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CUJIOBOE COITPOTUBJIEHME KEJIESOBETOHHbBIX KAPKACOB
MHOTI'OPTAKHBIX 3JJAHAN C KOCBEHHBIM APMUPOBAHUEM B
SAINPEJAEJIBHBIX COCTOAHUAX

Annomayusn. Ilpugsedenvi pesyibmamvl UCCIEO08AHUL  MOHOTUMHBIX  HCENe300eMOHHbIX
KapKaco8 MHO20IMANCHLIX 30AHUL U HCeNe300eMOHHbIX PaM, MOOEAUPYIOWUXx Gpasmenmol maKux
KapKacog 6 3anpeoeibHuiX COCMOAHUAX, 6bI36AHHBIX 0cOObLIMU 6030elicmseuamu. Paccmompeno osa
sapuanma apmuposanus puzenei pam: ¢ 080UHLIM APMUPOSAHUEM, 0becneyusaiowem pabomy puzensl
npu U3MeHeHUU 8 pame CUIOBbIX NOMOKO8 U COOMBEMCMBEHHO 3HAKA MOMEHMA, 8APUAHMA C OBOUHBIM
apmuposanuem u YCMAHOBKOU OONOTHUMENLHOZO KOCBEHHO20 APMUPOBAHUS 6 NPUONOPHBIX 30HAX
pueenei Ha 6cio evicomy cedenus. Ilepsuunvle u 8mopuuHble pacuemnvle cxemvl ObLIU NOCMPOEHbL C
UCNONL308aAHUEM 0OBEMHBIX KOHEUHBIX IeMEHMO8 0 DemOoHa U CINEPIHCHEBLIX INEMEHTNO8 APMAMYPbi.
Tonyyennvle pacuemuvie napamempsvi oeopmayuil, Kapmux mpewur u cxem paspyuwieHus pam ons
6cex 8apuaHmog conoCmagieHvl Mexcoy coooll U ¢ pe3yrbmamamy. UCHeIMaHuti Gusuieckux mooenet
IMUX KOHCMPYKYul. [is OYyeHKu GIUAHUA CMEUAHHO20 aPMUPOBAHUA HA npedeivHvle Oedopmayuu
cocamozo 6emona 6 3anpedenbHbIX COCMOAHUAX, HA OCHO8e Meopuu NAACMUYHOCMU Oemona u
acenezobemona I'A. Tenuesa, nocmpoenvi OegpopmayuonHvie 3a8UCUMOCTU OASL XAPAKMEPHO20
J#ceNe300eMOHHO20 INeMEeHNA, aPMUPOSAHHOZO CIMEPHCHAMU OOHO20 HANPAGIEHUA U CEMKAMU 8 08YX
Opyaux npu 0OHOOCHOM CoHcamuu u 00beMHOU depopmayuu.

Yemanosneno, umo  ucnonvzosanue KOCE6EHHO20 APMUPOSAHUS & COUemaHuu ¢ OBOUHOU
NPOOONILHOU  apMamypoll 8 u3ubaemvix Jd1eMeHmax npu CmamuKko-OUHAMUYECKOM  pedcume
HASPYHCeHUU 3HAYUMENbHO Yeeaudusaem npeodenvHvie Oegopmayuu. Dmom apuanm apMuposanus
ABNACCA OOHUM U3 IPDEKMUBHBIX CNOCOO08 3aUUIbl MOHOIUMHBIX JiCele300eMOHHbIX KAPKACO8
MHO20IMAIICHBIX 30AHULL 0T NPOSPECCUPYIOWe20 0OpYUEeHUsI NPU 0COOBIX 6030EliCMBUSIX.

Knwuesvle cnoea: oicenezobemonnvlii  Kapkac, ocoboe gosodelicmeue,  3anpedeibHoe
CcOCmosiHUe, KOC8EHHOE apMUPOBAHUe, PACYem, HCUBYUeCHb.
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RESISTANCE OF REINFORCED CONCRETE FRAMES OF MULTI-
STOREY BUILDINGS WITH INDIRECT REINFORCEMENT IN OVER-
EXTREME LIMIT STATES

Abstract. The results of studies of monolithic reinforced concrete frames of multi-storey
buildings and reinforced concrete frames simulating fragments of such frames in over-extreme limit
states caused by special actions are presented. Two options for reinforcing the beams of the frames are
considered: with double reinforcement, which ensures the operation of the beam when the force flows in
the frame and, accordingly, the sign of the moment change; option with double reinforcement and
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installation of additional indirect reinforcement in the support zones of the beams for the entire height

of the section. Primary and secondary design models were built using volumetric finite elements for
concrete and reinforcement rods. The obtained design parameters of deformations, crack patterns and
frame failure patterns for all options are compared with each other and with the results of testing
physical models of these structures. To assess the effect of mixed reinforcement on the limiting
deformations of compressed concrete in over-extreme limit states, based on the theory of plasticity of
concrete and reinforced concrete G.A. Geniyeva, deformation dependencies are constructed for a
typical reinforced concrete element reinforced with rods in one direction and meshes in the other two
under uniaxial compression and volumetric deformation.

It has been established that the use of indirect reinforcement in combination with double
longitudinal reinforcement in bending elements under static-dynamic loading conditions significantly
increases the ultimate deformation of the compressed zone. This reinforcement option can working way
to protect monolithic reinforced concrete frames of multi-storey buildings from progressive collapse
under special actions

Keywords: reinforced concrete frame, special action, over-extreme limit states, indirect
reinforcement, calculation, survivability.
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