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Annortauus: [locmanosxa 3a0ayu. COOpPHO-MOHONUTHOE AOMOcTpoeHue B Poccun u npyrux
CTpaHaxX B IOCJICIHUE TOIBI aKTUBHO pa3BuBaeTcs. HalOiromaercss MOCTOSIHHBIA pocT 00BEMA
CTPOUTENLCTBA U3 COOPHO-MOHOIJIMTHOTO JKeje3o0eToHa. Hapsmy ¢ 3TUM HeZ0CTaTOYHO
U3y4eHbl  OCOOEHHOCTH  Tmporecca jaeGopMHpOBaHUS  COOPHO-MOHOJUTHBIX  3JIaHUMH,
BO3HHUKAIOIIME B TpoIecce MOHTaxa. Llenh 3KCIepMMEHTaNbHBIX HCCIENOBAHUN — HM3Y4YECHHE
0COOCHHOCTEH (POPMHPOBAHUS HAMPSHKEHHO-AC(OPMUPOBAHHOIO COCTOSHHS IUIOCKOM paMbl
COOPHO-MOHOJIUTHOTO Kapkaca ¢ Y4€TOM IO3TAllHOTO MOHTaXKa W 3arpyKeHus. 3ajadyamu
WCCJICIOBAHMS SIBJISIFOTCS: pa3paboTka METOAWKHA MPOBENCHUS DKCIEPUMEHTA II03TAITHOTO
MOHTaXa M 3arpy’K€Hus COOPHO-MOHOJHMTHON paMbl; MPOBEACHHWE SKCIIEPUMEHTa; aHalu3
MOJIYYEHHBIX PE3yJIbTaTOB.

Pezynomamel. DKCTiepUMEHTaIbHBIE HWCCIEIOBAHUS COOPHO-MOHOJIMTHOW IIJIOCKOH pambl
YUWTBHIBAJIM TIO3TAlTHOCTh MOHTaka M 3arpykeHus. llepBblii »Tam — MOHTaXX COOPHBIX
3JEMEHTOB U TMOCJEAYIOLIEE HUX 3arpy:KeHHE Harpy3kod, MOIEIHUPYIOMIEH BeC MOHOJIUTHOIO
OeToHa M OMUpaeMbIX IIEMEHTOB. BTopoil 3Tam (Harpy3ka IepBOTO dTarma He CHUMAETCs) —
YKJIaJIKa MOHOJIUTHOTO OeToHa, Habop UM TpeOyeMoi MPOYHOCTH U BKIIOYEHUE €0 B MPOIece
neOpMUPOBAHUS, MPUIOKCHHE  JOMOJHUTCIBHOM  HAarpy3Kd, MOJCIMPYIOIICH  Bec
KOHCTPYKIIUI T0JIa, TEPEeropoJoK, HEHECYIIMX CTeH W O3KCIUTyaTallMOHHYK Harpys3ky. B
pe3ynpTaTe TPOBENEHHBIX HWCCIENOBAHUN  OMpeAeNeHbl 0COOEHHOCTH  (OPMHUPOBAHUS
HANPsHKEHHO-1e(DOPMHUPOBAHHOTO  COCTOSIHUS ~COOPHO-MOHOJIUTHOI'O KapKaca. BbISBICHO
W3MEHEHHe XapakTepa (OpMHUpPOBaHHS HANPsKEHHO-IeHOPMHUPOBAHHOTO COCTOSHHUS KapKaca
COOPHO-MOHOJIUTHOTO 3/aHWS TOCJE YKIAIKA MOHOJIHTHOTO OETOHAa W BOBIEYEHHS €ro B
nporiecc a1ehopMUPOBAHUSL.

Boigoowi.  TlpoBenéHHBIE 3KCIEpUMEHTAJIbHBIE MCCIEOBaHMUS YKa3bIBalOT, YTO IPOLECC
MOHTaXa W TIOATAITHOE BOBJIEUEHHE B MpOIEcC AePOPMHUPOBAHHUS KaK OTACIHHBIX AIIEMEHTOB
COOPHO-MOHOJIUTHOTO KapKaca, TaK M COCTABISIONIMX OSTHX JJICMCHTOB MEHSCT XapakTep
(hopMUpOBaHUs HANPSHKEHHO-E(HOPMUPOBAHHOTO COCTOSIHHUS COOPHO-MOHOJIUTHOTO KapKaca.

KuiroueBbie ciioBa: >kKene300€TOHHBIC KOHCTPYKIUH, COOPHO-MOHOJUTHBIE KOHCTPYKITUH,
IKCIIEpUMEHTAIILHBIC HCCIICAO0BAHMS, TUIOCKAs paMa, MOHTaX, HaNpsbKEHHO-IeGopMUpoBaHHOE
COCTOSIHHE, TTPOTHOBI, TPEITUHOCTONKOCTD, JedopMaliui 6eToHa
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Results of experimental studies of the stress-strain state of a
prefabricated monolithic frame
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Abstract: Problem statement. Prefabricated monolithic housing construction in Russia and
other countries has been actively developing in recent years. There is a constant increase in the
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volume of construction from precast-monolithic reinforced concrete. Along with this, the
features of the deformation process of prefabricated monolithic buildings that arise during
installation have not been sufficiently studied. The purpose of experimental research is to study
the peculiarities of the formation of the stress—strain state of a flat frame of a prefabricated
monolithic framework, taking into account the phased installation and loading. The objectives
of the study are: development of a methodology for conducting an experiment of step-by-step
installation and loading of a prefabricated monolithic frame; conducting an experiment;
analyzing the results obtained.

Results. Experimental studies of a prefabricated monolithic flat frame took into account the
stages of installation and loading. The first stage is the installation of prefabricated elements
(columns, prefabricated parts of crossbars) and their subsequent loading with a load simulating
the weight of monolithic concrete and supported elements. The second stage (the load of the
first stage is not removed) is laying of monolithic concrete, the set of the required strength and
inclusion in the deformation process, the application of an additional load modeling the weight
of floor structures, partitions, curtain walls and operational load. As a result of the conducted
research, the features of the formation of the stress-strain state of the prefabricated monolithic
frame are determined. A change in the nature of the formation of the stress-strain state of the
frame of a prefabricated monolithic building after laying monolithic concrete and involving it in
the deformation process has been revealed.

Conclusions. The conducted experimental studies indicate that the process of installation and
step-by-step involvement in the deformation process of both individual elements (columns,
crossbars) of the prefabricated monolithic frame and the components of these elements
(prefabricated and monolithic parts of the crossbar) determines the nature of the formation of
stress-strain of the prefabricated monolithic frame.

Keywords: reinforced concrete structures, prefabricated monolithic structures, experimental
studies, flat frame, installation, stress-strain state, deflections, crack resistance, concrete
deformations
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1. Baenenue

B mnocnemHre roapl COOPHO-MOHOJNMTHOE JOMOCTPOSHHE B MHPOBOH IpakTHKE
CTPOUTENECTBA AKTUBHO pA3BHBAETCS, YTO BBIPAXKAETCA HE TOJBKO B PacTylieM OO0bEMe
JTAHHOTO BHJAa CTPOUTEIHCTBA, HO M B YBEITMYMBAIOIIEMCS MHTEpPECE K JAHHON KOHCTPYKTHBHOM
CHCTEME CO CTOPOHBI YUEHBIX U MHKEHEpPOB. B HacTosmiee BpeMs pa3paboTaHbl pa3HOOOpa3HbIE
BapUaHTBl YCTPOHCTBa KOHCTPYKTHUBHBIX CHCTEM COOPHO-MOHOJNUTHBIX 3aaHuii [1-3].
[IpoBoxsiTcs HaydHBIE HWCCIIEOBAHUSA (TEOPETUUECKHE, YHCICHHBIE M IKCIIEPIMEHTAIbHEIE) T10
W3y4YCHUIO DPA3IUYHBIX OCOOEHHOCTEH mpolecca aAehOpMHUPOBAaHUS KaK OTHACIBHBIX COOpHO-
MOHOJIUTHBIX 3JIEMEHTOB, TaK U 34aHui B 1iesioM [4-6]. Kpome Toro, mpoBoasTCs uccienoBanus
OTJIENBHBIX Y3JI0B KOHCTPYKTUBHBIX CHCTEM COOPHOTO W COOPHO-MOHOJHUTHOTO KeJle300eTOHa
[7, 8].

BaxHO KOHCTPYKTHBHOH 0COOEHHOCTBIO, IPUCYIIEH 3AaHUSIM U3 COOPHO-MOHOIUTHOTO
JKene300eToHa, MOMHMO TIOATAITHOTO BOBJIEYEHHWS B Tporecc AeQOpMHUpPOBAHHSA 3[IaHUS €T0
OTJIENBHBIX 3JI€MEHTOB (KOJIOHH, CTEH, pUTEJIeH, MePeKPHITH U T. [I.), SIBIAETCSA U ITOCTETIEHHOE
BKJIIIOUEHHE B Mporecc AeGOpMUPOBaHUS OTHACIBHBIX YaCTe KOHCTPYKTHBHBIX 3JIE€MEHTOB
(Hammpumep, B COOPHO-MOHOJUTHBIX PUTEISIX U MEPEKPHITHIX B MPOIECC BOCIPUATHS HATPY3KU
BKJTFOYAETCS] BHAYAJIe COOpHAs 4acTh, a 3aTeM, TTociie Habopa TpeOyeMoi MPOYHOCTH, B ITPOIIece
neOopMUpPOBaHHS BOBJICKACTCSI MOHOJIMTHAS YacTh). B KOHEYHOM HUTOTe MO3TAHOE BOBJICUCHHE
B mporecc AcGOpMUPOBAHUS DIEMEHTOB MPHUBOAMT K CYIIECTBEHHOMY HW3MEHEHHUIO
HanpsokEHHO-IehopmupoBanHoro cocrosaus (HJIC) kapkaca B 1enmoMm, B CpaBHEHHH CO
cilydaeMm, KOrJia TpoIlecC BO3BEJCHUSI He yuHuThiBaeTcs. [Ipu 3ToM Ooliee paHee BKIIIOYCHUE B
paboTry cOOpHBIX 4YacTedl »BIEMEHTOB, HEXEIH MOHOJIMTHOrO O€TOHa, TMPHBOAWUT K
BO3HUKHOBEHHIO B HUX (COOPHBIE YAaCTH) HAYaJIbHBIX YCHITHI.
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N3ydenuio BoOmpocoB yu€ra TMpolecca MOHTaXKa TMPHU  BBIINOJHEHUH PACUYETOB
CTPOUTENIbHBIX KOHCTPYKIMH Kapkaca 3AaHusl TMocBsmeHsl padotel [9, 10], rme aBTOpHI
yKa3bIBaloT Ha cymecTtBeHHoe orianune HJIC kapkaca 3paHus B ciyyae ydéra M He ydéra
npoliecca MOHTa)ka IIPU BBIIOJIHEHUM pacu€Ta CTPOUTEIbHBIX KOHCTPYKUMH. B uactHOCTH, B
pabore [10] A. B. IlepenbMyTep ykaszan, 9To «OOJBIIMHCTBO W3 JACHCTBHUI, BBHIMMOTHCHHBIX B
npolecce MOHTaXa, MPHUBOAUT K H3MEHEHHUIO PAcu€THOM CXEMbl H/WIM HampspKEHHOTO U
1e(OpPMUPOBAHHOTO COCTOSIHUSI CHCTEMBI». BakHOCTh yu€Ta mpolrecca MOHTa)ka NMpH pacuére
CTPOUTENILHBIX KOHCTPYKIMH yka3aHa u B paborax [11, 12]. B pabore [13] npemcraBieHbt
Ppe3yJIbTaThl MPOBEAEHHBIX aBTOPAMU CTAThU HKCIEPUMEHTABHBIX M YUCIEHHBIX UCCIIEI0BaHUI
N0 W3YyYCHHIO BIMSHHUS TOATAITHOTO MOHTa)kKa M BOBJICYEHHUS B Mpolecc JeGopMUpOBaHUS
cOOpHOH M MOHOJUTHOH dYacTell COOPHO-MOHOJIMTHOIO wu3rubaeMoro sjemenra [13].
[Mony4yeHHbIe pe3ynbTaThl IOKA3aJM, YTO MOATAITHOE BOBJICUEHUE B Ipoliece TeOpMHPOBAHHE
OTIENBHBIX YacTeld COOPHO-MOHOJIUTHOTO 3JIEMEHTa IMPHUBOAUT K CYIIECTBCHHOMY OTIHYHUIO
HAC or cOOpHO-MOHOIMTHOM  KOHCTPYKIMH, Tlleé MPOUCXOIHWT  €JHMHOBPEMEHHOE
nedopmupoBanue snemeHTa. [IpuuéMm Hecymias crnocoOHOCTh yBenuuuBaeTcs 10 18% mpu
MO3TATHOM Je(OPMUPOBAHUU. AHAJOIMYHbIC PE3yJbTaThl OBLIM IOJNYyYEHbI NPH H3YyUCHUHU
ocobennocrerr opmupoBanuss HJIC kene300€TOHHBIX BIEMEHTOB, YCHJICHHE KOTOPBIX
MIPOMCXOANT B TIPOIECCE PEKOHCTPYKIIUH MO AeiicTBUeM Harpy3ku [14, 15].

Ha ocHoBaHumm ckazaHHOTO Bbllle Obia cOpPMyIUpOBaHA cledyolas ILejb
IKCIEPUMEHTAJILHBIX MCCIEAOBAaHUN — onpeaenuts ocodenHoctd HJIC cOOpHO-MOHOIMTHOTO
KapKkaca ¢ y4€TOM MO3TAaITHOI'0 MOHTaXa U 3arpyKeHusl.

OO0beKkToM HCCleOBaHUI  sBISEeTCS COOPHO-MOHOJNWTHBIM KapKac, a TpeaMeT
uccnenoBanuii — ocooenHoct hopmuposanus HIC cO0pHO-MOHOTUTHOrO KapKaca.

Jis  mocTwkeHWsT Tend pelieHsl 3ajadyd: pa3paboTaHa METOIWKA IPOBEACHUS
9KCIEPUMCHTABHBIX ~ UCCIIEOBAaHUH COOPHO-MOHONUTHOM TIOCKOM pambl, TMPOBEACHBI
IKCIIEPUMEHTAJIbHbIE UCCIIEIOBAHNUS; IPOBEAEH aHAIN3 PE3YIbTAaTOB SKCIIEPUMEHTA.

2. MarepuaJjbl H METOABI

OKCIIepUMEHTANbHBIE HCCICAOBAaHMS BBIIOJIHAIM Ha JABYX IUIOCKHX ABYXITaXKHBIX
JIBYXTIPOIETHBIX COOPHO-MOHONMUTHBIX pamax Pcml m Pecm2 (puc. 1). KoHCTpYKTHBHO paMbl
WACHTHYHBI IpyT Apyry. COOpHBIE YaCTH U3TOTOBIICHBI HA 3aBOJIE JKeJIe300€ TOHHBIX U3ACTHH U3
Tsokénoro OeroHa kimacca B 25: konoHHBI BhicoTOM B 2 3taxa (70x70x1200(h) mm),
apMHPOBAaHHBIE YETHIPbMS CTEPIKHSIMH TPOAOIBbHOIN apMmatrypbl I8A400 u pacmonoXeHHOH ¢
marom 50 MM momepueHHo#l apmarypoit ¥4B500 (puc. 1,a); cOopHble dYacTh pureneit
(70x70(h)x1410 ™M), apMHpOBaHHBIC HIKHEH mpPOAOAbLHONW apmatypod 3@D3B500 wu
pacnonoxenHoit ¢ marom 100 mm B 2 psga momepedynoi apmatyporr ¥W3B500 (puc. 1,0).
Kaxmas pama Brmrodaet 2 nposéra mo 1500 mm 1 2 staxka o 600 mMm.

MoHTax W 3arpykeHHe paM HPOHMCXOAWIO B JAOOpaTOPHUW HCIBITAHHUS CTPOHUTEIBHBIX
KOHCTpYKIMi CHOMPCKOTo (eiepanbHOr0 YHUBEpCUTETA B 2 ATara:

1-# atan (puc. 1,a, 1,6):

— MOHTaX COOpHBIX 3JieMeHTOB paMm Pcm1 u PcM2 npyr HanpoTuB npyra Ha pacCTOSIHUU
2,0 M. B pamkax 1-ro stana miockas pama oOpa3oBaHa 3a CUET KECTKOTO 3aIEeMIICHHUST KOJIOHH
C OCHOBaHMEM M LIAPHUPHOTO CONPsDKEHMsI COOPHBIX YacTell pureneil ¢ KOJIOHHAMU;

— TPWIOKCHHE HArpy3Kd, KOTOpas MOJEIMpPYeT Harpy3Ky OT COOCTBEHHOTO Beca
cOOpHOTO 3JIeMeHTa, COOCTBEHHOI'O Beca IPYruX COOPHBIX 3JEMEHTOB (HAIpPUMEp, IJIUTHI-
OnaryOKH) M BEC MOHOJUTHOTO OeToHa. 3arpyKeHHe OCYIIECTBIISUIOCH TOJBEITMBAHUEM Ha
Tpocax 0eTOHHBIX O10KOB cpemauM BecoM 0,55 kH B 2 mrara (Ha kaxaprit purens). [locie 1-ro
atana 3arpyxenus cuna P = 0,55 xH.

2-i atan (puc. 1,0, 1,2):

— HE CHUMas Harpy3ku 1-ro atama Haj ONOPOH pUIes YCTaHOBJIEHA IIPOAOJIbHAS
apMaTypa W YJIOKeH MOHOJHMTHBIH KepaM3uToOeToH kiacca B12,5 (Beicota 40 mm). Bricora
CcOOPHO-MOHOJUTHBIX OaoK coctaBmia 110 mMm;

— mociie Habopa TpeOyeMoi MPOYHOCTH KEPaM3UTOOETOHOM ILIOCKas paMa oOpa3oBaHa
KECTKMM 3alleMIICHUEM KOJIOHH C OCHOBAaHHMEM M PHreliei ¢ KOJIOHHAMH, B UMEET OOJBIIYI0
CTENeHb CTAaTUYECKOM HEeOolpeAeTMMOCTH, YeM Ha 1-M 3Tarne;
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— TMPUIIOKEHHUE HArpy3KH, KOTOpas MOJEIHPYET BeC KOHCTPYKIMHA Mojia, MeperopojoxK,
OTpaXIAIOIIMX HEHECYIIMX CTEH W SKCIUTyaTallMOHHYIO HarpysKy. 3arpykeHue Ha 2-M dTare
MIPOUCXOJMIO B MECTax, YTO W Harpy3ku 1-ro srtama. Illar yBemwuenus cuibl P cocraBun
0,275 xH. Makcumanpras cuna P cocraBmna: 1,65 kH — Ha purenn HmxHero sapyca; 2,2 kH u
1,925 kH — Ha purenm BepxHero sipyca IJi MPaBOTO H JIEBOTO IMPOJETOB COOTBETCTBEHHO.
[opsimoxk 3arpykenust Oanok Ha 2-m stane: b2, b1, b4 u b3.
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Puc. 1. DxciepuMeHTanbHAS paMa: @ — KOHCTPYKTHBHAs cXeMa Ha 1-M 3Tare; 6 — KOHCTpYKTUBHASI CXeMa
Ha 2-M 9Tarne; ¢ — GoTo pam Ha 1-M 3tarne; ¢ — GoTo pam Ha 2-M dTane (MUTIOCTPALsI aBTOPOB)

Fig. 1. Experimental frame: a — constructive scheme at the 1st stage; b - constructive scheme at the

2nd stage; ¢ — photo frames at the 1st stage; d — photo frames at the 2nd stage (illustration by the authors)

Jedopmariu 6eToHa (PUKCHPOBATUCH TEH30METPUUSCKUMU JaTdyukaMu O6a3oii 20 MM (Ha
cxeme — T20), 50 mm (Ha cxeme — T50) u 60 MM (Ha cxeme — T60). [Iporudsl GUKCHPOBATHCH
nporudomepamu (Ha cxeme — 1), pasmeniaeMbpIMu 0 TIEHTPY OAJOK.

3. Pe3yabTaThl M 00CyKIEHHE

OKcIepuMEeHTaIbHbIE UCCIIEOBAHMS [T0KA3aIIH:

— OTCYTCTBHE CMEILICHHS MOHOJMUTHBIX YacTell OTHOCHUTENBHO COOpHBIX B COOpHO-
MOHOJIUTHBIX 3JeMeHTax. COBMECTHOCTh JeOpPMUPOBaHUS 00ECIIeYeHO 3a CUET CHII TPEHHUS U
aAre3uy 10 KOHTAaKTHOMY IIIBY U IIOIIEPEYHON apMaTyphl;

— pPaBHOMEpHBIH poOCT mporuboB Oamok u nedopmanuii OeToHOB (cOopHOTO M
MOHONUTHOTO). llpmuém mocne HabOpa MOHONUTHBIM OETOHOM TpeOyeMOH NPOYHOCTH
WHTCHCHBHOCTH POCTa MPOTrUO0B U AedhopMalinii 3aMeIIseTCs;

— 00pa3oBaHue NEePBHIX TPEIINH B PUTENIAX PaM Ha 1-M 3Tare 3arpyKeHus;

— OTCYTCTBHE NPU3HAKOB Pa3pyLICHHUs CKAaTOro OETOHa, a Takke He 3a()MKCUPOBAHO
MHTEHCUBHOE M HE CTaOMIM3MpPYIOLIeecs HapacTaHHe MPOrHOOB, YTO CBHUICTEILCTBYET O HE
JOCTHKEHUU HECYILEH CIIOCOOHOCTH 3JIEMEHTOB 3KCIIEPHUMEHTAIBHBIX PaM.

B pesynbpraTe ananmuza nporu0OoB (puc. 2) OTMEUEHBHI:

— pa3Has MHTEHCHBHOCTh POCTa MPOrHOOB 0ajlOK paM Ha Ka)KAOM 3Tale 3arpyXeHusl.
[lpu BocHpHATHH HArpy3KH TOJBKO COOpHOW 4YacTbio Ha 1-M 3Tame WHTEHCUBHOCTH POCTa
MIPOruOOB BHIIIE, YEM HA 2-M 3TaIe, Koraa 0alku y)xe cCOOpHO-MOHOJINTHEIE;

— Ha 1-m 3tane nporu6s! 6anok pam Pcml u Pem2 mpu narpyske P = 0,28 xH cocrasunu
0,63...0,78 mm, a ipu P = 0,55 kH — 2,47...2,77 mm;
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— B IIpolecce 3arpyKeHWsi Ha 2-M 3Tale IPOUCXOAUT OJHOBPEMEHHOE YBEJINYEHUE
npornba HEMOCPEICTBEHHO 3arpykaeMblx Oaliok W BbIrMO (yMeHbLIeHHE mporuda) Oanox
CMEKHOTO TPOJIETa U3-3a HEPa3pbIBHOCTH COOPHO-MOHONIMTHOM Oanku. B wactHOCTH, B Oankax
b2 m b4 mpu mepBoHaYaNIbHOM 3arpykeHmnm Nporudsl coctaBwin 4,40 MM m 3,89 MM
COOTBETCTBEHHO, a ITOCJIE 3arpyKeHusi CMeXXHBIX 0amok bl u b3, nmporn6sr B 6ankax b2 n b4
cHI3HIHUCH 10 4,14 MM 1 3,73 MM COOTBETCTBEHHO (MIOCIEIHUN 1Iar 3arpykeHus). B Oankax b1
u b3, Haobopot, BHavase Ha 2-M 3Tarne MPOM30ILUI0 YMEHbLICHHE Mporuda, chopMUpPOBaHHOTO
Ha 1-M aTane, mo Mepe 3arpykeHus cMexxHbix 0anok b2 u b4, a B mociemyromemM, mocie ux
HETIOCPEACTBEHHOT0 Harpy>KeHUsl, IPOTruObl YBETUUMINCE.
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Puc. 2. I'paduk nporun6oB 6anok pam (KpacHbIH KBaJpaT — OKOHYaHHE 1-ro 3Tamna; KENTHII TPeyroJbHUK
— OKOHYaHHE WJIM HayaJIo HEMTOCPEICTBEHHOTO 3arpyKeHHs KaXK10H OTAeIbHON OaJIKK pambl Ha 2-M
stane): a — 6anku b1, B2; 6 — 6anku b3, b4 (mwutoctpaius aBTOpoB)

Fig. 2. Graph of deflections of frame beams (red square — the end of the 1st stage; yellow triangle -
the end or beginning of the direct loading of each individual frame beam at the 2nd stage): a — beams B1,
B2; b — beams B3, B4 (illustration by the authors)

B cOopubix wactsx Oanok Ha 1-M 3Tame 3arpyKeHHs TPEUIMHBI OOpa30BHIBAJIUCH B
cepenuHe nposéra (puc. 3,a) nmpu Harpyske P = 0,55 kH, BeicoTa uX pacmpocTpaHeHHS
cocramia 20...30 MM, a mmpuHa packpelTua He tmpeBeicrwia 0,05 mm. TpermmwHb
obpazoBeBanuch ¢ mmarom 70...100 mMm. B mocnemyromem, Ha 2-M JTame 3arpyKeHHs, B
oOpa3zoBaBIIMXCA Ha 1-M 3Tame TpelIMHAX YBENUYWIACh IIMPHUHA HMX PACKPBITH, HO 0e3
CYLIECTBEHHOTO pOCTa BBICOTHI PACIIpOCTPaHEHUs (IOJTHOCTHIO COOPHYIO YacTh HE MEPECEKIN U
HE JIOCTHIJIA MOHOJIUTHOTO OETOHA).

B MoHONHMTHOM OeTOHE Ha 2-M 3Tare TPEeLIMHbI 00pa30BalliCh HaJl CPEAHEH OMOpPOW MpH
Harpy3ke P = 1,93 xH. Psan tpeuun B omopHO#H 30HE MOJHOCTHIO MEPECEKIM MOHOJIMTHBIN
0eTOH, OJHAKO UX PACIIPOCTPaHEHUs B COOPHYIO YacTh HE MPOHU3OIILIO.

B Xxozme mpoBeneHUs SKCIEPHUMEHTANBHBIX HCCIIEOBAaHUN B KOJIOHHAX TPEIIMHBI HE
BO3HHUKIU. OTCYTCTBOBAIM TOPU3OHTAIBHBIC TPELIMHBI, KAK B MOHOJHMTHBIX M COOPHBIX 4acCTsIX
JJIEMEHTOB, & TaKXKe [0 KOHTAKTHOMY IIBY CONPSDKEHUsI 0ETOHOB B OaIKax.

HdedopmupoBanne 0ajok DdKCIepUMEHTaNbHBIX pam Pcml u PcM2  mpowmcxomuio
CIIeTyFOIIAM 00pa3oM:

— Ha 1-m aJTame 3arpykeHusi cxemMa padoThHl purelneil (cOOpHBIE YacTH) MPEACTABISIFOT
co00#1 M3rubaeMyr0 MIAPHUPHO-ONEPTYIO OJHOMPONIETHYIO Oaniky, TrIe B HW)KHEH 30HE
BO3HUKAET pACTsHKEHHE, a B BepxHel 30He — cxkarue. [locme 1-ro sTama OTHOCHUTENBHBIC
nedopMani CKaThs B BEpXHEW 30HE B cepeArHE INponéTa COOpHOW dacTH Oallku He
npeseicrin 0,00017, aTo MeHbIIIE TIPEIeTHFHOTO 3HAYCHNUS,

— Ha 2-M 3Tare 3arpyKeHHsl CHI)KaeTcs MHTEHCHUBHOCTh pocTa jaedopMannii B cOOpHOIt
JacTH 0aJIoK;

— mociie Habopa MOHOJHUTHBIM OETOHOM TpeOyeMOil IMPOYHOCTH H «IIPEBpaILCHHD»
OTJENBHBIX COOPHBIX IIAPHUPHO-ONEPTHIX OANOK B HEpa3pe3HyH MHOTOMPONIETHYIO COOpHO-
MOHOJIUTHYHO OajKy Ha 2-M dTare MeHseTcs xapaktep ¢opmupoBanus HJIC Gamok. B puremne
OTHOCHUTENbHBIE NleOpMAIA CXKAaTHUS MOHOJHTHOTO OETOHa B CepeArHE MPOJNETa JIOCTHULIH
3Hauennit 0,000175, uTo MeHblIe TmpeAenbHBIX 3HadeHWd. [Ipm 3TOM B CMEKHOM
HEHArpy>KEHHOM pureie, B pe3ylibTaTe BBITMOAa HE3arpyKEHHOTO MpOJiETa, B MOHOJIMTHOM
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0eToHe, BOHUKAIOT pacTsruBaroiiie aehopmaiuu, qocturaromnme 3qadenuii 0,000071. Ilocne
€ro 3arpyKeHuss B MOHOJMTHOM OETOHE BO3HHMKAIOT JedOopMaIliM CXKATHSA, JTOCTHTAIOIINC
saaueHui 0,000163;

— B OINOPHOW 30HE B MOHOJHTHOM OCTOHE BO3HHKAIOT Je(OpMAIlUN PACTSKCHUS,
JIOCTUTAIOIIME MPEACIbHBIX 3HaUeHHM mpu Harpyske Oosee 1,38 kH. IlpumepHo mnpu 3TO0i
Harpy3ke (hMKCUPOBAIHN TPEIUHBI BU3YAIILHO.

a L PR
T Tg]’l»TZTTH';I} T7 T &TZ T 'la TS
wae 70..100 MM | a2 70..100 M
T] TPQTZ T 'ﬁ T5 T TFﬁ T2T1T:E’IP [T7
wae 70..100 MM |, wae 70..100 MM |,
L 1500 1 1500 L
3000
6 TM3..6 M1 TM2
Tj Tﬂ#TZTTT.’gF T7 T &TZ T TPQ TS
wae 70..100 MM | ae 70..100 M
™1 Tm2| |Tm3
T] TPAlTZ T 'Ia TS5 T Tlﬂ T2T1T':|P'IF T7
wae 70..100 MM | wae 70..100 MM |
1500 |, 1500
3000

6 4

Puc. 3. O6pa3oBanue TpeuyH B Oankax: a — cxema Ha 1-M 3Tame; 6 — cxema Ha 2-M 3Tare; 6 — GpoTo
(cbopHas gacth Ha 1-M 3Tamne); e — Goro (MOHOJIUTHAS YaCTh HA 2-M dTare) (WLTIOCTPAIHUS aBTOPOB)
Fig. 3. Formation of cracks in beams: a — diagram at the 1st stage; b - diagram at the 2nd stage; c —
photo (prefabricated part at the 1st stage); d - photo (monolithic part at the 2nd stage) (illustration by the
authors)

HedopmupoBanne konoHH pam Pcml u PeM2 npoucxoanno noruyno. B HmkHUX sipycax
KOJIOHH, BOBJIEKa€MBIX B Mpoliecc AeopMUpoBaHus ¢ 1-ro mara 3arpykeHus, o OKOHYaHUH 1-
ro 3Tamna 3arpyKeHusl OTHOCHTEIbHBIC nehopMariuu qocturiau sHaueHuit 0,000075. B BepxHux
gpycax KOJIOHH, 10 OKOHYaHWM 1-TO JTama 3arpyXeHHs, OTHOCHUTENbHBIE nedopMaluu
nmocturiu 3HadeHus 0,000059.

[Mocne 2-ro srama 3arpyXeHusi BeJIMYMHA OTHOCHUTENBHBIX jaedopMamuii JToCTUria
0,000245 B HmwxHHX spycax kojoHH U 0,000169 B BepxHUX sipycax.

Pe3ynbTaTthl SKCHEPUMEHTANBHBIX HCCIIEAOBAaHUN OBIIM COMOCTABJICHBI C JaHHBIMH
JpYyruX Hay4yHBIX Pa0dOT W TMOJy4YeHa JOCTATOYHO XOpoIas CXOAMMOCTb. B wactHOCTH,
xXapaktep pacmpeneneHust jaedopManmii B I[OMEPEYHOM CEYSHWH COOPHO-MOHOJIMTHOTO
3JIEeMEHTa COBIAJAET C JaHHBIMU, TOJIYYCHHBIMH IIPH SKCIIEPHUMEHTAIbHBIX HCCIIEOBAHUIX
mapHUpHO-onépToit 6anku [13]. Kpome Toro, anaioruuHsie pe3ynbTaThl HOIY4YEHBI U B paboTte
[16], Tne mpoBOAMINCH YHCTICHHBIE HCCIEAOBAHUS JABYXITa)XKHOM ABYXNPOJETHON paMbl MpPU
MOATAITHOM BOBJICYEHUH B Mporecc AedopmMupoBanus cOOPHOrO M MOHOJUTHOTO OETOHOB.
IIpoBenéunsie B pabote [17] mccienoBaHus IMOKa3ald BO3MOXKHOCTh OOECTICUEHHUS BBICOKOM
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CIBUTOBOM >KECTKOCTH IIIBa COMPSDKCHHS PA3HOBO3PACTHBIX OETOHOB 3a CYET YCTAaHOBKH
MOTIEPEYHOI apMaTyphI.

4. 3axkiouyeHue

1. [Ipornecc MOHTa)ka U MOJTAIHOE BOBIICUEHHE B Mpoliece AeGOpMUPOBaHUS Kak
OTJICNBHBIX  3JIEMEHTOB (KOJIOHHBI, pHrelid) COOPHO-MOHOJNUTHOTO Kapkaca, TaK H
COCTaBIISIONIMX 3TUX JJIEMEHTOB (COOpHAas W MOHOJHUTHAs YacTH PUTENs) MEHIET XapakTep
hopmupoanus HJIC cO0pHO-MOHOJUTHOTO KapKaca.

2. YcTaHOBKAa COOTBETCTBYIOIIETO apMHPOBAHHS B OINOPHOW 30HE MOHOJIHTHOM
4acTH COOPHO-MOHOJUTHOTO PHTENS MPUBOJUT K TOMY, YTO CEPHS OJHOIPOJIETHBIX OaoK
«IPEBPAILIACTCS» B CIUHYI MHOTOIPOJIETHYIO Hepaspe3Hyr Oaiky. OZHOBPEMEHHO C ATHM
IIPOUCXOJUT TOBBIIIEHUE >KECTKOCTH Y3JIOB CONPSDKCHMSI PUreleil C KOJOHHOHM, a Takke
W3MEHSETCS KOHCTPYKTHBHAS CXeMa KapKaca 3/IaHUs B IIEJIOM.

Cnucok suteparypsl/References

1. ®énmopoma, H. B., Mockosrera, B. C., BerpoBa, O. A., I'puropres, M. 1. C6opHO-
MOHOJIUTHBIM KapKac HOBOT'O TIOKOJNCHHS JJS OKHJIBIX W TPAXTAHCKUX 3JaHHH
MIOBBINICHHON >KuBy4ecTH // Bromnerens crpoutenbHoil Texauku. 2023. Ne 6 (1066). C.
24-26 [Fedorova, N. V., Moskovtseva, V. S., Vetrova, O. A., Grigoriev, M. . Cast-in-situ
reinforced concrete frame of a new generation for residential and civil buildings of
increased survivability. Bulletin of construction equipment. 2023. No. 6 (1066). P. 24-
26].

2. Serbin, S. A., Dedyukhin, P. O., Fomin, N. I. The analysis of technological parameters of
precast-monolithic system with permanent formwork walls. 4th International conference
on safety problems of civil Engineering critical infrastructures. Safety, 2018.

3. Imenés I'. ., @omenxo H. A., I'apunosa B. H. CpaBHUTENBHBIN aHATN3 COBPEMEHHBIX
CHUCTEM BO3BEJCHHS 37[aHUI TpPaKIaHCKOro HasHaveHUs // JKuiuiiHoe XO3SHCTBO H
KoMMyHasbHas: nHGpacTpykTypa. 2018. Ne 3 (6). C. 9-19 [Shmelev G. D., Fomenko N.
A., Gavrilova V. N. Comparative analysis of contemporary systems of establishing civil
design buildings. Housing and utilities infrastructure. 2018. No. 3(6). P. 9-19].

4. Breccolotti, M., Gentile, S., Tommasini, M., Materazzi, A.L., Bonfigli, M.F.,
Pasqualini, B., Colone, V., Gianesini, M. Beam-column joints in continuous RC frames:
Comparison between cast-in-situ and precast solutions. Engineering Structures. 2016. No.
127. P. 129-144.

5. 3enun, C. A., lapunos, P. III., Myxamenues, T. A., Kynunos, O. B., Yuctskos, E. A.
IIpoekTupoBanre cOOPHO-MOHOJIUTHBIX KeNe300€TOHHBIX KOHCTpyKuuid (O mpoekTte
cBona mpasun) // Bectank HULL «CtpoutensectBoy. 2017. No. 4 (15). C. 107-115 [Zenin,
S. A., Sharipov, R. Sh., Mukhamediev, T. A., Kudinov, O. V., Chistyakov, E. A. Design
of precast-monolithic reinforced concrete structures (About the draft of code of practice).
Bulletin of science and research center of construction. No. 2017. No. 4 (15). P. 107-115].

6. Nedviga, E., Beresneva, N., Gravit, M., Blagodatskaya, A. Fire Resistance of
Prefabricated Monolithic Reinforced Concrete Slabs of «Marko» Technology. Advances
in Intelligent Systems and Computing. 2018. No. 692. P. 739-749.

7. Muponosa, FO. B. Monepau3anuss KOHCTPYKTHBHOTO PEIICHUS TOPU30HTAIHHOTO CTHIKA
IUIIT TEPEKPBITHS. B OC3pHUIeNIbHBIX KapKacax C HCIOJIb30BaHUEM OECCBapHBIX
MEeTICBUAHBIX 3aKJIATHBIX JAeTanel // BecTHUK rpaxaanckux wrkeHepos. 2020. Ne 3 (80).
C. 55-61 [Mironova, Yu. V. Modernization of the design solution of the horizontal joint
of the floor slabs in the beam-free frames using seamless loop-shaped embedded parts.
Bulletin of Civil Engineers. 2020. No. 3 (80). P. 55-61].

8. JlacekoB, C. H. Hampsok€HHOE COCTOSIHHE OIMOPHOHN 30HBI 0ajoK COOPHO-MOHOJUTHBIX
Y3JI0B CO CKPBITOM KOHCOJIBIO // PernoHanbHas apXxurekTypa u cTpouTeascTtBo. 2023. Ne 2
(55). C. 96-105 [Laskov, S. N. Stress state of the support zone of beams of prefabricated
monolithic units with a hidden console. Regional architecture and construction. 2023. No.
2 (55). P. 96-105].

9. KabGanues O.B., Kapnunosckuit B.C., Kpukcynos 3.3., [lepensmytep A.B. Texnomorus
pPacyeTHOro0 MPOTHO3a HAINPSIKEHHO-EPOPMHUPOBAHHOTO COCTOSIHUSI KOHCTPYKIIHH C

23



M3Bectmsa KFTACY, 2023, Ne 4 (66 CTpoutenbHble KOHCTPYKUNW, 30aHUSI U COOPYXKEHMS

10.

11.

12.

13.

14.

15.

16.

17.

y4eTOM HCTOPHH BO3BEICHHS, HarpyxeHus u nedopmupoBanus //International scientific
journal International Journal for Computational Civil and Structural Engineering. 2011.
Ne 7(3). C. 110-117 [Kabantsev O.V., Karpilovsky V.S., Kriksunov E.Z., Perelmuter
A.V. Technology of computational prediction of the stress-strain state of structures taking
into account the history of construction, loading and deformation. International scientific
journal International Journal for Computational Civil and Structural Engineering. 2011.
No. 7(3). P. 110-117].
Ilepenemytep A.B. becempt o crpoumtensHOil MexaHuke. Haydnoe wuzmanme. M.:
WznarensctBo SCAD Soft, u3natenscTBo accounanuy CTpOUTENbHBIX By30B. 2014. 250
c. [Perelmuter A.V. Conversations about construction mechanics. Scientific publication.
Moscow: SCAD Soft Publishing house, publishing house of the Association of
Construction Universities. 2014. 250 p.].
Mkpteiues, O. B., Anapees, M. U., Cunopos, 1. C. AHanu3 ycuinidi B KOHCTPYKIMSIX
npu  yuére cramuiiHOCTH BO3BeZicHUs // CTpoWTeNnbHAass MeEXaHWKa WHXXEHEPHBIX
KOHCTpYKIiA U coopyxkeruid. 2018. T. 14. Ne 4. C. 293-298 [Mkrtychev O.V., Andreev
M. L, Sidorov D.S. Stress changing analysis in structures with account of the step by step
erection. Structural Mechanics of Engineering Constructions and Buildings. 2018. No. 14
(4). P. 293-298].
Edprommn, C. B., Makapos, A. C. Pacuérnelii aHanu3 3((EeKTUBHOCTH YCHIICHUS
CTPOUTEIBHBIX KOHCTPYKIIH, YUHUTBIBAIOIIUH CTaIMHHOCTh BKJTIOYEHHS
JIOTIOJTHUTENBHBIX ~ KOHCTPYKTHBHBIX 3JeMeHTOB // CTpouTenbHas MeEXaHWUKa W
koHcTpykiun. 2020. Ne 4 (27). C. 26-37 [Efryushin, S. V., Makarov, A. S. calculated
analysis of the efficiency of strengthening building constructions taking into account step
by step inclusion 9. Construction mechanics and structures. P. 26-37].
Koyankin A.A., Mitasov V.M. Stress-strain state of the precast monolithic bent element.
Magazine of Civil Engineering. 2020. No. 97(5).
Cementok C.J[., MockanskoBa HO.I'. Ilpounocts u nedopMaTHBHOCTh H3rHOAEMBIX
JJIEMEHTOB, YCHJICHHBIX HAPAIIMBAHUEM CYKATOH 30HBI, IPY CTATUYECKOM MAJIOIUKIOBOM
HarpyxeHusix. — Mormnés: bemopyc.-Poc. yu-1, 2017. — 274 c. [Semenyuk S.D.,
Moskalkova Yu.G. Strength and deformability of bent elements reinforced by the
expansion of the compressed zone under static low-cycle loads. — Mogilev: Belorus.-
Russian University, 2017. — 274 p.].
JlazoBckmit  JI.H. VYcuneHne xene300€TOHHBIX KOHCTPYKIMHA OSKCIDTYyaTHPYEMBIX
CTpoUTENbHBIX coopykeHui. — Hosomomonk: III'Y, 1998. — 240 c. [Lazovsky D.N.
Reinforcement of reinforced concrete structures of operated construction structures. —
Novopolotsk: PSU, 1998. — 240 p.].
Koyankin A.A., Mitasov V.M. Stress-strain state of precast and cast-in place buildings
[HampspxéHnHo-1eopMUpPOBaHHOE COCTOSIHUE COOPHO-MOHOJIUTHOTO 31aHust]. Magazine
of Civil Engineering. 2017. No. 6. P. 175-184.
Koyankin A.A., Mitasov V.M., Tskhay T.A. Compatibility of precast heavy and
monolithic lightweight concretes deforming [CoBmecTHOCT 1ehopMUPOBaHUS COOPHOTO
TOKENOro U MOHOJUTHOrO JiErkoro 0eroHoB]. Magazine of Civil Engineering. 2018. No.
8(84). P. 162-172.

HNudopmanus o0 aBTopax

KossHkuH AJiekcaHap AJIeKCaHAPOBMY, KaHIWAAT TEXHUYECKMX HaykK, CHOMpPCKHii
(benepanbHbI yHUBEpCUTET, I'. KpacHosipck, Poccuiickas denepauns

E-mail: KoyankinAA@mail.ru

MuTtacor Banepuii Muxaiinosu4, npodeccop, r. Horocubupck, Poccuiickas dheneparus
E-mail: MitasovV @mail.ru

Information about the authors

Aleksandr A. Koiankin, Candidate of Technical Sciences, Siberian Federal University,
Krasnoyarsk, Russian Federation

E-mail: KoyankinAA@mail.ru

Valery M. Mitasov, Doctor of Technical Sciences, Novosibirsk, Russian Federation

E-mail: MitasovV@mail.ru

24



