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Abstract

In view of the improvement of construction techniques and technological innovations, civil construction still faces
numerous problems. Uncontrolled exploitation of natural resources has caused major environmental impacts, in
addition to the generation and accumulation of debris in urban areas. Thus, recycling appears as a sustainable
alternative to reduce the accumulation of this waste. As an option, there is the use of Recycled Aggregates, obtained
through Construction and Demolition Waste (CDW). In this sense, the present study aimed to analyze the feasibility
of using the CDW through its application in the production of recycled coarse aggregates in concrete. For the tests, the
coarse aggregate was replaced in the proportions of 0 (reference line), 10, 20, 30, 40, 50 and 100%, with three samples
for each line and age. The dosage of the strokes followed the parameters established by the IPT / EPUSP method. The
concretes were analyzed for compressive strength at 7, 14 and 28 days and the samples were evaluated for properties
in an anhydrous, fresh and hardened state. The data collected in the tests were tabulated and analyzed for the degree of
addition and its correlation with the characteristic resistance. The results allowed to conclude that the use of the
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residue in the form of aggregate for the concrete, in the proportions of 10% and 20%, does not affect the compressive
strength, making it a good alternative.
Keywords: Construction and demolition waste; Concrete; Recycled aggregate.

Resumo

Diante do aprimoramento das técnicas construtivas e inovagdes tecnoldgicas, a construgdo civil ainda enfrenta
indmeros problemas. A exploragéo sem controle dos recursos naturais tem causado grandes impactos ambientais, além
da geragdo e acimulo de montantes de entulhos nas &reas urbanas. Assim, surge a reciclagem como uma alternativa
sustentavel para reduzir o acimulo desses residuos. Como opcgédo, tem-se a utilizacdo de Agregados Reciclados,
obtidos através dos Residuos da Construcdo e Demolicdo (RCD). Neste sentido, o presente estudo teve como objetivo
analisar a viabilidade de utilizagdo do RCD por meio da sua aplicacdo na producédo de agregados gratdos reciclados
em concretos. Para a realizacdo dos ensaios, substituiu-se o agregado graido nas propor¢des de 0 (traco referéncia),
10, 20, 30, 40, 50 e 100%, com trés amostras para cada traco e idade. A dosagem dos tracos seguiu 0s parametros
estabelecidos pelo método IPT/EPUSP. Os concretos foram analisados quanto a resisténcia a compressdo, aos 7, 14 e
28 dias e as amostras foram avaliadas no tocante as propriedades no estado anidro, fresco e endurecido. Os dados
coletados nos ensaios foram tabulados e analisados quanto ao grau de adigdo e sua correlagdo com a resisténcia
caracteristica. Os resultados permitiram concluir que o uso do residuo na forma de agregado para o concreto, nas
proporgdes de 10% e 20%, ndo afetam a resisténcia & compressao, tornando-se uma boa alternativa.

Palavras-chave: Residuos da construcdo e demolicdo; Concreto; Agregado reciclado.

Resumen

En vista de la mejora de las técnicas de construccion y las innovaciones tecnoldgicas, la construccion civil ain
enfrenta numerosos problemas. La explotacién descontrolada de los recursos naturales ha provocado grandes impactos
ambientales, ademas de la generacion y acumulacidn de escombros en areas urbanas. Asi, el reciclaje aparece como
una alternativa sostenible para reducir la acumulacion de este residuo. Como opcion, existe el uso de Aridos
Reciclados, obtenidos a través de Residuos de Construccion y Demolicion (RCD). En este sentido, este estudio tuvo
como objetivo analizar la viabilidad de utilizar el RCD a través de su aplicacion en la produccion de aridos gruesos
reciclados en hormigén. Para las pruebas, el agregado grueso se reemplaz6 en las proporciones de 0 (linea de
referencia), 10, 20, 30, 40, 50 y 100%, con tres muestras por cada linea y edad. La dosificacion de los golpes siguio
los parametros establecidos por el método IPT / EPUSP. Se analizo la resistencia a la compresion de los hormigones a
los 7, 14 y 28 dias y se evaluaron las propiedades de las muestras en estado anhidro, fresco y endurecido. Los datos
recogidos en las pruebas se tabularon y analizaron en cuanto al grado de adicién y su correlacion con la resistencia
caracteristica. Los resultados permitieron concluir que la utilizacién del residuo en forma de arido para el hormigon,
en las proporciones de 10% y 20%, no afecta la resistencia a la compresion, por lo que es una buena alternativa.
Palabras clave: Residuos de construccion y demolicion; Hormigén; Agregado reciclado.

1. Introduction

The accelerated process of urbanization of urban centers due to population growth has contributed to the significant
increase in the generation of construction waste. According to the Brazilian Association for the Recycling of Civil
Construction and Demolition Waste (ABRECON, 2016), approximately 66% of the volume of solid urban waste is composed
of civil construction waste, equivalent to twice the volume of household waste.

Due to the great problem in relation to solid waste management, Resolution No. 307 of the National Environment
Council (CONAMA, 2002) arises, which imposes on waste generators the correct disposal and disposal of Construction and
Demolition Waste (CDW), instituting that they cannot be disposed of in landfills of household waste, in areas of discard,
slopes, bodies of water, empty lots or in places protected by law, such as in areas of permanent reserve and legal reserves.

These residues generate a high environmental impact, ranging from the consumption of natural resources and
landscape modification, to illegal dumping in landfills, the banks of rivers and streams or in vacant lots.

The recycling of solid waste is a sustainable alternative for the disposal of rubbish. Because, in addition to reducing
the chances of disposal in clandestine locations and contributing to mitigate the demand in landfills, it represents lower costs
and enables the reuse of materials previously discarded.

As an option, there is the use of Recycled Aggregates (RA), obtained through the CDW. The use of this material for

making concrete follows a line of rationalization of the use of materials and management of solid waste, which is an
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attenuating instrument for reducing waste that consequently increases the profit of companies, adding environmental and
socioeconomic values (Evagelista, Costa & Zanta, 2010).

In this sense, the present study aimed to analyze the feasibility of recycling construction and demolition waste, from
its use as coarse aggregate, in total and partial replacement to the natural aggregate commonly used, for making concrete.

These aggregates come from a housing project located in the countryside of Pernambuco.

2. Waste from Civil Construction and Demolition

A large amount of waste resulting from the construction of new buildings, as well as the demolition of old buildings,
is generated annually. In addition, a significant amount of rubble is generated in regions affected by natural disasters (Xiao,
Zhang & Akbarnezhad, 2018).

In the civil construction activity, construction and demolition waste is generated in three stages: during construction,
maintenance and demolition. The causes that generate these residues are related to several factors, such as the lack of quality of
the goods and services performed, disordered urbanization and poorly elaborated projects (Leite, 2001).

The CDW does not present a pattern of composition or homogeneity, since each work uses different materials during
different stages of its execution. In this sense, from the analyzes carried out in the Brazilian market on the composition of the

CDW generating source, Silva (2014) came to the conclusions shown in Figure 1.

Figure 1. Composition of the CDW Generating Source in Brazil.

= Renovations, extensions and demolitions (59%)
® New buildings (20%)
% New buildings above 300m? (21%b0)

Source: Silva (2014).

It is observed that the largest volumes of waste generated in Brazil are due to reforms, extensions and demolitions.
This is a higher index than that of new construction.

In general, the levels of technological development in each region and the construction company that will carry out
the project have an influence on the volume of waste produced. Since they take into account the quality of materials, the
qualification of the workforce, as well as the operational processes adopted and techniques for controlling the construction
process (Cabral & Moreira, 2011).

For John and Agopyan (2013), solid waste production control procedures require a continuous improvement in the
quality of the construction process. In order to minimize maintenance interventions to correct pathologies, through flexible
projects that allow changes to be made to buildings. In addition to projects that include the disassembly and reuse of

components that are no longer needed at a certain stage of the work at another stage of the construction process.

3. Concrete with Recycled Aggregate

According to Karpinsk et al. (2009), the recycling process has great relevance for the preservation of the environment,

since these RCD residues will be used again in the construction process, instead of new raw materials, which would be
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extracted from nature. The use of recycled CDW aggregates for the production of concrete, represents a great potential, in
addition, researches focused on the application of this type of aggregate, are of paramount importance so that the professionals
of the civil construction can apply this type of material in the works (Frotté et al., 2017).

For the use of this material as aggregate in concretes, it is necessary to carry out experimental tests, which define the
amount of water necessary to guarantee the consistency and workability of the mixture, as well as to characterize the materials,

in order to know their properties, in order to achieve the desired resistance at a compatible cost (Aragéo et al., 2007).

3.1 Properties of recycled concrete

As they do not undergo chemical reactions when they come into contact with water, the aggregates are considered to
be an inert material. However, some of its main properties, such as porosity, granulometric composition, absorption, texture
and shape, influence the properties with concrete, in its anhydrous, fresh and hardened states (Pelissari, 2016).

According to Frotté et al. (2017), concretes developed with recycled CDW aggregate show a decrease in workability
and higher cement consumption, due to the high-water absorption. In addition to having a higher void rate. Due to the high
absorption, concretes made with recycled aggregates, tend to have a lower abatement than conventional concretes.

The strength and durability parameters of concretes with recycled aggregates are governed not only exclusively by the
high porosity of the cementitious paste, but also by the porosity of the aggregate, which can easily exceed 10%. Thus, the main
difference between RA concrete and conventional concrete is porosity (Isaia, 2011).

According to Rahal (2007), the compressive strength exhibits a behavior inversely proportional to the a/c ratio. This
property is also influenced by the porosity of the materials. Thus, the more porous the materials are, the less they tend to be
able to resist loads (Fonseca, 2006). For Otsuki, Miyazato e Yodsudjai (2003), increasing the water content is one of the main
ways to mitigate the negative effects of AR on concrete workability. However, an undesirable consequence of this action is the
decrease in mechanical strength.

For Leite (2001), the greater fragility of the grain, makes RA the least resistant component of the system composed of
aggregate, matrix and transition zone. Thus, this material starts to have a greater influence on the strength of the concrete, and
its rupture will possibly occur in this component.

Such behavior was demonstrated by Fonseca (2006) who analyzed the rupture of the RA grains of a specimen
subjected to the compressive strength test. The author made specimens using AR of ceramic tile, with different contents of
substitution, and found a reduction in the compressive strength.

According to Leite (2001), recycled concrete is more deformable when compared to conventional concrete. This fact
is associated with the mortar layer adhered to the concrete surface and greater porosity of the materials that make up the
aggregate. For Xiao, Li e Zhang (2005), the elasticity modulus of recycled concrete is lower than that of conventional concrete
and decreases as the percentage of substitution increases. In this way, the use of more porous aggregates contributes to the
reduction of the modulus of elasticity. For Torgal et al. (2013), this decrease in the modulus of elasticity occurs because, when
making the substitution of natural aggregates for recycled ones, more mortar is being incorporated into the concrete mass. This

fact, provides greater deformations, and consequently, smaller modules.

4. Methodology

This work is an experimental study, according Pereira et al. (2018) and Levy (2001). The procedures were divided in
different phases. The first, consisted of processing the material, through the collection of reference specimens, crushing of the
material, separation and classification of the samples of the samples used in the research. The second corresponded to the

characterization of the aggregates through tests carried out in the laboratory. Third, the specimens were made with contents of
4
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substitution of 10, 20, 30, 40, 50 and 100% by weight of the natural coarse aggregate for the recycled one. Finally, tests were
carried out regarding the compressive strength, in order to compare the compressive strength of conventional concrete, with the
concrete produced with different CDW substitutions. In Figure 2 there is a flowchart describing the sequence of procedures

adopted to carry out the procedures adopted for the experiments in the laboratory.

Figure 2. Flowchart of the adopted procedures.
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Source: Authors (2020).

The specimens, molded in conventional concrete, were obtained in works located in the municipality of Aguas Belas-
PE. They showed an average compressive strength at 28 days, of 20 MPa. This value was used as a parameter to determine the
water/cement ratio when measuring the mix for making recycled concrete, as well as serving as a basis for making

comparisons with the concrete produced with coarse aggregates of CDW.

4.1 Materials

In order to determine the compressive strength, the characterization of the inputs for the preparation of the trace was
carried out, according to their properties and the dosage of the materials for making the specimens, which were subsequently
subjected to the compression rupture test. For the production of recycled concrete, the following inputs were used: Portland

cement CP 11-Z-32; Small aggregate: washed sand; Coarse aggregate: gravel n° 0 and recycled gravel; Water.

4.2 Characterization of samples
The characterization of the materials used in the experimental phase of this research was based on the ABNT

standards described in Table 1.
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Table 1. Standards used in the characterization of materials.
STANDARD

(ABNT) TITLE YEAR
NBR NM 248 Aggregates - Determination of particle size composition 2003
NBR NM 45 Aggregates - Determination of unit mass and void volume 2006
NBR 7211 Concrete aggregates - Specifications 2009
NBR NM 53 Coarse aggregate - Determination of specific gravity, apparent 2009

specific gravity and water absorption

Source: Authors (2020).

These standards were used to have a correct characterization of materials and procedures, to obtain reliable results.

4.2.1Coarse aggregates

The coarse recycled aggregate used in this study was obtained from the processing of specimens molded from
conventional concrete, with an average compressive strength of 20 MPa, obtained in works located in the municipality of
Aguas Belas-PE. The material was collected and transported to the Materials and Weights Laboratory of the Higher Education

Authority of Garanhuns (AESGA). The residues used for making the RA can be seen in Figure 3.

Figure 3. CP waste for aggregate production.

Source: Authors (2020).

The process of obtaining the aggregate was carried out by means of the fragmentation and manual homogenization of
the specimens, as can be seen in Figure 3, seeking to reduce the particles of the sample to a granulometry close to the natural
gravel used in the experiment, classified as gravel n° 0. For the production of the concrete, it used every fraction of material

that passed through the 19mm mesh sieve and was retained in the 6.30 mm mesh, as shown in Figure 4.

Figure 4. Crushed material.

Source: Authors (2020).
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Subsequently, the granulometric compositions of the aggregates were determined following NBR 7211 (ABNT, 2009)
and NBR NM 248 (ABNT, 2003). The samples separated for carrying out the test were properly dried in an oven and cooled to
room temperature. Subsequently, the previously cleaned screens were fitted to form a single set of screens, with the mesh
opening in decreasing order from the top to the bottom. Two samples were sieved, weighing 2 kg, respectively. For the test, the

sieves of the normal and intermediate series were used, varying their openings from 25 to 2.36 mm, according to Figure 5.

Figure 5. Normal and intermediate series.

Source: Authors (2020).

The sieves were subjected to manual agitation to carry out the classification of the material. Then the masses retained
in each sieve are weighed, and the accumulated percentage of material retained in each one was calculated according to the
initial mass of the sample, thus obtaining the necessary data to prepare the graph of the granulometric curve. The coarse
aggregate was also subjected to unit mass tests, following NBR NM 45 (ABNT, 2006), and specific mass and water
absorption, according to NBR NM 53 (ABNT, 2009).

4.2.2 Small aggregate
According to NBR 7211 (ABNT, 2009), small aggregate is defined as the one whose grains pass through the sieve
with a 4.75mm mesh opening and are retained in the 0.15mm. Washed sand from the city of Garanhuns — PE, Brazil was used

as conventional aggregate (Figure 6).

Figure 6. Conventional aggregate small.

Source: Authors (2020).
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The fine aggregate was subjected to the granulometric analysis characterization test following the prescriptions
established in the standards NBR 7211 (ABNT, 2009) and NBR NM 248 (ABNT, 2003), seeking to know which are the
parcels made up of grains of each diameter, expressed in depending on the total mass of the aggregate. For the test, a 1 kg
sample of sand was used, dried in an oven and cooled to room temperature, as well as the sieves of the normal series with
openings varying from 4.75 to 0.15 mm.

With the results obtained, the granulometric curve was elaborated, with the objective of analyzing whether the sand
used in the experiment meets the lower and upper limits established in NBR 7211 (ABNT, 2009). The material was also
subjected to the unit mass test, to determine the relationship between its mass and its volume without compacting, also
considering the voids between the grains, as specified in NBR NM 45 (ABNT, 2006).

4.2.3 Absorption

The determination of the absorption content of coarse aggregates was obtained based on NBR NM 53 (ABNT, 2009).
Initially, the material was dried in an oven at a constant temperature of 105 + 5 °C, with the intention of removing dust or any
other substance from the surface. It was subsequently cooled to room temperature during the 1h period.

A micro processed drying oven was used, covered internally in stainless steel, with paint made in electrostatic epoxy,
reaching a temperature range of up to 200 °C. It has a programmable digital temperature controller.

The mass used to perform the test was determined according to the maximum characteristic dimension of the material,
obtained from the granulometric composition. For RA, the mass of tested sample was 3 kg and for the natural aggregate 2 kg.

The samples, after drying in an oven, were weighed and subsequently submerged in water at room temperature for a
period of 24 hours. Taken out of the water, they were dried on an absorbent cloth, until all visible water was eliminated,
however, keeping the surface of the particles moist.

In this way, the aggregate used was in its saturated and dry surface condition. Afterwards, the samples were weighed

again and thus the results were obtained regarding the water absorption content of the coarse aggregates.

4.2.4Portland Cement

For the production of concretes, Portland CP 11-Z-32 cement was used in this research, composed with the addition of
pozzolanic material, as it is commonly used in the region.

This type of cement has several application possibilities. Its properties can serve from reinforced concrete structures,
to mortars for covering and laying. CP 11-Z-32 contains, in its composition, from 6 to 14% of pozzolana and up to 10% of
carbonate material (ABCP, 2019).

4.3 Test methods
For carrying out the procedures for molding the specimens, the curing process and the compressive strength test, the

ABNT norms, described in Table 2, were taken as a basis.
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Table 2. Standards used in the execution of the experiments.

STANDARD

(ABNT) TITLE YEAR
NBR NM 67  Concrete - Determination of consistency by cutting the cone trunk 1998
NBR 5738 Concrete - Procedure for molding and curing specimens 2015
NER 12655 Portland cement concrete - Preparation, control, receipt and 2015

acceptance - Procedure
NBR 5739 Concrete - Cylindrical specimen compression test 2018

Source: Authors (2020).

The concrete dosing was carried out according to the parameters established in the IPT / EPUSP method (Helene &
Tutikian, 2011).

4.3.1Production of specimens

The preparation of the specimens involved the steps of calculating the mix, preparing the concrete, molding the
material, curing process and compression test. It was determined, based on the reference values, that the concretes developed
would have a characteristic compressive strength of 20 MPa. For this, the IPT/EPUSP method (Helene & Terzian, 1993) was
adopted to define the admixture.

According to the characteristic compressive strength of 20 MPa and from the parameters defined by NBR 12655
(ABNT, 2015), the value of 4.0 MPa was defined as standard deviation. From these references, an average resistance of
26.60 MPa and a water / cement ratio of 0.63 were obtained, an abatement of 100 mm + 20 mm was also defined.

The procedure begins with the definition of the appropriate proportions of the ideal dry mortar content (o), based on
practical attempts and observations, with successive additions of mortar to the mixture. At first, a mortar content of 54% was
determined, however in the slump test, a lack of cohesion and segregation of the mixture was found, which did not reach the
specified abatement.

With the increase in the mortar content to 57%, there was an improvement in the visual aspect of the concrete
mixture, which presented a compact and more homogeneous surface. In this way, this was the ideal content chosen, with a dry
matter ratio of 1: 6. Thus, the trait studied was 1: 2.99: 3.01: 0.63. Table 3 shows the traces obtained for each of the
substitutions.

Table 3. Traces calculated from the dosage study.
Unit Trait

Sufc?;:[:rf;on Cement Sand Natural Recycled w/c m (%) H (%)
aggregate aggregate

RA - 10% 1 2,99 2,71 0,30 0,63

RA - 20% 1 2,99 2,41 0,60 0,63

RA - 30% 1 2,99 2,11 0,90 0,63

RA — 40% 1 299 181 120 o063 © 057 900
RA -50% 1 2,99 1,51 151 0,63

RA - 100% 1 2,99 0,00 3,01 0,63

Source: Authors (2020).

The used symbology of the RA type is the percentage of recycled aggregate in the mixture. The quantities of materials
used in the mix are exactly the same, what differs is only the proportions of the coarse aggregate in each mix. The
water/cement ratio also does not change. The preparation of the concrete was carried out mechanically, with the help of the

concrete mixer, as shown in Figure 7.
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Figure 7. Concrete preparation.

Source: Authors (2020).

These materials were used to preparation of the admixtures. Before start of concrete preparation process, ARs were
previously saturated for a period of 10 min. The water used to carry out the previous saturation of aggregates should not be
considered in calculation of the water/cement ratio for this type of concrete, when used to perform mechanical strength

comparisons with a reference concrete. This because the water/cement ratio tends to be higher than it actually is (Isaia, 2011).

4.3.1.1 Slump Test
After the concrete preparation steps, the cone trunk slump test, also known as the Slump Test, was carried out in
accordance with the NBR NM 67 (ABNT, 1998). To perform the test, it was necessary to use the correct apparatus, Figure 8,

consisting of mold, compacting rod and base plate.

Figure 8. Materials for Slump Test.

Source: Authors (2020).
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As can be seen in Figure 8, the equipment must be clean and in good conditions to the realization of tests. In
accordance with NBR NM 67 (ABNT, 1998), to perform the test it was necessary to initially moisten the mold and the base
plate, and position the mold on the plate. During the filling of the mold with the concrete to be tested, it is necessary to keep
the feet on the fins in order to keep the conical trunk form stable.

The mold was filled in three layers, each approximately one third of the height of the mold, followed by compacting
each layer with 25 strokes with the compacting rod. Then the concrete surface was scraped, and immediately after removing
the mold, three measurements of the height between the mold and the top of the concrete pile were made. From these

measures, the average was calculated to obtain the discount amount.

4.3.1.2 Molding

The molding of the specimens followed the NBR 5738 (ABNT, 2015), using molds in the dimensions of 10cm in
diameter and 20cm in height. For these dimensions, the density was made manually and the specimens were molded with two
layers, making 12 strokes in each of them. Before proceeding with molding, mold release agent was used in the molds. The

molded specimens are shown in Figure 9.

Figure 9. Molded specimens.

Source: Authors (2020).

In order to carry out the research, a total of 54 specimens were molded, 3 specimens per concrete load, for the tests
that will be carried out after 7, 14 and 28 days, periods corresponding to the different stages of curing. The number of molded

specimens for each replacement content is shown in Table 4.

Table 4. Number of specimens per replacement.

Substitution Contents

AGES  “100h  20% 30% 40% 50%  100%
7 3 3 3 3 3 3
14 3 3 3 3 3 3
28 3 3 3 3 3 3

Source: Authors (2020).
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These different ages are necessary to identify the progressive growth of concrete strength samples. After molding, the
molds remained on a horizontal surface, free from vibrations for a period of 24 h. After the completion of this initial curing
period, the specimens were demolded and placed on wet curing.

The curing of the specimens is performed according to reasons, hydrate the cement and decrease the shrinkage by
drying the concrete, factors that are directly related to durability.

In addition, it serves as measure to prevent the water used in the mixing from evaporating, ensuring that the

constituent components of cement are hydrated. The specimens in the tank for the wet curing process are shown in Figure 10.

Figure 10. Wet curing of specimens.

.
E
P

\

Source: Authors (2020).

The specimens remained in the tank to cure the concrete until their respective breaking dates.

4.3.2Compression test
The compressive strength test was performed according to NBR 5739 (ABNT, 2018), using a manual hydraulic press,

according to Figure 11.

Figure 11. Hydraulic press.

------

Source: Authors (2020).
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The results found after carrying out the test of rupture of the specimens, are in tons force. This equipment is used to

obtain the concrete strength. In this case, this hydraulic press has a mechanical test system.

5. Results and Discussion

The main objective of this study was to verify the feasibility of using civil construction and demolition waste as an
aggregate by comparing it with a reference concrete.

The granulometry test was performed before the molding of the specimens, in view of the need to leave the residue in
a granulometry close to that of the natural coarse aggregate used in the experiment. The results found will be presented by
means of graphs and tables.

The RA absorption test was also performed before the molding process, in order to prove the results obtained in the
literature. For the test of mechanical resistance to compression, graphs were elaborated from the results found and then their

analyzes were made.
5.1 Granulometry test

The results of the granulometric analysis of the samples are shown in Table 5, obtained after weighing the material

retained in the sieves, for the sand samples.

Table 5. Analysis results for fine aggregate samples.

Conventional Aggregate Small (CAS)

@ Sieve CAS Retained Accumulated

(mm) (9 CAS (%)
(%)

9,5 0,00 0,00 0,00
6,3 5,69 0,57 0,57
4,75 12,27 1,23 1,80
2,36 76,43 7,64 9,44
1,18 160,90 16,09 25,53
0,6 297,40 29,74 55,27
0,3 376,54 37,65 92,92
0,15 67,55 6,77 99,69
Base 3,12 0,31 100

TOTAL 1000,00 100 -
Source: Authors (2020).

With the results obtained in Table 5, it is possible to find the Maximum Characteristic Dimension (MCD) and the
Fineness Module (FM). The maximum characteristic dimension of the aggregate corresponding to the nominal opening, in
millimeters, of the mesh with an accumulated retained percentage equal to or immediately below 5% by mass. The 2.36mm
mesh sieve contains an accumulated percentage of 9.44%, which corresponds to a mass of 76.43g of material with a 4.75mm
granulometry.

Thus, the maximum characteristic dimension of the fine aggregate corresponds to 4.75mm. The fineness modulus, based
on the data, is equivalent to the value of 2.85, which characterizes the aggregate as being an average sand. The granulometric
curve of the fine aggregate, with its respective lower and upper limits, plotted based on the data collected in the test, is as

shown in Figure 12.
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Figure 12. Particle size curve of conventional aggregate.
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Source: Authors (2020).

According to Figure 12, the granulometric composition of the fine aggregate indicates that the accumulated retained
percentages are within the limits established by NBR 7211 (ABNT, 2009). Evidencing a granulometric conformity of the
material. The fineness module indicates that the sand is within the optimum zone.

For the determination of unit mass, the procedures established in NBR NM 45 (ABNT, 2006) were followed, however
the standard does not define limit values for unit mass of the aggregate. The unit mass was obtained by the relationship
between the mass of the aggregate and the volume of the container used in the test, with a value of 1.42 g/cm3 being found.

The granulometric composition test was also performed for recycled and natural coarse aggregates. The results
obtained after weighing each material retained in the sieves, for the samples of recycled coarse aggregate, are shown in
Table 6.

Table 6. Analysis results for recycled aggregate samples.

Recycled Coarse Aggregate
. Retained Retained Retained
@ Sieve AM1 AM?2 AM1 AM?2 Average

Accumulated

(mm) () (9) (%) (%) (%) (%)
25 0,00 0,00 0,00 0,00 0,00 0,00
19 45,36 44,78 2,27 2,24 2,25 2,25
12,5 1261,68 1264,55 63,08 63,23 63,16 65,41
9,5 380,08 382,20 19,00 19,11 19,06 84,47
6,3 219,28 215,53 10,96 10,78 10,87 95,34

4,75 61,56 61,30 3,08 3,07 3,07 98,41

2,36 24,98 25,11 1,25 1,26 1,25 99,66

Base 7,06 6,53 0,35 0,33 0,34 100,00

TOTAL 2000,00 2000,00 100 100 100 -

Source: Authors (2020).

According to Table 6, it is concluded that the recycled coarse aggregate has a maximum aggregate diameter of 19mm,

since it presents an accumulated percentage of less than 5% by mass.
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It is also noted that the average of the percentage retained accumulated in the screens of the normal series is equal to
284.79%, therefore the fineness module corresponds to the value of 2.85.

The same test was carried out with the natural coarse aggregate and the results found are shown in Table 7.

Table 7. Analysis results for natural aggregate samples.

Recycled Coarse Aggregate
Retained Retained Retained

Qi ri':q‘)’e A('g’)'l A(';’)'z AM1 AM2  Average ACC“(%'ated
(%) (%) (%)

25 000 0,00 0,00 0,00 0,00 0,00
19 0,00 0,00 0,00 0,00 0,00 0,00
125 3163 3379 158 1,69 1,64 1,64
95 9496 9683 475 4,84 4,79 6,43
63 102465 102121 5123 5106 5115 57,58
475 55058 552,14 2753 2761 2757 85,14
236 29260 28950 1463 1448 1455 99,70
Base 558 653 0,28 0,33 0,30 100
TOTAL 200000 2000,00 100 100 100 i

Source: Authors (2020).

Based on the values in Table 8, it is observed that the RA presents a percentage of 6.43% of the total mass tested
retained in the 9.5mm sieve, that is, an average mass of 95.80¢g of the material, it presents a granulometry 12.5mm. In this way,
the maximum dimension characteristic of the natural aggregate corresponds to 12.5 mm. The fineness modulus obtained from
the data was 1.91.

Seeking to perform a comparative analysis of the granulometry of the materials, the curves that describe the behavior
of their granulometric compositions, as well as their upper and lower limits, were plotted, based on the results of the screening

test. The results for the granulometric analysis of the coarse aggregate are shown in Figure 13.

Figure 13. Granulometric curves of coarse natural and recycled aggregates.
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Source: Authors (2020).

15


http://dx.doi.org/10.33448/rsd-v10i5.14583
http://dx.doi.org/10.33448/rsd-v10i5.14583
http://dx.doi.org/10.33448/rsd-v10i5.14583

Research, Society and Development, v. 10, n. 5, €6610514583, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i5.14583

Based on Figure 13, it is observed that both aggregates presented a granulometry within the limits of the specified
granulometric bands, based on NBR 7211 (ABNT, 2009). This characteristic, allows a better arrangement between the
particles of the aggregate, providing greater packing of the grains. It can be said that the natural coarse aggregate of the sample
used, fits in the first granulometric zone d / D, with a diameter between the sieves of mesh 4,75mm and 12,5mm. Thus, the
material sample tested can be classified as gravel # 0. The sample of coarse recycled aggregate, on the other hand, fits in the
second granulometric zone d / D, having its diameter between the 9.5mm and 25mm mesh sieves. Thus, it classifies the
material as gravel n® 1. According to the results, the granulometric curves of the CDW and the natural gravel can be
characterized as uniform curves, that is, practically all the grains of the material have the same size.

The values for the unit mass of the CDW aggregate and the natural were 1.03 g/cm3, and 1.36 g/cm3, respectively. The
reduction in the unit mass of the CDW compared to natural coarse aggregate is due to the reduction in the density of the
material itself, the high porosity and irregular shape of the aggregate particles (Cabral, 2007).

The specific mass was obtained by dividing the mass of the aggregate and its volume, excluding the permeable pores.
For the aggregate of CDW the specific mass was 1.74 g / cm?3 and for conventional the value of 2.22 g / cm3 was found.

The specific gravity of the AR tends to be lower when compared to the natural, due to the high number of voids present in the
material. The value found was approximately 22% lower than the conventional aggregate, the same result obtained by Leite
(2001), who established a difference of 21% to 30%.

5.2 Absorption test

The data collected based on the performance of the absorption test are shown in Table 8.

Table 8. Data corresponding to the water absorption test.

Aggregate  Absorption (%)

RCD 6,50
Aggregate 0,5

Source: Authors (2020).

It was found that the AR has a high absorption rate, being 13 times higher than the percentage of the natural
aggregate. The standard NBR 15116 (ABNT, 2004), establishes the requirements for the preparation of concretes without
structural function, establishing for the recycled aggregates of Class A with an absorption less than or equal to 7%. Thus, the
RA is within the established limits with a water absorption rate equivalent to 6.50%.

This growth may be related to the content of adhering mortar, which consequently increases the number of pores,
which may compromise the line, due to the amount of water that will need to be used. Thus, attention is needed so that

resistance is not compromised (Santos et al., 2018).

5.3 Cone demotion test

The results found based on the performance of the slaughter test are shown in Table 9.
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Table 9. Data corresponding to the slaughter test.

Demotion
Replacement ~ \easurement1  Measurement2  Measurement3  Average

(cm) (cm) (cm) (cm)
RA - 10% 12,0 10,5 11,5 11,3
RA - 20% 10,5 9,5 8,5 9,5
RA - 30% 9,0 8,0 10,0 9,0
RA - 40% 9,0 9,5 8,5 9,0
RA - 50% 9,5 8,5 8,0 8,67
RA - 100% 8,0 8,5 8,0 8,17

Source: Authors (2020).

Based on the values, it was possible to observe that there was a reduction in the abatement as the substitution levels
increased.

According to studies carried out by Leite (2001), the relationship between the water/cement factor and consistency,
shows an inverse behavior when compared to conventional concretes. This behavior can be justified considering that mixtures
with a higher water/cement ratio, have a lower amount of cement, and thus tend to be rougher and have greater locking.

Also, in this same study, it was found that the higher the content of recycled coarse aggregate, the lower the abatement
of concrete mixtures. It was found that the combination of low cement consumption of poor traces and high proportions of
rough and irregular aggregates, tend to increase the fall in the abatement values (Leite, 2001).

5.4 Compressive strength test

The performance of the molding and curing procedures for concrete specimens followed the parameters established in
NBR 5738 (ABNT, 2015). After the molding procedures, the specimens were subjected to wet curing, until the rupture date at
7, 14 and 28 days, to be evaluated the resistance over time.

Compressive strength is a sensitive property, usually capable of indicating an idea about the quality of the concrete,
the dosage and its inputs, since it is directly linked to the structure of the cement paste (Neville & Brooks, 2013). The
resistance of concrete produced with CDW aggregates will be lower than that of concrete with natural aggregate, depending on
the porosity. The values used to compose the results correspond to the average of the resistance obtained between the three
samples, broken for each age. The results for the compression test with rupture at 7 days are shown in Figure 14.
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Figure 14. Results of the compressive strength test at 7 days.
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Source: Authors (2020).

The specimens with 7 days of curing showed resistance to compression in the strokes with CDW, values very close to
those of conventional concrete. There is a difference in strength for the 20% and 50% substitutions, which presented average
strengths of 12.39 MPa and 11.43 MPa, being higher than the concrete used as a reference, with 8.52 MPa. The results found

for the 14-day trial are shown in Figure 15.

Figure 15. Results of the compressive strength test at 14 days.

15.00
12-35 12.56

_ 10.96
o 10.21 10.50 1021
= 9.87 _—

10.00

m 104
E ]
= " 204
(TN
= = 30%
“ 500
w =304
5
& = 50%
£
= = 100%
2  0.00
14 days
TIME {DAYS)

Source: Authors (2020).
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Taking as a reference the results found from the rupture of the specimens, it is noted that there was a slight increase in
the compressive strength values when compared to the age of 7 days. During this period there was no increase of more than
2 MPa.

From the 7th day to the 14th day, the strength of conventional concrete increased the average from 8.52MPa to 10.96
MPa, while the strength of recycled concrete remained practically constant.

However, concrete with 20% substitution, despite having only a small strength gain, varying from 12.39 MPa to 12.85
MPa, still remains with a higher resistance than the reference.

Regarding the 100% substitution, it is possible to notice that it has the lowest average, when purchased at the other
values. This behavior was already expected, since the higher the substitution levels, the lower the resistance values will be.

The results for compressive strength at 28 days are shown in Figure 16.

Figure 16. Results of the compressive strength test at 28 days.
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Source: Authors (2020).

According to the results obtained, it appears that the reference concrete has an average resistance of 20.92 MPa and
that the substitutions of 10% and 20% achieved a performance very close to this result, with the averages of 20.70 MPa and
20.47 MPa, respectively. In this way, because they result in a concrete with the same performance as the reference concrete,
these substitutions become viable.

In his studies, Levy (2001), proved that the use of concrete and masonry residues with a 20% substitution content,
does not have a negative impact on the strength of concrete with RA, in relation to the reference.

At the end of the 28 days, the 30% substitution was very close to the limit, with a resistance in the order of 19.41
MPa. The substitutions with 40%, 50% and 100% of RA, however, did not present the required resistances. The maximum
strength found for concrete with 100% replacement was 13.33 MPa and for conventional concrete 20.92 MPa, almost twice as
high as concrete with AR. Corroborating with Etxeberria et al. (2007), a decrease of 20% to 25% in the compressive strength
of the concrete was obtained with substitution of 100% of recycled coarse aggregate.

As expected, the increase in the substitution of the natural coarse aggregate for the CDW aggregate does not imply

higher values for compression. This is because the absorption and the void index increase according to the degree of
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substitution, resulting in a structure and distribution of pores that do not favor the system. This low resistance can also be

associated with the composition of the waste that depends on the source of origin (Leite, 2001).

6. Conclusion

Civil construction is responsible for generating several environmental impacts, from the extraction of natural
resources to the completion of the work and later its demolition. A viable destination for the reuse of CDW is its use in
replacing the natural aggregate as a raw material for making concrete.

From the characterization tests of the aggregates used, it was possible to verify, based on the granulometric analysis,
that the accumulated retained percentages of the CDW are within the limits established in the norm.

As for the water absorption test, although the value obtained for the RA is higher than the conventional one,
demonstrating its high porosity, no negative influence was observed on the compressive strength of the concrete.

With regard to specific mass and unit mass, the values found for the CDW aggregate, were lower when purchased
from the natural aggregate. These results prove that the amount of mortar adhered, influences these properties.

The characterization of the RA performed here confirmed the literature, showing that their properties undergo
modifications due to several factors, such as origin, composition and crushing method.

In the compressive strength test, after 28 days of curing, the traces for the 10% and 20% CDW substitutions showed
performances similar to conventional concrete (20.92 MPa), with an average strength of 20.70 MPa (-1.05%) and 20.47 MPa (-
2.15%) respectively. The trait for 100%, however, presented a lower performance, with only 13.33 MPa (-36.28%).

In general, it is concluded that the dosage and production of recycled concrete is feasible with up to 20% recycled
concrete aggregate, making use of the IPT/EPUSP method to obtain concrete that has good mechanical performance, with
respect to resistance to compression.

In view of this, as a suggestion for future work, it is possible to indicate studies aimed at analyzing the durability of
concretes produced with CDW aggregates, as well as analyzing the possibility of applying the materials used in this study, for

the production of structural concrete.
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