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HEJMHEWHBIN PACYET CUCTEMBI

«IITTAJIA U3 TEPMOIIJIACTKOMIIO3UTA-
BAJIJIACTHAS TPU3MA KEJIE3HOJOPOKHOI'O ITYTW»
IO JEMCTBUEM MOE3THON HAI'PY3KHU

JI. 1. BOYKAPEB*, E. A. CUT'Al, A. C. IOCTHUKOB

Benopycckuil rocynapCTBeHHBIN yHHBEPCUTET TpaHCHOpTa, yi. Kuposa, 34, 246653, r. 'omens, benapycs

Lenv pabomer — onpedenenue 0CaOKu HCeNe3HOOOPONUCHOU WNATbL, OeUCMEYIOWUX 8 Hell 6HYMPEHHUX
CUNOBBIX PAKMOPOE NOO GIUAHUEM HAZPY30K OM NOOBUICHO20 COCMABA U paA3pabOmMKA KOHCMPYKYUU WNaibl
U3 MEPMONIACMKOMNOZUMA.

JKene3Ho0opodCcHy10 Wnany Mooenuposanu 6 guoe 2ubKo20 TUHEHO-YNPYy2020 dlleMeHma nymiu 60 63d-
umooelicmeuu ¢ 6AnIACMHOU NPUMOL 6 GUOE HENUHENHO-YNPY2UX ClL0e8 KOHEYHOU MOIWUHbL C nepe-
MEHHbIM MOOYLem ynpyeocmu. [ pacuema ynpy2020 0CHOBAHUS C YYEMOM QuU3UYeCKOl HeTUHEUHOCmU
C0€8 UCNONb30BANU MEMOO KOHEUHbIX PA3HOCHEN 6 8APUAYUOHHOU NOCMAHOBKe, MO eCb 8APUAYUOH-
HO-pA3HOCMubILL N0OX00. /s pearuzayuu yKa3aHHo2o nooxoo0d COCMasuiu npocpammy 8 KoMnblomep-
Hoti cpede Mathematica u nposenu ee yuciogyio anpobayuio. Pezyriomamul mamemamuyecko2o mooenu-
POBAHUSL WINATLL C UCNONb30BAHUEM YHUBEPCATLHOU NPOSPAMMHOU CUCTNEMbl KOHEUHO-INEMEHMHO20
(MKD) ananuza nossorunu noayuums 3Havenuss OCUCMEYIOWUX 8 Hell HANPSNCEHUT U NPedN0NCUMb On-
MUMATLHYIO O ee U320MOGNeHUs U3 MEePMONIACMKOMNO3UMA KOHCMPYKYUIO C YUEMOM €20 (DU3UKO-
MEXAHUYECKUX CBOUCME.

B pesynemame npeonooicen Hogulil 3¢hpexmughbvill umepayuoHHbIl N00X00 0I5l pAcyema Wnal Ha Helu-
HeHO-YNPY2OM HeOOHOPOOHOM OCHOBANHUU, OCHOBLIGAIOWUNICA HA CBOUCMEE MUHUMYMA (DYHKYUOHANA NOJ-
HOU dHepaul CUCHeMbl «UNAIA—OCHOBANHUEY U NO3BOIIOWULE ONPEOeNUMb HANPANCEHHO-0eDOPMUPOBAHHOE
COCMOsIHUE OCHOBAHUSL, UCCLE008aMb KOHMAKMHYIO 30HY, GbIMUCIUND 6HYMPEHHUEe YCULUS U OCAOKU UWNATbL.
Tonyuennvie npu HeluHeHOM pacieme 3HA4eHUs. 0CA00K NPeGbLIULAION Pe3YIbMAmbl IUHEHO20 paciema Ha
39%, umo npueooum K 803pacmanul0 PeaKmusHbIX OA6LeHUl 6 30He KOHMAKMa OAIKu ¢ ynpyeum 0CHOGAHU-
em. Yuem amo2o 06Ccmosmenbcmea Modlcen nO3601UMb RPOEKMUPOBANyb 8epxiee CmpoeHue Nymu ¢ Heooxo-
OUMbBLM 3aNACOM NPOYHOCTIUL.

KoaroueBble ciioBa: mmnana, Harpy3ka, 0anka, u3ru0, nepemMeiieHue, regopmMaiys, HaIpsHKEHUE, TePMOIUIACTKOM-
HO3UT, apMUPOBAHHE.

NONLINEAR CALCULATION OF SYSTEM “SLEEPER FROM
THERMOPLASTIC COMPOSITE-RAILWAY BALLAST PRISM”
UNDER THE ACTION OF TRAIN LOAD

D. 1. BOCHKARYOV*, E. A. SIGAI, A. S. POSTNIKOV
Belarusian State University of Transport, Kirov St., 34, 246653, Gomel, Belarus

The aim of the work is to determine the draft of railway sleepers and internal force factors acting in it under
the influence of loads from rolling stock and to develop the design of sleepers from thermoplastic composite.
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Railway sleeper has modeled as a flexible linear-elastic track element in interaction with a ballast
prism in the form of nonlinear-elastic layers of finite thickness with a variable deformation modulus. To cal-
culate the elastic base, taking into account the physical nonlinearity of the layers, we use the finite difference
method in the variational formulation (variational-difference approach). To implement this approach, a pro-
gram in Mathematica was compiled and its numerical testing was carried out. The results of mathematical
modeling of sleepers using the universal software system of finite element (FEM) analysis allow us to obtain
the values of the force factors acting in it and offer the optimal design for its manufacture from a thermo-
plastic composite taking into account its physical and mechanical properties.

As a result, a new effective iterative approach has been proposed for calculating sleepers on a
nonlinearly elastic inhomogeneous base, based on the property of the minimum total energy function-
al of the sleepers-base system and which allows determining the stress-strain state of the foundation,
investigating the contact zone, and calculating the internal forces and precipitation of the sleepers.
The values of sediment obtained during non-linear calculation exceed the results of linear calculation
by 39%, which leads to an increase in reactive pressures in the zone of contact between the beam and
the elastic base. Taking this circumstance into account may allow designing the upper track structure
with the necessary safety margin.

Keywords: sleeper, load, beam, bending, displacement, deformation, stress, thermoplastic composite, reinforce-

ment.
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