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Figure 1 (Color online) Volume change of the whole drainage system
during the heating and cooling cycle [51]. Copyright©2005, ASTM.
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Figure 2 (Color online) Thermal deformation of saturated soil in the
temperature-controlled oedometer test [40]. Copyright©2006, ASCE.
(a) Thermal vertical dilatation; (b) thermal diametrical expansion of
oedometer ring.
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Figure 4 (Color online) Stress and strain behaviors of saturated sand
during the temperature-controlled hollow triaxial test. (a) Thermal
volumetric strain of specimen during heating [48]; Copyright©2018,
ASTM. (b) Critical state line of specimen in p’-¢ plane during undrained
shearing [47]; Copyright©2018, Elsevier. (¢) Thermal deformation of
specimen during the loading-unloading-heating phase [49]. Copy-
right©2020, EDP Sciences.
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Figure 5 (Color online) Pore water pressure of saturated specimen at
different heating rates [73]. Copyright©2013, ProQuest LLC.
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(a) 7=25C; (b) s=0 kPa.
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Figure 7 (Color online) Thermal volumetric strains of saturated soil
undergoing different stress histories [44]. Copyright©2004, John Wiley
& Sons, Ltd.
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Experimental progress research on the thermomechanical properties
of soils
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Shallow geothermal energy, which is one part of the geothermal resources, is the geothermal energy resource in the earth’s interior
with the value of development and utilization under the present technical and economic conditions. In addition, this energy has a wide
distribution, large reserves, rapid regeneration, and high utilization value in China. Using ground source heat pump technology, the
“Cold source” or “Heat source” of the shallow geothermal energy can be introduced into the structure to adjust the structure’s
temperature. Moreover, the structure can be warm in winter and cool in summer, and the carbon emissions can be reduced at the same
time. Previous studies have shown that the exploitation and utilization of single-stage shallow geothermal energy are not enough,
otherwise the multi-stage utilization of shallow geothermal energy and its integration with other clean energy such as solar energy are
seriously lagging behind. This current situation is mainly due to the incomplete understanding of the thermodynamic properties of
structures, soils, and the interface between structures and soils. In this paper, recent experimental research progress on the
thermodynamic properties of soils is summarized. The heating mechanism, experimental process, and the influencing factors of
temperature-controlled tests are systematically introduced, and future research trends concerning the experimental research on the
thermodynamic properties of soils are predicted.

shallow geothermal energy, temperature-controlled test, interface, thermodynamic properties
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