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1 Introduction

A green concrete can be achieved by employing supplementary cementitious materials such as
fly ash (FA) and recycled concrete aggregates (RCA) in replacement of cement and natural
aggregates, respectively in concrete production (Marinkovi¢ et al., 2017). In this paper, the
influence of RCA and the employment of high volumes of FA on the physical, compressive
strength, chloride ion penetration and carbonation resistance of concretes have been evaluated.

2 Materials. Mix Design and Test Procedure

The binder types of CEM Il A-L 42.5R (CEMII), CEM | 52.5R (CEMI), and Class F fly ash
(FA) were employed. Three fractions of limestone aggregates: fine (NS) and coarse aggregates
(CA1 and CA2) and, coarse recycled aggregates (RCA) were employed. Table 1 shows the
concrete mixes produced using NA and 50% of RCA in Stage 1 and Stage 2, respectively.

Table 1.Stage 1/stage 2 mixtures. The values are given of kg of component/m? of concrete. Density (kg/dm?3).

Stage 1 /Stage 2 CEM FA W Total NS CA1/RCA CA2/RCA Density
CCI/CRA 350 192.5/213.4 900 275.2/137.6 647/323.5 2.24/2.31
CFA25/CRAFA25 2625 87.5 1925/213.4 867.9 275.2/137.6 647/323.5 2.34/2.30
CFA50/CRAFAS0 175 175 192.5/213.4 835.9 275.2/137.6 647/323.5 2.36/2.31
CFA50.2/CRAFA50.2 175 175 192.5/213.4 8359 275.2/137.6 647/323.5 2.36/2.33

In both stages, four concretes were produced, employing different binders. A) 100% of
CEMII; B) 25% of CEMII was replaced by FA; C) 50% of CEMII was replaced by FA, and D)
50% of the binder was CEMI and 50% of FA. All the concretes were made with 0.50% of
admixture and an effective w/c of 0.50. The slump of all concretes was of 17-19 cm. Physical
properties and the compressive strength of concretes were determined. For carbonation test, the
concrete specimens were placed in a CO2 chamber at 20% CO», 20°C and 60% of RH after 28
days of curing and pre-conditioning. The chloride ion penetrability test was also carried out.

3 Results

The use of FA not only increased the density of the concrete but also decreased its absorption
capacity. The concretes produced with up to 25% of FA achieved the strength of CC concrete
at late ages, the FA concretes achieved a higher initial strength (at 7 days) when RCA were
used. In addition, the concrete with RCA achieved similar strength and physical properties to



Miren Etxeberria and Fernando Alvarez

the concretes produced with NA. Figure 1a shows that the employment of a higher percentage
of FA reduced the corrosion risk. At 28 days, the CRAFA50 and CRAFAS50.2 concretes reached
the lowest corrosion risk. At 90 days, the CFA50.2 and CRAFA50.2 concrete achieved the
lowest value. Figure 1b shows that the employment of FA increased the depth of carbonation
of the concrete samples. The employment of RCA increased the resistance to CO2 penetration.
Similar results were obtained by Thomas et al. (Thomas, Setién, Polanco, Alaejos, and Sanchez
De Juan, 2013). The majority of the research studies determined that employment of RCA
achieved lower carbonation resistance due to its high porosity and carbonated state of the RCA
(Kurda, De Brito, and Silvestre, 2019; Leemann and Loser, 2019).
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Figure 1. a) Chloride-ion penetration and astm corrosion ranges; b) Carbonation depth of concrete mixtures.

4 Conclusions

The concrete produced employing 50% of RCA and 50% of FA achieved a higher density,
lower absorption and porosity than that of the CC concrete. The employment of 50% of un-
carbonated RCA increased the early strength of concrete produced using FA, and at late ages,
RCA concretes achieved similar strength to CC when 25% of FA was employed. The concrete
produced with 50% of FA achieved the highest resistance to chloride ion penetration also when
RCA were employed. The use of FA increased the carbonation depth of the concrete samples,
being less influenced when RCA was used for concrete production. The employment of RCA
with CEM I or binder with 25% of FA caused the lowest carbonation depth.
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