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ABSTRACT

The authors introduce the results of measure-
ments and analysis of mechanical vibrations of track
superstructure with intermediate rail fastening types
Pendrol and ZHBR65-SH regarding vibrodynamic

impact of rolling stock. Full-scale experimental stu-
dies have been performed on the main section of the
enlarged Ekibastuz rail track section. The data ob-
tained can be used as a criterion for justifying selec-
tion of the most optimal type of rail fastening.
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Background. /t is generally known that with ir-
regularities on a rigid track, which are the same in
shape and size (e.g., track superstructure with con-
crete sleepers), dynamic additives of forces acting
from wheels on rails, are higher than on an elastic
track (e.g., track superstructure with wooden slee-
pers). This situation adversely affects the develop-
ment of rail defects of contact fatigue nature and
disorders of the track as a whole. Operating experi-
ence has shown that the yield of rails on the basis of
defects in the seam zone has increased significantly
compared to the yield of wooden sleepers. Thereis a
more rapid formation of undulating wear of rails.

To take full advantage of concrete sleepers and
minimize disadvantages mentioned above research
and practical actions are carried out in two directions.

Firstly, in all possible ways the formation of ir-
regularities on wheels of the rolling stock and rails is
prevented to avoid actions of perturbing forces that
generate harmful vibration. The activities in this area
include: widespread introduction of continuous
welded rail track, grinding of rails, timely elimination
of vertical irregularities and strengthening of specifi-
cations for the size of permitted irregularities in the
thread surface of rails and wheels, as well as streng-
thening of control over their condition.

Secondly, different types of elastic intermediate
rail fastenings are created, allowing to sufficiently
reduce vibration dynamic impact on sleepers, ballast
and subgrade. Identification of an optimal type of
fastening would reduce the dynamic effect of the
rolling stock on the track with concrete sleepers, as
well as would reduce the intensity of residual deforma-
tions of the track with existing operational irregularities
on rails and wheels.

Objective. The objective of the authors is to in-
troduce results of measurements and analysis of

mechanical vibrations of track superstructure with
intermediate rail fastening types Pendrol and ZH-
BR65-SH regarding vibrodynamic impact of rolling
stock.

Methods. The authors use general scientific and
engineering methods, modeling, mathematical me-
thods, comparative analysis.

Results.

1.

Currently, on the main tracks of JSC «NC «Kazakh-
stan Temir Zholy» and JSC «Russian Railways» various
types of intermediate rail fastenings are applied.
However, the sole, universal, meeting all requirements
for efficient operation, fixing elements for concrete
sleepers in the Kazakhstan and Russian railways are
absent. One of the most important indicators of the
efficiency of rail fastenings is reduction of dynamic
forces and vibrations that arise in the interaction of
track and rolling stock. For this the construction of
fastenings must ensure its rational spatial flexibility.

Ensuring rational spatial elasticity of rail fastenings
is extremely necessary in order to elastically process
dynamic effects of wheels of rolling stock on rails, to
dampen high frequency vibrations that affect disor-
ders of track, and especially on bolted joints, as well
as to ensure equal elasticity of rail base. Limit criteria
of parameters of vibrations generated by rail, are
regulated by normative documents of a number of
foreign countries [1-4], in Russia they are normalized
only for buildings and structures on the criterion of
human exposure [5, 6].

Elasticity, created by fastenings, separates rail
mass from rail base in the same way as springs sepa-
rate vehicle’s body from its running gears. This sig-
nificantly reduces inertia forces generated during
movement of wheels on track irregularities. However,
at low vertical and horizontal stiffness of supports
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Pic. 1. Scheme of arrangement of sensors: N2 1 — on the middle of the sleeper; N2 2 — on the rail base; N° 3 — on
the edge of the sleeper; N2 4 — terminal Pandrol Fast Clip; N° 5 — on the middle of the sleeper; N° 6 — on the rail

base; N2 7 — on the edge of the sleeper; N2 8 — terminal ZHBR65-SH.
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Pic. 2. Track’s general view with installed vibration
sensors:
a — with fastening Pandrol; b —- ZHBR65-SH.

increases static bending of rails under the wheel load,
increases rotation of cross sections of rails, which
creates the effect of stealing. In connection with this,
there is a concept of rational (optimal) spatial elasticity
whereby interaction of track and rolling stock is the
best, and stresses, deformations and accumulation
of the latter will be minimal. In addition, the constant
elastic connection of fastening elements with rails,
under-rail bearings and with each other with a prede-
termined tension is needed to ensure normal opera-
tion of fastenings, to prevent inelastic fluctuations of
their elements and related disorders of fastening
nodes.

For comparison purposes of the dynamic work of
rail fastenings Pandrol and ZHBR65- SH the authors
on the site of their conjugation conducted full-scale
experimental studies of the response parameters of
track structures under the influence of the rolling
stock. The studies were conducted on the main sec-
tion of the enlarged Ekibastuz maintenance rail sec-
tion (UPCH-30) of Kazakhstan railways.

Vibration sensors (velocimeters) were set
based on the opportunity to get the most complete
picture of the elements’ work of rail grid and railway
track as a whole (Pic. 1). To install sensors on the
rail base and elastic connection terminals of rail
fastenings various accessories were used: plates,
clips, clamps, hold-down bolts. In the first on con-
crete sleepers was performed rigid bolting of
device with a metal plate, and then the plate was
glued to the design under consideration.

Pic. 2 is a perspective view of sections of railway
track with intermediate rail fastenings Pandrol Fast
Clip (Pic. 2a) and ZHBR65-SH (Pic. 2b) and vibration
detectors installed.

As means of measurement mobile vibration mea-
surement complex was used with a set of vibration
sensors and software package for data processing
and visualization. Specifications and software support
are described in detail in [7], and a digital signal pro-
cessing technique is described in [8].

Entries of mechanical vibrations of elements of
railway track were made in two sections, with the same
characteristics (rail type R65, crushed stone ballast),
straight stretch of track.

To ensure a detailed analysis special software was
used that allows to cut out a fragment of interest of
the general signal record.

Complex of informative parameters characteriz-
ing the state of the object, included following qualita-
tive and quantitative components of vibration process:

— vibration displacement is oscillatory movement
of the body relative to equilibrium position, is used to
evaluate when a movement is critical in terms of al-
lowable stresses and clearances;

— vibration speed is time derivative of vibration
displacement, which characterizes oscillation power
P=my, (1)
where P, m, v are respectively, power, mass of the
object, speed of mechanical vibrations;
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Pic. 3. Curve of polyharmonic vibration.
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Pic. 4. The dependence of RMS value of vibration displacement on the rail base (a) and in the middle of the
concrete sleeper (b) on the speed of the electric locomotive VL-80.

— vibration acceleration is time derivative of vibra-
tion speed that characterizes inertial force acting on
the object at vibration
F=ma, (2)
where F, a are inertial force and vibration acceleration.

2.

To quantify mechanical vibrations, the following
parameters were used: range, peak value, rms value
(RMS) (Pic. 3).

Range r(s, v,, a) is a difference between the
highest and the lowest values of fluctuating value.

Peak value rp( S, Vy ap) is the highest absolute
value of maximum deviations of fluctuating values.

RMS is the most important parameter, since it
takes into account temporal development of con-
sidered oscillations and it directly reflects the value
associated with the signal’s energy and therefore
damaging capability of these oscillations. If there
are N discrete values of fluctuating value, then rms
value is:

(3)

re(se’ue’ae)_
where s, v, a_ are respectively, RMS of vibration
displacement, vibration speed and vibration
acceleration.

The analysis of records, carried out with the
participation of authors, of movement of rolling

stock at speeds from 45 to 103 km/h in test site
with intermediate rail fastenings FOSSLOH, laid on
the main line of the enlarged Almaty maintenance
section, presented in detail in [8], showed the fol-
lowing:

« correlation dependences of peak and RMS
values on vibration speed and vibration acceleration
of track elements from the speed of rolling stock
have a low coefficient of reliability of approximation.
This circumstance is caused by the fact that the
conditions of contact interaction of sleepers with
ballast base and effective coefficient of friction of
sleepers on ballast change with each passage of
the train and as a result, bending modes of a
higher order change;

« correlation dependences of peak and RMS
values on vibration displacement of track elements
from speed of the rolling stock have a higher coeffi-
cient of reliability of approximation;

« The highest coefficients of reliability of ap-
proximation were obtained for correlation depen-
dence of RMS of vibration displacement on the speed
of electric locomotive VL-80 on the rail base (Pic. 4a;
R?=0,8956) and in the middle of the sleeper (Pic. 4b;
R?=0,918).

When passing an electric locomotive VL-80 on
the site of conjugation of fastenings at speeds of
65 and 85 km/h were defined peak and RMS values
of vertical vibration displacement of the rail base in
the center of between-sleepers box and vertical
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Table 1

Peak and RMS values of vertical vibration displacement of the rail base in the center of
between-sleepers box and vertical vibration displacement of the middle of sleeper

Parameters Pandrol ZHBR65-SH Reduction, % in
relation to Pandrol

Locomotive speed, km/h 65 85 65 85 65 85

Peak values of vertical vibration 603,71 786,01 446,74 526,49 26 33

displacement of rail base and vertical

vibration displacement of the middle

of the sleeper, um

RMS value of vertical vibration 204,77 273,74 176,10 221,80 14 19

displacement of rail base, pm

Peak values of vertical vibration 172,40 198,01 135,62 146,21 21 26

displacement of the middle of the

sleeper, pm

RMS value of vertical vibration 57,92 65,99 51,88 55,98 10 15

displacement of the middle of the

sleeper, pm

vibration displacement of the middle of sleeper,
shown in Table 1.

Conclusions. Analysis of fluctuations of track ele-
ments with intermediate rail fastenings Pandrol and
ZHBR65-SH showed the following:

— The type of intermediate rail fastening signifi-
cantly affects quantitative characteristics of the re-
sponse of the track structure to vibrodynamic impact
of rolling stock;

— Asthe main criteria of qualitative and quantitative
assessment of the vibrodynamic impact of rolling stock
on the track to compare track’s dynamic work with
various types of intermediate rail fastenings it can be
recommended to take peak and RMS values of vibra-
tation displacement of rail base in the center of the
between-sleepers box and the middle of sleepers;

— The dependence of values of vibration displace-
ment of rail and sleepers can be well approximated by
the dependence ofthe form y=ax®, where a is the scale
factor, b is the exponent determined experimentally;

— Peak and RMS values of vibration displacement
of rail base characterize bending vibrations of the rail,
and peak and RMS values in the middle of the sleeper—
bending vibrations of railway sleepers;

— Anintermediate rail fastening ZHBR65-SH in the
context of track’s dynamic work under rolling load has
significantly better values than the intermediate rail
fastening Pandrol;

— For Pandrol fastening in terms of economic ef-
ficiency, achievement of high service life of all track
elements and optimal conditions for their operation
more research is needed.
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3KCMNPECC
EXPRESS INEORMATION

NHDOPMALINA

NMEPCNEKTUBbI PASBUTUA TAXKEJIOBECHOI'O
ABWMXEHUSA HA XEJIESHbIX AOPOIrAX OBCYXAEHDbI
HA PETMOHAJIbBHOM CEMUWHAPE MCXJ,

B CAHKT-NETEPBYPTE

20-22 mas B Cankr-Ilerepoypre cocTo-
ayucsa ceMuHap MeXAYHAPOAHOTO COH3a
keae3nbix gqopor (MCXK]) «IloBbimenue
3¢ ¢eKTUBHOCTH IPY30BBIX MIEPEBO30K MyTEM
HCNOJIb30BAHUS TAXKEJOBECHBIX U JIMHHOCO-
CTaBHbIX M0€3/10B», HHUIIUUPOBAHHBINA U OP-
rann3oBannbiii OAO «PXKJ[» B pamkax
A3narcko-TruxooKeaHCKO#i pernoHaJbHOM
accambOaen MCXKII.

MEPONPUATUYN TMPUHSIIN yUdacTUe
B 6osee 40 mpemcTaBUTENICH Kele3-

HOIOPOXHBIX KOMIAaHUM, TpaHC-
TMOPTHBIX aAMUHUCTPAIINA, BATOHOCTPOU-
TEJABHBIX MPENIIPUITUA, TPAHCITOPTHBIX
BY30B U HAYYHO-MCCIEAOBATCIBCKUX WH-
crutytoB Poccuu, Kazaxctana, MoHronuu,
Kurasg, IIBenun, @paHuuu, ABCTpaaiuu.

B xone cemuHapa ObLIM PacCMOTPEHBI
MEepPCIEKTUBH Pa3BUTHUS TIXKEIOBECHOTO
IBIKCHUS B peTUOHAX, BOIIPOCHI, CBSI3aH-
HBIE C OCOOCHHOCTSIMHU COAEPKAHUSI WH-

(bpacTpykTypsl U CTPOUTETHCTBOM MHHO-
Bal[MOHHOTO MOJBUXHOIO COCTaBa, MPEeU-
MyIlecTBa U DKOHOMMUYECKUNA 3D PEeKT
OT BHEAPEHUS TAXKETOBECHBIX MEPEBO3OK.

Ha ocHoBe nmpeacTaBieHHBIX AOKIAI0B,
KOMMEHTApUEB K HUM U UTOTOBOTrO 00Cy-
XKIEHUS BbBIpAOOTaHBI PEKOMEHIALUN
110 COBEPIIIEHCTBOBAHUIO MH(DPACTPYKTYPHI
Ui 00ecneYeHusI COOTBETCTBUS HOBBIM
SKCMIyaTallMOHHBIM TPeOOBAHUSAM, a TaK-
XK€ MO BHEIPEHUIO TEXHUYECKUX CPEACTB
JUTSL OPTaHU3aLUU JIBUXEHUS TAXKETOBEC-
HBIX TO€3[10B, CO3IaHUIO UHHOBALIMOHHOTO
TSITOBOTO TMOJBUXHOTO COCTaBa U COBEP-
IIEHCTBOBAHUIO HOPMAaTUBHOW TMPAaBOBOW
6asbl.

(ITo coodbmennio mpecc-cayxosr OAO
«P2K]I» http://press.rzd.ru/news/public/
ru? STRUCTURE_ID=654&layer_
id=4069&id=85956) ®

PROSPECTS FOR DEVELOPMENT OF HEAVY TRAFFIC ON RAILWAYS
DISCUSSED AT UIC REGIONAL SEMINAR IN SAINT PETERSBURG

A seminar of the International Union of
Railways (UIC) was held in St. Petersburg
between 20-22 May 2015.

he seminar on «Improving the Efficiency

I of Freight Transport by using Heavy and

Long Trains» was initiated and organized

by JSC Russian Railways as part of the UIC
Asia-Pacific Regional Assembly.

The event was attended by over 40
representatives from railway companies,
transport administrations, wagon constructors,
transport universities and research institutions
in Russia, Kazakhstan, Mongolia, China,
Sweden, France and Australia.

The seminar discussed the prospects for
developing heavy-duty traffic in the regions,
issues relating to the specifics of maintaining

infrastructure and constructing innovative
rolling stock, the advantages and the economic
benefits of introducing heavy traffic.

On the basis of the reports presented at the
seminar, the follow-up comments and closing
discussions, recommendations were made to
improve the infrastructure to meet new
operational requirements, as well as to
introduce the technical means for organizing
such heavy-duty trains, create innovative
traction rolling stock and improve the legal
framework.

(JSC Russian Railways press service
http://press.rzd.ru/news/public/ru?

STRUCTURE_ID=654&layer_
id=4069&id=85956) ®
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