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Abstract. Article presents relation of thawing coefficient (Ath) and 

compressibility coefficient during thawing (m) to the sampling depth and 

physical state of frozen soils in loams, typical for the Arctic region of the 

European part of Russia.  Conclusions are drawn that help to predict 

thawing deformation of the tested soils according to their physical 

characteristics.  

1 Introduction 
Prediction of vertical deformation in permafrost soils during thawing usually consists of 

two classes of tasks [1] - prediction of temperature distribution in soil body and calculation 

of thawing settlement. Research on stress-strain properties of thawing soil is needed to 

calculate settlements and is rather difficult. The problem lies in the multicomponent nature 

of the frozen soil, thawing conditions, and dependence of the result on the physical 

properties of frozen soils and their ratios [2-5]. The value of the stress-strain properties is 

largely influenced by the cryogenic structure, moisture content and ice content. 

 Initially, tests to obtain stress-strain properties of thawing soils were carried out by 

V.P. Ushkalov [6], P.D. Bondarev [7], G.V. Porkhaev [8], G.I. Pakhomova [9], etc. It 

should be noted that the results were obtained under various test conditions, for example, 

tests were carried out up to the limiting value of thawing depth, and later, with defrosting, 

by ½ of the plate diameter with a heating ring equal to 1/3 of the die diameter, etc. 

 The work [10] compares the stress-strain properties data obtained in the field and in the 

laboratory conditions. The advantages of field measurement methods are noted, where the 

soil is investigated in natural conditions of occurrence. However, field tests of thawing soils 

are currently practically non-existent in engineering survey practice due to their high labor 

intensity and dependence on the time of year, harsh climate and tight deadlines, 

predetermine the choice of the test method.  

2 Methods  
Compression testing of frozen soil was carried out in accordance with the requirements of 

GOST 12248-2010 “Soils". Methods for laboratory testing of strength and deformability 
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characteristics [11]. stress-strain characteristics were determined based on the results of 

compression tests (oedometer tests) of soil samples) (Fig. 1), which exclude the possibility 

of lateral expansion of the sample when it is loaded with a vertical load and is in a thawing 

state [12-14]. 

 

Fig. 1. Compression multi-chamber device for tests of thawing frozen soils in laboratory conditions. 

The device is placed in a special chamber under controlled temperature conditions in the range from 

positive to negative temperatures. 

The aim of the study is to assess the deformation properties of thawing clayish soil and 

to identify patterns in the relation of the compressibility during thawing and physical 

characteristics of the soil. Samples of frozen loam, typical for the Arctic zone of the 

European part of the Russian Federation were taken in undisturbed structure with natural 

moisture and ice content with an index of pore filling with ice and unfrozen water close or 

equal to 100%. The sampling depth for different samples was approximately 5, 10, 15 and 

20 meters. The main averaged values of physical properties for the tested samples are 

shown in the table. 

Table 1. Main averaged values of physical properties for the tested samples. 

S
am

p
li

n
g

 d
ep

th
, 

m
 

N
at

u
ra

l 
m

o
is

tu
re

 %
 

S
o

il
 d

en
si

ty
, 

g
 /

 c
m

3
 

S
o

li
d

 s
o

il
 p

ar
ti

cl
es

 

d
en

si
ty

, 
g

 /
 c

m
3
 

D
ry

 s
o

il
 d

en
si

ty
, 

g
 /

 

cm
3
 

P
o

ri
n

es
s 

%
 

P
o

ro
si

ty
 r

at
io

 

P
o

re
s 

fi
ll

in
g

 d
eg

re
e 

w
it

h
 i

ce
 a

n
d

 

u
n

fr
o

ze
n

 w
at

er
  Plasticity 

L
im

it
 o

f 

li
q

u
id

it
y

  

L
im

it
 o

f 

p
la

st
ic

it
y

 

In
d

ex
 o

f 

p
la

st
ic

it
y

. 

5 41,2 1,72 2,69 1,22 54,7 1,21 0,99 29,9 16,7 13,2 

10 20,3 1,90 2,67 1,58 40,8 0,68 0,95 25,7 15,9 9,8 
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15 19,0 2,05 2,68 1,72 35,7 0,56 0,98 24,8 14,0 10,8 

20 18,8 2,08 2,69 1,75 34,9 0,54 1,00 25,8 14,6 11,2 

The range of pressures for tests was set depending on the soil body stress state, with 

consideration of loads on the soil base and depth of the sample, temperature, moisture-ice 

content of the sample with the condition that minimum possible number of loading steps 

was taken according to the recommendations of GOST. 

All tests were carried out in the range from 0.5 to 3.0 kg / cm
2
, with a step of 0.5 kg / 

cm
2
. First loading step of the soil in the frozen state was applied until the stabilization of 

the vertical deformation and lasted from 1 to 3 days, after which frozen soil was allowed to 

thaw in a natural way before further loading in steps were applied. At each step, test lasted 

until stabilization. In total, the sample tests lasted from 5 to 10 days, in some cases reaching 

up to 14 days. 

3 Results  
Values of the thawing coefficient (Ath) and the compressibility coefficient during thawing 

(m) were determined according to the results of completed series of tests. Averaged test 

results are shown in the following graphs (Fig. 2,3,4,5), each of which corresponds to the 

samples taken from a depth of 5, 10, 15 and 20 m, respectively. 

 

Fig. 2. Relations of thawing deformation to vertical pressure for sample from a depth of 5 m. 

 

Fig. 3.  Relations of thawing deformation to vertical pressure for sample from a depth of 10 m. 
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Fig. 4. Relations of thawing deformation to vertical pressure for sample from a depth of 15 m. 

 

Fig. 5. Relations of thawing deformation to vertical pressure for sample from a depth of 20 m. 

4 Discussion  
Previously published data on deformations of frozen soils during thawing [15-19] differ 

significantly and show a significant scatter of readings. Sometimes the values of the 

thawing coefficient (Ath) for seemingly similar soils can differ by an order of magnitude. 

The reason for that might be the fact that such results were obtained during tests of samples 

of different sizes and textures, from soils with incomparable values of moisture, ice content, 

density. 

Aim of these studies, as noted above, was to study the properties of frozen loams typical 

for the Arctic zone of the European part of the Russian Federation. 

Evidently, thawing settlement to a large extent, sometimes up to 70%, depends on the 

ice content. In this case, with surface soils, ice content is twice as high than in soil strata 

from 15 m to 20 m. 

During comparison of the sample test results with decreasing porosity and humidity, the 

relation to the thawing coefficient value is clearly traced. Laboratory tests have fully 

confirmed this relation, while field tests by other researchers show significant variation. 

5 Conclusions  
Analysed test results revealed dependence of stress-strain values of thawing frozen soils on 

the depth of sampling and individual physical state properties of soils. The assessment 
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criteria of deformability during thawing of frozen soils can be done with the following 

characteristics of the physical state of the soils: natural moisture, ice content, poriness 

(coefficient of poriness). 

Comparison of results our tests with similar tests by other authors showed sufficient 

convergence, which makes it possible to make generalizations according to our results. 

Preliminary calculations of subsidence capacity and choice on how to use permafrost 

soils as bases done by using physical state values of permafrost soils is justified from a 

technical perspective and evidently economically feasible. 
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