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AKUBYYECTb PAMHO-CTEPKHEBOI'O KEJIE3OBETOHHOI'O
KAPKACA 3IAHUS B 3AITPEJAEJIBHBIX COCTOAHUAX

Annomayusn. M3nooicenvt Memoouka U aneopumm pacvemd NApamempos AHCUgyuecmu
OUMenbHO  0epoOpMUPyemMo20 KHcele300emoHH020 KApKAca 30aHUS 6 3aNpeOesbHblX COCMOSHUSX.
Ananumuueckue 3a8UCUMOCMU  Osl  ONpeoesieHust 3HAYeHUs Mepbl  NOJ3y4ecmu  NPUHAMbL 8
coomeemcmeuy ¢ UCNOIb308AHUEM NPUOIUNMCEHHbIX 3asucumocmell us pexomenoayuii HUVDKE. Ha
9MOU OCHOBE NPEONONCEHA MEMOOUKA ONpeoeleHUusi U3LUOHOU JHCeCmKOCMU NONepeyHO20 CedeHus
anemenmos kapkaca. Cpopmynuposan dedpopmayuonuslii Kpumepuii 0c06020 npederbHo2o COCMOANUSL
C yuemom HepasHOBECHbIX NPOYecco8 ONUMENbHOU Jdeopmayuu dNeMeHmMOo8 KOHCPYKIMUSHO
cucmemvl. IIpugedenvl pe3yrbmamvl HYUCIEHHO20 AHAAU3A NOMEHYUANA HCUBYUECTNU ONUMETLHO
Oepopmupyemozo dicene306emonH020 KapKaca npu 6He3anHoM YOaieHuu 00H020 U3 KOHCHPYKMUBHBIX
IeMEHMO8 € Y4emom NpeobiCopuy OIUMENTbHO20 0ephopMUPOBAHUA PACCMAMPUBAEMO20 KapKaca
30anus npu IKCHIYamayuonHou Haepyske. Onpedenena dKCRO3UYUSA IHCUBYHECHU KOHCHPYKMUGHOU
cucCmeMmbl ¢ MOMEHMA ee HAZPYAHCeHUs1 00 NPEeBPAWeHUs. 8 KUHEMAMUYECKU USMEHAEMYIO CUCTIEM).

Knrouegvie cnosa: npocpeccupyroujee oopyuienue, ROMeHYUan HCUgyiecmu, Heene300emonnvie
KOHCMPYKYUl, ROA3y4ecms, 0coboe 8o30elicmaue.
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SURVIVABILITY OF THE FRAME-ROD REINFORCED CONCRETE
BUILDING FRAMEWORK IN ACCIDENTAL ACTION

Abstract. A methodology and an algorithm for calculating the survivability parameters of a
long-term deformable reinforced concrete building frame in extreme states are presented. Analytical
dependencies for determining the value of the creep measure are taken in accordance with the use of
approximate dependencies from the recommendations of the NIIZHB. On this basis, a method is
proposed for determining the cross-section bending stiffness of the frame elements. The deformation
criterion of a special limiting state is formulated taking into account the nonequilibrium processes of
prolonged deformation of the structural system elements. The numerical analysis results of the long-
term deformable reinforced concrete frame survivability potential with a sudden removal of the one
structural element, taking into account the long-term deformation prehistory of the considered building
frame under an operating load, are presented. The exposure of the structural system survivability from
the its loading moment to its transformation into a kinematically variable system has been determined.

Keywords: progressive collapse, survivability potential, reinforced concrete structures, creep,
accidental action.

N 5 (97) 2021 15



CTpouTeNbCTBO U PEKOHCTPYKIUSI

CIIMCOK JIMTEPATYPbI

1.  Ammazos B.O. [Ipobremsl nmporpeccupyromiero paspymenns / CTpOUTeNnsCTBO B peKoHCTpyknus. 2014.
Ne6. C. 3-10.

2. Bbonpapenko B.M. CunoBoe nedopMupoBaHie, KOppO3UOHHBIE MOBPEKACHHUS M DHEPrOCONPOTUBIICHHE
xenezobetona. Kypck: FOro-3am. roc. yu-t, 2016. 68 c.

3. TenmeB TI.A., IlatukpecroBckuii K.II. Bompocsl panauTenbHO W AMHAMUYECKOW IPOYHOCTH
aHU30TPONHBIX KOHCTpYKIMOHHBIX MaTepuano. ['YII ITHUUCK um. B.A. Kyuepenxo, 2000. 38 c.

4. Bensxos U.H., Epemeer ILI., Onecckuii I1.]]., ITomoB H.A., ConoBeeB [I.B. AHanu3 HOpMAaTHUBHBIX
TpeOOBaHMI K pacyeTy CTPOWUTENBHBIX KOHCTPYKIMH Ha mporpeccupyromee oobpymenne // Bectamk HUIL]
CrpoutensctBo. 2019. Ne2. C. 15-29.

5.  Eryshev V.A., Karpenko N.I., Rimshin V.I. The Parameters Ratio in the Strength of Bent Elements
Calculations by the Deformation Model and the Ultimate Limit State Method // IOP Conference Series: Materials
Science and Engineering. 2020. 753, 022076. https://doi.org/10.1088/1757-899X/753/2/022076.

6. Tpexun H.H. Kompmmm 3.H. Ocoboe mpenensHOE COCTOSIHUE >KeNe300€TOHHBIX KOHCTPYKLUHUH M €ro
HopMupoBanue // [IpombluIeHHOE U rpakaaHckoe cTpoutenbeTBo. 2020. Ne3. C. 4-9.

7. Pamuenko A., Paguenko II., Baryes C., [IneBkoB B. MoxenupoBanue paspylieHHus *XKeJae300eTOHHBIX
KOHCTpYKIHU# npu yaape // Architecture and Engineering, 2019. T 4. Ne3. C. 22-29

8.  Travush V.1, Fedorova N.V. Survivability of structural systems of buildings with special effects / B.I.
Tpasyui, H.B. ®enoposa // Magazine of Civil Engineering. 2018. Ne5. p. 73-80. https://doi.org/10.18720/MCE.81.8.

9. Tawmpaszsa A.T'. TexHomorus pacdera ejae300€TOHHBIX KOHCTPYKIUH IPH MOXKape TOCIe 3eMIICTPICCHUS
// BetoH u xene3o06eton. 2020. Ne 1. C. 49-56.

10. Shapiro G.I., Smirnov A.V. Calculation model of typical panel building conjugation with large-span
frame construction // IOP Conference Series: Materials Science and Engineering. 2018. 012090.
https://doi.org/10.1088/1757-899X/456/1/012090

11. Isobe D. Progressive Collapse Analysis of Structures. In: Progressive Collapse Analysis of Structures.
Elsevier. 2018. 260 p. https://doi.org/10.1016/B978-0-12-812975-3.00001-3.

12. Stylianidis P.M., Nethercot D.A., Izzuddin B.A., Elghazouli A.Y. Study of the mechanics of progressive
collapse  with  simplified beam models // Engineering  Structures. 2016. 117. P. 287-204.
https://doi.org/10.1016/j.engstruct.2016.02.056

13. Cha E.J., Ellingwood B.R. Seismic risk mitigation of building structures: The role of risk aversion.
Structure safety. 2013. 40, P.11-19. https://doi.org/10.1016/j.strusafe.2012.06.004.

14. Komemm 3.H., Tpexkun H.H. Ocoboe mpenenbHOE COCTOSIHHE >KEIe300€TOHHBIX KOHCTPYKLIHUH TIpU
aBapHUHBIX BO3JCHCTBUAX. beToH 1 kene300eToH — mpoOiemsl U nepcrekTuBsl. // Bectaunk HULL «CTpouTEIBCTBOY.
2018. Nel. C.120-125.

15. Kmroesa H.B., IllyBamoB K.A. HccnemoBannme HIWHAMHYECKHX JOTPYXKCHHH B IKEIe300€TOHHBIX
Hepa3pe3HbIX 0alKkaX ¢ WCMOJIh30BAHUEM CTATHKO-IWHAMHUYECKHX nuarpamm // BectHuk MI'CVY. 2011. Ne2-2. C. 145-
152.

16. denopoa H.B., KopenbkoB II.A. Cratuko-gquHamudeckoe Je(OPMUPOBAHUE  MOHOJMTHBIX
KeJ1e300€TOHHBIX KapKacoB 3/IaHUH B NPEJENbHBIX U 3alpeAeibHbIX COCTOSHUSIX // CTPOUTENBCTBO U PEKOHCTPYKIIHUSI.
2016. Ne6. C. 90-100.

17. Adam J.M., Parisi F., Sagaseta J., Lu X. Research and practice on progressive collapse and robustness of
building  structures in the 21st century // Engineering  Structure. 2018. 173. P.122-149.
https://doi.org/10.1016/j.engstruct.2018.06.082.

18. Fedorova N. The dynamic effect in a structural adjustment of reinforced concrete structural system /
Fedorova N., Kolchunov V., Tuyen V.N., Dinh Quoc P., Medyankin M. // IOP Conference Series: Materials Science
and Engineering. 2020. T. 869. C.052078. https://doi.org/10.1088/1757-899X/869/5/052078.

19. Bounmapenko B.M., KomuyHoB B.M. KoHuenumst m HampaBieHHs Pa3BUTHS TEOPHH KOHCTPYKTUBHOM
0e30macHoOCTH BJIaHI/Iﬁ u COOpymeHHﬁ Ipu CWIOBBIX U CPCAOBLIX BOSHGﬁCTBHﬂX // HpOMBIIHJ'IeHHOG " TpaKIAHCKOC
crpoutenbeTBo. 2013, Ne2. C. 28-31.

20. Fedorova N.V., Gubanova M.S. Crack-resistance and strength of a contact joint of a reinforced concrete
composite wall beam with corrosion damages under loading // Russian journal of building construction and architecture.
2018. Ne2. P. 6-18.

21. Kolchunov V.1., Savin S.Yu. Survivability criteria for reinforced concrete flame at loss of stability /
Magazine of civil engineering. 2018. 80. P. 73-80. https://doi.org/10.18720/MCE.80.7.

22. Tamrazyan A.G., Mineev T.K., Zhukova L.I. Influence of chloride corrosion on probabilistic assessment
of bearing capacity of beamless slabs overlap // 10P conference series: Materials science and engineering. 2019.
012117. https://doi.org/10.1088/1757-899X/661/1/012052.

23. Kabantsev O., Mitrovic B.: Modeling post-critical deformation processes of flat reinforced concrete
elements under biaxial stresses // MATEC Web of Conference. 2017. 117. P. 00071.
https://doi.org/10.1051/matecconf/201711700071.

16 N5 (97) 2021




be30macHOCTD 31aHNI H COOPYKEHHH

24, Li J.,, Yao Y. A study on creep and drying shrinkage of high performance concrete // Cement and
Concrete Research. 2001. 31. P. 1203-1206. https://doi.org/10.1016/S0008-8846(01)00539-7.

25. Vasanelli E., Micelli F., Aiello M.A., Plizzari G. Long term behavior of FRC flexural beams under
sustained load // Engineering Structures. 2013. 56. P.1858-1867. https://doi.org/10.1016/j.engstruct.2013.07.035.

26. Bbonpmapenko B.M., bonmapenxko C.B. MHkeHepHble METOAbI HEIMHEWHOH TEOPUM >KeJIe300€TOHA.
Mocksa: Ctpoiusaar, 1982. 287 c.

27. Bbonpapenko B.M. HekoTopsle BOmpochl HENMHEHHOH Teopuu skene3o0eToHa. XapbKoB: M3marenscTBo
XapbKOBCKOIO YHUBepcuTeTa, 1968. 323 c.

28. PexoMmeHmammu mo yd4eTy MON3YYECTH M yCaakd OETOHa INpH pacdeTe OCTOHHBIX M JKeJIe300eTOHHBIX
koHcTpykuuit / HUMXB T'occtpost CCCP. Mocksa: Crpoiim3aar, 1988. 120 c.

29. bBermos A /1., Camxaposckuii P.C. O MeTonax peuieHns: ypaBHeHHH nomydectn 0etona // CTponTenbHas
MeXaHUKa HHXCHEPHBIX KOHCTPYKINHA 1 coopyxernnit. 2005. Ne3. C. 55-63.

REFERENCES

1. Almazov V.O. Problemy progressiruyushchego razrusheniya // Stroitel'stvo i rekonstrukciya. 2014. Ne6.
S. 3-10.

2. Bondarenko V.M. Silovoe deformirovanie, korrozionnye povrezhdeniya i energosoprotivlenie
zhelezobetona. Kursk: YUgo-zap. gos. un-t, 2016. 68 s.

3.  Geniev G.A., Pyatikrestovskij K.P. Voprosy dlitel'noj i dinamicheskoj prochnosti anizotropnyh
konstrukcionnyh materialov. GUP CNIISK im. V.A. Kucherenko, 2000. 38 s.

4. Vedyakov I.I., Eremeev P.G., Odesskij P.D., Popov N.A., Solov'ev D.V. Analiz normativnyh trebovanij k
raschetu stroitel'nyh konstrukcij na progressiruyushchee obrushenie // Vestnik NIC Stroitel'stvo. 2019. Ne2. S. 15-29.

5. Eryshev V.A., Karpenko N.l., Rimshin V.I. The Parameters Ratio in the Strength of Bent Elements
Calculations by the Deformation Model and the Ultimate Limit State Method // IOP Conference Series: Materials
Science and Engineering. 2020. 753, 022076. https://doi.org/10.1088/1757-899X/753/2/022076.

6. Trekin N.N. Kodysh E.N. Osoboe predel'noe sostoyanie zhelezobetonnyh konstrukcij i ego normirovanie
/I Promyshlennoe i grazhdanskoe stroitel'stvo. 2020. Ne3. S. 4-9.

7. Radchenko A., Radchenko P., Batuev S., Plevkov V. Modelirovanie razrusheniya zhelezobetonnyh
konstrukcij pri udare // Architecture and Engineering, 2019. T 4. Ne3. S. 22-29

8. Travush V.I., Fedorova N.V. Survivability of structural systems of buildings with special effects / V.I.
Travush, N.V. Fedorova // Magazine of Civil Engineering. 2018. Ne5. p. 73-80. https://doi.org/10.18720/MCE.81.8.

9. Tamrazyan A.G. Tekhnologiya rascheta zhelezobetonnyh konstrukcij pri pozhare posle zemletryaseniya //
Beton i zhelezobeton. 2020. Ne 1. S. 49-56.

10. Shapiro G.I., Smirnov A.V. Calculation model of typical panel building conjugation with large-span
frame construction // 10OP Conference Series: Materials Science and Engineering. 2018. 012090.
https://doi.org/10.1088/1757-899X/456/1/012090

11. Isobe D. Progressive Collapse Analysis of Structures. In: Progressive Collapse Analysis of Structures.
Elsevier. 2018. 260 p. https://doi.org/10.1016/B978-0-12-812975-3.00001-3.

12. Stylianidis P.M., Nethercot D.A., Izzuddin B.A., Elghazouli A.Y. Study of the mechanics of progressive
collapse  with  simplified beam models // Engineering  Structures. 2016. 117. P. 287-204.
https://doi.org/10.1016/j.engstruct.2016.02.056

13. Cha E.J., Ellingwood B.R. Seismic risk mitigation of building structures: The role of risk aversion.
Structure safety. 2013. 40, P.11-19. https://doi.org/10.1016/j.strusafe.2012.06.004.

14. Kodysh E.N., Trekin N.N. Osoboe predel'noe sostoyanie zhelezobetonnyh konstrukcij pri avarijnyh
vozdejstviyah. Beton i zhelezobeton — problemy i perspektivy // Vestnik NIC «Stroitel'stvo». 2018. Nel. S.120-125.

15. Klyueva N.V., SHuvalov K.A. Issledovanie dinamicheskih dogruzhenij v zhelezobetonnyh nerazreznyh
balkah s ispol'zovaniem statiko-dinamicheskih diagramm // Vestnik MGSU. 2011. Ne2-2. S. 145-152.

16. Fedorova N.V., Koren'kov P.A. Statiko-dinamicheskoe deformirovanie monolithnyh zhelezobetonnyh
karkasov zdanij v predel'nyh i zapredel'nyh sostoyaniyah // Stroitel'stvo i rekonstrukciya. 2016. Ne6. S. 90-100.

17. Adam J.M., Parisi F., Sagaseta J., Lu X. Research and practice on progressive collapse and robustness of
building  structures in the 21st century // Engineering  Structure. 2018. 173. P.122-149.
https://doi.org/10.1016/j.engstruct.2018.06.082.

18. Fedorova N. The dynamic effect in a structural adjustment of reinforced concrete structural system /
Fedorova N., Kolchunov V., Tuyen V.N., Dinh Quoc P., Medyankin M. // IOP Conference Series: Materials Science
and Engineering. 2020. T. 869. S.052078. https://doi.org/10.1088/1757-899X/869/5/052078.

19. Bondarenko V.M., Kolchunov V.I. Koncepciya i napravleniya razvitiya teorii konstruktivnoj
bezopasnosti zdanij i sooruzhenij pri silovyh i sredovyh vozdejstviyah // Promyshlennoe i grazhdanskoe stroitel'stvo.
2013. Ne2. S. 28-31.

N 5 (97) 2021 17



CTpouTeNbCTBO U PEKOHCTPYKIUSI

20. Fedorova N.V., Gubanova M.S. Crack-resistance and strength of a contact joint of a reinforced concrete
composite wall beam with corrosion damages under loading // Russian journal of building construction and architecture.
2018. Ne2. P. 6-18.

21. Kolchunov V.1., Savin S.Yu. Survivability criteria for reinforced concrete flame at loss of stability /
Magazine of civil engineering. 2018. 80. P. 73-80. https://doi.org/10.18720/MCE.80.7.

22. Tamrazyan A.G., Mineev T.K., Zhukova L.I. Influence of chloride corrosion on probabilistic assessment
of bearing capacity of beamless slabs overlap // 10P conference series: Materials science and engineering. 2019.
012117. https://doi.org/10.1088/1757-899X/661/1/012052.

23. Kabantsev O., Mitrovic B. Modeling post-critical deformation processes of flat reinforced concrete
elements under biaxial stresses //  MATEC Web of Conference. 2017. 117, P. 00071
https://doi.org/10.1051/matecconf/201711700071.

24. Li J, Yao Y. A study on creep and drying shrinkage of high performance concrete // Cement and
Concrete Research. 2001. 31. P. 1203-1206. https://doi.org/10.1016/S0008-8846(01)00539-7.

25. Vasanelli E., Micelli F., Aiello M.A., Plizzari G. Long term behavior of FRC flexural beams under
sustained load // Engineering Structures. 2013. 56. P.1858-1867. https://doi.org/10.1016/j.engstruct.2013.07.035.

26. Bondarenko V.M., Bondarenko S.V. Inzhenernye metody nelinejnoj teorii zhelezobetona. Moskva:
Strojizdat, 1982. 287 s.

27. Bondarenko V.M. Nekotorye voprosy nelinejnoj teorii zhelezobetona. Har'kov: Izdatel'stvo har'’kovskogo
universiteta, 1968. 323 s.

28. Rekomendacii po uchetu polzuchesti i usadki betona pri raschete betonnyh i zhelezobetonnyh konstrukcij
/ NIIZHB Gosstroya SSSR. - Moskva: Strojizdat, 1988. 120 s.

29. Beglov A.D., Sanzharovskij R.S. O metodah resheniya uravnenij polzuchesti betona // Stroitel'naya
mekhanika inzhenernyh konstrukcij i sooruzhenij. 2005. Ne3. S. 55-63.

HNudopmauus 06 aBropax:

Anapocosa Haranus bBopucosna

OI'BOY BO «Opinosckuit rocynapctseHHblil yHuBepcurer umenu U.C. Typrenesay, r. Open, Poccus,

KaHIU/AT TEXHUIECKUX HayK, JOIEHT, 3aBeytommas Kageapol CTpOUTENbHBIX KOHCTPYKIUI 1 MaTepHaoB.

OI'BY «HayuHo-HCCeNOBAaTEIBCKI HHCTUTYT CTPOUTENBbHON (m3uku Poccuiickolt akageMun apXUTEKTypel U
CTPOUTENbHBIX HayK», I. MockBa, Poccus,

CTaplluil HAY4YHbIH COTPYIHUK.

E-mail: ramia84@rambler.ru

KoauynoB Buranuii UBanoBu4

OI'bOY BO «HarnuoHanpHBI HCCIENOBATENLCKH MOCKOBCKHUN TOCYAapCTBEHHBIH CTPOUTEIbHBI YHHUBEPCHUTETY,
r. Mocksa, Poccus,

JIOKTOP TEXHUYECKUX HayK, mpodeccop Kadeaps! kes1e3006TOHHBIX M KAMEHHBIX KOHCTPYKINH.

OI'BY «HaydHo-HCCIIEeNOBATEILCKUI HHCTUTYT CTPOUTENbHON (m3uku Pocchiickoll akaneMuH apXUTEKTyphl H
CTPOMTENBHBIX HayK», T. MockBa, Poccus,

[JIaBHBII HAYYHBIHA COTPYIHHK.

E-mail: asiorel@mail.ru
Information about authors:

Androsova Natalia B.

Orel State University named after 1.S. Turgenev, Orel, Russia,

candidate of technical science, docent, head of the department of building constructions and materials.

Research Institute of Building Physics of Russian Academy of Architecture and Construction Sciences,
Moscow, Russia,

starshiy nauchnyy sotrudnik.

E-mail: ramia84@rambler.ru

Kolchunov Vitaly 1.

Moscow State University of Civil Engineering (National Research University) (MGSU), Moscow, Russia,

doctor of Technical Sciences, professor of the department of reinforced concrete and stone structures.

Research Institute of Building Physics of Russian Academy of Architecture and Construction Sciences,
Moscow, Russia,

glavniy nauchnyy sotrudnik.

E-mail: asiorel@mail.ru

18 N5 (97) 2021


mailto:ramia84@rambler.ru
mailto:asiorel@mail.ru
mailto:ramia84@rambler.ru
mailto:asiorel@mail.ru

