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ABSTRACT: The article describes the investigation and remedial work options for a damaged section of railway line underlain by 
soft soil located in Nur-Sultan City, Kazakhstan. The analysis and geotechnical study were conducted with the help of modern ground 
improvement methods for soft soil and were used to determine the most appropriate methods of strengthening of the damaged 
subgrade and to provide recommendations for the remedial work. The methods and technological processes for strengthening of the 
soft soil were selected taking account of the requirement for uninterrupted movement of trains on the line, the maximum size of 
equipment that could be used at the site and the height restrictions posed by overhead electrical wires. The paper describes and 
illustrates the recommendations for the restoration of the soft soil below the damaged section of the railway line based on the results 
of geotechnical studies. These investigations are important for understanding soil-structure interaction on problematical soft soils. 

RÉSUMÉ : L'article décrit les options d'enquête et de travaux de réparation pour une section endommagée de la voie ferrée reposant sur 
un sol meuble situé dans la ville de Nur-Sultan, au Kazakhstan. L'analyse et l'étude géotechnique ont été menées à l'aide de méthodes 
modernes d'amélioration des sols pour sols meubles et ont été utilisées pour déterminer les méthodes les plus appropriées de renforcement 
du sol de fondation endommagé et pour fournir des recommandations pour les travaux de réparation. Les méthodes et procédés 
technologiques de renforcement des sols meubles ont été choisis en tenant compte de l'exigence d'une circulation ininterrompue des trains 
sur la ligne, de la taille maximale des équipements pouvant être utilisés sur le site et des restrictions de hauteur imposées par les câbles 
électriques aériens. L'article décrit et illustre les recommandations pour la restauration du sol meuble sous la section endommagée de la 
voie ferrée sur la base des résultats des études géotechniques. Ces investigations sont importantes pour comprendre l'interaction sol-
structure sur les sols meubles problématiques. 
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1  INTRODUCTION 

A section of railway line located above the Akbulak River in 
the city of Nu-Sultan, Kazakhstan was found to have been 
damaged. The situation is complicated by the presence of soft 
soils in the subgrade underlying the railway line at this site. The 
need to correct this damage prompted an investigation of 
potential remediation techniques for this section of the railway. 

This article describes the investigation and remedial work 
options available to correct the aforementioned damaged 
section of the railway line. Additional details pertaining to the 
performance of the railway subgrade are given by 
Zhussupbekov and Omarov 2016 & by Zhussupbekov et. al. 
2020. 

2  ENGINEERING AND GEOLOGICAL 
CHARACTERISTICS OF THE DAMAGED SITE 

To assess the geological characteristics of the damaged 
subgrade, the most suitable geophysical method of investigation 
in terms of both depth and resolution was determined to be 
ground penetrating radar (GPR). GPR analyzes the reflection of 
artificially generated electromagnetic pulses from the 
boundaries of media with different dielectric permeability and 
electrical conductivity. The frequency of the electromagnetic 
field used in GPR is usually in the range of 107-109 Hz. These 
frequencies are significantly higher than those used in classical 
geophysical electromagnetic methods; they allow for much 
more detailed studies but limits the depth at which readings can 
be made. The attenuation of the electromagnetic field depends 
primarily on the frequency and electrical conductivity of the 

medium in which the field is distributed. The lower the 
frequency and the lower the electrical conductivity, the deeper 
the electromagnetic pulses penetrate into the medium (Ferdous 
and Manalo 2014). The application of GPR to the railway 
subgrade is rather straightforward. The low-frequency antennas, 
which are moved directly on the surface by means of the 
“handle-bar”, are shown in Figure 1 (Zhussupbekov et.al. 2020 
& Zhussupbekov and Omarov 2016). 

 

 
Figure 1. Georadar OCO-2 is ground penetrating radar with AB antenna 
unit (150 MHz) 
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GPR readings were carried out to detect various 
deformations associated with of mud bags, ballast troughs, etc. 
Two antenna units, AB-150MHz and AB-400 MHz, were used 
to obtain these readings. 

Table 1 shows some technical characteristics of the antenna 
unit of GPR family "OCO-2". 

Тable 1. Specifications GPR antenna units "OCO-2". 

Antenna unit 

type 

Central 

frequency 

(MHz) 

Maximum 

depth of 

sensing, m* 

Excitation pulse 

amplitude of the 

transmitting antenna 

АB-150 150,0 12 Not less than 600V 

АB-400 400,0 5 Not less than 250V 

* For environments with low attenuation such as sand, ice, etc. 

Radar soundings using the high-frequency (400 MHz) unit 
AB-400 were carried out along the a length of 200 m in the 
vicinity of the damaged railway subgrade. The use of the high-
frequency unit gives more information with less resolution loss 
with depth (Kumaran et.al. 2003 & Shih et.al. 2017). Figure 2 
shows the profile radar program after preliminary processing. 

Figure 2. Radarogram of area #2 (PC 497+910 and PC 498+010). 

The radar program, using a probing depth of 9 m, clearly 
showed the presence of a ballast prism layer (up to 1 m), and 
the soil layer consisting of plastic loams underlying the 
subgrade. Figure 3 shows a three-dimensional model of the 
soils present over the 200 m length of railway analyzed as part 
of the present work (Alves Costa et al. 2015 & Auersch 2017). 

An area of high moisture distribution in the soils underlying 
the railway line at the depth of 7.0 m has been revealed 
(Zhussupbekov et al. 2015 & Zhussupbekov et al. 2017. 

Figure 3. Three-dimensional model of weakened zones distribution in 
the subgrade and in embankment base. 

3   RECOMMENDATIONS ON RESTORATION OF 
DAMAGED SECTION OF RAILWAY  

One approach to strengthening the railway subgrade involves 
the use of elements employing equipment and technologies 
designed for horizontal directional drilling. Such equipment can 
be used at this facility for installing pipes under railway tracks. 
For example, 320 mm diameter non-retrievable casing pipes 
filled with concrete could be used. The pipes will have a wall 
thickness from 6 to 9 mm (Dong et al. 2018 & Zhai et al.2017). 

The absolute markings of the axes of the reinforcement 
elements laying are chosen considering geological and 
hydrogeological conditions at the site. This is important because 
the horizontal drilling technology is not recommended for use 

in water-saturated and loose soils in order to avoid “leakage” of 
soil into the casing cavity. Such leakage may result in the 
destruction of the subgrade (Powrie et al. 2017 & 
Zhussupbekov et al.2020). 

In order to increase embankment reinforcement efficiency, it 
is proposed to lay casing in two horizontal rows with axis 
deviation by tilt angle +/- 50 from the axis perpendicular to the 
railway track. This makes it possible to exclude their placement 
in one vertical plane and to increase overall spatial rigidity of 
reinforcement elements (Zhussupbekov and Omarov 2016 & 
Zhussupbekov et.al. 2020).  

It is thus recommended to install pipes from the lower row in 
the sequence shown in Figure 4; i.e, pipes 1-1I, 3-31, 5-5I, 2-2I, 
4-4I, upper row 6-6I, 8-8I, 10-10I, 7-7I, 9-9I. In addition, it is
recommended to drill pilot boreholes before laying such pipes.

Figure 4. Reinforcement of the railway subgrade using horizontal 

concrete pipes at cross-section 1-1. 

Considering the absolute marks of pipe axes laying above 
the subgrade base, a steel tank of a corresponding volume filled 
with piece material (FBS blocks, prefabricated slabs, etc.) can 
be used as a thrust block that will allow to quickly move 
drilling equipment to another point.  

The entire length of each pipe is filled with concrete of at 
least B25 class (25 MPa) after installation in the design 
position. This concrete class is chosen to increase the bending 
stiffness of pipe concrete elements, as the elastic modulus of 
heavy concrete class B25 is 1.4-1.6 times higher than, for 
example, concrete class B10-B12.5 and 1.8-2.0 times higher 
than Cement-sand solution M100. The increase in modulus of 
elasticity increases the bending stiffness of the tubular concrete 
elements, thus decreasing the subsidence of the subgrade. 

For convenience and better concrete filling of the pipes 
during their installation, a slope of 0.02 in the longitudinal 
direction is provided. Steel plates measuring 350 mm by 
350 mm by 8 mm are welded to one end of each of the pipes. 
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Тable 1. 

А

А

 

 

This further increases the stiffness of the reinforcement 
elements. It is also possible to use two rails P50 at the top and 
bottom of the ends of pipes connected to each other through 
twin channels vertical tightening on the bolted connections of 
smooth fittings. 

Following installation of the horizontal pipes, it is 
recommended to continue to monitor the process of subsidence 
of the railway subgrade and, if necessary, to carry out any 
additional repair and reinforcement work. 

Changes in casing diameters and marks of their should be 
agreed with the developers of recommendations. 

4  STRENGTHENING THE RAILWAY SUBGRADE WITH 
INCLINED CONCRETE PIPES WITH RIGID FITTINGS 

A second approach to strengthening the railway subgrade 
involves the installation of inclined concrete pipes with rigid 
reinforcement. This is based on the notion of ensuring suitable 
joints in solid and semi-solid embankment loams and flowable 
soils below the ground water table. The inclined pipes have 
increased bending stiffness, are anchored in their upper portion, 
and more durable when driven into the aforementioned soft 
soils (Zhussupbekov et al. 2021 & Zhussupbekov et al. 2016). 

Considering the peculiarities associated with foundation 
elements having increased bending stiffness such as bored piles 
(including inclined piles), their application in specific 
conditions has certain difficulties. When strengthening a 
railway subgrade, the main issue is, however, ensuring 
continuous movement of trains. A second concern is the height 
of the overhead electricity wires, as well as their support 
elements.  

In view of the above it is recommended to consider a variant 
that considers the main problems as much as possible: 
application of small-size equipment and technologies that allow 
to work safely in the area below the mark of contact wires and 
application of non-retrievable casing pipes during driving that 
exclude additional deformations of embankment soils and base. 

The increase of bending stiffness of the cross-section is 
realized by using steel reinforced, tubular concrete elements. 
The length of the inclined elements ensures that their lower 
ends will rest in the sand or gravel layers as opposed to in the 
plastic loam.   

It is recommended to use small-size drilling rigs with 
technical characteristics that allow to arrange reinforcement 
elements with required geometrical parameters in water-
saturated soils both in the horizontal and inclined directions.   

It is recommended to arrange the reinforcement pipes in the 
following sequence: In the first stage, they should be installed 
perpendicular to the rail track axis - elements 1-10. Then in the 
sequence indicated in the Figure 5 from 11 to 22 elements. 

After immersion of the casing in the inner cavity, the 
elements of rigid reinforcement (rails) with the length of 3-4 m 
are lowered, connected to each other by steel plates at welding: 
on the top, width 45 mm, length 150 mm, thickness 8 mm; at 
the bottom, respectively, 100 mm by 150 mm by 8 mm, on the 
side edges in the vertical plane of the plate height 70 mm, 
length 150 mm, with a thickness of 8 mm. On the vertical edges 
of the allowed joint on two-sided plates with connections 
involving at least four bolts.  

With a pipe diameter of 250 mm preliminarily in the 
longitudinal direction, vertically in increments of 600 mm to the 
rails welded protective layer of steel plates: in the lower zone of 
30 mm high, 100 mm long, 8 mm thick, along the upper face, 
respectively, 56 mm by 100 mm by 8 mm. It is recommended to 
specify the height of clamps by the actual internal diameter of 
the pipe (Figure 5).  

After immersion of reinforcing elements and the fixing of 
the inner cavity of the pipes, they are filled with fine-grained 
sulfate-resistant concrete at least B20 class with the addition of 

superplasticizer. This ensures the uniform penetration of 
concrete throughout the pipe. For concrete compaction, it is 
recommended to use overhead vibrators mounted on the rail or 
on a casing pipe.  

It is recommended to divide the implementation of the 
proposed option into two stages. In the first stage, the 
reinforcement of the subgrade is installed and geodetic 
observations of the development of railway track deformations 
are made. If the deformations do not stabilize within a certain 
period of time, for example, within a month, then proceed to the 
second stage in which additional inclined reinforcement is 
installed. At the time of work on the strengthening of the base 
of concrete elements it is recommended to continue monitoring 
the processes of subsidence of the railway bed and, if necessary, 
to carry out repair and reinforcement work on the proven 
technology. 

It is acceptable to correct the diameter of the casing without 
approval of the developers of recommendations +/- 50 mm, 
length of reinforcement elements +/- 1 m, and angle of slope +/-
50. When changing geometric parameters by values greater than 
those listed above, agreement must be reached with the 
developers of recommendations. 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Strengthening of railway subgrade with inclined pipe-concrete 
elements with rigid reinforcement.  
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5  CONCLUSION 

This article described the investigation and remedial work 
options for a damaged section of railway line underlain by soft 
soil located in Nur-Sultan City, Kazakhstan. based on the results 
of engineering and geological surveys, two approaches to 
restore the base of the disturbed section of the railway bed with 
a description of methods and technologies were recommended, 
namely: 1) strengthen the railway embankment by installing 
horizontal pipe-concrete elements; and 2) strengthen the base of 
the railway embankment by installing inclined pipe-concrete 
elements with rigid reinforcement. Both approaches ensure the 
safe conduct of work on strengthening the damaged section of 
railway line in an area of high-voltage wires, without disruption 
to the operation of the railway. 

Irrespective of which approach is selected, it is 
recommended to conduct geotechnical monitoring of the 
railway track and the underlying soil. 
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