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Green concrete can be produced as environmentally friendly
concrete using recycled materials. In this study, the compressive and
endurance behavior of green concrete containing waste aggregates
as a replacement to coarse (gravel) and cement-replaced marble
powders was evaluated experimentally. In the present research, 10
mix designs in addition to the control sample mix design were
constructed and compared. The main variables included the volume
percentage of waste aggregates as replacement sand with
percentages of 0, 25, 50 and 100, and the volume percentage of
marble powder as replacement cement with percentages of 0, 10 and
20. Compressive strength at 28 days and water absorption
percentage and density tests were performed to evaluate the
endurance of concrete. According to the results, gravel substitute
waste stone had a negative effect and cement substitute marble
powder had a positive effect on the compressive strength of concrete.
By replacing gravel with 100% waste stone, approximately 49%
reduction in strength was observed compared to the control sample,
and by replacing cement with 10% marble powder, approximately
13.4% increase in resistance was observed compared to the control
sample, demonstrating the minimum and maximum changes in
compressive strength of concrete compared to the control test,
respectively.
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EXTENDED ABSTRACT

Introduction

Green concretes are known as environmentally friendly concretes that can be produced
using recycled materials. In this research, an attempt was made to test the effects of waste
aggregates used for smoothing stones in stone factories as a substitute for coarse grains
and waste marble powder as a substitute for cement on the compressive strength and
durability of concrete experimentally tested. The materials used are shown in Figure 1.

a) marble powder b) waste aggregates (after sieving)  c) waste aggregates (before sieving)

Figure 1. Materials used in the experiment

The method used in this research was wholly experimental. The amounts of marble
powder replacing cement by weight were 0%, 10% and 20% and the amount of waste
aggregates replacing coarse grain were 0%, 25%, 50% and 100% in the concrete mix
design. In general, 30 cubic test specimens with dimensions of 150 x 150 x 150 mm were
considered in 10 different mix designs, and for each design mix, three test pieces were
made for greater accuracy so that the compressive strength was investigated in 28 days. In
naming the concrete mixtures, P represents marble powder and S represents waste
aggregates. Table 1 shows the design of the used mixtures. The average compressive
strength of three tests was reported as the result. The conducted tests included slump,
density, percentage of water absorption, porosity and compressive strength of concrete.

Table 1. Mixed Design of Experimental Specimens

Coarse
Aggregates Cement
Fine- Coarse Water to Water
Number Sre e Grained P Waste cw/B) (K
(Kg) Ay Aggregates (Kg) cement (W/B) Marble  Cement

Powder (Kg) (Kg)
1 oC 740 990 0 0.43 200 0 465
2 S25 740 742.5 2475 0.43 200 0 465
3 S50 740 495 495 0.43 200 0 465
4 S100 740 0 990 0.43 200 0 465
5 P10 740 990 0 0.43 200 46.5 418.5
6 P10S25 740 742.5 2475 0.43 200 46.5 418.5
7 P10S50 740 495 495 0.43 200 46.5 418.5
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Coarse
Aggregates Cement
Fine- Coarse Water to Water
Number Specimen Grained Aggregates Waste cement (W/B) (Kg)
(Kg) o Aggregates (Kg) (W/B) Marble Cement
Powder (Kg) (Kg)
8 P20 740 990 0 0.43 200 93 372
9 P20S25 740 742.5 2475 0.43 200 93 372
10 P20S50 740 495 495 0.43 200 93 372

Results and discussion

The results of tests including slump, density, percentage of water absorption, porosity,
and compressive strength for all specimens are presented in Table 2. According to the
results, gravel substitute waste stone had a negative effect and cement substitute marble
powder had a positive effect on the compressive strength of concrete. By substituting
100% waste stone for gravel, the compressive strength was reduced by approximately
49% compared to the control specimen, and by substituting 10% marble powder for
cement, an increase of 13.4% in resistance was observed compared to the control
specimen, which are the lowest and highest, respectively. The compressive strength of
concrete was compared to the control specimen.

Table 2 Results of Tests on Specimens

Number Specimen  Slump Density Water Absorption ROy ComnIEss e
(mm) (Kg/m3) %) (%) Strength
(MPa)
1 ocC 70 2220 5.7 9.738 24.6
2 S25 70 2150 5.7 9.541 24.4
3 S50 75 21475 6.1 10.353 20.2
4 S100 85 2070 10.1 16.374 125
5 P10 65 2254.2 43 7.111 27.9
6 P10S25 75 22237 6 10.046 235
7 P10S50 80 2187.8 6.4 10.869 17.9
8 P20 65 2253.6 5.6 9.365 26.7
9 P20S25 75 2219.8 6 10.278 20.7
10 P20S50 80 2180.7 8.1 13.846 14.3
Conclusions

Based on the experiments conducted in this research, the following findings were obtained:

1- By increasing the amount of waste aggregates instead of natural coarse aggregates, the
compressive strength of the specimen decreased in such a way that with its complete
replacement, the compressive strength of the specimen decreased by 50%. In addition, by
increasing the amount of waste marble powder instead of cement by up to 10%, the
compressive strength of the test sample increased, which was due to the filling property
of marble powder, but for higher percentages, this increase in resistance was not
observed due to the increase in the amount of marble powder and the decrease in cement
and cementitious materials, which are mainly responsible for increasing the strength of
concrete.

2- Waste aggregates had a decreasing effect on the compressive strength of the specimens
because of the weak structure of waste aggregates compared to natural aggregates.
Another reason for this was the high porosity of waste aggregates and the creation of
more pores on the concrete surface.

3- With the increase of marble powder, the density of concrete increased and with the
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increase of waste aggregates the density of its specimens decreased due to the lightness
of waste aggregates.

The increase of marble powder instead of cement in specimens without waste aggregates
had a decreasing effect on the porosity, percentage of water absorption and slump of the
specimens. In all three concrete mix designs (including without the presence of marble
powder, with the replacement of 10 % and 20% of marble powder instead of cement),
with the increase of waste aggregates instead of natural coarse grains, the amount of
porosity, percentage of water absorption and slump of the specimens increased.
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