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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.



bacpengakTtops
3. . 1., mpodeccop, KP ¥FA akanemuri
HN.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pegaxnous ankKacs

AbaxanoB T./. mpod. (KazakcTtan)

Abumesa 3.C. npod., akagemuk (Kazakcran)
Ara6exkosB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (O3ipOaiikan)
Bakupor A.B. mpod., (KsipreicTan)

Becnae X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. npod., akagemuk (Kazakcran)
Byaar A.®. npod., akagemuk (YKpanHa)

I'anuen U.H. npoo., akagemuk (ToxikcTaH)
I'pasuc P.M. npo¢. (AKLL)

Epranmues I'.K. npod., akanemuk (Kazakcran)
Kykos H.M. nipo. (Kazakcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KontopoBuu A.J. mpod., akanemuk (Peceit)
KypckeeB A.K. npod., akagemuk (KasakcTtan)
KypuasoB A.M. npod., (Peceit)

Meney A.P. npod., akagemuk (Kazakcran)
MyxamenxanoB M.A. npod., kopp.-myieci (Kazakcran)
HurmaroBa C.A. npod. (Kazakcran)

O3n0eB C.M. nipod., akagemuk (Kazakcran)
MocToaaruii B. nmpog., akanemux (Mosngosa)
Paxumes B.P. npod., akanemuk (Kazaxcran)
CeiitoB H.C. poo., kopp.-mymeci (Kazakcran)
CeiitmypaToBa 3.10. nipod., xopp.-mymieci (Kazakcran)
Crenanen B.I'. mpod., (I'epmanust)

Xampepu JTx. . npod. (AKII)

Teitnep M. npod. (I'epmanwst)

«KP ¥F' A Xa6apaapbl. ['eosiorust MeH TEXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmrikrenymi: «Ka3akctan PecyOnikacsiHbH ¥ ATTHIK FRUIBIM akanemisice» PKB (Anmartsl K. ).

Kazakcran pecrnyOnuKkachiHBIH MoJIGHHET TeH akfapar MHHHUCTDIINiHIH AKHapaT j>KOHEe MyparaT KOMHUTETIHIE
30.04.2010 »x. oepinren Ne10892-7K mep3imIik 0aCbUIBIM TipKeyiHe KOWBLTY Typajibl KyalliK.

Mep3imainiri: XKbuTbiHa 6 peT.
Tupaxsr: 300 nana.

Penaknusanaeig Mekemxaiinl: 050010, Anmartsl K., IlleBuenko xer., 28, 219 6eu., 220, ten.: 272-13-19, 272-13-18,
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecrryOnukachiHbIH ¥ ATTHIK FRUTBIM akaneMusichl, 2019

Penaxmmsaein  Kazakcran, 050010, Anmars k., Kaban6aii 6ateipa kerr., 69a.
mekemkaiipl: K. W. CorOaeB aThIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

Tumnorpadususlg Mekerkaibl: «ApyHa» XK, Anmarsr k., MypatOaesa kemr., 75.

— 3 —



I'maBHBIH penakToOD
I. 9. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO peAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHUH. HAYK
PenakuuoHHas KONNETr U

AbaxanoB T./l. mpod. (Kazaxcran)

Aoumesa 3.C. pod., akagemuk (Kazaxcran)
Ara6exoB B.E. akanemuk (benapych)

Aaues T. npod., akagemuk (AzepOaiimkaH)
Bakupos A.B. mpod., (Keipreizcran)

Becnae X.A. npod. (Kazaxcran)

Bummm6aes B.K. npod., akagemuk (Kazaxcran)
Bykrykos H.C. mpod., akanemuk (Kazaxcran)
Byaar A.®. npod., akagemuk (YkpanHa)

I'annes U.H. npod., akanemuk (Tamxukuctan)
I'pasuc P.M. npo¢. (CILA)

Epranmes I'.K. npo¢., akanemuk (Kazaxcran)
Kyxos H.M. npo¢. (KazaxcTan)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KontopoBuu A.J. mpoo., akagemuk (Poccust)
Kypckees A.K. npoo., akanemux (Kazaxcran)
KypuasoB A.M. npod., (Poccust)

Meney A.P. npod., akagemuk (Kazaxcran)
MyxameaxanoB ML.A. ipod., wi.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3p0eB C.M. mpoo., akagemuk (Kazaxcran)
Hocrosaruii B. npog., akanemux (MosgoBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
CentoB H.C. mpoo., wr.-xopp. (Kazaxcran)
CeiitmypaToBa 2.10. nipod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanmst)

Xampepu JTx. 1. npod. (CHIA)

MTeiinep M. npod. (I'epmanmst)

«HM3BecTusi HAH PK. Cepusi reo/ioruu U TEXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoOcrBenHuk: PecnyOnmkanckoe oOmiecTBeHHoe oObeanHeHne «HamuwoHnaneHas akajgemus Hayk PecrmyOnuxu
Kazaxcran (r. AnmMartsr)

CBHUIETENBCTBO O NOCTAHOBKE HA y4YeT IEPUOANYECKOro IedaTHOro u3nanus B Komurere mHpOpMaLuy U apXHBOB
MununcreperBa KyapTypsl 1 uHpopmarmn Pecrryonuku Kazaxcran Ne10892-7K, seinannoe 30.04.2010 1.

ITeproangaraOCTE: 6 pa3 B rof
Tupax: 300 sK3eMIUTSIPOB

Anpec pemgaknun: 050010, r. Anmmarsl, yi. Lllesuenko, 28, kom. 219, 220, Tem.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical . kz

© HammonaneHas akagemust Hayk Pecry6mmkn Kazaxcran, 2019

Anpec pegakuun: Kazaxcran, 050010, r. Ammarter, yn. Ka6anbait 6ateipa, 69a.
WuctutyT reonornueckux Hayk uMm. K. U. CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Turorpadun: UIT «Apynay, r. Anmarsl, yin. Mypar6aesa, 75

— 4 —



Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev LN. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2019

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



N E W S of the Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 5, Number 437 (2019), 6 — 15 https://doi.org/10.32014/2019.2518-170X.120

UDC 625.111
MPHTHU 55.53.13

M. V. Doudkin', B. Apshikur', A. I. Kim', T. T. Ipalakov',
E. A. Asangaliyev', M. Mlynczak?, Z. K. Tungushbayeva'

'D. Serikbayev East Kazakhstan state technical university, Ust-Kamenogorsk, Kazakhstan,
*Wroclaw University of Science and Technology, Poland.
E-mail: doudkin@mail.ru, bapshikur@ektu.kz, k.a.i.90@mail.ru, tipalakov@ektu.kz, elibek60@mail.ru,
mlymar@gmail.com, zuhra06@mail.ru

DEVELOPMENT OF MATHEMATICAL MODELS DESCRIBING
THE PROCESSES OCCURRING IN THE RAILWAY TRACK
CONSTRUCTION AS A WHOLE, OR IN THE WORK
OF ITS INDIVIDUAL ELEMENTS

Abstract. The article presents the development of mathematical models describing the processes occurring in
the construction of a railway track as a whole, or in the work of its individual elements, an example of calculating the
stress-strain state of the soil of two-layer embankments filled from the soils of the South Kazakhstan.

Key words: ground, embankment, railway, roadbed, finite element model.

Introduction. When designing an earthen cloth in the traditional calculations of normal, tangential
and principal stresses, it is conventionally assumed that the grounds under the influence of a temporary
train load operate in an elastic stage. In this case, the calculations do not take into account the hetero-
geneity of the constituent embankments. In mathematical models of embankments, they are assumed to be
isotropic.

Such design schemes and assumptions do not correspond to the actual load of the roadbed from the
rolling stock. The top of the roadbed actually perceives the load from the ballast prism, which perceives
the pressure of the sleeper sole. Behind the ends of sleepers, the top of the road bed is not loaded with a
vertical train load [1-6].

As a consequence of this stresses distribution in the embankment body, in the initial period of railway
embankments stabilization, longitudinal cracks running deep into the embankment, which are usually
grounded by a uniform ground, can often be seen on their bumps.

In traditional calculations of the roadbed, the top track structure (rail type, sleepers, ballast prism
sizes) and the earthen cloth shape (width of the main platform, steepness of the slopes, the presence of
berms, etc.) are not taken into account, the characteristics of which significantly affect the distribution of
the train load top of the roadbed and in the roadbed body.

In traditional calculations, the embankment sediments and the sediments of its base are considered as
one-dimensional, although in fact deformations vary both along the path and the height of the embank-
ment, that is, they are voluminous. Traditional calculations of the roadbed cannot calculate many modern
ways of roadbed treating. The drawback of the traditional calculating method of the roadbed is the lack of
a unified approach to assessing the mechanical properties of the roadbed. Thus, in calculating the embank-
ments sediments and their bases, the ground is considered elastically deformable. When calculating the
local and full stability of the embankment, it is considered that the ground is absolutely rigid. Also,
different situations are possible, depending on the embankments arrangement from different types of
grounds, which are not regulated by normative documents.

— §f —
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These drawbacks of the traditional calculations of the roadbed were due to the lack of computational
computing systems and computing facilities (which are available today), as well as insufficient knowledge
of the physical and mechanical (strength) properties of local grounds. It is obvious that with inaccurate
initial data on the ground characteristics, precise numerical methods of calculations are inexpedient.

Thus, the article considers:

- improvement of the installation for ground testing on shear in order to determine reliable initial
data, taking into account the influence of vibrodynamic and pulsating loads on the strength and
deformation parameters of clay grounds of various types;

- development of mathematical models describing the processes occurring in the construction of the
railway track as a whole, or in the work of its individual elements;

- an example of calculating the stress-strain state of groung of two-layer embankments spilled from
the soils of the Southern region of Kazakhstan

A great contribution to the study of the stress-strain state under the train load, using detailed virtual
prototypes of railway embankments, was made by the professor [5-13].

Theory of the question. Finite element models of railway embankments. When considering a

rigid body as an undeformable (absolutely solid), it is described by its mass M = Ijjpdv , the moment of
inertia with respect to an arbitrary axisT, Ifo = ”Ip[f,fo]z dv, the position of the center of inertia

f(i.c.) = Ijjpfdv, and the orientation(_f). All inertia moments of the body can be expressed through

three moments of inertia relative to the main mutually perpendicular axes (passing through the center of
inertia). The moment of inertia about an axis that does not pass through the center of inertia, located at a

distance R from it, can be recalculated: I = I(i‘c.) + R2 ”dev . For a body of constant cross section,

the moment of inertia of the section relative to the axis perpendicular to it can be introduced:

I ey = [ [PLF Ty 1 ds

Deformations of a rigid body can be described by a displacement vector U = fdeformed — T of each

point T of a solid body, but this description is convenient only for describing the change in the position of
the entire body, but not its deformations. It is used to describe the motion of an undeformed body, since
for this it is necessary to consider only the position of the center of mass and the orientation of the body
(f(i.c) and ).

To describe the deformations of a rigid body and the resulting stresses, such a method requires the
introduction of additional quantities characterizing the relative displacements of the points of the solid
body. Such a value is the strain tensoré, which is introduced by means of the expression:

sy . 1(0u; du,  Oujouy
)" —(dr)” = 2drédr . The strain tensor € = — + +
2\ 0x,  Ox; Ox, OX;
J J
tensor that, when going over to the theory of linear deformations, is rewritten in the form:
1{ Ou j auk . . .. )
= —| ——+——|. It can be divided into two parts, characterizing the volumetric and shear defor-

c.,. =
k7o O0x, OX,

J

(d — is a symmetric

Ydeformed

1 1
mation: €3 = — elld KTl €y —= elld |- The components of the strain tensor have no dimension.
J 3 J J 3 J

The stress tensor, which characterizes the "strength" characteristics of the deformation of a rigid
body, is determined by an expression f i =0y, that makes sense if we consider within the body the
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allocated volume, to which force F‘(M) = M.&aﬁ = ”J.di védv and moment M (i = §I[? ,ods | =

= ”J.[?, divoldv "acts", the same expressions are valid for the whole body. The components of the

stress tensor have the dimensionality of pressure [14, 15].
When considering the linear theory of elasticity, the tensors of stresses and deformations are

connected by means of a fourth-order tensor: © ik = }\‘jklmglm’ all properties of which will not be

described here. The tensor A ikim characterizes the elastic properties of matter and, in the most general

case, has 21 independent components of 14. The elastic properties of isotropic substances are described by

two independent components (6 for orthotropic substances). Naturally, the tensor A itself can be a

jkim

function of the coordinates if the substance is inhomogeneous. The components of the tensor A have

jklm
the dimension of pressure.

In many technical calculations, the elastic properties of substances are characterized by the Young's
modulus E and the Poisson's ratio p, they completely describe the elastic properties of an isotropic
substance with linear elasticity, they are used for finite element calculations of technical structures. For
problems with nonlinear elasticity characteristics, the quantities E and p can be introduced as functions

that depend on the local values of the strain tensor & ik The Young's modulus of elasticity E has the
dimension of pressure, and the Poisson's ratio u is a dimensionless quantity. The deformed state of a rigid

body is described by an equation connecting the stress tensor & with the "external" forces f acting on the

body and the acceleration of its individual points: divo +}' =pd .

The application of methods for describing the motion of an absolutely elastic body to solids with
finite values of elastic modules has an approximate nature.

For a complete description of the rigid body state, it is necessary to twice integrate the equation
di vo‘(?)+]7(17) = p(¥)d(7) in which each of quantities is a coordinate function of the point T— 3 of
scalar quantities. If it is impossible to use any simplifying assumptions in the problem, then the order of
the system is formally equal to infinity. Naturally, such problems in some cases allow an analytical
description, but in practice this happens very rarely, and analytical methods are used only as approximate
descriptions and approximations.

Classical calculation methods allow solving problems only with significant idealization, replacing the
actual construction with its design scheme. The introduction of computer systems into engineering
practice allows, using numerical methods, to perform calculations of almost any complex structure,
breaking it into finite elements.

Standard engineering structures can be considered as combinations of structural elements connected
by a discrete number of nodes. If the "force-displacement" relation is known for individual elements, then
using the well-known techniques for calculating structures, one can obtain properties and study the
behavior of the combined structure.

Many complex theoretical problems of the railway track could not be solved in the past due to the
lack of appropriate computer technology and software. Today, this technique can be effectively used to
solve urgent problems of track economy. New materials, new machines and technological processes and a
new strategy for servicing the railway track affect its design and its characteristics.

It is advisable to begin the search for a constructive solution with the creation of a mathematical
model and its analysis. The creation of the mathematical model is preceded by a comprehensive analysis
of the behavior of the railway track during operation, the collection of load test characteristics, physical
modeling of operational situations. The long-term work of the railways scientists of a number of countries
has led to the establishment of important properties and elements characteristics of the force-displacement
path that are necessary for preliminary assessment of the possible changes range in the initial data.
Considerations of a qualitative nature are taken into account additionally and kind of "background" for
mathematical modeling.
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The models give an approximate mathematical description of the processes occurring in the railway
track construction as a whole, or in the work of its individual elements.

Models contain the target optimized function and some set of constraints. Varying variables,
objective functions and constraints constitute a mathematical optimization problem.

In physical modeling, it is usually possible to take into account only the main factors, and the
influence of the unaccounted "background" should be checked when testing new path designs. The test
system usually includes experimental research, operation on the experimental track sections of a number
of railways, and then, after completion and sufficient testing, new technical solutions are fixed by
standards for temporary and permanent use on the railways network. But the beginning of this complex
path should not be the manufacture of an experimental design from drawings (the use of the trial and error
method), but the study of new path design models or a new element in order to find and justify the
parameters of reliable structural elements. Only when this is done, it is possible to manufacture prototypes
for their further testing.

Recently, new mathematical models have been developed that describe a virtual prototype of the path
design. They contain all of its elements, taking into account their technical condition. These models can
describe a worn path or path with separate deviations from specifications [16-19].

In models as elements there are:

-rails;

- all elements of intermediate rail fastenings, namely: linings and gaskets, metal sub-rail pads with
flanges, terminals of intermediate rail fasteners, mortgages and anchor bolts, nuts and washers;

- reinforced concrete sleepers with reinforcement, washers;

- crushed ballast prism;

-sand cushions, various options for reinforcing the ballast prism and earthen cloth with nets, carpets
of non-woven materials, plates of expanded polystyrene.

Elements of the path in models have strictly corresponding to the actual geometric dimensions and
physical properties.

EXPERIMENTAL PART. The use of the finite element method (FEM) for path constructions
calculating. When calculating designs by this method, instead of the traditional design scheme, a precise
geometric description of the structure is made, for which the following model objects are created: "points"
(PT), "curves" and "lines" (CR), "contours" (CT), "surfaces" (SF) and "regions" (CP), "volumetric bodies"
(VL, PH, PA). The types of finite elements that characterize their constants and physico-mechanical
properties are declared. A finite element mesh can be created manually or with a parametric or automatic
"splitting" of geometric objects, boundary conditions and loads can be declared for individual grid
elements and for groups of elements associated with geometric objects. The design is calculated (in static,
dynamics, oscillations, evaluation of the development of cracks, optimization of parameters, etc.). The
results of calculations can be presented in the form of data lists, graphs, color diagrams and figures,
"deformed species" or animation of the calculated processes (Figure 4).

The solution of linear static problems reduces to the solution of the matrix equation:

[R iU} ={F}.

where [R] is the square stiffness matrix; {U} is the vector of unknown node displacements; {F} is the
vector of external influences.
The decision

{Ul=[R]"{F},

reduces to the inversion of the rigidity matrix [R].

The load of a railway track by a moving rolling stock is a random process, depending on its design
and parameters, axial loads, speed of movement, deformations of the path under load, irregularities on
rails and wheels, dynamic qualities of rolling stock, variability of stiffness and dissipation characteristics,
stresses, etc.

To ensure a complete similarity of the model in-kind, compliance with: geometric, mechanical,
kinematic and dynamic similarity of the model in kind is required.

— Q —
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The difficulties of physical modeling usually consist in the impossibility of meeting the contradictory
requirements of the determining similarity criteria while reducing the linear dimensions of the model. The
search for self-similarity zones and domains of applicability of the equations makes it possible to partially
solve these problems. When using "virtual prototypes" of models on a computer, there are no problems
with linear dimensions and properties of materials.

The finite element model of the railway track is shown in figures 1 and 2.

rail-sleeper grid

ballast prism

sand pillow

/ subgrade - mound

foundation subgrade

Figure 1 — Axisymmetric finite element model of the railway track section (double-track line)

rail-sleeper grid

crushed stone (20 cm under the sleeper)

~ sand pillow (20 cm)

base platform of subgrade

Figure 2 — Fragment of the axisymmetric finite element model of the railway track
(contact zone of the upper track structure and the roadbed top)

The above technique can be used for calculating the roadbed on a weak base and in the presence of
karst cavities in the bottom of the embankment. The applicability of numerical calculations methods to the
assessment of the stress-strain state of ground embankment is substantiated by numerous works of
academician NAS of Kazakhstan Sh. M. Aitaliyev and his students [4].

Calculation of the stress-strain grounds state of two-layer embankments spilled from the
grounds of the Southern region of Kazakhstan. Most of the time, the stresses in the ground embank-
ment are determined by the intrinsic weight of the ground. On the axis of the embankment, they are equal
to the hydrostatic pressure:

o= y-h,t/mz,

where y — specific gravity of ground, t/m*; h — distance from the top of the roadbed, m.

The train load causes the greatest additional stresses on the main area of the roadbed under the
sleeper. With the removal down from the main site, these additional stresses decrease because of the
spread to an ever larger arca. Where o- the stress component of the train load becomes less than
o> 0,1xhy of hydrostatic pressure, the lower boundary of the working zone of the subgrade is located.

— 10 ——
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Consider the application of the numerical calculation method for the stress-strain state of a railway
embankment using the example of a two-layer embankment on a solid foundation on a straight track. The
characteristics of the two types of ground used for mound filling are given in table.

Calculation characteristics of a two-layer embankment ground

Characteristics of the ground layer Modulus of deformation E, MPa Poisson's ratio Specific gravity, t/m’
Ist layer 16,0 0,25 1,7
2nd layer 5,0 0,30 1,75

The developed finite-element model of a two-layer embankment (cross-section) is shown in figures 3
and 4.

Lin STRESS Lc=4
Sloma_Y
0.333360
I—N 26828
~-0.33052

--1.59280

l.—2 25500

L-2.31720

-3.37350
-4.24179

150400

-l.z224

-1.9012 [ J
2.5782
! /
-3.2553

-3.9324

0.3 1

Dlstancs

Figure 3 — Distribution of vertical stresses in the grounds embankmentfrom the train load at the device of berms.
Line A-B — vertical along the axis of the embankment

Figure 4 — Embankment variant with the device of two berms

Calculations are performed using the FEM method for distributing vertical stresses and complete
displacements of the embankment grounds under a train load of 10 tf per running meter of railway track.
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As the calculations have shown, the lower - less durable layer of the ground has the characteristic
deformation of the spreading of the embankment (this can be seen on the vector plot of ground movement
under load (figure 5). Despite the small absolute values of spreading slopes from a single loading, the
rheological nature of the lower ground layer will lead to the need for straightening of the path lifting on
rubble, which is associated with the costs and restrictions of the speed of the movement of trains.Structural
measures are necessary to prevent such deformations of the ground embankment, for otherwise It is a long

time in the operation of the path will have to lead the way on, lifting of the ballast and to limit the speed of
the large local subsidence way.

Figure 5 — Vector plot of mound deformations with the berms device

Considering two variants of embankment reinforcement: a 6 m high berm device and a "wall in the
ground" device on the width of the main site of the roadbed in weaker ground (figure 6). We will perform
calculations of these variants and compare the new data with the initial calculation.

Sigma ¥
in STRESS Lemd 0.023028
l—].lle"’
i e -2.31858
! -—-3.48E38
l"-&'ﬁsl'
-5.82580

IEEEREERE, i -6.99568

—8.16%548

-9.33520

-0.03083

=-4.3178 /

Figure 6 — Distribution of vertical stresses in the ground embankment from the train load when the wall is installed in the ground.
Line A-B - vertical along the axis of the embankment

®.5 1

Distance

After installation of a double-sided berm 4m wide on rubble top, delivered by train, the transverse
movements of the weak lower layer of the embankment decreased slightly. Vertical sediments from the
train load exceed the deformations of the variant with the "wall in the ground" device. According to the
calculation (figure 6) in the version of the device "walls in the ground", the sprawl of the ground in the
projection of the main site of the embankment ceased (figure 7).

— |2 —
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Figure 7 — Vector graph of mound deformations with the construction of a wall in the ground

The total elastic sediment of the embankment became smaller than in the version of the bilaterial
berm apparatus. The mound stabilizes only when the width of the berm is 8 m.

Conclusion.

1. Appearance on the newly constructed railway sections of the "diseased roadbed" except for the
violation of the technology of work is caused by the excessive use of standard designs, inaccuracy of the
initial design data of the roadbed and the imperfection of traditional calculation methods, in which the
ground embankments is considered as one-dimensionally deformable isotropic material under train load.

2. In cases where heterogeneous grounds are used for erecting a roadbed, it is recommended to check
their stress-strain state under the train load by numerical methods.

3. It is recommended to use the finite-element virtual path model developed by us for calculating the
stress-strain state of a layered embankment, including the upper structure and the earthen cloth.

4. To evaluate the possible plastic deformation of a less durable ground layer in the embankment
("creep in the mound"), it is recommended to calculate a vector plot of the ground displacement of the
embankment under the train load. If the tangential stresses from the load exceed the permissible ground
stresses, the lines of ground particles movement will noticeably deviate from the vertical and this is an
indication of the need to reinforce the layered embankment.

5. Comparison of options for possible design solutions for the stabilization of layered embankments
should be carried out according to their technical and economic indicators, while the characteristics of the
stressed-deformed ground state in the embankments variants are equal.

M. B. I[yzucmil, b. Ammmypl, A. . Kum', T. T. Unanakos', E. A. Acanraiaues’,
M. Musinuax?, 3. K. Tynrymoéaesa’

II[. CepikbaeB lIsrpic KazakcTaH MeMIIEKETTIK TEXHUKAIBIK YHUBEpCUTETI, OckeMeH, KazakcraH,
2BpounaB FBUIBIM JKOHE TEXHOJIOTHsI YHUBepcuTeTi, [Tosbiia

KAJIIBI TEMIP KOJI KOHCTPYKIIUACBIHAA HEMECE OHBIH KEKEJIETEH
JIEMEHTTEPIHIH, )K¥MbBICBIHJIA BOJIBII )KATKAH NPOLECTEP/II CUIIATTAUTHIH
MATEMATHKAJIBIK YJII'VIEPAI O3IPJIEY

AnHoTanusi. Makajajga >Kairbl TEeMIp >XKOJ KOHCTPYKLMSCHIHAA HEMECE OHBIH JKEKeJIereH 3JIeMEHTTEepiHIH
JKYMBICBIH/IA OOJIBIN JKaTKaH MPOLECTEP/li CHIATTalTBIH MaTeMaTHKAIIBIK MOAEIbIEP/l d3ipyeyre apHainraH. Kaszak-
CTaHHBIH OHTYCTIK aliMaFbIHBIH TONBIPAKTAPBIHAH TOTLITEH €Ki KaOaTThl YHIHIIIEp TONBIPAFBIHBIH KepHEYIi-1edop-
MaIVsUTaHFaH JKai-KYHiH ecenTey MbICabl KENTIPiIreH.

Tyiiin ce3aep: TompIpak, YHiHAL, TEMIipP JKOII, XKep TOCEMI, BIFBICTHIPY.
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M. B. Ilyzlmml, b. Amumcypl, A. U Kum',
T.T. I/Il'la.l'laKOBl, E. A. AcaHraJmeBI,
M. Musinuax?, 3. K. Tynrymoaesa’

'Bocrouno-Ka3axcTaHCckuii rocy1apcTBeHHBII TeXHHUecKuii yHuBepeutet uM. J1. Cepux6aesa,
Yerp-Kamenoropek, Kazaxcran,
BporutaBckuii YHUBEPCUTET HAyKU U TexHoaoruy, [lonsma

PA3PABOTKA MATEMATHYECKHX MOJIEJIEM,
ONHUCBIBAIOIINX NPOLECCHI,
MMPOVCXO/ISIINAE B KOHCTPYKIIUHN
"KEJIE3HOJOPOKHOT'O ITYTH B IIEJIOM,
WA B PABOTE ET'O OTJEJbHBIX DJIEMEHTOB

AnHotanusi. CtaThsi NOCBsILEHa Pa3pabOTKe MaTEMATHYECKUX MOJIEINEH, OMMCHIBAIOIIUX MPOLIECCHI, TPOUCXO-
JUIIUEe B KOHCTPYKLHMH JKEJIE3HOJOPOKHOTO IyTH B 1I€JIOM, MM B paboTe ero OTIeJbHBIX dJieMeHTOB. [IpuBeneH
NpUMep pacdeTa HaIpsKeHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSI I'PYHTa JBYXCIIOWHBIX HACHIIICH, OTCBHIMAHHBIX M3
rpyHToB IOxHoro perrmona Kazaxcrana.

KaioueBble ci10Ba: rpyHT, HACHIIb, KEJIE3HOJOPOXKHBIHN MyTh, 3MJITHOE MTOJIOTHO, C/IBHT.

Information about authors:

Doudkin Mikhail Vasilyevich, Doctor of Technical Sciences, Professor, Dean of the Faculty of Engineering at
D. Serikbayev EKSTU; doudkin@mail.ru; http://orcid.org/0000-0001-5732-0724

Apshikur Baytak, Cand. of tech. sc., Associate Professor of the Department "Geology, Land Management and
Cadastre" D. Serikbayev EKSTU; bapshikur@ektu.kz; https://orcid.org/0000-0003-4353-4072

Kim Alina Igorevna, PhD, associate professor of the department "Technological machines and transport"
D. Serikbayev EKSTU; k.a.i.90@mail.ru; https://orcid.org/0000-0002-9332-4279

Ipalakov Tulegen Tursunovich, Doctor of Technical Sciences, Professor of the Department "Geology, Land
Management and Cadastre" D. Serikbayev EKSTU; tipalakov@ektu.kz; https://orcid.org/0000-0001-7587-7585

Asangaliev Elibek Atrauovich, Ph.D., Associate Professor of the Department "Water and Forest Resources”
D. Serikbayev EKSTU; elibek60@mail.ru; https://orcid.org/0000-0003-4002-8350

Mlynczak Marek, Hab. Dr., professor of Wroclaw university of science and technology; mlymar@gmail.com;
https://orcid.org/0000-0002-1134-3477

Tungushbaeva Zukhra Kydyrgazinovna, Cand. of tech. sc., Associate Professor, Dean of the Faculty of Earth
Sciences D. Serikbayev EKSTU; zuhra06@mail.ru; https://orcid.org/0000-0002-1366-1196

REFERENCES

[1] Shahunjanc G.M. (1969) Zheleznodorozhnyj put // Transport, Russia (in Rus.).

[2] JakovlevaT.G. (1999) Zheleznodorozhnyj put // Transport, Russia (in Rus.).

[3] Maslov N.N. (1977) Mehanikagruntov v praktikestroitelstva. Strojizdat, Russia (in Rus.).

[4] Maslov N.N. (1982) Osnovyinzhenernojgeologii i mehanikigruntov. Vysshaja shkola, Russia (in Rus.).

[5] Podpalov A.F., Chernyshov M.A., Titov V.P. (1978) Spravochnik po zemljanomu polotnu jekspluatiruemyh zheleznyh
dorog // Transport, Russia (in Rus.).

[6] Torue T., Hajasari M., Kitahara J. Dymanic deformation and failure characteristics of rochfill material subjected to
cyclic shear loading under vertical vibration. Soils and Foundations // Japanese Society of Soil Mechanics and Foundation
Engenering. 1980. Vol. 20, N 4. P. 1-17 (in Eng.).

[7] Ivashov V.., Kapovsky B.R., Plyasheshnik P.I., Pchelkina V.A., Iskakova E.L., Nurmukhanbetova D.E. (2018)
Mathematical simulation of one-stage grinding of products frozen in blocks // News of the National academy of sciences of the
Republic of Kazakhstan. Series of geology and technical sciences. Vol. 5, N 431 (2018). P. 48-65. ISSN 2518-170X (Online),
ISSN 2224-5278 (Print). https://doi.org/10.32014/2018.2518-170X.9

—— |4 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2019

[8] Szczesniak W. Analiz astatyezna, dynamicz na I statecznosenawierzchni drogowej I kolejowej / Warsaw Univ.
Technol. Fac. Civ. Ehg. Warsaw, 1999. P. 369-395 (in Polish).

[9] Bojko A., Fedotov A.lL., Khalezov W.P., Mtynczak M. Analysis of brake testing methods in vehicle safety. Safety and
Reliability: Methodology and Applications — Proceedings of the European Safety and Reliability Conference, ESREL, 2014.

[10] Kim A., Doudkin M., Vavilov A., Guryanov G. New vibroscreen with additional feed elements // Archives of Civil and
Mechanical Engineering. 2017. Vol. 17, Issue 4. P. 786-794. © PolitechnikaWroctawska.
https://doi.org/10.1016/j.acme.2017.02.009 (in Eng.).

[11] Stryczek J., Bana§ M., Krawczyk J., Marciniak L., Stryczek P. The Fluid Power Elements and Systems Made of
Plastics // Procedialngineering 176 (2017). 600-609. Published by Elsevier Ltd., www.elsevier.com/locate/procedia

[12] Doudkin M., Vavilov A., Pichugin S., Fadeev S. Calculation of the interaction of working body of road machine with
the surface // Life Science Journal. 133 (2013). 832-837. http://www.lifesciencesite.com.133 (in Eng.).

[13] Giel R., Mtynczak M., Plewa M. Evaluation method of the waste processing system operation. Risk, Reliability and
Safety: Innovating Theory and Practice — Proceedings of the 26th European Safety and Reliability Conference, ESREL, 2016.

[14] Fedotov A.L., Mtynczak M. Simulation and experimental analysis of quality control of vehicle brake systems using flat
plate tester // Advances in Intelligent Systems and Computing. 2016.

[15] Porevski R., Ponagelis 1. Evaluation of variability in sulgrade loads // J. Civ. Eng. and Manag. 2003. Vol. 9, N 1.
P. 16-19.

[16] Skempton A. Effective stress in soils, concrete and rocks // Conference on pore pressure. Londres, 1960.

[17] Habib P. La resistance an cisaillement des sols, Annales de I’Institut Technique du Batimentet des Travaux Publics,
SixiemeAnnec, N 61 (Sds et Fondations No. 12). Paris, 1-40 (1953-a).

[18] Casagrande A., Wilson D. Testing Equipment, Techniques and Errors, Moderators Report Session 2, ASCE Research
Conference on Shear Strength of Cohesive Soils, University of Colorado, 1123-1130 (1960).

[19] Sakimov M.A., Ozhikenova A.K., Abdeyev B.M., Doudkin M.V., Ozhiken A.K., Azamatkyzy S. Finding allowable
deformation of the road roller shell with variable curvature // News of the National academy of sciences of the Republic of
Kazakhstan. Series of Geology and Technical Sciences. 3(429). P. 197-207. https://doi.org/10.32014/2018.2518-170X

[20] Wang Y., Wu H.C,, Li V.C. Concrete reinforcement with recycled fibers // Journal of Materials in Civil Engineering.
2000; 12: 314-319. http://dx.doi.org/10.1061/(ASCE)0899-1561(2000)12:4(314)

[21] Doudkin M. V., Fadeyev S.N., PichuginS.Yu. (2013) Contact force calculation of the machine operational point // Life
Science Journal. 10(39): 246-250. http://www lifesciencesite.com. 39 (in Eng.).




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmiieHHs cTaTbU Ui My OJIMKALMK B )KYypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://www.geolog-technical.kz/index.php/en/

Bepctka /. H. Kankabexogoii

Iloxmwmcano B meuats 14.10.2019.
®dopmar 70x881/8. Bymara odeernas. [leuars — puzorpad.
15,0 1. Tupax 300. 3aka3z 5.

Hayuonanvnas akademus nayx PK
050010, Armamur, ya. [llesuenxo 28, m. 272-13-19, 272-13-18





