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Introduction

Soil structures, despite their advantages over concrete structures, are considered as high risk
structures. These structures face irreparable cultural, social and economic losses against conditions
such as floods. The most common cause of earthen dam damage is the overflow phenomenon,
which accounts for 59% of failures (Schmocker and Hager, 2010). One of the ways to increase soil
resistance is to add mixed materials with high shear strength to the soil. In this research, nano
materials were mixed at five levels with the soil used in the earth dam, and an increase of about
70% of the shear strength of the soil was observed as a result of adding 5% nanoparticles to the
soil. Furthermore, other soil properties from the perspective of geotechnical science and soil
behavior, when mixed with nanomaterials, were investigated. Hui and Yan(2013) In their research
investigated the role of particle size in the destruction of earth structures. By examining non-
cohesive soils with average particle diameters of 0.33, 0.4 and 0.62, they concluded that particle
size, flow rate and water height behind the embankment have a direct effect on the demolition
process of earth dams.

Methodology

The flome made in the laboratory is 5 meters long, 50 cm wide and 60 cm high. In order to
carry out the experiments, several models , as shown in Table (1), were were developed. It should
be noted that each model is made with two types of granulation. The soil characteristics used in
the study are presented in Table (2).
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Table 1- Details of models

Length of Length of Width Height 4 Vol
dam(cm) crown(cm) (cm) (cm) (m?)
Model no. 1 220 60 20 50 1:2 0.36
Model no. 2 320 60 20 50 1:3 0.51

Table 2- Details of soils

Dimension of Internal friction Density Cohesion p

Particles (mm) Angle (%) (KN/m?) (grfcm®)
Soil A 0.4 17 95% 39 1.9
Soil B 0.8 25 93% 33 2.1

To obtain optimum moisture content, specific gravity and ideal density for the construction of
earth dam models, a standard test of the protractor was conducted with the ASTM D698 standard.
It should be noted that, theoretically, the specific gravity and dimensions of laboratory models can
be used to determine the weight of soil used in each model. Now, considering that all of these
values are estimated, if, during the construction of laboratory models, the soil weight used is equal
to the values predicted by theoretical relations, it can be claimed that the amount of density applied
when constructing a model will be close to the density applied when real samples are executed. In
the manufacture of laboratory models, the maximum grain weight is equal to 1.2 for coarse grains.
Also, considering the size of the 1: 2 model, which is 0.33 m3, the soil weight used during
construction should be a value of approximately 756 Kg, which is practically equivalent to 740 Kg,
and by putting this in the theoretical relationship, the density measured during the construction of
the experimental model is estimated at 95%. This is also true for the 1: 3 model. In Fig. (1), the
gradient plot of the used soils is given.
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Fig 1- Gradient chart

Conclusion
Shear stress and resistance of soil samples during direct and single-shear tests, shear stress data
and shear strength were measured for mixed soil samples with nanoparticles.
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In the process of conducting the experiments, glass diffuser was inserted into the bottom of the
structure and the exhaust port, and the output of different discharge rates was measured. Also, the
rate of discharge was calculated by Eq. 2, which is shown in Fig. 3 for both of these values and the
obtained data. In this section, by presenting a bar diagram that contains the maximum shear stress
and normal shear stress, An attempt has been made to reach a criterion that can show the difference
in stress in different samples. According to Columbus' theory, shear stress was directly related to
shear strength And it can be inferred that in Figure (2) the maximum shear stress, which belongs
to the 5% state, also has the highest shear strength. It is worth noting that the theoretical and
practical values of the output hydrograph are consistent. Also, the theoretical values are about 5 to
10% higher than the values obtained during the experiments. This is due to the direct relationship
between the water level behind the dam and the outlet flow. Because data collection in the lake
behind the dam is very difficult and the water level is turbulent Therefore, it makes data collection
difficult. But the correspondence between theoretical and practical data shows that the
computational and computational data are correct

But the matching of theoretical and practical data indicates the accuracy of computational data.
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Fig. 3- Comparison of the output discharge of the structure in theory and practice

Findings

. Among the various percentages of nanoparticles added to the soil used in the earth dam, the
3% state has the best performance due to the increased time of destruction and has the greatest
difference with its previous state.
. The lowest percentage of destruction occurred in the 5% state, but in order to justify the plan,
the combined level of 3%, which has the greatest difference with its predecessor, is proposed.
. The addition of nanoscale materials does not have much effect on the degree of internal friction
of the soil sample, but the nano-materials of the montmorillonite mixed with soil has a significant
effect on adhesion, so that by increasing the percentage of nanoparticles, about 24% of increase is
observed in the soil mass adhesion.
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. Finally, in the 3% state, it is observed that the adhesion parameter is about 28% higher than that
of the pre-self, which is among the different mixing ratios. This percentage has the greatest
difference with its predecessor.
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Table 1- The details of made models

Length of Length of width Height 4 Vol
dam(cm) crown(cm) (cm) (cm) (m?)
Model no. 1 220 60 20 50 1:2 0.36
Model no. 2 320 60 20 50 1:3 0.51
odliiwl 090 S Dlasin -2 J9us
Table 2- The Properties of used Soils
Dimension of Internal friction Density Cohesion p
particles(mm) Angle (%) (KN/m?) (grfem?)
Soil A 0.4 17 95% 39 1.9
Soil B 0.8 25 93% 33 2.1
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Table 3- The chemical and physical details of montmorilonit

Chemical detail

(Na,Ca).(Al,MQ)e(Si2010)3(OH)s:n(H20) Chemical formula
Chemical mixture(%)
SiOz HzO A|203 Nazo Cao
43.77 36.19 18.57 1.12 1.13
Physical detail
p Special surface area Particle size
2.35 g/cm® 751 m?/g 11 nm
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(d) (c) (b) (@)
Fig. 2-Embankment steps in variety of tested models in various nano scale material
(a: soil B. 1:2- b: soil B. 1:3- c: soil A 1:2-d: soil A. 1:3)
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Fig. 3- Investigation of discharge outflow of structure to percent of structural damage
(a: soil A. b: soil B)
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