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Summary

Floor constructions that meet good acoustic requérgs are usually built by resilient layers under
a concrete floating slab. The impact sound insoifatian be evaluated on the basis of EN 12354-2
standard models, in which the valuesp@for ALy provided by the floating floor can be measured
in laboratory on a reference floor or calculateainfrthe dynamic stiffness of the resilient layer:
the latter value is obtained from the resonant ey of the mass spring system by using a
specific test rig. In the present work, startinghaihe experience gained so far by the acoustics
laboratory at the University of Bologna and at #teoustical Laboratories of INRIM in Turin, a
comparison of the values of the attenuation levfetlifferent resilient materials are presented
calculated using the values of dynamic stiffnes®mgined in accordance with the EN 29052 - 1
and those measured experimentally in room acoystaording to ISO 10140 series
requirements. The aim of the authors is to asdessetuivalence of the two methods and to
compare repeatability and invariability of the dgma stiffness values with force-load.

PACS no. 43.40.Kd

1. Introduction 2. Themeasurement of dynamic stiffness

Acoustical performances of resilient layers used irAccording to EN 29052-1 standard the
floating floor systems are evaluated from a directmeasurement of dynamic stiffness of materials
measurement of the reduction in impact soundused under floating floors in dwelling, is evaluhte
pressure level compared to a reference floor usinfrom the resonance frequengyof the mass-spring

a standard tapping machine (ISO 10140 [1]) orsystem, where the spring is the specimen of the
indirectly, by using the theoretical formulation of resilient material (200x200 mm) and the mags
mass-spring system attenuation [2,3] from theis a loading steel plate with a vertical excitation
effective dynamic stiffness measured on little generated by a shaker.

sample of the resilient material (EN 29052-1 [4]).
Recent works [5] show good agreement between
measured and calculated values of the reduction of
impact sound reduction pressure levels for some
materials used on concrete floor, but more analysis
are required in order to validate the method.
Several typologies of materials have been tested,
such extruded polyethylene with closed cells,
multilayers extruded polyethylene and EPS with
open cells.

In this paper a comparison of calculated and
measured acoustical data of impact sound
insulation are reported.

Figure 1. apparatus for testing the dynamic
(c) European Acoustics Association stiffness
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The apparent dynamic stiffness per unit area cafloor. This can be evaluated from laboratory

be evaluated from the following expression: measurements on 10%mof test specimen over a
reference concrete floor, or calculated, from the
St = 4m®’m’((f.)? MN/m®, (D) resonance frequency of the mass-spring system

(floating floor of masan’ and resilient layer with

apparent dynamic stiffness), according to EN
12354-2:
90 "106
fo=5- [ Hz, 3)
g8 ¥ =-2,9298x+86,892
R2 = 0,9067 ¢
s AL = 3010ng dB, (4)
T ‘_0
T 84 where f are the center frequency band from 100 to
3150 Hz.
82 The expression (4) gives an average fixed positive
slope of 30 dB/decade, independent from internal
80 - ' ' - damping of resilient material. On the contrary, the
0 02 FoRé(N) 06 08 actual sound insulation slopes present different
behaviors as a function of damping. As shown in a

Figure 2. Example of resonance frequency versugrevious research [5], internal damping of restlien
excitation force. materials relevantly influences the sound
insulation in laboratory measurements 4if and
For some materials the resonance frequency igalculated values from measured dynamic
force amplitude dependent, so it must begiiffness, at this moment, does not take into
determined by extrapolation to zero force. account this behavior.
According to EN 29052-1, the effective dynamic For each tested materials the mean value of
stiffnress s’ must be evaluated summing thedamping coefficient has been evaluated from:
measured apparent dynamic stiffness to the £,y
q o L : £ = (5)
ynamic stiffness’, of internal gas (air). In Table 2f;
| results of effective dynamic stiffness are where f and § are the frequency values evaluated
reported, assumings’, depending from the a -3dB down (half power decay) from the
thicknessd (mm) of the material: resonance peak.

s'a = MN/Mm® )

Funzione di trasferimento

Table |. Results of apparent and effective dynamic
stiffness (MN/rf).

I3dB
specimen s’ S'a s’ )
mat 1 63,9 - 63,9
mat?2 57,1 9.3 66.4
mat & 65,2 15.¢ 80.C
mai 4 13,¢ 5 18.¢
mat £ 10,2 2.€ 14.€ o T ee v

3. Attenuation of impact sound pressure
level

Figure 3. Example of;fand § evaluated a — 3dB

The acoustic performance of floating floor over adown (half power decay) from the resonance peak

resilient layer is defined by the improvement in

: . . A modified expression, based on an empirical
impact sound insulatiodL compared to a base P P

relation between the actual slope of DL, measured
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in standard laboratory, and the damping coefficienfThe damping coefficient introduced in the formula
of the resilient material, a calculated DL, damping(4) for the calculation ofAL, allows to obtain a

dependent [5], can be derived as: predictive slope strongly comparable to the
performance curve oAL measured. Since some
AL ~ (37,6-19%) logi (6) materials tested can be identified as porous, it is
) fo

possible, to add the contribution of the dynamic
_ ) . stiffness of the air, relation (2), to provide leett

The expression (.6) gives a positive slope thatprediction of impact sound insulation.
depends by damping coefficieft A final consideration can be made on the number
of significant digits with which one can express
the value of dynamic stiffness. The value
In this paragraph, we compare the values Ofalssocigted with a resilient material, cal_culat(_ed in
’ according to the UNI EN 1SO 29052 [4], is derived

attenuation in —impact noise ObF‘?"”ed .fromfrom a series of operations and averages of
laboratory tests on standardized ceiling, with the

calculated values according both with formula (4)gﬁlgglifsgr?g?nsaJgsduégt\?\,zgﬁcﬂa& EII\\I/Ihl%/r,r?izs the
and_modlﬂed expression (6) : superfluous, so it is much more appropriate to use
In Figure 4, the red line describes the performanc% classification as proposed in the EN 13163 [6]
of AL according to the measured value i

n . .
laboratory compliant with the UNI EN ISO 140; and in the literature [5].

the purple line shows thdlL values calculgted in Acknowledgement

according to EN 12354-2; green straight line _

shows thedL values calculated with the equation This project has been funded by the research
(6). council of country 1.

From the analysis of the graphs of Figure 4, it can

be deduced as the values A&if calculated using References

equation (6) of the UNI EN 12354-2, provides a[1] ISO 140: Acoustics —Measurement of soundingat
good approximation of the measured values over in buildingsand of buildingelements — Part 6:
the entire frequency range (100-3150 Hz) Laboratory measurements of impact sound insulation

i X floors.
The improved formula (6) provides the best results[2] L. Cremer, M. Heckel, E.E. Ungar, “StructuresBe

with the material 1, where thg theoretical curve ha™ " Sound”, 2nd. Ed. Sprinter-Verlag, Berlin 1988

an almost perfect overlap with the respeciMe (3] N 12354-2: Building acoustics - Estimationezbustic
measured values. performance of buildings from the performance of
AL predicted values (from material 2 to 5) elements - Impact sound insulation between rooms
calculated with the improved formula, change thel4] EN 29052-1, 1993, Acoustic, Determination ofegnic
usual slope of 30 dB/octave defined by standards gt'ﬁ”lﬁss' Materials used under floating floor in
. ' dwellings

in a slope of abO.Ut 36 dBloctave slope, mor.ﬁS] A. Schiavi, A. Pavoni Belli, F. Russo: Estinmati of
correlated to experimental data. In order to obtai

i ) acoustical performance of floating floors from dyna
better correlations, the expression (6) should be stiffness of resilient layers. Building Acoustic -22

4. Experimental data analysis

further modified. (2005) 99-113.
[6] EN 13163:2012 Thermal insulation products for
5. Conclusions buildings. Factory made expanded polystyrene (EPS)

products. Specification.

The dynamic stiffness allows to calculate the value
of the resonant frequency of the mass-spring
system and then checks if the material placed
inside the floating floor is suitable to reduce the
transmission of impact noise.

It has been observed that the results of attenuatio
of impact noise, obtained from EN 12354-2, are
consistent with data measured in the laboratory
(1), by means of a correction factér,



FORUM ACUSTICUM 2014 Barbaresi, Semprini, Schiavi: La boratory Acoustic performances

7-12 September, Krakow of resilient layer for impact sound insulation
80 = 80 ——
g Material 1 a Material 2
2 =
60 += 60 +—< —
/
40 .
/\/‘
20 /‘
P
09\!
NN Q S O & & &
ORI P IS N RO
-20
(Hz) (Hz)
AL measured (EN ISO 140) =AL measured (EN IS0 140)
e+ AL predicted (EN 12354-2) == o AL predicted (EN 12354-2)
AL predicted (improved Eq. AL predicted improved Eq. 6)
80 = : 80 =
g Material 3 g Material 4
- -
60 < 60 <
40 / 40
20 3 20 -
/
01— N oo —— —— —— —— —————— 0 PP
N 5 QO D DD PN
[ P 5 %\6 ISR Q:,)Q r»g@ %\;9 @QQ S AN N S 2 ~ %\5 N
-20 -20
(Hz) (Hz)
AL measured (EN I1SO 140) e AL measured (EN I1SO 140)
= o AL predicted (EN 12354-2) = o AL predicted (EN 12354-2)
AL predicted (improved eq. 6) AL predicted (improved Eq.6)
80 —=
g Material 5
2
60
/
40 =
20 l/
ol
Q 5 QO P DD PSS
g A T M SR SN
-20
(H2)
e AL measured (EN ISO 140)
=== AL predicted (EN 12354-2)
AL predicted (improved Eq. 6)

Figure 4. Comparison between the measured in the
laboratory, and the\L predicted in according to EN
12354-2 and the improved equation 6



