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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
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 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.
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STRESSES IN ELEMENTS OF METAL RAILWAY BRIDGES
UNDER THE ACTION OF THE CREW

Abstract. The necessity of application of mobile measuring and computing systems during the examination of
extended metal span structures of railway bridges is justified in the article, and also the stresses appearing in the
elements of the structure of the farm under the influence of different types of rolling stock are presented.

Keywords: bridge, crew, metal truss, span structure, reliability, voltage.

Now in the countries of Europe, Asia and the USA numerous researches are carried out for an
estimation of a technical condition and diagnostics of maintained artificial constructions on dynamic
parametres. A particularly noticeable breakthrough in this direction occurred in the 90's. of the last
century, when powerful portable computers were created, and an evaluation of the stress-strain state of the
system under the influence of external loads became an affordable and accessible tool for practical
engineers.

Thus, the use of automated measuring systems (AIS) for the collection and processing of data in the
testing process is becoming increasingly important. If monitoring is required, i.e. long-term monitoring of
the condition of the facility under construction, AIS proves to be the only acceptable one, since it allows
not only to completely abandon numerous observers, but can also be equipped with a decision-making
system for automatic prevention of emergency situations.

Thus, at the current stage, a VAT study of bridge structures is most effective using AIS. This allows
you to more deeply analyze the experimental data and find the best solutions to improve their reliability

When determining the load capacity of span structures, they are tested in accordance with [1] to
refine the actual stress state of the elements, especially in the presence of defects and damages, the
influence of which on load-carrying capacity is difficult to take into account theoretically.

Professor N.G. Cooper [2] defined the primary task to be studied within the framework of the
interaction of bridges and rolling stock: the identification and analysis of the conditions under which
dynamic deformations and movements in the "bridge-train" system have the most unfavorable combi-
nation during operation.

Since the load from the rolling stock is concentrated at the locations of the axles of the trolleys, the
deflections of the span structure at each moment of time will correspond to the flexural deformations and
it is always possible to find its two positions giving the greatest and the least static deflections of the span
structure.

From measured values of flexural deformations, knowing the design modulus of elasticity of the
construction material, according to Hooke's law, one can make a transition to the actual stresses in the
bridge structure. Periodic measurement of deformations (stresses) of a span structure under a mobile load
for 2-3 years will make it possible to predict the change in its state in time and determine the remaining
life by carrying capacity and carrying capacity [3, 4].
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The calculated values of the controlled parameters, for example, the stresses in the elements of the
span structure, can be determined both by engineering methods and by means of specialized computa-
tional software that implements the finite element methods (MIDAS Civil, APM Civil Engineering, APM
Structure3D module, Cosmos M).

The advantage of using finite element models is the ability to simulate various malfunctions in a
design, adapting the calculation results to actual operating conditions. By deviating the actual stresses
from the calculated values, it is possible to judge the degree of damage to the structures of the span struc-
ture of the bridge.

At the present time, the planned transition to an automated control system for the maintenance of
artificial structures (ACS ISSO) with a database (including in digital form) of the results of surveys, tests,
diagnostics and monitoring is becoming more urgent.

In this paper, the results of full-scale measurements of stresses from the train load in the elements of
the span structures of a railway metal bridge across the Irtysh River at 657 km of the single-track section
of Semipalatinsk-Zhana-Semey constructed in 1929 are presented. Span structures are represented by
metal trusses with a polygonal outline of the upper belt. Figure 1 shows the scheme of the bridge
transition.

Jorory xoro-Cen

Temar [ e H—{ 2 H—'[ zzzzz ( Taws o TH o
1 ) e 1o4
D= = = = = L

on. N0 on N1 on N2 on. N3 on. N 4 on N5 on N6 on N7
Figure 1 — Scheme of railway metal bridge across the Irtysh River in the city of Semey

On the bridge on the supports there are five metal trusses in the channel part of the Irtysh River with a
calculated span Lp=109.2m with a ride down. The riveted metal trusses were made in 1928 from Art.3
according to the norms of 1921. Farms - with polygonal upper belt and triangular lattice with springs, are
combined by means of longitudinal and transverse connections and a beam cage of the carriageway.

In the eighth panel of each channel span structure, a deformation (temperature) rupture of the
longitudinal beams of the carriageway is carried out, with the end of the longitudinal beam supported on a
metal "table" attached to the wall of the transverse beam. Each farm consists of 16 equal panels with a
length of 6.825m, the height of the truss on the support is 7.8m, in the middle of the farm is 18.2m, the
distance along the axes of the farms is 6.1m, the distance between the axes of the longitudinal beams is
2.0m. The joints of the elements are made on rivets.

The diagram of the span structures 1-5 is shown in figures 2 and 3 shows the arrangement of strain
gauges on the elements of the structure of span structures 1 and 5.

The measurements were carried out in accordance with the requirements of [1] using a tensometric
measuring and computing system consisting of certified and certified measuring instruments of the world's
leading manufacturers. The complex makes it possible to produce precision (high-precision) measure-
ments of stresses and relative deformations in elements of the track and span structures of bridges from the
impact of rolling stock simultaneously in 16 sections with a total length of up to 500 m.

The accuracy class of the measuring equipment is 0.1, the error of the measurement results given in
this study was in the range from 5 to 7%.

VAR N b Bt SNEE RPN
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. - 2 9" . . 15 ,
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109.2

Figure 2 — Schematic of span structures 1-5

— 160 ——



ISSN 2224-5278

Series of Geology and Technical Sciences. 2. 2019

TMonepeyxan Ganka

MonepeyHarn Ganka

NpaneTHoro CTPoEHIA BY

IMonepeyHan Ganka

AR08 NPONETHOTO CTPOEHUA 7

TPONETHOTO CTPOEHIA J)

Mpaean npogoneHan Ganka
npoeaxen yactv 8-9

G100
0oo
|

Hux#HrA NoAc npag ol depmel
. .
! 1
. Mpasan npogonsHan fanka .
npoeasen 4act 7-8 |
Nesan npogonkHaA Ganka flegan npofoneHan Ganka
T npoemreR 4acn 59 Npoeaxen yactu 7-8
N e — - — | . HmxwinoAcnesod pepmel . . |

200

300

300

Figure 3 — Scheme of arrangement of strain gauges on span structures 1 and 5:
T1 - Strain gauge Nel, on the lower belt of the left farm; T2 - Load cell Ne2, on transverse beam Ne8 of the span structure;
T3 - Load cell Ne3, on the right longitudinal beam of the roadway 8-9; T4 - Strain gauge Ne4, on the lower belt of the right farm;
TS - Strain gauge Ne5, on the right longitudinal beam of the roadway 7-8; T6 - Strain gauge Nel, on the left longitudinal beam
of the roadway 7-8; T7 - Strain gauge Nel, on the left longitudinal beam of the roadway 8-9

The complex was tested at a number of facilities of JSC "NC" KTZh "and showed good results in
evaluating the effectiveness of reinforcing railway bridge structures with a composite material [5-6] and
determining the impact of dynamic rolling stock impact on the railway track and span structures of bridges

[7-15].

As an example, figures 4-7 show diagrams of stress changes in the elements of the span structure 1
when passing through the span structure of locomotive TEZ3A with cargo composition ("assembly") at a

speed of 25 km/h.

From the diagrams shown, it is seen (figure 4a, b) that the stresses in the left and right belts of the
trusses differ insignificantly (within 2 MPa). This circumstance indicates a uniform distribution of the
movable load in the plane across the bridge and the absence of displacement of the axis of the path relative
to the axis of the span structure.
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Figure 4 — Variation in stresses in the left (a) and right (b) lower belts of the trusses (panel 8-9)
of the span structure 1 when the locomotive TEZ3A is passed with the freight train ("assembly")
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The stress diagrams in the belts of the trusses differ significantly from the stress diagrams in the
elements of the carriageway, both in appearance, and in terms of the quantitative characteristics of the
stresses and their qualitative composition. In particular, the greatest stresses in the left and right longi-
tudinal beam of the carriageway (panel 7-8) of the span structure 1 are observed from the action of the
locomotive when entering the bridge and from the impact of the loaded bunkers in the middle and loaded
gondolas at the end of the composition (figure 5a, b), and they are almost equivalent in quantitative
characteristics.
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Figure 5 — Variation in the stresses in the left (a) and right (b) longitudinal beams of the carriageway (panel 7-8)
of the span structure 1 when the locomotive TEZ3A with the freight train ("assembly") passes

The greatest stresses appearing in the belts of the trusses when exposed to the same loaded bunkers in
the middle and loaded gondola cars at the end of the composition, are 2 times higher than the stresses from
the locomotive effect (figure 4a, b).

This is explained, firstly, by the fact that empty tanks and gondola cars are located in the head of the
convoy, and secondly, when the vehicle is moving at a low speed (25 km/h), the span structure is not fully
loaded yet.

The stresses in the transverse beam (8) of the carriageway of the span structure 1 when passing the
loaded bunkers in the middle and the laden open-top wagons at the end of the composition (figure 6) do
not fall below 12 MPa.
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Figure 6 — Variation of stresses in the transverse beam (8) of the carriageway
of the span structure 1 when the locomotive TEZ3A is passed with the freight train ("assembly")

It should be noted that the maximum stresses at the passage of this composition are fixed in the left
and right longitudinal beams of the carriageway (panel 8-9) of the span structure 1 (figure 7a, b).
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Figure 7 — Change of stresses in the left (a) and right (b) longitudinal beam of the carriageway (panel 8-9)
of the span structure 1 when the locomotive TEZ3A is passed with the freight train ("assembly")
Extremes of measured stresses in elements of the structure of trusses
Lower Lower Right Right Right Left Cross
# Type Belt of the | Belt of the |longitudinal | longitudinal | longitudinal | longitudinal | beam of the
p- of rolling stock Left Truss | Right Farm | beam of the | beam of the | beam of the | beam of the | roadway
T1 T4 roadway roadway roadway roadway ®T2
(7-8) T6 (7-8T5 B9T3 B9NT7T
1 2 3 4 5 6 7 8 9
Measured stresses in structural elements of PS 1, MPa
1 | Single SKD6 -10 -10 28 27 39 38 23
2 | Single TE33A -9,-9 -10, -9 32,29 28,30 42,41 39,41 25,26
3 | Talgo -14 -14 31 28 38 41 26
4 | Passenger -12,-12,-12,-12, -12, -12,| 30, 30, 30, | 28, 26,27, | 40,41, 40, | 41,40, 38, | 26, 26, 26,
£ -14,-12,-12( -9,-12,-12 | 30,31,32 | 28,27,28 | 40,43,41 | 38,40,40 | 27, 26,26
5 | Empty Cargo -19,-11,-12|-19, -11, -11| 27,30,28 | 28,26,28 | 39,42,40 | 40,39,41 | 28,26,27
6 | Cargo laden -26 -28 29 27 38 41 29
7 | Cargo prefabricated -25,-22,-24,\-28, -21,-25,| 30, 31,30, | 28,283,128, | 41,41, 42, | 40, 40,39, | 28,28, 29,
EOP 25,28 | -24,-28 28,29 25,27 38,39 37,42 28,30
Measured stresses in structural elements of PS 5, MPa
8 | Single SKD6 -10 -10 33 32 25 28 25
9 | Single TE33A -10, -10 -10, -11 34,34 34,34 28,25 29, 30 26,27
10 | Single 2T310M -16 -16 33 32 24 27 27
Cone of locomotives
11 T533A and CKJI6 -16 -17 34 34 26 29 26
12 | Talgo -12,-12 -13,-12 34,34 34,34 27,26 27,29 26,26
13 | Passenger -13, -14, -12,-13, -12, -12,| 32,33, 33, | 35,32, 36, | 27,26,23, | 28,29, 26, | 28, 26, 26,
& -12,-12 | -13,-13 34,33 32,36 26,23 28,28 26,26
14 | Empty Cargo -26, -23 -27,-23 34,33 33,33 27,26 24,25 27,28
15 | Careo laden -27,-27,-27,|-27, -26, -29,| 32,34, 33, | 32, 33,35, | 23,26,25, | 29,30,27, | 28,28, 26,
& -26, -26 -27, -26 33,34 32,32 25,26 28,28 29,29
16 | Cargo prefabricated -28,-26 -28, -26 35,33 34,35 27,25 30, 26 29,28
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As is known, the bridge class (load-carrying capacity of the bridge) is determined by the weakest
element of the defective span structure itself. Table shows the extremes of the measured stresses in the
elements of the structures of span structures 1 and 5 that arise when different types of rolling stock are
exposed. It can be seen that the stresses in the longitudinal beams of the carriageway of the span structu-
re 1 considerably (by 30-35%) exceed the stresses in similar beams of the span structure 5.

Conclusions. Analysis of the measured stresses in the elements of the span structures under the
rolling stock, in general, showed the joint work of the structural elements of the trusses, the uniform distri-
bution of the mobile load in the plane across the bridge and, accordingly, the absence of displacement of
the track axis relative to the span axis.

However, from the analysis of the stresses presented in table 1 (columns 7.8), it can be concluded that
the stresses in the longitudinal beams of the carriageway of the span structure 1 are significantly (by 30-
35%) higher than the stresses in similar beams of the span structure 5. Consequently, the longitudinal
beams of the carriageway of the span structure 1 have a lower margin of strength, and, correspondingly, of
a bearing capacity than the longitudinal beams of the span structure 5.

The use of digital technologies in the measurement and analysis of stresses in the elements of trusses
from the impact of various rolling stock made it possible to identify the most faulty span structure and
significantly reduce the labor costs for conducting a survey of the structure.

B.T. Cononenxo, H. M. MaxmeTtoBa, K. C. Mycaes, C. E. Bex:xxanosa, M. SI. Kauinun
M. TrBIIOaeB aTeiHAAFE Ka3ak KedTik jkoHe KOMMYHUKAIISIIap akaaeMusicel, Anmatel, Kazakcran
9KUIAK 9CEPIHAEI'T METAJIJIbI TEMIPXOJI KOITIPI SJIEMEHTTEPIHJEI'l KEPHEYJIEP

AHHoTanusi. Makanaja TeMip>KoJl KOMipiHiH MeTallbl apaliblK KYPbUIBIMBIHBIH 3€PTTEY Ke3iH/e MOOHIb/II OJ1-
HIeyIIi-ecenTeyli KeueHai KoIIaHy KaXXeTTUIIr Heri3elireH, CoHIail aK >KbUDKbIMAaJIbl KYPaMHBIH 9pTYPIIi THIITE-
PiHiH acep eTy Ke3iHzeri (hepMa KOHCTPYKIUSCHI AJIEMEHTTEpiHAEe Nalia 00JaThIH KEpHEYJIep KeNTipiireH.

Tyiiin ce3aep: kerip, skunax, MeTanasl Gpepma, apaiblK KypbUIbIM, CEHIMIIUIIK, KEpHEY.

B.T. Cononenxo, H. M. MaxmetoBa, K. C. Mycaes, C. E. Bex:xxanoa, M. SI. KBauinun
Kazaxckas akagemus TpaHcniopTa 1 KoMMmyHukauili um. M. TeiabimmnaeBa, Anmatsl, Kazaxcran

HAINIPAKEHUSA B DJIEMEHTAX METAJIVIMYECKHUX KEJE3HOJAOPOKHBIX MOCTOB
MPYU BO3JENCTBUU SKUITAKA

AnHoTanms. B cratbe 000cHOBaHa HEOOXOJUMOCTh NPHMEHEHHS MOOWIBHBIX M3MEPHTEIbHO-BBIYUCINTENb-
HBIX KOMIUIEKCOB IIPH 00CJI€I0BAHUH NPOTSKEHHBIX METAJUTMUECKHUX MIPOJICTHBIX CTPOSHUHN JKEJIE3HOAOPOKHBIX MOC-
TOB, a TAaK)Ke IPEJCTaBJICHbl HANPSDKEHHs, BO3SHUKAIOIIME B JJIEMEHTaX KOHCTPYKUUH (DepMbl MpU BO3IEHCTBUU
Pa3IMYHBIX THIIOB MOABHYKHOTO COCTABA.
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