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ABSTRACT

An intensive technological regime for increasing
the stability of weak soils is proposed to ensure
safety of the roadbed on the site with the eternally
frozen base of the Northern latitudinal railway
Salekhard—Nadym. It is shown that it is necessary
to take into account talik zones at the design stage,
which can cause various deformations. On the basis
of the fundamental principles of the mechanics of

frozen soils, technological regularities are
established for increasing the strength
characteristics which include the angle of internal
friction and cohesion of soil with decreasing
humidity and draining water from the active layer
and talik beyond the construction site. The
application of intensive technology for reinforcing
the roadbed during the construction of routes in the
permafrost zone is substantiated.
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Background. Stability of the roadbed in the
regions of permafrost soils must be ensured
throughout the entire life cycle of the railway, starting
from the stage of design and geological survey, during
which data appear on the thermophysical and
physicomechanical processes occurring in Soils.
Under the influence of these processes, deformation
occurs during thawing, adversely affecting safety of
the engineering structure [1, 8]. The works on the
theory of the roadbed of G. M. Shakhunyants [10] and
M. N. Goldshtein [2], devoted to its design and
operation, do not fully reveal the problem of changing
the physical and mechanical characteristics of soils
in the process of construction.

The urgency of this problem was confirmed when
considering the results of engineering surveys and
assessing the stability of the base on the sections of
the construction of the Northern latitudinal railway [5,
6]. The analysis showed that in the high-temperature
permafrost (with a positive soil temperature at the
boundary of zero amplitudes) the second construction
principle (with the assumption of thawing) leads to
especially numerous deformations of the earth
foundation.

At the stage of designing the construction of a
new railway line in the area of permafrost soils, it is
necessary to take into account the presence of
possible hazardous areas. Such, in particular, are talik
zones, which have a negative impact on the
construction of the roadbed and its subsequent

operation [10]. Such zones can be the cause of the
appearance of various deformations on construction
sites [1]. To destruct high power taliks, a modification
ofintensive technology was developed in combination
with piles in the geotextile shell [4].

The intensive technology developed at Russian
University of Transport (MIIT) has proved effective to
prevent deformations of the roadbed. It had been
patented [3] and for the first time it was implemented
by JSC Tsentrostroymekhanizatsiya during
construction of the motorway Moscow Ring Road—
Kashira [7].

Objective. The objective of the authors is to
consider the intensive technology for construction of
a roadbed in the permafrost zone.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
evaluation approach, modeling, graph construction,
specific enginnering methods of transport
construction in permafrost zones.

Results. Let’s consider the experience of
realization of intensive technology at the example of
sections of the roadbed of Salekhard—Nadym railway
line. Analysis of the stability of the base, carried out
in [5, 12], showed the presence of potentially
hazardous areas with a stability coefficient (K ) of
0,688. Since K, < 1, the strength of the base is not
ensured. The check in the program complex Plaxis
(Pic. 1) confirmed the instability of the base: K, =
0,767.

Calculation information ——
[Multihers | Additonal Info | Step Info |
Step Info

Step 3450f346  Extrapolation factor 1,000
Plastic STEP Relative stiffness 0,000

[ Multipliers

Incremental multipliers Total mutipiers
Prescribed displacements Mdisp: 0,000 | E-Mdisp: 1,000
Load system A MioadA: 0,000 I-MoadA: 1,000
Load system B MioadB: 0,000 T-MioadB: 1,000
Soil weight Mweight: 0,000 | I-Mweight: 1,000
Acceleration Maccel: 0,000 I-Maccel: 0,000
Strength reduction factor Msf: 0,000 E-Msf: 0,767
Time Increment: 0,000 | End tme: 733,067
Dynamic time Increment: 0,000 | End tme: 0,000 !
e | o]

Pic. 1. Results of calculating the stability coefficient using the software complex Plaxis.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 16, Iss. 1, pp. 58-64 (2018)

Shepitko, Taissia V., Lutsky, Svyatoslav Ya., Artyushenko, Igor A. Intensive Technology for Construction of

a Roadbed in the Permafrost Zone



) The intensive technology .m.akes it possible' to CTwiﬁcation of potentially hazardous arcas )
improve the strength characteristics of the foundation

soils by means of sealing and moisture reduction
measures (Pic. 2).

The first stage of the intensive technology is ]
arrangement of drainage systems to accelerate | Determination of K, from the exploited embankment |
consolidation. This process is executed through - )

removal of water, squeezed out of the thickness of Yes No
the weak base.

| Determination of the depth of freezing-thawing l

The second stage is accomplished to harden the 7
foundation soils by compacting them with the use of | ‘Arrangement of a drainage system |
an additional external load from ground vibrating T
rollers, which allows to reduce humidity, increase the -
strength and the modulus of deformation of soils. | Water drainage ]
In accordance with the recommendations on the ¥
intensive technology [7, 11], its design includes the Water removal during migration moisture accumulation
choice of organizational and technological methods
that, in combination, improve the performance Intensive technology
(characteristics) of the foundation of the roadbed:
- reduction and subsequent damping of | Determination of K, from the exploited embankment ]
subsidence (S); v N
— growth of the deformation modulus (E); es ¢ 0
— increase of the strength characteristics of the
soil (C, ¢).
Due to the use of the intensive technology in the | Additional measures to strengthen the foundation ]
design of earthworks on the section Salekhard—Nadym, T
the humidity of the active layer and talik decreased from _)Gons truction of a roadbed )
33,5 % to 23,3 % and 29,4 %, respectively. In

accordance with the regularities established in [8], with
a decrease in humidity and water removal from the
active layer and talik beyond the construction site,
strength characteristics increase: the angle of internal

Pic. 2. Schematic diagram of increasing the stability
of the roadbed on a subsidence base.
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Pic. 3. Change in the angle of internal friction of soils of the active layer and talik.
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Pic. 4. Change in cohesion of soils of the active layer and talik.
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friction ( Pic. 3) and soil cohesion increase (Pic. 4). As
aresult, the stability coefficient increases and the base
of the embankment stabilizes (Pic. 5).

Thus, the use of the intensive technological mode
of compaction of a subsidence layer of soil during
thawing of the base allowed: to reduce moisture of the
active layer and talik; to increase cohesion of the active
layer from 14 to 20 kPa, cohesion of talik — from 9 to
14,5 kPa; to increase the angle of internal friction of
the active layer from 25 to 29,5 degrees and the angle
of internal friction of talik — from 16 to 22 degrees.

At the same time, the intensive technology
developed at Russian University of Transport(MIIT) [6,
7] was implemented in the form of technological
regulations for construction of a roadbed on the
sections of high-temperature permafrost soils of the
railway lines Obskaya—Bovanenkovo—Karskaya and
Obskaya-Salekhard.

Conclusions. The use of the intensive technology
to compact and reduce moisture contents of soils of
the base of the roadbed on high-temperature
permafrost leads to an increase in the strength
characteristics (cohesion and angle of internal friction)
of soils of the active layer and talik during the
construction period. For destruction of high power
taliks, a modification of the intensive technology in
combination with piles in the geotextile shell has been
developed. The technology itself should be
recommended first of all in order to improve safety of
the roadbed in the construction of railways and roads
in the permafrost zone.
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