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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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INTERACTION OF FRAME STRUCTURES
WITH ROLLING STOCK

Abstract. Need of use of mobile measuring computer systems when performing diagnostics of bridges is
shown and also the analysis of amplitude-phase-frequency characteristics frame reinforced concrete and metal flying
structures of railway bridges is provided at the movement of the train. This in turn allows to estimate conditions of
span structures by width of ranges in points of half energy of spectral curve in the area of resonances. Assessment of
technical condition and diagnostics of supported artificial structures is carried out according to dynamic parameters.
According to this method frequency of natural oscillations is determined from peak values of averaged spectral
densities of reduced power. Comparing width of the received ranges to ranges of the new (intact) flying structures it
is possible to estimate degree of wear and a damage rate of elements of designs. Based on the results of the
calculations, it has been confirmed that the inclusion of elements of the bridge web and the upper structure of the
track in the joint work with the main bearing structures increases the accuracy of solving the problem of determining
natural frequencies.

Key words: rolling stock, metal bridges, reinforced concrete bridges, railway track, locomotive, system "path -
the crew", processes of oscillations, experimental oscillograms.

Introduction. On the high-level network of the railroads of Kazakhstan more than 9000 artificial
constructions are operated: big bridges — 107 pieces, average bridges — 838 pieces, small bridges -
2430 pieces, water throughput pipes — 5342 pieces, including metal bridges — 219 pieces, reinforced
concrete bridges — 3308 pieces Besides, are operated out-of-class big bridges through river. On the station
Kapchagay and through the Urals River in Uralsk, a railway tunnel, antilandslide galleries and other
constructions [1,2]. Today because of inadequate hardware of laboratory its employees conduct visual
examinations of artificial constructions. In operation on the main railway directions there are constructions
built more than a century ago at which construction the train loadings existing now were not considered.
Due to the input of Technical regulations of the Customs Union of TR CU 003/2011 "About safety of
infrastructure of railway transport", TR CU 001/2011 "About safety of the rolling stock" has arisen need
of updating of the specifications and technical documentation regulating safe service conditions of the
rolling stock and a railway track. Processing of the specifications and technical documentation is carried
out taking into account requirements of the International union of the railroads (Union Internationale des
Chemis de Fer) and the international standards [3-5].

Characteristics of perturbations acting on the rolling stock from the side of the track. The
network of the railway of the republic covers a vast territory with various climatic and geological
conditions, consists of separate sections with various conditions and freight traffic, along which a large
and diverse fleet of rolling stock runs [6,7].
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In the studies of the interaction of the track and the rolling stock, the influence of a wide variety of
factors was studied:

- characteristics of the under-rail base: non-equal-elasticity, ballast type and rail-sleeper grid;

- roughness of the rail: butt roughness, unevenness of the welded seam, wave-like wear, random
irregularities [8];

- condition and geometry of the path;

- properties of the rolling stock [9];

- wheel imperfections: potholes, imbalances, random irregularities [10,11];

- speed of movement [8];

- weather conditions [10,12].

The use of computers in the information and computing complex (CPI) presents a number of
significant advantages:

1. As a result of increasing the speed of data processing, the efficiency of obtaining the necessary
information is greatly increased, it becomes possible (in case of critical situations) to perform immediate
actions;

2. The accuracy of results is significantly increased, the possibility of erroneous decisions is reduced,
since the decisions taken on the basis of the CPI are based on reference data, and not on the subjective
scenes of the researcher;

3. It becomes possible to obtain a characteristic of the irregularities of a given path segment;

4. Time and material expenses for data processing are significantly reduced;

5. It becomes possible to create a single data bank containing information that completely
characterizes the test or controlled test site. The information of such a bank can be used both for organi-
zation of repair works, planning and carrying out dynamic-strength and running tests of new types of
rolling stock, as well as for developing recommendations for the optimal use of rails of various types, etc.

To obtain characteristics informative for solving the problem of classification of vertical irregu-
larities by their spectral characteristics, the methods of factor and variance analysis were used in the
studies [13,14].

One of the methods of lowering the dimension of the original indicative space is the method of
principal components, which provides a transition to a new system of attributes Y={y,...y»} each of the
components y; has the following properties:

1. y; is a linear combination of the initial characteristics:

N -
Vi Z a;x; J=LN
(M
2. All  are statistically independent of each other, i.¢e:
cov(y,,yk)z 0 l#k @)

3. All ¥ are ordered by their variance in the sample under study, with the first component y having
the greatest variance:

D(,)=D(y,)>..2 D(vy) 3)

The transition to the system of principal components is a rotation of the coordinate system in such a
way that the projection of the sampled sample on the first axis, y, possesses the greatest possible variance
for this sample. The second axis perpendicular to the first is directed in such a way that it is uncorrelated
with the first and that the projection of the sample under study has the greatest variance on it. Similarly,
the remaining axes of the main components are constructed. All of them are uncorrelated with each other
and are arranged in descending order of variances.

Lowering the dimension of a characteristic space by the method of principal components is usually
the rejection of those principal components to which the minimum variance of the original sample falls.
However, the features with the greatest dispersion are not always the most informative for solving
classification problems [15].

Figure 1 shows the images of two classes, described by two signs — x; and x». In the transition to the
main components, the axis O;, will have the greatest dispersion, however, the second component is the
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most informative component for solving the classification problem. The above example shows the need to
analyze the informativeness of components that do not have a large variance.
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Figure 1 — Transformation of the original feature space inti the space of the main components

Using the spectral characteristics of the drawdown of the path stored in a bank of spectra, an estimate
of the covariance matrix of the harmonic components C,, (table 2).

Table 2 — The matrix of component weights

Frequency range (I/M)

Points [ 1/60M- 1/30M- I/15M- I/10M- 1/7.5M-- I/6M- I/5M- 1/4.5M- 1/3.7M- 1/3.3M-
1/30M 15 V1IOM | U7.5M 1/6M 1/5M 45M | 13M 1/3.3 13M

yi 0.783 -0.47 0.28 -0.28 -0.07 -0.03 -0.04 0.028 -0.016 -0.002
2 0.35 0.55 0.51 0.5 0.21 0.106 0.04 0.025 0.008 0.003
V3 -0.31 -0.68 0.3 0.5 0.28 0.15 0.044 0.04 0.01 0.006
V4 0.407 -0.08 -0.75 0.45 0.17 0.16 0.06 0.04 0.02 0.007
ys -0.03 0.076 -0.02 -0.464 0.783 0.35 0.16 0.14 0.016 0.015

The conducted studies showed that the first five components accounted for 99.7% of the variance of
the initial characteristics - 76%, 13.2%, 5.4%, 3.5%, 1.6%, respectively. Figure 2 shows a graphical
representation of the component weights that determine each of the five first components in the region of
harmony of the spectra studied.

Thus, the space of the main components that are informative for solving the problem of classifying
the state of the path in terms of the indicator of the probable initial conditions (the structure of the track,
the type of rolling stock, the speed of 60 km / h) is constructed.

Modern methods for diagnosing bridges. One of the important tasks for the qualitative inspection
and diagnostics of the existing state of span structures, supports, approach embankments, the upper
structure of the track and other elements of artificial structures (ISSO) is the acquisition and use of modern
devices of the latest generation. One of them is the latest generation Photometer PM-600/630 device from
the Swiss company Proceq. The operation of the Photometer PM-600/630 is based on the principle of
electromagnetic induction in determining the rods of the armature. The sensor coils induce a magnetic
field, due to which eddy currents are formed on the surface of the electrically conductive material (rod of
the armature). Eddy currents are formed on the surface of any electrically conductive material in magnetic
fields. They induce a magnetic field in the opposite direction. The difference between the induced and
received magnetic field is used by the device to obtain the results [15].

For example, the bridge monitoring system developed in Switzerland (Bridge Monitoring System
"BRIMOS") [16] is based on the fact that the state of any design is reflected in the characteristics of its
dynamic behavior. The so-called "dynamic autograph" (response) of the structure contains all the
information that is necessary for a detailed assessment of its state. The technique used to assess the
technical state of structures uses the method of estimation of random effects (Ambient Vibration
Monitoring), which can be defined as a method of identification of bridge structures by dynamic response
to a random effect, which can be considered wind, micro seismic activity or bridge-moving transport.

— g ——
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In Japan, the use of complex monitoring systems is quite common, for which special hardware and
software systems have been developed and are constantly being improved. However, there are very few
publications on the improvement of dynamic identification systems. Identification of a system is
understood as the definition of the dynamic characteristics of a bridge or other engineering structure from
information obtained by recording its oscillations.

Very simple and at the same time very effective is the method of selecting peak values of the
parameters of oscillations of a bridge structure, based on the analysis of only output signals, connected
with the determination of peak values. In accordance with this method, the natural oscillation frequency is
determined from the peak values of the averaged reduced power spectral densities (SPM). These values
are obtained by recalculating the measured values of vibration displacement, vibration velocities and
vibration acceleration using a discrete Fourier transform. The coherence function, calculated for two
simultaneously registered output signals, is close in magnitude to that for the natural frequencies. This
pattern, in addition, helps to detect precisely those frequencies that can be considered as own frequencies.
It is assumed that the dynamic response at resonance refers only to its own tone. The method of selecting
peak values does not require the use of complex algorithms for its implementation. Within the framework
of this method, various modifications of the fast Fourier transform are used to construct the graphical
representation of the spectral density function, which are described in detail in the special literature
[17-19]. The described method has been successfully tested in Austria and Switzerland on a large number
of structures.

Experiment. The objects of the research described in the present work were beamed metal (built in
1952) and ferroconcrete (1972 built) span structures of the bridge across the Irtysh-Karaganda channel of the
Erejmentau-Ekibastuz railway line in the Republic of Kazakhstan (km 257 PK 7+ 0) 1=27 m and 16 m.

Figure 3 show the schemes of a metal and reinforced concrete span structure with the arrangement of
vibration sensors on structural elements.

| HIMIMINIRI5|s|s|s|s|§|s;a|s|s|s|s|5|s|5|s

guoooa

Figure 3 — Scheme of a metal span structure with the arrangement of vibration sensors on structural elements:
1 - middle of the beam span structure; 2- the sole of the rail; 3- middle of the wooden beam.

Of particular interest in the studies were frequency spectra of forced vertical oscillations of span
structures, since they can be used to judge the causes that cause vibration of a bridge [14, 20]. To this end,
a spectral analysis of the oscillograms of vertical vibro-displacement metal (figure 4, a) and reinforced
concrete (figure 4, b) beams was performed during the movement of the rolling stock with velocities v =
41 to 98 km / h.
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Figure 4 — Oscillograms of vertical vibro-displacement: a - a metal beam with the passage of an electric train of 10 cars
at a speed of 98 km / h, b - reinforced concrete beam at passage of an electric train from 8 cars at a speed of 62 km/h.
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The results of the spectral analysis for these processes are shown in figure 5 a, b.
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Figure 5 — Spectrum of oscillograms: a - a metal beam; b - reinforced concrete beam

Here, to each value of the frequency there corresponds a definite magnitude of the amplitude of the
oscillations. The interaction of the metal beam span with the rolling stock occurs mainly in the case of
disturbances whose frequencies are in the range f = 5,34 = 7,27 Hz, and the reinforced concrete in the
range f = 5,26 +~ 7,42 Hz. These disturbances determine first of all the reaction of the span structures. The
other perturbations, judging by the spectra, do not play a special role in the formation of the behavior of
the span structures, since their amplitudes are very small and the energy they introduce into the system is
insignificant [21].

By the "tails" of the experimental oscillograms (figure 6 a, b) and the spectra plotted from them
(figure 7 a, b), the frequencies of free oscillations of the unloaded span structures were determined.
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Figure 6 — Oscillograms of vibro-displacement after a load: a - a metal beam, b - reinforced concrete beam
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Figure 7 — Spectrum of oscillograms after the load is released: a - a metal beam; b - reinforced concrete beam

[si| 700

(=]

For metal and reinforced concrete beam girders, they are respectively equal to fn = 7,08 Hz and
fre.=7,81 Hz

Conclusions. From the analysis of full-scale measurements of the processes of oscillations of beam
span structures, it follows that the spectrum of oscillations of the span structures when interacting with a
moving train is multimodal. In this case, the frequency of the individual components depends significantly
on the speed of the train, and the main part of the energy of the oscillation process is in harmonics
corresponding to the frequencies of the natural oscillations of the system "span structure - railway track -
rolling stock".

To estimate the state of flying structures, one can use the width of the spectra at half-energy points of
the spectral curve in the resonance region. Comparing the width of the obtained spectra with the spectra of
the new undamaged flying structures, it is possible to estimate the degree of wear and the degree of
damage to the structural elements.
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The characteristics of the oscillations of the system "span structure - path - rolling stock” obtained
during the measurements described in this work can serve as initial data in the calibration of the model of
the structure and in the compilation of algorithms for the problem of detecting damage.

C. C. Aogymnaes!, . C. Bonnaps', F. b. BakpIT!,
I'. K. Amnp6aes', A. M. Byaioxnn?, E. E. bay6exos!

'M. TeIHbIIIOaeB aThiHAaFEl Kazak keiik sxoHe KOMMYHUKaLusiiap akagemusicel, Anmarel, Kazakcran;
2] Anexcanap uMIepaTopAbIH IleTepOypr MEMIIEKETTIK TeMip ko Kouiri yausepcureti, Cankr-IleTepOypr, Peceit

PAMAJIBIK K¥PBIJIBIMHBIH KbIJI’KbIMAJIBI KYPAMMEH O3APA 9PEKETI

Annotanusi. Kemnip 1narHoCTHKachIH JXYPrizy Ke3iHe YTKbIP OJIIey ecenTey KelleHAEpiH nainanany Kaxer-
T KOPCETIII, COHMai-aK M0e3/l KO3FaIbIChl K€31HIe TEMIipiKOJI KOIipaepiHiH KaHKaIbl TeMipOCTOH JKOHE METasll
apanblK KYpbUIBICTApPbIHBIH aMIUIMTYIaJbIK-(pazanblK SKUUIIK cumaTramanapblHa Tanpay okyprizinmi. byn, e3
Ke3€eriHje, Pe30HaHC aliMarbIHAAFbl CIIEKTPIIIK KUCBHIKTBIH JKapThlIail SHEprHs HyKTeJIepiHJeri Auana3oHIapAblH eHi
OolibIHIIIa apayblK FUMapaTTapIblH JKarJaiblH Oaraylayra MyMKiHZIK Oepexmi. Tipek jkacaHAbl KYpbUIBICTap/abIH
TEXHUKAaJIBIK )Kal-KYHiH Oarasay >koHe AMarHOCTHKAJIay JTMHAMHUKAJIBIK IapaMeTpiiep OOMbIHIIA KY3ere achlpbuIaibl.
Ochl omicke coiikec TaOWFu TepOeNiCTepAiH JKHINITi OepilireH KyaTThIH OpTalla CIEKTPIIK THIFBI3ABIFBIHBIH €H
JKOFaphl MOHICPIMEH aHBIKTalalbl. AJIBIHFAaH CHEKTPJIEPAIH CHIH jkaHa 3aKbIMAalIMaraH >KaObIHIBI KYpBUIBIC
CHEKTPJIEPIMEH CallBICTBIPa OTBIPHIN, KOHCTPYKLHUS SJICMEHTTEPIHIH TEXHHUKAIBIK JKai-KyHiH Oaramayra Ooiaipl.
Ecentey HoTIXKEJEPiHIH HETi31HIE KOIIP TOCEMI MEH YKOJI/IbIH )KOFAPFbl KYPbUIBICHIHBIH HETI3r KOTEPTilll KOHCTPYK-
LUSICBIHBIH, AJIEMEHTTEPIMEH Oipre »MYMbIChIHA KOCHUIYbl MEHIIIKTI JKUUTIKTI aHBIKTAy TYPajbl MIHIETTI LICHIYAiH
JIQJIIITIH JKOFaPhUIATATHIHIBIFBI OCKITIII.

Tyiiin ce3aep: KbUDKbIMaIbI KypaM, METaJI KeIlipiep, TeMipOeTOH KelIipiep, TEMIpKoi TabaHbl, JOKOMOTHB,
«OKUTIAXK-KOID) Kyiieci, Tepoenic yaepicrepi, SKCIEPUMEHTTIK OCLMIIOrpaMMaap.
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'Kazaxckas akazeMus TPaHCIIOPTa H KOMMyHUKanuid uM. M. TrHbImImacsa, Anmatsl, Kazaxcran;
HlerepOyprekuii ['ocymapCcTBEHHBIM YHUBEPCHTET ITyTeH COOOMIEHHS nMIIEpaTopa Anekcanapa I,
Cankrt-IletepOypr, Poccus

B3AUMOJIENCTBUE PAMHBIX KOHCTPYKIMI C IOJIBUKHBIM COCTABOM

Annotanus. [lokazana HeoOXOAMMOCTb HCIOJIB30BaHHUS MOOMJIBHBIX M3MEPUTEIbHBIX BBIYHUCIUTEIBHBIX
KOMIUIEKCOB IIPH ITPOBEJICHUH JHArHOCTUKH MOCTOB, a TAaKXKe IIPOBEIEH aHAIIN3 aMIUIUTYAHO-(a3049aCTOTHBIX XapaK-
TEPUCTUK KAapKAaCHBIX KEJIE300€TOHHBIX M METAJUIMYECKHX MPOJIETHBIX CTPOCHUH >KEJIE3HOAOPOXKHBIX MOCTOB IPH
JIBIDKEHUHU T0e37a. OTO, B CBOIO O4YEpelb, MO3BOJIAET OLEHUTHh COCTOSHHE MPOJIETHBIX CTPOEHMH IO IUPHUHE
JINAIla30HOB B TOYKaX IOJYIHEPTHH CIIEKTPAIBHON KPHBOHM B 00JacTH pe3oHaHCOB. OIeHKa TEXHMYECKOTO COCTOS-
HUS U JHAarHOCTHKA OMNOPHBIX HCKYCCTBEHHBIX COOPYXKEHHUH OCYLIECTBISIETCA IO AWHAMHYECKHM IapaMeTpaM.
CornacHO 3TOMy METOXy 4acToTa COOCTBEHHBIX KOJEOaHMI ompenensercs 0 MUKOBBIM 3HAYCHUSIM yCPEIHEHHbBIX
CHEKTPAJbHBIX IUIOTHOCTEH NMpHUBEIACHHON MomiHOCcTH. CpaBHHBAs INUPUHY MOJIYUYECHHBIX IHANa30HOB C JUANa3o-
HaM{ HOBBIX (HEIIOBPEXKIEHHBIX) JICTATEIbHBIX allapaTOB, MOXHO OLIEHUTh CTENECHb M3HOCA U CTENEHb IOBPEXK-
JIEHHs DJIEMEHTOB KOHCTpYKIMiA. [1o pe3ynbpTaTaM NpoBEIEHHBIX PACUETOB MMOATBEPHKAEHO, YTO BKIIOYEHUE DIIEMEH-
TOB MOJIOTHA MOCTa U BEPXHEr0 CTPOCHUS MYTH B COBMECTHYIO PabOTy C OCHOBHBIMH HECYLIMMH KOHCTPYK-LIUSIMU
MOBBILIAET TOYHOCTh PEILIEHUS 3a]auH OIpe/IeTIeHNs] COOCTBEHHBIX YacTOT.

KiroueBbie cj10Ba: NOABMXHONM COCTAaB, METAUINYECKHE MOCTHI, JKEJI€300€TOHHBIE MOCTBI, JKEJIE3HOAOPOKHBIH
IIyTh, IOKOMOTHB, CHCTEMA «3KHIIaX-ITyTh», IIPOLIECCH] KOJIeOaHuH, IKCIIEpUMEHTAIbHBIE OCIUIIIIOTPAMMBI.
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