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Energy geostructures are modern technologies developed to exploit shallow geothermal energy. Their installation has recently 

increased rapidly throughout the world. Their use is devoted to the heating and cooling of buildings, and their operation can induce 

thermal cycles at the soil-structure interface in the range of 5–40 °C [1]. In addition, their activation would produce thermally-

induced stress and strain in structure. Over the last few decades, several full-scale tests have been performed to study the geotech-

nical aspects of energy piles [2,3]. The main results show that the thermal operations may slightly influence the mechanical perfor-

mance of the energy pile by increasing the additional thermal compressive stresses and changing the pile axial strain. Numerical 

studies [4,5] concluded that the temperature increment can lead to thermal expansion of the pile, causing its uplift and the generation 

of negative shear forces at the pile–soil interface near the pile head. Considering that the thermal operation of energy geostructures 

leads to temperature change along the piles as well as in the neighbouring soil due to the heat exchange phenomenon, many re-

searchers have investigated the temperature effects on the behaviour of soil and soil–structure interface [6,7,8,9]. Others investigated 

thermally induced soil deformation using modified triaxial or oedometric apparatuses allowing temperature control [10,11,12]. 

These results show expansive deformation of coarse-grained soils upon heating and contractive deformation upon cooling for all 

relative densities. A modified geothermal direct shear box (MGSB) developed at Gustave Eiffel University [13] was used to inves-

tigate the effects of temperature cycles on soil–concrete interface. The preliminary results showed that the sand expands upon heat-

ing and contract upon cooling. An accumulated contraction and shear displacement were observed after each thermal cycle. However, 

these preliminary results should be carefully re-analysed since the device was not fully calibrated under various thermo-mechanical 

loads.  

In this study, the MGSB was utilized after its calibration [13], to investigate the thermally induced vertical and lateral displace-

ments of sand–structure interface. It consists of two half-shear boxes with dimensions of 200 mm x 200 mm x 80 mm. A Peltier 

module was used to heat and cool water connected to a pipe embedded in the concrete plate, which was used to simulate the pile 

surface. Normal and shear stresses were applied to represent the geostatic stress of soil and pile load, respectively. Four linear 

variable differential transformers (LVDTs) were placed in contact with the lower and the upper boxes of the device to measure the 

shear displacement. One LVDT was placed at the top of the box to measure the vertical displacement of soil. To prevent heat losses, 

the system was insulated using an insulating foam. Two series of test were performed. The four tests of the first series were con-

ducted on dense (D) sand and the three tests of the second series were on loose (L) sand, with relative densities of about 90% and 

30%, respectively. For each density, three normal stress levels were tested: 25, 50 and 100 kPa. For each normal stress, a shear 

stress equal to 40% of normal stress (45% of the shear strength) was applied. Test D_50 was repeated because of technical problems 

that happened during the first test. After samples preparation, two phases were carried out. The first phase corresponds to the 
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application of normal and shear stresses. Regarding the second phase, 20 thermal cycles were applied, varying the soil temperature 

between 14 °C and 32 °C.  

The mechanical results showed a good agreement compared to standard direct shear tests. The thermo-mechanical results showed 

that the succession of soil expansion and contraction upon heating and cooling respectively lead to an accumulated irreversible 

contraction and continuous shearing displacement after each thermal cycle with different magnitudes, depending on the soil density 

and stress level. In addition, the rate of these incremental irreversible displacements decreases when the cycle number increases. 

Moreover, the increase in the stress levels will lead to an increase in the accumulated lateral displacement after 20 cycles, and this 

increment is significant in loose sand compared to dense sand under the same mechanical conditions. Overall, the thermally induced 

sand-concrete interface displacements are affected by stress level and strongly depend on the sand density. The thermally induced 

settlement may be critical in the case of floating energy piles under high mechanical load, and greater than 45% may lead to greater 

in the case of loose soil would be greater than 0.3 mm. Finally, this study suggests that using a homogeneous stress design method 

for energy geostructures may adversely affect the design.   

 

Figure 1: (a) Experimental setup; (b) Thermally induced lateral displacements versus cycle numbers over 20 thermal cy-

cles. 
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