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LAUDA TecInfo Constant Temperature Equipment No. 10 
 

Temperature control of a model for frost heave experiments 
 
Frost heaves are a special kind of physical alteration of stones and other solids. They are caused by 
changes between frost and dew periods. Most common visible results are deformation and upward thrust of 
the ground surface. At the University of Alaska artificially generated frost heaves are examined in a model 
scale. For simulation of temperature changes process thermostats LAUDA Integral XT 150 systems are 
used. 
 
 
Frost heaves – formation and effects 
 
The phenomenon of frost heaves is not merely explainable by expansion of water freezing into ice. The 
process of the formation is far more complex. There are at least three conditions, all of which must exist be-
fore frost heaving can occur. They are: 

1. A sufficiently cold climate to allow freezing temperatures to penetrate below the surface into the sub-
soil. 

2. A supply of water from below, above or laterally into the freezing zone.  

3. A soil material that is frost susceptible and is lying within the freezing zone.  

The heaving itself is caused by the formation of ice lenses in the soil below the surface. The size of an ice 
lens depends upon the quantity of free water available within the soil, from the water table and time. When 
the soil freezes, the free water freezes and expands. Once started, ice lenses continue to grow as long as a 
source of free water is available. Free water migrates through the soil to a forming ice lens by capillary ac-
tion. This migration of water can be several meters for certain frost susceptible soils. The growth of the ice 
lens causes the surface to heave. Some soils are more susceptible to the formation of ice lenses than oth-
ers. This process can damage plant roots through breaking or desiccation, cause cracks in pavement, and 
damage the foundations of buildings, even below the frost line. 
 
Experimental set up  
 
The experiment is conducted in a frost heave cell that is approximately 1 m wide, 2 m long and 1 m thick, 
which means a volume of 2 m3 of soil. Inside the cell a soil is placed and frozen. The temperature is con-
trolled from the top and the bottom (Fig. 1). The side temperature conditions are assumed to be isothermal. 
The soil can either be frozen from the top down, from the bottom up, or from both sides. The top and bottom 
thermal plates (i.e. cold plates) are composed of metal tubing with approximately 7 cm spacing, which are 
cast into a 2.5 cm thick aluminum alloy plate. For schematic purposes, the cell can be considered to contain 
4 cold plates. Two of them located on the top of the soil column and two on the bottom. Each cold plate is 
about 0.5 m x 1.9 m. A process thermostat operates one cold plate by circulating temperature controlled fluid 
through the coils. Insulation is placed on the side of the cold plate which is not in contact with the soil. The 
frost heave cell is located in a cold room with the ambient temperature set to approximately 2 °C. The ther-
mostats are located outside of the cold room at an ambient temperature of approximately 20 °C. Connec-
tions are made through the use of tubing run through the wall of the cold room. 
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Fig. 1: Schematic set up of frost heave cell 
 
 
Solution for temperature control: LAUDA Integral XT 150 
 
Accurate and reliable temperature control is fundamental to the experiment. One particular thermostat from 
the LAUDA Integral range has proved itself as the ideal solution for testing: the process thermostat LAUDA 
Integral XT 150 (Fig. 2). 
Frost heave tests are generally run at temperatures close to the melting point of ice which results in a lot of 
phase change conditions in the soil. Therefore, small changes in temperature can result in rather large 
changes in soil conditions. The temperature needs to be accurate with a high degree of stability, generally 
fluctuation that do not exceed +/- 0.05 K. The closer the temperature is to the melting temperatures, the 
lower the tolerance for fluctuations needs to be. The Integral XT 150 provides the demanded temperature 
stability. The dimensions of the cold plates are quite large. This also means that the tubings are very long. 
Therefore a strong pump is needed to pump the the cooling liquid through the cold plates. The XT is 
equipped with a powerful pump with a maximum pressure of 2.9 bars and is adjustable in 8 stages. The 
maximum flow rate is 45 L/min. This ensures enough pressure output without losing temperature control or 
stability. Besides sufficient pump capacity a high thermal capacity to remove the heat is decisive. The critical 
heat removal time occurs at the initial freezing stages. With a cooling capacity of up to 1.5 kW (at 20 °C) the 
four XT 150 in the application remove the heat reliably. Most frost heave tests need to have the ability to 
ramp temperatures in order to maintain a constant temperature gradient and freezing rate. This means that 
both the upper and lower cooling plates require programmable temperature control. On the Integral equip-
ment range, this can be achieved using a programmer. With the programmer, almost any desired tempera-
ture-time profile can be set. A desired temperature can be produced as quickly as possible or at a defined 
rate. Five temperature-time programmes are available for free programming. Menu navigation on the graphic 
LCD screen facilitates easy and quick setting changes. 
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Fig. 2: Process thermostat LAUDA Integral XT 150 
 
Summary 
 
Frost heave is a natural phenomenon caused by temperature changes around the bulk freezing point of soil. 
At the University of Alaska the effects are simulated in a model scale in a frost heave cell. Since exact tem-
peratures play a major role in the process an accurate temperature control is very imoprtant. In their experi-
mental set up the scientists at the University use 4 LAUDA Integral XT 150 units. The benefits are a pro-
grammable temperature control, good temperature stability, high pump capacity to transfer the fluid without 
the need to intensively modify other systems and enough heat removal to accommodate initial freezing. 

 
    
 


