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THE BASING OF STABILIZATION PARAMETERS OF A FORTIFIED 
RAILWAY BED 

Purpose. The article is devoted to stabilization parameters determination of reinforced railway bed. At the present 
time, the railway plays the leading role in transport system to ensure the needs of freight and passenger traffic. In mod-
ern conditions railway operation concentrates on ensuring the necessary level of track reliability, including the roadbed, 
this is one of the main elements of road structures. The purpose of this article is the determination of basic parameters 
of stress-strain state to stabilize the soil subgrade embankment by reinforced materials. Methodology. To achieve this 
goal the following tasks of researches were solved: the effect of reinforcing layer of geomaterial on deformation prop-
erties of soil subgrade in various design of strengthening was investigated, the distributions of stresses in the subgrade 
were determined, reinforced of geomaterials under state load. Experimental studies to explore the nature of the defor-
mation model subgrade at various degrees of stress were carried out. Findings. The analysis of the results of performed 
experimental and theoretical studies permitted to do the following conclusions. In conducting researches determined 
the distribution of stresses in the subgrade reinforced geomaterials under static load. The complex of experimental stud-
ies allows exploring the nature of the deformation model subgrade at various degrees of stress. Originality. On the 
basis of the theoretical studies have been regarded the problem of determining the stress-strain state of subgrade rein-
forced geomaterials by measuring stresses in its application for step loads. Practical value. The practical value was 
presented by the results of evaluating the effect of reinforcing way for changing the stress-strain state of subgrade. 

Keywords: railway bed; subgrade; traffic; roadbed; parameters; stress-strain state 

Introduction 

At the present time the railway transport in the 
unit transport system of Ukraine plays the leading 
role by guarantee the requirements of freight and 
passenger traffic. In modern conditions the railway 
operations concentrates on ensuring the necessary 
level of the track reliability, including the roadbed 

as the basis of the road embankment to a large ex-
tent determines the normal operation of the railway 
as the whole under the influence of the rolling 
stock. As it is known, the main cause of the traffic 
accident on the railways is the state of the track 
(50%), the state of the rolling stock (43%) and a 
human factor. 
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Thus, it is necessary to develop new investiga-
tions with the using of subgrade reinforcement 
elements with different materials and determine the 
parameters of their efficiency, especially at higher 
train speeds. To achieve this goal of determining 
the basic parameters of the stress-strain state to 
stabilize the soil subgrade embankment reinforced 
with special materials it is required to solve next 
research tasks: 1) carry out the analysis of previous 
studies in the field of strengthening of subgrade by 
reinforcing materials; 2) investigate the effect of 
influence by reinforcing layer by geomaterials on 
deformation properties of subgrade strengthening 
in various designs; 3) determine the distribution of 
stresses in the subgrade, reinforced geomatherials 
under static load; 4) carry out the complex of ex-
perimental researches to explore the nature of the 
model subgrade deformation at different voltage 
level [2–4]. 

Purpose 

Analyzing every works about the reinforcing of 
subgrade embankment, it should be noted that re-
sults of previous studies indicate to the using of 
traditional methods of strengthening subgrade 
railways are not always effective and it is neces-
sary to develop new methods [1, 5–8, 12]. 

Methodology 

For research inclusions of the reinforcing geo-
matherials on the soil subgrade method were out-
lined and as a result of the study its materials loaded 
up to the level of adequate modern rolling stock. 

The results of previous studies [5–7, 11–16] in-
dicate that the using of traditional methods of 
strengthening subgrade railways are not always 
effective and leads to the higher costs and time to 
conduct it. The modern ways of strengthening of 
railway subgrade have the several disadvantages, 
technological or economic nature, and therefore do 
not solve the issue in many causes reducing the 
deformability of the roadbed. Theoretical and ex-
perimental studies carried out in different coun-
tries, as well as monitoring of the test sites re-
vealed that geotextile placed on main subgrade 
surface, comes into work with a ballast layer of 
soil and is the main site, with the stress-strain state 
of subgrade changing. 

Thus, currently there is the problem of assess-
ment the quality reinforcement, especially geosyn-

thetic materials, railway roadbed [6, 7, 10, 12]. In 
this case, it is complicated by the fact that there is 
no single concept of subgrade strengthening the 
body over its depth, especially in combined ver-
sions [6]. Therefore in the task of developing the 
method need to strengthen and evaluate of its 
stress-strain state. 

The tests were conducted in a closed system i.e. 
at constant soil moisture. According to test result 
were constructed plots of the “stress – the relative 
strain”. Base on the results of sample tests on the 
compression was verify the effectiveness of plac-
ing a geotextile to reduce the deformation of the 
sample at the laboratory studies were performed 
stabilization reinforced roadbed. Dimensions of the 
model in plane were accepted 680×120 mm. Front 
wall of the tray was made of a transparent Plexi-
glas for observations the development of deformi-
ties. Loading of models were carried out on the 
linkage system with shoulder leverage of 1:10. The 
load transmitted to the stamp area 155.3 cm2. In 
the process of model loading controlled the level of 
absolute displacements vertical load on the stamp 
was from 10 to 50 N with the stresses under the 
stamp changed from 0.0644 MPa to 0.332 MPa (as 
we know the normative power of the railways in 
the strengthening of 0.16 MPa). The settlement of 
stamp measured three dial gangs with a scale of 
0.01 mm. Indicators on the stamp mounted sym-
metrically. Move the stamp recorded after each 
stage of the application load after and removed on 
indicators of the deformed samples and photogra-
phy model. Moving of subgrade recorded of rules 
set on the side faces of the tray and strain model 
with a grid printed on its face. To substantiate 
methods prevent of substantially reduce the strains 
of subgrade for different types of reinforcement 
were conducted experimental researches in the tray 
with the geometric scale of modelling 1:20. There 
have been conducted several series of model tests 
with the specification of their deformation charac-
teristics in depending on the nature of reinforce-
ment (Fig. 1). 

At the analysis of the parameters of the experi-
mental studies reinforced by geotextile of subgrade 
found that the nature of the manifestation of de-
formation unreinforced model – variant 0 (Fig. 1, 
a) is manifested by the appearance of the stamp 
core compression, which was clear from the distor-
tion mesh 2×2 cm. towards the front of the model. 
Option 1 (Fig. 1, b) during the compression of the 
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soil matrix with geotextile fabric has significantly 
changed its shape, detached from the main site and 
out of shape as a result of the critical strain, indi-
cating that non-rationality of the option for placing 
reinforcing element. At the analysis of the option 2 
(Fig. 1, c) states that the considerable effort in the 
geotextile separation zone formed matrix and rein-
forcement. In options 3 and 4 (Fig. 1, d, e) there is 
a homogeneous deformation, since the critical 
strain as bundle and pulling the valve were found. 

a 

 

b 

 

c 

 

 d 

 

e 

 

f 

 
Fig 1. Special reinforced models by geotextile  

materials:  
a) Option 0 – unreinforced model; b) Option 1 – the model 

reinforced geotextile cloth located directly under the  
ballast; c) Option 2 - the model reinforced geotextile cloth 
and located at a depth of 2 cm (0.4 m. in nature) from the 
main site; d) Option 3 – the model reinforced geotextile 
cloth with bends at depth: 3a – 2 cm (0.4 m. in nature),  

3b – 4 cm (0.8 m in nature); e) Option 4 – the model rein-
forced by two contacted of geotextile clothes with bend  
at a depth of 2 cm (0,4 m in nature) and 4 cm (0,8 m in 
nature); f) Option 5 – the model reinforced geotextile 

membrane at a depth 2 cm (0,4 m in nature) 

Therefore the reinforcement models of sub-
grade with the inline options are optimal to stabi-
lize the railway subgrade. Having considered the 
option 5 (Fig. 1, f) at significant stresses detected 
deformation of soil matrix at the edges of stamp 
and the ballast layer consequently, the presence of 
cracks in surge – on the edge of stamp and the bal-
last layer, consequently, presence of cracks in 
surge – on the edge of the ballast and under the 
edge of the stamp is a negative effect. 

Stabilization parameters that are accepted in the 
work for gutter tests also showed that the com-
bined version 5 is the most effective measure of 
stabilization parameters. The additional geometric 
constructions, which simplify comparison, are 
shown in Fig. 2 and 3. So at the regulatory maxi-
mum stresses on the main site subgrade, which is 
equal to 0.08 MPa, the relative deformation of op-
tions to strengthen from the geotextiles are equal 
respectively: Option 0 – 0.0078, Option 1 – 
0.0066, Option 2 – 0.0065, Option 3a – 0.0053, 
option 3b – 0.0067, Option 4 – 0.0046, Option 5 – 
0.0044, that is, the introduction of the geotextile 
reduces deformations at 1.2…1.8 times (maximum 
decrease of strains in option 5). Modulus of elastic-
ity, as one of the stabilization parameters, varied in 
the followed ranges; Option 0 – 2.78 MPa, option 
1 – 12.5 MPa, option 2 – 5 MPa, option 3a – 25 
MPa, option 3b – 3.57 MPa, option 4 – 12.5 MPa, 
option 5 – 25 MPa, that is, in options 3a and 5, 
with the introduction of geotextile modulus of elas-
ticity increase in 9 times, respectively, the defor-
mation characteristics of subgrade, in the con-
ducted tests, were improved. 

In the series of experimental and conducted re-
search were carried out tests on the strengthening 
models by small-deformable layer of Rubble-Soils 
Mixe, which is located at a different depth from the 
main site of subgrade (Fig. 2). 
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Fig. 2. Options for strengthening the model little de-
formable layer made of Rubble-Soil Mixes (RSM): 
a) Option 1 – RSM layer thickness of 1 cm (0.2 m in na-
ture) at a depth of 2 cm (0.4 m in nature) from the main 

site, b) Option 2 –RSM layer of thickness 2 cm (0,4 m in 
nature) which is placed directly under ballast, c) Option 3 –

RSM layer of thickness 2 cm (0.4 m in nature), which is 
placed at a depth of 4 cm (0.8 m in nature) from the main 
site, d) Option 4 – RSM layer of thickness 2 cm (0.4 m in 
nature) at a depth of 6 cm (1.2 m in nature) from the main 
site, e) option 5 – option combined RSM layer of thickness 
2 cm (0.4 m in nature) at a depth of 2 cm (0.4 m in nature) 
from the main site, wrapped in geotextile cloth with bends, 
f) Option 6 – option combined – a layer from RSM sm. of 

thickness 2 cm (0.4 m in nature) at the depth of 4 cm (0.8 m 

in nature) from the main site, wrapped in geotextile cloth 
with bends 

Findings 

When analyzing the results of experimental 
studies of the stress-strain state of subgrade rein-
forced, the small deformable layer of crushed 
stone-ground mixture, established the following. In 
option 1 (Fig. 2, a) slightly improved picture of 
deformation, however, is not essential. But still-
compared to unreinforced option 0 (Fig. 1, a), the 
damping stress is significant. By increasing the 
thickness of small deformed layer to 2 cm (0.4 m 
in nature) revealed its positive impact on the reduc-
tion of vertical deformations, and the impact of its 
location on these values. So in options 2, 3, 4 (Fig. 
2, b, c, d) the influence of the position of the layer 
to change vertical displacements were recorded. In 
the version 5 (Fig. 2, e) was recognized sheared 
strain as a bundle and pulling out of the matrix and 
reinforcement (small deformed layer at a depth of 
2 cm (0.4 m in nature) from the main site. When 
analyzing 6 options (Fig. 2, f) small deformed layer 
located at a depth 4 cm (0.8 m in nature) from the 
main site. It is established that uncritical deforma-
tion in the form deformation and loosening of fit-
ting is not detected, so this option is effective to 
stabilize subgrade. As a result, were accepted pa-
rameters stabilization in the case of roadbed 
strengthening by small deformable layer and com-
bined strengthening with relative deformation at 
the normative maximum stress to strengthen for 
variants equal respectively: Option 0 - 0.0078, Op-
tion 1 – 0.0062, Option 2 – 0.0034, Option 3 – 
0.0034, Option 4 – 0.034, Option 5 – 0.0015, Op-
tion 6 – 0.0034. We can say that: using of combi-
nation options, as the most effective, reduces strain 
in 5.2 times (The rest variants amplification – only 
at 1.3…2.3 times). The modulus of elasticity as 
one of the parameters stabilization changes in the 
following within: Option 0 – 33.3 MPa, Option 1 – 
32.1 MPa, Option 2 – 62.5 MPa, Option 3 – 55.6 
MPa, Option 4 – 74.3 MPa, Option 5 – 133 MPa, 
Option 6 – 104 MPa, that is option 5 (combined) 
increase the modulus of elasticity in the 4 times. 
Respectively deformation characteristics of sub-
grade activities improved, also improves and 
strength characteristics, as one of the parameters of 
stability improves (tensile strength – a stress corre-
spond to the relative deformation of 0.01): Option 
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0 – 0.078 MPa, Option 1 – 0.09 MPa, Option 2 – 
0.108 MPa, Option 3 – 0.11 MPa, Option 4 – 0.114 
MPa, Option 5 – 0.142 MPa, Option 6 – 0.109 
MPa. In the case of amplification at combined op-
tion 5, the tensile strength increases in 1.8 times 
(other options for amplification only in 1.15…1.46 
times). Thus, the parameters stabilization obtained 
for several options amplification by geotextile and 
small deformable layer including combined indi-
cate the high efficiency of combined option. 

Originality and Practical value 

On the base of analysis of the results of per-
formed experiments were done the following con-
clusions. 

The analysis of the carried out studies in the 
field of strengthening subgrade reinforcing materi-
als allowed establishing a lack of development and 
ways to strengthen of subgrade railways. 

In conducting experimental studies determined 
the distribution of stresses in the subgrade, rein-
forced geomaterial under static load as a model in 
the tray. On the base of the experimental studies 
results established the parameters of the stress-
strain state to reinforce the roadbed small deform-
able layer is made of Rubble-Soil Mixes when the 
relative deformations equal from 0.008 to 0.017. 

As established experimentally, the reinforcing 
roadbed as separate horizontal panels and strength 
by geotextile matrixes 1.5…1.6, the emergency of 
separation zones at the ends of the cloth show irra-
tionally of these options, regardless of their loca-
tion in height of the matrix. 

In addition, it was found that the reinforcement 
of a closed shell also can not be a rational choice, 
even with the increasing the strength in 1.6 times, 
since the deformation of subgrade at this version of 
the reinforcement due to significant cracking. 

Conclusions 

The complex of experimental studies was con-
ducted to explore the nature of the deformation 
model subgrade of various degrees of stress. Based 
on experimental studies, a way strengthen roadbed 
reinforcement Ruble-Soil Mixes wrapped in geo-
textile with bends and justified its position at a dis-
tance of 0.4 m from the main site, which will in-
crease the strength of the roadbed in 1.8–2.0 times 
and stability to improve the speed of the trains. 
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ОБГРУНТУВАННЯ СТАБІЛІЗАЦІЇ ПАРАМЕТРІВ УКРІПЛЕНОГО 
ЗАЛІЗНИЧНОГО НАСИПУ 

Мета. Стаття присвячена визначенню параметрів стабілізації підсиленого залізничного полотна. В даний 
час залізниця відіграє ключову роль у забезпеченні потреби пасажирських та вантажних перевезень. У су-
часних умовах експлуатація залізниць сконцентрована на забезпеченні необхідного рівня надійності колії,  
в тому числі земляного полотна, яке є одним із ключових елементів дорожніх конструкцій. Мета цієї статті 
полягає у визначенні параметрів напружено-деформованого стану для стабілізації грунта земляного полотна 
насипу підсилюючими матеріалами. Методика. Для досягнення цієї мети було вирішено такі завдання до-
сліджень: вивчено вплив армуючого шару геоматеріалу на деформаційні властивості грунтового земляного 
полотна при різних конструкціях укріплення; визначено розподіл напружень в земляному полотні, які поси-
лені геоматеріалами при статичному навантаженні; виконано експериментальні дослідження для вивчення 
природи деформацій моделі земляного полотна на різних стадіях навантаження. Результати. Виконаний 
аналіз результатів проведених експериментальних та теоретичних досліджень дозволив зробити ряд виснов-
ків. При проведенні досліджень визначено розподіл напружень в земляному полотні, посиленому геоматері-
алами при статичному навантаженні. Виконаний комплекс експериментальних досліджень дозволив вивчи-
ти природу деформацій моделі земляного полотна при різних ступенях навантажень. Наукова новизна. На 
основі теоретичних досліджень розглянуто проблему визначення напружено-деформованого стану земляно-
го полотна, посиленого геоматеріалами, шляхом вимірювання напружень при їх застосуванні під час поета-
пного навантаження. Практична значимість. Практична значимість обумовлена підсумками оцінки впливу 
підсилення земляного полотна для зміни його напружено-деформованого стану. 

Ключові слова: залізнична колія; насип; рух; земляне полотно; параметри; напружено-деформований 
стан 
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ОБОСНОВАНИЕ СТАБИЛИЗАЦИИ ПАРАМЕТРОВ УКРЕПЛЕННОЙ 
ЖЕЛЕЗНОДОРОЖНОЙ НАСЫПИ 

Цель. Статья посвящена определению параметров стабилизации усиленного железнодорожного земля-
ного полотна. В настоящее время железная дорога играет ключевую роль в обеспечении потребности пасса-
жирских и грузовых перевозок. В современных условиях эксплуатация железных дорог сконцентрирована 
на обеспечении необходимого уровня надежности пути, в том числе земляного полотна, которое является 
одним из ключевых элементов дорожных конструкций. Цель этой статьи заключается в определении пара-
метров напряженно-деформированного состояния для стабилизации основания и самого земляного полотна 
насыпи с помощью армирующих материалов. Методика. Для достижения этой цели были решены следую-
щие задачи исследований: изучено влияние армирующего слоя геоматериалов и деформационных свойств 
основания земляного полотна при различных конструкциях укрепления; определены распределения напря-
жений в земляном полотне, которые усилены геоматериалами под статической нагрузкой. Выполнены экс-
периментальные исследования для изучения природы деформации модели земляного полотна на разных 
стадиях нагружения. Результаты. Анализ результатов проведенных экспериментальных и теоретических 
исследований позволил сделать ряд выводов. При проведении исследования определено распределение на-
пряжений в земляном полотне, усиленном геоматериалами при статической нагрузке. Выполненный  
комплекс экспериментальных исследований позволил изучить природу деформации модели земляного  
полотна при различных степенях нагружения. Научная новизна. На основе теоретических исследований 
рассмотрена проблема определения напряженно-деформированного состояния земляного полотна, усилен-
ного геоматериалами путем измерения напряжений при их применении во время поэтапного нагружения. 
Практическая значимость. Практическая значимость обусловлена итогами оценки влияния усиления зем-
ляного полотна для изменения его напряженно-деформированного состояния. 

Ключевые слова: железнодорожный путь; насыпь; движение; земляное полотно; параметры; напряженно-
деформированное состояние 
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