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Calculation scheme of ground freezing depth in Terskol 

Abstract. During the construction of avalanche-retaining geotechnical structures in 

mountainous areas comes up the problem of fixing and stability of these structures in 

conditions of seasonal and/or long-term freezing of the ground. This paper evaluates the 

influence of snow cover and air temperature on the depth of freezing and soil stability 

based on the developed calculation scheme for the winter seasons 2015/16-2019/20 in the 

Elbrus region. The calculation scheme was based on the problem of thermal conductivity 

of a three-layer medium (snow, frozen, and thawed soil) with a phase transition at the 

boundary. The heat balance equation included the energy of the phase transition, the 

inflow of heat from the thawed ground and the outflow to the frozen ground, and, in the 

presence of snow cover, through it to the atmosphere. 
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Introduction 

 

One of the factors of soil stability on slopes during the construction of avalanche-retaining 

geotechnical structures in mountainous areas is the freezing of the underlying soil since in mountainous 

areas the soil can be frozen for eight or more months. However, the recent changes in air temperature 

and precipitation (primarily in the form of snow) [5] lead to a change in the depth and duration of 

freezing of the soil and, as a result, a decrease in its stability. A model study of soil freezing in the 

mountains was carried out in [6]. In this paper, based on the developed calculation scheme, the depth of 

ground freezing for the last five winter seasons is estimated based on data on the thickness of snow 

cover and air temperature for the weather station Terskol. Weather Station Terskol is located in the 

valley Azau in Elbrus region at an altitude of 2141 m above sea level. The average temperature in 

January is -7°C, July - 13.4°C, and the average sum of negative monthly temperatures in the winter 

period (November-March) is -20°C. During the period of snow accumulation (in November-March), an 

average of about 280 mm of precipitation falls, causing the accumulation of snow cover up to 70-80 cm 

thick. Calculations of changes in the depth of ground freezing were performed according to the 

proposed calculation scheme based on data on the thickness of snow cover and air temperature based 

on a three-layer model of the medium (thawed soil, frozen soil, snow) and assuming a linear change in 

temperature in the media and heat flow according to Fourier's law. This simplified calculating scheme is 

used since it requires only air temperature and snow thickness data and is very easy in conducting 

calculations using the solution of only one ordinary differential equation at each time step.  

 

Methodology 

 

The article calculates the freezing depth based on data on air temperature and snow cover 

thickness for weather stations Terskol for the snow-covered soil surface for the winter seasons 2015/16-

2019/20 according to the proposed calculation scheme. The calculation scheme was based on the problem 

of thermal conductivity of a three-layer medium (snow, frozen and thawed soil) with a phase transition 

at the boundary of frozen and thawed soil. The heat balance equation included the energy of the phase 

transition, the inflow of heat from the thawed ground and the outflow to the frozen ground and, in the 

presence of snow cover, through it to the atmosphere. The heat flux was calculated according to Fourier's 

law, as the product of the thermal conductivity and the temperature gradient. It was assumed that the  
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temperature in each medium varies linearly (for example, [3]). For snow cover and frozen ground, the 

formula of thermal conductivity of a two-layer medium was used. 

The calculation of ground freezing based on data on air temperature and snow cover thickness and 

thermal conductivity during the winter period made it possible to estimate the intensity of the freezing 

front movement during this time period. The dependence of the speed of the freezing front movement 

was found according to the calculated scheme. The scheme took into account the freezing of the ground 

from below on the frozen ground mass in winter, based on data on the daily air temperature (and the 

thickness and thermal conductivity of the snow cover).  

The heat balance equation was written as F1=cLV+F2, or as: 

 

                                                                 dhfg /dt =V= (F1 -F2 )/cL,   (1) 

 

where: F1 – heat outflow through the frozen ground (and snow cover) from the freezing front 

(W/m2) to the atmosphere; c L V = c L dhfg /dτ– consumption heat at the phase transition, c, moisture 

content of the soil (1-4 kg/cm*m2), (last value corresponds to the complete filling of pores with water 

from a lightweight clay with a density of 2000 kg/m3 and a porosity 0,617 [1]); L – energy of the phase 

transition (335 kJ/kg); V = dhfg /dτ – the speed of the freezing front (cm/s); F2 – heat exchange in the cooling 

melt the ground before the freezing front (W/m2). 

The heat flux was expressed according to the Fourier law: F= -λ grad T. The heat flow through the 

frozen ground from the freezing front to the atmosphere in the case of snow cover was expressed in 

terms of thermal conductivity and heat flow of a combination of two media (snow cover and frozen 

ground) how to: 

fg

fg

s

s

air

fg

fg

s

s
hh

T

xx

T

x

T
F





















1

,   (2) 

 

Here Tair is the air temperature, hs and hfg are the snow thickness and freezing depth, and λs and λfg 

are the thermal conductivity of snow and frozen ground. 

It was assumed that at a depth of 10 m in the ground there is a point of zero annual temperature 

fluctuations T0 with an average annual value of about 7°C. Therefore 
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Here λthg is the thermal conductivity of thawed soil. Calculations were performed in one-day 

increments. At first, it was assumed that the thickness of the frozen groundhfg was 0.5 cm. At each time 

step (every day) was calculated (calculated) the freezing rate V and the value of the frozen ground 

thicknesshfg for the next day (time step). According to [1], the average thermal conductivity of thawed 

and frozen clay soil could be taken as 1.4 and 1.8 W/m°C. The average thermal conductivity of snow λc 

was calculated relative to the density according to the formula of A. V. Pavlov [2] and was taken equal to 

0.18 W/m°C. 

Results and Discussion 

 

In this paper, a difference scheme was constructed for the derived first-order time differential 

equation for changing the depth of soil freezing by approximating this differential equation by the 

explicit Euler method:hfg( tn+1) =hfg(tn)+ ΔT V(tn). According to the obtained difference scheme, for each 

winter season 2015/16-2019/20, calculations of changes in the depth of soil freezing were made. An 

example of the calculation results for the winter season 2016/17 is shown in figure 1. 
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c) 

 
 

d) 

 
 

Figure 1. Changes in air temperature and freezing depth based on calculations for snow-covered 

and exposed ground surfaces for a weather station Terskol for winter periods 2015/16-2018/19 (1 – air 

temperature, 2 -thickness of snow cover, and 3-estimated depth of freezing of the ground under the snow 

cover 4-estimated depth of freezing of exposed ground). 
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The calculation method used is well physically justified. The method solution describes well the 

process of changing the freezing depth during the winter season. The successful operation of the 

method needs to set the initial data as accurately as possible. The consistency of the method was proven 

in the work [4].  

 Results of calculating the maximum ground freezing depth for a weather station Terskol for the winter 

periods 2015/16-2019/20 are shown in Table 1. 

 

Table 1 

Changes in the maximum ground freezing depth, average snow cover thickness for February, and the 

sum of negative monthly temperatures for a weather station Terskol for winter periods 2015/16-2019/20 

 

 

Conclusion 

 

The thickness of the accumulated snow cover can reach half a meter or more. At the same time, the 

ground under the snow-covered surface freezes, according to calculations, by an average of 20 

centimeters or more. In the case of partial or complete blowing off of the snow cover, freezing of the 

ground can occur to a depth of 1 meter or more and last for a longer period. Thus, the proposed method 

for calculating the dynamics of the depth of soil freezing based on data on air temperature and snow 

cover thickness allows us to assess the freezing of soil as a factor of soil stability during the construction 

of avalanche protection structures in mountains. Also it is necessary to take into account that for the 

forecast, we do not have current values of air temperature and snow cover thickness. It may be necessary 

to use their long-term values (trends in their change) to check the possibility of using this methodology 

for forecasting. 

The work was carried out on the topic of the State Law "Danger and risk of natural processes and 

phenomena" (121051300175-4). 
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Winterperiod Sum of 

negative 

monthly 

temperature, °C 

Averaged February 

snow cover thickness, 

cm 

Max. freezing depth  of 

snow-covered ground, 

cm 

Max. freezing 

depth of exposed 

ground, cm 

2015/16 -18,7 60 21 97 

2016/17 -27,7 40 23 119 

2017/18 -14,2 70 8 83 

2018/19 -19,4 60 20 96 

2019/20   20  
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Тесткөлдегі тпрысақтыо қату тесеодігін етертеу тхематы 

 

Аодатра. Қас көшкінін тақтайтын гептехникалық құсылыттасды талу кезінде таулы 

аудандасда жесдіо маутымдық жюне ұзақ месзімді мұздату жағдайында пты құсылымдасды 

бекіту жюне тұсақтылық мютелеті туындайды. Бұл жұмытта Эльбсут аймағында 2015/16-2019/20 

қытқы маутымына асналған етертеу тхематы негізінде қас жамылғыты мен ауа 

темресатусатыныо қату тесеодігі мен тпрысақтыо тұсақтылығына ютесі бағаланады. Етертеу 

тызбаты шекасада фазалық ауытуы бас үш қабатты пстаныо (қас, мұздатылған жюне есіген 

тпрысақ) жылу өткізгіштік мютелетіне негізделген. Жылу балантыныо теодеуіне фазалық 

ауытудыо энесгиѐты, есіген жесден жылу ағыны, мұздатылған жесге ағу жюне қас жамылғыты 

бплған жағдайда, қас асқылы атмптфесаға өту кісді. 

Түйін төздес: етертеу тызбаты, ауа темресатусаты, қас жамылғыты, жесдіо қатуы, таулы 

аймақтас, құсылыттыо тұсақтылығы. 

 

 

 

Д.M. Фсплпв 

Московский государственный университет им. М.В. Ломоносова, Москва, Россия 

 

Вычитлительная тхема для глубины рспмесзания гсунта в Тесткпле 

 

Аннптация. Пси ттспительттве лавинпудесживаящих гептехничетких тппсужений в 

гпсных сайпнах впзникает рспблема ксерлениѐ и уттпйчивптти этих тппсужений в утлпвиѐх 

тезпннпгп и / или длительнпгп рспмесзаниѐ гсунта. В даннпй ттатье пцениваеттѐ влиѐние 

тнежнпгп рпкспва и темресатусы впздуха на глубину рспмесзаниѐ и уттпйчивптть рпчвы на 

птнпве сазсабптаннпй тхемы сатчета на зимние тезпны 2015/16-2019/20 в сайпне Эльбсута. В 

птнпву сатчетнпй тхемы рплпжена задача терлпрспвпднптти тсехтлпйнпй тседы (тнег, месзлый 

и талый гсунт) т фазпвым ресехпдпм на гсанице. Усавнение терлпвпгп баланта вклячалп 

энесгия фазпвпгп ресехпда, рситпк терла из талпй рпчвы и пттпк терла в месзлый гсунт и, рси 

наличии тнежнпгп рпкспва, пттпк терла чесез тнег в атмптфесу. 

Ключевые тлпва: сатчетнаѐ тхема, темресатуса впздуха, тнежный рпкспв, рспмесзание 

гсунта, гпсные сайпны, уттпйчивптть кпнттсукции. 
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