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Abstract. Soil temperature is influenced by energy geo structures or any other heat 
sources in the ground. Ground water viscosity and density varies with thermal 
loading. It is expected that soil hydraulic conductivity changes with ground water 
density and dynamic viscosity variations.  However, the effect of temperature on 
soil intrinsic permeability has not been completely quantified. In this research a 
temperature controlled permeameter cell was designed and modified to investigate 
any potential changes in intrinsic permeability with temperature. Experimental 
results determined that the thermal loading alters the soil fabric and showed 
reduction in intrinsic permeability with increasing temperature even for sandy soil. 
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1. Main context of the study 

In recent years the interest of using energy geostructures (e.g., Energy Piles) has been 

extensively grown around the world. Application of Energy Piles, underground heat 

storage systems, and buried high voltage cables in the ground change the soil temperature. 

Soil hydraulic conductivity, strength, volumetric change, moisture content, and pore 

water pressure are temperature dependent [1, 2]. In order to properly understand the 

Thermo-hydro-mechanical-chemical response of the geotechnical infrastructures the 

variation of the all aforementioned parameters with temperature must be investigated. 

Previous research showed an increase in hydraulic conductivity for soil with higher 

temperature. Temperature increments not only change the soil hydraulic conductivity but 

also alter the intrinsic permeability. This happens not only because of fluid density and 

viscosity variations with temperature, thermal loading may change the soil fabric and 

porosity in both sand and clay. 

Several researchers performed laboratory experiments to measure changes in soil 

hydraulic conductivity with temperature. Habibagahi [3], Towhata et al. [4], and Morin 

and Silva [5] observed an increment in soil hydraulic conductivity through indirect and 
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direct measurements, respectively. Weinbrandt et al. [6], Casse and Ramey [7] and 

Aruna et al. [8] reported a reduction in intrinsic permeability with temperature while, 

several other researchers showed intrinsic permeability is increasing with temperature [9, 

10]. Recently Ren et al. [11] performed a hydraulic conductivity test for a temperature 

range between 10 � and 25 �����silty clay specimens. They reported that for the selected 

ranges the dimensionless permeability factor, (k’/k) which represents the change of 

intrinsic permeability with temperature is either 1 or larger than 1 depending on the dry 

bulk modulus. However, there is limited direct measurement of permeability in the 

literature with inadequate initial conditions (e.g., initial void ratio, and relative density) 

and confining pressure.  

2. Main results 

Experimental observations through temperature controlled permeameter cell confirms 

53% increase in hydraulic conductivity of the saturated sandy soil. However, considering 

fluid properties variation (e.g., density and dynamic viscosity) with temperature using 

rheometer tests a 32% reduction in intrinsic permeability is observed for the saturated 

sand. This reduction in intrinsic permeability is happened due to a decrease in void ratio 

during thermal loading cycles and consequently volume contraction of the soil specimen. 

The void ratio variation with temperature during the thermal loading cycles are measured 

based on the volume of the dissipated and absorbed water, and the estimated amount of 

volume expansion and contraction according to the initial water content. Experimental 

results confirm the soil fabric changes after one thermal cycle. Thermal loading in the 

ground results in different behavior for sand and clay. For the fine grained soil, 

temperature changes will cause expansion in water and soil particles. Since the 

coefficient of expansion for soil particles is much smaller than that for water, a generation 

of pore water pressure is expected. 
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