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Abstract

The construction sector is considered a major generator of environmental impacts due to the high
consumption of natural resources and waste generation. Thus, this article aims to evaluate the performance of
concrete produced by the partial and total replacement of natural coarse aggregate by recycled coarse
aggregate, derived from the concrete residue of buildings and demolitions. The study was carried out by
comparing the compressive strength and water absorption of three different concrete mix concentrations,
keeping the water/cement factor of 0.60 and changing only the proportions of recycled coarse aggregate
between 0%, 50%, and 100%. The results showed that the higher the percentage of substitution, the greater
the water absorption and the lower the resistance results for concrete compression. This result was obtained
due to the lighter characteristic of the recycled aggregate compared to the natural aggregate. It was concluded
that the concrete produced with recycled aggregates could be used in nonstructural functions, giving an
adequate destination to the construction and demolition waste and consequently reducing the extraction and
consumption of natural resources and contributing for the sustainable development.
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Highlights

eConcrete was produced with 50 and 100% of coarse aggregate replacement.
eThe produced concrete presented greater water absorption and lower compression
resistance compared to the concrete reference.

eThe green concrete could be used for nonstructural purposes.
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1 Introduction

Population growth has caused an increase in waste deposited in the environment,
generating greater offers and demands for products, making prices more accessible and
consequently improving the population's purchasing power. This creates a growing vicious
circle of continuous consumption, sales, and production (BARBOSA; IBRAHIN, 2014)

Civil construction is considered one of the most important economic activities,
directly reflecting on the economic and social development of the country, but it is also
known as a major generator of environmental impacts, both for the high production of
waste, as well as for the use of natural resources and landscape modification. The sector has
the difficult task of reconciling a productive activity of this relevance with actions that
generate responsible sustainable development while reducing environmental impacts

(PINTO, 2005).
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The construction industry handles a large amount of construction materials in its
activities, consequently producing a high volume of waste, which is irregularly deposited in
easily accessible places, such as vacant lots (PASCHOALIN FILHO; STOROPOLI; DUARTE,
2014).

In 2017, about 71.6 million tons of urban solid waste was collected in Brazil,
registering a collection coverage index of 91.2% for the country, which shows that 6.9 million
tons of waste were not collected and, consequently, had an improper destination. Of these
71.6 million tons collected, 45 million (62%) is civil construction waste (CCW) (ABRELPE,
2017).

The large generation of waste is not the only problem combined with civil
construction; the aggregates used in this sector are the most consumed mineral inputs in
the world. The basic product of the construction industry, the Portland cement concrete, is
composed, on average, by 42% coarse aggregate, 40% sand, 10% cement, 7% water and 1%
chemical additives for every cubic meter. Concrete is the second most consumed material
by humanity, as a consequence of the high consumption, we have the environmental impacts
generated by the exploration of mineral deposits (FRANCISCO; HADDAD, 2002).

The CCW recycling sector is a developed market in European countries due to the
scarcity of natural resources, however, Brazil is still incipient when it comes to this issue. In
order to spread this practice, the country must engage with environmental and
preservationist issues. Sustainability ensures higher than expected growth, facilitating
negotiations with public, private and potential partners (ABRECON, 2019).

Due to environmental concerns regarding the destination and management of the
CCW associated with the large use of concrete, one of the alternatives is the reuse of CCW
as recycled aggregate in the manufacture of non-structural concrete. This type of concrete
consists of a much smaller percentage of cement and mineral components, as well as
eliminating the use of additives or fibers, and is widely used in the construction sector with
its mechanical properties and durability less demanding than for concrete for structural
purposes (JUAN-VALDES et al,, 2018).

However, with the objective of reconciling the civil construction sector to sustainable

development, this study evaluated the replacement of natural aggregate with recycled
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aggregate (concrete) from civil construction itself. The compressive strength and absorption
of the concrete prepared with these residues were tested, with the aim of contributing to
the reuse of materials and, consequently, reducing the amounts of mineral resources

explored and extracted from nature.

2 Material and methods

2.1 Materials

Commercial regional Portland cement, sand and natural coarse aggregate of 19 mm,
Fig1(a), were used for the execution of the mixtures and concrete production. The recycled
coarse aggregate, Fig1(b), was collected in a company that provides services collecting,
sorting and crushing construction and demolition waste, classified as class A waste,
according to Resolution 307 (CONAMA, 2002), which is the reusable or recyclable waste as

aggregate.

Figure 1 —(a) Natural and (b) recycled coarse aggregate

(A) (B)

Source: Authors (2019).
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To check the granulometry of coarse aggregates, the set of sieves with openings of

the normal series NBR NM 248 (ABNT, 2003) was used. Particle size curve of the natural

coarse aggregate and recycled coarse aggregate are shown in Figure 2.

Figure 2 — Particle size curves of natural and recycled gravel.
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Fonte: Authors (2019).
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The physical properties of the coarse aggregate were measured using NBR NM 53

(ABNT, 2009a), for the determination of apparent specific mass and water absorption. The

tests were performed on the recycled coarse aggregate and the natural coarse aggregate

(Table 1). These results are essential since they present the absorption rates, defining the

need to moisten the aggregates, or not, before adding them to the concrete mixer, thus

avoiding part of the water calculated for the mixing being absorbed by the aggregates,

which can cause problems in the hydration of the concrete.

(Continue...)
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Table 1 — Characteristics of coarse aggregates used in this study

Coarse aggregate  Specific mass of dry  Absorption (%)

coarse (kg/dm3)

Natural 2.60 4.50
Recycled 2.07 6.97

2.2 Concrete preparation

Three different concrete were prepared, CNA (concrete without replacing the natural
aggregate), CR50 (recycled concrete with 50% replacement of the natural aggregate), and
CR100 (recycled concrete with 100% replacement of the natural aggregate). In order for the
compressive strength and water absorption of the samples to be measured, the same water-
cement factor was used in all mixes, as recommended by NBR 5738 (ABNT, 2016) for general-
use nonstructural concrete. The cement and natural fine aggregate used had the same
specifications for all samples and the natural coarse aggregate used was the same in the
samples of 0% and 50%. No chemical additives were added to the mix. All samples were
produced on the same day, thus avoiding possible differences due to the climate and

materials used. In total, 36 samples were produced (Table 2).

Table 2 — Number of prepared samples per test.

Number of prepared samples

Type of sample Resistance test (MPa) Absorption
7 days 14 days 28 days test (%)
CNA 3 3 3 3
CR50 3 3 3 3
CR100 3 3 3 3
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After the characterization and definition of the materials to be used, the preparation
of the previously defined concretes started. The method used for making the mix was
IPT/EPUSP (Technological Research Institute/ USP Polytechnic School), preparing based on
NBR NM 33/1998 (ABNT, 1998), fixing the slump test according to NBR 5738 (ABNT, 2015)
between 10 and 16 cm.

As the specific mass of the recycled coarse aggregate is smaller than the natural

coarse aggregate, compensation was made according to Equation 1.

Mga = MnA.(YRA / YNA) (1)

Where: Mra = mass of recycled aggregate, Mna = mass of natural aggregate, yra =
specific mass of recycled aggregate and yna = specific mass of natural aggregate.

After calculating the compensations for all mixes, the amount of water to be added
to the recycled coarse aggregate was defined to moisten it before addition to the mixer.
According to NBR 15116 (ABNT, 2004), pre-wetting around 80% of the absorption content
is recommended. However, as the absorption percentages between the natural and recycled
aggregates did not present much difference, only 50% of the absorption content was
adopted. The recycled coarse aggregate was moistened 10 minutes before mixing in the
concrete mixer.

After the definitions, all materials were weighed according to the initial mix
proportions of 1: 2.24: 2.76, mortar content of 0.54 and water-cement factor of 0.60, and
later added to the mixer in the following sequence, 80% water, 100% coarse aggregate,
100% cement, 100% fine aggregate and 20% water, mixing for a few minutes. The three
concretes were prepared using the same quantities, obtaining the desired cone appearance
and slump test. The mixture was deposited in 10x20 cm cylindrical molds. Subsequently, the
sample were exposed to room temperature and humidity for 24 h, then they were demolded
and washed for wet curing, where they remained until the tests of resistance to compression

and absorption by immersion were conducted.
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2.3 Concrete performance evaluation

The performance of concrete produced by partially and totally replacing the natural
coarse aggregate with the coarse aggregate from the recycling of concrete in construction
or demolition work was evaluated through tests of resistance to compression and water
absorption by immersion.

The compressive strength test was performed on an electric hydraulic press (Solotest,
Brazil) with a capacity of up to 100 Tf, digital electronic indicator, 220V-50Hz with peak
memory and pump, following the methods and presenting the results according to NBR
5739 (ABNT, 2018). The samples were ruptured with a curing age of 7, 14 and 28 days.

Each sample was carefully prepared, capped with neoprene rubber, and positioned in
the press, starting the rupture process, with loading applied continuously, until its rupture.

The immersion water absorption test was carried out according to NBR 9778 (ABNT,
2009b). All samples were weighed and taken to the oven where they remained for 72 h at a
temperature of 105 + 5 °C, obtaining a constancy in the mass up to 0.5%. After cooling to
room temperature, the mass of each sample was recorded. Subsequently, the material was
kept immersed in water for another 72 h, removed and weighed to obtain the saturated
specific mass. Finally, the samples were weighed immersed in water to obtain the saturated

mass immersed in water.

3 Results and discussion

The results obtained for compressive strength are shown in Figure 3 and the results

of the immersion absorption test are shown in Table 3.
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(Continue..))

Figure 3 - Axial compressive strength test results with 7, 14 and 28 curing days.

Curing time (days)

Fonte: Authors (2019).

Table 3 - Results of the test of water absorption by immersion

Absorption  Void index Specific mass
(o) (o) o,
sample (%) (%) (%)
CNA 8.01 17.51 2.64
CR50 8.79 17.53 242
CR100 9.19 17.89 2.37

With the results of the analysis of compressive strength and water absorption by
immersion, we can compare and discuss the values for each sample with different
percentages of recycled coarse aggregate.

It can be seen from Table 3 that the CNA has a superior compressive strength to the
samples with the recycled aggregate (CR50, CR100) for all curing ages (7, 14 and 28 days). It

also presents a lower absorption percentage, lower void index percentage and higher real

REGET, Santa Maria, v. 24, €52, p. 1-13, 2020




Concrete performance evaluation of coarse aggregate replacement by civil construction waste

10
specific mass, when compared to the green concrete. In fact, the higher the natural coarse

replacement the worse the compressive strength, absorption and void index percentages.

A possible justification for the inferior results would be the nature and characteristic
of the recycled coarse aggregate, they are heterogeneous materials, that is, of an uneven
nature and composed of different elements, they also have a higher porosity compared to
natural waste, resulting in greater porosity in concrete and as a consequence, a lower
capacity with reduced compressive strength. This material becomes harmful to structural
elements, which due to its pores, reduces the ability to prevent corrosion in the armatures
(TAVARES; KAZMIERCZAK, 2016).

Other factors that interfere with the performance of both fresh and hardened
concrete are the granulometry of coarse aggregates and the workability, density, quality,
void index and other factors, which are all influenced by the grain size distribution. The well-
graded aggregate is the one that presents a smoother curve, reducing the consumption of
binders and having a lower void index, since its empty spaces are occupied by smaller grains,
therefore, the better the grains are distributed, the higher the quality of the aggregate and,
consequently, the higher the quality of the final material (HAGEMANN; KLAWITTER, 2012).
The granulometric curves of the aggregates used (Figure 1), both natural and recycled, were
not smooth, having characteristics of a discontinuous material, justifying the percentage of
voids shown in the immersion absorption results.

The results of water absorption, void index and real specific mass follow the
characteristics of the recycled aggregate; as it showed superior absorption than the natural
aggregate, the concrete produced with the recycled coarse aggregate showed greater
absorption to the CNA, in the same way it happens with the voids index and specific mass.
A similar result was found by Cabral et al. (2009), due to the characteristics of the recycled
coarse aggregate, the strength and absorption of the final material were affected. The higher
the percentage of recycled coarse aggregate is used, the lower are the results of compressive
strength and greater the water absorption of concrete.

In the analysis of concrete in the fresh state, the question of workability stands out
where the greater the degree of substitution with recycled aggregate, the greater the

abatement and, consequently, there will be variations in the abatements, making the analysis

REGET, Santa Maria, v. 24, €52, p. 1-13, 2020




Oliveira, J. P, Santos, C. H., Okumura, M. L., Yamaguchi, N U 11

difficult. In order to fix the slump test while maintaining the level of workability, it is necessary
to use a superplasticizer additive to the concrete mixture. The necessity of the
superplasticizer additive is due to the granulometry of the recycled aggregates, where the
higher concentration of recycled aggregates the greater the absorption of mixing water
(ARAUJO et al,, 2016). It was also observed that the higher the content of recycled aggregate,
the lower the resistance to compression. Consequently, the modulus of elasticity decreases
compared to the CNA, this occurs due to the increased shrinkage by drying hydraulics
(EGUCHI et al, 2007).

4 Conclusion

With the results of the studies carried out, it was concluded that the substitution of
the natural coarse aggregate for the recycled coarse aggregate affects the compressive
strength and also the water absorption by immersion of the concrete. The higher the
percentage of substitution, the greater the absorption results and the lower the resistance
results concrete compression. The construction waste usually has an unknown origin, and
maybe made of a more or less resistant material, irregularly shaped and have greater
porosity, which affects the final performance of the concrete. However, the recycled
aggregate presents itself as being a lighter aggregate, producing a final material with that
same characteristics. Even with the inferior performance, the residues can be used for the
production of concretes without a structural function, replacing 100% of the natural
aggregate or associating with other residual materials such as steel fibers and, thus, reducing
the use of the natural aggregate for structural purposes, having a positive final destination

for the environment, reducing residues and exploitation of natural resources.
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