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Several emerging problems in geotechnical and geoenvironmental engineering pose multi-physics problems
involving non-isothermal processes in unsaturated soils. Properly studying these problems requires the de-
velopment of models for the Soil Water Retention Curve (SWRC) to describe the constitutive behavior of
unsaturated soils under non-isothermal conditions. This study aims to develop analytical expressions of non-
isothermal SWRCs. Closed-from expressions are presented to consider the effects of temperature on adsorp-
tion and matric suction in unsaturated soils. The formulation for the non-isothermal matric suction accounts
for the effects of temperature on the surface tension, soil-water contact angle, and adsorption by the en-
thalpy of immersion per unit area. The formulations are then employed to extend several existing isothermal
SWRCs to non-isothermal conditions. The extended SWRC models are used in a parametric study to examine
changes in adsorbed water, capillary water and total water content versus matric suction for Ottawa sand and
Wyoming bentonite subjected to several temperatures ranging from 25 °C to 100 °C. The results show that
temperature can have significant effects on SWRCs, depending upon the soil type and range of temperature.
Further, the results obtained from the proposed formulations are compared against three independent labora-
tory test results and very good agreement is observed with the tests conducted on sand, silt, and clay under
different temperatures. The proposed formulations can be readily incorporated into analytical solutions and
numerical simulations of thermo-hydro-mechanical models of unsaturated soils. The findings of the study
can facilitate using numerical models to simulate various non-isothermal applications involving geo-energy
systems and soil-atmospheric interaction problems.
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