1. Introduction

The main component of the
infrastructure is rail transport.
The strategic direction of the de-
velopment of rail transport is
to increase the speed of train
traffic. With the increase in the
speed of movement, axial load,
freight traffic on the railways,
there is a need to increase the
strength and stability of the rail-
way track.

With the advent of CKJ165-B
fastener assembly [1], it becomes
possible to use reinforced con-
crete crossties in curves of any
radius, without changing the de-
sign of the crosstie II1-1. This
fastener creates the necessary ge-
ometry of the track in the plan
with an accuracy of 1 mm, for an
extension from 0 mm to 14 mm,
and for a narrowing from 0 mm
to 28 mm. The practice of oper-
ating a continuous welded rail
track in curves R<350 m proved
its operability but not reliability
in terms of its stability. The sta-
bility parameter is not ensured
by the fact that typical reinforced
concrete crossties III1-1 have in-
sufficient resistance to lateral
displacement, which leads to
emissions of the continuous
welded rail track in summer.
However, a number of short-
comings have been identified
in the fasteners of the CKJ165-b
type: many parts (13 kg/unit),
high metal content (30 parts),
and a large presence of a thread-
ed joint.

The aim of the work is re-
search on the issues of using
elastic rail fastenings and track
stability in a transverse horizon-
tal plane in curves of sections
with a radius of 350 m.

To achieve this aim, it is
necessary to solve the following
tasks:

- to investigate and substan-
tiate the possibilities of using
perspective designs of elastic
rail fastenings in curved sec-
tions of the track with a radius
of 350+200 m;

—to carry out theoretical studies to solve the problem of
stability of continuous welded rail track in the transverse hor-

izontal plane;

- to develop measures to solve the problem of construction
stability of continuous welded rail track in curved sections with

a radius of 350+200 m.
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Abstract: In the track facilities over the past decade, the poly-
gon for laying reinforced concrete crossties has significantly
expanded for many reasons. The main ones are the short-
age of wooden crossties, their high cost and low life. Due
to frequent crossovers, the service life of wooden crossties
in the curved sections of the track R<350 m is only 7 years.
This is 5 times less than the life of reinforced concrete cross-
ties. In the curves R<350 m under the action of the rolling
stock, an intensive accumulation of residual deformations
occurs, which causes a violation of the track geometry in the
plan. Simultaneously, the stability of the assembled rails and
crossties in the transverse plane decreases.

Given the shortcomings of the railway track on wooden
crossties, a study is conducted to solve the problems of
geometry, and the stability of the track in the transverse
horizontal plane. To achieve this, the design of the fastener
assembly KIIII-5 (SB-3) has been improved, which makes
it reliable and adjustable in all respects for 800 1000 mil-
lion of tons of bruto. In order to ensure the stability of the
track, an anchor crosstie structure has been created which
can increase the resistance to transverse displacement of the
assembled rails and crossties more than 2 times. The de-
veloped and justified measures will allow to create a highly
efficient construction of a seamless track with reinforced
concrete crossties and KIIII-5 (SB3) fastener for curved
sections with a radius of 350+200 m.

When considering these proposals with the possibility of
practical use, it becomes possible to introduce a safe and
reliable design of continuous welded rail track with KITII-5
fastener assembly in difficult operating conditions.
Keywords: infrastructure, traffic safety, railway track, stabil-
ity, anchor crossties, intermediate rail fastenings, clamping
force.

2. Methodology and main
stages of research

2. 1. Research and substan-
tiation of the analysis of the
work of KIIII-5 (SB-3) fastener
during its operation

One of the intermediate rail
fasteners, which are operated on
the railways of Ukraine, Poland,
Belarus, Kazakhstan [2-5] is a
KIITI-5 fastener (Fig. 1).

Fig. 1. Construction of KIIII-5
fastener: 1 - rail; 2 - elastic terminal;
3 — anchor; 4 - polymeric bearing;
5 - laying; 6 — crosstie

In Ukraine about 5 thousand
kilometers of the main ways are
laid on the way. This fastener
type is the prototype of the Polish
SB-3 rail fastener.

At the initial stages of oper-
ation, KIIII-5 rail fasteners, un-
like the CK]165-b fasteners, have
a number of advantages such as:
ease of installation and disman-
tling of the track content; ab-
sence of threaded connections;
small number of parts (only 7
parts and not with thread) and
low metal content (=5 kg). How-
ever, during long-term opera-
tion, a number of shortcomings
have been revealed in the KIIII-
5 fastener, which is associated
with an intensive decrease in the
clamping force.

Until now, the reason for the
intensive reduction in the power
work of the KIIITI-5 fastener has
been interpreted by the substan-
dard manufacturing of elastic
terminals. In this connection, the
terminal lost its elastic proper-
ties, and its relaxation took place.

In order to verify such statements, the Dnipro National

University of Railway Transport named after Academician
V. Lazaryan (DNURT, Ukraine) carried out complex studies.

The studies was carried out using the design of a track device

fastener (Fig. 2).
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designed for the measurement of the force of the rail pressing
to the support (crosstie) in the case of using a KIIII-5 (SB-3)
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The technique and technology for controlling the determi-
nation of the pressing force of the rail to the crosstie was devel-
oped for KIIII-5 fastener [6].

Fig. 2. Working position of the rail device for measuring the pressing
force of the terminal to the rail: 1 - track device;
2 - elastic terminal; 3 - anchor embedded in the crosstie;
4 - crosstie; 5 — measuring probe; 6 — polymeric bearing; 7 - rail

It has been established that several factors influence the pro-
cess of reducing the rail pressing force to the under-rail base for
KIIII-5 fastener [2]. The main factors are: terminal relaxation
26.2 %, wear of the under-rail base — 50.4 %, defects in centering
of the anchor holes - 29.8 %, technological process — “assembly
and dismantling” of the terminal - 6.6 %.

The above factors do not reduce the quality of the structural
and operational parameters of the KIIII-5 fastener. This allowed
to continue the work on further improving the KIIII-5 fastener.
To date, DNURT has improved the design of the KIIII-5 fasten-
er, which makes it reliable and adjustable in all respects for 800—
1000 million t. br. This opens up the possibilities for expanding
the polygon laying of the improved design of KIIII-5 fastener
into curved sections of the rail of small radius. According to
technical and economic calculations, the cost of work with the
current content of the railway with improved KIIII-5 fastener
in comparison with the binding CKJI65-b decreases 4.6 times.

But the decisive factor in the introduction of a continu-
ous welded rail track in curved sections of small radius is the
solution of the problem of its stability. This can be achieved by
creating an alternative design of under-rail base with increased
resistance to lateral movement in the horizontal plane.

2.2.Theoretical research on the solution of the stability
problem of a continuous welded rail track in a transverse hor-
izontal plane

Theoretical studies of DNURT shows that in curves with
a radius of 300 m or less, the design of the continuous welded
rail track should have a resistance to transverse displacement
1.8 times (=2 times) greater than the rail track with typical
crossties. Then the stability of the continuous welded rail track
in the curve sections R<200 m equates the stability of the con-
struction of the continuous welded rail track in curves with a
radius of 400 m [7].

2. 3. Solution of the problem of the stability of continuous
welded rail track in curved sections of small radius

Foreign countries (Austria, Germany, France, Russia, Italy)
have been searching intensively for decades for a new under-rail
base which increased the resistance to the transverse displace-
ment of the assembled rails and crossties to prevent the release
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of the continuous welded rail track [8-10]. Compared to con-
ventional squared crosstie III1-1, the weight of these crossties is
20-25 % larger. Creation of a new under-rail base with increased
resistance to transverse displacement of assembled rails and
crossties is also performed by the DNURT. On the basis of labo-
ratory studies of the DNURT, an anchor crosstie is constructed
which can increase the resistance to a transverse displacement
of assembled rails and crossties more than 2 times [7, 11] (Fig. 3).
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Fig. 3. The construction of anchor crossties:
a — anchor crosstie SB-3; b — anchor crosstie I111-1

Advantages of using such anchor crosstie are: existing
form of the concrete part of the crosstie does not change; prac-
tically does not change the technology: crosstie manufacture,
compilation of assembled rails and crossties, laying in the rail
track, the current content of the railway track; accessibility
when using hand tools and mechanisms, as well as heavy ma-
chinery.

3. Results

DNURT develops a design of a track device for monitoring
and determining the rail pressing force to the crosstie in the case
of using a KIIII-5 (SB-3) fastener. With the help of this device, it
becomes possible: to determine by the non-destructive method
the rail pressing force to the support; determine the elasticity of
the terminal.

In order to reduce the costs for the current maintenance of
the rail track with reinforced concrete crossties, while taking
into account the above-mentioned shortcomings that are pres-
ent in CKJI65-b fasteners, the design of KIIII-5 (SB-3) fastener
has been improved. Based on the results of the economic cal-
culations, it has been established, with the use of the improved
design of fasteners of KIITI-5 (SB-3) fastener, in comparison
with the CKJI65-b fastener, the work at the current content is
reduced by 362 %.

To date, DNURT has solved the problem of the stability of
a continuous welded rail track in curves of radius R<350 m. It
is proposed to improve the design of a typical crosstie III1-1
and SB-3, installing anchors that protrude from the body of a
crosstie by 80 mm. Laboratory studies have shown that the use
of such crosstie will increase the resistance to displacement by
more than 2 times. Then the stability of the rail track against
ejection in curves of radius R=200 m will be approximately
equal to the stability of the existing rail track design, which is
enclosed in curves of radius R=400 m. That is, if the existing
typical crosstie IIT1-1 has a displacement resistance of 5 kN in
curves with a radius of 200 m, then the proposed design of the
anchor crossties will provide resistance to displacement up to
10 kN for curves with the same radius.
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4. Discussion of research results

Creation of a highly efficient construction of a contin-
uous welded rail track on reinforced concrete crossties in
curved sections of small radius is not a fully resolved issue in
many countries of the world. Especially in Europe, this issue
has been addressed for decades. Simultaneously, the perspec-
tive designs of elastic rail fasteners do not correspond to the
technical and operational parameters of the railway track in
the curves R<350 m. This is explained by the insufficient rail
force pressing to the under-rail base. Measures and proposals
have been developed and substantiated by the main factors
on the way of creating a highly efficient construction of a
continuous welded rail track with ferroconcrete crossties and
KIIII-5 (SB-3) fastener for curved sections with a radius of
350+200 m.

The advantage of the obtained results is invariability of the
production technology, possibility to make a continuous welded
rail track on reinforced concrete crossties with an intermediate
KIIII-5 fastener under difficult operating conditions. At the same
time, work is done on the fulfillment of seasonal temperature
discontinuities of continuous welded rail track lashes in the
curved sections of small radius. With the possibility of practical
use, it becomes possible to ensure the reliability of the railway
track design and safety of traffic in difficult, including mountain
operating conditions. According to the DNURT research, it is
found that in the case of using such crossties on the rail track, the
stability is increased so that the temperature of fastening the con-
tinuous welded rail track lashes can be reduced by 10-15 °C. This
in turn will increase the lifetime of the rails by 1.5 times as the
most expensive element of the upper structure of the rail track.
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