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Pedepar. M3yueH Bonpoc ymydlleHHs POBHOCTH COOPHOrO OETOHHOIO HOKPBITHS MOCPEJACTBOM H3MEHEHHUs KOHCTPYKIMU
IUIUT, U3 KOTOPBIX OHO cobupaeTcs. HepoBHOCTH COOPHOr0O MOKPHITHSI, TaK HAa3bIBAEMBIH «KIaBULIHBIIN» 3Q(hEKT, B OCHOBHOM
BO3HMKAIOT B MecTax conpsbkeHus miuMT. IlpuumHa HepoBHOCTEH — BepTHKajbHbIE I€PEMELIEHHMs TOPLOB ILUIMT JAPYr
OTHOCHTEJIBHO ApYyra HpH npoesze aBroMobuis. C Lenblo UCIIPAaBIeHUs 3TOH CUTyallid aBTOPBI MIPEJUIAraloT yCTPauBaTh HA
KOHIIaX IUIUT TIOINepedHble pebpa MpsAMOYToNbHOrO cedeHus. Takue peOpa OyayT co3naBaTb HAJEKHYIO ONOPY Ha Kpasx
IUIMTBI, YTO YMEHBIINT BEPTUKAIbHbIE IepeMelleHHus ee TopuoB. UToObl ompenenuTh 3(P(EKTUBHOCTh NPUMEHEHUS
MoIepeyHbIX pebep, ucclieqoBanu OETOHHYIO IUTY pasMmepamu 3x6 M. IlomepeuHoe pebpo B ceueHuu umeno Gopmy
NpsAMOYTOJIbHUKA co cTopoHamu 20x10 cM. [lnst cpaBHEHHUs! pe3ylbTaTOB UCTIBITAHUH HCCIIEN0OBAIN OETOHHYIO TUIMTY TaKHX
&Ke pa3MepoB, HO Oe3 momepeuHblx pebep. [edopmanuy ¥ HaNpsHKEHUs IUIMTHI 110J, HATrPy3KOH ONpenensd METOA0M
KOHEUHBIX 3JIEMEHTOB C HCIOJIb30BaHHEM IPOrpaMMHOro Komrulekca «JIupa». PacdeTsl mokasanu, 4TO BepTHKalbHbIE
TiepeMelleH s TOPLOB IUTHT ¢ pedpaMu B []Ba pa3a, a HalpsuKeHHs — B 2,4 pasza MeHblle, 4eM 1T Oe3 pedep. Takum obpasom
YCTaHOBJIEHO, YTO HCIIOJIb30BaHUE OETOHHBIX IUTHT C IONEPEYHBIMU PeOpaMHi Ha TOPIaX MO3BOJUT YMEHBIIHTh HEPOBHOCTH
COOPHOTO JIOPOIKHOTO MOKPBITHSL.
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Slabs for Prefabricated Road Surfaces with the Least “Keyboard” Effect
S. 1. Zinevich®, A. K. Kayumov”
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper studies the issue of improving the evenness of the prefabricated concrete pavement by changing the
design of the slabs from which it is assembled. Irregularities of the prefabricated pavement mainly occur at the junction of
the plates and are called “keyboard” effect. The reason for the unevenness is the vertical movement of the ends of the plates
relative to each other when the car passes. In order to correct this situation, the authors propose to arrange transverse ribs of
rectangular cross section at the ends of the plates. Such ribs will create a reliable support at the edges of the slab, which will
reduce the vertical movement of its ends. To determine the effectiveness of the use of transverse ribs, a concrete slab with
dimensions of 3x6 m has been examined in the paper. The transverse rib in cross section had the shape of a rectangle with
sides 20x10 cm. In order to compare the test results, a concrete slab of the same dimensions, but without transverse ribs,
has been studied. Deformations and stresses of the slab under load have been determined by the finite element method using
the Lira software package. Calculations have shown the effectiveness of the slabs with transverse ribs mounted on its edges.

AJpec ISl IepenncKu Address for correspondence

3unesuu Cepreii lIBaHoBHY Zinevich Sergey I.

Benopycckuit HaoOHANEHBIA TEXHUUECKUH YyHUBEPCUTET Belarusian National Technical University
npoci. HezaBucumoctu, 65, 65, Nezavisimosty Ave.,

220013, r. Munck, Pecniy6inka Benapych 220013, Minsk, Republic of Belarus
Ten.: +375 17 237-38-81 Tel.: +375 17 237-38-81
Zinev2018@gmail.com Zinev2018@gmail.com

Hayka
196 sTexHuka. T. 21, Ne 3 (2022)


https://doi.org/10.21122/2227-1031-2022-21-3-
https://doi.org/10.21122/2227-1031-2022-21-3-
https://doi.org/10.21122/2227-1031-2022-21-3-
mailto:Zinev2018@gmail.com

Civil and Industrial Engineering

The vertical displacements of the ends of the slabs with ribs are two times less than those of the slabs without ribs, and the
stresses are 2.4 times less. It is obvious that the use of concrete slabs with transverse ribs at the ends will reduce the uneven-

ness of the prefabricated coating at the points of their mating.

Keywords: prefabricated coating, concrete strength, slab stiffness, transverse rib, slab deformation and stresses, load, vertical
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BBeaenune

LemeHnTOOETOHHBIE JOPOXKHBIE TOKPBITUS —
Oojiee MpPOUYHBIE W [IOJTOBEYHBIE IO CPAaBHEHHUIO
¢ achanpToberonHBIMU [1, 2]. OgHMM U3 BUIOB
OCTOHHBIX MOKPBITUH SBISAIOTCS COOPHBIE, yCTpau-
BaeMble M3 OTHEIHHHBIX IUUT [3, 4]. OHU HMEIOT
CBOHU IUTIOCH M MUHYCBHI. K mTiocam MOXXHO OTHe-
CTH TO, YTO IUTMTHI U3rOTABIUBAIOT HA 3aBOJAAX CO
CTPOTHUM COOJIOJICHHEM TEXHOJOTUYECKUX MPaBUI
U peXHMOB yXoJla 32 OETOHOM, 00eCIIeUNBAIOIINX
UX BBICOKOE KadyecTBO. Takke NpenMyLIeCTBOM
SBISICTCSL BO3MOMKHOCTH JIBHDKEGHUSI TPaHCTIOpTa
cpa3y Tocle YCTPOHCTBA MOKPBITUS, T. €. HET He-
00X0TUMOCTH K/IaTh Ha0Opa MPOYHOCTH OETOHOM,
KaK MpH BO3BEACHUH MOHOJHUTHBIX OCTOHHBIX IO-
KPBITHIA. JTO MO3BOJISIET MPUMEHATH COOpHBIE Oe-
TOHHBIE TIOKPHITHS IPU PEKOHCTPYKITUN WA KallH-
TaJhbHOM PEMOHTE CYIIECTBYIOIICH IOPOTH, KOTna
HEJB3s HAJ0JITO 3aKphITh ABKeHue [5]. Hemao-
BaXHOE OOCTOATEIHCTBO B MOJB3Y cOOpHOTO Oe-
TOHHOTO TIOKPBITUSI 110 CPaBHEHHIO C MOHOJUT-
HBIM — YCTPOWCTBO €ro B TEYCHHE BCETO TOja.
Kpome TOro, cTOMMOCTh COOPHBIX OSTOHHBIX TO-
KpBITHI IpUMeEpHO B 1,5 pa3a MeHbllIe, 4eM MOHO-
JUTHBIX aPMHUPOBAHHBIX.

OnHako cerofHs yCTpPOHCTBO COOPHBIX OCTOH-
HBIX TIOKPBITUH HE HAILIO IMHUPOKOTO MPUMEHEHHSI.
OpHa W3 MPUYHH — CIIOKHOCTH 00ECIEYeHUsT POB-
HOCTH TIOKphITHS [6]. Hanbosnee yacTo HEepoOBHOCTH
(Tak Ha3bIBACMBIN «KJIABUILIHBII» 3PPEKT) BO3HHU-
KalOT B 30HE COMpPsDKEHUs uT. OHU TPOUCXOJIAT
M3-32 BEPTUKAJIHHOTO MEepPEeMEIeHHs] TOPIOB TUTAT
JpYT OTHOCHUTEJBHO ApYra HpH Mpoe3ie aBTOMOOH-
ms1. C LeNbI0 WCTIPAaBIICHUS TaKOH CHUTYaIlUH aBTOPHI
Tpe/yIaraloT yCTpanBaTh Ha KOHIAX IUIAT TOMeped-
Hele peOpa. [lomepeuHoe ceuenue pebpa IOIKHO
MMETb MPSMOYTOJIBHYIO (POPMY, UTO CO3JaCT HAICK-
HBIE OITOPBI Ha KPasX TUIATHL A 3TO yMEHBIIHT BEp-
THKaJIbHbIE IEPEMEILICHUsI €€ TOPLIOB.

Hns mpoBepku 3G (GEKTHBHOCTH yCTpOicTBa
MIOTIEPEYHOTO pedpa C TOUKH 3pEHUS] YMEHBIICHHUS
BEPTHKAIBHBIX TEPEMENIeHHH TOPIIOB IUIUTHI HC-
clenoBaii OCTOHHYIO IUIMTY pa3MepaMu 3x6 M.
[onepeunoe pebpo B cedeHur UMeno Gopmy npsi-
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MOyrojbHHKa co cropoHamu 20x10 cm (puc. 1).
Jnst cpaBHEHUs pe3yJIbTaTOB UCTIBITAHUIN HCCIEN0-
BaJId TaKylo K€ 0 pa3MepaM OCTOHHYIO TUIUTY 6e3
nonepeyHbix pedep. Jeopmanym 1 HanpsoKeHUS
IUIUT TIOJ, HAarpy3KOW ONpeAessuii METOAOM KO-
HEYHBIX JJIEMEHTOB C HCIIOJIb30BAaHUEM IIPOTPaM-
MHOT'0 KoMIuTekca «JIupay.
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Puc. 1. IIpononsHslil paspes UCCIEAYEMOH IIUTHI

Fig. 1. Longitudinal section of the studied plate
BbinoJiHeHue pacyera

3aBUCHMOCTh JKECTKOCTH ILIUTHI OT HaIU4YUs
MOTIEPEYHOTO pedpa, YCTAHOBJICHHOTO Ha e TOpIIe,
OTIpEIEIISITA METOA0OM KOHEIHBIX DJIEMEHTOB [7, 8].
KonedHo-snemeHTHasT MOJENb IUIUTHI BKIIOYalia
19152 y3na u 18943 xOHEUHBIX 3JIEMEHTa. YTIpy-
ro¢ OCHOBAaHHE MOJICIHPOBAIN YIPYTUMU BEPTH-
KallbHBIMU CBSI3IMH, HAaXOISAIINMHCA B KaXIOM
HmwkHeM y3ie [9, 10]. XKectkocTs kaxmoit cBsizn
HaXOWIN IO hopMyJie

E,VF

R:K@—%)N’

rne Eo, Vo — YCPEOHEHHBIH MOAYJb YNPYroCTH
n kodpdumment Ilyaccona memeHnrorpynra; N —
YHCJIO HIDKHHX y3JI0B KOHEUHO-3JIEMEHTHOM MOJICIIY;
K — koa(durmeHt, misd mwimMThl pasMepamMud 3x6 M
K = 0,9 [10]; F — rutomaas HUXHEH TOBEPXHOCTH
TUTHTHI.

Brmonmasiin  pacder kene300€TOHHOW TITHTHI
TommuHOM 180 MM, H3roToBJIEHHOM U3 O€TOHa
Mapku 1o Mopo3zoyctordnBocté F150 ¢ Henamnps-
raeMoil apmarypoii. OCHOBaHUEM CITY>KUJ I[EMCH-
TOrpyHT. [Inuty Harpyxaim IByMs KoJiecaMu pac-
YETHOTO aBTOMOOWIIS, KaKAO€ M3 KOTOPBIX IPHHU-
Mand B BHIEe THOKOM KBaapaTHON HarpysKH,
SKBMBAJICHTHOM IUIOMaAu Kpyra auamerpom 0,41 m.
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BenuunHa paBHOMEpPHO pacIpenesieHHON Harpys-
K1 Kaxkgoro koieca cocrtaBisiia 0,6 MIla. Cxema
3arpy3Ku IUIMTHI IIpUBEIEHAa Ha pUC. 2: Ba LITaM-
ma MPWIOKEHBl OAHOBPEMEHHO Ha JIMHHH, Mep-
MEHIUKYJSIPHON NPOJOIBHON OCH IUIMTHI U HAXO-
JSIIeiics B ee Havase WK KOHIIE.

JKecTKOCTh TIIMTHI MIPH BO3ACHCTBUN HArpy3KU
OLICHMBAJIM IO Tepenany BBICOT €€ IMOBEPXHOCTH.
CpaBHUBanM BEPTUKAIbHBIE NE€PEMEIEHHUs TOpLa
IUTMTBI, WMEIOIEH Mmomepeynoe pebpo, u Topia Puc. 2. Cxema 3arpy3KH ILTHTHI
wmTel 0e3 momepedHoro pedpa. Pesymbrars Fig. 2. Plate loading scheme
pacueToB NpencTaBiIeHbI Ha puc. 3, 4.

W3 puc. 3, 4 BUAHO, YTO BEpTUKAJIBHBIE TIEpe-

Hampspkenus Tt ¢ morepedHsM pedpoM U 6e3
pedpa mpencTaBieHsl Ha pUC. 5, 6 COOTBETCTBEHHO.

MEIICHUS TOpLa IUINTHL, MMEIOMICH IOMEePEeIHOC Kak BHIHO M3 PHUCYHKOB, HANPSOHKCHHUSI B OMACHOM
pebpo, B JiBa pa3za MEHbBLIC, YeM MEPEMELICHHUs 30H€ TaKK€ MEHbUIE Yy IUIMTHI, UMEKOUIEH Mole-
TOpIIa TUTUTHI O€3 ITOTIePEeYHOTo pedpa. peunsble pebpa B TOpLE.
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-1,23 -1,10 -0,975 -0,847 -0,718 -0,589 -0,461 -0,332 -0,203

3arpysxenue 1
W3onons nepemerennii o Z(G)
Enuaune: n3mepeHus — MM

Puc. 3. 13010515 BEpTUKAIBHBIX MTEPEMEIICHUI TOpIIa IUTUTHI, UMEIOLICH ToniepedHoe pedpo

Fig. 3. Isofields of vertical displacements of the end of a plate with a transverse rib
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3arpysxenue 1
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EAMHHULBI H3MEPEHHS — MM

Puc. 4. VI3omomnst BepTUKAIBHBIX MEpeMELICHHI TOpIIa IUINThI, He HMeIoLIei monepedHoro pedpa

Fig. 4. Isofields of vertical displacements of the end of a plate without a transverse rib
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Fig. 5. Isofields of the greatest stresses of a plate with a transverse rib
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Puc. 6. 30momns HanOOIBINX HAIIPSDKEHUH TUTUTHL, HE HMEIOIIEeH TTOIepedHoro pedpa

Fig. 6. Isofields of the greatest stresses of a plate without a transverse rib

BBIBO/I

BeImonHeHHbIE MCCNIEIOBAaHUS U PAcyUeThl I10-
Ka3zanu 3QQEeKTHBHOCTh MONEPEUHBIX pedep, ycra-
HOBJICHHBIX Ha KOHIAX IUMT. Tak, BepTHUKaJIbHBIC
nepeMeIeHus TOPLOB TUIUT C MONEePEYHBIMH peo-
pamu B /iBa pa3a MEHbLIE, YeM IUIUT 0e3 TaKuX pe-
Oep. YMeHblIEHHE BEPTHKAIBHBIX MepeMEIICHUH
TOPLOB IUTUT MHUHUMHU3UPYET «KJIABHUIIHBIN» (-
(dexT B 30HE COMNPSDKEHUs IUIUT, OTYEro oouias
POBHOCTH TOKpBITHs yiyulnaerca. Kpome Toro,
HaNpsDKEHUS] B OMACHOW 30HE IUIHT C MONEpPEeYHbI-
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MU pebpamu B 2,4 pa3a MeEHbIIIE, 9TO CIIOCOOCTBY-
€T TIPOJICHUIO CPOKa CITYKObI COOPHBIX OETOHHBIX
MIOKPBITHH.
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