QazBSQA Xatapusbicbl. Ne3 (97), 2025. KypbLibic

UDC 624.042.8(031); 54
IRSTI 67.03.03
RESEARCH ARTICLE

STRENGTHENING OF STRENGTH OF REINFORCED
CONCRETE RAILWAY SLEEPERS UNDER DYNAMIC EFFECTS

S.K. Dostanova'*® | S.B. Shayakhmetov! © , A A. Ishankhodzhaev? ®
K.E. Tokpanova®®

'Kazakh National Research Technical University named after K.I. Satpayev,
050013, Almaty, Kazakhstan

Tashkent State Transport University, 100060, Tashkent, Uzbekistan
3Caspian University, 050000, Almaty, Kazakhstan

Abstract. In order to increase the resistance of sleepers to dynamic effects and
to strengthen their load-bearing capacity, it is important to investigate their internal
strength reserve to various external effects, including the ductility of the subgrade. This
is due to the insufficient theoretical and experimental studies to predict their strength
reserve in modern conditions. The aim of this research is to improve the dynamic
calculation of railway sleepers by developing more accurate calculation models and
using modern algorithms to determine their bearing capacity. To achieve this goal, the
paper uses analytical and numerical methods based on mathematical models. The base
of sleepers is continuous elastic. Methods for determining the natural frequencies of
transverse vibrations and a dynamic calculation method for determining the stress-
strain state at different load speeds and base stiffness are presented. An example of
calculation of railway sleepers is presented. The values of natural frequencies for
different forms of vibrations are determined by analytical and numerical methods, and
the results are compared. Static and dynamic calculations were carried out, as a result
of which the values of internal forces, values of deflections and normal stresses were
obtained. Evaluation of the obtained results is given. Strength reserve has been
determined and appropriate conclusions have been drawn.

Keywords: railway sleepers, elastic base, natural frequencies, stresses,
deformations.

*Corresponding author
Saule Dostanova, e-mail: dostanova0109@mail.ru

https://doi.org/10.51488/1680-080X/2025.3-06
Received 27 June 2025; Revised 11 August 2025; Accepted 08 September 2025

76


mailto:dostanova0109@mail.ru
https://doi.org/10.51488/1680-080X/2025.3-06
https://doi.org/10.51488/1680-080X/2025.3-06
https://orcid.org/0000-0002-2232-3068
https://orcid.org/0000-0001-7401-629X
https://orcid.org/0009-0001-7962-9738
https://orcid.org/0000-0001-6944-9541

QazBSQA Xatapusbicbl. Ne3 (97), 2025. KypbLibic

00X 624.042.8(031); 54
FTAMP 67.03.03
FbIJIbIMI MAKAJTA

ANHAMHUKAJIbIK OCEPIHEH TEMIP KOJIIAPbIH
TEMIPBETOH HIITAJTJAPBIHBIH BEPIKTIT'T KYLHHEUTY

C.X. Tocranosa'*® | C.B. Ilasxmeros' © | A.A. Mmanxonskaes? @ |
K.E. Toknanopa’®

N. CorbaeB atbinaarsl Ka3ak YITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCHTETI,
KA. Cot6 yor prTey yHUBED

050013, Anmartsl, Kazakcran

TarmkeHT MeMJIEKeTTiK Komik yauBepcuTeti, 100060, Tamkent, ©30ekcTan

3Kacnuit yausepcuret, 050000, Anmarsl, Kazakcran

Annparna. [llnandapoviy ouHamukanwix acepee me3imMOLliciH apmmolpy HCIHe
onapovly Kemepeiwmicin apmmelpy YuwliH O0aapovly OepikmiciHiy WKl pe3epsin
apmMypai ColpmKblL acepiiepee, COHblY TWiHOe He2l30iH bepikmicine 3epmmey MaHbl30bl.
byn kasipei ocagoatioa onapoviy Gepikmik pezepsin O0AMCAy YWiH HCeMKIiKmi
MeOPUANIbIK  JCOHE  IKCHEPUMEHMMIK — 3epmmeynepoer  mywvlHoamauovl.  byn
3epmmeynepoiy makcamol 0dnipex ecenmey MoOeibOePiH HCACAY HCIHE ONAPObIH HCYK
Kemepeiumicin aHblKmay YuwiiH 3amManayu  aieopummoepoi KOJNOAHY aApKblibl
memipaHcoN OAUNAHBICMAPLIHLIY OUHAMUKATILIK eCeOIH JHceminodipy 60vin madowliaosl.
Ocbl makcamya srcemy Yulin HCYMblCMa MamemMamuKaivlk Mooenboepae He2iz0elceH
AHATUMUKATILIK JHCOHE CAHOBIK 20icmep Koadauwliaowl. LlInandapoviy mecizi kammuol
cepnimoi. Kenoenern ayvimynapovly HaKkml HCULTIKMEPIH AHbIKMAY HCIHE HCYKmeme
MeH  He2i30iH  KaAmmulIbl2bIHbIY — IPMYPIL  HCbLIOAMOBIKMAPLIHOA&bL  KepHEYL
Odepopmayusnanzan Kyuoi aHblKmay YyuliH OUHAMUKATILIK —ecenmey 20icmepi
yevinvinean.  Temipoicon — OatllaHblcmapvlH — ecenmey — MblCAlbl  KelMIpilceH.
AHanumuxanvlk ocoHe CaAHObIK 20icmepoiy KeMe2iMeH ayblmKyOulH 2pmypii
Gopmanapvl yuin HaKmol JHCUITIKMEPOIH MIHOEpi AHbIKMALObI, COHbIMEH Kamap
Homuoicenepoi  canvlicmuipy — ocypeizindi.  Cmamukanvlk — JicoHe  OUHAMUKAILIK
ecenmeyiiep JHCypeizinoi, Homuxcecinoe WKl Kyumepoiy MaHOepI, Uiy MaHOepi JHcoHe
Kanvlnmsl KepHeylep alblHObl. Anvinean Hamudicenrep bazananovl. bepikmik pesepgi
AHBLIKMANObL, MUICIE KOPBIMBIHOBLILAD HCACATLODbL.
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AHHOTAUMA. /[1s nosviueHus CONpOMuUGNIeHus Wnai OUHAMUYECKUM
goz0eticmeuem U YCuieHus ux Hecywel cnoCOOHOCMU BANCHLIM ABIAEMCS U3YUeHUe
BHYMPEHHe20 pe3epead Ux NPOYHOCMU HA PA3TUYHble 6HEWHUe B030eliCEUsl, BKIYAs
NPOYHOCMb  OCHOBAHUA. DMO  BbI3GAHO  HEOOCMAMOYHO  MEOPEemUYecKUMU U
IKCNEPUMEHMATbHLIMU UCCTIE008AHUAMU 015 NPOSHOZUPOBAHUSL UX pe3ep8d NPOYHOCHU
8  cogpemenHblx  ycrosusx.  Llenblo  OaHHbIX  ucciedosamull  A61AEmCcs
COBEPUIEHCTNBOBAHUE OUHAMUYECKO20 VYemd MHCele3HOOOPOICHBIX WNAL Nnymem
UCNONb306AHUSL  COBPEMEHHBIX — ANOpUmMMO8 Ol pa3pabomku  0Oonee  MOYHbIX
BLIYUCTIUMENbHLIX  MOOenell U onpedeleHusi ux Hecyujeti cnocoonocmu. J{ns
00CMUdICEeHUs: SMOLL Yeau 8 pabome UCNONb3VIONCS AHATUMUYECKUe U KOTUYECTBEHHbLE
Memoobl, KOMopbvle OCHOBAHbI HA Mamemamuyeckux mooenix. Ochosanue wnan
sAensemcst  cnaiowHvlm  ynpyeum. IIpeonodicenvt memoovl onpeoeneHusi YOenbHbIX
4ACMOm NONEPEeYHbIX OMKIOHEHUNl U OUHAMUYECKO20 DACHemd NO ONpeoeieHuro
HANPpsIdsCEeHHO-0eDOPMUPOBAHHOZO COCMOAHUSL NPU PA3TUYHBIX CKOPOCHISX OBUICEHUS
Haepysku —u  ocecmkocmu — ocHoganusi.  IIpeocmaenen — npumep — pacuema
arcene3Ho0opodxchvix wnat. C noMowbio AHATUMUYECKUX U KOTUYECMBEHHbIX Memo008
onpeoeneHvl 3HaA4YeHUsi YOeIbHbIX 4acmom OJisi PA3IUYHbIX (OPM OMKIOHEHUl, a
maxoice OblI0 NPOBEOEHO CpasHeHUe pe3yibmamos. bviiu nposedenvt cmamuueckue u
OUHaAMUYecKue pacuemol, 6 pe3yabmame KOMOpbIX Obliu HOLYUEeHbl 3HAYEHUs.
BHYMPEHHUX CUNL, 3HAYeHUsi U32Ub08 U HOPMANbHLIX HanpsiceHutl. [lonyyennvle
pesyromamul  Obiiu  oyeHeHvl. Onpedenen  pezepg  NPOYHOCMU,  COENLAHBI
coomeemcmesyroujue 8bl800blL.

KiroueBsble c10Ba: Jicene3Ho00podcHble WNaibl, Ynpyeoe 0CHO8AHUe, Yacmoma
Konebanutl, Hanpsajicerue, oehopmayusi.

* ABTOP-KOPPECHOHAEHT
Cayae JlocranoBa, e-mail: dostanova0109@mail.ru

https://doi.org/10.51488/1680-080X/2025.3-06
[octynuna 27 utons 2025; Ilepecmotpeno 11 aBrycra 2025; [Ipunsto 08 centsops 2025

78


mailto:dostanova0109@mail.ru
https://doi.org/10.51488/1680-080X/2025.3-06
https://orcid.org/0000-0002-2232-3068
https://orcid.org/0000-0001-7401-629X
https://orcid.org/0009-0001-7962-9738
https://orcid.org/0000-0001-6944-9541

QazBSQA Xatapusbicbl. Ne3 (97), 2025. KypbLibic

ACKNOWLEDGEMENTS/SOURCE OF FUNDING
There is no source of funding
CONFLICT OF INTEREST

The authors state that there is no conflict of interest.

AJIFBIC/KAPXBIJIAH/JIBIPY KO3I
Kapxblnanapipy ke31 )K0K
MYIAEJIEP KAKTBIFbICBHI

ABTOpIAp MYIENEP KAKTHIFBICHI )KOK JET MAJIIMICH/II.

BJATOJAPHOCTU/UCTOYHUK ®UHAHCUPOBAHUA
WcTounuk puHaHCHUPOBAHUS OTCYTCTBYET
KOH®JIUKT UHTEPECOB

ABTOpBI 3asIBJISIOT, YTO KOH(IMKTa HHTEPECOB HET.

79



QazBSQA Xatapusbicbl. Ne3 (97), 2025. KypbLibic
1 INTRODUCTION

An important aspect of the development of railway tracks and their improvement is traffic
safety, which depends on the quality of the track, its strength, stability and durability. One of the
important elements of the reliability of the railway track are reinforced concrete sleepers, which
ensure the stability of the rails, reducing the likelihood of subsidence when moving trains.

A railway track is a complex open technical system that interacts with its environment - other
transport and non-transport technical systems and the natural environment. The design of a railway
track must have coordinated physical and mechanical parameters of its constituent elements and,
when a train is moving, accumulate a minimum of potential energy and dissipate this energy in a
uniform flow through deformation of materials and relative displacements of the design elements.
Sleepers play a key role in ensuring the operational characteristics of the track and safety in rail
transport. They are designed to distribute the load from passing trains on the ballast, as well as to hold
the rail strings in place, preventing their shift or movement. A reinforced concrete sleeper is a solid
bar structure made of reinforced concrete with high-strength reinforcement, which must meet all the
requirements of the standard (Figure 1).

In the conditions of increasing the carrying capacity and intensity of freight turnover on the
railways of the Republic of Kazakhstan, it is necessary to increase the requirements for traffic safety,
one of the areas for this is the study of the strength and reliability of reinforced concrete sleepers
capable of withstanding dynamic impacts.

Let us note some theoretical and experimental studies of the strength and reliability of railway
sleepers, which reflect monitoring and innovative developments according to research by
Mirsayapov (2022). For example, methods for calculating the endurance and crack resistance of
reinforced concrete sleepers with prestressed rod reinforcement under cyclic loads.

The studies by Gnezdilov, Lebedev, and Prostakov (2023) demonstrate that an innovative
diagnostic complex is used to determine and evaluate the stress—strain state of reinforced concrete
sleepers on sections of heavy-duty trains under dynamic loads. A review of materials for reinforced
concrete sleepers is given, and the main types of failure of prestressed concrete sleepers under cyclic
and impact loads are indicated.

The studies by Mirzakhidova (2021) present the design features of reinforced concrete sleepers
depending on the types of rail fastening to the sleeper, the type of tensioned reinforcement, the
presence of electrical insulating properties, and the overall quality of manufacture. The COSMOS/M
software system was used for the calculations.

Despite the fact that theoretical and diagnostic studies of the stress-strain state of reinforced
concrete sleepers are constantly being conducted, the available data are insufficient to predict their
strength reserve under modern conditions. For example, one of the disadvantages of reinforced
concrete sleepers is their sensitivity to impacts (especially at the joints), and their insufficient rigidity
contributes to rapid wear of the rails at the joints. At the same time, the increased rigidity of reinforced
concrete sleepers can contribute to an increase in the dynamic impact of rolling stock on the ballast
and on the roadbed, which leads to a more intensive accumulation of track settlements and an increase
in the volume of alignment work, especially at the joints. The peculiarity of the sleepers' operation
under dynamic influences and their neglect shows numerous defects in the sleepers, which leads to
increased labor costs. For effective operation of sleepers, it is necessary to develop clear criteria for
their use, a systematic approach to research and the use of accurate mathematical methods.

To increase the resistance of sleepers to dynamic impact and to enhance their bearing capacity,
it is necessary to study their internal reserve of strength to various external impacts, including the
flexibility of the base as considered in the work of Leontiev (2020).
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2 LITERATURE REVIEW

The purpose of these studies is to improve the dynamic calculation of railroad sleepers by
developing more accurate calculation models and using modern algorithms to enhance their bearing
capacity.

To achieve this goal, analytical and numerical methods are used, based on mathematical models
of sleepers, verified by experimental data.

In engineering practice, beam elements of structures lying on a continuous elastic foundation
are often encountered. Such structures may include railroad sleepers, strip foundations of buildings,
dam foundations resting on soil, various types of pipelines laid on or inside the soil, etc.

In the following, a beam with an uneven cross-section lying on an elastic foundation is adopted
as the design scheme for railway sleepers. Concentrated dynamic loads varying according to a
harmonic law with frequency 0 are considered as external influences, as described by Mirsayapov
(2022) (Figure 1).

Figure 1 — Railway sleepers (Mirsayapov, 2022)

When calculating sleepers, it is assumed that the soil has elastic properties and its deformation
is proportional to the applied load. In addition to this basic premise, other assumptions are also made
when calculating beams on an elastic foundation:

- there is no friction between the base and the beam;

- the elastic base is uniform along the entire length of the beam and the width of the beam bed
1S constant;

One of the most common hypotheses is the hypothesis of a proportional relationship between
reaction and settlement—the Winkler foundation hypothesis. The calculation scheme of a beam on
an elastic foundation is shown in Figure 2, as presented by Gnezdilov, Lebedev, and Prostakov
(2023):

e —— ]

=1\

R/

Figure 2 — Calculation scheme of a beam on an elastic foundation (Gnezdilov S.A., 2023).
3 MATERIALS AND METHODS

The research methods consist of 2 parts: the first part is devoted to determining the dynamic
characteristics of the system under consideration, and the second part is devoted to the dynamic
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calculation of railway sleepers, as a result of which their bearing capacity and deformability at high
train speeds are clarified.

3.1 Definition of dynamic characteristics

Let us consider the natural oscillations of a beam with a constant mass lying on an elastic
foundation. Assuming the external load to be zero, the equation of natural oscillations takes the form
as presented by Dostanova, Issakhanov, Tokpanova, and Kasymova (2024):

a*y(x) +m 2%y(x,t)

El ox* ot2

+ rby(x,t) = 0 (1)

In (1) y(x,t) 1s the deflection function, EI is the bending rigidity, m is the linear mass, r is the
elastic foundation rigidity. b is the beam width.

Considering periodic oscillations of a beam with a frequency o, then the deflections can be
represented as the following sum of natural oscillations:

yxt) = Xiz1 Yk () T (D) or
y(xt) = Xz, Yk () Sinwyt (2)

Substituting (2) into (1), reducing by sinwt for the “k mode of vibrations, we obtain the
following equation

o* k-rb
BI 726 — [22 v () = 0 3)

In the following we will denote the frequency parameter

+|[mwi —rb
= ||

The boundary conditions are as follows:

x=0  M(0)=Q(0)=0 (3)
x=L M(L)=Q(L)=0 4)

We use the initial parameter method to solve equation (3), assuming two initial parameters
Mo=Qo=0, then the solution to the homogeneous equation can be written as:

0]
Y2(x) = yoS(Ax) + }\—:T(?\kx)

PR(x) = Yol VIAX) + @ S(Akx)
M2 (x) = —ElyoAf UAx) — El@oAV(Ax) (5)
QR (x) = —ElyoAgT(yex) — ElQoAfU(Ax)

In (5) the following circular functions are introduced

S(ux) = (chAx + cosyx)
UQux) = Z(chAx — coshyx)
TOx) = %(shkkx + sinAyx)
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Vex) = S(shyx — sindyx) (6)

Unknown initial parameters deflection yo and rotation angle ¢, are determined from the
boundary conditions (3,4):

MR(\L) = —ElyoAf U L) — El@oAV(AL) = 0
QR (L) = —ElypAiT(AL) — ElpoAfU (A L)=0 (7)

Equations (7) represent a system of two homogeneous algebraic equations with respect to two
unknown initial parameters (yo, ), since the solution must be different from zero, we assume that
the determinant of the system is zero:

D =U?(NL) — V(L) - T L) =0 (8)

Equation (8) is a transcendental equation with respect to the parameter Ak. The solution can be
obtained by an approximate method.

To solve (8), we use an iterative process for the parameter A in the range of o [n/2 - 21]. We
introduce the function

F(A) = U2\ L) = V(4 L) - TKL) =0 )
Let us designate
A=U?(NL) and B= V(AL) T(L)
Then equation (8) can be replaced by the equation:
A-B=0 or A=B

By specifying different values of Ak, the values of A and B are determined. This process can be
linearized. The iterative process continues until the value of the function reaches the required
accuracy F(Ax)=A-B<e, where ¢ is a sufficiently small number characterizing the required accuracy
of the calculation.

Having determined A, the natural frequency of oscillations is determined by the formula:

4 [[EIA{ +rb
Wy = T

(10)

m

3.2 Dynamic calculation
Let us consider the forced vibrations of a beam with a constant mass. The equation of forced
vibrations takes the form as presented by Pichkurova (2025):

64y(x,t) Ozy(x,t)
m
ox* T ot?

El

+ rby(x,t) = q(x,t) (11)

If the external load changes according to the harmonic law with frequency 8, i.e. y(x,t)=sinft
, then it can be assumed that the beam also oscillates according to the harmonic law with the same
frequency 6. The solution of equation (11) can be expanded as a series and presented as the following
sum:

y(x, t) = Ypq Vi (x)sinf,t (12)
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Substituting (12) into (11), reducing by sin8t for the “k” mode of oscillations, we obtain the
following equation

Ity(x) mOZ -rb

EIZX (202 () = o () (13)

In (13) qo is the amplitude value of the external load. In the following, by analogy with natural
oscillations, we denote

melz(—rb] (14)

Ak=4[ El

Equation (13) is an ordinary differential equation. Solution (13) can be represented as the sum
of the solution of the homogeneous equation and a particular solution:

Vie(x) = y2 (x) + y*7 (%) (15)

When considering forced vibrations of beamswith a uniformly distributed mass m, we consider
the case when a concentrated external moving load F changes according to a harmonic law with a
frequency 0 (for the case of an arbitrary load, we use the expansion according to the norms of natural
vibrations):

F = Fysin(>), (16)
0

where Fo is the wheel load distributed over the area of a circle of diameter D, Ty = v , Vis

the speed of horizontal movement of the load, t is the current time. Denoting the ratio /Ty through
0, then the external load can be represented as F = Fysin(6 - t), where 0 is the frequency of
oscillations of the external load.

In the case of the action of two concentrated forces F' (Figure 3), the solutions for the two
sections are given as presented by Dostanova, Shayakhmetov, Lesov, Umarov, and Kalpenova
(2025):

At 0<x<a
®
Y1 (X)) = yoS4x) + A—:Takx)
01 (X) = YoM VIAX) + @ S(Ax)

My () = —ElyodZ Uux) — Elgoh V() (17)
Q0 = ~ElyeAi T4 — ElpoAUhx)
k=1,2,3.........

Po FV(A(x — a))
Y (X)) = yoSux) + ET(?\kx) R T
FU(A(x — a))
91 = YoMV + @oSAe) +—— 57—
M;e(x) = —ElyohE Uux) — El@oh V() - o (18)

0k (x) = —ElygA3 T — ElpodZUx) — FS(A(x — a))
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F F
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@ - |
ﬂﬂﬂ?ﬂﬂﬂﬂﬂlﬂﬂﬂ?ﬂﬂ? X
L

1.
y

Figure 3 — The action of concentrated external forces (Dostanova S., Shayakhmetov S., 2025)

In (17) and (18) the parameterAyis expressed as:

4 meﬁ—rb
A= | TE

Initial parameters yo and ¢, under forced oscillations are determined from the boundary
conditions:

x=L M(L)=Q(L)=0
—ElyoAZ UML) — El@oh V(L) = “o=) (19)
—Ely,A3T(AkL) — ElgoA2U(AL) = FS(A(L — a))

Due to symmetry, equations (19) have the form:
At a<x<L

x=L/2 (L/2)=0, Q(L/2)=0

FUA(L/2 —
e (L/2) = yohVOWL/2) + @oSOhLy2) + ¢ (/1 Z/E 1 @) _

Qi(L/2) = —ElysBT(hL/2) — ElpoAZU (%) — Fs (,1 (:- a)) =0 (20

2

Having determined the initial parameters from (20), the deflections, rotation angles, bending
moment and shear force are determined from expressions (17,18).

4 RESULTS AND DISCUUION

The most common reinforced concrete sleepers on the railway in the Republic of Kazakhstan—
type Shl-1, used for high-speed lines—were selected for research, as presented by Dostanova,
Kasymova, Tokpanova, Tulegenova, and Sarsenova (2024).

Characteristics of reinforced concrete sleepers type 1111-1: track width - 1520 mm, dimensions:
length - 2700 mm; height - 150 mm; width - 300 mm, material - prestressed reinforced concrete
(Figure 4).

Concrete compressive strength class — B40 (M500). E=36x10>MPa, specific gravity of concrete
y=2.5 t/m’. Distance between stop edges of different ends of sleeper — L=2016 mm, stop edge angle
— 559 sleeper sub-section height — 193 mm, sleeper average section height — h=145 mm, fastening
type KB-65.

The train speeds are considered in the range from 60 to 140 km/h (Figure 4), as presented by
Dostanova, Shayakhmetov, Lesov, Umarov, and Kalpenova (2025).
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Figure 4 — Reinforced concrete sleeper type Sh1-1 (Dostanova S., Shayakhmetov S., 2025)

Rigidity of the base or values of the sleeper bedding coefficient, MN/m?:

for soil base without ballast: 8... 12

for sand ballasts: 15...40

for gravel ballasts: 40...60

for crushed stone ballast: 60... 100

In the following, we consider crushed stone ballast with a sleeper bedding coefficient in the
range from 60 to 80 MN/m’. In the following, we present the results for =60 MN/m?.

Figure 5 shows the numbers of the sections and points at which deflections, bending moments,
shear forces, and the corresponding stresses are determined, as presented by Dostanova,
Shayakhmetov, Lesov, Umarov, and Tokpanova (2025).

S SN

Figure 5 — Nnumbers of sections and points at which forces and deformations are determine
(Dostanova S., Shayakhmetov S., 2025)

The moment of inertia of section 4-5 is: [=30417.5 cm*; section 1-2: I=7621.5 cm?, in section
3:1=8437.5 cm*, respectively, the moments of resistance of the sections are: section 4-5 is: W=2645.5
cm’; section 1-2: W=1051.2 cm® in section 3: W=1125.0 cm’. The calculation is carried out in the
elastic stage of the system operation and consists of 2 parts: determination of the dynamic
characteristics and determination of the stress-strain state of reinforced concrete sleepers when the
train is moving at a given speed.

The natural frequencies of oscillations are determined analytically and numerically using the
COSMOS/M software system. In the latter, the STAR module presents the calculation of the stress-
strain state and the calculation of the displacements of a reinforced concrete sleeper.

Figure 6 shows the shape of the natural oscillations corresponding to the first harmonic,
obtained as a result of numerical calculations, as presented by Dostanova, Shayakhmetov, Lesov,
Umarov, and Tokpanova (2025).

F_Mode=1 23.B305 Hz

1

v ; ” /7 e %

LA / i gy nenne !

Figure 6 — The shape of natural oscillations corresponding to the 1st harmonic
(Dostanova S., Shayakhmetov S., 2025)
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Table 1 shows the natural frequencies of oscillations of the 1111 sleeper, ® Hz, corresponding

to the first harmonics.

Table 1
Natural frequencies of oscillations
Form No. Analytical calculation Numerl_cal Errorsin %
calculation
1 22,51 23.63 4,7
2 30,77 31.8 3,2
3 38,72 40.48 4,3
4 41,47 42.77 3,0
5 47,35 46.97 0,8

From Table 1 it is evident that the natural frequencies determined analytically have lower
values in comparison with the numerical method; with an increase in the vibration modes, their values
almost coincide.

The results of forced vibrations are presented at the speed of movement V=60 km/h. The value

MZi@ =0,0636 ((section 1-2), for section 4-5: M=0.002, for section 3: M=0.062. The functions

S(Ax), T (Ax), V (Ax), U(Ax) are determined by formula (6) using tables for trigonometric and
hyperbolic functions. Table 2 shows the values of deflections, bending moments and transverse forces
under static and dynamic action of force F (Fer =270 kN, Fgin=270sin0t, where 0 is the frequency of
forced vibrations, at the speed of movement of 60 km/h 6=65.41 sec™).

Table 2
Deflections m, bending moments kNm and transverse forces kN in sections of reinforced concrete sleepers under
static and dynamic effects.

. 3 Bending Transverse forces
Section number Deflections, 10~ m moments KNm kN
Static impact

1-2 10,91 19,30 0
100,98
4-5 12,15 -28,59 1418
3 11,72 5,48 -95,62

Dynamic impact

1-2 13,74 26,24 0
137,33
4-5 16,52 -38,88 1928
3 15,93 7,45 -130,04

From Table 2 it can be seen that the dynamic coefficient is approximately pain=1,36.
Table 3 shows the values of maximum normal and shear stresses (Ox, kgf/cm?, tyx, kgficm?)
in the sections of reinforced concrete sleepers.

Table 3
Values of maximum normal stresses 6x, kgf/cm?

Number Ox, kgf/cm? Tyx, kgf/em? Ox, kgf/cm’ Tyx, kgf/em?
sections Statics Statics Dynamics Dynamics
1-2 74,43 0 101,22 0
22,4 30,5
4-5 277,41 314 377,28 43
3 49,69 23,8 67,78 32,4

According to the building codes of the Republic of Kazakhstan, the average compressive
strength of B40 concrete, taking into account the variation coefficient of 13.5%, is 523.7 kgf/cm?,
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bending strength is 349 kgf/cm?, tensile strength is 48 kgf/cm2, and shear strength varies in the range
from 10.2 to 61.2 kgf/cm?.

Table 3 shows that the highest normal stresses are in section 4-5, the deflections in this section
are also increased in comparison with the section in the middle of the sleeper span, and with an
increase in load, cracks may appear on the outer surface. The safety factor for normal stresses is 1.39.
The highest tangential stresses are in section 3, in this section, shifts in the direction of the y axis are
possible, which can lead to an emergency situation when trains are moving. It should be noted that
when calculating railway sleepers, shear deformation is often neglected, considering it small in
comparison with bending deformation. As the results of this calculation show, the safety reserve for
shear is quite small.

5 CONCLUSIONS

Summarizing the obtained results, the following conclusions can be drawn:

1. Using analytical methods, it is possible to identify and specify the dynamic reserve of
strength and reliability of railway scales of railways at different speeds of movement and at different
values of base rigidity. These results will allow predicting the behavior of sleepers at different values
of weight and speed of the moving train.

2. Practice shows that failure to take into account dynamic effects when calculating railroad
sleepers leads to the appearance of various defects. To enhance the bearing capacity and reliability, it
1s necessary to take into account all possible types of deformations and their stability.
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