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1. Introduction

Thermo-mechanical behavior of clays has been investigated in the past two decades because of high interest
in using clay as a buffer material in nuclear waste barriers. Many of researchers studied the thermo-mechanical
behavior of clays to estimate their performance as buffers for nuclear waste containers (Cekerevac and Laloui,
2004; Shariatmadari and Saeidijam, 2011; Cui and Tang, 2006; Di Donna and Laloui L, 2015). Sand-bentonite
mixture is expected to be the most appropriate material for buffer of high-level radioactive wastes which are
disposed in underground depth (Mitchell, 1964). The dry density of pure clays can be as low as 1.3 Mg/m3
when it is compacted in situ; however, mixing sand with the clay, the attainable dry density can be increased.
Additions of sand can also be expected to decrease the creep potential of the material, increase the thermal
conductivity and improve soil strength properties. Moreover, compacting clay-sand mixtures leads to lower
hydraulic conductivities (Dixon et al.,, 1985). The soil around nuclear waste repositories are subjected to
elevated temperatures and their features change in long time. So the behavior of soil considering pressure and
temperature has been studied with more accuracy in last decades. This study is designed to evaluate thermo-
mechanical behavior of reconstituted and structured sand-bentonite mixture in different temperatures and
confining stresses during triaxial tests.

2.Test Equipment

In this study, a modified triaxial apparatus was used. A metallic thermal cell which is able to handle the
temperatures up to 100°C is applied. A thermometer is installed inside the cell for controlling the triaxial cell
temperature. The temperature raising rate is about 1.17 °C/min.

3. Materials and Methodology

The material is 1:1 by weight of sand- bentonite mixture. The liquid limit, plasticity index and swelling index
of sodium bentonite is 179, 125 and 333 % respectively, and the dry density of 1:1 sand-bentonite mixture is
1733 (kg/m3) according to modified Proctor test. The compaction ratio of the samples is 95%. After saturation,
uncemented and cemented samples were consolidated at different temperatures 25, 50 and 75°C and pressures
90, 180 and 270 kPa. Next, the undrained shearing test was conducted. The speed of loading was 0.14 mm/min.
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4. Results and Discussion

The results showed that in uncemented samples, the slope of isotropic consolidation line was temperature
dependent and at higher temperatures, a contractive behavior and more volume change was observed (Fig.1).
With the increase in consolidation temperature, deviatoric stress of uncemented and cemented samples
increased and the pore water pressure decreased. Also an apparent peak point in stress-strain curve was
observed for cemented sample which was not seen for uncemented soil. In addition, the pore water pressure
of uncemented samples increased, while the pore water pressure of cemented samples first increased and then
decreased. As an example for increasing of deviatoric stress and decreasing of the pore water pressure, it has
been shown for a confining pressure of 270 kPa at consolidation temperatures of 25, 50 and 75°C for
uncemented and cemented samples in Fig. 2 and 3, respectively.
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The effective stress path shifted to total stress path due to the reduction of pore water pressure at high
temperature which lead to the increase in effective stress. Increase of the consolidation temperature led to the
increase of cohesion (c") and reduction of internal friction angle (¢").

Fig. 4 shows the slope of critical state lines at different temperatures for uncemented and cemented
samples. Due to the decrease of the slope of critical state line for uncemented samples, the yield surface shrinks.
Also by increase in the slope of critical state line for cemented samples, the yield surface expands.
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Fig. 4. Effect of temperature on the slope of critical state line of uncemented and cemented samples

5. Conclusions

The results of study are presented briefly as below:

With increase in temperature during consolidation, the slope of isotropic consolidation line increased.

Deviatoric stress increased by increase in temperature.

The pore water pressure increased at elevated temperatures.

The effective stress path shifts to the right, close to the total stress path, due to the decrease in pore

water pressure (and increase in effective stress).

e Increase in temperature leads to the increase of cohesion and decrease of internal friction angle of
uncemented and cemented samples.

e The slope of critical state line decreased for uncemented samples and increased for cemented mixture

at elevated temperatures. As a result, shrinkage and expansion of Cam clay yield surface for

uncemented and cemented samples were observed respectively.
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