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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 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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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.

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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Th
sary; T

e following settlement cases are considered (12 cases in total), where they are indicated: C — Kul-
- Tengiz; PSO-1 - superstructure from the Kulsar; PS1-2 - span of 23.6 m; PS2-3 - superstructure

from Tengiz:

PO.
Cl.
C2.

C3

C4.
Cs.
Cé.
L1.
L2.

L3

L4.
Ls.

Th

"The tension of the reinforcement blocks 23.6 m + Own weight";

“P0 + coupling (middle of locomotive over middle of PS0-1)”;

"P0O + coupling (middle of the car over the middle of PS0-1)";

. "P0O + coupling (middle of the car above the support K)";

“P0 + coupling (middle of coupling over the middle of PS1-2)”;

"P0O + coupling (middle of the coupling over support T)";

"P0O + coupling (middle of the car over the middle of PS2-3)";

“P0 + raft (middle of locomotive No. 1 over the middle of PS0-1)”;
“P0 + raft (middle of locomotive No. 2 above bearing K)”;

. "PO + raft (5th axis of the 2nd locomotive over the middle of PS1-2)";
"PO + raft (2nd axis of the 3rd locomotive over the middle of PS1-2)";
"PO + raft (2nd axis of the 3rd locomotive over the middle of PS2-3)".
e 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 PSO-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.

Ca

Iculations 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).

|16.5 m
M300

‘Static Max. Value = 0.83

|165m
M300

b

in. Value = -2 86

main maximum stresses - top, main minimum stresses — bottom

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 PO. 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
dat 1,2 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 - - -
Cl 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
c4 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
Co 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 4,50 527 3,89 0,00
L3 8,02 14,10 9,30 3,52 3,87 4,80
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. Field tests of a single-track railroad overpass through a
highway in the production area 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
PS 0-1 PS 1-2 PS 2-3
Layout Scheme Right block Left block Right block Left block Right block Left block
temporary load P 1.n 1.0 P 1. c P
o, MPa o, MPa o, MPa o, MPa o, MPa o, MPa

CI 3,78 3,55 0 0 0 0
c2 2,95 3,02 2,96 3,23 0 0
C3 2,67 2,57 3,65 3,89 0,89 0,82
Cc4 0 0 3,67 3,53 3,46 3,41
C5 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 3,42 3,71 0,02 0,06
L3 3,15 3,03 3,28 3,48 4,14 4,10
L4 0,12 0,15 3,56 3,49 4,99 4,96
L5 0 0 0,48 0,41 4,86 4,82

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.

— 185 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan
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'M. TeipiuGaes atbingarsl Kasak Kok xoHe KOMMYHHUKAMAIAP akaaeMuschl, Anmarel, Kazakcran;
2OMOBI MEMJIEKETTIK 70J1 KATHACHI YHUBEPCUTETI, Peceii

7KOJI ©TIIECIHIH KEPHE YJII IE®GOPMAIUSJIBIK KYHIH
AIIITAPAT BATTAPTAMAJIBIK KEITEHIH KOJIJAHA OTBIPBIII TAJIJIAY

Annoranus. JXyMpIcTa SKCIEpUMEHTAJIBIK JKOHE CAHABIK OiCTep HETi3iHIe TeMip KON OTKEeIACpiHiH TeMip-
OCTOH apaiblK KYPBUIBICTAphl KOHCTPYKUMSUIAPBIHBIH JIEMEHTTEPIHIH HaKThl CajJMarbl MEH yaKbITIIA JKYKTEMEHIH
acepi, kepHeymi-gegopmarmsnanran xait-kyiti (KIXK) 3zeprrenmi. KK canmsik HoTmKenepiH Taimay HeTi3iHIe
TEMIp JKOJI ©TKENIHIH apajblK KypbUIBICTaphl HOPMAJIAHATBIH KEPHEY AWANa3oHbIMEH CAJBICTBIPY YIIIH CTATHUKAJIBIK
JKYKTEMe peTiHJIe THEYIIH TipKey JKOHE KUHAKTAYy 2 HYCKATaphIH KOIIAHY JKeTKUTIKTI eKSH/IT] JOJIeIICH]II.

KoHcTpyKkIusitapAblH HaKThl TEXHUKAJBIK JKal-KyHiH aHBIKTay MAKCaThIHAA, KeIipiep KOHCTPYKIHsIIapbIHBIH
CeHIMALTIriH THiMai Oaranay >xoHe KazakcTaH MarucTpaibIbl JKeIiEpiHAeTi KYPBUIBICTBIH €CEeNTiK CXeMachl MeH
HAKTHI )KYMBICHIHBIH apachIHIAFbl COMKECTIKTI OeNnriiiey MaKcaThIHAA, Malianany KYKTeMelepiMeH JKacaHIbl KYphI-
meictapapy, KK Mep3iMai MOHHTOPHHTIH KYPTi3y KaKETTIrl TOJIeIIeHTeH.

JKyMpIcTa KOMIaHBICTAFbl KBUDKBIMAIIBI KYPAMHBIH KYKTEMEIepiHiH ocep eTyi Ke3iHIe TeMip KO OTKe-JiHiH
KepHeyIi-aeopMansaianFal KyHi Typanbl Kell HYCKaIbl CaHIBIK XOHE JKCIIEPUMEHTAIABIK JepeKTep Oepin-TeH.
Ocsl 3epTTeynep OymaH apbl >KacaHIBl KYPBUIBICTApIBI KoOasay Ke3iHAE JKOHE TeMip JKOJ Kemipliepi KOHCTPYK-
[USUTAPBIHBIH 3JIEMEHTTEePIHACTT aKayJapapl aHbIKTay MakcaTblHIA, HAaKThl CBIHAKTAp JKYPridy Ke3iHAe aJbIHFaH
JepeKTepMeH CABICTHIPY YIIIH MaiijaJaHbuIybl MYMKiH.

JKom eTkemniHIH KOTeprill KOHCTPYKUMSUIAPBIHBIH TeMip-OETOH AIIEMEHTTEepiHIH MOAETBACPIHAE apMHUPICYII
AIIEMEHTTEp MeH OETOH TONTHIPBUIYBIHAAFBI OipIecKeH >KYMBICH eckepiyeni. Temip OeToH OMOKTaphIHBIH 16,5 M
JKoHE 23,6 M apanblK KYpBUIBIMAApIarbl KOHCTPYKUHUSICHIHBIH, COHAAN-aK JKOJ OTKENIHIH apaiblK TipeKTepiHiH
pamanapbl MEH TyMOaJlapblH OCTOHMEH TONTHIPBUIYBI KOJEMIi SIEMEHTTEpMEH OepinreH. ApaiblK TipeKTepHiH
apaJibIK KYPBI-JIBICTAphl MEH KYPBUIBICTAPBIHBIH KOHCTPYKLHMSUIAPBIHBIH apMaTypalaHfaH 3JIeMeHTTepi (KaHkaiap,
TOpap, OETOHHBIH aJIBIH alla KepHEYiHe apHaJFaH ChIMAAp MIOFBIPHI) ©3€KTi AIIEMEHTTEPMEH OepiTyi KOHE ONapIbIH
OCTOH/IBI TONTHIPYIAFbI KEHICTIKTE OPHAJIACYBI ECKEPLITeH.

JKom eTkeniHiH TeMip-0eTOH apaiblK KYPBUIBICTAPBIHIAFEI €CENTIK JKOJIMEH aJbIHFAaH KepHEYJIepAl TalnaylaaH,
HOpMaJIaHaThIH JHAIla30HMEH CAaJBICTBIPY MaKCaThIHIA, TEMIp JKOJI ©THEXOJIIAPBIHBIH apajblK KYpbUIbIC-TapbIHBIH
KJIX ampIKTay YIIiH CTaTHKAIBIK KXYKTEME PETiHJE THECYNiH 2 HYCKACHIH KOJIaHY JKETKUIIKTI: TipKey (JIOKOMOTHB +
BaroH) jKoHE JKUHAKTAy (3 JIOKOMOTHB).

JKon eTkeniHiH TeMip-0€TOH apallblK KYpBUIBICTAPBIHIAFEI KEPHEYIIEPIiH aTbIHFAH HOTIDKEIIEPiH CEHCMUKAIIBIK
TO3IMAUTIKKE YKcac KYpBUIBICTapAbIH €CENTepiHIe, COHIai-aK TeMip JKOJ KellipJiepiHe MaimaiaHy >KYKTeMeciH
apTTHIPY Ke3iHAe OPHBIKTBUIBIKTHIH AWHAMHUKAIBIK €CENTepiHe Naiiananyra 001aIbl.

KoHcTpyKuusitapablH HaKThl TEXHHKAIBIK JKail-KYHIH aHBIKTAy JKOHE KeIipiep KOHCTPYKLUHUSIIAPBIHBIH CEHiM-
IUTITIH HEFYPIBIM THIMII Oaranay >KOHE KYPBUIBICTBIH €CENTIK CXeMachl MEH HAaKTHl JKYMBICHIHBIH apachIHAAFbl
colikectikti Oenriney ymmiH Ka3akCTaHHBIH MarucTpaibAbIK JKENUIepiHIe MaiiianaHy >KyKTeMeJepiMeH j>KacaHIbI
KypbutbicTapasie, KJDK-HBIH Mep3iMIi MOHUTOPHHTIH XKY3€re achlpy KaXKeT.

Tyiiin ce3mep: TeMip KOl ©TIECi, apKAIBIKTHl apalbIK KYPBUIBIM, KepHEYi-IepOpMaIlisUIbIK KYH, yaKbITIIA
JKYKTEMe, MEHILIKTi cajMaK, OPHBIKTBUIBIK, CEHCMUKAIIBIK TYPAKTBUIBIK.

B. I. Cosonenxo!, H. M. MaxmeroBal, B. A. Hukosaes?,
M. 4. Kpamnun', C. E. Bexskanosa', U. C. Bonaaps!, C. A. Mup3a6aes!

'Kazaxckas akageMusi TPAHCIIOPTa ¥ KOMMYHMKaiuii uM. M. Teinbimmaesa, AnMarsl, Kazaxcran;
2Omckuit rocylapcTBEHHBIN YHUBEPCUTET ITyTel coobuienus, Poccus

AHAJIN3 HATTPIKEHHO-JE®OPMHUPOBAHHOT'O COCTOAHUSA TYTEITPOBOJ10B
C UCITOJIb30BAHUEM AIIITAPATHO-ITPOI'PAMMHBIX KOMIIJIEKCOB

Annortanus. B pabote nzyueHo HanpspkeHHO-IedopmupoBanHoe coctossaue (HJIC) B aeMeHTax KOHCTPYKIHH
JKEJIe300eTOHHBIX MPOJIETHBIX CTPOCHHH IKEJIE3HOJOPOXKHBIX MyTEHPOBOIOB MO NEUCTBUEM COOCTBEHHOTO Beca U
BPEMEHHOW Harpy3kd Ha OCHOBE SKCIICPHUMEHTAJBHBIX M YHCICHHBIX MeTonoB. Ha OCHOBe aHaiM3a YMCIEHHBIX
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pesynsraroB HIC mponeTHBIX CTpOeHHH KeJIe3HOAOPOKHOTO IyTENPOBOJAa MOKA3aHO, YTO IS CPaBHUTEIBHON
OIIEHKHA C HOPMHUPYEMBIM JHMANa30HOM HANpPsDKEHHH B KAaYeCTBE CTAaTUYECKOM HArpy3KH IOCTAaTOYHO IPHUMEHEHUE
2-X BapHAHTOB 3arPy>KCHHUS: CIIETIKA U CIUIOTKA.

Jlokazana He0OXOOMMOCTh IPOBEAeHUS Neproandeckoro MoHuTopruHTra HJIC HCKyCCTBEHHBIX COOPY)KEHHH 1O
9KCIUTYaTAllMOHHBIMU Harpy3KaMd B LEJSIX OInpeAeieHus (akTHYeCKOro TEeXHHYECKOr0 COCTOSHHS KOHCTPYKIHH,
3¢ dEKTHBHOH OIEHKN HAASKHOCTH KOHCTPYKIIM MOCTOB M YCTAHOBJIEHHUSI COOTBETCTBHS MEXKAY PACUETHON CXeMOoit
U IEHCTBHUTENBHON pabOTON COOPYKEHHUH, HA MarkCTPaIbHBIX THHUAX KazaxcraHa.

B pabome mpencrtaBieHsl MHOTOBApHAHTHBIC YHCICHHBIE W AKCIIEPUMEHTAIPHBIE JAHHBIE O HANPSKCHHO-
Je(OPMUPOBAHHOM COCTOSIHUH JKEJIE3HOIOPOKHOIO My TENPOBO/A MTPU BO3JACHCTBUU HArPY30K OT IKCILTYaTHPYEMOTO
MOJBIDKHOTO COCTaBa. /laHHble UCCAe008aHUs 8 OanbHeluemM MOoSym ObiMb UCNONb308AHbl NPU NPOEKMUPOBAHUU
UCKYCCMBEHHBIX COOPYIHCEHULl U OJis CPABHEHUA ¢ OAHHBIMU, NOJYYEHHbIMU NPU NPOBEOeHUU HAMYPHBIX UCNBIMAHULL C
Yenvio GbisIGIEHUsL 0eEKMO8 8 INEMEHMAX KOHCMPYKYULL HCENe3HOOOPONCHBIX MOCHOB.

Mopnenu xene300eTOHHBIX JIEMEHTOB HECYIIUX KOHCTPYKIHH ITyTEPOBOAA YUYUTHIBAIOT COBMECTHYIO paboTy
apMHPYIOIIMX JIEMEHTOB U OSTOHHOTO 3alojiHeHUs. beToHHOe 3anonHeHne KOHCTPYKIHI JKeJIe300€TOHHBIX OJI0KOB
MPOJIETHBIX cTpoeHuH 16,5 M u 23,6 M, a Takke paM U TyMO MPOMEXYTOUYHBIX OIOp IMyTEeIPOBOA 3aTaHBI 00BEM-
HBIMHU 3JI€MEHTaMH. APMHPYIOIINE 3JIEMEHTHI KOHCTPYKINH (KapKachl, CETKH, IIyYKH MMPOBOJIOK IUIS TPEIBAPUTENb-
HOTO HAaNpsDKeHHs OeTOHAa) MPOJETHBIX CTPOCHHUM M CTPOSHHH MPOMEXYTOYHBIX ONOp 3aJaHbl CTEPKHEBBIMHU
AIIEMEHTAaMH M YYUTHIBAIOT UX MIPOCTPAHCTBEHHOE PACIIOIOKEHNE B OETOHHOM 3aIl0JIHECHHH.

W3 ananm3a MOITYYEHHBIX PACUETHBIM ITyTeM HANPSHKCHUH B OATOYHBIX KEJIe300€TOHHBIX MPOJIETHBIX CTPOE-
HUSX IyTempoBoja cienyet, uro ais onpeneneHus HIC mposleTHRIX CTPOCHUH KeIe3HOAOPOKHOTO IMyTEIIPOBOJa C
LENIbI0 CPAaBHEHHUA C HOPMHPYEMBIM IHANla30HOM, B KaUeCTBE CTATUYECKOW HATPy3KH BIIOJIHE JOCTAaTOYHO IPHMeE-
HEHHe 2-X BapHaHTOB 3aTPYKEHUS: CIIeNKa (JIOKOMOTHUB + BaroH) M CIUIOTKA (3 JTOKOMOTHBA).

[lonmyuyeHHBIE PE3yAbTaTHl HANPSKCHUH B OANOYHBIX KEJIE300CTOHHBIX IPOJETHBIX CTPOCHUSIX IyTEIpOBOJA,
MOYKHO HCIIOJIB30BaTh B pacdyeTax MOoI00HBIX COOPY)KEHHI Ha CEHICMOCTONKOCTh, a TAKXKEe B IMHAMHYECKUX pacdeTax
YCTOIYMBOCTH NPH YBEIWYCHNH IKCILUTyaTAI[IOHHON HArpy3KH Ha JKEIe3HOIOPOKHBIE MOCTHI.

Jnst onpenenenust pakTUUECKOTO TEXHHMYECKOrO COCTOSIHUSI KOHCTPYKIMH U HanbOoisiee 3()(GEeKTUBHON OLEHKH
HAJEKHOCTU KOHCTPYKLUN MOCTOB M YCTaHOBJIEHHS COOTBETCTBUS MEXIY PAacCUuE€THOM CXEMOH U AEHCTBUTEIbHOU
pabotoif coopykeHHi Ha MaruCTPaIbHBIX THHHUAX Ka3axcrana HEOOXOOMMO OCYIIECTBISATh MEPHOANIECCKHA MOHHU-
TopuHr HJ[C HCKYCCTBEHHBIX COOPYKEHHII O] KCILUTyaTallHOHHBIMH Harpy3KaMHu.

KoueBble ci10Ba: myTenpoBOJL KeJIe3HOJOPOKHBIH, 0ATOYHbIE MPOJIETHBIE CTPOCHUS, HAMPSHKEHHO-1e(OPMHU-
POBaHHOE COCTOSIHUE, BpeMEHHAas Harpy3Ka, COOCTBEHHBIH BEC, yCTOWYHBOCTD, CEHCMOCTONKOCTB.
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