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Abstract — This paper described in detail the nature of the permafrost of the Heilongjiang region, including size, minerals, salts, 
surface area and cation exchange, and studied the thermal exchange parameters and hydraulic parameters permafrost. Secondly, 
according to the results of field monitoring, permafrost freeze period of the Northeast area is divided into three phases: freezing 
and thawing alternating phase, the freezing development stage and thawing stage. Again, for seasonal frozen soil moisture 
migration power, considered that soil water potential gradients caused the migration of moisture. Finally, we established water and 
heat transport model coupled based on porous media and unsaturated soil water dynamics, used the finite element method to solve 
soil samples, in order to predict the dynamic variation of unfrozen water, ice, salt and temperature of different frozen time, and are 
separately compared to experiments and monitoring results and obtain better results.  
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I. INTRODUCTION 

Permafrost refers to a temperature equal to or below 0 ℃, 
and various types of soil contains ice, the solid mineral 
particles, water, ice and gas, is a highly temperature sensitive 
and unstable nature of the soil. Depending on the soil in a 
frozen state the duration of permafrost frozen soil can be 
divided into transient, seasonal frozen soil and permafrost. 
Instantaneous permafrost frozen soil means keeping a few 
hours to a half; seasonal frozen soil freezes only a few 
meters in the ground in winter, and in summer it will melt, 
and freeze time in a year does not exceed one season; 
permafrost is frozen for many years, for many years does not 
meltt. 

Permafrost is widely distributed in a low temperature of 
the Earth's surface geological, permafrost country is the 
world's third largest country after the former Soviet Union 
(1000 × 104 km2) and Canada(390×104~ 490×104km2). 
Permafrost distribution area of about 206.8 × 104km2, 
accounting for 21.5% of the land area. Seasonal permafrost 
distribution area accounted for 53.5% of the total land area. 
Among them, the depth of seasonal frozen soil (> 1m) 
accounts for about one-third of the total land area 

Permafrost is mainly distributed in the top of some 
mountain plateau, Pamir, the western mountains, northeast 
size of the Mountains and the eastern region. Among them, 
the permafrost of Small Xinganling Mountains and Big 
Xinganling Mountains is also known as high-latitude 
permafrost. . Permafrost of the rest of the mountain is also 
known as alpine permafrost. 

 Seasonal frozen soil in outlying areas around the 
discontinuous permafrost. After its southern boundary 
roughly along the mountain range to the northeast and Har 
Mountains toe, the Daba Mountains south of Sichuan Basin 

to the southeast bypass sarcasm river from Yunnan Province, 
and from the nearby fruit extend to the northeast of Hunan 
Province , until near Lianyungang in Jiangsu Province. In 
addition, in the Dabie Mountains, Mountain and Yushan top 
Laiyang have scattered. Among them, the depth of seasonal 
permafrost (frozen depth> 1m) accounts for about one third 
of the country's land area, mainly in the northeastern 
provinces, Inner Mongolia, Gansu, Ningxia, northern 
Xinjiang, Qinghai, western Sichuan and other places. 

Permafrost is a special soil types. Its particularity is 
mainly in its nature and temperature are closely related. 
Frozen Soil moisture migration refers to the freezing process 
induced by the temperature gradient in the film soil water 
migration. Wet soil freezes, causing the water to form 
positive freeze Belt Movement, and tried to fill this ice belt. 
In the non-compressed soil, these ice generally arranged in 
parallel with the isotherm lenticular; at high compression 
soil, usually staggered ice veins form a network in three-
dimensional space. Soil temperature is reduced resulting in 
unfrozen soil before the energy balance is broken, in addition 
to causing the migration of moisture, but also lead to a 
redistribution of temperature and salinity of the soil, 
established a combination of state of a new solid-liquid 
vapor. 

In agriculture, the study of season permafrost also has 
some significance. After the land freeze, ice blocked the gap 
soil, combined with low temperature, the development of 
plant roots cannot grow, so permafrost cannot cultivate. 
After thawing permafrost seasonal thawing layer, since the 
underlying permafrost layer is impermeable to prevent melt 
water infiltration, the formation of surface run-off, nutrient 
loss and erosion Slope; Seasonal frozen soil area dry and 
cold, because the soil is frozen moisture migration, while the 
salinity frontal zone to freeze, when strong surface 
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evaporation, causing secondary salinity uplift, surface-
induced secondary salinization development, serious damage 
to the permafrost ecology and environment. 

Northeast is a more typical seasonal frozen soil areas. 
However, current research focuses on seasonal frozen soil in 
Tibet, Lanzhou and Inner Mongolia and other places, so 
there are few studies of seasonal permafrost of Northeast. 
Therefore, we studied the microscopic mechanism in 
northeast cold areas of moisture migration can freeze the 
construction of prediction, evaluation and control to provide 
a theoretical basis. Thawing soil also studied composition, 
structure, moisture and water migration mechanism occurs 
frost and freezing the soil behind the physical and 
mechanical properties. It can promote the development of the 
unsaturated zone soil moisture migration theory to guide the 
actual project is of great significance. 

II. RESEARCH STATUS AND INSUFFICIENT 

RESEARCH STATU 

A. Research status 

Since the 19th century, the Frozen Soil Science 
developed a rich branch discipline, shown in Fig. (1): 
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Figure 1. Branch Discipline of Frozen Soil Science 

On the other hand, the soil research framework of 
moisture migration mechanism and model for branch frozen 
is as shown in Fig. (2). 

Study on the soil water and heat problems in the early 
they are mutually independently. Both were set up their own 
theoretical system, and in their respective areas of research in 
solving methods for a more in-depth study. 

For the study of soil water movement was first began in 
France Darcy. In 1856 he based on saturated sand infiltration 
test results, got the conclusion that permeability and 
hydraulic gradient flux is proportional (later known as 
Darcy's law). 1931 Richards was used to study the law of 
unsaturated soil that unsaturated soil moisture flux q can be 
expressed as: 

( )mq K                              (1) 

Combined with Darcy's law of unsaturated soil and water 
flow continuity equation, you can get the basic equations of 
unsteady soil water movement (Richards equation) 

( )
t mq K
  
   


                 (2) 

Of which,   and t are respectively soil moisture content 
and time;  q is moisture migration flux;  is soil water 

potential; m  is matric potential. 

For the soil heat flow studies began in the 20th century 
the late 1940s. Fourier heat conduction law will be applied to 
the soil-water system, the soil can be obtained by the heat 
energy principle basic equations: 

( )
t

T
C T

  


                      (3) 

Of which, T , C and  are respectively temperature, 
volumetric heat capacity and thermal conductivity. 

Soil temperature 1ºC per unit volume of the heat needed 
to change called volumetric heat capacity, of which unit is 
j/(m3. º C). It is an index representing the heat storage 
capacity of the soil. And volumetric heat capacity similar 
concept is the specific heat. It represents the heat of a unit 
mass of soil temperature change by 1ºC required, of which 
unit is j/(kg.ºC). 

Volumetric heat capacity of frozen soil can be calculated 
according to equation (4) and (5):  

u du uC C p
                              (4) 

f df fC C p
                              (5) 

Of which, uC and fC are respectively natural bulk 

density of thaw soil and frozen soils; duC and dfC  are 

respectively specific heat of thaw soil and frozen soils; 

up and fp  are respectively natural bulk density of thaw soil 

and frozen soils. 

B. Insufficient of Research 

Even after more than a century of development, research 
permafrost moisture migration has achieved significant 
results. However, due to experimental conditions, most soil 
is still frozen test indoors. This is the complex nature of the 
boundary conditions is inconsistent. In addition, the 
mechanism of moisture migration is still in doubt, as the 
driving force of representation is reasonable, soil water 
potential, and how the relationship between the head of the 
numerical simulation and model calculations frozen soil 
moisture migration process is too simple, and so on. There 
are still many worthy of further study places, such as: 

(1) Permafrost thermal conduction properties. Permafrost 
soil properties, structure, relative density, initial moisture 
content, unfrozen water content is clearly are directly related 
with its thermal conductivity. Endothermic phase transition 
occurs at the same time freezing soil moisture migration and 
water, heat can cause heat transfer. Hence the need to seek a 
comprehensive theoretical model for describing changes in 
permafrost thermal conduction properties of the mechanism 
and scope to express permafrost this multiphase heat transfer 
properties of porous media, to change the traditional semi-
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empirical method, were studied in each of permafrost 
thermal conductivity independent phase material to estimate 
the thermal conductivity of frozen soil. 

(2) Determine the coupling system migration parameters. 
Determine parameters critical to the accuracy of numerical 
results. The current transport parameters is given more 
expression of their experience, or based on test results and 
laboratory test given. But the results of laboratory 
experiments are often limited and not very good simulation 
site, and can not take into account different external 
conditions on the parameters of the different requirements. 
Therefore there is a need to further strengthen the study of 
laboratory tests, and at the same time site monitoring, in 
order to achieve a more accurate determination of transport 
parameters of the coupling system requirements. 

(3) Hot salt water coupling system boundary conditions. 
In laboratory experiments or field model experiment, in 
conformity with the required precision, generally simple 
hypothetical model for the first class or second class 
boundary conditions. However, for practical engineering 
soil, because it is in the complex environment, boundary 
conditions are also changing. Therefore, the boundary 
conditions can not simply be assumed to be first class or 
second class boundary conditions. 

(4) Mathematics coupled system solution process and 
analyze the physical mechanism needs further study. 

Numerical methods such as checking the convergence and 
stability of the knee at the start of the freezing temperature 
processing, a function of the hydrodynamic parameters and 
variables and so on. 

(5) Actual production under natural conditions, the whole 
winter long the soil of the freezing process, the lack of 
research moisture and heat transfer problems, especially for 
freeze-thaw resistance and soil moisture retention under 
different surface conditions on water retention properties 
also not very adequate. 

For less than the above frozen soil moisture migration 
studies, this paper focuses on the seasonal frozen soil 
moisture movement. Through the various properties of the 
test on the impact of permafrost Soil moisture migration; the 
use of a scanning electron microscope seasonal frozen soil in 
Changchun at different temperature gradients before 
freezing, thawing frozen as well as the microstructure after 
the qualitative and quantitative analysis; Combined with 
field monitoring data, use nonlinear theory of porous media, 
combined with the establishment of unsaturated soil water 
dynamics coupled heat transfer model considering phase 
change of water; in selecting model parameters to measured 
mainly try to avoid using the empirical formula, in order to 
maximize realistic; the use of finite element method to solve 
the model, combined with the measured results of the model 
test. 
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Figure 2. Soil Research Framework of Moisture Migration Mechanism and Model for Branch Frozen

III. EXPERIMENT AND ANALYSIS 

A. Composition analysis of frozen soil 

Frozen soil is complex multiphase system, composed of 
three-phase substance including the soil particles, pore water 
and steam. The seasonal nature Frozen Soil usually located 
within a few meters of the surface skin, the majority of 
which is unsaturated soil areas. When the soil temperature 
drops, the liquid portion of the pore water into solid ice, then 
Frozen soil composed of four -phase substance including the 
soil, pure ice, pore water and vapour. Soil particles and ice 
form the basic skeleton soil.  

Soil material consists of three areas including size 
distribution, mineral composition and chemical composition. 
Granularity composition and mineral composition of the soil 
has a direct impact on unfrozen water content. The nature of 
the surface of soil particles and pore structure determines the 
water-holding capacity and at different distances from the 
particle surface soil moisture the force on the magnitude, but 
also determines the soil moisture phase change law with 
temperature and moisture affect different states and 
processes migration. 

Sampling in the Heilongjiang region, conducted particle 
analysis experiments, which was divided dispersant and non- 

dispersant two methods. The results are shown in Table 1 
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TABLE 1. THE RESULTS OF PARTICLE ANALYSIS EXPERIMENTS 

Depth Dspersant Particles radius section Classification 
(0, 
0.025) 

(0.025, 
0.005) 

(0.05, 
0.075) 

(0.075, 
0.1) 

(0.1, 
0.15) 

(0.15, 
0.2) 

(0.2, 
0.5) 

(0.5, 
2) 

> 2  

0.5 Add 
dspersant 

2.6 5.0 15.6 72.5 2.3 0.8 0.5 0.6 0.5 Silty loam 

No dspersant 10.1 1.8 15.1 68.4 2.3 0.7 0.3 0.3 0.7 Silty loam 
0.9 Add 

dspersant 
1.2 1.5 91.3 4.5 1.0 0.2 0.1 1.0 0.2 Silty loam 

1.5 No dspersant 3.0 1.2 6.0 54.5 7.9 1.5 2.4 9.0 14.5 Silty loam 
1.8 Add 

dspersant 
8.5 12.3 4.2 70.0 3.7 0.2 0.6 0.2 0.3 Silty loam 

No dspersant 0.2 2.8 84.0 2.0 8.4 0.5 0.7 0.4 1.0 Silty loam 
2.0 Add 

dspersant 
1 2 2 81 12.7 0.2 0.3 0.6 0.5 Sand  loam 

No dspersant 11.5 12.4 67 2.6 1.2 0.1 0.8 0.3 4.1 Sand  loam 
2.3 Add 

dspersant 
2 .10 6 70 8.0 3.0 0.5 0.1 0.4 Sand  loam 

No dspersant 11.3 8.0 0.7 64 13.9 1.5 0.2 0.3 0.1 Sand  loam 
2.5 Add 

dspersant 
0.1 0.1 2.0 82.8 12.4 1.8 0.2 0.3 0.3 Sand loam 

No dspersant 10.5 2.0 7.5 72.5 4 3.2 0 0.1 0.2 The Silty Soil 
2.8 Add 

dspersant 
0 0.1 0.4 85.5 12.6 1.2 0.1 0.1 0 The Silty Soil 

No dspersant 9 2 7 69 9.2 2.8 0.2 0.5 0.3 The Silty Soil 
3.1 Add 

dspersant 
12.5 3 9.6 67.2 4.9 0.7 0.9 0.6 0.6 Silty loam 

No dspersant 0.2 0.8 88 9.4 0.3 1 0.2 0.1 0 The Silty Soil 

 

 
Figure 3. Particle analysis graph 

The Fig. (3) is particle analysis graph.After the addition 
of the dispersant, the percentage content of soil samples for 
each size range of particles are different from those when no 
added. Also it can be seen from Table 1, in the dispersant 
and non-dispersant two experimental conditions, five 
locations of soil samples of soil particle size are mainly 
concentrated in the range of 0.005 ~ 0.075mm particles, each 
sample powder grain content ranging from 63% to 97%. 

In dispersing agent, the soil particles and particle size in 
each location content is greater than granule particles have 
different degrees of decline compared to the case did not add 
substantially dispersant, resulting in increased clay content. 
Wherein the reduction of fines content is the maximum. 

In addition it can be seen from the table, after adding the 
dispersant, due to changes in granule contents, resulting in 
naming soil changes. Names even change from the silty loam 
to the silty soil loam. Thus, "false particles" of this place soil 
samples has great content. If only from the results of the 

analysis to determine the particle size composition of soil of 
no additive, it would have a greater error. 

B. Moisture Migration and Migration Driving Force of 
Frozen Soil 

Frozen Soil moisture migration, we must first understand 
the migration of moisture in permafrost in the end belongs to 
which type of groundwater, occurrence status, much less 
surface area falls within the scope of our study, and then to 
answer in the frozen soil what is the source of power of 
moisture migration in the end. 

This chapter is based around seasonal frozen soil water 
content changes, the analysis of body moisture migration, 
and the driving force of moisture migration - the distribution 
of soil water potential to do a correlation analysis. 

In addition to capillary water, weakly bound water and 
vapor water migration may also participate. The strong 
binding of water due to the surface of soil particles to attract 
large, it is difficult migration occurs under the influence of 
external factors. And strong binding of water freezing 
temperature is generally -78ºC or less. The temperature of 
frozen soil in atmospheric temperature, so the water is not 
considered a strong migration of bound water. Although 
water vapor can also participate in migration, but migration 
is very small. Of course, the establishment of moisture 
movement can be taken into account. But it is still unable to 
accurately measure the water vapor content. And in order to 
facilitate the solution of the model, solving the water vapor 
can be ignored and related items. 

The soil water content before freezing and after thawing 
is as shown in Fig. (4). 



DING FEI et al: RESEARCH ON THE MOISTURE MIGRATION OF SOLIDIFY HIGH TEMPERATURE . .  

 

DOI 10.5013/IJSSST.a.17.04.07 7.5 ISSN: 1473-804x online, 1473-8031 print 
 

 
Figure 4. The Soil Water Content Before Freezing and After Thawing 

As can be seen from the figure, after the spring thaw, the 
water content measured is greater than the water content of 
the beginning of last year. Moisture at different depths has 
increased. But the growth rate within 1m depth below the 
surface moisture is large. Close to the surface of the water 
content in the largest increase. Moisture content of Northern 
Line Changjitu can increase up to 20%. At the same time it 
can be seen, as the depth increases, the increase also changes 
in water content, and even negative growth. But the overall 
trend is that if depth increases, the water content will reduce. 
Within 2.5m ~ 3m in depth, water content and water content 
before freezing after thawing converge. And there is 
moisture after thawing frozen water content of less than the 
previous trend. This is in three lines are reflected. The most 
obvious is the long loose line, the moisture content at around 
2.5m freeze equal. And at this depth, the water content after 
thawing frozen water content should be less than before. This 
situation requires from the capillary rise of water and the 
distribution of soil water potential to explain. At the same 
time this case also illustrates the moisture migration body of 
the Changchun region during permafrost. 

C. Average moisture migration flux 
The Average Migration Flux Distribution along the Soil 

Column of Silty Clay is as shown in Fig. (5). 
As can be seen from the figure, frozen soil behind a 

column, water content profiles undergone significant 
changes. Soil column is divided into two parts including 
frozen soil segment and permafrost segment. In not frozen 
soil moisture content is less than the initial moisture content, 
but in the permafrost section the moisture content is higher 
than the initial moisture content. This fully shows that the 
closed system soil during freezing under temperature 
gradient effect, soil occurred moisture redistribution 
phenomenon, and moisture migration from the no permafrost 
segment to permafrost segment. 

The average moisture migration along the migration flux 
of soil column can be divided into two sections, that is, not 
frozen soil segment and permafrost segment. Without 
permafrost section, the average migration flux gradually 
increased from an initial porting, to obtain the maximum 
value of the freezing fronts; in permafrost section, the 
average migration flux decreases gradually to zero at the end 
of the sample. The area of the curves enveloping is the 

amount of moisture migration. In the case of a temperature 
gradient the same, since the moisture coefficient of soil, 
water diffusion coefficient and the differential with the 
content of the initial water content and dry density increases. 
Thus, the average migration flux also increases with initial 
water content and dry density. 

 
Figure 5. The Average Migration Flux Distribution along the Soil Column 

of Silty Clay 

IV. CONCLUSION 

In agriculture, the study of season permafrost has some 
significance. After the land freeze, ice blocked the gap soil, 
combined with low temperature, the development of plant 
roots cannot grow, so permafrost cannot cultivate. 

Northeast is a more typical seasonal frozen soil areas. 
However, current research focuses on seasonal frozen soil in 
Tibet, Lanzhou and Inner Mongolia and other places, so 
there are few studies of seasonal permafrost of Northeast. 
Therefore, we studied the microscopic mechanism in 
northeast cold areas of moisture migration can freeze the 
construction of prediction, evaluation and control to provide 
a theoretical basis. Thawing soil also studied composition, 
structure, moisture and water migration mechanism occurs 
frost and freezing the soil behind the physical and 
mechanical properties. It can promote the development of the 
unsaturated zone soil moisture migration theory to guide the 
actual project is of great significance. 

For seasonal frozen soil moisture migration power, 
considered that soil water potential gradients caused the 
migration of moisture. Finally, we established water and heat 
transport model coupled based on porous media and 
unsaturated soil water dynamics, used the finite element 
method to solve soil samples, in order to predict the dynamic 
variation of unfrozen water, ice, salt and temperature of 
different frozen time, and are separately compared to 
experiments and monitoring results and obtain better results. 

ACKNOWLEDGMENT 

This work is supported by National Natural Science 
Foundation of China under Grant (41471062). 

REFERENCES 
[1] Kenan Hazirbaba, Yu Zhang, J. Leroy Hulsey. Evaluation of 

temperature and freeze-thaw effects on excess pore pressure 
generation of fine-grained soils. Soil Dynamics and Earthquake 
Engineering. Vol.31, pp.372-384,2011 

[2] Sorab Panday, Yavuz Corapcioglu. Solution and Evaluation of 
Permafrost Thaw-Subsidence Model. Journal of Engineering 
Mechanics. Vol.121,No.3, pp.460-469, 2012. 



DING FEI et al: RESEARCH ON THE MOISTURE MIGRATION OF SOLIDIFY HIGH TEMPERATURE . .  

 

DOI 10.5013/IJSSST.a.17.04.07 7.6 ISSN: 1473-804x online, 1473-8031 print 
 

[3] OrlandoB.Andersland,Branko Ladanyi. Frozen Ground Engineering 
(2nd Edition ). 2004, American Society of Civil Engineers, John 
Wiley&Sons,Inc. pp.568-578, 2004. 

[4] Jiazuo Zhou, Dongqing Li. Numerical analysis of coupled water, heat 
and stress in saturated freezing soil. Cold Regions Science and 
Technology,vol. 12, pp.452-458, 2013. 

[5] Shuangyang Li, Yuanming Lai and Mingyi Zhang. Seismic analysis 
of embankment of Qinghai-Tibet railway. Cold Regions Science and 
Technology. Vol.55, pp.151 -159. 2009. 

[6] WU  Qing-bai ， DONG  Xian-fu ， LIU  YONG-zhi.Spatial  
Distribution  Model  of  High  Ice Content  Frozen  Soil  along  
Qinghai-Tibeten  Highway——A  GIS-aided  model.Journal  of 
Glaciology and Geocryology,vol.26, pp.137~141,2004. 

[7] Tie-hang Wang, Chang-shun Hu, Ning Li. Simulation method for 
calculation stress and  deformation  of  highway  embankment  on  
frozen  soil  area.  Cold  Regions  and Technology. Vol.42, pp. 89-95. 
2005. 

[8] Douglas L. Kane，Kenneth M. Hinkel，Douglas J. Goering, et al. 
Non-conductive heat  transfer associated  with  frozen  soils.  Global  
and  Planetary  Change. Vol.29, pp.275-292. 2011. 

[9] K.  Warrach，H.-T.  Mengelkamp,  E.  Raschke.  Treatment  of  
frozen  soil  and  snow cover in the land surface model SEWAB. 
Theoretical and Applied Climatology. Vol.69, pp.23-37. 2001. 

[10] Kenji Yoshikawa, Pier Paul Overduin. Comparing unfrozen water 
content measure- ments  of  frozen  soil  using  recently  developed  
commercial  sensors.  Cold  Regions Science and Technology. 
Vol.42, pp.250-256, 2005. 

[11] D. Bayard, M. Stähli, A.Parriaux, et al. The influence of seasonally 
frozen soil on the snowmelt runoff at two Alpine sites in southern 
Switzerland. Journal of Hydrology. Vol.309, pp.66-84. 2005. 

[12] S. Ya. Kushnir, A.I. Gorkovenko, A. S. Gorelov. Interaction between 
pile foundations supporting  rockers  and  frozen  soil.  Soil  
Mechanics  and  Foundation  Engineering, vol.4,pp.147-151. 2010. 

[13] N.S. Panikov, P.W. Flanagan, W.C. Oechel, et al. Microbial activity 
in soils frozen to below -39℃. Soil Biology & Biochemistry. Vol.38, 
pp.785-794, 2006. 

[14] J.K. Torrance, T. Elliot, R. Martin, et al. X-ray computed tomography 
of frozen soil. Cold Regions Science and Technology. Vol.4, pp.1-8, 
2007. 

 

 


