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Abstract. Much of the territory of the Russian Federation is located in the
permafrost soil area. The developed hydrocarbon deposits make a significant
contribution to the budget of the Russian Federation. Therefore, ensuring
trouble-free operation of engineering structures and these fields is the most
crucial task. Frozen soil deformation leads to violations in the operation of
structures, which entail economic harm and significant environmental
problems. This article provides a brief overview of the leading causes of
deformations of engineering structures built on permafrost soils. The methods
currently used to stabilize the frozen soil deformation are considered, and the
directions for solving this problem are proposed.

1 Introduction

More than 65 % of the territory of the Russian Federation is located in the permafrost zone.
The exploitation of existing and exploration of new hydrocarbon deposits is the most critical
direction of increasing the raw material base of the Russian Federation. The developed
territories are characterized by a continuous distribution of permafrost; the primary composing
rocks are dispersed and clay soils. Such soils are characterized by high load-bearing capacity
and lack of compressibility in the solid-frozen state, but the soils' deformation properties
deteriorate significantly during the transition to the plastic-frozen state. Frozen soil is a four-
component system, the distinctive feature of which is ice, which provides a connection
between the mineral components of the soil and largely characterizes the strength and
deformation properties of frozen soils.

A few works are devoted to permafrost soil deformations. Due to the significant total
length of the oil and gas pipeline routes and the serious industry-related danger of these
objects, the bulk of the work is devoted to their deformation [1-3]. Also, the research of many
authors is devoted to the deformation of highways [4,5].

Particular attention should be paid to the works devoted to the methods of stabilizing the
base deformations. In general, all research in this area can be divided into research on the
development of foundation structures that counteract soil deformations [6,7] and the
development of methods for stabilizing the temperature regime of soils [8,9].
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In the construction of buildings and structures, in areas of permafrost distribution, on the
territory of the Russian Federation, the main principle is the first construction principle [10],
that is, with the preservation of the frozen state of the soil both for construction and operation
periods. The construction of permafrost soils entails a change in the soil temperature regime,
leading to their thawing. According to [10], the design of a structure must include a thermal
calculation of the structure's foundation, taking into account the effect of heat exchange
between the structure and the ground base. As practice shows, the actual changes in the soil
deformation properties, and their values obtained from thermal engineering calculations, often
do not coincide. According to many researchers, the thermal engineering forecast of the
impact of the structure on the frozen ground is complicated by the fact that during the
operation of the structure, the physical and deformation properties of the soil can change,
especially during the activation of geocryological processes [11].

The most crucial factor in the stability of permafrost soils is weather conditions. The
influence of various climatic factors on the permafrost distribution is studied in [12,13].
Activation of geocryological processes leads to the formation of frost mounds, cryokarsts, and
frozen soil degradation.

Climate changes significantly contribute to the change in the base operational properties,
but it is premature to blame them alone for the increasing frequency of accidents. In addition
to natural factors, the current situation may indicate the unsuitability of the currently used
methods and means of forecasting and monitoring the permafrost soil state.

In the authors' opinion, a productive method of combating base deformations can identify
at an early stage. Conducting geotechnical monitoring will allow responding promptly to
changes in the soil mass and stabilizing the state. Various methods and techniques of
geotechnical monitoring are described in [14-17]. None of the presented methods is based on
the determination and monitoring of soils' deformation properties, although deformation
calculation is mandatory when designing the base.

In this paper, the analysis of the existing deformation theories of soils is carried out for
further application in the processing of geotechnical monitoring results.

2 METHODOLOGY

Various deformation theories are used to model the behavior of soils.
The basis of the deformation plasticity theory is the expression [18]:

[o] = [D){e};

where [D] — elasticity matrix; [o] — stresses; {€} — deformations;

The deformation modulus for a unit deformation is determined to account for the nonlinear
relationship of stresses and deformations, Figure 1, therefore, to apply this theory, it is
necessary to establish:

E = f(0);

where E — soil deformation modulus.
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Fig. 1. Deformation plasticity theory.

When applying the elastic-plastic theory of soil deformation, the nonlinear relationship
between stresses and deformations is described by the introduction of limiting yield surfaces
Figure 2.
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Fig. 2. Elastic-plastic deformation theory.
2 — actual behavior of soils; 3 — linear section of soil deformation; 4 — limit surface;

A significant number of equations are known to describe the limit surface, and the
Coulomb, Tresk, and Von Mises criteria are the most widely used [18]:

F=1—c—otgp+f(k)=0,
F=1y—c+f(k)=0,
F=1—c+fk)=0;
where 7- shear stresses; c— coupling; ¢ — angle of internal friction.

As shown in the expressions shown above, the elastic-plastic theory is described by
strength properties, in contrast to the plastic theory described by the soil deformation
characteristics.

In frozen soils, flow properties are clearly expressed — stress relaxation and creep.

Viscoelastic and viscoplastic elements are used to model the rheological properties of soils
Figure 3.
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Fig. 3. Viscoelastic element.

In this case, the stresses and deformations are related as follows:
1 1 1 _tEp
= — 4+ — — n);
e=olgtp)i-e 1)

where € — deformation rate; n— viscosity ratio;

As mentioned above, frozen soils are characterized by rheological properties. When
predicting the stress-strain state of frozen soils, it is undoubtedly necessary to take this fact
into account. However, as noted above, the results of assessing the soil deformation properties
according to the methods developed earlier for predicting the stress-strain state do not agree
with field observations. Therefore, the question arises about the feasibility of developing a
methodology for predicting the stress-strain state of soils. In the authors' opinion, an urgent
task is to develop an assessment methodology for the soil states based on the indicators of
deformation properties determined at a given time. In this case, there is no need to take into
account the rheological properties of the soil.

The engineering and geological methods used to determine these models' input parameters
cannot be used for geotechnical monitoring. A promising direction is acoustic monitoring, so
applying these deformation theories will be considered regarding the possibility of
determining the input parameters by the acoustic monitoring.

The kinematic characteristics of the elastic wave are related to the soil deformation
properties:

E =2 .p.(1+u)(1 2#);
1-u
where V, — propagation rate of the longitudinal wave; p— the Poisson's ratio; p— soil density;
Based on this, it can be concluded that it is optimal to use the deformation plasticity theory
when conducting geotechnical monitoring with acoustic monitoring. However, it should be
remembered that the results of acoustic studies determine the dynamic modulus of soil
deformation, for which the following is always true:

E>>E . m;

where E_,,, — the total soil deformation modulus determined by the results of engineering and
geological studies.
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3 CONCLUSION

According to the first construction principle, climate changes occurring on the Russian
Federation's territory threaten the operation of engineering structures in the areas of
permafrost distribution. Timely detection of the degradation of permafrost soils and applying
stabilization methods for the soil will prevent an emergency. In the author's opinion, a method
that directly measures the soil deformation properties is required. A promising direction is
acoustic monitoring. However, despite the widespread use of this method and its application in
studying the physical and mechanical properties of soils [19-21], it is necessary to solve the
transition from the dynamic soil deformation modulus to the general deformation modulus.
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