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Pedepat. OnbIT 3KkcruTyaTaniy OETOHHBIX MOKPHITHH NMPU MHTEHCHBHOM JIBIDKCHHH TSDKEIBIX aBTOMOOMIIEH IHOKasal, 4To,
HECMOTPSI Ha BBICOKYIO NPOYHOCTh CaMUX OETOHHBIX IUTHT, ITOJ] HUMHU JIOJDKHBI OBITH NPOYHBIE OCHOBaHUS. B mpormecce
YKJIaJIKH OeTOHA Ha TPYHT B HEM B pe3yJbTaTe H)KUMOB YIIPYTo NPOTHOAIOINXCS PH MTPoe3 e aBTOMOOMIIEH IUINT HaKaIuTh-
BaIOTCS OCTATOUHBIE AeopManuy. BHavane mox mmMTaMu 00pa3yloTcs MOJIOCTH, IUTHTHI TEPSIOT KOHTAKT C TPYHTOM, a 3aTeM
B HUX IMOSIBJIAIOTCS TPELIUHBL. YBEJINUYEHHE IPOYHOCTU OCHOBAHMS IOBBIIAET CTOMMOCTD JOPOXKHOU ofiexabl. B HacTosmei
paboTe BBHIIIOJIHEH CTATHYECKUH pacdeT MPsSMOYTOJIBHON IUTUTH HA ABYXCIOHHOM yIPYroM OCHOBaHHHM B TPAIHUIMOHHOI IIO-
CTaHOBKE. B kauecTBe OCHOBAaHUS IPUHUMAINCH OJHOPOJHBIE IPYHTHI C BEPXHUM U HIDKHUM CIIOSMU B BUJE [IOJIYIPOCTPAH-
cTBa. PaccMOTpeH BapHaHT Harpy»K€HUs IUIMThl CUMMETPUYHOM OTHOCHUTENIBHO JBYX OCEH BHELIHEH HAarpy3koi OT Koiyeca
pacdeTHOrO aBTOMOOWIS. Bhramcnenus somonHeHs! MerogoM b. H. XKemoukwmHa ¢ nCmombp30BaHMEM INakeTa CHMBOJIBHOM
maremaTuki. [Ipu 3ToM mimTa pasbuBanachk Ha 72 MPSAMOYTOIBHBIX yJacTKa, B IEHTPE KaXKIOTO ydacTKa yCTaHABIMBAJIACh
BEpTHKAIIbHASI CBA3b, YePE3 KOTOPYIO OCYIIECTBIISUICS KOHTAKT IUIUTHI C yNPYrHM ocHoBaHHeM. IlomydeHHas cratmueckn
HEOTIpeeNnMasi CUCTEMa PacCUUTHIBANIACh CMEIIAHHBIM METOJIOM CTPOUTENBHOM MEXaHWKH, TJIe 32 HEM3BECTHBIC NIPUHUMA-
JIMCh YCHUNUSI B BEPTHKAIBHBIX CBS3SX, a TAakKe JIMHEHHOE M JjBa YIJIOBBIX MEPEMENIeHHs BBEICHHOTO 3aIEMIICHUS 110 OCH
CHMMETPUH IUIMTHL. B pe3ympTate pacuera MONydEeHBI NMOBEPXHOCTH BEPTHKAIBHBIX MEPEMENICHUH IUIMTHI, PEaKTUBHBIC
HaNpsDKEHUs Ha KOHTAaKTe IUIMTHI C YIPYTUM OCHOBaHHEM. [Ipesmaraemslii MOAXOA MOXKET OBITh HMCIIOIB30BAH NS MOUCKA
pelIeHHi TT0 ONTUMANBHOH (JOCTaTOYHON) MPOYHOCTH OCHOBAHUS JUISl PACUETHOTO aBTOMOOWIIS, a TakKe UL PacueToB map-
HHUPHO COEIMHEHHBIX COOPHBIX JKeJIE300€TOHHBIX TOPOXKHBIX ILIUT.
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Calculation of Rectangular Plate on Two-Layer Basis
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Abstract. Operating experience of concrete surfacing with vigorous motion of heavy vehicles has shown that despite high
strength of concrete slabs they need a strong base. When concrete is placed on the ground residual deformations are accumu-
lated in it due to presses of elastically bent plates in case of vehicle passage. Initially, cavities are formed under the plates and
the plates are losing their contact with the ground, and then cracks appear in them. An increase in base strength makes
the cost of road pavement higher. A static analysis of rectangular plate on two-layer elastic foundation has been made
in a traditional setting. Homogeneous ground with upper and lower layers in the form of half-space has been taken as a basis.
The paper considers a loading variant for a plate which is symmetrical with regard to two axes and loading has been carried
out by an external load from the wheels of the calculated vehicle. The calculation has been performed while using
the Zhemochkin method with a symbolic mathematics package. In this case the plate has been divided into 72 rectangular
sections and a vertical bracing has been set in the center of every section and a contact of the plate with elastic basis has been
arranged with the help of the bracing. The obtained statically indeterminate system has been calculated by a mixed method
of structural mechanics where efforts in vertical bracings and linear and two angular displacements of input fixing along the
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axis of plate symmetry have been taken for unknowns. The calculation has made it possible to obtain surfaces of vertical
plate displacements, reactive stresses in the contact of the plate with the elastic basis. The proposed approach can be used
to search for solutions according to optimal (adequate) basis strength for the calculated vehicle and also for calculations

of hingedly joined precast reinforced concrete road plates.
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BBenenne

B nocnennee Bpemst B PecnyOnuke benapychk
CTPOUTCSI MHOTO JIOPOT C IIEMEHTOOETOHHBIM IIO-
KpbITHEM. Hapsaay co MHOTHMH TOJIOKUTEILHBIMH
XapaKTepUCTUKAaMH (C BBICOKOH MPOYHOCTBIO, HE
3aBUCAIICH OT BPEMEHH ToJa, CO 3HAYUTEIHHO
Oonplield MO cpaBHEHHUIO € ac(aabTOOETOHHBIMU
HOKPBITHSMH JI0JTOBEYHOCTBIO, ¢ XOPOIIMMH (HpUK-
OUOHHBIMH M CBETOTEXHHMUYECKUMH XapaKTepu-
CTHKaMH), LEMEHTOOCTOHHbIC MOKPBITHS HMEIOT
PSR HEAOCTATKOB, K KOTOPBIM MOKHO OTHECTHU
BO3MOKHOCTb IPOHUKHOBEHHS B IOPOKHYIO OJI€K-
oy BoOAbl uepe3 JedOpMalMOHHBIE IMIBBI, OLIY-
IIEHUE TOJYKOB NPH MpOe3e MONEPEUYHBIX IIBOB,
HECKOJIBKO OOJIBIIYI0 CTOMMOCTH YCTPOWCTBa IO
CpaBHEHHIO C ac(halbTOOCTOHHBIMU TTOKPBITHSIMHU.
OnHuM 13 Hauboliee CYIIECTBEHHBIX HEJOCTATKOB
[EMEHTOOCTOHHBIX MOKPBITHH SIBISIETCS TO, YTO OT
VKJIaJIKU CMECH JI0 BBOJIA MOKPHITUS B IKCILTyaTa-
LIUI0 TPpeOyeTCs JIUTEIbHBIA U TIIATCIbHBIA YXO1
3a OETOHOM, IMOKa OH He mpuobpereT HEoOXoau-
MYIO [TPOYHOCTh. DTO OrPAaHUYMBAET BOZMOKHOCTH
WCTIOJIb30BaHMs [IEMEHTOOETOHA TIPU TIepPEeCTPOiKe
Y KaluTaJbHOM PEMOHTE J0POT, KOTJja HEBO3MOXK-
HO HAJIOJNTO 3aKPHITh NBIKEHKE Ha gopore [1, 2].

HHTepec B 3TOM ciiydae MPEACTaBISIOT cOOp-
Hble OCTOHHBIC MOKPBITHS, KOTOPBIE HMEIOT P
HECOMHEHHBIX TPEUMYILECTB. BeTOHHBIC IIUTHI
TOTOBSITCSI Ha 3aBOJIaX 3a0JIATOBPEMEHHO CO CTPO-
UM COOJIIOZIGHUEM TEXHOJIOTUYECKUX TPABUI U
PEKMMOB yxoaa 3a OeToHOM. MOHTHUpOBaTh MO-
KPBITHSI Ha MOJTOTOBIEHHOE OCHOBAaHHME MOYKHO
B TEUEHHE BCETO TO/a, UCIONB3Ys W HeOIarompu-
ATHBIE JIs1 OETOHHBIX pa0boOT Mepuoabl. /[BmxkeHne
Mo COOpPHBIM OETOHHBIM TMOKPBITHSIM OTKpPBIBAET-
cd cpa3y moclie uX ycrpoilctBa. PeMOHT Takux
MOKPBITHA OCYIIECTBISIETCS TIO0 THIY PEMOHTA
TPOTyapoB W3 OCTOHHOW TUIMTKH, T. €. IMyTeM 3a-
MEHBI TUTUTHl C TOSBUBIIMMHUCA JedeKTaMu Ha
HOBBIC [3, 4].

Bwmecre ¢ TeM ycTpoiicTBO COOPHBIX TOKPHITHN
CerofHs He HAIIIO MIMPOKOro mpuMeHeHus. OqHa
W3 TPUYAH — TPYTHOCTH OOECTeUeHHs] POBHOCTH
MTOKPBITHS, TpeOyeMOo ISl ABMKEHUS C BBICOKUMU
CKopocTsiMH. B mpormecce 3KciuTyaTtaliuil 4acTo
BO3ZHUKAIOT MPOCAAKH OTACTBHBIX IUTUT, YTO eIl
0ombIIIe yXyaIaeT pOBHOCTh TOKPBITHS.

OMnBIT KCIUTyaTauy OETOHHBIX MTOKPBITHH TpH
WHTEHCHBHOM [IBIKEHHH TSDKEIBIX aBTOMOOMIEH
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MOKa3aj, YyTO, HECMOTPSI Ha BBICOKYIO MPOUYHOCTh
caMUX OETOHHBIX IUIUT, I10J HUMH JOJDKHBI OBIThH
MIPOYHBIE OCHOBaHU. B mporiecce ykinanku 6eToHa
Ha TPYHT B HEM B pe3yJbTaTe€ HAKUMOB YIIPYTO
MPOrHOAarOLIUXCS TPU MPOE3Ie aBTOMOOMIICH TUIUT
HaKaIUTMBAIOTCS OCTaTO4YHBIC Aehopmanmn. BHada-
Jie TOoA TUIMTaMH OOpPa3yroTCS IIOJIOCTH, IUTHTHI
TEPAIOT KOHTAKT C TPYHTOM, a 3aTE€M B HUX IOAB-
JIAIOTCA TPEIIUHBL. YBEINYEHUE NMPOYHOCTH OCHO-
BaHHS TOBBINIAET CTOMMOCTDH JOPOKHOH OIEHKIIBI.
C 1menpl0 TOWCKA PENICHWHA I10 ONTHMAaTBHOMN
MIPOYHOCTH OCHOBAHWSI BBITIONHEHBI pacueThl Mpsi-
MOYTOJIbHOM IIJIUTHI Ha ABYXCJIOMHOM OCHOBaHMH.

Pacuer 0eTOHHOH ILITUTHI

Meronom b. H. Xemoukwna [5] npousseneH
pacuer MNpsSMOYTOJbHOW H30JUPOBAHHOM JOPOXK-
HOM TUIMTHI Ha JBYXCIOHHOM OCHOBaHUHU TIOJ
JIEUCTBUEM CTAaTUYECKOM BEPTUKAIbHOW Harpys-
ku (puc. 1) B TpamuImoOHHOW TOCTaHOBKE [6].
C >TO# 1enpl0 KOHTAKTHAS MOBEPXHOCTH ITTUTHI
pa3zbuBaiack Ha MPAMOYTOJIbHBIE YYACTKH U B IICH-
Tpe KaXIOTO ydYacTKa CTaBWIACH BEpPTHKAIHHAsS
CBA3b, 4YEpE3 KOTOPYH) OCYIIECTBIISUICS KOHTAKT
IUTATHI C YOPYTruM ocHOBaHUEM (puc. 2). Cunranu,
YTO YCUJIME B CBSI3U BBI3BIBAET PABHOMEPHOE pac-
MpeieJieHne KOHTAKTHBIX HAIMPsDKEHUH B Mpeenax
Kax7oro yyacTka. [lomydeHHas cTaTHYecKH HEOI-
peaenuMasi CUCTEMa PaCCUYUTHIBANIACH CMEITaHHBIM
METOJOM CTPOMUTENBHON MeXaHUKH [7], rae 3a He-
M3BECTHBIC IPUHUMAITUCH YCUJIVSI B BEPTHKAIBHBIX
CBSI3SIX, a TAK)Ke JIMHEHHOE W J[Ba YTJIOBBIX Tepe-
MEIICHHUS BBEJICHHOTO 3allIeMJICHHs] 10 OCH CHM-
MeTpur TUThl. OCHOBHAs CHCTEMa CMEIIaHHOTO
MeTO/J1a TIpeICTaBlieHa Ha puC. 3.

Puc. 1. IlpsamoyronpHas IuTa
Ha YIIPYroM JBYXCIOHHOM OCHOBAHUH

Fig. 1. Rectangular plate on elastic two-layer basis
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Puc. 2. Jlenenue nnutsl Ha ydactku b. H. XXemouknna
Fig. 2. Division of plate into B. N. Zhemochkin's sections

Puc. 3. OcHOBHAS CHCTEMa CMEIIAaHHOTO METOIa
Fig. 3. Main system of mixed method

Cucrema KaHOHMYECKUX YpaBHEHHI crocola
b. H. XKemoukuna ans onpeaeneHus HEU3BECTHBIX
YCWIMH B JIMIIHUX CBSA3SIX U MEpPEMEIICHUN uMeeT
CIEAYIOIIUN BUI;

3., X, +...+81,”Xn +uy + Qo + Qg Xy A, = 0;
'S.n,le +"'+8n,an +uy + QY + 9o, X, +A,, =0;
DX, -R=0;

k=1

n 1
S Xy, M, =0; M
k=1

Zkak —My =0,
k=1

re n — 4ucio npsiMoyroyibHbiX yuactkoB b. H. XKe-
MOYKHMHA Ha IUIUTE; X; — YCWINE B CBSI3U C HOMe-
poMm k; R, M., M, — Benn4nHa paBHOJEHCTBYIOIIEH
BHEIIIHEH CHJIBI U MOMEHTHI PaBHOJEUCTBYIOLIEH
OTHOCHUTEJIbHO KOOPAMHATHBIX OCEH; Uy, Yoy, Poy —
JMHEHHOE U YIJIOBBIE NEPEMEILEHHs BBEIEHHOTO
Ha TUTATE 3amemMiieHus (puc. 3).

KoadduumenTsl npr HEN3BECTHBIX YCUIHAX Oy
B (1) 3aBUCAT OT mepeMeIeHn yIpyroro OCHOBa-
HUS V' ¥ mporuOoB IUINTHI ¢ 3alleMJICHHOW HOp-
Malbio Wy 1 onpenensitoTes no ¢popmynam [8]:

1
Oy z—(Fik +£VVikj;
nEa 16
Hayk
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rne Fy — Oe3pazmepHast GyHKIUS IS OTNpeJelie-
HUS TIEpEeMEeIeHUI TOYKH { Ha TIOBEPXHOCTH JIBYX-
CJIOMTHOTO YIPYroro OCHOBAaHUSI OT JEUCTBUS €lIU-
HUYHOM CWUJIbI, PAaBHOMEPHO paclpeaesieHHON IO
MPSIMOYTOJIBHOMY YYaCTKy K TOBEPXHOCTH OCHO-
BaHUS (OmpeAemnsieTcsl MHTETPUPOBAHNEM BbIpake-
HUA U3 [9], KOTOpOe METOIOM CIICHATLHOMN arl-
npokcumanuu [10] npuBeneHo x Buay, ynoOHOMY
i uHTerpuposanus [8]); Wy — mporud TOYKH i
IUTACTUHKH C 3alleMJICHHOW HOpPMajblo0 OT JCi-
CTBHUS CIMHUYHOMN CHIIBI, IPUIOKEHHON B TOUKE A
TOH K€ IIACTUHKH (MIPUHUMAJICS B BUJAC CYMMBI
penieHni st OECKOHEYHOM TUTACTUHKHU C 3alleM-
JICHHOW HOPMAaJIbI0 M TIEPBBIX YETHIPEX YaCTHBIX
pemiennii Knebma [8]); D — numuHIpUYeckas
KECTKOCTh TUIUTHI; Ej, V| — MOAYNb YIIPYTOCTH U
ko3¢ ¢uruent Ilyaccona BEpXHEro Clos ynpyroro
ocHoBaHus (puc. 1).

BespasmepHnsbiit mapamerp § B padote M. U. Top-
OyHnoBa-IlocajoBa ToNy4ns Ha3BaHHE IMOKa3are-
ns tuOkoctH [5]. OH 0000IIEHHO XapaKTepu3y-
eT (PU3MKO-MEXaHWYECKHE CBOWCTBA OCHOBAHHS U
TUTHTHI.

CBoOoanbie wieHbl B cucteme (1) ompenens-
I0TCS Yepe3 MPOTruObl TUIUTHI C 3alIEMIICHHOW HOP-
Majbio Wi.

PaccuuTeiBanace kenae300€TOHHAs —ILIMTA
MPSMOYTOJIBHOW (POPMBI C pa3MepamMu B Ija-
He 3000x6000 MM, HM3roToBJCHHAas M3 OeTOHA
knacca C20/25. ToamuHbl IMIXATHL U 3aIUTHOIO
CJIOSL apMaTyphI MIPUHSATH PABHBIMU COOTBETCTBEH-
HO 180 u 30 mm. ITnura onupaercs Ha ABYXCIIOM-
HOE YIpyroe OCHOBAHHE C YNPYTUMH MOCTOSHHBI-
mu: E,=50MlIla; v,=0,25; h =05 m; E,=
= 50 MlIlIa; v, =0,25.

[IpsimoyronmpHasi TUIMTAa HArpy)keHa B IEHT-
pe KOoJecoM pacyeTHOTO aBTOMOOWIS B BHUIE
kpyra auametrpoMm 0,41 M, mepemaromiero pa.-
HOMEpHO pacIpe/IeIeHHYI0 Harpy3Ky BeEIUYH-
Hoit 0,6 MIla (65 xH) (puc. 4).

Puc. 4. Cxema 3arpy3Ku IJIMTHI KOJIECOM
pacyeTHOro aBTOMOOMIIA

Fig. 4. Chart of plate loading by standard vehicle wheel

[lony4yeHnHble pe3yibTaThl pacueTOB IMPHBEIE-
HBI Ha puc. 5-7.
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e o *0 0% 110
Puc. 5. I30nuHun paBHBIX BEPTHKAIBHBIX IEPEMEILCHUN, M
Fig. 5. Isolines of equal vertical movements, m

Puc. 6. I1oBepXHOCTb BEPTUKAILHBIX IIEPEMEILCHUH, M
Fig. 6. Surface of vertical movements, m

-1.0 0.5 0.0 0.5 1.0

Puc. 7. I3onuHuN paBHBIX KOHTaKTHBIX HanpshkeHui, klla
Fig. 7. Isolines of equal contact stresses, kPa

BBIBO/J]

IlpuBeneH cratnyecKkuid pacyeT HPSIMOYTOJb-
HOH IUIMTHI HA YIPYIOM JIBYXCIOMHOM OCHOBaHUU
1oj JEHCTBHEM BHEIIHEH Harpy3ku OT KoJjeca
pacueTHoro astoMoOmiIsi. B pesynbrate BbIUMC-
JIEHHH TIOJIy4eHbl IIOBEPXHOCTH BEPTUKAIBHBIX
MEPEMEIEHUN IUITUTHI, a TAKXKE PEaKTUBHBIC Ha-
MPSDKCHUA Ha KOHTAKTE IUTUTHI C YIPYTUM OCHO-
BaHueM. [Ipemmaraemplii TOIX01 MOXKET OBITH HC-
MOJIB30BaH ISl MOMCKA PELICHU 0 ONTUMAJIbHOMN
(moCTaTO4HOI) MPOYHOCTH OCHOBAHHA MJIS CTaH-
JApTHOM IUTUTHI, a TAKXKe Ul pacyeToOB IIAPHUPHO
COETMHEHHBIX JKEJIEe300€TOHHBIX IUTUT COOPHBIX
JOPOKHBIX OKPBITUH.
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