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Abstract: A coupled thermal-hydro-mechanical (T-H-M) finite element model is established to inves-
tigate the long-term thermal-mechanical behavior of a single energy pile in clay subjected to mechani-
cal load and thermal load with different thermal aggregation degrees (defined as the ratio of the heat in-
jected into the ground to that extracted from the ground), including the pile temperature, pile head set-
tlement, pile axial stress, ground temperature and the excess pore water pressure in the soil around
the energy pile. The simulation results show that when the heating and cooling loads are reasonably
balanced, the pile head settlement increases with the number of thermal cycles, that is, the pile head
settlement accumulates gradually, while the amplitudes of the axial stress in the pile and the soil tem-

perature around the pile keep the same. When the heating load is dominant, the pile temperature rises
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with the increase of thermal cycles, and the pile head settlement decreases. Thermal cycles have no ef-

fect on the axial stress in piles. With the increase of the thermal cycles, the temperature of the sur-

rounding soil gradually increases, resulting in heat accumulation in the ground. The more dominant

the heating load is, the higher the temperatures of the energy pile and the soil around the pile, the larg-

er the minimum compressive stress in the energy pile, and the smaller the pile head settlement. The

thermally induced excess pore water pressure within the surrounding soil is very small.

Keywords: energy pile; long-term thermo-mechanical behavior; unbalanced cooling-heating cycle;

clay; FEM
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Table 1 Thermal and mechanical parameters of materials
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