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ABSTRACT

The geothermal energy piles have been adopted as a sustainable solution for heating and cooling
of buildings in addition to carrying its structural load. In spite of the growing recognition of the
benefits of geothermal energy piles, there is a clear need to understand the load transfer
mechanism of energy piles under thermo-mechanical loading and the resulting soil-structure
interaction. Also, the effect of long-term cyclic heat flow in and out of the geothermal energy
piles on the load carrying capacity of these piles and cyclic changes in soil stress-strain response
are not well understood. In current geotechnical practice, the design of the geothermal energy
piles depends profoundly on empirical equations and uses very high values of factor of safety
with respect to the thermal effects which is truly uneconomical. Thus, there is need for improved
scientific knowledge of the temperature effects on the soil surrounding the pile and the load
carrying capacity of the pile. Due to the temperature changes on the pile and soil, contraction or
expansion of piles may take place. Consequently, shear strain develops in the surrounding soil
which affects the shaft capacity of piles. Also, base capacity of end bearing piles increase or
decrease due to the operation of geothermal energy piles. Moreover, during the life time of the
energy piles, the piles are subjected to a number of heating-cooling cycles which causes slow
cyclic loading of the surrounding soil leading to strain softening of the soil, thus causing
reduction in the shaft capacity of the piles. No comprehensive studies have been performed in the
literature to analyze the effect of cyclic temperature change on piles in sand.

In order to bridge the knowledge gap, the investigation of the thermal and thermo-

mechanical behavior of geothermal energy piles is carried out in the present work. The analyses



are performed for single geothermal energy pile under only thermal loading, single cycle of
thermo-mechanical loading and cyclic thermo-mechanical loading. Analyses are also performed
for pile groups for different combinations of thermal and non-thermal piles in the group. The
associated pile-soil interaction and the load-displacement response of piles are investigated for
different mechanical and thermal load magnitudes and different pile boundary conditions. The
pile end conditions and soil relative density are key parameters in deciding the thermal and
thermo-mechanical response of geothermal energy piles. The geothermal energy piles under
thermal loading exhibit axial and radial strains due to thermal expansion of the pile. The thermal
loading on the piles also results in generation of negative shear stress and increase in the lateral
earth pressure coefficient in soil. When the piles are subjected to single cycle of thermo-
mechanical loading, additional stresses and strains are induced in the pile and soil due to
combined mechanical and thermal loading. The piles exhibit higher axial stresses under thermo-
mechanical loading as compared to that under only mechanical loading. The limit unit shaft
resistance and shaft friction coefficient remain almost unaffected by the thermal loading of the
pile. When subjected to multiple cycles of thermal loading, pile base displacement and axial
stress gradually decrease due to thermal uplift of the pile under repeated thermal cycles. In the
case of pile group analysis, differential settlement at the pile base occurs for the groups
containing both thermal and non-thermal piles. In order to summarize, analyses are also
performed for a range of soil relative densities, pile lengths and diameters under punching load
on pile and allowable loads. It is observed that the allowable load on piles are not affected by
thermal loading on the pile, however, drag load is exhibited in this process which should be

taken into consideration for the design of geothermal energy piles.
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