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Table 1. Soil properties

S Sz Sl SWlasl 4y s (23050 (39 ‘
SL gs
kg/cm? ax o KN/m?
0 28 32 aule
Gs Cu Cec €max €min Sl el
2.56 5.56 0.61 0.97 0.617 095 39,317
055 59,9 V8 ale S5 laws Slasin Y Jgax
Table 2. Sand chemical properties
%SiOz %AL,03 %Fe,03 %Ca0 %Na0 %K-20
98.41 0.2 0.89 0.28 0.03 0.022

@



Q) VEY Gl ¥ 5 ke oadin Mo o pbige oolidipmey 44,55

Granulation curve

®-Sand 161...
100.00 [ ®

80.00

60.00

Passing(%)

0 Particle size (mm) 1

s Slals (€) woolazwl 5590 dusle (D) cawle gamailsy S @) -) JSs
Fig. 1. (a)Sand’s grain size distribution curve; (b the used sand; (C) concrete waste material.
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Table 3. Mixing plan of samples

PaTs O) s olals o asle 039 e e gl e o gnd ofass
(e yin ] 0 55L5) (#555k5) (p55L5)
1370 0 19.11 0% Al
1370 1.74 17.37 10% A2
1370 3.19 15.93 20% A3
1370 441 14.70 30% Ad
1434 0 20 0% Bl
1434 1.82 18.18 10% B2
1434 3.33 16.67 20% B3
1434 4.62 15.38 30% B4
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Table 4. Laboratory standards
ASTM D2487 LS suudib
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Shear Stress and Normal Stress A2 - Normal Stress and Shear Stress Al - Sand
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Fig. 2. Shear Stress - Normal Stress diagram for loose sand (samples A)
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Fig. 3. Stress - strain diagram for loose sand (samples A)
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Fig. 4. Vertical Strain - Shear Strain diagram for loose sand (samples A)
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Fig. 5. Shear Stress - Normal Stress diagram for dense sand (samples B)
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Fig. 5. Shear Stress - Normal Stress diagram for dense sand (samples B)
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Table 5 - The results of the direct shear test for loose samples, (series A)
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Kg/Cm2 Kg/Cm? Kg Kg Kg/m? Kg Kg ale &
28 0.27 0.5 243.6 450
28 27 0.51 1 462.84 900 1370 0.00 19.11 0% As
28 0.81 1.5 730.8 1350
34 0.34 0.5 304.5 450
33 29 0.55 1 499.38 900 1370 1.74 17.37 10% Az
35 1.04 15 937.86 1350
28 0.27 0.5 243.6 450
33 35 0.69 1 621.18 900 1370 3.19 15.93 20% As
37 1.14 15 1023.12 1350
39 0.41 0.5 365.4 450
37 38 0.77 1 694.26 900 1370 4.41 14.70 30% A4
34 1.02 15 913.5 1350
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Table 6 - The results of the direct shear test for dense samples, (series B)
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Kg/Cm? Kg/Cm? Kg Kg Kg/m?3 Kg Kg anls 4
41 0.43 0.5 389.76 450
42 43 0.92 1 828.84 900 1434 0 20 0% Bi1
43 1.39 15 1254.54 1350
44 0.49 0.5 438.48 450
44 45 0.99 1 889.14 900 1434 1.82 18.18 10% B2
42 137 15 1230.18 1350
46 0.51 0.5 462.84 450
44 43 0.93 1 840.42 900 1434 3.33 16.67 20% Bs
42 1.35 15 1218 1350
43 0.47 0.5 426.3 450
37 43 0.93 1 840.42 900 1434 4.62 15.38 30% Ba
46 154 15 1388.52 1350
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Abstract

This research is a laboratory study to improve the geotechnical properties of sandy soils. Concrete
waste with a grain size of 1.2 to 1 inch was used for this purpose. The effect of using concrete
waste at 0, 10, 20 and 30 weight percent on dry sandy soil in two loose and dense states was
investigated. Based on the results of the direct cutting test, the addition of concrete waste has
increased the shear strength and the internal friction angle of the soil; The loose samples made
with 30% of concrete waste had the greatest effect, so adding 30% of concrete waste to loose
sand increased the internal friction angle of the soil by 32% and the shear strength by 42%.
Similarly, adding 10% of concrete waste to dense sand increased the internal angle of friction of
the soil by 4% and the shear strength by 6%.

Keywords: sand, soil improvement, concrete waste, large-scale direct shear test.

Introduction
The use of waste materials in geotechnics is very important. Waste materials can be harmful to the
environment, but they can be useful for reinforcing and also rehabilitating soils. This aspect of geo-
environmental engineering has been widely considered in all countries like Iran. Many laboratory and
numerical studies and also in a limited area, field studies are being carried out all over the world.
Ghazavi and Amelsakhi used scrap tires to reinforce the sand. Their studies show that the use of this
waste material can increase the cohesion and also the internal soil friction angle of the mixed sand
with different waste tire shreds in percent (Ghazavi and Amelsakhi, 2005). They continue their
laboratory study by using 30*30 centimeter direct shear test and CBR test to refine the optimum
aspect ratio size of tyre shreds which has the highest effect in strengthening the sand mixed with this
waste material (Ghazavi and Amelsakhi, 2005). Kobayashi et al. used the chalk waste material in silt
and also in sand. Their study showed that the use of this waste material in sand can be more effective
compared to the use of chalk waste material in silt. Another important result obtained in this study
showed that the curing time and also the water content are important factors affecting the results
(Kobayashi et al., 2013).
Materials and Methods

The waste concrete material is used in this study in order to reinforce the sand in the soil. The effect
of this waste material on the cohesion, internal soil friction angle and behavior of sand reinforced
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with waste concrete material is investigated using the 30*30 centimeter direct shear test. This research
is a laboratory study for the improvement of the geotechnical properties of sandy soils. Concrete
waste with a grain size of 1.2 to 1 inch was used for this purpose. The effect on dry sandy soils in two
loose and dense states was investigated using concrete waste in percentages of 0, 10, 20 and 30 by
weight. To investigate the effect of sand density on shear strength parameters, loose and dense sand
are used.

Results and Discussion
Based on the results of the direct cutting test, the addition of concrete waste has increased the shear
strength and the internal friction angle of the soil; The loose samples made with 30% of concrete
waste had the greatest effect, so adding 30% of concrete waste to loose sand increased the internal
friction angle of the soil by 32% and the shear strength by 42%. Also, adding 10% of concrete waste
to dense sand increased the internal friction angle of the soil by 4% and the shear strength by 6%. The
obtained results show that the density of the sand is an important parameter that affects the behavior
of the reinforced sand using waste concrete material.

Conclusions

The use of waste concrete material to reinforce the sand has a positive environmental impact. In
addition, the use of this waste material can increase the cohesion and internal soil friction angle of
the mixed sand-waste concrete. The main reason for the increase in soil parameters is the interlock
effect, which we call in two parts; cohesion and internal soil friction angle. The most important aspect
of these extensive laboratory tests is that they show that waste concrete materials can be used for soil
reinforcement and can be used in many civil engineering projects in the field of geotechnics.



