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RESUMEN

La propuesta de este estudio consiste en la evaluacion del
desempefio acustico del hormigdn ligero con residuos de
ethylene vinyl acetate copolymer (EVA) para la reduccion
del ruido de impacto en pisos. Fueron evaluados tres tipos
de hormigdn con tres trazas diferentes. El método adop-
tado incluye la caracterizacion de la absorcion de agua,
del indice de vacios y de la densidad en las muestras.
El estudio experimental del ruido de impacto siguid las
recomendaciones de ISO 140. Los resultados indican que
el hormigdn ligero con EVA reciclado puede reducir el nivel
de ruido de impacto en hasta 15 dB y que el porcentaje
mas alto de arido grueso de EVA no aumenta el desem-
pefio acustico.
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SUMMARY

The purpose of this study is to evaluate the acoustic
performance of lightweight concrete with ethylene vinyl
acetate copolymer (EVA) residues to reduce impact noise
on floors. Three types of concrete with three different mix
proportions were evaluated. The method adopted includes
the characterization of water absorption, voids and density
of the samples. The experimental study of noise impact
followed the procedures of ISO 140. The results indicate
that the lightweight concrete with EVA recycled aggregate
can reduce impact noise levels by up to 15 dB and the hig-
hest percentage of coarse aggregate EVA does not entail
a higher acoustic performance.
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1. INTRODUCTION

Lightweight concrete is characterized by the use of low-
density aggregates with high amount of voids between
the particles or by the replacement of solid material by
air, which can be achieved through the incorporation of
air or foam, or a low specific mass can be achieved pro-
ducing concrete without fines.

The low density of the mixture is achieved due to the use
of lightweight aggregates which produces specific charac-
teristics such as low density, ranging from 300 kg/m3 to
1.800 kg/m3 and compressive strength, ranging from
0.3 MPa to 40 MPa. The coarse and fine aggregates are
considered lightweight when their density is less than
1.120 kg/m3 and greater than 880 kg/m3, respectively (1).

These features indicate that the lightweight aggregate
can be used for acoustic performance qualification in
buildings, especially for the impact noise isolation of
floors.

The noise in buildings can spread through the air, the
airborne noise, or through the structures themselves,
defined as impact noise. The impact noise is produced
by percussion of solid bodies on a floor, transmitted
through the structure and re-radiated by it into the air
(e.g. falling objects, footsteps, hammering, percussion
instruments, etc. (2).

The transmission through the structure is the shortest
and most direct path transmission of impact noise. A
hard floor that deforms slightly before the impact, loads
and transmits the noise in a very short time whilst on
a deformable floor the transmission time is greater and
therefore, the amplitude transmission of impact force is
smaller. In both cases the sound response is very dis-
tinct, and it is produced higher sound frequencies in the
first aspect and lower in the second (3).

Bistafa (4) explains that even in thick and dense concrete
slabs, impact noise level is high. Even if the sound trans-
mission level is reduced by increasing thickness, such a

solution is not adopted due to lack of efficiency and to
increasing costs of material and structure weight.

Brazilian standard ABNT NRB 15575-3 (5) characterizes
residential building floors as the element responsible for
providing sound insulation, depending on use of distinct
housing units or between rooms of the same unit, when
for the night’s rest, domestic leisure or intellectual work.
Table 1 shows the performance rating criteria recom-
mended for the standardized weighted sound impact
levels (L'yt w) provided by the structural slab.

Layers with deformable elastic materials are very impor-
tant as the first energy absorption. Moreover, combined
or not with these layers, the floating floor presents the
most satisfactory results (3).

Floating floors are a commonly used solution to reduce
impact noise. It involves placing resilient material be-
tween the structural concrete slab and the sub floor,
which can improve by up to 20 dB isolation from the
sounds of impact. Insulators (resilient materials) may be
rubber pads, cork and other materials evenly distributed,
or plates of glass wool, rock wool, expanded polystyrene,
among others (4).

Experimental studies have contributed to develope prod-
ucts whose performance can be compared to traditional
materials available. Studies evaluated and compared mate-
rials using different waste types in mitigating impact noise
on floors. Materials using waste types such as carpets (6),
recycled rubber (7, 8), coconut fiber (9) and footwear in-
dustry waste with PU and ethylene vinyl acetate copolymer
(EVA) (10-12) provide performance similar to glass wool.
The materials were used in floating floor system, as a layer
between the sub floor and structural concrete slab.

The purpose of this study is to evaluate the acoustic per-
formance of a new material with ethylene vinyl acetate
copolymer (EVA) recycled aggregate replacing conven-
tional coarse aggregate in the production of lightweight
concrete sub floor for residential buildings.

Brazilian standard ABNT NBR 15575-3 recommended classification criteria for the acoustic performance for residential floors (5).

acoustic insulation

Type L’'nT,w (dB) Performance classification
Intermediate floor slab or other structural element, with or without sub floor, without -
o . 66 a/to 80 M (minimum)
acoustic insulation
Intermediate floor slab or other structural element, with or without sub floor, with 56 a/to 65 | (/intermediate)

<55 S (superior)

Roof terrace for collective use

56 alto 65 M (minimum)
46 alto 65 | (intermediate)
<45 S (superior)
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2. MATERIALS AND METHODS
2.1. Materials

In this study two types of coarse aggregate were used:
natural and industrially produced. The natural coarse
aggregate comes from granite rock, with maximum char-
acteristic dimension of 9.5 mm. The choice for this type
of natural aggregate was due to similar EVA coarse ag-
gregate grain size. The natural aggregate was previously
washed, dried in an oven until mass constancy and kept
packed in sealed plastic containers until the moment to
be used.

Characterization of aggregates of EVA was performed ac-
cording to methods specified by ISO 6782 (13). However,
adjustments were made to enable the testing.

In the granulometric analysis test conducted according
to ISO 6274 (14), the samples showed mass difference
during weighing of the fractions retained in the sieves
according to the weight of the total sample. The solution
was to weigh both the total sample and the fractions
only after mass constancy, being held at a temperature
of 60 °C (13).

In the EVA aggregate specific mass test, which followed
ISO 6783 (15), the samples floated when immersed, so
it was necessary to make an adjustment to keep the EVA
aggregate underwater. It was necessary to install a bar-
rier screen at the test apparatus, in order to prevent the
material floated to the surface.

The coarse EVA aggregate used in this study comes from
two types of recycling processes. The coarse aggregate
EVA, named EVAL, is an artificial aggregate obtained
from an industrial process that removes the dust gener-
ated in the grinding step of the waste generated by EVA
footwear industry.

The coarse aggregate EVA, named EVA2, is obtained
through an artisanal recycling process of waste of foot-
wear companies and ground and wrapped for sale. In
the production of this aggregate it is not given the treat-
ment to the EVA powder generated during the process.
The choice for this type of EVA coarse aggregate is based
on the possibility of comparing two different samples of
lightweight aggregates.

The concrete was cast with three different types of mor-
tar. The mix proportion 1:1:4 features 80% of coarse ag-
gregate and 20% of fine aggregate; the mix proportion
1:1.5:3.5 is composed by 70% of coarse aggregate and
30% of fine aggregate; and the 1:2:3 mixture contains
60% of coarse aggregate and 40% of fine aggregate.
The mix proportions samples and designations adopted
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for each sample are presented in Table 2, resulting in
nine samples of concrete tested.

Table 2
Concrete proportions prepared in laboratory.

Aggregate Mixtures Designation
1:1:4 Na
Natural 1:1.5:3.5 Nb
1:2:3 Nc
1:1:4 E1a
EVA1 1:1.5:3.5 E1b
1:2:3 Elc
1:1:4 E2a
EVA2 1:1.5:3.5 E2b
1:2:3 E2c

2.2. Water absorption, voids and specific mass

The methodology adopted in this work follows proce-
dures in accordance with ISO 6783 (15). The tests were
made after 28 days of curing with two specimens with
100 mm in diameter and 200 mm in height.

The specimens were dried in an oven at 60 °C until
they reached mass constancy. The temperature was
chosen to preserve the characteristics of EVA aggre-
gates. After that, the specimens were kept submerged
in water during 72 hours in a climatized room to a
temperature of 23 °C = 2 °C. Afterwards, they were
boiled for five hours.

2.3. Acoustic performance

To determine the weighted normalized impact sound
pressure levels the specimens were tested using the
method described by ISO 140-7 (16) which determines
procedures for field measurements, and the ISO 717-2
(17) which defines the method of obtaining the single-
number for impact noise on floors.

The tests sounds were generated with a normalised tap-
ping machine Bruel & Kjaer type 3207. The noises were
generated in the source room, on the floor immediately
above the receiving room, where three measurements
were carried out with the sound level analyzer Quest,
in third octave bands in the frequency range 100 Hz to
3150 Hz in three different positions.

The rooms have hard surfaces and are separated by a
structural concrete slab with a thickness of 100 mm and
built with masonry walls coated with plaster and paint.
Both rooms dimensions are 4.64 m x 3.5 m x 2.76 m,
with a total area of 16.24 m2 and a volume of 44.82 m3.
The sample tested was 1 m2 which consisted of four
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plates of 50 cm x 50 cm x 3 cm. Thus, the results are
valid for the acoustic performance comparisons among
the samples, and can reveal the influence of aggregate
recycled EVA in the acoustic insulation of floors.

The results treatment consists in obtaining single-number
quantities for the standard impact sound levels pressure
(Ly)- This number results from the comparison of the
sound spectrum curve measured and the reference curve
by ISO 717-2 (17), which expresses the acoustic perfor-
mance in dB of the floor system tested. Nine samples
prepared in laboratory placed on an uncoated concrete
slab were tested.

3. RESULTS AND DISCUSSION
3.1. Materials characterization

The cement used was the CPV-ARI, due to its high initial
resistance and the need to quickly unmold the material
molded into plates with small thickness compared to
width and length. The mechanical properties of cement
are shown in Table 3.

It is observed that the properties of the cement CPV-ARI
meet the regulatory requirements, approving the mate-
rial for testing.

Table 4 presents the physical characteristics of the used
aggregates, including natural, artificial, fine and coarse.

According to Table 4, it is observed that the EVA1 ag-
gregate presents bulk density corresponding to 6% of
the bulk density of the natural coarse aggregate; in
contrast, for the EVA2 aggregate this difference is 7%.
Similar relationships are observed for the dry surface
aggregate, showing that EVA aggregates do with the
density far below the natural aggregates, as it was
expected.

The unit mass was lower for EVA aggregates as well.
The EVA1 presented unit mass corresponding to 8.5%
of unit mass of natural coarse aggregate, while the EVA2
presented unit mass corresponding to 5% of unit mass of
natural coarse aggregate. That is, the low mass of the EVA
also occurs in the voids presence.

The EVA1l aggregate presented fineness modulus 4%
lower than the natural coarse aggregate while the EVA2
aggregate of fineness modulus was 12% lower than
the natural coarse aggregate. As they have the same
maximum characteristic dimension and distribution of the
particles, it is concluded that the aggregates are similar in
size and distribution.

However, it is observed that the EVA aggregates require
more water to wet their grain than the natural aggregates
do and the EVA2 needs more water to wet their grain than
the EVA1, whereas EVA1 and EVA2 have a water absorp-
tion 42.5 and 44.5 times higher, respectively, than the
natural coarse aggregate. However, the EVA2 absorption
of water was 5% higher than the EVAL.

Mechanical properties of the cement CPV-ARI.

Properties Results Limit of ISO 6782 (13)
Residue on sieve # 75 pm — 1SO 3310 (18) 0.84% <6%
Setting time beginning — ISO 9597 (19) 3:28 h 21h
Setting time end — ISO 9597 (19) 5:35 h <10 h
1day 17.4 MPa 214 MPa
Compressive strength — ISO 1920 (20) 3 days 25.8 MPa = 24 MPa
7 days 34.1 MPa 2 34 MPa
Table 4
Physical characterization of aggregates.
Aggregate characterization Natural fine Natural coarse EVA 1 EVA 2
aggregate aggregate
Maximum dimension characteristic ISO 6274 (14) 9.5 mm 9.5 mm 9.5 mm 9.5 mm
Modulus of fineness ISO 6274 (14) 2.92 2.83 2.71 2.48
Water absorption ISO 6783 (15) 0.3% 1.3% 55.2% 57.8%
Apparent 2.53 g/lcm?® 2.98 g/cm?® 0.17 g/lcm® 0.21 g/cm?
Bulk density ISO 6783 (15) S.S.S 2.51 g/cm?® 2.90 g/cm?® 0.26 g/cm? 0.33 g/cm?
Dry aggregate 2.49 g/cm?® 2.87 g/lcm?® 0.19 g/cm? 0.24 g/cm?
Unit mass — ISO 3310 (18) 1.54 g/cm?® 1.65 g/cm? 0.14 g/cm? 0.08 g/cm?®
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3.2. Water absorption, voids and bulk density
of concretes

Table 5 presents the results of water absorption, voids and
bulk density of concretes.

It is observed that, in general, the concrete with EVA ag-
gregates showed higher water absorption, higher amounts
of voids and lower bulk density be it dry, saturated and
real.

It is noticed that most of the absorption occurs in
trace 1:1:4, molded with EVA2, which had the highest
water absorption. This sample had water absorption
8.9 times greater than the absorption of the reference
trace and 2.2 times greater than the trace with EVA1.
Parallel to it, the sample that showed the highest
percentage of voids was the 1:1:4 with EVA2, with a
percentage of 38.56%.

It was also noted that the average bulk density of EVA1
concretes corresponds to 46% of the bulk density of the
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trace reference, whereas the average bulk density of EVA2
concretes is 63%.

Among the concretes with EVA, EVA1 showed more satis-
factory results than EVA2, with lower water absorption and
voids. In terms of bulk density, the samples with EVA1 had
lower values than EVA2.

In addition, the lower the content of mortar, that is, the
greater amount of coarse aggregate in relation to the fine
aggregate, the lower values of bulk density. For example,
the trace with EVA1l 1:1:4 has a dry bulk density 15%
lower than the trace with the same materials 1:1.5:3.5
and 18% than the characteristic 1:2:3.

3.3. Acoustic performance

Figure 1 combines the results of all samples tested with
their respective values of L'nT, pointing out that the sam-
ple called slab corresponds to the values measured under
the slab of the receiving room, without the use of material
between the slab and the tapping machine.

Table 5
Water absorption, voids and bulk density of concretes.

Sample Water absorption (%) Voids (%) Dry bulk density g/dm? Saturated bulk density g/dm? Bulk density g/dm?
Na 4.87 11.53 2.370 2.480 2.670
Nb 3.1 7.53 2.420 2.500 2.620
Nc 2.40 5.75 2.400 2.460 2.550
Ela 19.65 17.58 890 1.070 1.080
E1b 17.08 17.76 1.040 1.220 1.260
Elc 12.28 13.33 1.090 1.220 1.260
E2a 43.54 38.56 890 1.270 1.440
E2b 29.53 32.95 1.120 1.450 1.660
E2c 20.77 27.11 1.310 1.580 1.800
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Figure 1. L'nT sound pressure levels by frequency.
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Figure 2. Weighted standardized impact sound pressure level of samples.

The results can be divided into three distinct groups in
relation to coarse aggregate mix proportions.

The samples made with natural coarse aggregate had the
highest measured values, and, among them, the lowest
value was the sample 1:1:4 (Na). The frequencies up to
160 Hz with natural aggregate samples showed higher val-
ues than those of simple slab, featuring those frequencies
near resonance frequency, with the simultaneous vibration
of the set, which leads to the amplification of sound. In
this case, there is a solidarity movement and phase com-
position of the sample and the concrete slab, stimulated
by low frequency of 160 Hz.

The second group, formed by the specimens made from
EVA1 aggregate, presented intermediate values of sound
pressure levels at similar frequencies from 315 Hz, except
for trace 1:2:3 (E1C), which showed higher values. The
best results were obtained for specimens prepared on the
basis of EVA with a higher proportion of coarse aggregate,
i.e., with traces of 1:1:4 and 1:1.5:3.5, which submitted
lower densities. Nevertheless, the specimens with EVA1
residues on the 1:2:3 mix proportion presented sound
pressure levels above the simple slab at frequencies of 125
and 160 Hz, with the influence of the resonance frequency
of the system.

In the third group, the sample with 1:1.5:3.5 (E2B) mix
proportion presents a different behavior, as of 2000 Hz the
specimens showed similar values to the second group. In

general, the third group, using the EVA2 aggregate, gave
intermediate results between the concrete and the refe-
rence EVAL.

The L7\ values can be comparatively analyzed in Figure
2, with the grouping by type of material composition of
the specimens.

The samples made with natural coarse aggregate ob-
tained values between 71 and 72 dB, with a minimum per-
formance rating for structural concrete slabs and off the
minimum performance standards for affordable coverage,
according Brazilian standard NBR 15575-3 (5). It is ob-
served that the variation of the ratio coarse aggregate and
fine aggregate had little influence on the final results. The
samples with EVA1 showed greater variation, with values
between 54 and 62 dB, and only specimens with 1:1.5:3.5
mixture can be classified with superior performance. In
the specimens prepared on the basis of EVA2 the results
ranged from 56 to 62 dB, with minimum performance rat-
ing for affordable roof terrace.

3.4.Relation between impact noise and voids

The test results of impact noise and amount of voids
showed an inverse relation, as seen in Figures 3, 4 and 5.
It can be said for the specimens studied in this article that
the increase in amount of voids leads to better acoustic
performance in slabs and toppings.
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Figure 3. Relation between impact noise and voids: samples of
natural course aggregate.

Figure 4. Relation between impact noise and voids: samples of
EVA1 course aggregate.
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Figure 5. Relation between impact noise and voids: samples
of EVA2 course aggregate.

3.5.Relations between impact noise and real
bulk density

The relation between the impact noise level and bulk
density showed a variation between the results of
natural aggregate specimens and specimens with EVA.
Most of the results show that the increase of the bulk
density caused worse acoustic performance to the
impact noise in the specimens studied. In specimens
with natural aggregate the reduction in the proportion
of coarse aggregate resulted in higher noise levels
measured. However, the bulk density did not follow the
same trend, with a reduction in value between Nb and
Nc specimens, with 70% aggregate and 60% respec-
tively (Figure 6).

In samples with industrialized EVA residues the reduction
in the proportion of coarse aggregate raised the values
of dry density. However, changes in these proportions did
not follow the same trend in noise levels measured, as it
is observed in Figure 7.

The group of samples prepared with EVA residues obtained
by means of recycling craft presented direct relation between
the dry bulk density increases and noise levels measured. In
Figure 8 these relations can be observed comparing the two
upward graphs profiles, indicating that the increase in dry
bulk density corresponds to an increase in noise levels mea-
sured. In these specimens group the increase in dry density
and the reduction in the proportion of coarse aggregate
contribute to the less performance of impact noise.
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Figure 6. Relation between dry bulk density and impact noise
levels: samples of natural course aggregate.

Figure 7. Relation between dry bulk density and impact noise
levels: samples of EVAL.
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Figure 8. Relation between dry bulk density and impact noise levels:
samples of EVA2.
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4. CONCLUSIONS

The concrete molded with EVA presented lower levels of
bulk density of fresh concrete in comparison to the con-
cretes with natural aggregates. It can be followed that the
higher the percentage of lightweight aggregate added to
the mix, the lower values of density.

In testing, the impact noise lightweight concrete achieved
the best acoustic performance, with satisfactory per-
formance for structural slabs. In the case of accessible
coverage, the classification of acoustic performance
decreased. However, other available coatings that can
help with soundproofing should be considered for this
kind of roof.

It was noted that the incorporation of EVA as resilient
material on the sub floor could break the rigidity of floors
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