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Table 1- Index properties of the studied soils
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Triaxial apparams
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Fig.1. Triaxial apparatus used for sample preparation and triaxial tests
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Table 2- Analysis of variance for soil Atterberg limits
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Table 3- Values of maximum dry density and optimum moisture content of the samples

O S5 Lusgio S Sow S&
Heavy soil Mid soil Light soil
Nano ¢l Control salls  Nano ¢U Control a2l Nano ¢U Control sl
Yoo Wo e W yg W, 7y Wo o 7 Wo o 74 Wy
1.65 17.60 1.68 1851 1.72 1484 1.74 1470 191 1414 148 1544
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Table 4- Shear parameters of the soils
O S1& bwgie S S S
Heavy soil Mid soil Light soil
Nano 4l Control aals Nano &b Control sals Nano &b Control sals
¢ c @ c ¢ c ¢ c ¢ c @ C
1. )I)ﬁ's 248 982 229 103.2 17.6 85.9 29.2 59.9 33.1 5.5 21.7 86.8
Replication 1
RS
e 142 345 821 1253 19.9 64.6 232 135.0 29.9 49.5 29.6 115.2
Replication 2
30 302 490 28.9 72.9 29 96.5

Replication3

Hloss B F 90 Jgha lhae Jol> uls &8 slie oy ) 9 18l (e (ol 5 (o psbaiedy (yizren

cd,5 plodl (glol LT aaiges (b SKlasl aygl 5 (St

$6 Ol boad jlag SB g sald SB (ol (Saime polie (:50ke -0 Joia

Table 5- Average C values for control soil and soil treated with nanoparticles

o £ (kPa) C ylado (xSl
Treatment type Average of C
Control sals 104.260
Nano treatment gb o 67.482
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Table 6- Average angle of internal friction for control soil and soil treated with nanoparticles

s &9 Sl aygl; slade pwSile

Treatment type Average of friction angle
Control sals 34.815
Nano Treatment U )l 25.217
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Effect of nanoclay particles on some physical and mechanical properties of soils
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Introduction: As a mechanical tillage practices on soil preparation improve soil structure, increase in
porosity, better distribution of soil aggregates and eventually modify the physical properties of soil. The use of
nano-technology in agricultural science and its application in tillage for improving the physical properties and
mechanical issues has grown substantially.Nanotechnology is an appropriate way to reduce soil limitations.
However the nanoparticles are very small amounts in soil, due to features such as high surface area, surface
charge (appearance) and sometimes porous nano-engineering of physical-chemical properties of soil are affected
significantly (Mohammadi & Niazian, 2013). To use of nanomaterials in the territory of a new issue (Taipodia et
al., 2011). Small developments on the use of nanoparticles to improve soil quality and land reform have been
taken (Theron et al., 2008).

Clay soil was used to enhance the compressive strength (Yonekura & Miwa, 1993). Nanosilica particle
effects were examined for increasing resistance against penetration and consolidation (Noll et al., 1992). In
2005, these particles were used to increase adhesion and reduce viscosity. It seemed that the adhesion of the
particles was depended on Nanosilica (Mohammadi & Niazian, 2013). The use of nanomaterials showed that the
increased pH and soil fertility, improved soil physical structure, and reduced mobility, availability and toxicity of
heavy metals and other environmental factors and those that will stabilize the soil components and subsides the
erosion in the mining pick, (Lal, 2008). In agriculture, the soil conditioner studies have shown that nanoparticles
can mine the soil quality by increasing water-holding capacity, increasing silt and clay and improve levels of
nutrients, and eliminate toxins, (Liu and Lal, 2012).In this study, the effect on some physical and mechanical
properties of soil contain clay gradation, Atterberg limits, specifications compression and shear parameters of
soil were investigated.

Materials and Methods: The study was done for 2 years at the Research Institute of Agricultural
Engineering Soil Dynamics Laboratory in a completely randomized design with three replications.

Soil samples were used for different soil textures. Three types of soil texture, light, medium and heavy were
considered. Nanoclay has a mineral base and can improve the properties of the soil. Two levels of the nanoclay
containing zero and one percent of the nanoclay, 3 to 6 treatments in different physical and mechanical tests
were repeated.
The test specimens were prepared in triplicate test and physical, mechanical and chemical testing was performed
according to ASTM standard on all models. Mesh test samples were performed by sieve and hydrometer
methods according to standard ASTM-D422-98.

Plastic soil properties were expressed by the Atterberg Limits, measure the ability to absorb water, soil and to
a fine particle adhesion amount and type of fine particles in the soil. Psychological testing was performed to
determine the extent and the paste according to ASTM-D4318-98 standard.

The maximum dry density and optimum moisture content of the soil compaction characteristics are the most
important soil properties such as soil density development projects are in operation. In agricultural applications,
in particular for tillage, these two factors are of particular importance. In this study, Praktor standard density
testing was performed on the different treatments.

In this research, not consolidate Undrained (UU) testing methods were used. The stress tests were done at
three levels 100, 200 and 300 kPa respectively.

Results and Discussion: Adding nanoparticles of clay significant impact on the size of the samples did not
curve. As well as to determine the impact of nano-clay soil Plastic characteristics as psychological tests and the
paste was treated on the results of these tests for different treatments and repeated ANOVA revealed a significant
effect of soil type on soil Plastic characteristics. The type of control or significant influence characteristics
Plastic application of nano regard.

The optimum moisture content and maximum dry density values of each sample was extracted from the
respective curves that their results suggest that addition of nanoclay had a considerable impact on the density
profile.

It was observed that the use of nanoparticles in soil reduced the average amount of cohesion and internal
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friction angle was large. This means that the increasing the nanoclay reduces the shear parameters and therefore
the shear strength of the soil. This is very important in terms of tillage. Reducing the adhesion of soil particles
allows the lumps are crushed with less energy.
Conclusions: Based on the results of studies and experiments conducted in this study, the following
conclusions can be extracted.
Adding nanoparticles of clay soils affect the grading curve display.
e The effect of nanoclay had more psychological impact than the same amount in the dough.
e  The results showed that the addition of nanoclay had a considerable impact on the density profile.
e The use of nanoparticles in soil reduced the average amount of cohesion and internal friction angle
is large.
e Due to the increase of nano-clay soil, shear strength decreased as a result of the shear parameters.

Keywords: Atterberg Limits, Maximum dry density, Nano-clay, Optimum moisture content, Shear strength



