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Abstract
E——

A produgéo de concretos auto compactaveis de baixa massa especifica tornou-se um grande desafio para a engenharia civil, principalmente
quanto a dosagem e manutengao das resisténcias mecanicas. Nesse contexto, o objetivo deste trabalho foi analisar concretos autoadensaveis
(CAA) produzidos com agregados leves e reciclados. Fixou-se as dosagens de silica ativa, pé de pedra, pedrisco, argila expandida e superplas-
tificante, variando-se a porcentagem do residuo de borracha em 5% e 10%, em substituicdo ao agregado miudo. As amostras foram submetidas
aos ensaios de espalhamento, viscosidade, habilidade passante, resisténcias a compressao e a tragéo por compressao diametral e, massa es-
pecifica. Verificou-se que os CAA produzidos apresentaram coeséo e trabalhabilidade adequados, bem como atendem as condi¢gdes normativas
para uso em pegas pré-moldadas e estruturais.

Keywords: self-compacting concrete, lighweight aggregate, reclycled aggregate, fresh properties, mechanical strengths.

Resumo

EE

The production of self-compacting concrete (SCC) with low density has become a major challenge for civil engineering, especially regarding the
dosage and maintenance of mechanical strength. In this context, the objective of this work was to analyze self-compacting concrete (SCC) using
lightweight and recycled aggregates. Fixed the additions of silica fume, stone dust, gravel, expanded clay and superplasticizer, varying the per-
centage of rubber waste by 5% and 10%, replacing the fine aggregate. The samples were subjected to spreading assays, viscosity, passing ability,
compressive strength and tensile strength by diametrical compression and density. It was found that SCC produced had adequate cohesion and
workability as well as meet the regulatory conditions for use in pre-cast and structural parts.

Palavras-chave: concreto autoadensavel, agregado leve, agregado reciclado, propriedades no estado fresco, resisténcias mecanicas.
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1. Introduction

EE

The mechanization of the constructive processes, as a way to ac-
celerate the production processes and, as a consequence, the pro-
ductivity of prefabricated elements, has encouraged further studies
of self-compacting lightweight concrete (SCLC), which is an alter-
native material to conventional concrete.

Lightweight concrete congregates low density and mainte-
nance of mechanical resistances, can be applied for structural
purposes, directly influencing the economy with infrastructure
[1]. It should also be noted that, the use of this type of concrete
results in a higher productivity than the conventional concrete,
facilitating the transport of the pieces during the execution
phase of the building.

As well as lightweight concrete, the self-compacting concrete
(SCC) has emerged as an alternative to conventional. According
to surveys already performed [2, 3], the main attractiveness of its
use is the ease of handling and application, whose ability to fill the
existing spaces in the formwork and to enclose the reinforcement,
is given exclusively through the action of gravity, without any me-
chanical or manual interference.

When we working with more fluid concretes, it has as consequence
a reduction in the time of handling and densification when applied
in prefabricated elements, causing in the greater productivity and
lower final cost in the concreting operation.

The most important principles to maintain the characteristics of the
SCC are the use of superplasticizers, mineral additions, high con-
tent of fine materials and mortar, resulting in a greater cohesion
and fluidity of the paste, however, we have a concrete that absorbs
less energy, that is, it becomes extremely sensitive to the pres-
ence of cracks and microcracks, compromising the integrity of the
material [4, 5].

In order to minimize this effect, the rubberized concretes present
better capacity to the damping, due to the significant increase of
the toughness and ductility [6]. In addition to improving this prop-
erty, the use of rubber in concrete appears as an alternative solu-
tion for the disposal of waste tires, being an innovative option with
numerous benefits.

In the composition of SCC with light aggregates, mineral additions,
usually derived from industrial byproducts, present great pozzola-
nic activity, which ensures greater cohesion between the compo-
nents of this concrete [3]. However, given the high surface area of
these additions, it is necessary to use superplasticizing additives in
order to maximize the flowability of the SCC without compromising
the water/cement ratio [7].

In this way, it is evident the merit of developing self-compacting
concrete with light and recycled aggregates, being a modern study
line and still little explored in the technical field. However, this type
of concrete needs to meet specific requirements for its applica-
tion, such as high fluidity, cohesion, resistance to segregation in
the fresh state, low density and mechanical resistance.

1.1 Self-compacting lightweight concrete (SCLC)

The self-compacting lightweight concrete (SCLC) is character-
ized by high workability without segregation phenomena and high
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durability [8]. The success for the production of this concrete is the
use of light aggregates, such as expanded clay, obtained through
the expansion of clay and its vitrification in rotary kilns.

The use of expanded clay as an aggregate in SCC, coupled with
mineral additions, mainly silica fume, may result in a highly viable
and durable concrete [1, 8, 9, 10]. The use of these aggregates has
contributed to sustainable development through energy conserva-
tion, maximizing the structural efficiency and shelf life of precast
elements, reducing transport costs due to their low density [4].
However, as already observed in other studies [1, 4], there is a loss
of working capacity associated with high water absorption by light
aggregates, directly influencing SCC properties, especially in the
fresh state. Therefore, pre-saturation of these aggregates must be
performed in order to solve this problem, most commonly the water
immersion method, performed by a period of 24 hours prior to the
production of the concretes.

The use of expanded clay, mainly of larger dimension, in the SCC,
causes a greater bearing between the particles during the tests in
the fresh state, due to rounded form and glassy surface, in com-
parison with conventional aggregates [1, 8, 9, 10, 11]. In addition,
self-compacting concrete incorporating round-shaped aggregates
requires less cement and water to achieve adequate workability
and cohesion of their mixtures [11].

Another important characteristic in the formulation of SCC is the
granulometric distribution of its aggregates. Some authors point
out in their works the use of two expanded clay granulometry,
so that fluidity and scattering are improved by better packing the
grains, filling the voids [1, 8].

Recent studies [8, 11] have added silica fume in self-compacting
concrete mixtures and, due to their micrometric size, provide a very
high cohesion and fluidity increase in this type of concrete, espe-
cially when using special aggregates such as expanded clay.
These benefits emphasize the importance of developing projects
with the use of SCLC, since, besides presenting the main charac-
teristics of the self-compacting concrete, such as fluidity and work-
ability, they have excellent resistance to segregation, low density,
maintenance of the mechanical properties and durability in the
hardened state.

1.2 Self-compacting rubberized concrete (SCRC)

An alternative solution for the disposal of waste tires is its incor-
poration in concrete mixtures, since it is an innovative option with
environmental, economic and performance benefits, performed in
granulometry and adequate percentages [7].

The tires that have the carcass in good condition can be refur-
bished and reused. According to CONAMA Resolution 416/2009
[12], the reform processes can be characterized by reuptake, a
process by which the used tire is reformed by replacing its tread;
retreading, the process by which a used tire is reformed by re-
placing its tread and shoulders; remolding, the process by which a
used tire is reformed by replacing its tread, shoulders and the en-
tire surface of its flanks. In the reuptake and retreading, by scrap-
ing the layer to be reformed, residues are generated in the form of
fibers and rubber powder, granulometries widely used in cementi-
tious matrix as an aggregate [13].
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In the recycling process, the unserviceable tire is crushed and re-
duced into smaller particles. The grinding can be done at room
temperature or by the cryogenic process. At room temperature the
tires are first processed into 50 mm flakes, then these flakes go to
the crusher and are reduced to 10 mm, in which process part of the
steel is removed and after the crusher the remainder of the steel is
magnetically removed [14].

Although there is a demand for 10 mm crushed rubber, most ap-
plications in construction require finer grades in the range of 2 to
0.84 mm. For this reason, are perform consecutive crushing in the
milling companies [14].

The presence of rubber as an aggregate reduces some mechanical
properties of the concrete, so percentages above 30% of substitu-
tions are not recommended [15]. This resistance drop occurs due
to the weak bonding between the rubber particle and the cement
matrix and also by the rough granulometry of the rubber [2, 3].
Besides the limits of substitutions of the conventional aggregates
for the rubber residue, another important aspect in the formulation

of the self-compacting rubberized concrete is the granulometric dis-
tribution [3, 16]. As observed in SCC with expanded clay, from the
use of large and small granulometry, there is a better packaging of
the grains, filling the voids, increasing the durability of the concrete.
After the addition of rubber particles, studies have indicated a re-
markable decrease in the stiffness and strength properties of the
concretes. Despite the reduction of these properties, the compos-
ites met the normative requirements, besides showing a significant
increase of the tenacity and ductility, as well as a better capacity of
damping. In contrast, the use of this aggregate, significantly aggra-
vates the penetration of chloride ions through concrete, however,
from mineral additions, this effect can be reduced because the ex-
isting voids are filled [6].

SCRC requires a greater amount of superplasticizer in their mix-
tures when compared to self-compacting conventional concrete,
because the rubber particles have a rough surface, which results
in increased cohesion, but drastically decreases the workability [2].
Vibration damping coefficient values and frequency, given by the

Table 1
Materials characterization
Component Cement Sand Rubber | Stone powder Hail Expanded clay
Chemical element (%)
C - - 91.50 - - -
n - - 3.50 - - -
- - 3.30 - - -
S - - 1.20 - - -
Na - - 0.20 - - -
Ca - - 0.10 - - -
Chemical composition (%)
CaO 63.33 - - - - -
SiO, 19.19 - - - - -
ALO, 515 - - - - -
Fe,O, 2.80 - - - - -
MgO 0.92 - - - - -
LO.L 3.97 - - - - -
LR. 0.48 - - - - -
Physical proprieties
(gjlsr% 311 2.63 1.14 2.76 2.96 1.15
t’g'l 2283; - 1.57 0.35 1.56 1.50 0.62
Maximum
dimension - 2.40 4.80 4.80 9.50 9.50
(mm)
Fineness - 1.60 3.49 3.07 5.36 5.50
Note: L.O.I. = Lost on ignition; |.R. = Insoluble residue.
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dynamic modulus, are of great importance in structural applica-
tions. Improving it means improving reliability in terms of natural
hazards, accidental or hydrostatic loading, and fragmentation.
Concretes produced with residues of waste tires have a delay in
the appearance of microcracks in the matrix, reducing shrinkage
rates, being able to absorb more energy than the conventional
SCC [5, 13, 14].

Recent studies, in order to compensate for the low values in some
mechanical properties of the SCRC, performed a pretreatment of
the rubber particles by water-soluble synthetic polymer solutions,
which proved to be efficient as the mechanical results were im-
proved [2, 3].

According to the results found in the literature [12], it was deter-
mined that the addition of the rubber aggregate in SCC increas-
es the impact resistance, this increase being proportional to the
added amount of rubber. Self-compacting rubberized concrete, as
reported by several authors, absorbs more energy, isolating bet-
ter the sound waves [5, 16, 17]. Therefore, SCRC can be applied
to precast elements requiring high ductility, combining high fluidity
and maintenance of mechanical stresses, characteristics that are
not maintained in self-compacting conventional concretes.

Due to these aspects, the objective of this work was to study the
performance of self-compacting concrete produced with expanded
clay and rubber waste from unserviceable tires, from the retreading
process. Mixtures with fixed dosages of silica fume, stone powder,
hail, expanded clay and superplasticizer were elaborated, the per-
centage of the rubber residue being varied by 5% and 10%, replac-
ing the sand. The mixtures were submitted, in the fresh state, to the
scattering, viscosity and pass ability tests. In the hardened state
were performed the tests of compressive and tensile strength, as
well as the density.

2. Materials and experimental program
_——

To achieve the objectives of this work, the materials for the prepa-
ration of the concretes were selected, which were characterized
before the calculation and the production of the mixtures. After their
production, the concretes were submitted to the tests in the fresh
state and, after the curing process, to the mechanical and density
tests. These procedures were followed by normative recommenda-
tions and were performed in the Construction Materials Laboratory
of the Faculty of Technology of the State University of Campinas.

2.1. Materials

Was used Portland cement with high initial resistance, which guar-
antees high resistances with greater speed and, silica fume that
guarantees greater cohesion to the mixtures. As a natural aggre-
gate, fine quartz sand was used and, as its partial substitute, was
used the rubber residue of unserviceable tires, from the retreading
process. As a thin material, the stone powder was adopted, which
has the purpose of increasing the fluidity of the mixtures. Hail and
expanded clay were used as large aggregates. A plasticizer based
on polycarboxylic ether was used to ensure workability in concrete
mixtures. The characterization of cement, sand, rubber, stone pow-
der, hail and expanded clay are presented in Table 1. Fig. 1 shows
the grain size curve of sand and rubber.

100

% ACUMULATIVE

6.3 4.8 24 1.2 0.6 0.3 0,15
SIEVE OPENING (mm)

Residue

e SAND == RUBBER

Figure 1
Granulometric curve of sand and rubber

The superplasticizer used exhibited density of 1.19 g x cm™, pH
= 6, solids content of 30% and viscosity of less than 150 cps,
while the silica fume had a density of 2.21 g x cm™. In order to
understand the absorption process of the expanded clay, the
water absorption test was performed and the results are pre-
sented in Table 2.

2.2 Dosage and production of concretes

Concrete mixtures were prepared incorporating 0%, 5% and
10% of rubber residue, replacing the small aggregate, follow-
ing the recommendations proposed by ACI 211.2-98 [18] and
by Tutikian [19]. The dosages were performed with the purpose
of guaranteeing workability values around 560 mm (+/- 10 mm),
density around 2,000 kg/m*® and compressive strength above
20 MPa at 28 days of age. The water/cement ratio used for all
mixtures was 0.68. The sample identifications were CR for the
reference mixture, and C5 and C10 for the mixtures contain-
ing 5% and 10% rubber residue, respectively. The mixtures are
shown in Table 3.

Because of the high absorption, the expanded clay remained im-
mersed in water for 24 hours, before to the production of the con-
cretes. As observed in Table 2 and reported by other authors [1,

Table 2
Expanded clay water absorption

. Water absorption (%)
Time
CINEXPAN 1506
1 min 0.67
5 1.50
10 2.00
30 3.10
1 hour 3.83
2 4.33
6 5.50
1 day 7.50
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Table 3
Materials characterization
Silica Stone Mortar
Mixtures | Cement Sand Rubber Hail C1506 SPA w/c content
fume powder )
CR 1.81 0 0.008
C5 1 0.1 1.77 0.04 1.56 1.95 0.02 0.008 0.68 0.69
C10 1.73 0.08 0.008

4], because it is a porous material, the expanded clay can compro-
mise the amount of water available for the hydration of the cement,
and, to compensate this effect, the previous wetting procedure
of this material is recommended.

It was mixed in a concrete mixer, previously moistened, the
hail and expanded clay (1 minute), then water and the Portland
cement (3 minutes), followed by stone powder, sand and silica
fume (3 minutes). After that, the superplasticizer was intro-
duced and, a new mixture occurred for 3 minutes. The produc-
tion process of the mixtures C5 and C10 occurred analogous
to that used for the reference concrete, however, the rubber
was introduced after the sand.

The samples were placed in molds and covered by a polymer
film in order to avoid loss of water to the medium. After 24
h the samples were deformed and subjected to wet curing
(Temperature = 25°C and Relative Humidity = 80%) for a pe-
riod of 7 and 28 days, for later performance of the tests in the
hardened state.

2.3 Tests in the fresh state

The tests realized to characterize the self-compacting deter-
mine directly and indirectly the fundamental rheological pa-
rameters of the concrete, such as drainage tension and vis-
cosity. According to ABNT NBR 15823: 2010 [20], three main
parameters should be characterized in the SCC, which are:

a) Flowability — Scattering test: the scattering value measured
by the slump flow test is specified for all SCC as a primary
test, sketching indications of flowability and filling ability
of free flowing. The fluidity is defined as the ability of the
concrete to flow freely without segregating. The equipment
used is the same one adopted in the test of determination
of the consistency for the conventional concrete, the cone
mold. The densification of the concrete inside the mold,
properly positioned on the center of a flat base, is given ex-
clusively by the force of gravity. After filling, the mold is lifted
and the concrete flows freely. The test result is the average
of two perpendicular diameters of the circle formed by the
concrete mass.

b) Apparent plastic viscosity - “V” funnel test: viscosity is a
property related to its consistency in the fresh state and
influences its resistance to flow. The greater the viscosity
of the concrete, the greater its resistance to the flow, caus-
ing its displacement inside the form to occur more slowly.
ABNT NBR 15823:2010 [20] specifies a qualitative evalu-
ation of the viscosity of the concrete by means of the SCC

flow time in tests that measure its ability to flow and is there-
fore called apparent plastic viscosity. As well as the slump
flow test, the “V” funnel test also serves as a measure of the
fluidity of the concrete, which involves a qualitative evalu-
ation of the apparent viscosity of the concrete, in confined
flow, from the time record that the concrete takes to drain on
this equipment. This measure consists of timing the time the
concrete takes to drain completely through a V-shaped rig.
c) Passing ability - “L” box test: this property informs about
the ability of fresh concrete to flow, without losing uniformity
or causing blockage through confined spaces and narrow
openings, such as areas of high density of reinforcement
and sausages. The test using the “L” box, provided in part 4
of ABNT NBR 15823:2010 [20], measures the passing abil-
ity, under confined flow, by means of the ratio between the
heights H2 and H1 of the concrete surface at the two ex-
tremities of the horizontal box, after opening the partition
grid between the compartments. The ABNT NBR 15823:
2010 [20] classifies the SCC in the fresh state according to
the presented parameters and, it recommends the correla-
tion of this classification with the application of the concrete
in the field, as exemplified in Table 4.
According to the normative requirements, the test procedures
for the acceptance of the SCC in the fresh state shall be
based, as a minimum, on the proof of the fluidity and vis-
cosity properties as evaluated by the spreading test for each
concrete. This standard also emphasizes that its procedures
apply to concrete with a normal density (from 2,000 to 2,800
kg/m?®), and that the applicability of the requirements estab-
lished for the SCC with intentional inclusion of air, light ag-
gregates, heavy aggregates and fibers. In view of the above,
it can be concluded that the parameters cannot be consid-
ered in isolation, because all properties in the fresh state are
interdependent.

2.4 Tests in the hardness state

The density values were determined according to the require-
ments of ABNT NBR 9778: 2009 [21], for concrete with 28 days
of age, using specimens with 100 mm diameter and 200 mm
height. Three samples were cast for each concrete mix devel-
oped. This test was performed at the Civil Construction Materi-
als Laboratory of UNICAMP’s Faculty of Technology, following
the steps below:

a) immersion of the samples in water at 20°C and measure-

ments on a hydrostatic balance (m,);

80
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b) the samples were then dried in an oven at 105 °C and,
after removal of the greenhouse, the samples were cooled
to room temperature for subsequent determination of the
dry mass in the oven (m,).

After obtaining the masses mentioned above, it was possible

to calculate the density of the samples by means of the follow-

2007 [22] and ABNT NBR 7222: 2011 [23], respectively. Cylindri-
cal specimens with 100 mm diameter and 200 mm height were
used at the ages of 7 and 28 days. For each dosage, ten samples
were molded to be compression, and six samples were tested for
tensile. The tests were performed in the Civil Construction Materi-
als Laboratory of UNICAMP’s Faculty of Technology.

ing equation:

Density = m/m,—m,

3. Results and discussions

(M

3.1 Tests in the fresh state

The compressive and tensile strengths of the concretes were

determined according to the requirements of ABNT NBR 5739:

Table 4

The tests of fluidity, viscosity and passing ability were performed

Classes of spreading, apparent plastic viscosity and passing ability of the SCC depending on its application

Properties

Classes

Application

Example

Spreading (slump-flow)
(mm)

SF 1: 550 to 650

Unarmed or low armature structures
and embedded structures, whose
concreting is realized from the
highest point with free displacement;
Self-compacting concrete pumped;
Structures requiring a short horizontal
spread of self-compacting concrete.

Slab, lining of tunnels,
stakes and certain deep
foundations.

Spreading (slump-flow)
(mm)

SF 2: 660 to 750

Suitable for most current
applications.

Walls, beams,
pillars and others.

Spreading (slump-flow)

SF 3: 760 to 850

Structures with high density of
reinforcement and/or of complex
architectural form, with the use of

Wall-pillars, diaphragm

(mm) concretfe with small aggregate of walls and pillars.
small dimensions (less than 12.5 mm).
Properties Classes Application Example
Suitable for structural elements
with high density of armature and Slabs, diaphragm
Apparent plastic viscosity VEl <or=8 embedded, but requires control of walls, wall-pillars,
C"V" Funnel) (s) ' B exudation and segregation; precast industry and
Concretes made from the highest apparent concrete.
point with free displacement.
Suitable for most current applications;
It presents a thixotropic effect that
causes less pressure on the forms and
Aooarent olastic viscosit better resistance to segregation;
pparent p y VF 2:9 o 25 Negative effects can be obtained Beams, pillars and others.
(V" Funnel) (s) . ) o
in relation to the finishing surface
(frapped air), in the filling of corners
and susceptibility fo interruptions or
delay between successive layers.
Properties Classes Application Example
Suitable for structural elements with
. C e ) B reinforcement spacing from Slabs, panels, foundations,
Possmg(alg/lll’_rlyg)( L"Box) \?v\:fgmgs?;e_l Obg?s 80 to 100 mm; beams, pillars, tie rods,
Suitable for most current precast industry.
applications.
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Table 5
Results of the tests in the fresh state
slum Minimum Minimum Minimum
Mixtures flow teit required by “L” box required by “V” funnel required by
(mm) the Brazilian (H2/HT) the Brazilian (s) the Brazilian
standard standard standard
CR 570 1.00 4
C5 550 > 550 0.85 >0.80 <8
C10 550 0.80 7

for the concretes produced in this research, and the results were
compared with the values specified by the current Brazilian stan-
dard [20]. Table 5 shows the results of the fresh state tests of SCC
produced with expanded clay and waste rubber from waste tires.
It was observed for all mixtures that the slump flow test reached
the level of self-adherence specified for class SF1 and could
be used in slabs, lining of tunnels, piles and foundations. The
CR showed higher fluidity, guaranteed by the use of expanded
clay, than C5 and C10, that is, the rubber residue increases the
flow stress in the concrete. This occurs due to the rough and
non-stick surface of the rubber, which corroborates to a decrease
in the spreading of the mixtures [2, 3, 6]. However, due to the ad-
equate proportion of materials and particle size distributions, the
cohesion of all the mixtures was maintained, which did not present
the segregation phenomenon of its aggregates.

The measures found in the “L” box, which simulates the ability of
fresh concrete to flow through confined and narrow spaces, qualify
the concrete as being class PJ1, in equipment consisting of 3 steel
bars. This class of SCC is suitable for use in structural elements
with spacing between reinforcements from 80 to 100 mm. Their
applications can occur in panels, beams, pillars, tie rods, among
other precast elements.

The results obtained in the test using the funnel “V”, all concretes
were classified as VF1, because they had a flow time of less than
8 seconds; that is, it is suitable for use in structural elements with
high density of reinforcement, however, it is required a control of the
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Figure 2

Compressive strength, with respect to the cure time

exudation and segregation of its aggregates. It was observed that
the reference trace had lower viscosity, that is, the flow time at funnel
“V” was lower. In contrast, the mixtures C5 and C10 exhibited higher
viscosity due to the increase of the rubber in the mixtures.

From the results obtained in the tests in the fresh state, it was
observed that the use of the expanded clay as a large aggregate
causes a greater rolling effect in the concrete, guaranteeing the
desired fluidity. This occurs due to the rounded shape and glassy
surface of the expanded clay, compared to conventional large ag-
gregates, a fact also observed by other authors [1, 8-11]. In ad-
dition, the use of silica fume in the mixtures has been found to
provide adequate cohesion. This is due to the micrometric size and
the high pozzolanic activity of the mineral addition used, which cor-
roborate the stability of the aggregates in the SCC, ensuring that
the segregation phenomenon does not occur [8,11,24].

3.2 Tests in the hardness state

EE

The values of the compressive strength are shown in Fig. 2. All
the mixtures presented, at 7 and 28 days, compressive strength
values greater than 20 MPa, the minimum value required by ABNT
NBR 6118: 2014 [25] for structural concretes, which is attributed
mainly to the use of silica fume that presents high pozzolanic ac-
tivity, contributing to the maintenance of mechanical resistance in
cementitious matrixes [9, 10].

From the results observed in Fig. 2, it was noted that there was a
decrease in compressive strength of the CR to the C5 of approxi-
mately 23%. Contrary to what was observed in the CR and C5 mix-
tures, there was an increase in the compressive strength of C5 to
C10 around 15%. This phenomenon demonstrates that there was
a better packaging of the rubber residue when the substitution was
10%, that is, in the substitution of 5%, the rubber does not distrib-
ute with uniformity in the concrete, causing the resistance drop due
to the low value of modulus of elasticity of the polymer aggregate
and voids caused by the entrainment of air, which are not filled [26,
27]. When the rubber is evenly distributed, there is also a uniform
absorption of mechanical energy in the concrete, thus increasing
the compressive strength; however, when there is an excessive
addition of rubber, its particles become the least resistant point of
the concrete, because it has a weak bond with the cement matrix
due to its coarse and non-stick granulometry [3, 26, 27].

The tensile compression strength values, at 7 and 28 days of age,
are shown in Fig. 3. As observed in the compressive strength
test, the values obtained for the tensile compression showed a
decrease of the CR for The C5 around 33% and an increase of

82
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Tensile strength by diametrical compression,
with respect to the cure time

19% from C5 to C10. Some researchers [3, 13] also observed that
for smaller rubber granulometries mechanical strength tends to in-
crease compared to larger granulometries due to better distribution
of aggregates and filling of concrete pores, significantly improving
the quality of the transition zone.

In order to classify the concretes produced as lightweight, the densi-
ty test was performed, the values of which are shown in Fig. 4. From
the presented values it can be observed that there is a decrease
in the concrete mass of the concretes as the quantity increases of
rubber in the mixtures, this occurs due to the low density and the for-
mation of a film of air around the rubber [3, 28, 29]. However, none
of the mixtures can be classified as lightweight concrete, since, ac-
cording to ABNT NBR 8953: 2015 [30], this value must be equal to or
less than 2,000 kg/m?®. In spite of presenting smaller specific masses
than conventional aggregates, the amount of expanded clay and
rubber used in this research did not contribute to the production of
light parts according to the normative prescriptions.

4. Conclusions
E—

B The methodology used for the dosing of the concretes was efficient,

2361
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I 2331
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g 2

8

MIXTURES
Figure 4
Density at 28 days

not presenting the phenomena of segregation and exudation;

| All mixtures have adequate cohesion and consistency for han-
dling and molding, as well as maintaining workability;

B According to the results obtained in the fresh state tests, all
concretes produced in this research can be characterized as
self-compacting;

B There was a decrease of mechanical resistance of the CR to
the C5, however, there was an increase of the C5 to the C10;

B For the mixtures developed in this research, the best packag-
ing of the rubber grains occurred in the trait C10, because they
presented better values of mechanical resistance;

m As for the density values, all the traces had values above 2,000
kg/m?, that is, the concretes produced cannot be characterized
as light.
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