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KOHCTPYKTHUBHI OCOBJUBOCTI BY3.J1B IPUMUKAHHSI TPAMBAHUX
PEIOK 10 JOPOKHLOI'O IOKPUTTSI

Y cmammi posenadacmovcs ocobausocmi npuMukanHs OOpOACHLO20 NOKpUMMA 00 PelioK HA CYMijeHOMY
MpameanuHoMy NOJNOMHI, PI3HOGUOU ICHYIOUUX DilleHb NO 3ACOCYS8AHHIO 6 AKOCMI OOPOACHLO20 NOKPUMMIA
3anizobemonnux naum. Pozenaoaemocsa Koncmpykmuehe piuienns sanpononosane komnawieto RS ENGINEERING no
BUKOPUCMAHHIO 3A1I300eMOHHUX NAUM HA 6e30a1acmHuil MexHoa02ii.

Knrwuosi cnoea: mpamesaiini niumu, mpameauHuii nepeizo, NPUMUKAHHA 00POAICHLO20 NOKPUINMSA 00 PelioK.

IMocTanoBKa npodaeMn IIpu 1pOMy, BIOPOI3OMALIiHI MPOKIANKA MK
peiikoro Ta acarbToM, SK MPaBUIIO, BIICYTHI, a ¥ SIKOCTI
MiACTHIIAI0YOTO [apy 3aCTOCOBAHO CTAaHAAPTHY ITiICHII-
Ky V BUIVIL 1eOeHEBOro OanacTy, sika YTBOPIOE IHap
MiX mnanamu i acdanproM y aianazoni 200—450 mm.

B cywacHOMy CBiTi NPIOPUTETHUM HANPSIMKOM €
PO3BUTOK €KOJIOTIYHO YUCTOT'O MICHKOTO €JIeKTPOTPaHC-
NopTy. 3aBAaHHS BJIACHUKIB 00’€KTiB iH(PACTPYKTYpH
moJisirae 'y BUOOpI paliOHATBHOTO METOXNY 3BEICHHS
TpaMBaiHUX Iepei3iB MPH ONTHMAIBLHOMY CIiBBiIHO-
IIIEHH] BApTOCTi Ta TepMiHy ekcruyaranii [1]. B Xapkosi
MICBKMMH OpraHaM¥ BJIaAW MPUAIISIETHCS 3HAYHA yBara
PO3BUTKY 1 PEKOHCTPYKIIi TpaMBallHUX KOJii (B mepion
3 2008 mo 2020 pp. BUKOHAaHO PEKOHCTPYKIIIO Ta
KaIliTalbHUM PEMOHT 55 KM B OTHOKOJIIHOMY BHMIpi),
SKi 3a POKHM eKcCIUlyartallii, TOAeKyIH, NPHHILIH Y
HENPUAATHUA 10 HOPMAJIbHOI eKCIUTyaTallil CTaH, IO
MATBEPAKYETECS JIEb HE IOBCAKICHHHUMH CXOAaMH
PYXOMHX TpaMBaWHHMX CKJIaliB 3 Koiid. [Ipm mpomy,
KOHCTPYKTHBHI PILLIEHHS, sIKI NPUIMaJIUCS NPU 3BeJleHI
ICHYIOUMX KOJII, € 3acTapUIMMH Ta TaKWMH, 110 He

BiNIOBIAIOTh [IIOYAM Ha JaHWA Yac HOPMATHBHUM
JIOKyMEHTaM.

Jlo ommiei 3 Takux mnpoOIEeM  BIAHOCHUTHCS
pYHHYBaHHS TOPOXKHBOTO ITTOKPUTTS B MICISIX IPHMH-
KaHHS J0 TpaMBalHUX peiok. 3a3BH4ail O3HaYeHHH
BY30JI AUISIHKU LIUISIXY BUKOHAHO y BUIIIS/Il IPUMHUKaHHS
ac(aabTOBOTO MOKPHUTTS Oe3lMocepe]Hb0 10 peiok
puc. 1.

6)
Puc. 2. PyiinyBanHs ac(haabTOOCTOHHOIO OKPUTTS HA
NPUMHKaHHI 0 peiok: a) no ByJ. [lnexaHiBCbKiil y

6 - M. XapkiB; 0) rmo Byi. Akanemika [TaBioBa y M. XapkiB
=l 7, [
ks / IIpoGnema pyiiHyBaHHS JOPOKHBOTO MOKPHUTTS Ha
[Rs3 4 CYyMIIICHOMY NUIXY IIUPOKO pPO3MOBCIOMKeHa. [0
< | I l U,L:;:!"; : “ P_ OCHOBHUX IIPHYHMH TaKOTO PyHHYBaHHS MOXKHA BiTHECTH
/ 3 HACTYIIHI: . .
- HEMOXJIUBICTb  JOCTATHBOTO  YHIUIbHEHHS

1 acanbTobeToHy 011 peHok;
- HU3bKI MOKAa3HUKH ajre3ii MeTaiy Ta achaibTy;
- mepiogWyHi AMHAMIYHI ~HABAHTAXXCHHS Ta

Puc. 1. By3on npumuxanus a/6 1o pefok. 1 — ocHoBa i o )
BiOpawii Bif pyXoMOro ckjamy Ta aBTOMOOIIBHOIO

Kouil; 2 — peiika Tuny PT62; 3 — BupiBHIOIOUKH 1map
a/6; 4 — HwKkHiit wap a/6; 5 — BepxHiit map a/6; 6 — TpaHCIIOpTY; o
HEIOCTAaTHBO YIIUTFHEHI MIiCIS acabTy. - TioraHa 0CHOBa TpaMBAMHOL KOJILI.
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AHAaJIi3 OCTaHHIX T0CTiIAKeHb i myOaikaii

B po6orax [2, 3] po3risiHyTO IHTAHHS TTiABHIICHHSI
eKCIITyaTallifHIX XapaKTePUCTHK JOPOKHBOTO OETOHY,
SIKMH 3aCTOCOBYETHCSI JJIsl BUTOTOBJICHHS TpaMBailHHX
IUTHT.

AHauti3 Ta TOpiBHAHHS TEXHOJIOTIH SKi BUKOPUCTO-
BYIOTBCSl JUISl CYMIIIEHOTO MOJOTHAa B KpaiHax €C
HaBeleHO B pobotax [4, 5, 6], Tak cymimeny koirito
BHKOHYIOTh 3 MaJloTabapUTHUX IUIUTOK ab0 OpYKiBKH,
IryMOBUX a00 OETOHHHMX BEJIMKOra0apUTHHX IUIUT.
Haii0inpin HagiiiHUM 3 SKUX € BUKOPUCTAHHS y SIKOCTI
JIOPOXKHBOTO MOKPUTTS B MICIIX NPUMHUKAHHS 10 PEHOK
30ipHUX 3alli300€TOHHUX CJIEMCHTIB, SKi BIiIPI3HATH-
MYTbCSI 3HAYHOIO JIOBIOBIYHICTIO Ta HaXiHHICTIO.
Bapiaatu 3acTocyBaHHS TaKoro pillIeHHS NPHCYTHI B
Vkpaini Ta B €Bpomelicekux KpaiHax. Himerpkoro
kommasi€ero RailBeton po3pobiieHo pillieHHs AU 3a1i3-
HUYHHX nepei3aiB BetoCross puc. 3.
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Puc. 3. llepeiznuuii Hactun cucuremu BetoCross

[Hana cucrema RailBeton siBisie co6oro MoaynbHY
KOHCTPYKIIIFO 3aTi300€TOHHHUX IDIHT, SKi CTATYIOTHCS
MiX c000I0 3a JOTIOMOTOI0 CTaTbHUX CTpWXkHIB [7]. 3a
JIOTTIOMOTOX0 CHCTEMH KPITUIeHb Ta MiJIIUITHUKIB, HACTHII

KpimuThCsL 10 peHok, 1o 3abe3neyye BEPTUKAIBHY Ta
TOPU3OHTAJbHY  HE3MIHHICTh 1X MOJOXEHHS Ta
cTabiTi3aliio Mg Ji€r0 HaBaHTaXXCHHS. J[1s1 3MEHIIICHHS
JUHAMIYHOTO BIUIMBY IUIMTH CHHPAIOTBCS Ha 3allizo-
OCTOHHI INMAJU Yepe3 MPOMDKHI IApH eJIacToOMEpy.
HaBaHTaxXeHHS BiJi aBTOMOOLIEHOTO TPAHCIOPTY Tepe-
nmaeTecs Ha meOeHeBuit Oamact. B maHomy BUmagky
eJIaCTOMEp MOBUHEH MATH BUCOKI CTATUYHI Ta TUHAMIYHI
XapaKTepPUCTHUKH, SIKi JeTaabHO omucaHi B poboti [8].
Iopsim 3 TMO3UTUBHUMHU OCOOJIMBOCTSAMH CHCTEMa
BetoCross, uepe3 3HaYHYy KiTbKIiCTh 3’ €JHaHB, CTSKOK Ta
IMIAITHAKIB, TOTpe0y€e 4YacToro oOCIyroByBaHHS Ta
CIIOCTEPEIKEHHS 32 TEXHIYHHM CTaHOM.

B Vkpaini a1 3ami3HAYHAX TEepei3aiB Aep>KaBHIM
mianpueMcTBoM «CTapOKOCTAHTHHIBChKHH 3aBoj 3b11I»
PO3pOOICHO CXOKY TEXHOJIOTIIO, 3 NCSIKUMH BiJIMIiHHO-
ctsamu puc. 4 [9].

BB (1100 O

Puc. 4. Po3pi3 3anizauunoro nepeizmy 11

«CrapoxoctsaaTuHiBcbkui 3aBoa 3b11». 1 — mmana 3/6;
2 — mmTa 30BHINTHS; 3 — TUTUTA BHYTPImHS; 4 — Oanka
(byHnaMeHTy.

B pmamiit TexmHosorii 3amizo0eTOHHI
JIONIOMOTOI0  IIYPYITHOTO KPIIUIEHHS 4epe3 T'yMOBY
MPOKJIAJIKY 3aKpIIIeHI J0 CHelialbHOI IINail MOCTO-

IIMTH 3a

Boro tuiy. [Ipu kpoui mman 0,6 M TUIMTa KPIUTHCS 10
KOXKHOI IIMajy 3 JBOX CTOPiH, NPU LBOMY JOBXKHHA
camoi mHMTH ckiagae 2,7 M. To0GTo, HAa OAHY IUIUTY
MPUXOJUTHCSL MO II’SITh TOYOK KPIIUIEHHS 3 KOXKHOI
cTopoHH. HaBaHTaXeHHS BiJ] aBTOMOOLIFHOTO TpaHC-
MOPTY, AHAJIOTIYHO HIMENBKOI TEXHOJIOTIi, IIepeaatoThCs
Ha 1ebeHeBuil 6anacT Ta OCHOBY.

[epm 3a Bce TexHOMNOTIUHI pimenHs (RailBeton Ta
AIT «CrapokoctsaaTuHIBChKHi 3aBoj 3bIl») Hampas-
JIeHI Ha BHMKODHMCTaHHS Ha 3aJli3HUYHI Tnepeizgax 3
e6eHeBUM 0aJ1aCTOM.

Metoro cTarTi € O 3alpONOHOBAHOIO
kommnatietro RS ENGINEERING KOHCTPYKTHBHOTO
pilIeHHsT 1O BIALITYBaHHIO 3a3HAYEHOTO BY3Ia,
BUSIBJICHHS WOr0 TO3MTHUBHUX OCOOJMBOCTEH Ta
BHU3HAYEHHS! AaCHEKTiB, MOTPEOYIOUMX JETalbHOTO
JIOCITI/DKEHHSI Ta HayKOBOro oOrpyHryBaHHs. Kowmma-
nieto RS ENGINEERING M. XapkiB cnupaioduch Ha
CBITOBMH Ta BJIaCHWI JOCBiJ y NPOEKTYBaHHI JIIHIHHUX
00’€KTiB TpaHCIOPTHOI 1H(PACTPYKTYypH, 3aMpPOIOHO-
BaHO BapiaHT BIAIITYBaHHS O3HAYEHOTO BY3Ja, SIKUM
MO3UTHBHO BIJIPI3HAETHCSL BiJ] HAaBEJICHHX aHAJIOTIB
puc. 5.
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MnuTbi RS-Slab

beToHHasA 3anakoBka NanT

MoHonutHas
XenesobeToHHas nauTta

BetoHHas nogroToska

Pe3unHoBble BKNagbilun

AcdanbToBOE NOKPbLITUE

Kpennexue naut

MoHTaxHaa pe3vHoBas NoaKnaaka

Ckpennenwe Vossloh

OnopHbI enemeHT

leoTekcTunb

QOcHoBaHue

Puc. 5. Texuomnoris RS-Slab myist cyMillieHOro TpaMBaiHOTO MOJIOTHA

BukJiax ocHOBHOro MaTtepiany

B Texnomnorii RS-Slab Ha ymineHeHy mmebeHeBY
OCHOBY YKJaJaloThcs onopHi enementu [10] 3 Bimkpu-
TUM apMaTypHUM KapKacoM, sIKi 3 €JHYIOTBCS MiX
coboto 3a moromororo apmarypu d12 mm kmacy A400C
[11], TakuM YHHOM YTBOPIOETHCS €AWHUMN TPOCTOPOBHI
KapKac Ha BCiH JOBXHHI TpaMBalHOI KOJIii, Micis 40ro
yKJIamaeTecsi OeToHHa cymint. ToOTo, 3aMicTh ImebeHe-
BOTO 0ajacTy BHUKOPHUCTOBYETHCSI MOHOJITHA 3alli3o-

2965 2370

OCTOHHA TUTUTA 3 ONMOPHHUMH eJIeMeHTaMu. BuHUKa09i
HABaHTaXXCHHS BIJl PYXOMOIO CKJIaay Ta TPaHCIOPTY
MepeAalOThCS Yepe3 OIOpHI eNeMEeHTH Ha OeTOHHY
TUTATY, sIKa TIEPEpO3IOIUIIE X Ha MeOeHeBy OCHOBY. B
SIKOCT1 JIOPO’KHBOTO TOKPUTTS 3aCTOCOBYIOTHCS 3aTi30-
OcronHi mMTH TMOKPUTTS RS-Slab. B 3anmexxHOCTI Bifg
MICIISI pO3TAIlyBaHHS IUIATH PO3IULIIOTHCS Ha 3 BHIM:
[UIIXOBi, MIKIIUIIXOBI Ta 30BHilIHI. KOXXHMI 3 BUIIB 11O
JIOBXKUHI Mae yotupu tunoposmipu: 1,18; 1,775, 2,37 ta
2,926 m (puc. 6).
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Puc. 6. [Inan-cxema 3 TUIIOPO3MipaMH IUIUT. | — TUIOMIAJKa CIMPAHHST; 2 — KPIIJIEHHs! IUIUTH /10 OTIOPHOTO
€JIEMEHTA.

[TnnTa, He3ameXHO BiA BHAY Ta THIOPO3MIpIB,
KpIMHUTBCS IO OHOPHOTO €JEMEHTY 3a JOIOMOTIO0
LIypYIHOTO KpiIUIEHHS B YOTHUPHOX ToYkax. Jlus
3MEHILICHHS] UHAMIYHOTO BIUIMBY MIDXK IUTUTOK Ta
OMOPHHUM EJIEMEHTOM YKIIaa€ThCsl TYMOBHI enacToMep.
B 3aneXHOCTI Bij JOBXXHUHM 30BHIILIHI [NIATU MAOTh Bij

3 110 6 MIOIA/IOK CITUPAHHS, IUITXOBI T4 MIKILIIXOBI —
Bim 6 no 12. Buxomsum 3 TEOMETPHYHHX PO3MIpiB
OMOPHOTO EJIEMEHTY, MiCI[sl CHHPaHHS MalTh pi3Hi
po3MipH. 30BHINIHI Ta MIKIUISIXOBI IUIUTH ONUPAIOTHCS
Ha Iomanaky po3mipom 450 x 205 mm, a nursixosa — 150
x 205 mm. TakoX MOXJIMBHH BapiaHT KOJHM IUIMTa
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OJIHOYACHO CIHPAETHCS HE HA BCi OMOPHI IUIOINAAKH, IIi
BapiaHTH HEOOXiHO BpaxyBaTH IPH PO3PaxXyHKY apMy-
BaHH: Ta BUOOpI Ki1acy OETOHY.

[To3UTHBHOIO OCOOJMBICTIO JAHOTO pIMICHHA Yy
MOPIBHSAHHI 3 HAaBEJCHUMH aHAJOTaMH € II0€JHaHHS
mepeBar 0e30a1acTHOI TEXHOJIOTII 3 3al1i300€TOHHUMHU
IUTUTaMU TOKPUTTS. JlaHe pillleHHs 103BOJISIE€ BUPILIUTH
npoOieMu pyHHYBaHHS JOPOXKHBOI'O MOKPHUTTS Ha
MIPUMHKAHHI 10 PeHOK, BUTPUMYE OiIbIII HABaHTAKEHHS
BiJl TPAHCIIOPTY, MIOPIBHSAHO 3 aCHaIbTOM.

B Toif Xe MOMEHT, iCHYIOTH (aKkTopH, Ki
MOTPeOYIOTh ACTANBHOTO JTOCHTIKCHHS TIPU PO3po0IIi Ta
mepe]] BIPOBA/KSHHAM DIllICHHS B MAacOBE BHPOOHUII-
TBO. [0 HUX BiTHOCHUTBHCS:

- JIOCIIKEHHsI BIUTUBY IOPYLIEHHS CTaHAApTHOTO
cnupaHHs 30ipHUX IUIMT Ha HANpPYKEHO-Ae(hOpPMOBaHUH
CTaH eJICMEHTa;

- BU3HAYCHHs TOBIUMHM Ta MPUHHATHUX (i3UKO
MEXaHIYHUX XapaKTePUCTHK TNPOKIAJKH Ha OHopax
TUTHT;

- JIeTaJbHa Po3po0Ka By3Jia KPiIUICHHS TUIHT.

BucHoBku

3acTocyBaHHS 3aJi300€TOHHHX IUITUT B SKOCTI
JOPO’XKHBOTO ~MOKPHUTTSI Mae psjJ IiepeBar Iepen
ac(ambTOOETOHOM: CTIMKICT 0 pyHHYBaHHS Ha IPUMHU-
KaHHI 10 peoK; MOHTaXX HE3aJIe)KHO BiJ TOTOTHHUX Ta
TEMIEpPaTypPHUX YMOB; CTIHKICTh JO HABaHTaXEHb BiJ
BaHTaXIBOK Ta iH. [IpoaHami3yBaBIIK 3alpOIIOHOBAHE
kommanieto RS ENGINEERING pimerss, MokHa 3po-
OWTH BHCHOBOK NP0 WOT0 KOHKYPEHTO3MATHICTH 3
BIJOMHMH aHajoramMu. BoaHOYac JaHE pIIICHHS Ma€e
MeBHI 0coONMBOCTI, SKi MOTPEOYIOTH AETAILHOTO
BUBYEHHS, 110 SBJISIE COOOO rally3b MOAAMBIINX JTOCHTI/I-
JKEHb.
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STRUCTURAL FEATURES OF THE ASSEMBLIES OF THE JOINING OF TRAM RAILS TO ROAD
COVERAGE
0. Kalmykov, S. Hrybeniuk
0O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

In the modern world, the priority is the development of clean urban electric transport. The constructive solutions
used in the construction of the tram wheel in the past years are outdated and do not meet modern requirements. One
of these problems is the destruction of asphalt coating in the places of road coverage to tram rails, which worsens the
operational characteristics of tram crossings. The reasons for this problem can be attributed to the following: Not
enough asphalt concrete near the rails; low adhesion of asphalt and metal from which rails are made; dynamic loads
and vibrations arising from trams and motor transport; bad base of tram train and others.

One of the options for increasing reliability and durability is to use as a road covering of tram plates. This
solution is used in Ukraine and the European Union. German company RailBeton developed solutions for railway
crossings - BetoCross. This system is a modular construction of reinforced concrete slabs, which are pulled together
by steel strips. With the help of a system of fastenings and bearings, the flooring is fastened to rails, which provides
vertical and horizontal stability of their position and stabilization under the influence of loading. To reduce the
dynamic influence, the plates are based on reinforced concrete sleepers through the intermediate layers of the
elastostomer. The load from the automobile transport is transferred to the broken beam. In addition to the positive
features, the BetoCross system, due to the large number of connections, ties and bearings, requires frequent
maintenance and maintenance. The Ukrainian state enterprise "Starokostiantyniv plant ZBSH" developed a similar
technology, reinforced concrete plates with the help of a screw fastening through rubber gasket fixed to a special
bridge type wallpaper. At a step of wallpaper 0,6 m the plate is attached to each wallpaper from two sides, with the
length of the plate itself is 2,7 m. that is, on one plate there are five points of fastening on each side. Loads from the
automobile transport, similar to the German technology, are transferred to the rubble balast and the basis. These
technological solutions have found their application on railway crossings, and need some improvement for use in
urban electric transport.

The article reviews the constructive decision on the organization of the mentioned site, which is proposed by RS
ENGINEERING in Kharkov. In the proposed solution instead of the crushed balast used monolithic reinforced
concrete slab with supporting elements. The arising loads from the rolling stock and transport are transferred through
the supporting elements to the concrete slab, which redistributes them on the rubble basis. As a road cover are used
reinforced concrete plates covering RS-Slab. The plates are divided into 3 types: Road, interroad and external, which
in turn have several sizes. The plates are bound to the supporting elements by means of screws in four points. To
reduce dynamic influence between the film and the reference element, a rubber elastomer is laid. Depending on the
size of the plates have different number of cutting sites. Also because of the design features possible option when the
slab simultaneously relies not on all the supporting sites, these options should be taken into account when calculating
the scale and choosing a class of concrete. This solution allows to solve the problems of road surface destruction on
the side of the rails, keeps more load from transport, compared to asphalt. At the same time, there are factors that
need to be studied in detail when designing and before implementing the solution in mass production. These include:
Investigation of the influence of violation of standard assembly plates on the stress-deformed state of the element;
determination of thickness and acceptable physical characteristics of the gasket on the plate supports; detailed
development of a node for fixing plates.

The use of reinforced concrete plates as a road coating has a number of advantages before asphalt concrete:
Resistance to destruction on the rails; installation regardless of weather and temperature conditions; resistance to
loads from trucks. At the same time, this decision has certain peculiarities that require detailed study, which is a
branch of further research.
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