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CerogHsi XUNMLLHOE CTPOUTENbCTBO 3aHUMMaeT Haubonblunii 06bem B CTPYKTYpe CTPOUTENbHOW MHAYCTPUW.
HeoTbemnemoln YacTbio Mo6oro XXUNoro 3gaHus siBMsieTcsl NepekpbiTue. HagexxHocTb, NPOYHOCTb, 3BYKOM3ONALMS,
TEMNOYCTONYMBOCTb, OKOHOMMUYECKasi 3(PEKTUBHOCTL — Hauboriee BaXHble KpuTepuu BbiGopa npu no6om
CTPOUTENLCTBE, B TOM YMCIIE U MPU CTPOUTENBCTBE NEePEKPbITUNA.

B HacToswee BpeMsi crnoxunach crnegyrowas krnaccudukaums xenesobeToHHbIx nepekpbituin (CHulM 2.03.01-
84* «beToHHbIe 1 xene300eTOHHbIE KOHCTPYKLMKNY ).

l. Mo cnocoby nponsBoacTea:

1) MOHONUTHBbIE;
2) cOopHbie;
3) cOOPHO-MOHONMUTHbLIE.

1. 10 KOHCTPYKTUBHBLIM NPU3HAKaM:

1) ©ano4Hble;
2) 6es3banoyHble;

3) pebGpuctble.

Hacmu4yHo-pebpucmbie c60pHO-
MOHOJTUMHbIE MEPEKPbLIMUS

B paHHOM cTaTbe OyayT paccMoTpeHbl CcOOpHO-
MOHOMUTHbIE PeBpPUCTbIE MEPEKPLITUS C  3anoSfIHEHMEM
npocTpaHcTBa Mexay pebpamy CTeHOBbIMM Onokamu 13
aBToknaBHoro rasobetoHa [1, 2, 3]. Metoauka pacuyeta
COOPHO-MOHOMUTHBIX MEPEKPLITUA  C  UCMONb30BaHMEM
6rokoB u3 ayenctoro 6eToHa cogepxartcs B PykoBoacTtee
UHUNCK 1992 ropga [4]. bonee paHHee ynomMuHaHue
OaHHOrO TWna NepekpbiTUSA C 3arnofiHEHNEM MPOCTPaHCTBa
mMexgy — pebpamu  COOepXUTCA B KIacCUYeCKoM
MoHorpadum [5]. B paboTte [5] AaHHbIA TUN nNepekpbITUs
UMEHYeTCs  YaCTUYHO-pebpuUCTbIM. B  3apybexHon
nuTepaType TEXHOOrNsi MPOU3BOACTBA U METOAbI pacyeTa
NnepekpbITUA C MCNOMIb30BAHNEM CTEHOBbIX OIOKOB U3
sivencToro 6eToHa onmncaHbl B 4acTHOCTK B paboTe [6].

OcobeHHOCTbIo AOaHHOro Tuna nepekpbiTnua aBndaeTca
TO, 4TO Onokn un3 a4enctoro rasobetoHa SABMAOTCA He
npocTo 3anonHutenem mMexny »Kene3o0eToHHbIMU
pe6paM|/|, HO TaKXe BbIMOJTHAKT (byHKLI,VIIO onany6K|/| anga
HUXKHEM MOBEPXHOCTU CTSHKKM W BOKOBbIX rpaHen  PUCYHOK 1. YCTPOMCTBO pebpucTOro nepekpbITUs:

KenesobeToHHbIX pebep. YCTpOWCTBO Takoro Tuna 1 — raso6eToHHble 610KK; 2 — apmaTypHble
NepeKkpbITUA CXeMaTUYHO NpeAcTaBneHo Ha puc. 1. BmecTto Kapkacbl; 3 — MOHONUTHas 6anka us
[IepEBSAHHbIX CTOEK B KayecTBE HENoABMXKHLIX OMop Menko3epHUCToro 6eToHa; 4 — onany6oyHas AOCKa;
onanybkn Moryt ObITb WCNONb30BaHbl, B TOM 4UCHE, 5 — cToMKM U3 AOCOoK; 6 — nponeT B cTeHe; 7 —
TEeneckonu4eckne CTOMKK, Kak 3TO NoKasaHo Ha puc. 2. Hecyllas cTeHa
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OcHoBHble aTanbl NPoM3BOACTBa paboT NP U3rOTOBIIEHUN OAHHOTO TUMa MEPEKPbLITUS U3IOXEHbI B anbbome
TEXHUYECKUX pelueHun komnanmm H+H [7] u ctangapte CTO 501-52-01-2007 «[poekTupoBaHne M BO3BeLEHME
OrpaXkgarLmnx KOHCTPYKUMIA XWUMNbIX U OOLLECTBEHHbIX 34aHUA C NMPUMMEHEHMEM A4YeucTbix 6eToHoB B Poccuiickon
depepaummn. Yactsb lI». M., 2007.

TexHonorus BbINOMNHEHUS C60pHO—MOHOJ'II/ITHOFO nepekpbiTua COCTOUT U3 cnegyrwmx TexXHONOrM4YeCckKmnx
onepauun.

B nepekpbiBaemblii NPONET yCTaHaBNUBAKOTCA 3apaHee NPUroToBeHHbIe 4OCKN Ha cTonkax (puc. 2). lnpuHa
pocok coctaensiet 20+25 cMm B 3aBMCUMOCTU OT LUMPUHBI MOHOMNUTHOWM Banku. PaccTtosiHne mexay AocKaMu 3aBUCUT
OT ONuHbI GrOKOB U BEnMUYMHBLI OMOpbl 3TUX GNOKOB Ha OOCKU. BepxHsis mnockocTb AOCOK AOMKHa coBnagatb C
BEPXHEN MNMNOCKOCTbIO MocrnefHero psiga CreHbl u3 ra3obeToHHbIx 6rnokoB. NMoa gocku nepep yknagkon Gnokos
pekoMeHAyeTCs NPONoXWTb CION U3 BOAOHENPOHMLIAEMOro MaTepuana, B Ka4eCcTBe KOTOPOro B TOM uuMClle MOXeT
ObITb MCMOMNb30BaHa PMPMEHHas ynakoBOYHas nneHka Ans 6510KoB Ha NoadoHe.

Ha pocku yknagpiBatoTcs rasobeToHHble OGnoku, co3gaBasi CBOMMM TOPLIEBLIMW FpaHsMW onanyOoky ans
MOHonMTHoN 6ankn (puc. 3). PacctosiHne mexagy psgamu 0/10KkOB Ha3Ha4YaeTCs Mo pacyeTy.

PucyHok 2. Cxema ycTpomncTBa onanyoku PucyHok 3. Yknagka 6110KkoB Ha AepeBAHHbIA HacTUn

B NPOCTPaHCTBO Mexay Onokamu Ha onany60qHylo LOOCKY yKnagbiBaeTcCA apmaTyprlﬁ Kapkac unn otaesibHblie
CTEPXHN, reoMeTpu4eckme napameTpbl KOTOPbIX YCTaHaBIIMBAOTCA pac4HeToM.

[na npoknagku MHXeHepHbIX KOMMYHMKaLWA B MepeKpbiTUM ycTpavBaloTcsl creumnanbHble kopoba, KoTopble
nocrne 6eTOHMPOBaHMA NPOCTPAHCTBA MeXay psaamy GroKOB M YCTPOWCTBA BbipaBHMBAIOLLEN CTSPKKM MOTYT ObiTb
AEeMOHTMpOBaHbI. [Nepen 6eToHNpoBaHNEM TOpLibl GIIOKOB pEKOMEHAYETCS TLaTeNlbHO CMayMBaTb BOLOWA.

Mo Hapy>XHOMY KOHTYpY CTeH onanybKy pekoMeHAyeTCs BbINOMHATL U3 NeperopofoyHbIX ra3obeToHHbIX 6110K0B
TonwmHon 100-150 MM. B npocTpaHCTBO MeXAy KOHTYPHbIMW MeperopofoyHbiMyM BriokaMu Hapy>KHOW HECbEMHOW
onanybkM M apmaTypHbIM KapkacoM COHOPHO-MOHOMUTHOIO MEPEKPbITUS B LENSX COKpalleHusi noTepb TennoBow
3HEprnn Yepes Topubl Xene3obeTOHHbIX NePEKPbITUI pekoMeHayeTCa NpoKnagbiBaTh CNOW TEnnon3onsauun BelCOTON
250 mm TonwmHonm He MeHee 30 MMm. B KkayecTBe yTennutens peKoMeHAOyeTCs WCMOonb3oBaTb M3Oenus u3s
3KCTpyAmpoBaHHoro neHononuctupona (3, XPS).

Mopgady GETOHHOM CMecKu B MPOCTPAHCTBO MeXAy psidaMu OrOKOB MOXHO OCYLLECTBIATb MEXaHUYECKUM WM
pY4YHbIM cnocoboMm. YnnoTHeHne GETOHHOW CMecH pekoMeHayeTcs NpPou3BoaAnTb BUGpaTopom (npu nogadve 6eToHHOM
cMecn OEeTOHOHacoCOM) WM MOCAOWMHBIM TpamboBaHWEM W  LWITbIKOBaHMEM (MpU  pyyHOM OETOHMPOBaHUM).
OpHoBpeMeHHO ¢ GeToHMpOBaHWEM MPOCTPAHCTBA Mexay Ornokamm pekoMeHOyeTcsl BbINOMHATb CTSKKY fona
TONwMHON He MmeHee 50 Mm. [leMoHTUpoBaTb onanybKy MOXHO MO AOCTVXKEHUM 6ETOHOM NMPOEKTHOM NPOYHOCTK [8].

BenuunHa nponeTa BapbupyeTcs B npegenax ot 2,4 m 4o 6 m.

MpevmywiectBa COOPHO-MOHOMUTHOIO  KENe306eTOHHOro  pPebpuUcToro  NepekpbITUS € 3anofiHEHMEM
npocTpaHcTBa Mexay pebpamu razaobeToHHbIMM Bokamu cnegyroLme:

1) Hu3kasa cebecToMmMoCTb;

2) npocToTa MOHTa)a, BO3MOXHOCTb YCTPOWCTBA NEpPeKpbITUsi 6€3 NpMMEHeHNs1 NO4BbEMHO-TPAHCMOPTHbIX
cpencrTs;

3) BO3MOXHOCTb YCTPOMWCTBA MEPEKPbITUS NPW MpaKkTU4ecku nobon dopmMe MOMELLEHUS, B OTNMYMEe OT
COOPHbIX Xerne306eTOHHbIX NePeKPbITUN;

4) xopoLluas TennoycTonunBocTb [9] 1 BbICOKUIA YPOBEHbL 3BYKOU3OMALNN.
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O6nacTb NpMMEHEHNsT TaKnX NEepPeKpbITUA JOCTAaTOYHO Wwnpoka. OHM MOryT NPUMEHATBCS Kak MpU BbICOTHOM
ctpoutenbcTtee [10], Tak 1 Npu CTPOMTENBCTBE MANO3TaXHbIX 30aHUN.

Llenbto gaHHOM paboTbl SBNSIETCA aHanm3 NpoYHOCTM U AeddopMaTUBHOCTU NEPEKPLITUS OBYMS PasfuyHbIMMI
cnocobamu: aHanUTUYeCKuin pacyet [4] n pacyeT METOAOM KOHEYHbIX anemMeHToB (ucnonb3oBarnca MK SCAD [11]).

AHanumu4deckuud pac4dem
PacueTHasa cxema aHannUTU4eCcKoro pacyeTa nepekpbiTnuda npuBeaeHa Ha puc. 4.
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PucyHok 4. PacyeTHasi cxeMa NepeKkpbITUA ANA pacyeTa aHaJIMTUYeCKMM Cnoco6om

B pacyete Mbl ucxoaunu vp crnegyromx NpUMeEHSIEMbIX CTPOUTENbHbBIX MaTtepuanoB: MOHONMUTHbIE Ganku m
CTSDKKM — MENKO3epHUCThIN BETOH kracca no npoyvyHocTu Ha cxaTtme B10, mapka no nnotHoctn D2000, apmaTtypa
knacca Alll, s4encTobeToHHble BOKM — aBTOKNAaBHbIA S4YENCTbI BeTOH knacca B2, mapku no nnotHoctn D500.

I'Ipep,eanblﬁ pa3pymarou.|,vn7| MOMEHT onpeanendaeTcda no cbopmyne, ﬂOﬂTBep)Kﬂ,eHHOIZ JKCNepnMeHTallbHO:

MU :\/g.Rb'bred.hOZ.g' l_g s (1)

rae Ry, — pacyeTHoe conpoTuBneHve 6eToHa cxaTtuio;

ho — paboyas BbicOTa ceyeHus;

& — oTHOCUTENbBbHAsA BbICOTA CXXaTOM 30HbI NPU XPYNKOM paspyLUEHWM;

breq — NPYBeAEHHOE 3HAYeHMEe WNpUHbI Ganku-LwBa, ydnTbiBatloLLlee ydacTne ra3obeToHHbIX GrOKOB Npu paspyLleHnn
CHOPHO-MOHOSMTHOIO NEPEKPBLITUSA N YCTAHOBMNEHHOE OMNbITHLIM NYTEM, BblYMCASIETCS NO hopmyne:

b, E
bred:bd' 1+M , )
b,-E,

rae bp, M Ep, — cOOTBETCTBEHHO ANMHA s4encTobeToHHOro 6rnoka 1 ero Moaysb ynpyrocTtu;
b, — WunpuHa 6eToHHON Gankn-wBa;
E, — Moaynb ynpyroctu maTtepuana 6anku.

OTHOCUTENBHAs BbICOTA CXXaToW 30HbI & MPU XPYNKOM paspyLleHumn onpegensdeTtca no hopmyne:
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PacuyeT c60pHO-MOHOMUTHBIX NEPEKPbITUIA MO HAaKMOHHBLIM CEYEHMSAIM, PACKPbITUIO TPELLMH, MEeCTHoe AelcTBue
Harpy3ok cnegyetT npomsoauTb no CHulM 2.03.01-84* «beToHHLIE N Xene3obeToOHHbIE KOHCTPYKLIMMY.

PacueT »ecTKoCcTu npomnsBogaT no dhopmMyrne, BbIBEAEHHON OS5 CEYEHUs C TPELLMHON N3 YCIOBUS paBHOBECUS
C MOMEHTHbIMMW HaMNPsHXKEeHUAMN U COBMECTHOCTU Aecopmaunii:

B=E, -by-hi-e, (6)

rae E, — moagynb ynpyroctu pactsopa 6anku-wusa;

b, — ToNwmMHa 6anku-wBa Ha paccMaTpMBAEMOM YHACTKE;

ho — paboyas BbicOTa ceyeHus;

€, — KO3(hPULMEHT XKECTKOCTN Bankm B CEYEHNN C TPELLMHON:

& 2 7)
= sl e

a — no copmyne (4);
& — oTHOCUTENbHas BbICOTA CXXaToOMN 30HbI NPU XPYNKOM paspyLleHuun onpegensetca no opmyne (3).

KpaTkoBpeMeHHbIi Npornb oT paBHOMepHO-pacrnpeaeneHHon Harpy3ku onpeaensaeTcs no dopmyne:

4
5 b-ly-q7; (8)
384 B

Srp =

rae b — WwrpuHa Bcero nepekpbITUs;
lo — ANVHa NporeTa B CBETY;
Qun — ANUTENBHO AENCTBYIOLWAs YacTb HOPMATUBHOW PaBHOMEPHO-paCNpeaeNieHHOM Harpy3ku.

OnutenbHbin npornb onpegensieTcs no opmyne:

fur = fer 1+ E-0,), ©)

roe @; — Ans LEeMEHTHO-MeCYaHoro pacTeopa No [aHHbIM UCMNbITAHUMW C AOCTATOYHOW CTENEeHbl) TOYHOCTU MOXKHO
NPUHATL paBHbIM 2,5.

Ona Gankn gnvHon 4,6 M un rasobeToHHbIX GnokoB pasmepom 62,5x30x20 cM Gbin MonyyeH criegylowmi
pesynbTaTt: Ans apMUMPOBaHWs OA4HOM Ganku ene3obeTOHHOro pebpuCTOro MnepekpbiTUst C 3anosNIHUTENEM U3
razobeToHa HeOOX0AMM OAMH apMaTypHbI cTepxeHb & 16 MMm. [pormb oT AeNCTBUS ANUTENBHON HArpy3kyn Npu aTom

coctaensaeT fﬂﬂ = 2,0lem npw gonyctumom nporube Speg =2.3cm.

Pacyem memoOoM KOHEYHbIX 3/1eMEHIMO8

Pacuet B MK SCAD npousBoauncs no BOCbMW MOHONMUTHbIM 6ankam, BOCbMM NporeTamM ra3obeToHHbIX 6I10KOB
MeXay HUMK 1 BYM MpoSieTamM MeXay Hecylummn cteHamu. PacyeTHasi cxeMa nepekpbITs NpeacTaBneHa Ha puc. 5.

PacueT npoussoguncs ana pebpuctoro nepekpbiTUa C NPUNOXKEHWEM Harpyskn OT ra3obeTOoHHbIX BRokoB Ha
fokoBble rpaHu pebep. Mexay pebpamu n CTEKKOM NpyY MOAENUPOBAHMM MEPEKPLITUS YCTaHABNUBANUCh XECTKMUE
BCTaBKW, TaK kKak pebpa v nnuTa 3annBaroTCAd MOHOMUTHbIM BeToHoM [11, 12]. paHUYHBIMKM yCnoBUSMU ABRSETCH
CBS3b CTEH B OCHOBaHMK Mo BCceM HanpasneHusaMm. Lar pasbuenns — 0,1 m.
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PucyHok 5. PacueTtHasa cxema nepekpbiTva ansa pacyeta B [NK SCAD

XapaKTepMCTMKVI razobeToHHbIX 6NOKOB 1 GeToHa, a Takke pa3mMepbl NPONIETOB aHANOrM4YHbl XapakTepUucTukam
O6nokos, 6eToHa U apMaTtypbl 1 pa3aMepam nponeTos, NCMOJ1b30BaBLUMMCA Npn aHarIMTU4eCKoOM pacyeTe.

Ins pacyeTa apmatypbl 1 npornba B MK SCAD Ha nepekpbiTie Gbinv NpUoXeHbl CreayoLwmne Harpysku:

1) cobGcTBEHHBIV BeC Banok;

2) Bec nona;

3) BecC BpeEMEHHbIX NePeropoaok;

4) BpeMeHHas Harpyska;

5) cobCcTBEHHbIN BEC ra306eTOHHbLIX O/IOKOB.

Hedopmaunm nepekpbITUS NPy pacdeTe METOAOM KOHEYHLIX 3NIEMEHTOB NpeAcTaBseHbl Ha puc. 6.
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PucyHok 6. ledhopmanum nepekpbITUA
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B pesynbtate 3TOro pacyeta Obil MOnydeH cregylowuii pesynbTaT: Ans apMUpoBaHWs OOHOW Garnku
Xerne3obeToOHHOro pebpucToro MepekpbITMS C 3anonHuTenem u3 rasobetoHa Heobxogmma 1 apmatypa @ 8 mm;

npormb oT OeiCcTBUA ANUTENbHON Harpysku fﬂﬂ = 0,8mm npu gonyctumom nporvube Spgg =23mm . 13 vero

MOXHO cAenaTb BbIBof, 4To pacyeT B MK SCAD aBnseTca He TOMbKO Gornee TOYHbIM, YeM aHanuUTUYeckuin meton
pacuyeTa, HO Takke MO3BOMSIET UCMOMb30BaTb apMaTypy MeHbLUero AnameTpa, YTo cpasy e yMeHbluaeT CTOMMOCTb
N3roTOBMNEHNs JaHHOIO TUMa NepeKkpbITUS.

[na yTouyHeHus npeAcTaBneHHoW B paboTe modenu, a Takke ee cpoka cnyxObl, HEOOXOAUMbI HaTypHble
ncnbiTaHWa parMeHToOB paccMaTpyBaEeMOoro TUna NepekpbITUiA, Kak 3To ObINO caenaHo Ans CTeH M3 aBTOKNABHOMO
razobeToHa ¢ 06NMLOBOYHBIM CIIOEM U3 CUNUKaTHOro kupnuya [13].
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Abstract

The object of research is precast and cast-in-situ inserted floor with cellular-concrete items used for reduction of
structure weight. The used materials and installation technologies are considered.

The aim of this work is analysis of strength and deformability of floor by two different methods: analytical
calculation and calculation by finite element method using SCAD. It was shown that the finite element calculation is
more precise and also it allows to use armature of lesser diameter that decreases the cost of the floor.

For adjustment of given model and life duration of the structure the full-scale tests are necessary.
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