notations y = kqd » T3y cos 8 ; Z = Igp « <0s8/cosey
ran = I'a/ko H zan’ za/ZO

where 9y 15 the (complex} refracted angle within the material for which the
boundary conditions yield

Tan » €0sg) = [1 + Fan® - coste]l/2,

The transmission factor t of the sound pressure amplitude (with r = |t|2) can
be decomposed Into t = ty » ty « e -¥ with the transmission factors t, of the
front side and ty of the rear side of the barrier and with the interior atten-
uation factor e-}. It is: :

2 7Y 2 oY
to=2z/fz«(l4rp e )4 {l-rpee” )] tyml4ry= 2/(1 + 2) .

4, MEASUREMENTS

The insertion loss R of absorber barriers was measured which were made out of
different fibrous materials {glass fibres, mineral fibres) with bulk densities
pa from 13 to 70 kg/m> and corresponding specific flow resistances = from about
5 to 38 KNs/m" for flow normal ta the boards and from 2.4 to 18 KNs/m* for fiow
paraliel to the boards, The barrier thickness d ranged from o.02 to 1.26 m, The
material boards were arranged either perpendicular to the sound direction (the
boards stacked in series behind each other) or parallel (the boards stapled
upon each other}. After prealable tests with the absorber barrier placed into
the test opening of sound insulation test rooms for doors have shown good
agreement with measurements in which the absorber barrier was placed into a
test duct for silencers (length ilm; cross-section 0,5 x 1,0 mz), the major
part of the test program was performed in the silencer test duct,

5. RESULTS

Without consideration ¢f the finite mass reactance of the absorber plug (fibre
matrix rigid), the sound transmission loss for a (2-dimensional) diffuse saund
tncidence becomes a two-dimensional problem of the non-dimensional variables

f < dfeg and = « d/Zy {¢o = sound velocity; I = pg Cp). Contour lines of con-
stant Rgjff are shown in Fig.3. A comparison with a s?milar contour map for
normal incidence (8 = o) reveals only minor differences, The strongest influen-
ce evidently has the thickness d (diagonal shift in the contour map). At low
frequencies and flow resistances a flat minimum of the frequency response cur-
ves of R (horfzontal trajectory through the map) can be seen. However, the vi-
bration of the absorber plug as a whole is expected to produce the strongest
differences just in that region. The influence of the angle of incidence can be
seen from Fig.4 with contour 1ines of R (g) for a small value of the resistance
parameter 5 = 5 « d/Zy = 1 and from Fig. 5 for a medium flow reststance S a lo.
It can be seen that the angular dependence is relatively weak, with the excep-
tion of angles near to grazing tncidence (@ = 90 degrees),

If the finite mass reactance of the absorber plug is introduced via

mentioned above and if the empirical relation

eff as

£ a {,02
{kNs/m*] (kg/m]
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for mineral fibre materials between 3 and p, is used, then the contour map of
R in Fig.6 is obtained for a thickness d = 0.5 mand g = g. Significant differ-
ences as compared to Fig.,3 appear at low frequencies,

A direct comparison between measured and computed {including mass reactance)
frequency response curves of R for oblique incidence {@ = 45 degrees) with an
absorber barrier made out of glasfibre boards in series (py = 12.8 kg/m;

z = 4,9 KNs/m"}) 15 shown in Fig. 7, (The decrease of the measured points in the
upper right corner is caused by the flanking transmission of the test duct). It
can be realised that the computational method which makes use of zaff gives
satisfying agreement with experimental results, This also holds for absorber
barriers made out of absorber boards or quilts laying in parallel to the sound
propagation under condition that the bulk density is not too high (pz < 4o ko/f
m?). Otherwise the high stiffness of the boards parallel to their surface would
give rise to elastic waves which would deteriorate the sound insulation,
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ABSORBER -CHARACTERISTICS
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