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Abstract: PU (polyurethane) integral skin and PVC (polyvinyl chloride) are polymeric materials which have favorable physical
characteristics to reduce the impact noise when applied to floor systems. In civil construction, floating floors systems are composed of
two layers above the slab: a resilient layer and, above this, a rigid layer of cement matrix that works as a subfloor. This research aims to
evaluate the incorporation of PVC and PU skin waste in the resilient layer of the floating floor, for impact noise insulation. It was
conducted physical, mechanical and morphological tests in the composite, as SEM (scanning electron microscopy), determination of
compressive creep, and impact noise test to evaluate the absorption capacity of the floor system over time. Furthermore, experimental
results were compared with theoretical studies. These correlations may assist in understanding the behavior of impact noise damping
and its relation to the size of the samples.
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1. Introduction through deformation by compression in the upper

) contact surface and transmit the reduced vibrational
The floor slab is the structural element most often
. . response through the lower contact layer.
requested by impact noise sounds. The way to reduce . L .
) o ] In this context, the construction industry is a huge
these sounds transmitted by the building structure is to ) .
o ) ] ) consumer of products whose environmental impact can
break the rigid connection by which radiates the o ) . )
. . ; . be minimized by recycling, especially recycling of
mechanical stimulus of the impact between solid . ; .
. polymeric materials [1, 2]. More specifically, the use
elements. Thus, the change of the impact surface, the . . .
) ] ] ] . of such waste is an alternative that has been studied for
use of an elastic cutting, or the insertion of a resilient . . . )
o o ) the improvement of impact sound insulation [3, 4].
material interposed between the rigid floor covering . . o ]
. . With a view to sustainability, recycling and
and the structural slab, are efficient solutions often .
reprocessing polymers have been shown to be
adopted. . o . .
. . economically viable in obtaining composites that have
Materials as polymers in fiber form or elastomers, . ) .
. . . the same, or superior properties of pure materials, as
cork or textile materials are examples of resilient . .
] ] o well as being a solution found to decrease the
materials which may be placed beneath the rigid floor . . .
] ) ) accumulation of polymer waste in the environment.
covering, composing therefore the floating layer for .
) o ) ] Among the polymers most widely used, one that can
damping the initial mechanical impact on a floor L . . .
be highlighted is the PU skin (polyurethane integral

skin) and the PVC (polyvinyl chloride), which have
wide application in various sectors of economy as well
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system. These materials damp the impact energy
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recycled materials can not represent a compromise in
efficiency of construction systems. Thereby, the
maintenance of the characteristics of flooring systems
over time is an important factor for obtaining a product
with adequate performance over the time of use [6].
Materials that are very compressible, although promote
a high damping of the energy produced by the impact
between solids, can lead to excessive reduction in
thickness of the material when subject to certain loads,
which could cause an increase in dynamic stiffness and
the subsequent decrease in attenuation of impact sound.

This relationship between reducing the thickness of
the resilient material due to compression over time and
estimating the acoustic performance of flooring
systems has been studied in several researches [7-9], in
which the determination of dynamic stiffness,
compressive creep, and the reduction in impact noise
provide data for more complete studies.

Therefore, this work presents the mechanical,
morphological and physical characterization of layered
composites containing residues of PU and PVC skin.
The residues are incorporated into the resilient layer of
the flooring, through a plate of compressed and
particulate polymers to be added below the floor
covering.

2. Materials and Methods

The procedures adopted involve studies of two
layers separately and the final composite with the
layers consolidated. A plate has been developed
containing a resilient layer (spring of the system) of
polymeric residues, and above that a rigid layer (mass
of the system) of mortar. This system is placed over the
slab forming the flooring system.

2.1 Characterization of Polymeric Residues

The PU skin and the PVC were provided by

industries that produce foam and furniture in southern
Brazil. PU skin residue was ground in a knives mill
MARCONI MAS580" during 30 min and after that, it
was performed a particle size analysis through the
vibratory sifter PRODUTEST®, following Brazilian
Standard NBR 7211 [10], PVC was ground in the
knives mill until reaching the size of £3 mm for 1 mm.

The PU skin specific mass test was performed
according to NBR NM 53 [11], and the PVC specific
mass was conducted by the method of NBR NM 52
[12]. In both assays, the polymers floated when
immersed, in this way an adjustment was made so that
both could stay submerged. It was replaced water for
kerosene in the assay, so that the density of the
polymers is greater than that of the chosen fluid, and
thus it can be submerged. The unit mass test of both
polymers was performed according to NBR NM 45
[13].

2.2 Obtaining the Polymeric Matrix

It was prepared samples from the polymeric matrix
with two dimensions and two different thicknesses.
Table 1 shows the formulation of the components
and PVC

agglomerate, placed in the resilient layer of the

used to prepare the PU skin
floating floor.

The elastan, tin octanoate, water, PU skin and PVC
residues were mixed in an electromechanical beater
PAVITEST" for 3 min. After the homogenization, the
mixture was dropped in a press ELETRON®, into 200
% 200 x 20 mm molds, submitted to 15 t of pressure, at
40 °C for 10 min and 20 min, for 10 mm and 20 mm
thickness samples, respectively. Fig. 1 illustrates the
developed system.

Subsequently, plates were prepared with 1.0 m X
1.20 m, also with thicknesses of 10 mm and 20 mm,
keeping the bulk proportion of the material. Above these

Table 1 Composition of agglomerated plates with different thicknesses.

Resilient layer (mm) PU Skin (g) PVC (g) Elastan (g) Tin octanoate (g) Water (g)
10 168 42 30 0.3 0.3
20 336 84 60 0.6 0.6
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(b) (©)

Fig. 1 Polymeric matrix with thickness: (a) 1 cm; (b) 2 cm;
(c) with the cement layer.

plates a cement layer with 40-mm thickness was
deposited. The plates with larger dimensions were
later used in impact noise tests according to ISO
(International Organization for Standardization) 140-7
[14].

2.3 Obtaining the Subfloor for Impact Noise Test

For the mortar layer (subfloor), it was used CP IV
cement from Votorantim brand, and natural sand as
fine aggregate. The sand was dried in a furnace at
100 °C and packed in a closed plastic box until used in
the samples molding. It was used water from the public
supplier of Caxias do Sul City. The mortar was molded
with a proportion of 1:4 (agglomerate: aggregate) in
volume, corresponding to 1:6.5 in weight.

3. Polymeric Matrix Characterization Assays

Water absorption, void ratio and bulk density tests of
the polymeric matrix, were performed following NBR
9778 [15]. The samples were kept in a furnace
QUIMIS" in a temperature of 60 °C (+5 °C) for 72 h.
After drying, the samples were kept submerged in
water in a room with 23 °C (2 °C), they were
weighted until reaching mass constancy.

3.1 Obtaining Samples for SEM

For SEM assay, it was performed tests in mortar
samples with replacement of natural aggregate by the
polymer, so that it was possible to know the interaction
between the polymer particles and cement crystals. The
proportion used to prepare the samples to
morphological analysis was 1:4 in volume and 1:6.4 in
mass. The materials were homogenized in a melting
pot, the mixture obtained was placed in molds with

dimensions of 10 x 10 X 5 mm and the SEM analysis

were performed in a microscope JSM-5800 model.
3.2 Determination of Compressive Creep Test

The compressive creep test was performed following
ISO 20392 [16]. The polymeric matrixes of 200 mm X
200 mm, 10 mm and 20 mm thickness were submitted
to a constant compression of 200 kg/m’, and the
compressive creep results were quantified after the
partial deformation values have been stabilized. The
displacements were measured using analogic
comparators clocks with 0.01 mm of precision. The
estimated deformation for 13 years of use was

determined by regression analysis of the collected data.
3.3 Dynamic Stiffness Test

The dynamic stiffness test was performed according
to ISO 9052 [17]. Thus, a shaker L315M-ETS model
was used to cause vertical vibration, with sinusoidal
signal and constant acceleration. The principle of this
assay is the determination of apparent dynamic
stiffness (s'") of the sample through the resonant
frequency of the resilient material used as a spring in
the mass-spring-mass system. The signs of strength and
acceleration were checked by two accelerometers
3035B2-DYTRAN®, being one coupled to the base
below the sample, and the other on the load plate
placed over the sample.

Through the test with the samples of 200 x 200 mm,
10mm and 20 mm thickness, it was found the
resonance frequency of the elastic base, with its

dynamic stiffness calculated according to Eq. (1):

s'=m'(27tf0)2 (1)

where, s' = dynamic stiffness of the resilient layer
(MN/m’), m' = mass per unit area (kg/m?), fo =
resonance frequency (Hz).

The real system resonance frequency was calculated

1 [s'
= |= 2
Jy 2n \m' @

according to Eq. (2):
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From the results of the performed tests, it was
estimated the impact noise reduction for each of the
samples. Through Eq. (3), it is possible to estimate the
reduction in sound pressure level of the percussion

noises, AL (dB) in floating floors:

AL =30 log(iJ (3)
m

The results mean the reduction of the sound level
applying a resilient layer beneath a rigid plate, with a
surface density of 2,340 kg/m’.

To reduce sound pressure level of the weighted
impact, EN 12354-2 presents an abacus in which
there is the weighted value from the dynamic stiffness
of the resilient layer and the surface density of the
subfloor.

3.4 Impact Noise Test

Impact noise test was performed according to ISO
140-7 [14], using a Bruel & Kjaer 2270 analyzer and a
Bruel & Kjaer 3207 impacts machine. Impact noise
was generated in the emission room, on the floor just
above the reception room, and measured in five
different positions in third octave bands in the
frequency range from 100 Hz to 3,150 Hz.

The rooms are separated by a structural concrete slab
13 cm thickness and are composed by masonry walls of
ceramic blocks 14 c¢m thickness, coated with plastering
mortar. The room dimensions are 2.55 X 4.96 X 2.58 m,
with a total area of 12.64 m” and a volume of 32.63 m’.
Fig. 2 shows an illustrative scheme of the assay.

The analyzed samples were 1.20 x 1.00 m, molded
in situ. It was opted for the reduced size samples in
order to reduce the generation of waste from the
research itself and optimize the time in this phase of the
study, as weighted by Miskinis et al. [18].

Thus, the results are valid for acoustic performance
comparisons between different thicknesses, and can
reveal the influence of polymeric residues in the
acoustic insulation of floors. Fig. 3 shows the samples

for the impact sound test.

EMISSION ROOM

LOAD PLATE

POLYMER MATRIX \
CONCRETE SLAB

\ ' RECEPTION ROOM ’
¥

Fig. 2 Illustrative scheme of the overlapping emission and
reception rooms, for impact noise test.

ot - |
Fig.3 Samples for the impact noise tests.

4. Results and Discussions
4.1 General Characteristics of the Polymers

The average particle size of the PU skin was
4.75 mm, classified as granular solids. The format of
the PVC residue are strips. The unit mass of the PU
skin and PVC residues are respectively 965 kg/m’ and
926 kg/m®. The PU skin and PVC specific mass are
942 kg/m® and 914 kg/m’. The PU skin residue showed
higher unitary and specific mass values.

The specific mass of a material is influenced by its
porosity. In addition to the porosity, size and shape
distributions of the grains influence unit mass. To
dosage effects, it is necessary to know the space
occupied by the aggregate particles, including pores
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within the particles. Thus, the density values of PU and
PVC skin were evaluated factors in the proportions of
the polymer matrix composition.

4.2 General Characteristics of the Polymeric Matrix

In porous materials, the sound damping is primarily
related to the dissipation of energy due to air friction
during propagation through the pores and, also, by
viscosity and internal friction when the vibration
occurs from the very structure of the material [19]. The
amount of voids is directly proportional to the
mechanical impact damping. However, this data should
be analyzed along with other characteristics, because
sound insulation materials of floors should also offer
stability and little deformation over time of use.

The bulk densities values of the residues plate
(Table 2) can be translated into lighter construction
systems and less structural wear of the building, and

therefore reduced structural elements.
4.3 Cementitious Matrix Characteristics

The cementitious matrix presented compression
strength values of 22.2 MPa. The tensile strength value in

the mortar flexion was 4.8 MPa.
4.4 SEM

It was observed in Fig. 4a a physical shoring
between the cement crystals and the PU skin, and a
surface permeability. The physical shoring works
optimally reducing the vibrational response in the
surface, forming the spring-mass system. If there was
an overall permeability, forming a transition interface,
there would be a stiffening of the resilient material,
which works on damping and impact noise insulation.
In Fig. 4b, it is possible to see that the PVC does not
interact directly with the mortar, because its function is
to ensure the integrity of the polymeric matrix

Table 2 Resonance frequency and dynamic stiffness results.

conferring a mooring substituir virgulas por pontos
between the PU skin particles and a dispersion of the
mechanical impact to the PU skin.

4.5 Compressive Creep

The polymeric matrix is constantly compressed over
time, simulating an actual situation of use of 13 years,
which corresponds to the required lifespan for flooring
systems in Brazil, and causing a deformation that
reduces its void ratio. Thus, it is aimed the smaller
possible deformation that keeps the damping property,
influenced by polymers’ voids. The matrix of 10 mm
deformed on average 5.9% of its thickness, while the
matrix with 20 mm deformed 2.3% of its thickness.

It is possible also to compare the results with the
compressive creep deformation of resilient materials
commonly used in impact noise reduction in floors.
Gnip et al. [7] analyzed the deformation by constant
with
thicknesses and densities of mineral wool and the

compression in samples seven different
deformation was lass in thin samples than in the thicker,
without presenting a linear ratio results.

These values represent a low deformation in the
samples thickness, and consequently a little change of
its properties over the lifespan of the system. Thus, it
can be considered that the studied materials will not
reduce its capacity of impact noise insulation in
function of the thickness reduction resulting from
compression during the building time of use.

4.6 Dynamic Stiffness

Table 3 presents the results of resonance frequency
(fo) and dynamic stiffness (s") of the samples with
10 mm and 20 mm thickness.

The thickness of the samples presents an inversely
proportional relationship with the dynamic stiffness of
the material. Thus, therequired thickness of the

Resilient matrix thickness Void ratio

Water absorption Bulk density fo s'
(mm) (%) (o) (kg/m’) (Hz) (MN/m”)
10 98.22 58 540 42.43 14.07
20 94.3 55 562 33.53 8.79
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20um

200um

(b)
Fig. 4 SEM micrograph of cementitious samples with PU skin and PVC residues: (a) physical shoring between the cement

crystals and the PU skin; (b) lack of connection between PVC and mortar.

subfloor, considering the same sound reduction index, lower thicknesses in heavy systems are most feasible in
also follows the same logic, but not linearly. civil construction.

The increased thickness of the subfloor represents an Considering this relationship and the usual thickness
enhance in the load of the whole building structure, of subfloor with conventional mortar, between 3 cm

thus impacting the design of foundations, because and 5 cm, and its apparent mass density of 2,340 kg/m”,
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the resilient layer of the studied material of 10 mm
already reached an efficient impact noise insulation, for
current Brazilian standards.

If 20-mm matrix is used, the efficiency of insulation
will increase for the same thickness of subfloor. The
use of the resilient layer of 20 mm theoretically leads to
a reduction of surface mass of the subfloor, however,
reduced thicknesses of mortar, in practice, are not
performed in buildings.

For a spring-mass system with a 10 mm polymeric
matrix and a 4-cm subfloor, the reduction of impact
noise is estimated at 29 dB. For the same subfloor
thickness but a resilient layer of 20 mm, it is calculated
a reduction of 32 dB. Estimating a polymeric layer of
30 mm, and the same 4 cm thickness of subfloor, the
system can provide a reduction of 35 dB. These results
were obtained using the parameters from standard EN
12354-2 [20].

Currently, it is admitted levels of L’,,,, of 80 dB for
concrete slabs of 10 cm, with acoustic performance
classified as minimum according to Brazilian standard.
The application of floating floor system can result in
values of impact noise levels between 45 dB and 51 dB,
which is, according to the standard NBR 15575 [21], an
acoustic performance with a higher level.

4.7 Impact Noise

The results of impact noise test showed a level of
impact noise of 79 dB to a 13-cm slab thickness,
without the application of floating floor.

With the installation of floating floor system,
through the 10-mm resilient matrix and a mortar layer
of 4 cm, it was measured a level of impact noise of
59 dB. For the 20-mm resilient material and 4-cm
mortar layer, it was measured a level of impact noise of
58 dB.

The values of theoretical calculations made earlier in
the dynamic stiffness test showed more favorable
results. Through theoretical model, it was obtained an
impact noise reduction value (AL) of 29 dB for the
10-mm polymeric matrix, and 32 dB to 20 mm thick.

Therefore, it resulted in an insulation of 50 dB and
47 dB, respectively, for floor system having the
structural slab with 13 cm. The reason lies in the fact
that the theoretical parameters used to define these
values by EN 12354-2 [20] assume a floor system with
infinite dimensions, but the impact noise test was
carried out through samples of 1.20 x 1.00 m.

The resilient material layer serves to dissipate the
vibration, but variations in the dimensions of a sample
carry different results for the same material tested.
Miskinis et al. [18] showed that when the sample is too
small, the dissipation changes and affects the value of
impact noise insulation.

It was concluded in their study that the size of the
sample has significant influence on results. It was
shown that samples (smaller than 10 m*) can be used to
determine ALy, but values must be corrected using
derived equations. According to the test results, the
influence of the tested area can represent more than
11 dB for the weighted reduction in impact sound
pressure level. Through it, it is possible to establish a
closer relationship between the theoretical and
practical values.

Working with L, ,, values closer to reality, it can be
seen that the difference found between the materials of
different thickness of 10 and 20 mm is small when
considered the manufacturing process of each
thickness and proportions of materials involved in the
process. Results are already favorable to the 10 mm
thick polymeric matrix, considering that are smaller
than the maximum value established by the standard,
which is 80 dB,
comfort to the environment through damping the

conferring a higher acoustic

impact noise.
5. Conclusions

This study aims to develop resilient materials with
polymeric residues, working in a mass-spring-mass
system of floating floors. An important aspect when
working with residues in construction industry, is the
life of the material, because a product that has short
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durability leads to generation of new solid waste, often
difficult to degrade.

The compressive creep test showed a satisfactory
life span expectancy, since compression over time
showed a low percentage of deformation of the
material, maintaining its characteristic of damping the
impact noise. The ability that resilient material has to
absorb the impact can be assessed by their dynamic
stiffness. From the determination in the laboratory, the
dynamic stiffness of materials and the test results, it
was possible to forecast the reduction of impact noise
that these materials provide.

The morphology of SEM samples presented a
physical shoring between the mortar and the residue
PU skin, showing the mass-spring-mass system, which
operates in insulation from the noise propagated by the
The

polymeric matrix contributes to the sound damping, so

structure. voids ratio presented by the
that the noises between autonomous units are
reduced.

Impact noise insulation test showed that it is possible
to observe the reduction of impact noise level that
passes through the slab, leading to values compatible
with the theoretically estimated through the dynamic
stiffness, when evaluating the issue of small sample
sizes.

Furthermore, it is possible to observe that a resilient
matrix of PU skin and PVC with 10 mm thickness and
a 4 cm subfloor has a satisfactory level of efficiency,
thus leading to an economic raw material
processing economy in manufacturing polymeric

matrix.
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