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Table 1. Soil properties
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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
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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

PaTe O)9 s olals b asle 039 e e gyl e o gnd fass
(oo 0 55L5) (p55k5) (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% A4
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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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)


http://dx.doi.org/10.22034/JEG.2023.17.4.101685
https://ndea10.khu.ac.ir/jeg/article-1-3102-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2023.17.4.101685 ]

4,,e-wc\‘dd|whs5\$6$ﬁ¢a}vuw)}g f4s

@ 09l oo dgas pz> LBl 4 e b i il (A (6 ) G sladigad jo aS ol lid F S slaloges
S LS, b oodel cawss gl ol oo Lialidl o8B 55 ialidl L b 55,5 lade aS g e alaxdle o E jgb

Byl callas S duwle

Shear Stress and Normal Stress B2 - Shear Stress and Normal Stress B1 -
Sand+10%Concrete Waste (B:Dense) Sand (B:Dense)
1.60 1.60
— E
£ 120 £ 1.20
o o
S~ ~
2 E,
« s
w "
(] [
& &
E 0.80 § 0.80
& s
9
9
0.40 0.40
0.50 1.00 1.50 0.50 1.00 1.50
Normal Stress (kg/cm?) Normal Stress (kg/cm?)
Shear Stress and Normal Stress B4 - Shear Stress and Normal Stress B3 -
Sand+30%Concrete Waste (B:Dense) Sand+20%Concrete Waste (B:Dense)
1.60 1.60
? 1.20 E 120
< <
s 2
S &
5 E 0.80
[ .
£ 0.80 s
9
4
0.40 0.40
050 1.00 1.50 0.50 1.00 1.50
Normal Stress (kg/cm?) Normal Stress (kg/cm?)

B sy sladiged) pS1 ke Sl (@I i - (LA p T loges DS
Fig. 5. Shear Stress - Normal Stress diagram for dense sand (samples B)
& 0gbion by G5 Gl e il (25 I3l (B (s m) ke (sladises )3 45 am3 e L B JS& loges


http://dx.doi.org/10.22034/JEG.2023.17.4.101685
https://ndea10.khu.ac.ir/jeg/article-1-3102-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2023.17.4.101685 ]

€qy \\‘~YQ\:~¢)‘YLJL~;‘(.AJ.&J1>_‘J~J;@»wLJw)QJ:J
Shear Stress and Shear Strain B2 - Shear Stress and Shear Strain B1 - Sand (B:Dense)
Sand+10%Concrete Waste (B:Dense) o Normal Stress 05 kg/em2
—=—Normal Stress = 0.5 kg/cm2 —o—Normal Stress =1 kg/cm2
—o—Normal Stress =1 kg/cm2 —i—Normal Stress = 1.5 kg/cm2
—i—Normal Stress = 1.5 kg/cm2 1.65
165 1.50
1.50
135
135 /\‘\
120
o~ 120
£ & 105
S 105 £
9 S 090
e 0.90 X
H @ 075
g o H
& -
K & 060
g 0.60 5
S o o o
w
030 0.30 S R ——
0.15 0.15
0.00 0.00
0.00 15.00 30.00 4500 60.00 75.00 90.00 105.00 120.00 0.00 15.00 30.00 4500 60.00 75.00 90.00 105.00 120.00
Shear Strain (%) Shear Strain (%)
Shear Stress and Shear Strain B4 - Shear Stress and Shear Strain B3 -
Sand+30%Concrete Waste (B:Dense) Sand+20%Concrete Waste (B:Dense)
—=— Normal Stress = 0.5 kg/cm2 = Normal Stress = 0.5 kg/cm2
L normayStress =1 kg,{gc/mz —o— Normal Stress = 1 kg/cm2
—a—Normal Stress = 1.5 ‘cm2 -
1.65 —i— Normal Stress = 1.5 kg/cm2
1.65
1.50 150
1.35 135
1.20 -~ 120 /_\
£
T v £ 105
< 090 2
s 3 0
2 075 £ ors
i &
& o0.60 5 0.60 g m—
E 0.5 I e Y N P & 04s I —————
0.30 0.30
0.15 0.15
0.00
0.00

0.00 15.00 30.00 45.00 60.00 75.00 90.00 105.00 120.00
Shear Strain (%)

B (v sladiged) o110 > (W56 s

0.00 15.00 30.00 45.00 60.00 75.00 90.00 105.00 120.00

Shear Strain (%)

T e oS )“59'“3 s

Fig. 5. Shear Stress - Normal Stress diagram for dense sand (samples B)

ldiges a5 Cowl sdalice b 7aog 4 oy iSlas & Cuglie

YL o515 b slbaige 1o a5 aas e s £ S

Slde b oo oanlive ghae 13 g ghae d (gladiges (slod )3 a5 johailen WS (oo I (it (B St coS

S 3l el 035 @ y0 el 5 p Sl VD W6 25 4y bgyye was e &, 20 0T 5l ey &5 ST LS A

a4 bgrye 1 g o Sluls (g 0o)3 Yo L diged 4y gy o ookl

Sy oy GRS (0 yidion 45 05 0 oamlie S50

o] 009 C))A)beﬁ)fﬁu VIO rbjl.‘?uw


http://dx.doi.org/10.22034/JEG.2023.17.4.101685
https://ndea10.khu.ac.ir/jeg/article-1-3102-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOI: 10.22034/JEG.2023.17.4.101685 ]

PR c‘m.d Slawle S &5 Cwglin pw)

Vertical Strain(%)

Vertical Strain(%)

Vertical Strain and Shear Strain B2 - Sand+10%Concrete
Waste (B:Dense)
—e— Normal Stress = 0.5 kg/cm2
—e— Normal Stress = 1 kg/cm2

—e—Normal Stress = 1.5 kg/cm2

-10.00

-12.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00
Shear Strain (%)

Vertical Strain and Shear Strain B4 - Sand+30%Concrete
Waste (B:Dense)
—e— Normal Stress = 0.5 kg/cm2
—+ Normal Stress = 1 kg/cm2
—e— Normal Stress = 1.5 kg/cm2
12.00

10.00

-6.00

-8.00

-10.00

-12.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00
Shear Strain (%)

Vertical Strain(%)

Vertical Strain(%)

-10.00

-12.00

FaA

Vertical Strain and Shear Strain Bl - Sand (B:Dense)

—e—Normal Stress = 0.5 kg/cm2

—+—Normal Stress =1 kg/cm2

——Normal Stress = 1.5 kg/cm2

0.00 2.00 a.00 6.00 8.00 10.00 12.00
Shear Strain (%)
Vertical Strain and Shear Strain B3 - Sand+20%Concrete
Waste (B:Dense)
—e— Normal Stress = 0.5 kg/cm2

—e Normal Stress = 1 kg/cm2

—e— Normal Stress = 1.5 kg/cm2

12.00

10.00

-6.00

-8.00

-10.00

-12.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00
Shear Strain (%)

B 5y sloaigad) o510 Clo (@3B (15,5 = LDy (RS Jlages Y JSS
Fig. 7. Vertical Strain - Shear Strain diagram for dense sand (samples B)

G (32 s 45 ol (6l diged s bgaye (B (15,5 oy (B (5 5m0) 05T 50 (Sladigas 10 a5 ams co LSV loges

o 3 o S Tl diges (oS8 (25 Lial 38l b oS T i sladiges ;0 (0 = VIO KO/ICM?) ol suis 8)lg o1 5 o5

oo p> Gl


http://dx.doi.org/10.22034/JEG.2023.17.4.101685
https://ndea10.khu.ac.ir/jeg/article-1-3102-en.html

faq VEeY QW;YSJMAVAM&‘KWK&;&)@;J

Table 5 - The results of the direct shear test for loose samples, (series A)
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Table 6 - The results of the direct shear test for dense samples, (series B)
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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.
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