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ANALYSIS OF THE STRESS-STRAIN STATE OF TRAVEL PIPES
WITH THE USE OF HARDWARE AND SOFTWARE COMPLEX

Abstract. In the work, the stress-strain state in the structural elements of reinforced concrete span structures of
railway overpasses under its own weight and temporary load based on experimental and numerical methods was
studied. Based on the analysis of the numerical results of the stress-strain state of the span structures of the railroad
overpass, it was proved that for comparison assessment with the normalized stress range, the use of 2 loading options
is sufficient as a static load: hitch and raft.

The results of the stress-strain state in the girder reinforced concrete span structures of the overpass can be used
in the calculations of seismic stability and stability of similar structures with an increase in the operational load on
railway bridges.

Proved the need for periodic monitoring of the stress-strain state of artificial structures under operational loads
in order to determine the actual technical condition of structures, effective assessment of the reliability of bridge
structures and to establish the correspondence between the design scheme and the actual working structures on the
main lines of Kazakhstan.

Keywords: railroad overpass, beam span structures, stress-strain state, temporary load, own weight, stability,
seismic resistance.

The article presents multivariate numerical and experimental data on the stress-strain state of the
railroad overpass under the influence of loads from the operating rolling stock. These studies can then be
used in the design of artificial structures and for comparison with the data obtained during the field tests to
identify defects in the structural elements of railway bridges.

Description of the calculated model. The design model of the structure is constructed according to
the data of the working documentation for the analysis of stress-strain state. A general view of the design
model of the structure under consideration is presented in figure 1.

L
| |
L o

Figure 1 — A deformable finite element model of the overpass. General form
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Models of reinforced concrete elements of supporting structures of the overpass take into account the
joint work of reinforcing elements and concrete filling. The concrete filling of the structures of reinforced
concrete blocks of the span structures of 16.5 m and 23.6 m, as well as the frames and pedestals of the
intermediate supports of the overpass are given by volume elements. Reinforcing elements of structures
(frames, grids, bundles of wires for prestressing concrete) of span structures and intermediate support
structures are specified by core elements and take into account their spatial arrangement in concrete filling.

Accepted loads. All values of loads are taken without taking into account the various coefficients of
the joint venture [1] and SNiP [2] (working conditions, reliability for loads, reliability for liability, etc.).
The own weight of the structures of the structure is taken into account by the task of inertial load - gravity.
Temporary loads are set according to the following types of effects: static load on the weight of the
coupling according to the “locomotive-car” scheme; static load on the weight of a raft of three loco-
motives. The impact of the weight of the locomotive (TEM-18 diesel locomotive, 2 carts, 3 axles per
carriage) is specified in the form of concentrated forces of 202.7 kN/axis in the nodes of the rail track
model in accordance with the distances: 16,900 mm between axles of automatic couplings; 8800mm
between the pins of carts; 1850 mm between bogie axles.

The impact of the weight of the car (hopper-metering model 55-76, 2 carts, 2 axles per carriage) is set
in the form of concentrated forces of 228.7 kN/axis into the nodes of the rail track model in accordance
with distances: 11 520 mm between the axles of the couplings; 7200 mm between the pins of carts (car
base); 1850 mm between bogie axles. The considered schemes of temporary loads are presented in figure
2 - six schemes for coupling “one locomotive + one car” and in figure 3 — five schemes for raft "three
locomotives".
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Figure 2 — Schemes of temporary loads from the coupling "locomotive-car" (C1-C6) "K" — Kulsary, "T" — Tengiz
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Figure 3 — Schemes of temporary loads from the raft "3 locomotive" (L1-L5) "K" - Kulsary, "T" — Tengiz

The results of the calculated static analysis. Calculations of the stress-strain state of the elements of
the structure are performed for the given combinations of loads (design cases) [3, 4].
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The following settlement cases are considered (12 cases in total), where they are indicated: C — Kul-

sary; T - Tengiz; PS0-1 - superstructure from the Kulsar; PS1-2 - span of 23.6 m; PS2-3 -
from Tengiz:
PO. "The tension of the reinforcement blocks 23.6 m + Own weight";
C1. “P0O + coupling (middle of locomotive over middle of PS0-1)”;
C2. "PO + coupling (middle of the car over the middle of PSO-1)";
C3. "P0O + coupling (middle of the car above the support K)";
C4. “P0 + coupling (middle of coupling over the middle of PS1-2)”;
C5. "PO + coupling (middle of the coupling over support T)";
C6. "P0O + coupling (middle of the car over the middle of PS2-3)";
L1. “PO + raft (middle of locomotive No. 1 over the middle of PS0-1)";
L2. “P0 + raft (middle of locomotive No. 2 above bearing K)”;
L3. "PO + raft (5th axis of the 2nd locomotive over the middle of PS1-2)";
L4. "PO + raft (2nd axis of the 3rd locomotive over the middle of PS1-2)";
L5. "PO + raft (2nd axis of the 3rd locomotive over the middle of PS2-3)".

superstructure

The results of the calculations are presented as deformation values at the control points obtained
using virtual sensors (compliant core elements with an initial length of 60 mm with linearly elastic
properties of steel) installed on the concrete spans of the overpass. Control points are selected on the lower

belt in the middle sections of the superstructure of the structure:
* "dat12" - a sensor in the middle of the superstructure PS0-1;
* "dat34" - a sensor in the middle of the span of the PS1-2;
* “dat56” - a sensor in the middle of the PS2-3 span.

Calculations of structural elements for given loads are presented in the form of stress distributions of
concrete blocks of span structures of the overpass for the design case PO (figures 4, 5) and as the stress

values at test points and virtual sensors for all considered design cases (table 1).

.

in. Value = -2 86

main maximum stresses - top, main minimum stresses — bottom
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Figure 4 — Calculated case PO. Deformed state and distribution of main stresses (MPa) in concrete of span structures 16.5m

main maximum stresses - top, main minimum stresses - bottom

Figure 5 — Calculated case P0O. Deformed state and distribution of main stresses (MPa) in concrete of superstructures 23.6m
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Table 1 — The calculated values of the virtual stresses on the concrete spans of the overpass

Stress, MPa Stresses increment from temporary load, MPa
Settlement case
dat1,2 dat 3,4 dat 5,6 dat 1,2 dat 3,4 dat 5,6
Rebar tension 0,00 -22.87 0,00 - - -
110 4,50 -17,97 4,50 - - -
C1 9,26 -17,97 4,50 4,76 0,00 0,00
C2 8,98 -15,20 4,50 4,48 2,77 0,00
C3 6,29 -14,01 4,50 1,79 3,96 0,00
Cc4 4,50 -14,08 5,23 0,00 3.89 0,73
C5 4,50 -16,00 9,24 0,00 1,97 4,74
Cco 4,50 -17,97 8,96 0,00 0,00 4,46
L1 9,24 -17,97 4,50 4,74 0,00 0,00
L2 9,77 -14,08 4,50 5,27 3.89 0,00
L3 8,02 14,10 9,30 3,52 3.87 4,30
L4 4,50 14,08 9.80 0,00 3.89 5,30
L5 4,50 17,81 9,68 0,00 0,16 5,18

The results of experimentally obtained data. Ficld tests of a single-track railroad overpass through a
highway in the production arca were carried out in the spring of 2018 using a tensor metric software and
hardware complex (TPAK) [5]. The overpass was built in 188, according to the following scheme:
16.5+23.6+16.5m for 56km of PK 9+50 railway line Kulsary-Tengiz, from prefabricated reinforced
concrete structures.

Strain gages (dat 1,2,3,4,5,6) are installed, on each block of flying structures in the middle part (odd
on the right blocks, even on the left blocks), the glued strain gauges are also protected from external
influences environment for the purpose of further monitoring for 8-10 years.

As an example in figures 6, 7, diagrams of measured fibrous stresses in the stretched zone (lower part
of the rib) in the middle of blocks of reinforced concrete span structures of a railroad overpass are given
when exposed to temporary loads from the TEM-18 diesel locomotive and the Hopper - Dozator car (static
tests table 2).
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Figure 6 — Fiber stress diagrams of the tension zone PS 0-1 (dat 5, 6, load C1):
a — in the right block; b — in the left block

In [6], a detailed description of the technical part (primary and secondary converters) and software of
the used TENZ hardware and software complex is presented. The data obtained by calculation are
consistent with the experimental data obtained in [7-14].
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Figure 7 — Fiber stress diagrams of the tension zone PS 1-2 (dat 3, 4, load C4):
a — in the right block; b — in the left block

Table 2 — Fiber stresses from temporary loads of the coupler and raft (static tests)

Railway overpass 16.5 + 23.6 + 16.5 m for 56 km PK9 + 50
PS0-1 PS1-2 PS 2-3
Layout Scheme Right block Left block Right block Left block Right block Left block
temporary load o s i so
c, MPa c, MPa c, MPa c, MPa c, MPa c, MPa

Cl 3,78 3,55 0 0 0 0
C2 2,95 3,02 2,96 3,23 0 0
C3 2,67 2557 3,65 3.89 0,89 0,82
C4 0 0 3,67 3,53 3,46 341
€3 0 0 2,87 3,09 4,20 4,10
c6 0 0 0,67 0,75 2,87 2,71
Ll 4,02 3,75 0,02 0,03 0 0
L2 4,97 5,08 342 3,71 0,02 0,06
L3 3,15 3,03 3,28 348 4,14 4,10
L4 0,12 0,15 3,56 349 4,99 4,96
L5 0 0 0,48 0,41 4,86 4,32

Conclusions. From the analysis of the stresses obtained by calculation in the beam-concrete concrete
spans of the overpass it follows that to determine the stress-strain state of the spans of the railroad over-
pass in order to compare with the normalized range, 2 loading options are quite enough as a static load:
(locomotive + wagon) and raft (3 locomotives).

The obtained results of stresses in girder reinforced concrete span structures of the overpass can be
used in calculations of similar structures for seismic resistance, as well as in dynamic calculations of
stability with increasing operational load on railway bridges.

To determine the actual technical condition of structures and the most effective assessment of the
reliability of bridge structures and to establish consistency between the design scheme and the actual work
of the structures on the trunk lines of Kazakhstan, it is necessary to periodically monitor the stress-strain
state of artificial structures under operational loads.
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AnnoTamust. JKyMbICTa 3KCIIEPUMEHTANIBIK JKOHE CAHABIK SICTEp HETI3iHIAC TEMIp KOI OTKEIICPIHIH TeMip-
OCTOH apajibIK KYPBHUIBICTAPHI KOHCTPYKIMSUIAPBIHBIH, JICMEHTTEPIHIH HAKTHI CAJIMAFbl MEH YaKbITIIA KYKTCMEHIH
acepi, kepHeymi-aeopManmananral xabi-kyii (KAXK) seprreami. K/DK caHmplk HOTIOKCICpPIH Tajamay HETi3iHIC
TEMIp KOJ OTKCIIHIH apaiblK KYPLIICTAPEI HOPMAIAHATHIH KEPHEY AMAIA30HBIMEH CAJbBICTHIPY YIIIH CTATHUKAIBIK
JKYKTEME PETIHAC THEY/IH TIPKEY YKOHE KUHAKTAY 2 HYCKANAPBIH KOTIAHY KETKUTIKTI CKEHIITI TOJICIACH .

KoHCTpyKIusImapablH HAKTHI TEXHUKAIBIK YKai-KYHIH aHBIKTAy MAKCATBIHAA, KOIIpJiep KOHCTPYKIHMIAPBIHBIH
CeHIMIimiriH THiMai Oaramay skoHe KasakcTaH MarmCTpaibabl KCTUICPIHACTI KYPBUIBICTBIH CCCNTIK CXEMACHI MCH
HAKTHI YKYMBICBIHBIH aPACBIHIAFbl COMKECTIKTI OCTiNey MakcarblHIa, HaiaaIaHy >KYKTeMEICPiMEH KacaHIbl Kypbl-
meicrapasiH KK Mep3iMal MOHHTOPHHTIH XKYPri3y KOKETTIr] JOJICIACHICH.

JKyMBICTa KONIAHBICTAFbI >KBUDKBIMAJBI KYPAMHBIH KYKTEMEICPIiHIH dcep €Tyl Ke31HAe TeMIp KO 6TKe-JiHIH
KepHeyTi-IeopMarisiIanFal KyHi Typajbl KeIl HYCKAIbI CAHABIK JKOHE 3KCICPHMEHTANIBIK JCPEKTEp OCpii-TeH.
Ocsl 3eprreynep OymaH apbl >KACaHIBI KYPBUIBICTAPABI K0OAMdy KC3iHAC JKOHC TEMIp JKOJ Kemipiepi KOHCTPYK-
ISUIAPBIHBIH  JICMEHTTEPIHCT] aKayJIapAbl aHBIKTAY MAKCATBIHIA, HAKTHI CBIHAKTAP JKYPri3y Ke3iHAC ANbIHFAH
JIEPEKTEPMEH CANBICTHIPY YIIIH MAHIATaHBLIY bl MYMKIH.

Ko eTkeniHIH KOTEPrill KOHCTPYKIATIAPBIHBIH TEMIp-OCTOH 3IEMEHTTECPIHIH MOACTbIACPIHAC apMHUpICY
JNMEMEHTTEP MEH OCTOH TONTHIPHLUIYBIHAAFBI OIPICCKEH >KYMBICHI eckepineni. Temip OeToH ONOKTaphIHBIH 16,5 M
JKOHE 23,6 M apaiblk KYPhUIBIMIAPAArbl KOHCTPYKIMSCHIHBIH, COHIAW-AK >KOJI OTKEIIHIH apaiblk TiPEKTEPiHIH
paMaiapsl MEH TyMOanmapbhlH OCTOHMEH TONTBHIPBUIYBI KOJIEMIl 3ICMEHTTEPMEH OcpiireH. ApanblK TipeKTEPHiH
apanbIK KYpbI-TBICTAPhI MCH KYPBLIBICTAPBIHBIH, KOHCTPYKIMSUIAPBIHBIH ApMaTypalaHFaH 3ICMEHTTEpl (KaHKamap,
TOpIIap, OCTOHHBIH ATIBIH aJla KEPHEY1HE APHAIFAH CHIMIAP MIOFBIPBI) 63CKTI JIEMEHTTEPMEH OCepinyi KoHE 0JIAPAbIH
OCTOH/IBI TOITHIPYAAFHI KCHICTIKTC OPHAIACY BI CCKCPLITCH.

Ko eTkenmiHiH TEMip-OCTOH apanblK KypbhIIBICTAPBIHAAFHI CCENTIK >KOJIMCH AJIBIHFAH KEPHEYICPAl TallayAaH,
HOPMAJIAHATBHIH JHANA30HMCH CaJbICTHIPY MAKCATBIHAA, TEMIP >KOJ OTIICKOIIAPBIHBIH apaNbIK KYPBLIBIC-TAPbIHBIH
KJIK aHbIKTay YINIH CTAaTHKAJNBIK KYKTEME PETIHAC THCYAIH 2 HYCKACBHIH KOIJAHY KETKUIIKTI: TipKey (JOKOMOTHB +
BaroH) >KOHE KMHAKTAy (3 JIOKOMOTHB).

Ko eTkemiHIH TeMip-OCTOH apasbIK KYPHUILICTAPBIHAAFHI KEPHEYICPAIH ATbIHFAH HOTIDKEICPIH CEHCMUKAIIBIK
TO3IMIUTIKKE YKCAC KYPBUIBICTAPABIH CCENTEpiHAE, COHMAH-aK TEMIp KON KemipiepiHe MaHAalaHy >XYKTEMECIiH
apTTHIPY KE3IHIAC OPHBIKTHUIBIKTHIH JHHAMHKAJBIK ECENTEPIHAC MaiaTaHyFa O0IaIbl.

KoHCTpyKIusImapasH, HAKTHl TEXHUKATIBIK JKAH-KYHIH aHBIKTAY MKOHE KeIipiep KOHCTPYKUMSUIAPBIHBIH CCHIM-
JUTITIH HEFYPIIBIM THIMZI Oaranay »XKOHE KYPBUIBICTBIH CCENTIK CXEMAachl MEH HAKTHI )KYMBICBIHBIH ApPachIHIAFHI
colikecTikTi Oenriney yimiH Ka3zakcTaHHBIH MAarucCTPambAbIK SKEIUIEPIHAE MAalganaHy >KyKTeMelepiMEH >KacaHIbl
KypoutbicTapasiH KJDK-HBIH MEp3iMai MOHHTOPHHTIH KY3ET¢ aCHIPY KAKCT.

Tyiiin ce3aep: TeMip O OTIECI, APKATBIKTHI APATBIK KYPBHUIBIM, KEpHEYIi-1e(hOPMAIFSIIBIK KYH, YaKbITIIA
JKYKTEME, MCHIIIKTI CAIMAK, OPHBIKTBIIBIK, CEHCMHKAIIBIK TYPAKTHLIBIK.
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Annoramus. B padote u3yueHo HanpspkeHHO-IepopmuposarHOoe coctossHAe (H/C) B 3M6MeHTaX KOHCTPY KIHH
JKEIC300CTOHHBIX MPOJCTHBIX CTPOCHHH >KEJIC3HOIOPOKHBIX Iy TCIPOBOAOB MO ACHCTBHEM COOCTBCHHOTO BCCA H
BPCMCHHOHW HATPY3KH HA OCHOBC 3KCIICPUMCHTAIBHBIX M YHCICHHBIX MCTOAOB. Ha OCHOBC aHAmM3a YHCICHHBIX
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pesyapraros H/IC mponeTHBIX CTPOCHMI KCIC3HOAOPOKHOTO IMyTCIPOBOAA JOKA3AHO, UTO I CPABHHUTCIBHOH
OLICHKH C HOPMHPYEMBIM AHANA30HOM HANPDKCHHA B KAYCCTBE CTATHUYCCKON HATPY3KH JOCTATOYHO IMPHUMCHCHHE
2-X BAPHAHTOB 3arPy KCHHSA. CLICMKA H CIJIOTKA.

JloxazaHa HEOOXOMMOCTh POBEACHHS TIepHOIMIeckoro MoHITOpHHTAa HJIC MCKYCCTBEHHBIX COOPYKEHHUH IO
SKCILIyaTAHOHHBIMKM HATPY3KaMH B IICISIX ONPEACICHHS (PAKTHHUECKOTO TEXHHYECCKOTO COCTOSHHS KOHCTPYKITHH,
3((CKTHBHOM OLUCHKH HAAC)KHOCTH KOHCTPYKITHI MOCTOB H YCTAHOBICHHS COOTBCTCTBHS MCKAY PACUCTHON CXCMOH
U JCHCTBUTEILHON PabOTOM COOPY KEHUM, HA MATHCTPAIBHBIX THHIIX Ka3axcrana.

B pabome TpencTaBiCHBl MHOTOBAPHAHTHBIC UHCIICHHBIC W JKCIICPHMCHTAIBHBIC JAHHBIC O HANPIKCHHO-
Je(hOpPMHPOBAHHOM COCTOSIHHH KEJIC3HOIOPOKHOTO Iy TEIPOBOA IPH BO3ACHCTBHH HATPY30K OT 3KCILIY aTHPYEMOTO
MOABIKHOTO COCTABA. J[aHHbIe UCCNe008aHUA 6 OalbHeliueM Mo2ym 6bimb UCHONB308aHbI NPU NPOEKMUPOBAHUY
UCKYCCMBEHHbIX COOPYIHCeHUT] U Ol CPABHEHU ¢ OAHHBIMU, NOTYYEHHBIMU NPU NPOGeOeHUY HAMYPHBIX UCHBIMAHUIT C
Yenvio 8bLA8NIeHUSA OeqheKmnog 8 INeMeHmax KOHCIMPYKYUil HCele3sHOO0POHCHBIX MOCHIO8.

Mopnemm »kene300€TOHHBIX 3JIEMEHTOB HECYINUX KOHCTPYKIHWH ITyTENMpPOBOAA YUUTHIBAIOT COBMECTHYIO PaboTy
ApPMHUPYIOIIUX 3IEMECHTOB M OCTOHHOTO 3amoJHECHU. beTOHHOE 3amoTHEHHE KOHCTPYKIHH KeIe300ETOHHbBIX OJIOKOB
MIPOJICTHBIX CTpOeHHH 16,5 M m 23,6 M, a TaKKe paM H TyMO NMPOMEKYTOUHBIX OIOP IyTEHPOBOJA 3aJaHBI OOBEM-
HBIMH 3JICMEHTAMH. APMHPYIOIIHE 3TEMCHTHI KOHCTPYKIMH (KapPKAChl, CETKH, IyYKH ITPOBOJIOK A1 MPEABAPUTCIIb-
HOTO HANpPsDKCHHS OETOHA) MPOJICTHBIX CTPOCHHH W CTPOCHUI IPOMEXKYTOUHBIX OIOP 3aJaHBI CTCP/KHEBBHIMH
3NIEMEHTAMH M YYHTHIBAIOT MX IMMPOCTPAHCTBEHHOE PACTIONIOKCHUE B OCTOHHOM 3aIOTHCHUH.

W3 aranm3a moONMyYCHHBIX PACUCTHBIM IYTEM HANPSDKCHHI B OANOYHBIX KEIC300CTOHHBIX IPOJCTHBIX CTPOE-
HHUSAX TMyTENpoBoaa caeayet, uro ama onpenciacHus H/IC mpoeTHBIX CTPOCHHH KEJIC3HOAOPOKHOTO Iy TCIIPOBOAA C
LEBI0 CPABHCHHA C HOPMHPYEMBIM JHAMA30HOM, B KAYCCTBE CTATHYCCKOM HATPY3KH BIOTHE AOCTATOYHO IPHME-
HEHHE 2-X BAPHAHTOB 3arPy KCHUSA. CLEMKA (JOKOMOTHUB + BarOH) U CIIOTKA (3 TOKOMOTHBA).

[NomyyeHHbIE PE3yIBTAaTHl HANPSDKCHUI B OAOUYHBIX YKEIC300CTOHHBIX MPOJCTHBIX CTPOCHISIX IyTEIPOBOJA,
MOYKHO HCITOJIB30BaTh B PAcUeTax MOAOOHBIX COOPYKECHHH HA CEHCMOCTOHKOCTD, 4 TAKXKE B AMHAMHYCCKHX PACcUCTax
YCTOMYHMBOCTH IPH YBEIHYCHHH JKCIIIY ATAUOHHON HATPY 3KH HA YKEIC3HOAOPOKHBIC MOCTBL

Jnst onpeneneHnsa (PaKTHUECKOTO TEXHUYIECCKOTO COCTOSIHHS KOHCTPYKIWH M HamOonee 3()(EKTUBHOM OLCHKH
HAAC)KHOCTU KOHCTPYKLUHH MOCTOB M YCTAHOBJCHHS COOTBETCTBHA MEXKAY PacuCTHON CXeMOH M ACHCTBUTEIBHOU
padoTOi COOPYKCHHMI HA MATHCTPATBGHBIX THHHAX Ka3zaxcraHa HCOOXOOUMO OCYIICCTBILITH NMCPHOTHICCKHA MOHH-
topuHT H JIC HCKYCCTBEHHBIX COOPY>KCHUH MO HKCILTY aTAHOHHBIMHA HATPY3KAMH.

Kirouenbie c10Ba: ImyTEnpoBOA MKEIC3HOAOPOKHBIH, OaIOUHbIC MPOJICTHBIE CTPOCHHUS, HAPSLKCHHO-1e(hOpMH-
POBAHHOC COCTOAHHUC, BPCMCHHAS HATPY3KA, COOCTBCHHBIH BEC, YCTOHIHBOCTD, CCHCMOCTOMHKOCTD.
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