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THE PROBLEM OF A LACK OF MATERIAL BEHAVIOUR DATA FOR
RISK ASSESSMENT

Purpose. The main purpose of this work is to provide theoretical support for the need to expand data on changes
in the material behaviour under dynamic loads when railway track risk assessment over time due to railway track
elements deformability. Methodology. For the research, an original model of railway track design described using
the original method based on the ability of elastic waves to propagate energy of power pulses in space and time, as
well as a model describing materials as discrete substances were used. Findings. It has been established that the
properties of the material affect the deformability of the elements and the design of the railway track; the main pa-
rameter in the study of deformability processes is time; material, as a substance, consists of atoms and molecules,
and therefore is not continuous; internal physical processes determine changes in the behaviour of the material of an
element. Originality. It has been proposed to develop classifications of changes in the physical properties of materi-
als according to the probability of irreversible deformations and the impossibility of deformations, as well as classi-
fications of changes in the mechanical properties of materials according to the probability of the defect appearance
and changing the material structure. Practical value. The ability to simulate analytically any physical processes
occurring inside elements due to the proposed method allows combining the influence of mechanical and physical
effects into a single calculation. This enables to assess the probability of appearing defects in elements under certain
dynamic loads when assessing the railway track risk over time due to railway track elements deformability.

Keywords: risk; deformations; materials; defect; deformability; physical and mechanical characteristics

Introduction ences are very different. The material properties of
the track elements determine the nature of the de-
formation of the railway track elements under me-
chanical stress. Physical (density, water saturation,
electrical and thermal conductivity, magnetization,
temperature coefficients of linear and volume ex-
pansion, etc.) and mechanical (strength, elasticity,
ductility, brittleness, impact resistance, hardness,
abrasion, wear, etc.) properties of materials deter-
mine the reaction of elements and track designs
under the rolling stock's effects and the environ-
ment and also affect the technical conditions of
elements and track designs.

During operation, under the influence of rolling
stock and the environment, changes occur both in
the technical conditions of the elements and in the

Generally, the design of the railway track is the
presence of a rail-sleeper grid laid on one of the
two structures of the base: a) the ballast layer and
the foundation soil (including sub-ballast layers) or
bridges; b) artificial structure (bridges, flyovers,
tunnels).

Elements of the rail-sleeper grid, bridges, and
tunnels are solid-state structures, the materials of
which are metal, wood, reinforced concrete, and
polymers. The materials used for the ballast, sub-
ballast layers and foundation soil are bulk materi-
als and represented by various soils.

The abilities of materials of railway track ele-
ments to absorb and transmit mechanical influ-
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railway track design. Therefore, there are such lim-
iting technical conditions of both elements and
track designs that are criteria for unsuitability for
their normal operation (that is, unsuitability for the
second limit state, which is also called deformabil-
ity unfitness). Without these criteria, the task of
ensuring the minimization of the life cycle costs of
the elements and track designs while maximizing
the RAMS (reliability, availability, maintenance,
and safety, IEC 62278: 2002, EN 50126-1-2017,
IEC 60300-3-3: 2017) of functioning systems is
impossible.

During operation under the rolling stock's in-
fluence and the environment, there are:

— material deformability — the ability of the ma-
terial to respond to physical factors (thermal, aque-
ous, acoustic, electrical, gravitational, radiation (nu-
clear, X-ray, etc.)) by changing shape and size de-
pending on the physical properties of the material;

— elements deformability — the ability of ele-
ments, like products made from a certain material
with a certain geometry, to respond to mechanical
stresses depending on the physical and mechanical
material properties and operating modes (loading
speed, temperature, exposure to the environment
and other factors),

— design deformability — the total deformability
of its elements at which design's elements not only
can change shape, size, and volume but also move
due to the deformability of other elements that
make up the design.

The study of the deformability processes occurs
simultaneously in several directions. So, specialists
in studying the properties of the materials are ex-
ploring the possibility of improving their quality
by using various additives to adapt the operation of
the elements under the influence of various climat-
ic and operational conditions [4, 17]. To increase
the wear resistance and extend the life of the ele-
ments, structure designers study the influence of
the geometric shapes of the elements on the fea-
tures of the design for certain contact conditions of
the elements that occur during operation [1, 6, 16].
Design experts examine the correlations of operat-
ing conditions with the occurrence of faults and
defects [11, 13, 18, 26] to assess risks. And with
the help of diagnostic studies, based on statistical
measurements, there is an assessment, control, and
verification of correlation dependencies [7, 19, 21,
23-24]. Scientific institutions, using the results of

the above specialists, develop models [12, 14-15,
20, 22, 25] for studying and predicting the opera-
tion of elements and structures in various condi-
tions, which are subsequently used as tools for
studying deformability.

This approach to studying of the deformability
processes uses a huge amount of information ob-
tained not only by the above-mentioned specialists
but also by experts in the development of methods
and equipment for measuring, recording, and pro-
cessing the necessary measurement values. And
the main parameter that unites all researchers is
time, i.e. the ability to measure, record, evaluate,
monitor, and predict the processes of deformability
for both short and long time periods. Therefore, the
paper presents the results of the theoretical support
for the need to expand data on changes in time of
the physical and mechanical characteristics of ma-
terials of track design elements under the influence
of rolling stock and the environment when railway
track risks assessment over time due to railway
track elements deformability.

Purpose

The main purpose of this work is to provide
theoretical support for the need to expand data on
changes in the material behaviour under dynamic
loads when railway track risk assessment over time
due to railway track elements deformability. The
object of the study is the deformability as a factor
of appearing defects in elements under dynamic
loads when railway track risk assessment over
time. The subject of the study is the internal physi-
cal processes to determine changes in the behav-
iour of the material of an element when railway
track risk assessment over time due to railway
track elements deformability.

Methodology of investigation

When a rolling stock travels along a track struc-
ture, the process of transferring dynamic effects
from rolling stock to a track structure and the reac-
tion of a track to a rolling stock effect is carried out
by wheel-rail contact. This process is quite com-
plex, its features are:

— the statistical variation of the types of wheel
contact with the rail, the contact point relative to
the rail head, the parameters of the contact areas of
the wheels and rails, as well as the direction of the

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/223526

44

© I. O. Bondarenko, L. O. Neduzha, 2020


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2020/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tTpascropry. BicHuk J{HIIpOneTpoBCbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2020, Ne 6 (90)

MATEPIAJIO3HABCTBO

interaction forces on the contact areas depending
on the position of the wheelset relative to the rail
track, as well as the technical conditions of the
wheels and rail tracks;

— the statistical spread of the magnitude and di-
rection of the interaction forces depending on the
movement mode of the rolling stock, type of track
structures and rolling stock, track plan and profile;

— the complex cyclic nature of the repeatability
of the impact of the rolling stock wheels on the
track section, depending on the designs of locomo-
tives and wagons in a train.

On the one hand, deformability predicting of
railway track elements in time is the task of deter-
mining the conditions under which a single action
of a wheel on railway track sections will cause de-
formations or defects in the railway track elements
and design. On the other hand, it is a task to deter-
mine how the impact of a certain spectrum of roll-
ing stock on a certain track section during the op-
eration of the track affects the gradual accumula-
tion of deformations and the development of de-
fects in the railway track elements and design.
Both tasks are unsolvable without data on changes
in time of the physical and mechanical characteris-
tics of materials of track design elements under the
influence of rolling stock and the environment.

In other words, to predict changes in the state
of any railway track element, under the dynamic
influence of the rolling stock during operation, it is
necessary to have information about emergence
reasons of internal deformations and stresses with
different characteristics (direction, value, rate of
change of value, time of exposure and the number
of occurrence of exposure). And how they affect
the changes in the physical and mechanical materi-
al characteristics, depending on the structure, hu-
midity, and temperature of the material at the time
of exposure of strains and stresses inside the ele-
ments.

Based on theories of elasticity and propagation
of elastic waves a method was developed to deter-
mine the processes leading to a change in time of
the local values of strains and stresses inside the
elements, [2, 3, 8-10]. The main advantage of the
proposed modeling method is the use of the ability
of elastic waves to propagate the energy of force
actions (pulses) in space and time.

The materials properties determine the propa-
gation velocity inside the elements of transverse

and/or longitudinal waves. The magnitude and the
direction of the mechanical action determine the
direction and value of the movements of the parti-
cles inside the element. Fig. 1, a shows the direc-
tion of the movement of both all kind of wave
propagation with respect to the direction of the
acting force and of particles under the longitudinal
waves action. Fig. 1b shows the directional move-
ment of particles under the transverse waves ac-
tion. Figure 1 displays the directions of particle
movement for one of the cross-sections of the spa-
tial distribution of spherical transverse and longi-
tudinal waves.
a

Fig. 1. Movement direction of both kinds of wave prop-
agation with respect to the direction of the acting force
and particles under the action of:

a — longitudinal waves; b — transverse waves

Along the direction of force action, all the en-
ergy of the force action moves the particles by
means of longitudinal waves. In a direction per-
pendicular to the direction of force, the particles
move only through transverse waves. In all other
wave propagation directions, the particles are
moved by two types of waves. The processes of
reflection and refraction of waves depend on the
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geometry of the elements and their connection in
the structure.

Unlike existing calculation methods, the pro-
posed calculation method allows us to analyze:

— the oscillations amplitude and frequency of
each object in the model, under the influence of
variable moving pulses in time;

— the reaction of each object in the model to
the action of an impulse in time;

— qualitative and quantitative changes in de-
formation processes in modelling objects in time;

— the amount of energy spent on absorbing of
momentum by each object in the model; elastic and
residual deformations; internal and external fric-
tion forces; dissipative processes inside objects.

Thus, using the proposed method allows us to
evaluate the simulation object for reliability, avail-
ability, maintainability, and safety under various
operating conditions of the object.

The main aim of this simulation was the ability
to simulate analytically any physical processes oc-
curring inside elements. Due to the fact that any
effect can be represented as a vector of the change
in the amount of energy over time at any point of
the simulation object, depending on the physical
and mechanical and geometric parameters of the
simulation object, the proposed method allows
combining the influence of mechanical and physi-
cal effects into a single calculation.

However, one question remains unresolved. It
is connected with the fact that the construction of a
material model is based on the concept of the ma-
terial continuum, that is, it is assumed that the sub-
stance of the object completely fills the space.
Modelling objects in this way ignores two facts:

— a material, as a substance, consists of atoms
and molecules, and therefore is not continuous;

— internal stresses characterize the interaction
of internal forces directed against the attractive
force of bound atoms or molecules of a material.

Consideration of these facts necessitates the
expansion of data on changes in time of the physi-
cal and mechanical materials characteristics of
track structure elements under the influence of roll-
ing stock and the environment.

A mechanical impulse, acting on an object,
transfers a certain amount of energy to it, which is
absorbed and transmitted inside the element by
force waves creating force fields. The latter cause
the material particles to move, causing various

physical processes to occur inside the element with
a change in time:

— material local density (change in the distance
between particles under the influence of force
waves);

— material local temperature (due to friction
during the displacement of particles or inelastic
collision of force waves);

— material compressibility (due to a change in
the local density of the material and due to this
change in the movement of particles under the
force waves action);

— element volume (as a combination of the
physical processes described above).

These physical processes cause: changes in the
particle’s local concentration, changes in the local
volume inside the element, changes in the local
velocity of particles and, according to the second
law of motion, can be written as:

F(t)=R(t)=d(mv)/dt=
=d(pVv)/dt=d(nmVv)/dt, (1)

where F(t) — is the impulse external force acting

on the object; R(t) — is the momentum of the

force field acting inside the object; m — is the
mass of the object, absorbing the influence of an
external impulse, by means of a force field pulse,
which is formed on the basis of a superposition of
force waves; a — is the acceleration of particles
exposed to the force field; p — is the material den-
sity of the object; V — is the object's volume, ab-
sorbing the influence of an external impulse, by
means of a force field pulse, which is formed on
the basis of a superposition of force waves; t — is
the time; v — is the velocity of particles exposed to
the force field; m, — is the mass of one molecule;
n — concentration, the number of molecules per
unit volume.

According to the first law of thermodynamics,
for any volume it is true:

3K (t)+ 38U (t)+8A(t)=3Q(t), 2
where 8K (t) is the change in the kinetic energy of

the body; 8U (t) — change in the internal energy of
the body; 8A(t) — change in work performed by
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external forces; 8Q(t) — is the change in thermal

energy.
In this formula, the values of the terms 8A(t)

and 8Q(t) are exactly known. The value of

8K (t) is not known since the initial velocity and

direction of motion of bound atoms or molecules
of the material in the studied location of the object
is unknown. And also, there is no information on
how a change in the distance between bound atoms

or molecules affects 8U (t). Therefore, there is a

need to classify the parameters of the change in the
sum of energies 8A(t)+3Q(t) (value, rate of

change of the value, time of exposure to energy
and the number of occurrences of energy impacts
per unit volume of the material), depending on the
structure, humidity, and temperature of the materi-
al at the time of exposure, from the point of view
of changing the physical properties of the material,
and also, from the point of view of changing the
mechanical properties of the material. First type of
classifications has to describe the probability of the
occurrence of irreversible deformation and the im-
possibility of deformation, and the second has to
characterize the probability of the appearance de-
fect and changing the structure of the material.

Thus, the availability of four classifications will
allow us to solve the problems of predicting the
deformability of railway track elements in time.
Next, several types of tasks are considered, the
solution of which will be possible.

Examples showing the need of using for
additional classifications

Example 1. Prediction based on the study of
the physical nature of the accumulation of contact-
fatigue rail damage.

To study this issue, complex tests were carried
out on the ring of the All-Russian Research Insti-
tute of Railway Transport [5]. The test was carried
out on a straight section of the track and a curve
with a radius of 400 m. During the test, three test
cycles were carried out, differing in axial load: 23,
25, and 27t /axis. In each cycle was used:

— 100 new identical four-axle wagons loaded
with crushed stone;

— three stacking of rails. At the first stacking of
the rails, the contact of the wheels and the outer

rails was carried out with two-point contact (the
tread of the wheels along the surface of the rail and
the wheel flange along the inner side surface of the
rail). Rails of the second laying provided 60 % of
cases with two-point contact and 40 with single-
point contact (in the upper zone of the working
curve of the rail head). The rails of the third stack-
ing provided 85 % movement in a single-point
contact with the pressed wheel flange to the side
edge of the rail and 15 % in two-point.

In addition, a special experiment was carried
out without changing the wear of the wheels, and
with changing contact conditions of the wheels and
rails due to the difference in the rail canting 1/20,
1/40 and without a rail canting.

As a result of the tests, it was determined that;

— the conditions of wheels and rails contact af-
fect more significantly on the service life of rails
than the effect of axial load:;

— types of defects on the outer rail of the
curves along which the rails failed were character-
istic for each rail laying, that is, for a different con-
tact shape. On the rails of the first installation,
there were defects in the wear of the head and web
of a rail (defects 52.1 — longitudinal cracks at the
junction of the rail web with the head and base of a
rail, 53.1 — cracks in the rail web from bolt holes,
17.1 — shelling and peeling of metal on the rolling
surface) and there was no not a single failure in
contact fatigue damage (defects 11 — chipping and
peeling of metal on the side working fillet of the
rail head and 21 — transverse cracks in the rail
head). When operating rails of the second installa-
tion, approximately 40 % of failures were due to
contact fatigue damage (defects 11 and 21), and
when operating rails of the third installation, all
failures were due to contact fatigue damage (de-
fects 11 and 21);

— in straight track sections defects 11 and 21
occur many times less often than in curved track
sections;

— defects 11 and 21 practically do not occur on
the inner rail of the curves.

The conclusions obtained in the test are well
explained using the proposed method for elastic
waves propagation.

When modeling the movement of a wheelset
along a track, it is necessary to take into account
the main features of this movement. The move-
ment of the wheelsets is carried out along the track
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along a sinusoid, even with the perfect technical
condition of the rails and wheels, as well as the
technical condition of the rail track and wheelsets
which is caused by the conical shape of the wheel
flange. Therefore, the main type of contact of the
inner and outer rails with the wheels in straight
track sections is a single-point contact (rail rolling
surface), but with different contact areas and the
direction of the forces acting on these sites. In the
curved track sections, the wheelset is shifted to the
outer rail, therefore, the contact of the wheels and
rails along the inner thread is carried out through a
single-point contact between the wheel tread and
the rail rolling surface. And on the outer thread, the
wheels and rails are in contact at a two-point con-
tact and/or single-point (in the upper zone of the
working curvature of the rail head), the ratio of the
types of contacts depends on the radius of the
curve, the superelevation of the curved track sec-
tion, as well as on the technical condition of the
wheels and rails.

According to the characteristics, rail steel refers
to solid-state solid materials, inside which both
longitudinal and transverse waves propagate.

In fact, the modelling of the force effect on the
contact areas of wheels and rails is complicated by
taking into account such temporary aspects of con-
tact as:

— the time of action and the pattern of change
of the forces acting between wheels on the rails,

— at two-point contact, there is both the differ-
ence in the time of application of forces to each
contact area and the offset between the contact are-
as along the rolling surface and the side surface of
the rail, which depends on the angle of attack of
the wheel on the rail.

Even without taking into account the indicated
complicating parameters, one can state the fact that
during single-point contact of wheels and rails,
bound atoms or molecules move under the influ-
ence of a superposition of two wave processes
caused by the propagation of longitudinal and
transverse waves. The processes have different
propagation velocities, so the longitudinal wave
velocity is approximately 5600 m/s, and the shear
wave velocity is 3200 m/s, respectively. The di-
rection of displacements of bound atoms or mole-
cules under the influence of each type of wave is
different (Fig. 1). It is necessary to consider the
superposition of two single-point contacts, taking

into account the direction of forces acting on each
area contact, at two-point contact of wheels and
rails. That is the superposition of four-vector pro-
cesses in time.

In these processes, the energy of the longitudi-
nal waves is expended on processes of changing
the volume and shape in the directions of wave
propagation, and the energy of the transverse
waves to shift the particles to the vacant place.
Both types of waves, in this case, characterize the
elastic properties of the material, but the energy of
the longitudinal waves characterizes the perception
of the pulse by the material (its deformability), and
the energy of the transverse waves characterizes
the elasticity of the bonds of the particles of the
material with each other. In addition, in two-point
contact, two inelastic impacts of waves will take
place when the energy vectors of longitudinal and
transverse waves are added.

The next aspect that affects the processes that
occur when the wheels and rails interact is the di-
rection of the forces on the contact areas. The di-
rection of these forces characterizes the place of
their reflection inside the rail. Such places can be
fillets of the rail head (the curvilinear part of the
connection of the head and web of the rail), the
contours of the web or base of the rails, as well as
the opposite side face of the rail head. Reflection
sites affect the appearance and parameters of new
wave processes. And, according to the theory of
propagation of elastic waves, each longitudinal or
transverse wave causes four types of waves: two
reflected and two refracted. The characteristics of
the reflected waves affect the deformation process-
es inside the rail. Considering the fact that the time
of the interaction of wheel and rail section is much
longer than the time it takes the waves to travel
through the inner space of the rail, it is ultimately
necessary to consider the superposition in time
both processes of incidence and refraction inside
the rail.

However, when studying the physical nature of
the accumulation of contact-fatigue injuries of
rails, the forces at a single-point contact (in the
upper zone of the working curvature of the rail
head) are significant, since the distance to the fillet
on the opposite side of the rail is much closer than
with other contact options. In this case, the magni-
tude of the influence of force effects is more sig-
nificant than under the influence of point-to-point
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contact. The time between the effects of the inci-
dent and reflected wave processes returning to the
point of application of force is less, and the proba-
bility of receiving a reflected wave that coincides
with the direction of the wave of incidence is high-
er. Thus, when a wheel contacts a rail on a rounded
lateral surface, non-metallic inclusions or bound
atoms or a molecule of rail steel encountered in the
propagation path of force waves of incidence and
reflection will experience tension forces, which
also increases the likelihood of deformative chang-
es in the rails.

As indicated above, the maximum value of the
force action is transferred by longitudinal waves
that coincide in direction with the acting force.
Therefore, with two-point contact, the maximum
force effects inside the rail will be at the intersec-
tion of the wave processes of energy transfer by
longitudinal waves that occur at each of the contact
areas of the rail and wheel and coincide with the
direction of acting forces. But, firstly, the result of
the addition of vectors in an inelastic impact is
lower than under the action of longitudinal waves,
which coincide with the direction of the force dur-
ing a single-point contact of the wheel with the
upper zone of the working curvature of the rail
head. Secondly, as indicated when considering the
features of the movement of wheels along rails, the
intersection of such processes has a lower proba-
bility of occurrence, that is, processes occurring
inside the rail always occur with fewer deformabil-
ity changes.

Thus, the application of the method for elastic
waves propagation allows us to receive conclu-
sions about the physical nature of the accumulation
of contact-fatigue rail damage, which are similar to
the conclusions obtained in an experimental study.
Expensive tests could have been applied as a tool
for verifying changes in the physical and mechani-
cal properties of a material. To sum up, the results
of considering the probability of deformability
changes in the rail head at various contacts will
still remain comparative without knowing about
material behavior during deformability process.

Example 2. Prediction based on the study of
the physical nature of damage to reinforced con-
crete sleepers.

The classification of defects in reinforced con-
crete sleepers contains defect 41 (destruction of
concrete), the reason for which is insufficient frost

resistance and durability of concrete due to unsuit-
able starting materials for the sleeper concrete. The
defect occurs on the top of the sleepers, on four
beveled surfaces that are adjacent to the rail at-
tachment area on both sides Fig. 2, destruction are-
as 1, 2. These areas do not have a load, such as
a rail mounting areas, and do not come into contact
with the ballast layer, like the lower part under the
areas under consideration, although such defects
do not occur on the load transfer surface from the
gasket to the sleepers or on the contact surface of
the sleepers lower bed. In addition, two areas that
are located on the inside of the sleepers (between
symmetric areas 2) are interconnected by a con-
necting part of the same concrete, which also does
not undergo this destruction. Therefore, there is
bewilderment, why the destruction occurs precisely
at these sites. An explanation of this effect can also
be demonstrated using the theory of elastic waves
propagation, but, as in the previous case, with an
example of defects in the rail, without data on ma-
terial changes, this also remains a qualitative prob-
lem.

Fig. 2. Destruction areas

Concrete, like metal, belongs to solid-state sol-
id materials, inside which both longitudinal and
transverse waves propagate. The rail fastenings
have constant contact with the pad, transmitted
longitudinal and transverse spherical waves, which
move particles as shown in Fig. 1, a and Fig. 1, b
into a sleeper. Thus, it is found that the destruction
areas 1 and 2 correspond to the directions of prop-
agation of force waves, in which 92 % of the ener-
gy is spent on ensuring the movement of particles
by the action of transverse waves that are, the par-
ticles tend to take the place which the underlying
particles freed up by the action of longitudinal
waves. Since the particles have a rigid connection
with each other, with such a displacement, tension
occurs between the particles, which contradicts the
functional work of concrete intended for compres-
sion work.
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The wave propagation time varies depending
on the characteristics of the material. For rein-
forced concrete sleepers, the longitudinal wave
velocity of the concrete — 4000 m/s, and the shear
wave velocity of 2600 m/s. Longitudinal waves
perform compressive efforts in the direction of
propagation and make particles to move in this
direction. In parallel, two processes occur that have
a different focus. In the first process, concrete par-
ticles move under the influence of transverse
waves into the empty space. The second process
involves the movement of concrete particles under
the action of reflected longitudinal waves from the
reinforcement. Therefore, the destruction of con-
crete at sites 1 and 2 will be absent if tensile forces
under the action of the first process are timely
compensated by the compressive forces of the sec-
ond process.

Thus, the geometric shape of the sleepers, the
location of the reinforcement and the physical and
mechanical characteristics of concrete and rein-
forcement, as well as the relationships between
them, are components of the deformability process
and a change in any of the characteristics forces us
to review other characteristics to ensure the safe
and functional operation of the sleepers.

Example 3. Prediction based on the study of
the physical nature of the accumulation of damage
to wooden sleepers

Wood, as a material, refers to solid-state solid
materials, but its physical and mechanical charac-
teristics are such that only longitudinal waves
propagate inside the material. Moreover, the veloc-
ities of longitudinal waves along the fibers in the
perpendicular direction to the fibers and in the ra-
dial direction are different. The wood fibers in the
wooden sleepers are located along the length of the
sleepers, and basically, the transverse profile of the
wooden sleepers is such that the load from the rail
to the sleepers is transmitted in radial directions
and at an angle to them. Thus, superimposing
Fig. 1, a to the contact areas of the metal pad and
sleepers, and we will consider the displacements of
bound atoms or molecules of wood under the ac-
tion of longitudinal waves of a certain direction to
the wood fibers.

It was shown in [8] that at different speeds of
movement the contact time of the rail and wheel is
different, and the lower the speed, the longer the
pulse transmission time. The radial velocity of lon-

gitudinal waves in a tree is approximately
700 m/s. The rate of change of momentum per
unit time at a rolling stock speed of 2.7 m/s is

2.1-10°kN/s, at 16.7m/s — 3.1-10°kN/s, at

33.3m/s — 1.3-10° kN/s . Consequently, when the

speed of the rolling stock changed by 6 times, the
change in momentum increased by 6.84 times,
when the speed of the rolling stock changed by
12 times, the change in momentum increased by
15.74 times. Physically, this means that at the same
speed of movement of power waves inside wooden
sleepers, the intensity of the energy flow at a point
is different, and its value is proportional to the
change in the intensity of the pulse.

The intensity of the force fields and the dura-
tion of their action affects the interatomic bonds
and the destruction of bonds between the bound
atoms and molecules of wood. Destroyed wood
fibers will create a layer with new physical and
mechanical characteristics. The destroyed layer
will act as a damper, and its thickness will depend
on the intensity value of the force fields that do not
lead to the destruction of wood fibers under repeat-
ed exposure cycles.

Example 4. Prediction based on the study of
the physical nature of the accumulation of damage
in soils

Materials such as soils belong to solid-state but
bulk materials in which both longitudinal and
transverse waves propagate. Saturation of soils
with water significantly changes the properties of
soils of a small fraction, so when dry, particles in
homogeneous soils are single grains of certain
fractions of the soil, and not bound atoms or mole-
cules. In this case, the presence of transverse
waves determines the amount of energy spent on
overcoming the adhesion forces between the parti-
cles and friction when moving. If the soil is satu-
rated with water, then the particles are connected
atoms or molecules, the bond between which is
similar to the work of solid materials.

Also, the saturation of soils with water and the
size of the fraction affects the change in the local
volume of soils, as a function depending on the
density, temperature, and compressibility of the
soil, under the action of force waves. So, there are
dependencies corresponding to a specific moisture
value of a certain value of the soil compaction co-
efficient. If the soil throughout the volume has the

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/223526

50

© I. O. Bondarenko, L. O. Neduzha, 2020


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2020/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpancnopty. Bicauk /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro Tpancnopty, 2020, Ne 6 (90)

MATEPIAJIO3HABCTBO

corresponding characteristics, these soils are con-
sidered compacted and the action of force waves
will not cause any physical processes to appear, the
waves will pass through the soil thickness until
they are completely damped. The behavior of such
a layer can indeed be regarded as the behavior of
an absolutely rigid body. Under other conditions,
various physical processes will take place leading
to a change in soil volumes. Therefore, depending
on the physical and mechanical characteristics of
soils at the time of mechanical action, different
scenarios of soil behavior are possible.

In addition, sleepers have certain requirements
for deepening into the ballast layer, this leads to
the fact that the movement of soil particles occurs
under the influence of several force fields, in
which each field has its own clear vibration param-
eters and the impact results of the others. So, at the
points of contact between the reinforced concrete
sleepers and the ballast layer, in the latter, there are
four different power processes, two of which trans-
fer energy with the help of longitudinal waves and
two with the help of transverse waves. Even with
the same value of the force action from the wheel
on the rail but different speeds of motion of rolling
stock, the same ballast layer will have different
characters and places of concentration of energy of
the deformative process, as a result of the superpo-
sition of force fields in time. When changing the
place of application, the value and direction of the
force impact of the wheel on the rail and the same
speed of motion of rolling stock, the processes of
deformability in the ballast layer will differ too.

Also, if the state of the ballast layer is such that
it is possible to tear off the surface of the sleepers
from the ballast, in addition to these four power
processes, two more processes are added that trans-
fer energy using longitudinal and transverse waves.

In addition, if there is a vibrational effect on the
ballast located in a limited box, size of which is
smaller than necessary for attenuation of waves,
then there are processes of reflection of force
fields. These processes also contribute to changes
in a local volume.

Given the above processes, when experiment-
ing with vibrational effects on ballast, it is impera-
tive that the results be obtained for certain:

— characteristics of the ballast layer;

— parameters of force impact (frequency of ex-
posure and frequency of reiteration of exposure, as

well as the conditions of contact of the stamp and
ballast);

— geometric characteristics of the test sample.

Therefore, there is a need to correlate the re-
sults obtained in the experiments with the results
obtained under actual operating conditions. And
for this, data classifications are needed to predict
soil deformability over time.

Originality and practical value

It has been proposed to develop classifications
of changes in the material physical properties ac-
cording to the probability of irreversible defor-
mations and the impossibility of deformations and
also classifications of changes in the material me-
chanical properties, according to the probability of
the appearance defect and changing the structure of
the material.

The ability to simulate analytically any physical
processes occurring inside elements due to the
proposed method to allow combining the influence
of mechanical and physical effects into a single
calculation. That enables to assess the probability
of appearing defects in elements under certain dy-
namic loads when railway track risk assessment
over time due to railway track elements’ deforma-
bility.

Conclusions

The article is devoted to the study of the de-
formability processes in the interaction of the rail-
way track and rolling stock and the environmental
impact, from the point of view of considering
a dynamic problem that requires taking into ac-
count changes in the technical conditions of both
elements and the design of the railway track.

The work takes into account that:

— the elements and design of the railway track
during operation are subjected to a variety of phys-
ical and mechanical influences. Their influence is
the cause of changes in the physical and mechani-
cal properties of the materials of the elements and
the bonds between the track design elements.

— the processes of deformability are deter-
mined by the second limiting state, by definition,
unsuitability for normal operation, so it became
necessary to have additional data on the behavior
of the track design elements.
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For this purpose, it is proposed to apply the
theory of elastic waves propagation and replace the
model of the material as a continuum with the
model of the material as a discrete substance. The
changes introduced in the simulation made it pos-
sible to apply the basic law of dynamics and the
first law of thermodynamics for the internal vol-
ume of the track design elements.

Based on these laws, the need is formulated to
classify the parameters of the change in the sum of
energies as for changes:

— physical properties of the material in terms of
the probability of irreversible deformation and the
impossibility of deformation;

— mechanical properties of the material in the
probability of the appearance defect and changing
the structure of the material.

Application of the method made it possible to
show the importance of knowledge of the data on
the behaviour of materials of railway track ele-
ments during operation using examples of the ap-
pearance of local damage and changes caused by
the action of local processes. That will provide to
expand data on changes in the material behaviour
under dynamic loads when railway track risk as-
sessment over time due to railway track elements
deformability.
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MATEPIAJIO3HABCTBO

€JIEMEHTIB Ta KOHCTPYKIIIIO 3aJi3HUYHOI KOJIil; OCHOBHUM IapaMeTpoM IIiJ] Yac BUBUEHHS MPOLECIB JeGopMaTHBHO-
CTl € Yac; mMaTepiall sIK peUYOBHMHA CKJIAJa€ThCsl 3 aTOMIB 1 MOJIEKYJI, a OTXKe, HE € CYIUIbHUM; BHYTpimHI (iznuHi
IpoIiecd BU3HAYAIOTh 3MIiHM B MOBEIiHII Marepiamy ememeHTa. HaykoBa HOBH3HA. 3alpOIIOHOBAHO PO3POOUTH
knacuikamii 3MiH Qi3UYHAX BIACTHBOCTEH MaTepialiB 3a IMOBIPHICTIO IOSBH HE3BOPOTHUX NedopMarliid Ta HEeMo-
KIUBICTIO JedopMalliii, a TaKoX KiIacudikarii 3MiH MEXaHIYHUX BIACTHBOCTEH MaTepialiB 3a HMOBIPHICTIO MOSBH
nIedeKTy Ta 3MIHOI0 CTpYKTypHu Matepiami. [IpakTu4Ha 3HAYHMicTh. MOXIMBICT aHAJITHIHOTO MOJICIIOBAHHS
Oynb-SKUX (PI3MIHUX TIPOILECIB, IO BiOYBaIOTHCS BCEPEAMHI €IEMEHTIB, 3aBISKH 3aIPOIIOHOBAHOMY METOMY JI0-
3BOJISIE TIOEJTHATH BIUIMB MEXaHIYHUX Ta (Pi3MYHUX Aill B OHOMY po3paxyHKy. Lle cripusie BcTaHOBIEHHIO HMOBIp-
HOCTI MOSIBH Ae(EKTIB €JIEMEHTIB 3a MEBHUX JIMHAMIYHUX HABAHTAKEHb U OLIHKH PHU3HMKY 3aJIi3HUYHOI KOl
3 yacoM uepe3 Ae(opMaTUBHICTE 11 €ICMEHTIB.

Kniouosi crosa: pusnk; nepopmariii; marepianu; nedekr; nepopmatuBHicTh; (Hi3nKO-MeXaHIYHI XapaKTePUCTH-
KH
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IHPOBJIEMA OTCYTCTBUA JAHHBIX O IOBEAEHUHU
MATEPHAJIOB UIAA OHEHKHU PUCKA

Hean. OcHOBHAs 1IeNb AaHHOI pabOTHI — TEOPETUUECKOe 00OCHOBaHHE HEOOXOIUMOCTH PACUIMPEHHs JaHHBIX
06 HU3MCHCHUU MOBCACHUA MAaTCPUAJIIOB ITPU JUHAMUYCCKUX HAIrpy3Kax IJid OUCHKH pHUCKa KEJIC3HOAOPOKHOI'O ITyTHU
C TeUeHHEM BPEMEHU H3-3a Je()OPMATHBHOCTH €ro 3jeMeHToB. Meroamka. [l MccieqoBaHMsI HCIOJIB30BAIaACh
OpurnHaJbHast MOACJIb KOHCTPYKIHHU KEJIC3HOJOPOKHOTO IYyTH, OIMMCAHHAA C TIOMOLIbIO OpHFHHaJ’IbHOﬁ MCTOAUKHU,
OCHOBaHHOM Ha CIIOCOOHOCTH YNPYTHMX BOJIH PaclpOCTPaHSTh JHEPTHI0 CHIOBBIX HMIIYJIBCOB B IPOCTPaHCTBE
W BPEMEHH, a TaKKe MOJIEJH, ONMCHIBAIOIIEH MaTeprasbl KaKk JUCKPETHbIE BelllecTBa. Pe3yiabTaThl. Y CTaHOBIEHO,
YTO CBOMCTBA MAaTEPUAJOB BIUAIOT HA AS(HOPMATUBHOCTH HJIEMEHTOB W KOHCTPYKILHIO XKEJIE3HOJOPOXKHOIO IMyTH;
OCHOBHBIM ITapaMETPOM IPH HCCICIOBAHMU MPOLECCOB Ae(HOPMATUBHOCTH SIBISCTCS BPEMsl; MaTepHal Kak Belle-
CTBO COCTOMT W3 aTOMOB M MOJIKYJl M IIO3TOMY HE SBJISETCS HENPEpbIBHBIM; BHYTPEHHHE (U3UUECKUE MPOLECCHI
OIpEe/IeNISIFOT U3MEHEHUS B TIOBEJCHHH MaTepuana sneMenta. Hayunasi HoBu3Ha. [IpemoxeHo pa3paboTaTh Kiac-
cuUKany U3MEHEHHH (U3NYECKUX CBOWCTB MaTepHANIOB MO BEPOSTHOCTH HEOOPAaTHMbIX AedopMalMii 1 HEBO3-
MOXHOCTH JiehopMaliii, a Takke Kiaccupukaiu U3MEHEHUH MEXaHMYECKHUX CBOMCTB MaTepHajoB IO BEPOSITHO-
CTH TIOsIBJIeHUs lepekTa U U3MEHEHHs CTPYKTyphl MarepuaioB. [IpakTuyeckasi 3HaYUMMOCTh. Bo3MoxkHOCT aHa-
JIATUYCCKOTO MOICIHUPOBAHUA JIFOOBIX (I)I/ISI/I‘IGCKI/IX MMPpOUECCOB, MPOUCXOAAUINX BHYTPU DJICMCHTOB, 6nar0}1ap;1
MPEUIOKEHHOMY METOJY MO3BOJISIET O0OBEIUHHUTh BIMSHUE MEXaHHUCCKUX U (DU3NYECKUX BO3JACHCTBUN B CIUHBIN
pacueT. DTO CrIOCOOCTBYET OIMPE/ICIICHHIO BEPOSITHOCTH MOSIBJICHUSI 1e(DEKTOB B JIEMEHTAX IPHU ONPEICICHHBIX U~
HAaMUYECKUX HArpy3Kax IpH OLIEHKE PHCKA JKeJIE3HOJAOPOKHOTO YTH C TEUSHHEM BPEMEHH U3-3a 1e(hOpMaTHBHOCTH
€ro 3JEMEHTOB.

Knrwouesvle cnosa: puck; aedopmanun; Matepraisl; qedext; 1eGopMaTHBHOCTD; PU3NKO-MEXaHUYECKUE XapaK-
TEPUCTHKU
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