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PACYHET MAPAMETPOB JE®@OPMHUPOBAHUS KEJE3OBETOHHBIX
PAM IIPU PASPYUWIEHUU PUT'EJIEN 11O HAKJIOHHOMY CEYEHUIO

Annomayusn. Ha >Hepeemuueckoil OCHO8e, pewleHa 3a0aya pacdema HeNUHElHO20
O0ehopMuposanust KOHCMPYKYULL JIcese300emOHHBIX MHO20IMANCHBIX PAM IPU PA3pyuleHuu puzeietl no
HAKNIOHHOMY ~ CeHeHUuio O0m 0CoOblX 6030€licmeull, Gbl36AHHBIX  CIMPYKMYPHOU  NepecmpouKoil
KOHCMPYKMusHOU cucmemol. Tlonyuenvl ananumuyeckue 3a6UCUMOCMU sl ONpedeleHUs NAPaMempos
ouazpammvl «KMOMEHM-KPUBUSHAY U «NONEPEYHAsL CULA-COBULY NPU CIAMUKO-OUHAMUYLECKOM PedCUMe
Hazpysicenust paccmampugaemvix Koncmpykyuil. Onpedeniena npeoeivbHas Hazpy3kd, npu Komopou 6
PaAccmMampueaemol. KOHCMPYKIMUGHOU CUCmeMe PbiMbl NOCAE NPUNONCEHUsL 0C0D020 B8030eliCmEUsl 8
8uUOe BHE3aNHO20 YOaneHus OOHOU U3 KOAOHH Oocmuzaemcsi 0coboe NpeoeibHoe COCMOSIHUe ¢
paspyuteHuem pueeieil o HakloHHbIM cedenusiM. Tlonyuennas pacuemuas cxema paspyuleHus pueeien
PACCMAMPUBAEMBIX KOHCMPYKYULL PAM 8bI36AHHBIX COBMECTHBIM OCliCEUeM U32UOAWUx MOMEHMO8 U
NONEPEYHBIX CUL, CONOCMABIICHA CO CXeMOU PA3PYUIEHUS, NOLYYEHHOU IKCNEePUMEHMANbHO.

Knrouesvie cnoea: sicene3obemon, sHepeemuueckuti Memoo, NONEPEeuHAs CULd, HAKIOHHOEe
ceueHue, oeghopmuposanue, ocoboe gozoelicmsue.
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CALCULATION OF PARAMETERS OF DEFORMATION OF
REINFORCED CONCRETE FRAMES DURING THE DESTRUCTION OF
CROSSBARS ALONG AN INCLINED SECTION

Abstract. On an energy basis, the problem of calculating the nonlinear deformation of
structures of reinforced concrete multi-storey frames during the destruction of crossbars along an
inclined section from special influences caused by structural restructuring of the structural system is
solved. Analytical dependences are obtained for determining the parameters of the "moment-curvature™
and "transverse force-shear" diagrams in the static-dynamic loading mode of the structures under
consideration. The limiting load is determined at which, in the considered structural system of the ring,
after applying a special effect in the form of a sudden removal of one of the columns, a special limiting
state is achieved with the destruction of crossbars along inclined sections. The obtained design scheme
of the destruction of the crossbars of the frame structures under consideration caused by the combined
action of bending moments and transverse forces is compared with the destruction scheme obtained
experimentally.

Keywords: reinforced concrete, energy method, transverse force, inclined section, deformation,
special impact.
© @eooposa H.B., Konuynoe B.H., Bywosa O.b., 2023

CITUCOK JIMTEPATYPbI

1. Ammazor B.O., Kao 3yit Kxoil. J[luHamMuka OpOrpecCHpYIOMIET0 pa3pymIEHHsI MOHOJHTHBIX
MHOTO3TaXKHBIX KapkacoB. M.: ACB, 2013. 128 c.

2. Epemees ILI. Meroap! MpoeKTUPOBAaHUS HA MPOTPECCHPYIOIIee OOpYIICHHE: TaApMOHHU3ANNS POCCUICKUAX H
MEXyHapOAHBIX HOPMaTHUBHBIX TOKYMEHTOB // [IpoMBIIIIeHHOE 1 rpaskiaHckoe cTpouTenscTBo. 2022, Ne 4. C. 23-28.

Ne 2 (106) 2023




CTpouTeNbCTBO U PEKOHCTPYKIUSI

3.  ®cmopoea H.B., ®aun Jluns I'yok, Hryen Txu Hanr. DKCHEpUMEHTAIbHBIC HCCACIOBAHUS JKABYUCCTH
KeJIe300€TOHHBIX paM C PUreNIsIMH, YCHJICHHBIMH KOCBEHHBIM apMupoBanHueM // CTpOUTENBCTBO M PEKOHCTPYKLUSI.
2020. Ne 1. C. 92-100.

4. Unpromenko T.A., Komuyno B.U., ®emopor C.C. TpeumHOCTONKOCTh MpenHaNpsKSHHBIX
XKeJe300€TOHHBIX PaMHO-CTEPKHEBBIX KOHCTPYKIIMI MPH 0COObIX Bo3aeHCTBHUSIX // CTPOUTENBCTBO U PEKOHCTPYKIIHSL.
2021. Ne 1.C. 74-84.

5. By Hrox Tyen. HcciemoBaHme J>XHUBYYECTH >KEI€300€TOHHOW KOHCTPYKTHBHO HEJIWHEHHOW paMHO-
CTEpP)KHEBOM CHCTEMBI KapKaca MHOTO3T&KHOTO 3JaHMs B JUHAMHYECKOW ToctaHOBKe // CTpOWUTENbCTBO U
pexorcTpykimst. 2020. T. 90. Ne 4. C.73-84.

6. ®emopoBa H.B., Xammna T.A. HccrnemoBaHue AMHAMUYECKHX JOTPY)KEHHH B IKeJIe300E€TOHHBIX
KOHCTPYKTUBHBIX CHCTEMax TIPH BHE3AIHBIX CTPYKTYPHBIX mepecTpoiikax // IIpoMbpIIIIeHHOE W TpakJaHCKOe
ctpoutenbeTBo. 2017, Ne 8. C. 32-36.

7. Alogla K., Weekes L., Augusthus-Nelson L. A new mitigation scheme to resist progressive collapse of
RC structures // Construction and Building Materials. 2016. (125). C. 533-545.

8.  Alshaikh I. M. H. [u ap.]. Progressive collapse of reinforced rubberised concrete: Experimental study //
Construction and Building Materials. 2019. (226). C. 307-316.

9. Li J.,, Hao H. Numerical study of structural progressive collapse using substructure technique //
Engineering Structures. 2013. (52). C. 101-113.

10. Xuan W., Wang L., Liu C., Xing G., Zhang L., Chen H. Experimental and theoretical investigations on
progressive collapse resistance of the concrete-filled square steel tubular column and steel beam frame under the middle
column failure scenario // Shock and Vibration. 2019. Vol. 2019. Pp. 1-12. d0i:10.1155/2019/2354931

11. Lin K, Lu X, Li Y., Guan H. Experimental study of a novel multi-hazard resistant prefabricated concrete
frame structure // Soil Dynamics and Earthquake Engineering. 2019. Vol. 119. Pp.390-407

12. Komuynos B.U., Bymosa O.b., Kopenskos I1.A. /lehpopMupoBaHue u pa3pyIlicHHE KeJIC300€TOHHBIX paM
C pHTelsIMH, apMHPOBAHHBIMHA HAKIOHHBIMH CTEPXKHSAMH, IpH OCOOBIX BO3neicTBuAX // CTpoWTenpcTBO U
pexoncTpykIus. 2022, Ne 1. C. 18-28.

13. Komuynos B.U., bymosa O.b. /lehopmupoBanue kejie300€TOHHBIX KAPKACOB MHOTOATAXKHBIX 3laHHUI B
3alpeeNbHBIX COCTOSHUAX IPH OCOOBIX BO3IeCTBHUAX// CTpoUTeNTbHAs MEXaHWKAa WH)XCHEPHBIX KOHCTPYKLIUH U
coopyxenwuit. 2022. T. 18. Ne 4. C. 297-306.

14. Komuaynos B.1., ®enoposa H.B., Casur C.}O. [nramudeckne 3(pGEKTH B CTATHICCKH HEOTPEACTIMBIX
(u3MYeCcKn U KOHCTPYKTUBHO HENMHEHHBIX cucteMax // [IpoMblluieHHOE M Tpa)KIaHCKOe CTpOUTeIbcTBO. 2022. No 9.
C. 42-51.

15. Komuynos B.U., Kioera H.B., Arapocosa H.b., ByxtusipoBa A.C. JXKuBydecTs 37aHUI U COOPYKEHUIT
IIpH 3aIPOCKTHEIX Bo3elicTBusax/ Hayunoe m3ganue. — M.: ACB, 2014. 208 c.

16. ®demoposa H.B., MockosiieBa B.C.. Amenuna M.A., IembsinoB AWM. Ompenenenne JIuHAMHYECKHX
YCHIIMI B CIIOKHOHATPSDKCHHBIX JJIEMEHTaX JKele300€TOHHBIX paM IPH 0coO0OM BozzelcTBUH // V3BecTHs BY30B.
CrpoutensctBo. 2023. Ne 2. C. 6-15.

17. Tenmer I'.A., KomuynoB B.U., Kmoera H.B. Ilpounocts u mehopMaTHBHOCTH IKEI€300€TOHHBIX
KOHCTPYKIHUH NPH 3alIpOeKTHBIX Bo3aencTBUsAX - M.: ACB, 2004. 216 c.

18. Savin A.Yu., Kolchunov V.I. Dynamic behavior of reinforced concrete column under accidental impact//
International journal for computational civil and structural engineering. 2021. C. 120-131.

19. Beproxckuit F0.B., Komayror Bn..U., bapabam M.C., 'ensepckuii F0.B. KommbloTepHbIE TEXHOIOTHH
MIPOEKTHPOBAHUS JKene300eTOHHBIX KoHCTpykimid — K.: Kumknoe n3n-so HAY, 2006. 808 c.

20. Bonpmapenko B.M., Komuynor B.U. PacuerHple MOAeNH CHIIOBOTO CONPOTHBICHHA *kKele300eToHa — M.:
ACB, 2004. 472 c.

REFERENCES

1. Almazov V.O., Kao Zui Khoi. Dynamics of progressive destruction of monolithic multi-storey frames.
M.: DIA, 2013. 128 p.

2. Eremeev P.G. Design methods for progressive collapse: harmonization of Russian and international
regulatory documents // Industrial and civil construction. 2022. No. 4. Pp. 23-28.

3. Fedorova N.V., Fan Dinh Guok, Nguyen Thi Chang. Experimental studies of the survivability of
reinforced concrete frames with crossbars reinforced with indirect reinforcement // Construction and reconstruction.
2020. No. 1. Pp. 92-100.

4. llyushenko T.A., Kolchunov V.I., Fedorov S.S. Crack resistance of prestressed reinforced concrete frame-
rod structures under special influences. Construction and reconstruction. 2021. No. 1. Pp.74-84.

5. Wu Ngoc Tuen. Study of the survivability of a structurally nonlinear reinforced concrete frame-rod frame
system of a multi-storey building in a dynamic formulation // Construction and reconstruction. 2020. Vol. 90. No. 4.
Pp. 73-84.

6. Fedorova N.V., Khalina T.A. Investigation of dynamic overloads in reinforced concrete structural
systems during sudden structural rearrangements // Industrial and civil construction. 2017. No. 8. Pp. 32-36.

7. Alogla K., Weekes L., Augusthus-Nelson L. A new mitigation scheme to resist progressive collapse of
RC structures // Construction and Building Materials. 2016. (125). Pp. 533-545.

N 2 (106) 2023



be30macHOCTD 31aHNI H COOPYKEHHH

8. Alshaikh I. M. H. [et al.]. Progressive collapse of reinforced rubberized concrete: Experimental study //
Construction and Building Materials. 2019. (226). Pp. 307-316.

9. Li J., Hao H. Numerical study of structural progressive collapse using substructure technique //
Engineering Structures. 2013. (52). Pp. 101-113.

10. Xuan W., Wang L., Liu C., Xing G., Zhang L., Chen H. Experimental and theoretical investigations on
progressive collapse resistance of the concrete-filled square steel tubular column and steel beam frame under the middle
column failure scenario // Shock and Vibration. 2019. Vol. 2019. Pp. 1-12. doi:10.1155/2019/2354931

11. LinK, Lu X, LiY., Guan H. Experimental study of a novel multi-hazard resistant prefabricated concrete
frame structure // Soil Dynamics and Earthquake Engineering. 2019. Vol.119. Pp. 390-407.

12. Kolchunov V.l., Bushova O.B., Korenkov P.A. Deformation and destruction of reinforced concrete
frames with crossbars reinforced with inclined rods, under special influences // Construction and reconstruction. 2022.
No. 1. Pp. 18-28.

13. Kolchunov V.1., Bushova O.B. Deformation of reinforced concrete frames of multi-storey buildings in
extreme conditions under special influences // Construction Mechanics of engineering structures and structures. 2022.
Vol. 18. No. 4. Pp. 297-306.

14. Kolchunov V.1, Fedorova N.V., Savin S.Yu. Dynamic effects in statically indeterminate physically and
structurally nonlinear systems // Industrial and civil construction. 2022. No. 9. Pp. 42-51.

15. Kolchunov V.I., Klyueva N.V., Androsova N.B., Bukhtiyarova A.S. Survivability of buildings and
structures under non-design impacts/ Scientific edition. — M.: DIA, 2014. 208 p.

16. Fedorova N.V., Moskovtseva V.S.. Amelina M.A., Demyanov A.l. Determination of dynamic forces in
complex-stressed elements of reinforced concrete frames under special impact // 1zvestiya vuzov. Construction. 2023.
No.2. From 6-15.

17. Geniev G.A., Kolchunov V.I., Klyueva N.V. Strength and deformability of reinforced concrete structures
under beyond design impacts - M.: DIA, 2004. 216 p.

18. Savin A.Yu., Kolchunov V.I. Dynamic behavior of reinforced concrete column under accidental impact//
international journal for computational civil and structural engineering. 2021. Pp. 120-131.

19. Veryuzhsky Yu.V., Kolchunov V.l., Barabash M.S., Genzersky Yu.V. Computer technologies for
designing reinforced concrete structures — K.: NAU Book Publishing House, 2006. 808 p.

20. Bondarenko V.M., Kolchunov V.l. Computational models of the strength resistance of reinforced
concrete — M.: DIA, 2004. 472 p.

HNudopmauus 006 aBropax:

®enoposa Haranus BuranbeBHa
Hayuno-uccnenoBarenbckuii MHCTUTYT cTpoutenbHOl ¢puszukn PAACH Poccwuiickas denepanus, . Mocksa, Poccus,
JIOKTOP TEXHIHUYECKUX HAYK, TIpodeccop, Bemynruii HayaHblid corpyaank HUMC®D PAACH.

E-mail: fenavit@mail.ru

KoauynoB Buranuii UBanoBu4

OI'bOY BO" HanmonanbHbli ucciieoBaTeabckuii MOCKOBCKHI rOCyAapCTBEHHBIH CTPOUTENbHBIN yHUBEpCUTET"
(HAY MI'CY), r. Mocksa, Poccus,

JIOKTOp TEXHUYECKUX HayK, mpodeccop, mpodeccop kadenpsl xKeae300eTOHHBIX 1 KaMEHHBIX KOHCTPYKIHH.

E-mail: asiorel@mail.ru

Bymoga OJecsa bopucosna

HanmonanpsHeIi necneqoBaTenbckuii MOCKOBCKHH roCcyAapcTBEHHBIH cTpouTenbHbli yauBepcuteT (HUTY MI'CY),
r. Mocksa, Poccus,

acnmpaHT Kadeapsl )KeIe300eTOHHBIX 1 KaMEeHHBIX KoHCTpykuuit HUY MI'CY.

E-mail: bushova96 @mail.ru

Information about authors:

Fedorova Natalia V.
Scientific Research Institute of Construction Physics of the RAASN Russian Federation, Moscow, Russia,
doctor of technical sciences, professor, leading researcher of the NIISF RAASN.

E-mail: fenavit@mail.ru

Kolchunov Vitaly Iv.
National Research Moscow State University of Civil Engineering (MGSU), Moscow, Russia,
doctor of technical sciences, professor, professor of the Department of Reinforced Concrete and Stone Structures.

E-mail: asiorel@mail.ru

Bushova Olesya B.

National Research Moscow State University of Civil Engineering (MGSU), Moscow, Russia,
postgraduate student of the Department of Reinforced Concrete and Stone Structures of the MGSU.
E-mail: bushova96@mail.ru

Ne 2 (106) 2023



mailto:fenavit@mail.ru
mailto:asiorel@mail.ru
mailto:bushova96@mail.ru
mailto:fenavit@mail.ru
mailto:asiorel@mail.ru
mailto:bushova96@mail.ru

