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ABSTRACT: Recycled aggregate (RA) from construction and demolition waste is traditionally used for the
manufacture of concrete for different applications. Due primarily to high water content required by RA, the
quality of the concrete is determined by the amount of replacement RA. The aim of this study is to determine
if RA pre-soaking enhances the properties of pre-cast concrete for street furniture, with low mechanical and
structural requirements, in which 100% of the coarse fraction is replaced. The results of physical and mechanical
tests performed on concrete specimens in which the RA was pre-soaked using five different methods applied are
compared with a reference concrete sample and a concrete sample made with non-pre-soaked RA. The results
show that non-pre-soaked RA offers improved physical-mechanical properties for pre-cast concrete, except for
the workability; problems arising from poorer workability could be improved with the use of plasticizers, which
can be easily included in the production process.
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RESUMEN: Estudio de las ventajas potenciales del premojado en las propiedades del hormigon prefabricado con
arido reciclado grueso. El arido reciclado (AR) procedente de residuos de construccion y demolicion se utiliza
tradicionalmente en la elaboracion de hormigén para diferentes aplicaciones. Debido principalmente al mayor
contenido en agua requerido por el AR, la calidad del hormigdn esta determinada por la cantidad de AR reem-
plazado. El objetivo de este estudio es determinar si el AR premojado mejora las propiedades del hormigon pre-
fabricado para mobiliario urbano, con bajas exigencias mecanicas y estructurales, en el que se sustituye el 100%
de la fraccion gruesa. Los resultados de los ensayos fisicos y mecanicos realizados sobre muestras de hormigon
en las cuales el AR se ha premojado usando cinco métodos diferentes se han comparado con una muestra de
hormigén de referencia y una muestra de hormigdn fabricada con AR no premojado. Los resultados muestran
que el AR no premojado proporciona propiedades fisico-mecanicas mejoradas en el hormigon prefabricado, a
excepcion de la trabajabilidad; los problemas derivados de una deficiente trabajabilidad pueden ser facilmente
corregidos con la incorporacion de plastificantes en el proceso de fabricacion.

PALABRAS CLAVE: Hormigon; Arido; Prefabricado; Tratamiento de residuos; Trabajabilidad
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1. INTRODUCTION

The construction industry has several negative
effects on the environment, including the consump-
tion of raw materials and the generation of construc-
tion and demolition waste (C&DW). These activities
contribute significantly to environmental degrada-
tion at different stages: extraction and manufacture
of materials, design, construction and M&E ser-
vices (Maintenance and Evaluation services). The
construction industry is a major generator of large-
volume waste with an important visual impact. The
composition of this waste is mainly inert, although
some C&DW is hazardous (1). However, C&DW
can be treated in appropriate industrial facilities to
produce recycled aggregate (RA) that can be used
to replace natural aggregate (NA) (2). For example,
road construction (3), masonry mortar (4, 5), struc-
tural and non-structural concrete (6, 7), and even
in pre-cast concrete products such as paving blocks
(8), paving flags (9), kerbs (10) or partition wall
blocks (11).

RA from concrete differs from NA in that it
often contains impurities such as crushed clay brick,
crushed ceramic material and gypsum as well as
mortar adhered to the original NA (7, 12, 13). These
impurities introduce several contaminants into the
aggregate, such as chlorides, sulphates and other
harmful materials. Consequently, the use of RA in
the manufacture of concrete can affect the workabil-
ity, mechanical performance and durability of the
finished product (13-17).

The higher water absorption capacity of RA is
the result of the presence of mortar adhered to the
original aggregate (7, 12, 13, 18). This feature of RA
may cause mixing problems due to poorer workabil-
ity, resulting in a lower water/cement (w/c) ratio in
the paste and less compressive strength. Therefore,
special precautions must be taken during the mixing
process (6). In view of this, many studies have com-
pared concrete containing RA with different levels
of humidity (12, 19, 20) and developed dosage meth-
ods that have had a major effect on the properties of
fresh and hardened concrete. In these studies, satu-
rated RA was not recommended because it could
cause bleeding problems that may have a detrimental
effect on the strength of hardened concrete, result-
ing in the failure of an effective interfacial tran-
sition zone between the saturated recycled coarse
aggregates and the new cement paste (12, 21, 22).
Nevertheless, some authors recommend setting the
humidity level at 80% of the total absorption capac-
ity of the RA to ensure the presence of water on the
aggregate surface. This guarantees the attachment
of a large quantity of cement particles and improves
the bond between the cement paste and aggregate
(14, 22, 23); however, other humidity percentages
have been also reported (13, 24).

The characteristics of RA, particularly its high
water absorption, limit the use of this material in
the manufacture of concrete. Studies such as that
of Etxeberria et al. (14) and Kou (25) focus on
the properties of recycled concrete (RC) for use as
structural concrete, and report satisfactory results
provided that less than 25% of the coarse fraction
is replaced. Other studies have demonstrated the
feasibility of using RA in the production of non-
structural concrete (13, 15, 26) such as concrete
blocks for use in partition walls (11, 27), paving
blocks (8-10, 28-30), paving flags (8, 31) and con-
crete kerbs and floor blocks (10). These studies
have shown that the quality of the pre-cast elements
depends on the extent to which NA is replaced by
RA, with values that ranged from 25-50% for pav-
ing blocks, 30—65% in the case of paving flags, 50%
for kerbs and partition wall concrete blocks, or
even 100% in the manufacture of floor blocks. This
mainly refers to the mechanical behaviour of pre-
cast elements, which is not compromised, and does
not address the chemical and physical impact this
granular material may have on this kind of pre-cast
element.

It is not found references to the use of RA as
aggregate in the manufacture of non-structural
concrete for street furniture such as concrete
benches, fountains, planters, beach walkways, etc.
This type of pre-cast concrete has lower mechani-
cal and structural requirements, according to EN
13198 (32), and in this case replacing 100% of the
coarse fraction with RA could be an advantage.
However, the concrete must be sufficiently work-
able to facilitate the use of moulds, and in this
respect the higher water absorption of RA may be
a limiting factor. In this case workability can be
improved by the use of plasticizers or by increas-
ing the amount of mixing water, thereby reducing
mechanical strength (33).

Pre-soaked RA could improve the behaviour
of recycled concrete by preventing the transfer of
water between the RA and the cement paste. This
would reduce the amount of water required to
achieve greater strength and lower water absorp-
tion. This study, therefore, focuses mainly on deter-
mining the benefits of pre-soaked recycled coarse
aggregate (RCA) on the properties of fresh and
hardened concrete after replacing natural coarse
aggregate (NCA) with RCA. Five pre-soaking
methods have been formulated, which differing
mainly in terms of pre-soaking time, the amount of
water added to the mix, and the mixing time, and
then tested and compared these against an RC con-
taining non-pre-soaked RCA and a concrete with
NCA. The methods were analysed to determine the
potential advantages of pre-soaking on the proper-
ties for pre-cast concrete for beach walkways made
with RCA.
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2. MATERIALS AND METHODS
2.1. Materials

Concrete is composed of sand and coarse aggre-
gate, cement and additives. In this study, two types
of concrete were manufactured using NA and RA,
respectively. The components used to manufacture
both types of concrete are described below:

*  Cement. The cement used in this study was BL
142.5R.

* Additive. The water-reducing admixture
(Chryso“fluid Optima 227) was used to improve
the workability of concrete.

* Aggregate. NA and RCA were used in this
study. Their physical, mechanical and chemical
properties and the standards applied are sum-
marized in Table 1 (35-39). NAs were produ-
ced in a local quarry in Granada, Spain, and
the RCA was produced in a C&DW treatment
and recovery plant located in Alhendin in the
Spanish province of Granada. The RCA was
obtained from RA from civil engineering con-
crete waste which, according to EN 933-11
(39), included: 88.8% crushed concrete, 9.1%
aggregate natural, 0.2% ceramic aggregate,
1.8% bituminous and 0.1% other impurities.
This particular RCA was classified as recycled
concrete aggregate (40), and under EHE-08
(34) guidelines (Table 1) was determined to
be of good quality due to an acceptable level
of impurities, except for 1.8% of asphalt. The
particle size distribution of both aggregates,
shown in Figure 1, was continuous, ensuring
that the aggregate would have a positive effect
on the workability of the concrete (41). With

regard to fines content, RCA had not a high
proportion of fine particles. Due to their cha-
racteristics, both aggregates were shown to be
suitable for concrete (42), although as expected
the saturated-surface-dry particle density of
RCA was lower and water absorption higher
than NA, this is due to old mortar that adheres
to RCA (16).

2.2. Methods
2.2.1. Pre-soaking method

Five pre-soaking methods were tested, 4 of them
(Method 1 to 4) from the literature (7, 13, 14, 24)
and a fifth proposed by us (Method 5). Pre-soaking
methods varied in terms of total water, procedure
for adding pre-soaking water, pre-soaking time, and
mixing time. Figure 2 shows the characteristics of
all the methods used in the study, and the corre-
sponding concrete series produced.

2.2.2. Concrete samples

For the purpose of the study, a control series
(Series C) using NA and 6 further series in which
RCA totally replaced NCA (methods 0 to 5) were
manufactured according to the manufacturer’s rec-
ommended dosage and the concrete quality control
data (Table 2) for the manufacture of articulated
concrete slabs for beach walkways. Figure 2 shows
the respective mixture components and the order
in which they should be added, as well as the pre-
soaking and mixing times required for each method.
Table 3 summarizes the data related to the water
content, wherein the w/c effective ratio of 0.48 is
constant for all methods.

TABLE 1. Aggregate properties according to EHE-08 (34)

NA RA

Limit
Property Standard NFA NCA RCA value
- Fraction (d/D) EN 933-1 (35) 0/4 4/16 4/16 -
- Sieve distribution EN 933-1,2(35,36) Continuous Continuous Continuous -
- Material fines than Fine aggregate EN 933-1 (35) 0.50 - - 6-16
<0.063 mm (%) Coarse aggregate — 0.90 0.30 1.5
- Saturated-surface-dry particle density (kg/m®) EN 1097-6 (37) 2635 2733 2595 -
- Water absorption (%) 24 h (WA, EN 1097-6 (37) 1.02 0.379 2.136 <5
10 min - - 1.935 -
- Moisture content (%o) EN 1097-5 (38) 0.43 - 0.30 -
- RCA composition (%)  Constituent metal, glass, soft ~ EN 933-11 (39) - - 0.1 <1
materials, bitumen
Constituent asphalt - - 1.8 <1
Constituent ceramic material - - 0.2 <5

() Test not performed or no restrictions for this parameter
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FIGURE 1. Aggregate grading curves.

[EN 12300-2 (44) |-{ MAKING SPECIMENSY|

T ] R R E—
[ Methodc | [ Methodo | [ Metnod 1| Method 2 [ Methods | [ Method4 | [ Methods |

Manufacturer Manufacturer (13) (7) (14) (24) Proposed by
authors
| 1208kg |
— —1
| 1193kg | [ 1183kg | [s985k] |5985kg] | 1188kg | [ 1189kg | [ 1198kg |

80% WA,,RCA

PROCEDURE OF 80% WA, RCA 100% WA, RCA
ADDED PRE- - [80% wa, NFA| [ 80% wa,,cA| — 80% WA,,RCA
SOAKING WATER 2/3 Effective water
{% PRE-SOAKING: !
[ 100% ] [ 5o | A I HE

5 min. 10 min. 10 min. 10 min.

NFA | 796kg | | 78skg | [ 781k | [ 7eakg | | 785kg | | 791kg |
CEMENT || 210 ke || 206 kg | | 202 kg | | 204 kg | | 204 kg | | 07 kg |
ADMIXTURE: | | 08% | | 0.8% | | 08% | | 0.6% | | 06% | | 06% |
10 min. 10 min. 15 min. 10 min. 10 min. 5 min. 5 min.

| Series C | | Series 0 | | Series 1 I Series 2 | Series 3 | | Series 4 | | Series 5 |
| | | I l | J

TESTS FRESH STATE

®Respect to total water |TES TS HARDENED STATE |

2Concrete composition by weight respect to 1 m® according to water-saturated density (Table 5)

°Respect to the weight the cement

FIGURE 2. Making specimens process.

2.2.3. Testing methods European standard EN 13198 (32) and EHE-08
restrictions (34). Table 4 shows the properties ana-

For the purpose of this study, the main prop- lysed and the guidelines and standards used.
erties of fresh and hardened concrete were tested In the case of fresh concrete, workability was
according to the manufacturer’s recommendations, measured in terms of slump using the Abrams cone
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TaABLE 2. Concrete quality control
according to manufacturer

Data
Cement type BL142.5R
Superplasticizing admixture type ~ Chryso”fluid Optima 227

Sample type Cylindrical 15%30 cm
Tests

Consistency (Abrams cone in cm) 8
Compressive strength-7 days (Mpa) 42
Compressive strength-28 days (Mpa) 50

method immediately after complete concrete mix-
ing. Density testing was performed according to the
reference standard (Table 4).

The properties of hardened concrete were mea-
sured in nine cubes measuring 150x150%150 mm, cast
using plastic moulds and compacted on a vibrating
table, according to EN 12390-2:2009 (43). All cubes
were removed from the moulds after 48 h and were

cured in water at 22 °C before testing. Compressive
strength was determined by crushing at 7 and 28 days
age. The results were referenced to 15%30 cm cylin-
drical samples, using a conversion factor of 0.9, as
indicated in EHE-08 (34). Water-saturated density
and water absorption tests were performed after sam-
ples were immersed in water for 3 days until constant
mass was obtained, and then oven-dried for at least
3 days until constant mass was obtained according to
the reference standards (Table 4).

3. RESULTS AND DISCUSSION

The pre-soaking methods were evaluated and
compared with the control and non-pre-soaking
methods (methods C and 0, respectively). Table 5
summarizes the results of the tests performed on the
different concrete series manufactured according to
the methods discussed. Figures 3 to 9 summarize
the values of the properties examined, showing the
reference series (Series C and 0) and then the pre-
soaked series (Series 1-5) arranged from the lowest

TABLE 3. Water content of mixtures
Component Series C  Series0  Series1  Series2  Series3  Series4  Series S
Effective water (%)" 8 8 8 8 8 8 8
Added mixing water (%) 0 0 0.9 1.1 1.1 0.9 0
Total water (%) 8 8 8.9 9.1 9.1 8.9 8
Pre-soaking water (%) 0 0 8.9 4.6 1.1 6.2 6.4

"By mass of cement plus aggregate (%).
"By mass of effective water (%).
“Effective water plus added mixing water (%).

TABLE 4. Tests and procedures used to determine properties of concrete and restrictions

Limit EN 13198 (32)

Classification without with melting
Tests Procedure Manufacturer” EHE-08 (34) melting salts salts
Fresh state Fresh state
Consistency (Abrams cone in cm) EN 12350-2:2009 (44) soft (8) dry (0-2) - -

plastic (3-5)

soft (6-9)

fluid (10-15)

liquid (16-20)
Fresh density (kg/m’) EN 12350-6:2009 (45) - - - -
Hardened state
Water-saturated density (kg/m”) EN 12390-7:2009 (46) - - - -
Water absorption (%) EN 13369:2004 Annex G (47) - - <7 <6
Compressive strength-7 days (Mpa) EN 12390-3:2009 (48) 42 - - -
Compressive strength-28 days (Mpa) EN 12390-3:2009 (48) 50 - 37 45

*According to the manufacturer’s concrete quality control data.
(-) No limitation for this parameter.
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TABLE 5. Tests, results of concrete series
Test and result Series C Series 0 Series 1 Series 2 Series 3 Series 4 Series 5
Fresh state
Consistency type (EHE-08) (34) Soft Plastic Fluid Liquid Plastic Soft Dry
Abrams cone test (cm) (44) 6 3 10 22 4 7 1
Fresh density (kg/m®) (45) 2387 2384 2360 2380 2366 2357 2368
Hardened state
Water-saturated density (kg/m®) (46) 2412 2386 2380 2374 2376 2378 2397
Water absorption (%) (47) 5.05 1.97 2.17 2.40 2.10 2.30 1.80
Compressive strength-7 days (Mpa) (48) 50.36 44.64 47.62 43.11 39.80 44.99 53.13
Compressive strength- 28 days (Mpa) (48) 55.42 55.54 51.75 46.67 50.39 46.09 54.65
M Series C W Non pre-soaked ¥ Pre-soaked
24 ! 1 =i - 10
R
| e . .
18 -
16 - +*
ﬁ Total water (%)
-

Consistency (Abrams cone test in cm)
N

I I
T T T

Pre-soaking water (%) %
Pre-soaking time (min) m

Lo
-8
7
-6
-5
-4
13
-2
-1
; -0

Series C Series 0 Series5 Series 3 Series 4 Series 1 Series 2

FIGURE 3.

to the highest value obtained for each property. The
results are discussed below.

3.1. Fresh concrete
3.1.1. Consistency

EN 13198 (32) does not restrict this parameter
in pre-cast concrete. According to the literature
consulted (8, 9), pre-cast products such as concrete
blocks, paving flags or paving blocks are manu-
factured using a dry-mixed method. These simu-
lates the actual industrial production process in
which mixes are prepared with just enough water
to produce a cohesive mix but with no slump/
workability. However, in the experimental study,
according to the dosage and manufacturer’s recom-
mendations (Table 2), it is essential to maintain a
workable mix. Therefore, the reference consistency
used in this study was soft (6-9 cm) according
to the recommendations of the manufacturer and
EHE-08 (34).

Slump values of manufactured concretes.

Table 5 shows the consistency of the concrete
series studied, together with the average Abrams
cone test values. Results show values ranging from
between 1 and 22 cm (dry and liquid consistency)
depending on the amount of pre-soaking water, pre-
soaking time and total water, including effective and
added mixing water. As shown in Figure 3, Series 4
achieved the consistency and soft cone value clos-
est to guidelines and recommendations, and corre-
sponds to RC with a pre-soaking time of 10 minutes
and 70% of total water (Figure 2).

Several authors have studied the importance of
pre-soaking and mixing time, defining 10 minutes as
the optimal pre-soaking time to obtain the best cone
values (7, 23, 24). This ensures optimum moisture
percentage, giving the RCA a more effective surface
(49). Figure 4 shows the relationship between slump
values and pre—soaking time for the series tested. Since
the high R-square (R“=0.858) value demonstrated a
good fit between pre-soaking time and slump cone,
a theoretical pre-soaking time of 10 minutes was
predicted. This corresponded to Series 4, which had
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FIGURE 4. Relationship between pre-soaking time
and slump cone values of pre-soaked series.

a cone value nearest to the reference value (6 cm).
Shorter pre-soaking times (2 and 5 minutes) pre-
vented the RCA from absorbing the water required to
give a mixture with good workability (Series 2 and 1,
respectively).

Figure 3 shows that the variable pre-soaking water
did not affect the series tested. The same occurs with
respect to total water content, since the percentage
variation was small compared to other methods.

Based on the results obtained, therefore, pre-
soaking affect the consistency of the concrete with
respect to the pre-soaking time, but not with respect
to the total water content. Therefore, to obtain the
desired consistency for the manufacture of pre-cast
concrete for street furniture, the RCA would need to be
pre-soaked for 10 minutes to achieve a stable moisture
level of around 90% of absorption, thereby preventing
it from absorbing water from the other components,
which would make the pre-soaking effective.

3.1.2. Fresh density

Neither EN 13198 (32) nor the manufacturer’s
recommendations include reference values for this
parameter; however it has been included in this study

B Series C  MNon pre-soaked

2380
2360
2340
2320 *
2300 A
2280
2260
2240
2220

Fresh density (kg/m?)

*

-
*

because the density of the aggregate and the resulting
concrete is an important factor in the manufacture of
any type of concrete. The lower density of RA will
contribute to concrete made with this aggregate being
less workable, with a higher water demand in the state
fresh (49-51). Table 5 and Figure 5 summarize the
fresh density values of the concretes tested. Values
ranged from 2357 kg/m’ (Series 4) to 2380 kg/m’

(Series 2), showing an insignificant reduction in den-
sity in all pre-soaked series, regardless of the amount
of total and pre-soaking water or the pre-soaking
time used, and with a maximum density reduction of
only 1.3% (Series 4) with respect to the control series
(Series C). The results are similar to those reported
in other studies, such as that of Lopez-Gayarre et al.

(52), who obtamed variations of 5% or less. These re-
ductions are explained not by the effect of pre-soaking
but by the lower densities observed in the RCA com-
pared to NCA (between 5% and 15% lower) (53).

3.2. Hardened state concrete
3.2.1. Water-saturated density

This parameter is included neither the manu-
facturer’s recommendations nor in EN 13198 (32),
although the analysis of the density in the cured state
is justified since, as discussed above, the lower den-
sity of RA will lower the hardened-state resistance
and durability of concrete made with this aggre-
gate. However, this lower density may be of interest
where a more lightweight concrete is needed. In addi-
tion, reducing the weight of pre-cast elements, and
therefore improving handling, would lower industrial
production costs.

The hardened-state density Values of the
series tested ranged from 2374 kg/m (Series 2) to
2397 kg/m’ (Series 5) (Table 5), a maximum decrease

¥ Pre-soaked

| r 10
* *
*

" 6 Total water (%) ©
Pre-soaking water (%) %
* Pre-soaking time (min) |

2200 T . .
Series C Series 0 Series 4 Series 1

FIGURE 5.

Series 3 Series 5 Series 2

Fresh density of manufactured concretes.
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FIGURE 6. Water-saturated density of manufactured concretes.

of 2.4% (Series 2) with respect to the reference value
(Series C). Figure 6 shows how the variables anal-
ysed in each pre-soaking method (pre-soaking water
and pre-soaking time) have no effect on the property
analysed or the total water content (effective water
plus added mixing water). This means that the slight
decrease observed cannot be attributed to the pre-
soaking method but to the mortar adhered to RA
particles, since other studies have reported reduc-
tions of between 2% and 5%, depending on the
replacement percentage (41, 54).

3.2.2. Water absorption

EN 13198 recommends water absorption values
with and without melting salts of less than 6% and
7%, respectively. In fact, other studies consulted lim-
ited this parameter to similar values. Soutsos et al.
(29), for example, recommend replacing 55% of coarse
fraction in order to avoid exceeding the 6% limit.

The water absorption values of concrete made
with RCA using different pre-soaking methods
(Series 1-5) show that the values of all samples
tested are within limits, and there are no signifi-
cant differences between the different pre-soaking
methods (Figures 2 and 7). However, differences are
observed when the water absorption values of the
series manufactured with NCA (Series C) and with
RCA (Series 0-5) are compared, as discussed below
(Table 5).

Contrary to what was expected, all RC absorption
values observed in this study are below established
limits, and are lower than that of the sample manu-
factured with NCA. The percentage reduction ranges
from 52% to 64%, corresponding to Series 2 and
Series 5, respectively. So, natural concrete absorp-
tion is more than twice that of the RC absorption,
which could be attributed to the lower content of
pores interconnected in recycled concretes. Most
studies report a greater absorption of water in the

MSeries C WNon pre-soaked 1 Pre-soaked

6.00 - o o | -10
. & + 9
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case of concrete made with RCA as a result of the
incorporation of a more porous material such as
cement paste adhering to the aggregate (33, 54, 55).
However, studies such as that of Gencel et al. (30)
report reductions of 62%, similar to those obtained
in this study, with a similar coarse fraction replace-
ment in the manufacture of concrete paving blocks.

This can be attributed to the discontinuous sys-
tem of pores generated within the hardened concrete
and better RCA bonding, which creates a continuous
phase (aggregate particles enveloped by old cement
paste). Therefore, the pores do not contribute to
water absorption.

After analysing the results obtained from this
study, it can be concluded that pre-soaking does not
affect water absorption. However, the significant
improvement in water absorption may be due more
to the type of RCA used, mainly concrete, than the
pre-soaking method.

3.2.3. Compressive strength

EN 13198 (32) recommends 28-day compressive
strength values of between 30-37 and 35-45 MPa
without and with melting salts, respectively; however,
the manufacturer recommends over 50 MPa, due to
the type and amount of cement used. The results
(Table 5 and Figure 8) shows that all the samples
tested are within limits (32) and meet the manufac-
turer’s specifications (Table 2), except for 2 series
(Series 2 and 4), which show a reduction of approxi-
mately 8%.

An analysis of the benefits of pre-soaking
(Figure 8) on resistance in the first period (7 days) of
the pre-soaked series (Series 1-5) shows rapid growth
in all series except Series 3, which has lower water
content. Similar results were observed in the 7-day
resistance of the non-pre-soaked series (Series 0),
which leads us to conclude that increased resistance

is due to pre-soaking, since this transfers water
slowly to help in the curing process of the cement
in the first days of age. According to Salem and
Burdette (56) in Etxeberria et al. (14), the increased
resistance of RC at an early age is due to the high
absorption capacity and rough texture of the old
mortar adhered to the RCA, which will give better
bonding and interconnection between mortar and
RCA. Soutsos et al. (57) obtained similar results in
the manufacture of concrete building blocks, since
pre-soaking ensures that there is sufficient water for
mix hydration beyond 7 days.

At 28 days of age, the compressive strength of
series manufactured with RCA (Series 0-5) does
not follow the same trend observed in the prelimi-
nary curing ages (Figure 8). The findings for the pre-
soaked series showed that compressive strength was
not significantly affected by the pre-soaking method
used. Therefore, it can be safely concluded that pre-
soaking is only beneficial in the first days of age, pro-
vided the amount of pre-soaking water is controlled.
This rapidly increases resistance (Figure 9) to above
the EHE-08 (34) recommended value (82%) for the
strength class of the cement used in this study (42.5R).

The compressive strength at 7 days was not af-
fected by the effect of total water content (Figure 8),
although it slightly affected compressive strength
at 28 days in series with a small inverse relation-
ship between the total water content added to the
mixture (effective water plus added mixing water)
and compressive strength. Gonzalez-Fonteboa and
Martinez-Abella (41) showed that lowering the total
water content reduces the amount of free water in
the mixture and increases resistance. However, an
excessive decrease in free water can reduce RC resis-
tance due to the poor hydration of cement particles,
which affects the workability of the mix (58). These
observations explain the result obtained from Series
5 (dry consistency and high resistance at 28 days).
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However, if the series manufactured with NCA
(Series C) is compared to those manufactured with
RCA (Series 0-5), replacing NCA with RCA reduces
resistance provided the w/c ratio is maintained. The
resistance results obtained in this study (Table 5 and
Figure 8) show a reduction of between 1.4% (Series 5)
and 16.8% (Series 4) vs. series C, corresponding to a
range of 46.09 MPa (Series 6) to 54.65 MPa (Series 5)
at 28 days. A similar trend is seen at the age of 7 days,
where in this case the minimum and maximum varia-
tion corresponds to Series 5 (+5.5%) and Series 2
(—14.4%). Similar results were obtained by other
authors, who report reductions of between 12% (56)
and 25% (14) in compressive strength at 28 days.

Several factors could explain the loss of strength
(59, 60): (i) the lower mechanical resistance of RA
due to the presence of adhered mortar; (ii) the higher
water absorption of RA (related to the previous
factor); (iii) more weak areas in the RC.

Therefore, the results showed that pre-soaking
adversely affected the mechanical strength of the con-
crete manufactured in this study, since without pre-
soaking the RCA (Series 0) had a similar resistance to
the series manufactured with NCA (Series C).

4. CONCLUSIONS

This study evaluates potential benefits of pre-
soaking on the properties of pre-cast concrete for
beach walkways made with RCA, following EN
13198 (32) and the manufacturer’s recommendations.
The advantages of pre-soaking were studied in terms
of pre-soaking time and total water content. With
regard to consistency, fresh density, water-saturated
density, water absorption and compressive strength in

the hardened state, it observed that pre-soaking RCA
only affects consistency and compressive strength,
and had little effect on other properties.

In general, the workability of concrete made with
RCA improved with pre-soaking. This improvement
was conditional on a 10-minute pre-soaking time,
but total water content has no effect.

The benefits of pre-soaking on the compressive
strength of the samples tested showed that the initial
resistance was enhanced due to the curing effect, which
would be of special interest in the manufacture of pre-
cast concrete products. However, resistance at 28 days
is lower than that of non-pre-soaked RCA, although
certain methods guarantee that even such lower values
are within the limits set by the manufacturer.

It can therefore be concluded that pre-soaked
RCA does not enhance the physical-mechanical
properties of pre-cast concrete, except in terms of
workability. Due to the complexity and higher costs
involved in the implementation of pre-soaking tech-
niques on an industrial scale, the results suggest the
use of non-pre-soaked recycled coarse aggregate as
a replacement for NCA in the manufacture of pre-
cast concrete products for street furniture. Similar
workability can be achieved by the addition of
plasticizers, capable of providing the desired con-
sistency to such concrete.
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