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IMPOYHOCTD C)KATHBIX 1 BHEHHEHTPEHHO CKATBIX
KEJE30BETOHHBIX DJIEMEHTOB C 30HHBIM APMUPOBAHUEM U3
CTAJIBHON ®UEBPHI

Annomayun. Copmynuposanvl U AHAIUMUYECKU ONUCAHbBL  pPeaibHble  HeluHeliHble
ouazpammel 6emona, apmamypsi u cmaie@uopobemona npu OuHamuyeckom Hazpyxcernuu. Ilposedenuol
meopemudecKue u IKCHEPUMEHMANbHbIE UCCTIe008AHUSL PADOMbL CHCAMBIX U GHEYEHMPEHHO CIHCAMBIX
NEMEHMOB C PAZTULHBIMU YPOBHAMU IKCYEHMPUCUMEMA NPULOJICEHUSL HASPY3KU NPU CINATMUYECKUX U
KPAMKOBPEMEHHBIX OUHAMUYECKUX HASPY3KaX. Bbliu u320moenensl u UCnbimanbl Ha KPAmKO8PeMeHHYIO
OUHAMUYECKYIO HAZPY3KY NPU YEHMPATbHOM U GHEeYeHmpeHHoM cocamuu 3 dicene306emonnvix u 9
JHCene300eMOHHbIX DNIEMEHMO8 C 30HHLIM apMUposanuem u3 cmaivHot @uopsl. Ilonyuensi Hogvle
IKCHEPUMEHMANbHbIE — OAHHble, — Xapakmepuzylowue npoyecc  Oegopmayuu U paspyuienus
Jrcene306emonnbix mooenei KoaouH. Takoie nomyueHvl cxemvl paspyulerus i mpeuwuHooopa306anis,
3a6UCUMOCIb USMEHEHUT OUHAMUYECKOU HASPY3KU 80 6peMeHU, nepemeujerusi Demond, apmamypvl u
cmanegubpobemona 6o epemenu. Pazpaboman memoo pacuema npounocmu u ycmoudugoCmu maxux
INEMEHMO8 ¢ YYUemoM  apMupo8aHus — 30Hbl  ceuweHus  cmanepudpodbemonom.  Hucnenno
NPOAHATUSUPOBAHO GLUSHUE UCNOIb308AHUSL 30HHO20 APMUPOBAHUSI CIATLHBIM 80JOKHOM CHCAMbIX U
GHEYEHMMPEHHO CICAMBIX JHCele300eMOHHbIX deMenmos. Pezynomamul pacuema no paspabomannoil
MemoouKe CpaGHUBAIOMCSL C Pe3YIbMAmMamu SKCNePUMEHMATbHBIX OaHHbIX. TIpednosicer Onmumanibhblil
6apUAHM NPUMEHEHUsT 30HHO20 YNPOUHEHUsL U3 CMAIbHO20 BONOKHA OJIsL CHCAMBIX U GHEYEHMPEHHO
COICAmMbIX ~ INEMEHMO8, pabomalowux npu CMAmu4eckux U KpamKoBPEMEHHbIX OUHAMUYECKUX
Haepyskax. AHanu3 pe3yibmamos paciema Ha 0CHO8e pa3pabomanHo20 Memood paciema npPoYHOCmuU
HOPMATIbHbIX CEYeHUll 6HEYEHMPEHHO CHCAMO20 dHcelle300emoHa u cmane@uopobemona, 0CHO8AHHO20
Ha Molenu Oeopmayuu, U UX CpaHeHue ¢ OAHHbIMU IKCNEPUMEHMATbHBIX UCCIE008aHULl NpU
KPAMKOBPEMEHHOM OUHAMUYECKOM HASPYNHCEHUU NOKA3bIEAION, UYMO OMKIOHEHUs. COCMAGNsIon 6
cpeonem  10-18%, umo ceudemenvcmeyem o mom, umMo paspabomanuwit Memoo obiadaem
00CMAamoyHoU MOYHOCMbIO OJiA peuleHus NPAKMU4ecKux 3a0ay.

Knrwuesvle cnosa: ¢ubpobemon, cmamuxa, OUHAMUKA, HPOYHOCHb, O0eDHOPMAMUBHOCHD,
HeNUHellHOCMb, 00pa308aHue MpeujuH, IKCnepumMeHm.
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STRENGTH OF COMPRESSED AND NON-CENTRALLYCOMPRESSED
REINFORCED CONCRETE ELEMENTS WITH ZONE REINFORCEMENT
OF STEEL FIBER

Abstract. The real nonlinear diagrams of concrete, reinforcement and steel-fiber concrete
under dynamic loading are formulated and analytically described. Theoretical and experimental studies
of the operation of compressed and non-centrally compressed elements with different levels of load
application eccentricity under static and short-term dynamic loads are carried out. 3 reinforced
concrete and 9 steel-fiber concrete elements were manufactured and tested for short-term dynamic load
under central and off-center compression. New experimental data characterizing the process of
deformation and destruction of steel-reinforced concrete models of columns have been obtained. Also,
the schemes of destruction and cracking, the dependence of changes in the dynamic load over time, the
movement of concrete, reinforcement and steel-fiber concrete over time are obtained. A method has
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been developed for calculating the strength and stability of such elements, taking into account the
reinforcement of the section with steel fiber concrete. The influence of the use of zone reinforcement
with steel fiber of compressed and non-centrally compressed reinforced concrete elements is
numerically analyzed. The results of the calculation according to the developed methodology are
compared with the results of experimental data. The optimal variant of the application of zone
reinforcement made of steel fiber for compressed and non-centrally compressed elements operating
under static and short-term dynamic loads is proposed. The analysis of the calculation results based on
the developed method for calculating the strength of normal sections of non-centrally compressed
reinforced concrete and steel-fiber concrete, based on the deformation model, and their comparison
with the data of experimental studies under short-term dynamic loading show that the deviations are on
average 10-18 %, which indicates that the developed method has sufficient accuracy to solve practical
problems.

Keywords: fiber concrete, statics, dynamics, strength, deformability, non-linearity, crack
formation, experiment.

CIIMCOK JIMTEPATYPbI

1. Tlonos H.H. {unamuyeckuii pacuer xene3oderonnsix koHcTpykiwmii / H.H. TTomos, b.C. Pacropryes //
M., Crpontuzaat, 1974. 207 c.

2. Tlomo H.H. Bompocel pacyera W KOHCTpYMpOBaHHWS crenuaibHbiXx coopyxkenuit / H.H. Tlonos,
b.C. Pacropryes // M., Ctpoiiuzzat, 1980. 189 c.

3. baxenoB H0.M. Beron npu auHamuveckoMm Harpyxenun / FO.M. baxenos / M., Crpoinznar, 1970,
270 c.

4. TpuropseB B.U. O koadunmente [uHaMUUECKOro yIpouHeHus! cTaneduopodeToHa mpu pacTsKeHuH /
B.1. I'puropees // VccnenoBanue M pacyeT MPOCTPAHCTBEHHBIX KOHCTPYKIMK IPaKJaHCKHUX 3[4aHuil.: c0.Hayd.Tp. / JI.,
1985. C.95-99.

5. Paounouu ®.H. Komnosutel Ha OCHOBE AMCIIEPCHO apMHUpPOBaHHBIX OeToHOB. Bompocel Teopuu u
MIPOEKTUPOBaHMUS, TeXHOIOrUs, KoHCTpyKunu / O@.H. Pabunosuu / M.: U3x-Bo ACB, Mocksa, 2004. 560 c.

6. VYrkun [.I. DkcnepuMeHTanbHBIC HCCIENOBAHUS CXKATO-M30THYTBIX JKENE300€TOHHBIX AIEMEHTOB C
30HHBIM apPMHUPOBAHHEM M3 CTaIBbHON (PUOPHI MPH KPaTKOBPEMEHHOM AuHamudeckoMm Harpyxenuu / J[.I'. YTkun //
Bectaux ToMmcKoro rocy1apcTBEHHOTO apXUTEKTypHO-cTpoutensHoro yauepeurera Ne3-2008. Tomck, 2008. C. 156-
164.

7. TlneskoB B.C., Ytkun JI.I'. / IIpo4HOCTD k€JI€300€TOHHBIX AJIEMEHTOB C apPMHUPOBAHHEM M3 CTaJbHON
¢buOpHI Npu KpaTKOBpeMeHHOM nuHamuueckoMm Harpykenun / B.C. Ilneskos, [I.I. YTkun // Hayuno-TtexHudeckuit
xypHan «CellcMOCTOKOe CTpOUTENbCTBO. bedonacHocTh coopykeHuii». Mocksa, 2014. Ne 5.C. 38-44.

8. Mopozos B.U. HccnenoBanusi ¢GuOpoxkene300€TOHHBIX KOJIOHH C BBICOKOMPOYHOW —apMaTypoi
/B.1. Mopozos, A.O. Xeraii / BectHuk rpaxnaHckux umxenepon. 2011. Ne3(28). C. 34-37.

9. Mopo3oB B.W. Pacuer wu3rnbaempIXx SJIEMEHTOB C BBICOKOIPOYHOW apMaTypod ¢ (GuOpoBbIM
apMHUpOBaHKeM pacTsIHYThIX 30H / B. 1. Mopo3oB // TIpombiiiuieHHOE U rpakaanckoe crpoutenberBo. 2007. Ne2. C. 36-
39

10. IInesxoB B.C. IlpouHocTs u Je)OPMATUBHOCTH JKEJNE300CTOHHBIX 3JEMEHTOB C 30HHBIM (DHOPOBBIM
apMHUpPOBaHHEM MpU KpaTKOBpeMeHHOM aumHamudeckom Harpyxenun /B.C. Ilnekos, I.I'.Vrtkun, A.E. Kapmos//
CoBpemMeHHBIE TPOOIEMBI pacdera Kele300€TOHHBIX KOHCTPYKIMH, 3HaHWH W COOpPY)KEHHA Ha aBapUitHBIE
Bo3aericTBus. COOpHHK MOKIagoB MEXIyHApOTHOW HAyYHOW KOH(EpeHINH, MOCBAIMIEHHOW 85-meturo Kadempsl
KeIe300€TOHHBIX W KaMEHHBIX KOHCTpyKumi u 100-mernro co mus pokaeruss H.H. TTomosa (19-20 ampens 2016 r.,
Mocksa) - Mocksa, 2016. C. 342-348.

11. Vrkun JI.I. TlpouHocTh u3rubOaemMbix crane@uOpPOKENe300€TOHHBIX 3JEMEHTOB CO CMEIIAHHBIM
apMHUpPOBaHMEM TPU KPaTKOBpeMEeHHOM JuHamudeckom Harpyxenuu / J.I'. Vtkun // Becrtauk Tomckoro
rOCYIapCTBEHHOI'0 apXUTEKTYPHO-CTpOUTENNbHOrO yHuBepcuTera Ne6-2017. Tomck, 2017. C. 62-76.

12. Kumar V., Kartik K.V., Igbal M.A. Experimental and numerical investigation of reinforced concrete slabs
under blast loading // Engineering Structures. 2020. Vol. 206.

13. Jun Yu, Li-zhong Luo, Qin Fang. Structure behavior of reinforced concrete beam-slab assemblies
subjected to perimeter middle column removal scenario // Engineering Structures. 2020. Vol. 208.

14. Caldentey A.P., Diego Y.G., Fernandez F.A.,Santos A.P. Testing robustness: A full-scale experimental
test on a two-storey reinforced concrete frame with solid slabs // Engineering Structures. 2021. Vol. 240.

15. Jinjie Men, Liquan Xiong, Jiachen Wang, Guanlei Fan. Effect of different RC slab widths on the behavior
of reinforced concrete column and steel beam-slab subassemblies // Engineering Structures. 2021. Vol. 229.

16. Eladawy M., Hassan M., Benmokrane B.,Ferrier E. Lateral cyclic behavior of interior two-way concrete
slab—column connections reinforced with GFRP bars // Engineering Structures. 2020. Vol. 209.

Nel (99) 2022



be3onacHoOCTb 3IaHHI H COOPY:KEHHH

17. Deifalla A. A mechanical model for concrete slabs subjected to combined punching shear and in-plane
tensile forces // Engineering Structures. 2021. Vol. 231.

18. YuJ.L., Wang Y.C. Modelling and design method for static resistance of a new connection between steel
tubular column and fl at concrete slab // Journal of Constructional Steel Research. 2020. Vol. 173.

19. Mao L., Barnett S.J., Tyas A., Warren J., Schleyer G.K., Zaini S.S. Response of small scale ultra high
performance fibre reinforced concrete slabs to blast loading // Construction and Building Materials. 2015. Vol. 93.
Pp. 822-830.

20. Cervenka V., Jendele L., Cervenka J. ATENA Program Documentation. Part 1. Theory. Prague:
Cervenka Consulting, 2020. 344 p.

REFERENCES

1. Popov N.N. Rastorguev B.S. Dinamicheskii raschet zhelezobetonnykh konstruktsii [Dynamic
calculation of ferro-concrete designs]. Moscow, Stroyizdat, 1974. 207 p. (rus)

2. Popov N.N., Rastorguev B.S. Voprosy rascheta i konstruirovaniya spetsial'nykh sooruzhenii
[Questions of calculation and designing of special constructions].Moscow, Stroyizdat, 1980. 189 p. (rus)

3. Bazhenov Yu.M. Beton pri dinamicheskom nagruzhenii [Concrete at dynamic load]. Moscow,
Stroyizdat, 1970. 270 p. (rus)

4. Grigor'ev V.I. O koeffitsiente dinamicheskogo uprochneniya stalefibrobetona pri rastyazhenii [About

factor dynamic durability of steel fibre reinforced concrete at a stretching]. Research and calculation of spatial
designs of civil buildings. The collection of proceedings. Leningrad, 1985. Pp.95-99. (rus)

5. Rabinovich F.N., Kompozity na osnove dispersno armirovannykh betonov. Voprosy teorii i
proektirovaniya, tekhnologiya, konstruktsii [Composites on a basis steel fibre reinforced concrete. Questions of the
theory and designing, technology, designs].Moscow: Izdatel'stvo ASV, 2004. 560 p. (rus)

6. Utkin D.G. Eksperimental'nye issledovaniya szhato-izognutykh zhelezobetonnykh elementov s
zonnym armirovaniem iz stal'noi fibry pri kratkovremennom dinamicheskom nagruzhenii [Experimental researches
it is compressed - bent ferro-concrete elements with zoned reinforcing from a steel fiber at short-term dynamic
load].The bulletin of Tomsk state architectural - building university. 2008.No. 3. Pp. 156-164.(rus)

7. Plevkov V.S., UtkinD.G. / Prochnost' zhelezobetonnyhj elementov s armirovaniem iz stal'noj fibry pri
kratkovremennom dinamicheskom nagruzhenii [Durability of reinforced concrete elements with fiberglass
reinforcement under short-term dynamic load] / V.S. Plevkov, D.G. Utkin // Nauchno-tehnicheskijzhurnal
«Sejsmostojkoestroitel'stvo. Bezopasnost' sooruzhenij», Moskva, 2014. No. 5. Pp. 38-44. (rus)

8. Morozov V.. Issledovanija fibrozhelezobetonnyh kolonn s vysokoprochnoj armaturoj [The reseafch
of steel fibre reinforced concrete columns with high-strength reinforced bars]/V. 1. Morozov, A. O. Hegaj // Vestnik
grazhdanskih inzhenerov. 2011. No0.3(28). Pp. 34-37. (rus)

9. Morozov V.l. Raschet izgibaemyh jelementov s vysokoprochnoj armaturoj s fibrovym armirovaniem
rastjanutyh zon [The calculation of bent elements with high-strength reinforced bars with fibre reinforcing the
stretched zones]/ V.I. Morozov // Promyshlennoe i grazhdanskoe stroitel'stvo. 2007. No.2. Pp. 36-39. (rus).

10. Plevkov V.S. Prochnost' i deformativnost' zhelezobetonnyh ehlementov s zonnym fibrovym
armirovaniem pri kratkovremennom dinamicheskom nagruzhenii [The strength and deformability of reinforced
concrete elements with fiber reinforcement. in short-term dynamic loading] /V.S. Plevkov, D.G.Utkin, A.E.
Karpov// Sovremennye problemy rascheta zhelezobetonnyh konstrukcij, zdanij i sooruzhenij na avarijnye
vozdejstviya. Shornik dokladov Mezhdunarodnoj nauchnoj konferencii, posvyashchennoj 85-letiyu kafedry
zhelezobetonnyh i kamennyh konstrukcij i 100-letiyu so dnya rozhdeniya N.N. Popova (19-20 aprelya 2016 g.,
Moskva) Moskva, 2016. Pp. 342-348 (rus).

11. Utkin D.G., Prochnost' izgibaemyh stalefibrozhelezobetonnyh elementov so smeshannym
armirovaniem pri kratkovremennom dinamicheskom nagruzhenii [Strength of bent steel-reinforced concrete
elements with mixed reinforcement under short-term dynamic loading].The bulletin of Tomsk state architectural -
building university. 2017.No. 6. Pp. 62-76.(rus)

12. Kumar V., Kartik K.V., Igbal M.A. Experimental and numerical investigation of reinforced concrete
slabs under blast loading // Engineering Structures. 2020. Vol. 206.
13. Jun Yu, Li-zhong Luo, Qin Fang. Structure behavior of reinforced concrete beam-slab assemblies

subjected to perimeter middle column removal scenario // Engineering Structures. 2020. Vol. 208.

14, Caldentey A.P., Diego Y.G., Ferndndez F.A.Santos A.P. Testing robustness: A full-scale
experimental test on a two-storey reinforced concrete frame with solid slabs // Engineering Structures. 2021.
Vol. 240.

15. Jinjie Men, Liquan Xiong, Jiachen Wang, Guanlei Fan. Effect of different RC slab widths on the
behavior of reinforced concrete column and steel beam-slab subassemblies // Engineering Structures. 2021.
Vol. 229.

16. Eladawy M., Hassan M., Benmokrane B.,Ferrier E. Lateral cyclic behavior of interior two-way
concrete slab—column connections reinforced with GFRP bars // Engineering Structures. 2020. Vol. 209.

N 1 (99) 2022




CTponTe/IbCTBO H PEKOHCTPYKIHSI

17. Deifalla A. A mechanical model for concrete slabs subjected to combined punching shear and in-plane
tensile forces // Engineering Structures. 2021. Vol. 231.
18. Yu J.L., Wang Y.C. Modelling and design method for static resistance of a new connection between

steel tubular column and fl at concrete slab // Journal of Constructional Steel Research. 2020. Vol. 173.

19. Mao L., Barnett S.J., Tyas A., Warren J., Schleyer G.K., Zaini S.S. Response of small scale ultra high
performance fibre reinforced concrete slabs to blast loading / Construction and Building Materials. 2015. Vol. 93.
Pp. 822-830.

20. Cervenka V., Jendele L., Cervenka J. ATENA Program Documentation. Part 1. Theory. Prague:
Cervenka Consulting, 2020. 344 p.

HNndpopmanus o0 apTope:

Y1run Amutpuii I'ennaabeBuy

OI'bOY BO «HanmonanbsHeIl HccaenoBaTenbckuii MOCKOBCKHM TOCYJapCTBEHHBIM CTPOUTENBHBIA YHUBEPCUTETY,
r. MocksBa, Poccusi,

KaH/IU/IaT TEXHUYECKUX HayK, IOLEHT Kaeapsl skene300eTOHHBIX 1 KAMEHHBIX KOHCTPYKIHH.

E-mail: udg70@mail.ru

Information about author:

Utkin Dmitry G.
National Research Moscow State University of Civil Engineering, Moscow, Russia,

candidate in technical sciences, docent, associated professor, of the department of reinforced concrete and stone
structures.

E-mail: udg70@mail.ru

Nel (99) 2022


mailto:udg70@mail.ru
mailto:udg70@mail.ru

