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1. Introuduction

Recycled concrete aggregates have the most abundance
compared to other recycled aggregates. In this research, by
using recycled concrete aggregates instead of natural
aggregates, the mechanical properties of this type of
concrete were investigated. Reviewing previous studies
showed that most of the studies have focused on the
percentage of coarse aggregate replacement, moisture
content of recycled aggregate, mechanical properties,
efficiency, shrinkage, water-to-cement ratio in Recycled
Aggregate Concrete (RAC) samples. In most of the
studies, the properties of fresh and hardened concrete
containing recycled concrete aggregates have been
conducted and little research has been done on the
replacement of recycled concrete aggregates. Moreover,
no special work has been done on RAC energy absorption.
The innovation of this research is that three groups of RAC
samples were made with the replacement of recycled
concrete fine aggregate, the replacement of recycled
concrete coarse aggregate and the simultaneous
replacement of recycled concrete fine aggregate and coarse
aggregate instead of natural aggregates in amounts of 0,
15, 30 and 45%. To compensate for the loss of mechanical
properties of RAC, amounts of 7.5% and 15% of
microsilica were substituted for cement. Energy
absorption parameter of recycled samples was investigated
in addition to the mechanical properties of compressive
strength, tensile strength, and bending strength.

2. Laboratory program

2.1. Recycle

For the recycle of aggregate materials, 20x20x20 cm
concrete samples available in the concrete laboratories of
Khorram Abad city with a grade of 400 kg/m3 were used.
These samples were crushed using a stone crusher and in
sizes fine and coarse particles were separated and finally
in the university laboratory and with their granulation by
performing a sieve test, were sieved into sand sizes, and
used.

2.2. Material

The cement used in this research is Portland cement type
Il and two different types of aggregate including one type
Natural Aggregate (NA) and one type Aggregate Recycled
from Recycle Aggregate (RA) with grade 400 were used.
These aggregates were prepared with the same grading.
Moreover, microsilica was used in the production of Azna
factory in Lorestan province. Carboxylate super
plasticizers were also used in all mixing designs.

The amount of water absorption for NA and RA was
4.16% and 8.76%, respectively. The increase in water
absorption of RA compared to NA is reasonable due to the
mortar attached to the surface of these aggregates.
Moreovr, the resistance of natural and recycled materials
against wear and impact was determined and compared
using the Los Angeles Test. The abrasion rate for NA and
RA was 23.11 and 28.54%, respectively. This indicates
that RA has shown a lower abrasion resistance than NA,
which is reasonable considering the porous structure of RA
and the mortar attached to their surface.

2.3. Mixing design

The variables of these mixing designs include the
percentage of replacing sand, sand and NA sand with
RCA, in the form of 0%, 15%, 30%, and 45%, as well as
microsilica of 7.5% and 15%. The ratio of water to cement
and the amount of super plasticizers were constant for all
mixing plans and were considered equal to 0.42 and 4.2
kg/m3, respectively. A total of 21 mixing plans were
designed for this research.

2.4. Samples

The compression samples made in this research are cubic
and have dimensions 10x10x10 cm. In this experiment,
cubic samples were made in 21 mixing designs. Three
samples were made for each mixing design, and a total of
63 samples were made for this test. The samples were
subjected to compressive tests using a 2000 kN digital
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concrete breaker jack with a loading speed of 0.3 MPa/s
according to ASTM C39 standard.

The Brazilian tensile strength test was performed
according to the ASTM C496 standard with a loading rate
of 0.05 MPa/s. The test was performed using a digital
testing machine with a capacity of 2000 kN. This test was
performed on 21 cylindrical samples with a diameter of
100 mm and a height of 200 mm, and the samples were
made in 21 mixing designs and 3 samples for each mixing
design.

Prismatic beams with dimensions of 6x8x32 cm
according to ASTM C1609 standard were used to make
bending samples in this research. Three samples were
made for 21 designs of mixing prismatic beams. The three-
point bending test was performed with a jack device with
a capacity of 2000 kN. The displacement of the middle of
the span was measured with a LVDT with a length of 150
mm.

3. Multivariate optimization

Using the results obtained from the experiments, an
optimization method was studied to select the most
appropriate  mixing design in terms of mechanical
properties (compressive, tensile, and bending resistances)
and the amount of energy absorption. An optimization
method basically consists of a performance function for
decision making. The overall desirability of the mixing
plans is shown in descending order in Figure 1. Among the
recycled mixing designs that have the highest amount of
overall desirability, the mixing designs contain 30%
recycled sand with 7.5% microsilica, 45% recycled sand
with 7.5% microsilica, 15% sand recycled with 7.5%
microsilica, and 15% recycled sand with 15% microsilica
are seen. It is interesting that the two recent designs with
15% recycled sand and 15% recycled sand, one with 7.5%
microsilica and the other with 15% microsilica, have
obtained similar results in terms of desirability.
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Figure 1. The overall desirability of mixing plans in
descending order

4. Results and discussion

By using 0, 15, 30 and 45% of recycled aggregates instead
of natural aggregates and using microsilica in different
percentages of 7.5% and 15% and super plasticizers in the
mixing designs, the following results were obtained
regarding the mechanical strength of concrete:

- Adding microsilica of 7.5% and 15% to the samples
with natural aggregate increased the compressive
strength by 163% and 29%, respectively;

- In the samples with 7.5% microsilica, with the increase
in the replacement percentage of recycled sand or
recycled sand or recycled sand, the energy absorption has
an increasing trend; but in the samples with 15%
microsilica, with the increase in the replacement
percentage of recycled sand or recycled sand or recycled
sand, the amount of energy absorption showed a
decreasing trend. In other words, energy absorption
decreases with increasing amount of microsilica;

- Among all the mixing designs, the best mixing design in
terms of compressive strength is the design containing
5.7% microsilica and 15% recycled sand, in terms of
tensile strength, is the design containing 5.7%
microsilica and 45% recycled sand, in terms of bending
strength, is the design containing 7.5% microsilica and
30% recycled sand, in terms of energy absorption, is the
design containing 15% microsilica and 15% recycled
sand were identified.
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Evaluation of Mechanical Properties of Concrete by Replacing Natural Aggregates with Fine
and Coarse Recycled Aggregates
Avref Sarhanghi Fereydoon Omidinasab Ahmad Dalvand

Abstract Recycled concrete aggregates are one of the types of recycled aggregates that have the most abundance
compared to other recycled aggregates. In this research, by using the replacement of recycled concrete aggregates
instead of natural aggregates, the mechanical properties of this type of concrete have been investigated. The replacement
of natural aggregates with recycled aggregates was done in four percentages of 0, 15, 30 and 45, and this replacement
was done both independently (i.e. sand or gravel separately) and simultaneously (both sand and gravel together).
According to the use of 50% sand and 50% sand in the reference mixing plan and by replacing the percentages with
coarse and fine recycled concrete aggregates, 21 mixing plans were used. The ratio of water to cement was kept constant
in all mixing plans and was considered equal to 0.42. To compensate for the decrease in strength due to the replacement
of recycled aggregates, micro silica in different percentages of 7.5 and 15 and super plasticizers were used in the mixing
designs. By performing various tests, the mechanical properties of concrete samples were investigated. The results
showed that the best mixing design in terms of compressive strength is the design containing 7.5% micro silica and 15%
recycled sand, in terms of tensile strength, the design containing 7.5% micro silica and 45% recycled sand, in terms of
flexural strength, the design containing 7.5% micro silica and 30% recycled sand, the plan containing 15% micro silica
and 15% recycled sand was determined. By examining the mechanical properties of concrete samples, it was determined
that the recycled mixing plans contain 15%, 30% recycled gravel and 45% recycled sand with 7.5% microsilica, as well
as the mixing plan of 15% recycled sand with 15% microsilica. , among the recycled mixing plans, they had the highest
amount of overall utility.

Key words Recycled aggregate, natural aggregate, flexural strength, compressive strength, tensile strength.
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3 N50-35 R0-15 M7.5 51.3 68.6 41.1 53.67
4 N35-35 R15-15 M7.5 54.3 51.8 63.7 56.60
5 N20-50 R30-0 M7.5 43.9 55.9 72.1 57.30
6 N50-20 R0-30 M7.5 43.2 47.1 56.2 48.83
7 N20-20 R30-30 M7.5 52.3 27.2 51.6 43.70
8 N5-50 R45-0 M7.5 55.0 42.0 18.6 38.53
9 N50-5 R0-45 M7.5 42.3 25.6 56.2 41.37
10 N5-5 R45-45 M7.5 46.8 40.9 57.4 48.37
11 N50-50 R0-0 M15 11.2 33.6 60.2 35.00
12 N35-50 R15-0 M15 40.2 40.5 46.5 42.40
13 N50-35 RO-15 M15 27.0 31.6 27.9 28.83
14 N35-35 R15-15 M15 61.7 46.3 69.0 59.00
15 N20-50 R30-0 M15 43.2 46.1 445 44.60
16 N50-20 R0-30 M15 51.9 56.3 62.2 56.80
17 N20-20 R30-30 M15 32.1 38.1 275 32.57
18 N5-50 R45-0 M15 48.6 52.3 29.4 43.43
19 N50-5 R0-45 M15 42.6 44.1 61.8 49.50
20 N5-5 R45-45 M15 16.4 24.6 22.0 21.00
21 N50-50 R0-0 MO 32.6 15.3 33.3 27.07
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. . Tensile Strength (MPa)

No. Mix Design Specimen1 | Specimen?2 | Specimen 3 Mean
1 N50-50 R0-0 M7.5 7.00 3.99 3.11 4.70
2 N35-50 R15-0 M7.5 5.05 3.39 4.27 4.24
3 N50-35 R0-15 M7.5 4.08 3.45 4.24 3.92
4 N35-35 R15-15 M7.5 4.33 4.27 3.68 4.09
5 N20-50 R30-0 M7.5 4.33 3.49 4.99 4.27
6 N50-20 R0-30 M7.5 3.67 3.36 4.05 3.69
7 N20-20 R30-30 M7.5 3.67 3.74 4.71 4.04
8 N5-50 R45-0 M7.5 5.49 4.52 3.64 4.55
9 N50-5 R0-45 M7.5 3.33 3.80 5.67 4.26
10 N5-5 R45-45 M7.5 3.17 2.73 3.92 3.28
11 N50-50 R0-0 M15 3.96 3.36 2.89 3.40
12 N35-50 R15-0 M15 4.21 4.98 4.11 4.43
13 N50-35 R0-15 M15 4.58 3.64 4.49 4.24
14 N35-35 R15-15 M15 3.05 3.49 2.92 3.15
15 N20-50 R30-0 M15 4.43 3.86 3.80 4.03
16 N50-20 R0-30 M15 4.65 3.14 3.05 3.61
17 N20-20 R30-30 M15 2.61 4.40 2.92 3.31
18 N5-50 R45-0 M15 3.30 4.27 3.55 3.71
19 N50-5 R0-45 M15 2.86 4.05 2.61 3.17
20 N5-5 R45-45 M15 3.49 2.92 3.01 3.14
21 N50-50 R0-0 MO 4.49 3.01 2.76 3.42
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. . Flexural Strength (MPa)

No. Mix Design Specimen 1 | Specimen?2 | Specimen3 | Mean
1 N50-50 R0-0 M7.5 6.5 7.52 9.26 7.76
2 N35-50 R15-0 M7.5 8.36 6.49 7.24 7.36
3 N50-35 R0-15 M7.5 5.01 6.31 4.59 5.30
4 N35-35 R15-15 M7.5 5.83 5.08 6.56 5.82
5 N20-50 R30-0 M7.5 8.10 6.62 7.93 7.55
6 N50-20 R0-30 M7.5 5.15 7.61 7.24 6.66
7 N20-20 R30-30 M7.5 6.46 5.21 6.31 5.99
8 N5-50 R45-0 M7.5 8.23 5.88 7.55 7.22
9 N50-5 R0-45 M7.5 8.07 8.56 5.16 7.26
10 N5-5 R45-45 M7.5 5.55 6.42 5.32 5.76
11 N50-50 R0-0 M15 8.46 5.52 6.78 6.92
12 N35-50 R15-0 M15 6.13 5.03 7.27 6.14
13 N50-35 R0-15 M15 4.95 5.77 5.27 5.33
14 N35-35 R15-15 M15 7.58 4,73 7.63 6.64
15 N20-50 R30-0 M15 7.16 6.09 7.22 6.82
16 N50-20 R0-30 M15 5.74 6.70 7.06 6.5
17 N20-20 R30-30 M15 7.36 5.93 5.30 6.19
18 N5-50 R45-0 M15 6.10 6.13 7.63 6.62
19 N50-5 R0-45 M15 5.82 6.80 7.34 6.65
20 N5-5 R45-45 M15 5.84 5.31 5.40 5.51
21 N50-50 R0-0 MO 9.04 8.98 7.68 8.56
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