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a b s t r a c t

Standard measurement methods of impact sound insulation of floor coverings (resilient surface layers) in
laboratory are stated on Standard ISO 10140 series. Laboratory test allows evaluating the acoustical per-
formance of resilient surface layers in terms of reduction of impact sound pressure level DL. Resilient sur-
face layers applied on the top of the structural reference floor effectively reduce the impact noise
produced in the receiving room by a tapping machine excitation. In any case, an accurate characterization
of the acoustical performances of the resilient surface layers depends on several boundary conditions. In
this paper, it is shown a very relevant effect on the measurement accuracy, due to the cleaning condition
of the structural reference floor. In particular it has been observed that the presence of sand and/or dust
(in a very small quantity, i.e. of about 5 g/m2) scattered on the bare slab greatly influences the experimen-
tal results. Researchers and technicians involved in building acoustic measurements in standard labora-
tories are well aware about the issues of proper cleaning, in particular if the resilient surface layers must
be fixed on the surface by gluing. Nevertheless, the ISO 10140 standard (as well as previous ISO 140 stan-
dard series) does not state, as requirement, to glue the layers on the surface of the reference floor. As a
consequence any accidental impurity on the bare floor surface can be a relevant source of inaccuracy.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In building applications the presence of floor covering materials
(or resilient surface layers) applied on the bare surface of the struc-
tural slab, reduces the impact noise level. The impulse force, acting
on the elastic surface, is damped and the mechanical power put in
the structural slab is partially absorbed by the resilient surface
layer [1,2]. The acoustical performance characterization of resilient
surface layers is a common measurement in building acoustic stan-
dard laboratories. In general terms, used materials for resilient sur-
face layers are rigid rubber, vinyl tiles, linoleum tiles, moquettes,
but also wood and ceramic-like tiles (united with porous and/or
elastic underlayers) [3,4].

The ISO standard measurement procedure [5–7] states to apply
at least 3 tiles, large enough to support the whole tapping machine,
on the bare standard slab (without any requirement about the fix-
ing method: they can be installed loosely or by adhesion to the
floor surface) and to measure the sound pressure level produced
in the receiving room by the excitation of the tapping machine.

Measurements are performed with the tapping machine acting
both on the surface of the bare reference floor and on the resilient
surface layer under test, in order to evaluate the sound pressure
level of both conditions. The structural reference floor is made in
concrete (density 2500 kg/m3, thickness 140 mm). The acoustical
performance of the material is determined in terms of reduction
of impact sound pressure level DL, on the basis of the difference
between the normalized impact sound pressure level measured
on the bare floor (Ln0) and on the resilient surface layer under
investigation (Ln).

On the basis of an occasional bilateral commercial comparison
between two laboratories a relevant dispersion of reduction in
impact sound results, in terms of reproducibility, has been
observed. The dispersion ranged from about 5 dB up to 10 dB,
depending on the typology of the material.

In order to investigate the possible sources of a so relevant dis-
persion, an accurate analysis of measurement procedures and
boundary conditions has been performed.

At first, instruments calibration and devices properties, mea-
surement methods and suitability of the standard laboratories, in
order to fulfil any basic metrological requirements, useful to lead
a correct reproducibility test, have been investigated. Besides, a
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series of repeatability tests has been performed. Since discrepan-
cies have not been highlighted, the attention has been focused on
the materials properties and on measurement boundary
conditions.

Material properties have been defined on the basis of stiffness
and damping, in terms of dynamic Young’s modulus and loss factor
measurement. As boundary condition, once verified the laborato-
ries features, the bare structural slab surface have been investi-
gated. It has been observed that, although the surface roughness
fulfils the standard requirements (the surface of the reference floor
shall be flat to ±1 mm in a horizontal distance of 200 mm), only
few sand/dust was scattered on the surface. It is well known that
in building acoustic standard laboratories, because of several heavy
structures built and demolished per year (e.g. floating floors), dusts
and other very small rubble particles can deposit on the surface.

As a matter of fact, as recognized by Cremer et al. [8], ‘‘one must
also take into account that the (not readily quantifiable) spring
effect of even a layer of dust may lead to errors in the measure-
ments at very high frequency’’, in floor coverings characterization.

As it will be shown in this technical paper, the surface cleaning
condition of the reference floor is of paramount importance to
avoid errors in measurement and a systematic evaluation and
quantification of the dust spring effect on the accuracy of impact
sound laboratory measurement is performed.

2. Experimental evidences

2.1. Material properties

Three different commercial resilient surface layers (RLS) of
610 mm width and 610 mm length, with different technical fea-
tures and properties, have been used in the following experimental
tests (Fig. 1).

Resilient surface layer 1 (RSL-1): single layer in rubber (SBR
type) 31–35%, filler 50–55%, other vulcanized compounds 10–19%.

Resilient surface layer 2 (RSL-2): 2 layers, a hard rubber cover
united with a polyurethane foam with rubber shavings.

Resilient surface layer 3 (RSL-3): 3 layers, a hard rubber cover,
polyurethane foam and a rubber underlayer.

The case history, although limited to 3 samples, can be consid-
ered enough for a relative comparison in which only the variability
due to a single boundary condition is investigated.

In Table 1 measured technical properties are shown. The aver-
age dynamic Young’s modulus Edyn has been determined from
the dynamic stiffness values s0, measured accordingly to ISO 9052
Standard [9], on the basis of the simplified relation Edyn = s0 � t0, in
which t0 is the compressed thickness value of the layers (i.e. the
layer thickness measured under a static load of 200 kgm�2).

Damping, in terms of loss factor g, has been evaluated on the basis
of half-power point method, from the width of resonant peak of
mass-spring (i.e. mass-resilient surface layer) system, at �3 dB
from the maximum peak amplitude. Actually, dynamic stiffness
measurement has been performed with the aim to evaluate quali-
tatively the relative magnitude of elastic and damping properties
of each layer and the average dynamic Young’s modulus has to
be considered as a representative elastic response of the system
as a whole. The actual evaluation of the elastic properties of RSLs
is outside the aim of this technical paper.

2.2. Standard reduction of impact sound pressure level measurement

A series of standard reduction of impact sound pressure level
measurements has been carried out on 3 different samples of
surface resilient layers. Measurements have been performed in
accordance to ISO 10140 standard series.

The surface of the reference floor surface has been accurately
cleaned, to avoid the presence of dust and any other small rubble
particles. A series of repeatability tests has been firstly performed
in order to define the range of uncertainties (�2.8r) due to the
measurement position on the reference floor for each resilient sur-
face layer (uncertainty averages in the order of ±1 dB for RSL-1,
±2.4 dB for RSL-2, ±2.4 dB for RSL-3, for sound pressure level mea-
surements Ln and reduction of impact sound pressure level mea-
surements DL and uncertainties of ±0.8 dB for RSL-1, ±2.3 dB for
RSL-2, ±2.4 dB for RSL-3 for weighted reduction of impact sound
pressure level measurements DLw). Once repeatability has been
evaluated, a series of measurements of impact sound pressure level
has been performed by scattering defined quantities of fine sand on
the reference floor surface. It has been used a commercially avail-
able siliceous river sand (washed and selected with a granulometry
between 0 mm and 1 mm), in accordance to EN 13139 standard
[10].

The quantity of sand scattered on the reference floor surface
varies between 0.3 g/m2 and 13.4 g/m2.

In the graphs of Fig. 2 the sound pressure level Ln, measured as a
function of increasing quantity of scattered sand are depicted.

In the graphs of Fig. 3 the reduction of impact sound pressure
level DL are depicted.

3. Results and discussion

Experimental results clearly show the systematic effects due to
the presence of scattered sand on the reference bare floor surface.
The sound pressure level Ln, systematically decreases as a function
of increasing quantity of sand, while, as a consequence, the reduc-
tion of impact sound pressure level DL increases. The effect due to
the presence of sand on the bare surface is relevant in particular at
high frequencies, in which the values of sound pressure level show
large variations, depending on resilient surface layer properties.
Actually, the influence of sand on the bare surface is more evident
in RSLs with low acoustical performances (RSL-1 and RSL-2).
Measurements of impact sound have also been performed on the
bare reference floor surface (Ln0) with and without sand and no dif-
ferences have been observed.

In the graph of Fig. 4 the variation of weighted reduction of
impact sound pressure level (single number) DLw is depicted
(uncertainty averages in the order of ±0.8 dB for RSL-1, ±0.8 dB
for RSL-2, ±0.3 dB for RSL-3). It is of interest to highlight that the
dust spring effect influences the experimental results also for very
small quantities of scattered sand, in particular in the range from
0.3 g/m2 to about 5 g/m2. Above 5 g/m2 a steady (but not actually
accurate) acoustical behaviour is reached, for all tested samples.Fig. 1. The 3 commercial resilient surface layers under test.
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