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Introduction

Hydraulic conductivity of soils is one of the most important parameters in designing soil structures,
water, and environmental resources management. Hydraulic conductivity in the soil varies with the
size of their particles. Several studies by different researchers on fine-grained soil hydraulic
conductivity and coarse-grained soils are done. In some studies, the methods and materials used to
reduce soil hydraulic conductivity. On the other hand, nanoclays are nanoparticles of layered mineral
silicates. Depending on chemical composition and nanoparticle morphology, nano clays are organized
into several classes such as montmorillonite, bentonite, kaolinite, hectorite, and halloysite(Majeed and
Taha, 2013). Organically modified nanoclays (organoclays) are an attractive class of hybrid organic-
inorganic nanomaterials with potential uses in polymer nanocomposites, as rheological modifiers, gas
absorbents, and drug delivery carriers(Abbasi et al, 2016).

Plate-like montmorillonite is the most common nanoclay used in materials applications.
Montmorillonite consists of ~ 1 nm thick aluminosilicate layers surface-substituted with metal cations
and stacked in ~ 10 um-sized multilayer stacks. Depending on the surface modification of the clay
layers, montmorillonite can be dispersed in a polymer matrix to form a polymer-clay nanocomposite.
Within the nanocomposite individual, nm-thick clay layers become fully separated to form plate-like
nanoparticles with a very high (hm x um) aspect ratio.

In this study, the effect of different amounts of montmorillonite nano clay (0.25, 0.5, 0.75, and 1%) on
the hydraulic conductivity in three different densities (85, 90, and 95%) of sandy and clay soils have
been investigated experimentally.
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Methodology

The initial soil testing was conducted to study the effect of different amounts of montmorillonite
nano-clay on hydraulic conductivity. This initial testing includes gradation, density test, and determine
the optimum maoisture and the Atterberg Limits test.
The clay used in the experiments was from the source of the Alborz dam in the Lefebvre area of
Mazandaran province. 96% of the soil passes through a 200-grade sieve, and according to the USCS
classification, the soil is of CL type and according to the AASHTO classification A-7-6.
The sand used in the experiments has been extracted from the Khatirkuh mine located in Mazandaran
province. This sand has 6.6% of the particles passing through the sieve of 200. Due to the gradation,
and according to the USCS classification, the soil is SP-SC and in the AASHTO classification A-3.
Primary soil physical characteristics were calculated according to AASHTO standards.
To study and compare the effects of nano-clay on the hydraulic properties of clay and sandy soils, 10
soil samples were used. Each clay and sand sample was mixed with 0, 0.25, 0.5, 0.75, and 1% nano-
clay. After that, the Hydraulic conductivity of sand and clay soil is determined by the Constant and fall
test, respectively.

Results and Discussion

The results show that by increasing the percentage of nano-clay, particular Weight in clay and sandy
soil is reduced. By increasing the amount of nano-clay up to 1%, the dry density of the soil decreases.
The specific gravity decreased by 1.43% and 0.50% in the clay and sand soils, respectively.

Also, in both clay and sandy samples, increasing the amount of nano clay increases the optimum
moisture, which is higher in sand samples. So, rising 1% nano-clay to clay and sand soils, optimum
moisture content increased by 2.8% and 28.2%, respectively.

The sandy soil hydraulic conductivity in four levels of nano clay and 90% density are 3.67x10%,
7.3x10%, 9.12x10°, and 1.24x10° centimeters per second, and 9.9x107%, 4.3x10%, 3.1x10%, and
4.5x10° centimeters per second in clay soil, respectively. In clay soils, average (hydraulic conductivity
in different densities) with increasing of 0.25, 0.51, 0.75 and 1% of nanoclay were 44, 76, 85 and 98%
reduction of hydraulic conductivity respectively, and in sand soils Also, with the same increase in
nanoclay, 62.5%, 92.49%, 98.96%, and 99.87%, respectively, showed a decrease in hydraulic
conductivity.

With the aim of statistical analysis of the effect of nanoclay and density on the hydraulic conductivity
of clay and sand samples, second-order variance analysis was performed on 15 data from each soil
using SPSS software with a confidence level of 0.05. The statistical analysis showed a significant effect
of adding nano clay on the hydraulic conductivity of clay and sandy soils. Also, the effect of density
on hydraulic conductivity has been studied. The results reveal that adding nano clay particles serves
better in reducing hydraulic conductivity in sandy soil than clay soil. Statistical analysis showed that
changes of density in clay samples significantly affected the hydraulic conductivity, while in sand
samples, this effect was not significant. Hence, using nanomaterials in soil structures is recommended
to reduce the hydraulic conductivity.

Conclusions

In the present study, the effect of nanoclay on the hydraulic conductivity of two types of clay and
sand was investigated.
This study showed that the effect of nanoclay on the reduction of hydraulic conductivity and physical
properties of sandy soils is more than clay soils. It can be used in various soil structures such as
homogeneous and heterogeneous earth dams to reduce hydraulic conductivity and stability of the
structure.
In this research, two types of soil and a particular type of nanoclay have been investigated. In future
studies, nanoclay impacts on soils can be examined with different soil aggregates or the effect of these
materials on soil structures such as earth dams.
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Table 1- Properties of clay in the present study
Properties Value
percentage of clay 96
percentage of sand 4
LL 42
PL 16
Max. dry density 1.67 (g/cm?3)
USCS CL
AASHTO A-7-6
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Fig. 2- Density curve of clay and sands in the present study
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Table 2- Properties of sand in the present study

Properties Value
percentage of clay 94
percentage of sand 6

Max. dry density 1.95 (g/cm®)
D1o 0.23 (mm)
D30 0.42 (mm)
Deo 0.9 (mm)
Cu 45
Ce 3.9
USCS SP-SC
AASHTO A-3
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Table 3 - Physical and mechanical properties of nanoclay in the present study

Density 0.6 (g/cm?3)
Particle size 1-2 nm
Special area 220-270 (m?gr)
Electrical conductivity 250 (ds/m)
lon exchange rate 48 (meq/100 gr)
Empty distance between particles 60 (A9
Color light yellow
moisture 1-2 Percent
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Table 4 - Percentage of nanoclay chemical oxides in the present study

Name of oxide Percent
NazO 0.98
K20 0.86
TiO2 0.62
Al2O3 19.6
SiO2 50.95
LOI 15.45
MgO 3.29
Fe203 5.62

Cao 1.97
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Table 5 - Studied samples

Number Treatment Soil type  Nanoclay(%)
1 Co Clay 0
2 Co.s Clay 0.25
3 Cos0 Clay 0.5
4 Cors Clay 0.75
5 Ci Clay 1
6 So Sand 0
7 So.25 Sand 0.25
8 So.50 Sand 0.5
9 So.75 Sand 0.75
10 S1 Sand 1
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Table 6- The effect of compaction on the hydraulic conductivity of samples with different percentages of

nanoclay
Percentage Percentage
reduction of Hydraulic reduction of Hydraulic
sand hydraulic conductivity at Cla hydraulic conductivity at
conductivity 90% density y conductivity 90% density
from 85% to (cm/ sec) from 85% to (cm/ sec)
95% 95%

So 72 1.1*107 Co 59 1.9%107
So.25 81 3.67*10° Cozs 80 9.9%10°8
So.50 84 7.3*10* Coso 80 4.3*10°8
So.75 87 9.12*10° Cors 88 3.1*%10°8

S1 87 1.24*10° Ci 94 4.5%10°°

(ANOVA) £33 45 3oyl sy Jubodi =Y Jouer
Table 7- Second-order analysis of variance (ANOVA)
Source Degrees sum of Mean sum
P-value
of changes  of freedom squares of squares
Na;‘;/ 4 6.68*10% 1.67*10 13.29 0.001
Clay Density 2 2154104  1.07*10% 8.55 0.010
Error 8 1.01*10%4 1.26*10% -
sum 15 1.91*%10%3 - -
Na&‘;‘y 4 7.14*10* 1.78*10* 5.18 0.023

sand Density 2 2.12%10% 1.06%10 3.07 0.102

Error 8 2.76*10* 3.4*10° -
sum 15 1.66*10°3 - -
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