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Abstract: Thermal cone penetration test (T-CPT) is a new type of in-situ testing method, for obtain-
ing both mechanical and thermal properties of soil layers, providing technical support for shallow geo-
thermal resources exploration. To study the penetration and heat transfer mechanism of T-CPT, the
numerical simulation is conducted in this study by establishing a model based on the discrete element
method (DEM) , followed by calibration of mechanical and thermal parameters of the soil sample.
Penetration resistance, soil distributions of stresses and displacement are analyzed during the penetra-

tion process. The thermal responses of heating and insulation sections are obtained in the following
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heating and cooling processes, as well as the evolution of the temperature field in the surrounding soil.
Furthermore, the numerical results are compared with the laboratory model test. The measured tem-
perature curves are then used to interpret soil thermal conductivity. It provides a theoretical basis for in-
sights into the mechanisms of penetration and heat transfer of T-CPT and its implications in geotechni-
cal engineering. The results show that the penetration resistance increases with the increase of depth in
the process of the penetration, and the soil particle displacement range is within B/2 of the cone. Dur-
ing the heat transfer process, the probe is heated for 60 seconds, and the heating section achieves a
heating of 5.5 °C. In the early stages of heating and dissipation, the temperature of the probe changes
the fastest, which is the same as in the experimental results. The thermal conductivity of the inversion
using the heat dissipation temperature of the probe is 0.330 W/(m+K), and the error is 6.5% , which
is better than the heating data inversion result.

Keywords: thermal-cone penetration test; discrete element method; penetration mechanisms; ther-

mal conductivity
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Fig.3 DEM model of triaxial test and results of consolidation
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Fig.5 Schematic of two-particle heat transfer
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Fig.11 Displacement field of soil during penetration
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