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HccneqoBanne Hecymei cnocOOHOCTH MYCTOTHBIX IVIUT NMePeKPLITHS
NPH CHU/KEHHOM BeJIMYUHE ONMMUPAHUS HA PHTeJIN

AHHOTANUA

B cratbe paccMOTpeHBI pe3ynbTaThl 3KCHEPUMEHTAIBHBIX HCCIIEIOBAHUN ITyCTOTHBIX
IUINT TEPEKPBITUSI HENPEPhIBHOTO (POPMOBAHUS NPH CHIKEHHOH BEIMYMHE ONUpPAaHUs Ha
puresin nepekpeiTus. lccienoBaHus HampaBleHbl Ha IIOJIYYEHHE OIBITHBIX JaHHBIX IIO
MPOYHOCTH HOBOT'O y3JIa ONMPAaHHUs IIyCTOTHOH MJIMTHI HENPEPHIBHOTO (JOPMOBAHMUS HA PUTeNb B
cOoopHO-MoHONMUTHOM Kapkace «Kazanp XXI B». B xone nccnenoBanuii yCTaHOBIICHO, YTO TIPH
HPUHITOM KOHCTPYKTHMBHOM DPELICHUM NEPEKPHITHE MOJHOCTHIO YIOBJIETBOPSET TPEOOBaHUAM
HOPM TI0 IIPOYHOCTH, KECTKOCTH U TPEIIMHOCTONKOCTH.

KuroueBble ci1oBa: IUINTa MEPEKPBITHSA, ONHPAHUE IUIUTHI, MPOYHOCTH INEPEKPBITHS,
MIPOTHO TUTHTHI.

[lycToTHBIE TUIUTEI TEPEKPHITHS IIUPOKO UCIIONB3YIOTCS B KAUECTBE HECYIIHX 3JIEMEHTOB
JUTSL 3M@HUM C KapKacHBIMH M CTEHOBBIMH HECYIIUMH cucTeMamu. Han&xHOocTh mom00HOTO
TIEPEKPBITHA OTIPEAETETCS Ka4eCTBOM M3TOTOBIICHUS M3MEIH, KA4eCTBOM Y3JIOB COMPSIKCHHS
IUIUT C PUTEISIMM WM HECYIIMMHU CTEHaMHM, a TakKKe YCIOBHAMHU dKcIuTyaTanmu. HanéxHocTs
y3JI0B CONPSDKEHMs IUIUT 3aBUCUT OT TNPUHATOM KOHCTPYKTHBHOM CHCTEMBI, KauecTBa
BBITIOJTHCHUS CTPOUTEIEHO-MOHTAXKHBIX Pa00T. COriacHO THIIOBBIM ceprsM [ 1, 2] KOHCTpyKIIUH
IUTUT TEPEKPBITUS BEIMYHMHA ONMUPAHUS IUIUT HA HECYIIUE SJIEMEHTHI JOJKHA COCTABIATH HE
menee 80+90 MM mpu onupaHust Ha OETOHHBIE KOHCTPYKLHH.

B kauecTBe Hecymiell cuCTeMBl B JAaHHBIX HCCIEJOBAHUSAX paccMaTpuBaeTcs cOOpHO-
MOHOJUTHBIN Kapkac «Kazans XXI B» [3]. B mannom kapkace 6a3oBas BeJIMYWHA ONHPAHUS
IUINT TIEPEeKpBITUS Ha purenu npuHsATa paBHoH 90 MM [4]. B Xome coBeplieHCTBOBaHHA
WCIIOJIB3yEMBIX JJIEMEHTOB KapKaca MPHUHATO PEIICHHE IO HMCIOIH30BAHUIO ITyCTOTHBIX IIITUT
MEePEKPBITHS ~ HEmpephlBHOTO  (GopmoBanus [1] BMecTO HCMONB3yeMBIX paHee TIUIAT
onanybouHoro ¢opmoBanus [5]. JlaHHBIE TUINTHI MEPEKPHITHS, B OTJIMYKE OT UCTONB3YEMBIX B
kapkace «Kazanp XXI B», UIMEIOT CTPOro BEPTHKAJIBHBIE TOPIBI, YTO BBI3BIBAET CIOKHOCTH IO
pa3MENIEHUI0 OMOPHOM apMaTypbl MOHOJMTHBIX 4acTted purened. IloaTomy nis perieHus
JIAHHOHM TIPOOJIEMBI BEJTMYMHA ONMpaHUs TUIUT CHIbkeHa 1m0 40 MM (puc. 1), a mus psga y3ioB
UCIIOJIB30BaTh y3el 0e3 ONMUpaHus IUINT Ha pUrenb Kak B cucteme «KYb» [6]

Puc. 1. OnopHoe ceyeHue IMT: a — onaayoouHoro opmMoBanus; 6 — HENPEPHIBHOTO POPMOBAHHMS

HOCKOHI)Ky B JIaHHOM ClIyda€ HMECTCA OTKIOHCHUEC I10 BCIWYUHE OIHMpaHUA OT
Tpe6yeMoro AJId TUTAT HCIPCPBIBHOTO (bOpMOBaHI/ISI, JJIsL 000CHOBaHUS HaOEKHOCTH MIPUHATBIX
y3J10B CONIPSIZKCHUA IJIAT C pureicm BO3HHUKIIA H€06XOZ[I/IMOCTI> MMPOBCACHUA
OKCIICPUMECHTAJIBHBIX HCCIICIOBAHMIA.
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enpro SKCIIEPUMEHTANBHBIX HCCICIOBAHWIA SBUJIACH OICHKA HECYIEH CIOCOOHOCTH
y3J1a ONUPaHMS TUIUT MEPEKPHITHH Ha PHUTeNb, a TaKKe HECYIIeH CIIOCOOHOCTH, KECTKOCTH U
TPEUIMHOCTOMKOCTH IJIUT MPH  CTaTUYECKOM JIGUCTBUM BEPTUKAIBLHONM paBHOMEPHO-
pacnpeelieHHOW HAarPy3KH MPU CHUKCHHOHN BEIMYMHE ONMPAHUS TUTHT.

B 00beM uccnenoBanuii BXOAWIH CICIYIOIINC 3a0a49u:

— pa3paboTKa y3JI0B CONPSHKCHUS IUTUT C PUTEIIEM MTEPEKPBITHS;

— UCTIBITAHHE TUTHT HarpyKEHHUEM.

Jlns  mpoBeieHMs KOHTPOJIBHBIX UcIbITanuii Ha 3aBojge OO0 «3)KBU-210» Obum
M3TOTOBJICHBI U MCBITaHbI IUTHI [1b 58.12-8-30 TumoBoii cepuu [1] o pacueTHyio Harpy3ky 8,0
kITa (800 kre/m®) ¢ raGapuramu 5780(L)x1197(b)x220(h) (puc. 2) U3 TSHKEIOro GETOHA MPOSKTHOI
MapKH 110 IPOYHOCTH Ha cxkatie M400. ApMupoBaHue mwinT npuHsITo B Buje 1605 Bp1400.
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Puc. 2. Onany6ounsrit yeptex it nepekpoitus [1658.12-8-30

Jns mpoBeleHHMS WCHBITAHWS MCIOJNB30BAHBI TPU TMPOJIETA IUIUT TEPEKPBITHS C
pa3IMUHBIMM cxeMaMmu onupanus (puc. 3). KpaiiHue minTel onepTsl Ha MIapHUPHBIE JIMHEIHBIE
OMOpHl y KpailHell Oomophl, y CpeAHEH OMOpHl IUIUTHl HE OMMUPAIOTCS CHHU3Y Ha pHUTelb, a
CONPSDKCHHUE TUIAT C PHUreleM IPOMCXOMHUT 3a CUET OMOHOJWYHMBAHUS Y374 C YCTaHOBKOU
KapKacoB B TOJTrOTOBJICHHBIE MTpa0bl mo Topuam miut (puc. 3). B kadecTBe MIapHUPHBIX
JMHEHHBIX OMOP MPHMEHEHBI CTalbHble KaTku (@50 MM, CBOOOTHO YJIOXKEHHBIE MEXKIY
CTaTBHBIMH TUIACTHHAMU. Ha cTanbHBIC TUIACTUHEI TIEPE YCTAaHOBKON HAa HUX HCIBITHIBAEMOMN
TUTUTH] YKIIAIBIBACTCS BEIPABHUBAIONININ CIIOH IIEMEHTHO-TIeCYaHoro pacTBopa. CpeaHue IIuThI
MMEIOT MUHUMAJIbHOE onupaHue B 40 MM, a CONPSKEHUE TUIUT C PUTETIEM IIPOUCXOTUT TaAKKE 3a
CU€T OMOHOJIMIMBAHUSI.

Jns u3MepeHwmsT BEPTUKAIBHBIX TIEPEMEIIEHWH IUTUTHI B CEpPEIMHE TIpoJieTa W B
MIPUOTIOPHBIX YACTSIX IUIMTHI OBLTM YCTAHOBJICHBI MEXaHWUYECKHUE MPUOOPHI — MPOrHOOMEpHI
AucroBa 6ITAO c uenoit genenus 0,1 mm (puc. 4), uaaukatopsl MY ¢ uenoit genenus 0,01 mMm.
ITosiBeHre TPEMIMH B TUIUTE GUKCHPOBAIOCH BU3YallbHO, a IMTUPHUHY WX PACKPBITHS U3MEPSIIN C
nomoIeio Mukpockora MITb-2 ¢ nenoit nenenus 0,05 M.
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Puc. 3. Cxema UCTIBITaHYSI TTUT TIEPEKPBITHS

WcnpiTanne BepTUKAIbHOM HATrpy3KOH IUTUT MPOBOAMIIOCH MO3TAIHBIM HAarpy>KEHHEM 10
YpOBHEH HAarpy30K, COOTBETCTBYIOIIUX pACUYETHBIM MO TEPBOMY U BTOPOMY IIpEICIbHBIM
COCTOSIHHSIM TI0 MeToauKe, coorBeTcTByromer I'OCT 8829-94. Briaepikka Ha 3THUX dTamax o
Harpy3koil cocraBuia He MeHee 30 MUHYT. BepTHKalbHYIO paBHOMEpPHO-paclpelesieHHYIO
HArpy3Ky Ha MepekphITHe (parMeHTa co3JaBaliil MTYYHBIMU Tpy3aMu B BUJAE (yHIaMEHTHBIX
6;moxoB Mapku OBC crymensmu, coctapisonumu 0,1 oT okumaeMoi pa3pyIiaromieii Harpy3Ky.
Broku yknaapIBaqu paBHOMEPHO OT TOPLOB IUIMTHI K CEpPEOUHE MpOJieTa Yepe3 ACpPEBSHHBIC
npoknanku ¢ 3azopom 100 Mm. Ha kaknol cTymeHu Harpy»XeHHs IUIMTHI 1aBAach BBIACPIKKA
10-15 mMuHYT U1 OOCIIEIOBaHUSI COCTOSHHS W3JCTHS, CHATHUS MOKAa3aHWW 10 MEXaHHYCCKUM
npubopaM, QUKcau W U3MEPEHUS IUPUHBI PacKpbIThs TpemuH. [Ipu mocTukeHun ypoBHEH
Harpy3kd, COOTBETCTBYIOIIMX KOHTPOJBHBIM IO >KECTKOCTH W MO IPOYHOCTH, BBIIAEPIKKA
cocTamsuia 6osee 30 MUHYT.

[Mocne nocTHXKEeHUsT BETMYUHBI HATPY3KH, COOTBETCTBYIONIEH KOHTPOIBHOW HArpy3Ke IMo
npouHocTH ¢ kKodddunmentom C=1,4, bukcanus nedopmanuii U mepeMerieHni mo npudopam
ObUTa TIpEKpalieHa, a KOHTPOJIbHO-M3MEPHUTENbHbIE NPUOOPHl OBUIM JIEMOHTHPOBAHBI W
JaNbHeWIee Harpy)KeHHe IUIMTHI  TPOU3BOJAWIIM  TONBKO C  KOHTPOJEM  BEJIWYHUHBI
NPUKJIaIbIBaEMON HarPy3KH.

3HavyeHUs] KOHTPOJBHBIX HArpy3ok (0e3 ydera COOCTBEHHOTrO Beca IUIUTBI) COTIACHO
HOpPMaM TPOCKTUPOBAHUS ¥ UCTIBITAHUS IPHHSTH PABHBIMH:

— HOPMATHBHAM . ... e utttetteite et et et et enteiaeeieenneennes 670 xre/m;
—PACHETHAS. ...t entent ettt et ettt ettt e 800 xre/m?;
— KOHTPOJIHHAS TI0 TIPOBEPKE JKECTKOCTH .'vvvenrenreannannnnnns 670 xre/v’;
— KOHTPOJIBHAS TI0 MIPOBEPKE TPEITUHOCTOHKOCTH. .............. 670 xre/v’;
— KoHTpoJpHas pazpymaromas (C=1,4)............coocoiiine. 1261 xre/m?;
— KoHTpoJbpHas pazpymaromas (C=1,6)...............cooieii. 1492 xre/m’.

Ha nenp npoBeneHus MCHBITaHUS CPeAHAs NPOYHOCTH OETOHA Ha cXaTue oOpasLoB-
KyOWKOB B y3nax conpspkeHust miut Mapku [1658.12-8n (omeITHBIN (pparMenT), onpeaencHHas
naboparopueii 3aBoja, cocraBmwia 46,1 MIla, uto cooTBeTCTBYeT Kiaccy O6erona B35 (M450)
no 'OCT 26633-91.
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Puc. 4. Iamepenne nporn6da mut nporudomepom Auncrosa 6I1AO

B pesynbraTe ucnbITaHUS MOMYYEHBI CIEAYIOMINE Pe3yIbTaThI.

1. Hecymmast cnocoOHOCTD y371a CONPSDKEHUS TUIHT C PUTENIEM MEePeKphITH obecredeHa ¢
Oosee yeM 2-xX KpaTHBIM 3amacoM. PaspylieHue y3/10B CONpsKEHUs He IPOU30IIUTO.

2. Ilpu nedcTBHM Ha TUIMTY TMEPEKPHITHSI HArpy3KH, COOTBETCTBYIOLIEH KOHTPOJIBHOH IO
TPOBEpKE XKECTKOCTH 1 paBHOit 4481 kr (670 Kr/M°), HOCIE BBLICP/KKI TUIHTBI TOJ] 3TOi HArPy3KOil
B TeueHne 30 MUHYT Tporud B cepeanHe Tkl coctaBmi 0,04 MM (puc. 5), 4TO HAMHOTO MEHBIIIE
NpeneabHO AOMyCcTUMOro 3HadeHnsd, ycraHosiaeHHoro CII 20.13330.2011 u cepueii [1]:

f=0,04 mm < [ f] = 1/200/=5700/200=29 MM — 110 HOpMaM;
f=0,04 Mmm < f,, = 15 MM — 110 cepum.

Harpyska, Kr/mM2
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Puc. 5. I'paduk 3aBuCHMOCTH IPOTHOa IUIUTHL OT HATPY3KH

3. TpemwuH mpu Harpy3ke, COOTBETCTBYIOIIEH KOHTPOJBHOM 1O MpPOBEpKE
TPEIIMHOCTORKOCTH M paBHOil 4481 xr (670 xr/m®) He obHapyxkeHo. Takke TPEIIMH He
00Hapy>XEeHO MpH Harpy3kax, OJU3KUX K pa3pyLIAIOLUIUM, YTO CBUAETEILCTBYET O MOBBIIICHUN
KECTKOCTU U TPEIIUHOCTONKOCTH IUIUT HEPEKPBITHS, IIPH MPUHATHIX Y3/IaX COMPSHKEHUS IUIUT C
puresem, 6osee 4eM B 2 pasa.

4. PaspymieHue IUIUTHI TIPOM3OMLIO NpH Harpyske 13 720 kr (2051 kr/m®) Ge3 yuera
Harpy3kd OT COOCTBEHHOTO Beca IUTUTHI OT pPa3IpoOJicHust OeTOHa ckaToil 30HBI (puc. 6).
Koadduuuent 6e3onacHoCcTH cOCTaBUIL:

C=(13720+2361) / (5350+2361) = 2,09,
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rae 13720 kr — paspymiaroolias Harpy3ka, OpUJIOKEHHAs Ha IUIMTY mepekpeitue; 7711 kr —
pacdeTHas Harpy3ka Ha IMEepPeKPhITHE C YYETOM Beca IUIHTHI MePeKphITHs; 2361 Kr — Harpy3ka ot
COOCTBEHHON MAaCCHI TUTUTHI EPEKPHITHS.

Puc. 6. Pa3pymenne mutsl npu Harpyske 13720 kr (C=2,09)

Hocturayras BenmuuHa C=2,09 mpesbiaer TpeOyeMblii Kod(hGHUIHUEHT 0e30MacHOCTH
i Broporo ciydvas paspymenus o [OCT [3], paBueiii C=1,6, cineqoBatenbHO TpeOOBaHHE
I'OCT 8829-94 110 mpo4HOCTH BBIIOJIHEHO.

Takum 00pa3zoM, pe3yabTaThl UCIBITAHUA A0 Pa3pyLIeHUs MIUTH nepekpbitus [1658.12-
8-30 mokaszanu, YTO MPH MPUHSATOM KOHCTPYKTUBHOM pEIICHHH JaHHAS IUIUTA IOJHOCTBIO
ynosierBopseT TpeboBanmsam ['OCT 8829-94 u CII 52-102-2004 1o mpo4HOCTH, KECTKOCTH H
TPEIMHOCTOMKOCTH.
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Research on load-carrying capacity of hollow-core slabs under reduced support on joists

Resume

The problem of ensuring the reliability of load-bearing reinforced concrete structures of
residential buildings always remains priority research area. One of the ways to meet this
challenge is discussed in the article experimental tests of full-scale fragments of structural floor
slabs with bringing them to failure. Experimental studies are carried out on a test three-bay
fragment with 5.8 m slabs under two support conditions: support of 40 mm, and without below
support but slab connection made by grouting the joint with setting frames in prepared toothing
at slab ends. Such kind of test method using measuring instruments provided objective data on
the strength of new slab-to-beam joints and the whole slab. Tests to failure showed that the loss
of strength at joints wasn’t found; no cracks under test cracking load were detected; span
deflection under test load was several times less than maximum allowable. Slab failure occurred
in the span at concrete compressive zone. Thus, the results of the study showed that at joints in
question the floor slab has sufficient strength, stiffness, and crack resistance.

Keywords: slabs, support on joists, load-carrying capacity of slab, flexure.

Reference list

1. Series 15/09-1. Pre-stressed hollow-core reinforced concrete floor slabs of long-line non-
formwork moulding, reinforced by high-strength steel wire of class Bp1400, 1, 2 m
width, 220 mm depth of section. Limited liability company «Scientific Manufacturing
Center «Stroitech». — Samara, 2009. — 105 p.

2. Series 1.020-1/87. Frame construction of interspecific application for multi-storied public
buildings, industrial and ancillary buildings of manufacturing enterprises. Issue 0-0.
General guide. Russian Design Agency. Concrete and Reinforced Concrete Research
Institute of the Russian Federation State Committee for Construction, Architectural and
Housing Policy of USSR, 1990. — 57 p.

3. Series 1.141-1. Issue 63. Hollow-core reinforced concrete floor slabs. Production
drawings: Central Research and Engineering Design Institute of Residential and
Industrial Buildings. Concrete and Reinforced Concrete Research Institute, 1984. — 48 p.

4. Patent for an invention Ne 2281362. International Patent Classification EO4B 1/20
(2006.01). Reinforced concrete composite frame of a multi-storied building «Kazan XXI
century» / Ilyas 1. Mustafin. Published 2006.08.10.

5. Sketch-book of reinforced concrete products. 8. Precast concrete units // Erection joints.
«Design-construction company «<KARKAS». — Kazan, 2005. — 28 p.

6. Sketch-book of reinforced concrete products. 5. Precast concrete units // Floor slabs.
«Design-construction company «<KARKAS». — Kazan, 2005. — 30 p.

7. Patent for an invention Ne 1231805. Hollow-core floor slab. Authors: Ilyas 1. Mustafin,
Albina I. Mustafina. Patent holder: Ilyas I. Mustafin. Published 2013.01.10.

8. Architectural and planning facilities // System cube. http://www.kubstm.ru/technology
(reference date: 20.09.2014).

177



