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AHHOTALMUA

BBepeHwue. [MpuBeaeHbl AaHHbIE 3KCMEPUMEHTASbHbLIX UCCNEefoBaHN Mo ONpeaeneHnio CUsbl CLENMeHNs CTanbHON OLMH-
KOBaHHOW NNacTuHbl 1 6eToHa. McnbiTaHusa NpoBOAMAMCH Ha YeTbipex obpasuax. [psmoyronbHble NNacTHbI, 3aMOHOMNK-
YeHHble B BETOHHbIV Napannenenunes, UMenu pasHble TUMbl NOBEPXHOCTEN: rmaakas, nepopupoBaHHas OTBEPCTUSIMU,
C COEANHUTENbHbIMM 3NieMeHTaMun B BUAe 60MTOB, C BbILUTAMNOBaHHBbIMU «LiMnamuy». MNpoaHanvanposBaHo noesedeHne ob-
pa3sLoB Npw 3arpyXeHnu, AaHbl AnarpaMmbl 3aBUCUMOCTY NEPEMELLLEHUIA OT Harpy3ku 1 onpeaeneHo pacyeTHoe ConpoTUB-
neHue Ans pacyeTa cuibl cLuenneHns 6eToHa 1 cTanbHOW OLMHKOBaHHON NNacTUHBbI.

MaTtepumanbl 1 meToabl. OCyLLEeCTBNEHbl UCMbITAHUS YeTbipeX 0OpasLoB, KOTOPbIE COCTOSNM U3 CTarnbHON OLMHKOBAHHOM
NNacTuHbl, 3aMOHOMNMYEHHOM B BETOHHbIN Napannenenvnen. SKCNepyMeHT NPOBOAUIICA HA YCTaHOBKe, COCTOSLLEN U3 CU-
1I0BOW paMbl ¥ rMAPaBNMYECKOro LMnuHApa, KOTOpbI BblAepruan u3 6eToHHOro napannenenvnena CTanbHyo NnacTuHy.
Pe3ynbrathl. [Tony4eHbl 3aBUCMMOCTU AedOpMUPOBaHUSA 06pas3LoB, MOCTPOEHbI rpadhuky 3aBUCUMOCTU NepeEMELLEHUS OT
Harpysku Ans YeTblpex TUMOB NOATOTOBKMU NMOBEPXHOCTEN, BbISIBNEHbI 3HA4YEHWUS Harpy3ku, Mpy KOTOPOW NPOMCXOAUT paspy-
LueHve o6pasLoB 1 3aBUCHMOCTb paspyLLatoLLEN Harpy3kn OT KOHCTPYKLMM 3aMOHOMMYEHHOW YacTu NNacTuHbl. YCTaHOBMNEH
XapakTep paspyLueHus 6eToHa Ha rpaHuLe C OLMHKOBAHHOW MNIaCTUHOW.

BbiBopbl. Pesynbrathl 3kcneprMeHTa No3BonsoT caenarb BbIBOA O TOM, YTO B KOMMO3UTHBIX KOHCTPYKLUMSAX C MPUMEHEHNEM
rHyTbIX Npodpunen obecneveHne CoBMECTHON paboTbl 6eToHa 1 cTanbHOW 6anku BO3MOXHO 6€3 MCNonb30BaHWsA JOMNOMHU-
TeNbHbIX 3N1EMEHTOB. AAre3anoHHbIe CBOVICTBA MaTepmanos 1 BbllLUTaMNoOBaHHAA YacTb Npoduns cnocobHbl BOCNPUHUMATL
CABUratoLLme yCUnus, BO3HMKarLWwme B KOHCTPYKUMsIX. [ins 6onee To4HOro pacyeta NepekpbITUin C MPUMEHEHUEM THYTbIX
npocunen NnaHMpyeTca NpoBeCT! AONONHUTENbHbIE 3KCNEepPUMeHTarnbHble nccnefoBaHuns. B aTux akcnepumerTtax 6yayTt
ncnblTaHbl 06pasubl, B KOTOPbIX THYThIN NPOdUb 3aMOHONUYEH B BETOH.

KITKOYEBBIE CITOBA: cuenneHne meTanna ¢ 6eTOHOM, CoeanHUTENbHbIE 3NeMEHTbI, cTanexene3obeToHHoe nepekpbITue,
BbILUTAMMOBKM, CTanbHasi OLMHKOBaHHas MnacTuHa, NPOYHOCTb CLENNEHNs
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ABSTRACT

Introduction. The co-authors present the findings of experimental studies of the adhesion force arising between a zinc-
coated steel plate and concrete. Four specimens were used in testing. Rectangular plates, embedded in a concrete paral-
lelepiped, had different types of surfaces. They were smooth, perforated with holes, or they had connecting elements such
as bolts or spikes. The behavior of specimens under loading is analyzed; graphs, describing the dependency between dis-
placements and loading are provided, and the design resistance is determined to analyze the adhesion force between
concrete and a zinc-coated steel plate.

Materials and methods. Four specimens were used in testing. Each specimen represented a zinc-coated steel plate embed-
ded in a concrete parallelepiped. A test bench, consisting of a load frame and a hydraulic cylinder, which pulled the steel plate
out of a concrete parallelepiped, was used in the experiment.

Results. Deformation dependences of specimens were obtained, graphs describing the dependence of displacement on loa-
ding were drawn for four types of surfaces, loading values that trigger the failure of specimens and dependence between
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the loading value, that triggers the failure, and the structure of the embedded part of the plate, are identified. The nature
of the concrete failure at the interface with a zinc-coated plate is tracked.

Conclusions. The results of the experiment enable us to conclude that the joint action of concrete and a steel beam is pos-
sible without the use of additional elements in composite structures that have bent profiles. The adhesion properties of ma-
terials and the stamped part of the profile are capable of absorbing shear forces arising in structures. For a more accurate
analysis of floor slabs that contain bent profiles, additional experimental studies are to be conducted. Specimens, having
bent profiles embedded in concrete, will be tested in the course of these experiments.

KEYWORDS: metal to concrete adhesion, connecting elements, steel-reinforced concrete floors, slotting, zinc-coated steel
plate, adhesion strength
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BBEJEHUE

s obecnieuennst paborococobHOCTH U Tpedye-
MOH HeCyIel CIoCOOHOCTH CTaekene300eTOHHBIX
CHCTEM HEOOXOIMMO BBIOPATh MPOCTOH 1 (K THBHEIH
Croco0 COeMHEHMS KeIe300€TOHa CO CTABbHBIM IIPO-
¢unem, mpruMeHeHHe KOTOPOTO 00ECIIEYNT UX COBMECT-
Hylo paboty [1, 2]. HauGonee pacrpocTpaHeHHBIM Me-
TOZOM PEIICHHS TOU 3a/Ia4M SIBJISICTCS HCIIOIb30BaHUC
COEJTMHUTEIBHBIX AIEMEHTOB. B KauecTBe Takux aeMeH-
TOB MOTYT BBICTYIIATh )KECTKHE HJIM THOKHUE YIIOPBI, CTal-
00JITBI, BEICOKOITPOYHBIE OONTHI M mmibku [3-5]. On-
HAKO COEAMHMUTEIbHBIC AIEMEHThI YCIOXKHSIIOT pacyer
1 MIPOU3BOJICTBO KOHCTPYKIIUH, TIOBBIIIAIOT CTOUMOCTD
[6].

BaxxupiMH (pakTOpamMu, 00€CIeYHBAIOIIMMH CO-
BMECTHYIO pab0Ty KOMIIO3UTHOM KOHCTPYKLIUH, CITy’KAaT:

* MEXaHMUYECKOE CLEIUICHUE, BOSHUKAIOLIEE TIPU
COTIPOTHUBIICHIH OETOHA YCUIIMSIM CMSATHS U Cpe3a U 00-
YCIIOBJIEHHOE BO3MOXXHBIMI HEPOBHOCTSIMH CTaJIbHOTO
TIPOGUILS;

* CHJIBI TPEHHUS M 0OXKaThsl, BO3HUKAIOIINE Oaro-
Japst ycaike O€TOHA P TBEPCHUH LIEMEHTHOM CMECH;

* XHMHYECKOE B3aMMOJEHCTBHE MAcChl [IEMEHTHO-
TO BSKYIIETO C MOBEPXHOCTBIO METAJLIA, IPOLIECCHI al-
re3uu [7].

C 11eTIbI0 OLIEHKH CHJI CLIETICHUS] MEX/y OETOHOM
Y THYTBIM NTPOQHIIEM IPOBEJICHBI NCTIBITAaHNs 00pPas3IloB,
B KOTOPBIX CTaJIbHBIE TUIACTHHBI B3aUMOZICHCTBYIOT C Oe-
TOHOM 0€3 IPUMEHEHUSI TOTIOJIHUTEIIBHBIX COSTMHNTEIIb-
HBIX 371eMeHTOB [8, 9]. Llenb skcrepuMeHTaNbHBIX UC-
CJIeIOBaHUI — OIpeeNeHrne MPOYHOCTH CLENICHUS
0eToHa M CTaIbHON TOHKOCTEHHOI! OLIMHKOBAHHOI T1J1a-
ctuHbI npu casure [10-13].

MATEPHAJIBI 1 METOJbI

IIJ'[H BBIABJICHUSA YCHUIINA, BOCIIPUHUMACMOTI'0 3a CUHET
CHJI CLEIIJIEHUS] MEXAY CTAJIbHOM OLIMHKOBAHHOM IlJIa-
CTHHOM 1 OETOHOM, UCIBITAH PsiI 00pa3ioB. McrbITaHust
OCYILIECTBIISIIUCH HA YCTAHOBKE, COCTOSIILIEN U3 CUIIOBOM
paMbl ¥ THAPABINYECKOTO UINHAPA, KOTOPBIA BBIIEP-
rUBaJI U3 OCTOHHOTO MapaIeIeUIeaa CTaIbHYIO TIa-
cTUHY. beToHHBIN napaiuienenunes ynupaics B J1Ba
yHopa, 3aKperaeHHbIX Ha CHJIOBYIO PaMy HEMOIBUKHO.
Ha puc. 1 moka3zan oOmmii Bux 00pasia ¢ 0CHACTKOM.
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Puc. 1. O0muii Bug oOpasua ¢ 0CHACTKOU

Ha puc. 2 nmpencraBneHs! 4epTexu o0pasia u ys3ina
KPETUICHYSI TUTACTUHBI K TUAPOLMITAHAPY.

JInst ucTipITaHU OBLITU MTOATOTOBJICHBI 4 BapuaH-
Ta 3KCHEPUMEHTAIBHBIX 00pa3noB. Y Bcex oOpas-
OB OCTOHHBIN Mapajiejenunes UMel pa3Mepsl
700 x 400 x 150 mm. CTaJibHBIC OIIMHKOBAHHEIC JIaCTH-
HBI TOIIIMHOM 3 MM, IyinHOM 720 MM 1 miupuHoii 300 Mm
3aBoAMINCh B 6eToH Ha Tryouny 300 MmM. Beibop ToI1-
LMHBI TUTUTHI U CTAJILHOMN TUTACTHHBI TIO3BOJIUIT PACCMO-
TpPETh B3aUMOJICHCTBHE OETOHA M CTAbHOU TIIIACTHHBI
B YCJIOBHSIX, OJIU3KUX K TEM, IPU KOTOPBIX OHU OYIyT
B3aUMOJICHCTBOBATh B IepeKpbITuU. [lnacTuHa Kpenu-
JIACh K THJPOIMINHAPY UCIBITATSIIEHOW MAIIMHEI IIIe-
cThio Oontamu M20.

PaccmoTpeHo ueThIpe THITa 00pa3ioB, KOTOPHIC OT-
JIMYAJIMCh JIPYT OT JPyTa 0COOCHHOCTSIMU 3aMOHOIMYCH-
HBIX B OCTOH yYaCTKOB CTaJIbHOM ITaCTHHBIL:

e obpazery Ne 1| — 3aMOHONHMYECHHBIN y4acTOK
OIIMHKOBAaHHOW CTAITFHOM IJIACTHHEI TaIKui (puc. 3, a),
CIICIUICHHE C OETOHOM JIOCTUTACTCSI 32 CUET a/Ir€3HOHHBIX
CBOMCTB MarepuaJios;

» oOpazery No 2 — 3aMOHOJIMYEHHBIH y4acTOK
OLIMHKOBAaHHOM CTaJIbHOM MJIACTUHBI UMEET BOCEMb OT-
BepcTuil auameTpom 22 MM (puc. 3, b), cuerieHue ¢ oe-
TOHOM JTOCTUTAETCS 3a CUET aATe3MOHHBIX CBOMCTB Ma-
TepuasoB U GOPMUPOBAHUS HEOONBIIUX OCTOHHBIX
IITTOHOK;

* obpazer; Ne 3 — Ha 3aMOHOJIMYCHHOM Y4aCTKe
IUTaCTHHBI BBIONHACTCS 8 oTBepCTHii qrameTpom 10 mm,
B KOTOPBIC YCTAaHABIUBAIOTCS OOJTHI TUAMETPOM 8 MM,
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3KcnepmmeHTa/\bele NCCAeAOBaHUA CUAbI CLUENAEHNSA CTaAbHOM OLlMHKOBaHHO;I nAacTUHbI U 6eToHa
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Puc. 3. Dxcniepumenranbsibie 00pasusl Ne 1 (a); Ne 2 (b); Ne 3 (¢); Ne 4 (d)

JUIMHOM 40 MM, yBEIMYHBAIOIE CLEIJICHUE TUIACTHHBI
¢ 0etonom (puc. 3, ¢). JlaHHBII BUJ COCAMHEHUI HC-
cienoBaics B paborax [14, 15];

* obpazen; Ne 4 — Ha 3aMOHOJIMYCHHOM Y4aCTKe
IUIACTUHBI BBIILITAMIIOBBIBAETCS 8 OTOrHYTHIX Ha 90 rpa-
JIyCOB OT IJIOCKOCTH IIACTHHBI TPEYTOJILHBIX PABHO-
CTOPOHHUX LIHUIIOB pa3Mepamu 20 MM, KOTOpBIE YBEIIH-
YHBAOT CICIJICHUE IUIACTUHBI C OeTOHOM (puc. 3, d).

[TnacTuHBI U3rOTOBIICHBI U3 OLIMHKOBAHHOM CTaJIN
Mapku 350 mo 'OCT P 52246-2016 «IIpokat nuctoBoii
ropsiueoMHKoBaHHBINHY». B coorBercTBuu ¢ CII
260.1325800.2016 «KoHCTpyKInH CTAJIbHBIE TOHKOCTEH-
HbIE M3 XOJIOJHOTHYTHIX OIMHKOBAaHHBIX Npoduien
Y ro)pUPOBAHHBIX JINCTOBY» PACUETHOE CONPOTHBIICHHE
3TOi cTanu 10 npezeny texydectu R, = 330 MITa.

OO0pa31ipbl BBIIOIHEHBI 13 OETOHA KJlacca IPOYHOCTH
B25. PacuetHoe conpoTHBiIeHHE OETOHA 0CEBOMY CiKa-
tHiO R, = 14,5 MIla. PacueTHoe conpoTuBieHHe OeToHa

oceBoMy pacTsukeHHto Ry, = 1,05 MIIa. PacuetHoe co-
IpoTUBJIeHue OeToHa Ha cpe3 Ry, = 2R;, = 2,1 Mlla.
Boutel, ucnonb3oBanHbie B 00pasie Ne 3, UMEIOT Kiace
MIPOYHOCTH §,8.

HcnpiTanus 00pa3noB OCyIECTBIUIUCH Ha Oa3e
['0710BHOTO pEerMOHANBHOTO LEHTPa KOJIIEKTHBHOIO
nonb3oBanuss HUY MI'CY. B skcniepumMenTe npuMeHs-
Jlach CHJIOBAsl paMa Julsl CTaTHYECKUX MCIBITAHUM C 3a-
KpEIUIGHHBIM Ha He# ruaporminHapoM. O0mui Bux
YCT@HOBKH JUIsl MCIIBITAHUH [T0Ka3aH Ha puc. 4.

[Tpu npoBeieHNH SKCIIEpUMEHTa OETOHHBIN ITapa-
JIeJIeTIUIIEe]] BEPXHEH IPaHblO YITUPACTCs B MIONIEPEYHbIC
9JIEMEHTHI, PacIOJIOKEHHbIE B HHXKHEH Y4acTh CHIIOBOU
pambl. CTanbHas IJIaCTHHA KPEIUTCSI K THIIPOLMIMHIIPY
Yyepes3 OroJIoBOK Ipu oMoty 60atoB M20. Yopsr cu-
JIOBOI paMbl 3aKPEIUICHbI A0COIIOTHO JKECTKO, BO3MOX-
HOCTb X IepeMelieHns uckioueHa. Jis n3mepenus
NepeMEIICHUH CTaJIbHOM IJIaCTHHBI OTHOCHUTENIBHO Oe-
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