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This paper dealswith the possibility of using fresh concretewaste as recycled aggregates in concrete. An experimental programbased
on two variables (proportion of fine aggregates replacement and proportion of coarse aggregates replacement) was implemented.
The proportions of replacement were 0%, 50%, and 100% by mass of aggregates. Several mechanical properties were tested as
compressive and tensile strengths. The results show a good correlation between aggregates replacement percentage and concrete
properties. Concerningmechanical properties, a gradual decrease in compressive, splitting, and flexural strengthnwith the increase
in recycled aggregate percentage is shown.

1. Introduction

The intensive use of aggregates in constructions is a very
important environmental concern. In the region of Aquitaine
in France, the availability of aggregates becomes a serious
problem. In order to reduce the use of natural aggregates for
natural resources and energy preservation, the use of recycled
aggregates in concretes is an interesting solution.

Numerous studies show the potential of recycling aggre-
gates such as ceramics [1], rubber [2, 3], glass [4], and
demolition wastes (bricks and concrete). Due to the high
amount of concrete from demolition wastes, this material
was studied as substitution of natural aggregates by several
authors [5–8]. However, these aggregates are highly porous,
and contain a high amount of impurities [8, 9]. Limited
studies were conducted on the potential of fresh concrete
waste (FCW). These aggregates are mainly composed of
overordered fresh concrete.The advantage of this waste is that
it contains limited amount of impurities in comparison with
other recycled aggregates.

Every day, a concrete batching plant receives from sev-
eral construction sites a huge amount of overordered fresh

concrete.This is causedmainly by the uncertainty in the exact
quantity of the required concrete for construction projects.
In France, 2.6 million tons of fresh concrete is considered
as waste and should be recycled. Currently, the practice of
managing overordered fresh concrete is to use it in road or
to dump it into landfill, which is considered as a nonbenefit
solution. Moreover it will be of high cost in the close future
because of the saturation of landfill areas [10].

Recycling this material is of particular interest because its
use can considerably reduce the problem of waste storage,
and simultaneously it helps in the preservation of natural
aggregate resources. Recent successful studies on the use
of FCW as aggregates in concrete have been reported [11,
12]. The results of these studies show that the compressive
strength and the slump decrease with increasing the FCW
aggregates percentage. However, they are mainly devoted
to experiences with crushed concrete as coarse aggregates.
Therefore, there is a lack of knowledge about the behaviour of
concretemadewith fine fraction (grain size<5mm) or coarse
and fine aggregates of fresh concrete waste.

In this study, concrete mixes with fine and coarse aggre-
gates recycled from fresh concrete waste as a substitution of
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Figure 1: Grain size distribution of natural and recycled aggregates.

natural aggregates are studied. Optimised design of exper-
iment was used with two variables (rates of fine aggregate
replacement or of coarse aggregate replacement) on the
basis of identical composition. Mechanical test results are
presented and discussed.

2. Experimental Study

2.1. Materials. The used materials are natural coarse aggre-
gates (NCA), recycled coarse aggregates (RCA), natural fine
aggregates (NFA), and recycled fine aggregates (RFA). The
recycled aggregates are crushed from the same fresh concrete
waste (FCW) after one month of curing. Portland cement
CEM II32.5 R is used. Figure 1 presents the grain size distri-
bution of the natural and recycled aggregates. From Figure 1,
the grain size distribution of natural and crushed aggregates
is comparable. However, FRA are coarser which could reduce
the work ability of concrete made with these fine aggregates.
Recycled aggregates present relatively lower density (mainly
in the case of RFA) and higher water absorption compared to
natural aggregates as can be seen in Table 1. Water absorption
is particularly high in the case of RFA (13% against 1.6%).

2.2. Mix Design. In order to limit the number of mixes
and for a comparative study based on common references,
the work ability is fixed constant (slump = 70 ± 20mm).
The experimental program was implemented based on two
variables: percentage of fine aggregates (0–5mm) and the
percentage of coarse aggregates (5–10mm). The proportion
of replacement was 0%, 50%, and 100% by mass for both
aggregates. The optimal number of mixes was calculated
using design of experiment method (2𝑛), with 𝑛 the number
of studied factors (two in the case of this study) [11]. The
first factor is the percentage of RCA, and the second factor
is the percentage of RFA. This experimental program of 4
experiences is used for 0% and 50%of substitution and for 0%

Table 1: Aggregates characteristics.

Characteristics NFA RFA NCA RCA
d/D (mm) 0/5 0/5 5/10 5/10
Fineness (%) 2.2 3.2 — —
Density 2.7 2.4 2.6 2.6
Absorption (%) 1.6 13 1.5 4.3

and 100% of substitution. Table 2 summarize the percentage
of substitution for the experimental design.

The concrete composition considered as the reference is
an Ordinary Portland Concrete of 25/30 class of strength.
Recycled concrete composition is the same as the reference
concretemixture.However, because of the highwater absorp-
tion of recycled aggregates, water proportion was adjusted to
reach the desired work ability. The volume of water added
to the mixes made with 100% of RFA is 78.39 l, which
corresponds to 44% of the total quantity of water. For the
mixture made with 100% RCA, the water is increased only by
20%. The volume of added water of RFA is then higher than
RCA.This can be explained by the fact that water absorption
of RFA is higher than RCA. In the case of 100% substitution of
both aggregates, the necessary increased water is about 56%
as can be seen in Table 2. These corrections will drastically
influence the strength of concrete, but, without plasticiser,
water correction is needed to reach the desired work ability.

2.3. Casting, Curing, and Testing. Mechanical properties of
the concrete mixes were tested at 1, 14, and 28 days. For each
mix, three cylinders of 16 × 32 cm2 in size, six cylinders of
11×22 cm2, and three flexure beams of size 7×7×28 cm3 were
cast and compacted by vibrating machine. The specimens
were kept in laboratory ambient temperature for 24 hours.
After 24 hours, the specimens were placed in water for 28
days of curing. Cylindrical samples with 16 cm and 11 cm
diameter were used, respectively, for compressive tests and
tensile strengthmeasurement by splitting test. In comparison
with splitting test, flexural strength was tested with prismatic
beams using three-point bending.

3. Results and Discussion

The compressive strengths for all mixes of 1, 14, and 28 days
of curing are presented in Table 3. The results show that
the higher the replacement by recycled aggregates, the lower
the compressive strength for all the curing durations. These
results are in agreement with Correia et al. [11] and Kou et
al. [12]. Both coarse and fine recycled aggregates decrease
the compressive strength. Typical results for the relationship
between compressive strength and curing time are presented
in Figure 2.The results concernmixeswithRFA.All the tested
mixes present a decrease in strength. This is mainly due to
the added water for the work ability correction. However,
the compressive strength of young concrete, typically after
1 day of curing, is more influenced by the incorporation of
recycled aggregates than themixes tested after 14 and 28 days.
This is in agreement with the results of Kou et al. [7] who
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Table 2: Design of experiments and mixtures proportions.

Mix1 Mix2 Mix3 Mix4 Mix5 Mix6 Mix7
RFA (%) 0 0 50 50 0 100 100
RCA (%) 0 50 0 50 100 0 100
Total of recycled aggregates (%)∗ 0 25 25 50 50 50 100
CEM II 32.5 R (kg/m3) 385 385 385 385 385 385 385
NFA (kg/m3) 627 627 314 314 618 — —
RFA (kg/m3) — — 314 314 — 856 823
RCA (kg/m3) — 574 — 574 1109 — 840
NCA (kg/m3) 1147 574 1147 574 — 860 —
Water (L) 178 178 178 178 178 178 178
Water, corrected (L) — 2.4 22.2 33.8 36.2 78.4 98.1
w/c 0.46 0.46 0.46 0.46 0.46 0.46 0.46
w/c, corrected — 0.47 0.52 0.55 0.56 0.67 0.72
∗The total of recycled aggregates (%) is the percentage of the recycled aggregates with respect to the total masses of aggregates.
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Figure 2: Compressive strength with respect to curing time for 0%,
50%, and 100% of RFA.

shows that the difference in compression strength between a
natural aggregate concrete and a recycled aggregate concrete
decreases with time.

The relationship between compressive strength and the
percentage of the recycled fine and coarse aggregates at 28
days is presented in Figure 3. From these figures, the com-
pressive strength decreases with increasing the percentage
of recycled aggregates for RFA, RCA, and RFA + RCA.
This is because the aggregates are a mix of aggregates and
old mortar that increases the new concretes porosity. In
addition, this porosity increases mainly in the transition zone
between aggregates and the new mortar, which decreases
the mechanical performances of concrete [13]. In fact, the
aggregates crushed from FCW are composed of two parts:
natural aggregate and old mortar (the old mortar is still
wrapped around the natural aggregate after the crushing).
Under loading, the crack should be created in the transition
zone between aggregate and old mortar sooner than in other
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Figure 3: Effect of grain size on compressive strength at 28 days.

point of the new concrete. Moreover, the old mortar part
has smaller compressive strength than the part of natural
aggregate. The old mortar is then the weak point in the new
concrete.

The effect of grain size is not significant because it is
lower than the standard deviation of compressive strength
measurement. For instance, in the case of mixes with 50% of
recycled aggregates, the difference between RFA and RCA is
of about 1.2MPa whereas the standard deviation is of about
1.4MPa for RCA and 0.8MPa for RFA. Compressive strength
is then not significantly affected by the grain size of recycled
aggregates. However, at 100% replacement, a mix made with
RCA gives 20% higher strength than a mix made with RFA.

As the grain size effect can be neglected, the compressive
strength depends then only on the proportion of the recycled
aggregates (fine or coarse) from FCW. As can be seen in
Figure 4, the compressive strength shows only a 15% decrease
for 25% of aggregates replacement and 32% decrease for
100% of aggregates replacement. These results show that it
is possible to use 100% of recycled aggregates in application
as, for example, pavements and concrete blocks. A high
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Table 3: Compressive strength of the tested mixes at 1, 14, and 28 days.

% of recycled aggregates 1 14 28
RFA RCA

Mix1 0 0 11.8 20.3 25.2
Mix2 0 50 3.7 17.2 20.5
Mix3 50 0 2.6 16.3 19.4
Mix4 50 50 3.9 15.8 18.4
Mix5 0 100 3.5 15.2 18.1
Mix6 100 0 4.2 16.9 19.3
Mix7 100 100 3.5 14.9 16.6
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Figure 4: Relationship between compressive strength at 28 days and
the proportion by mass of recycled aggregates.
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Figure 5: Relationship between tensile strength (splitting and
bending tests) at 28 days and the proportion of recycled aggregates.

correlation exists between compressive strength and the total
percentage of recycled aggregates.The behaviour is not linear
but can be adjusted by a polynomial relation with 𝑅2 = 0.92:

𝑓
𝑐
= 0.001𝑥

2

− 0.177𝑥 + 24.6, (1)

where 𝑓
𝑐
is the concrete compressive strength and “𝑥” the

percentage of the total recycled aggregates.

The relationship between concrete tensile strength and
the proportion of aggregates replacement is presented in
Figure 5. In this figure, results of both splitting test and
bending test are presented. A small decrease in the tensile
strength can be seen. For 100% aggregates replacement, the
tensile strength measured by splitting test decreases by only
18%. In the case of mix with 25% aggregates replacement,
the tensile strength measured using splitting test is the same
as the tensile strength measured using the bending test.
For the other percentages of replacement (50% and 100%),
the difference between bending and splitting test is not
significant.

4. Conclusions

(i) Water absorption of the recycled fine and coarse
aggregates from fresh concrete waste is higher than
the naturel aggregates. The measured coefficient of
absorption is 4.3% and 13% for coarse and fine
aggregates, respectively.

(ii) The use of fresh concrete waste, after crushing, as
recycled fine and coarse aggregates decreases the
mechanical performance of the new concrete.

(iii) The compressive strength decreases gradually with
respect to the increase of the percentage of recycled
aggregates. This relationship can be approximated by
a polynomial function with 𝑅2 = 0.92. Moreover, this
behaviour does not depend on the aggregates size for
concrete made with aggregates size <12.5mm.

(iv) The substitution of natural aggregates with 25%,
50%, and 100% of recycled aggregates decreases the
compressive strength by about 15%, 25%, and 32%,
respectively.

(v) The decrease in tensile strength is by 18% when 100%
of the recycled aggregates are incorporated.
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