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1- Self-sealing
2- Engineering Barrier System: EBS
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1- B-decay of the fission products
2- Stability
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1- Soil-water characteristic curve
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1. Introduction

Researchers use smectite in different geotechnical and geo-environmental projects, such as industrial/municipal
waste disposal sites and cut-off walls due to its specific properties. On the other hand, previous researches show that
the load conditions, and pore fluid properties may significantly affect the behaviour of clayey soils. In spite of
several researches that have been conducted on the engineering behaviour of smectite clays, there has been little
attention to the influence of pore fluid changes and temperature increase on the geotechnical and geo-environmental
properties of smectite. In this research, the influence of pore fluid properties changes and temperature on the
physico-mechanical behaviour of smectite has been Experimentally investigated. This study has been performed
from micro-and macro-structural points of view.

2. Methodology

Due to the vast applications of smectite in geotechnical and geo-environmental engineering projects, this study
focuses on a smectitic soil sample behaviour. The geotechnical properties of soil were determined based on the
ASTM Standard [1]. The geo-environmental engineering properties of soil were measured by the method presented
by Yong et al. [2]. The pore fluid analysis was performed by GBC 932 Plus atomic absorption spectrophotometer.
Tables 1 and 2 show the geotechnical and geo-environmental engineering parameters of smectite sample.

Table 1. Geotechnical properties of smectite sample

Characteristics Quantity Measured
Liquid Limit, % 3145
Plasticity Index, % 283
Soil classification CH
Clay fraction, % 77
Silt fraction, % 23

To investigate the possibility of changes of smectite behaviour due to the changes of pore fluid properties, the
influence of calcium and sodium ions upon smectite behaviour was studied. These two cations are the most common
cations that might be found in different sites. For this purpose, calcium sulfate and sodium sulfate in concentration
of 0 to 1 normal was used. In addition, due to the importance of swelling and water retention properties of smectite
in its application as barrier in geotechnical and geo-environmental projects, a part of experiments has focused upon
swelling properties change of smectite sample. Finally, by performing a series of experiments related to the
interaction process of soil-water including suction and swelling, the change in smectite behaviour due to the
temperature effect was investigated. For this purpose, saturated smectite samples were kept in four different
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temperature levels including 25, 100, 150, and 200 °C for 7200 hours. Then, several different experiments were
performed on these samples.

Table 2. Geo-environmental engineering properties of smectite sample

Characteristics Quantity Measured
EC, (dS/m) 0.64
pH 9.01
Na*, (cmol /kg) 50.9
ca®*, (cmol /kg) 12.2
Mg?*, (cmol /kg) 3.1
K*, (cmol /kg) 2.1
CEC, (cmol /kg) 68.3
SSA, (m%g) 418

3. Results and discussion

The achieved results indicate that due to the interaction of smectite with different electrolytes and with
increasing the electrolyte concentration, the density of samples increase while the external load kept constant. This
increase in density is attributed to the smectite-electrolyte interaction. A reduction in repulsive forces among clay
particles was responsible for such a decrease in soil void ratio at constant external loading.

Furthermore, the achieved XRD results indicate that after the interaction of clay particles with electrolyte, with
increasing the electrolyte concentration, the position of basal spacing of smectite remains constant while the
intensity of major smectite's peak decreases. This is attributed to the flocculated fabric due to the change in
electrostatic forces among clay particles [3]. On the other hand, since hydraulic conductivity in clayey soils is a
function of such a force among particles, the permeability of different smectite sample at different electrolyte
concentration was evaluated. According to the results of Figure 1, the permeability may increase as much as 100
times after exposure of sample to different electrolyte concentration.
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Fig. 1. Hydraulic conductivity variations of smectite at different electrolyte types and concentrations

In the last section of this research, the free swelling of smectite samples was measured after different levels of
heat treatment from 25 to 200 °C. The results show a 16% reduction in swelling percentage of smectite after heat
treatment.

4. Conclusions

The achieved results of this study show that due to the interaction of different electrolytes and due to the
temperature change, the water retention of smectite and its mechanical behaviour will be changed. This change in
some cases was more than 50%. The results of micro-structural experiments show that the main reason for these
changes in smectite behaviour after the interaction with electrolyte and temperature rise, was due to the change in
morphology and new soil structure of smectite particles. In fact, the micro-structural change has affected the macro-
behaviour of smectite.
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