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TE®OPMALIMOHHASI MOJIEJIb CONPOTUBJIEHUSI BETOHA U
"KEJIE3OBETOHA OT JMCJOKALIAI 10 TPELIUH

Annomayusn. s cmpykmypol Kpucmainog O8YXKOMHOHEHMHO20 mamepuana (bemona u
cmanu) paspabomana obwas 0eQopMayUoOHHAsE MOOETb OKMAIOPUUECKUX SPAHE NPU YUCBIX COBU2AX
pasuvix 0,6 Ro 60 6cex nnockocmsix. Ilpu smom 6 meje wapa CKOAbICEHUST OM NPeOeibHbIX
KACAMENbHbIX HANPAINCEHUT 3aNUCAHO SbIpadCcerue sl CYMMUPOBAHUsL €20 0OBEMHBIX CEKMOpPOs, ulapa,
PA3IUYHBIX  YPOBHEl, PACCMOMPEHa MAaKdice albMepHamued, npuxanedxcawas npogeccopy
B.B. Hosooicunogy 6 euode snepeemuueckoll unmepnpemayui 0jis UHmespana cpeone2o KeaopamuiHo2o
BHAueHUs KacamenbHvix Hanpscenul. Tlokazan eapuanm noxyyeHuss 8 30He MUKPOMPEWUHbl Y2r108ble U
JAuHeliHble  Oepopmayuy, NpU  NOBLIUUEHUU  UHMEHCUSHOCMU — MUKDOMPEWUHO0OPA308aHUs. &
npedcmasumensHom obveme Oemona. Jis MAUCmpanvbHblX Mpewjur 6 MexXaHuke paspyuenus
Jrcene300emona npeodsioNcenvl 08yXKOHCOAbHbLe dllemenmbl. Modenupyiowas obaacmes pacmsaicenus,
colcamusi, NONEPEuUH020 CO8Ued U KPYUCHUsl OISl  GHYMPEHHUX Napamempos 6 OKPecmHOCmu
MAKPOMPEUJUHBL.

B Kkauecmeée yciosus  npouHocmu — 6emMOHA  UCNOAL3YEMCS  NpedeilbHoe  3HAYCHUEe
UHMEHCUBHOCU ~ KACAMENbHBIX — HANPANCEHUNl U UHMEHCUSHOCmU  degpopmayuil  coguea O
PACCMAMPUBACMO20 8UOA HANPSHCEHHO20 COCMOSIHUSL.

B ceéeme paccmampusaemozo nooxooa dana gusuueckas unmepnpemayus MoOyisi Oulamayuu
bemona u npednodicena ancebpaudeckas Qyukyusi O Onucamus dmoeo napamempa. Onpedenen
Ko puyuenm nonepeunvix depopmayuii GEMOHA HA PA3HLIX YPOBHAX HASPYNCEHUs. Om OEmoHa 8
Ccmaousix om ypoeHst MUKDOMPeEUur 00 MaKpOmpeujun.

Kniouesvle cnosa: modens, suympenuue HANPANCeHUs, NpuHyun, OemoH, dcene3obemonHbvie
KOHCIPYKYUY, OUCTOKAYUY, MPpewjuibl, OUTAMayui.
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DEFORMATION MODEL OF REINFORCED CONCRETE STRUCTURES'
RESISTANCE - FROM DISLOCATIONS TO CRACKS

Abstract. The article provides a model of "internal stresses" for concrete matrix of reinforced
concrete structures from dislocations, microcracks to macrocracks. The energy theory on the surface of
the sphere and the definition of the integral for the mean square value of tangential stresses from
plasticity theory are used. An alternative to the general model of the "eight" in the form of a paraboloid
from the summation of the volume sectors, levels - radii for the matrix of sliding planes (including
octahedral and pure shear) is developed. In the environment of different materials, the model is
constructed based on the structure of crystals and dislocations from microcracks to macrocracks, and
its working assumptions are formulated. The important principle for displacement (deformation)
processes of summation and reduction of relaxing stresses from the stress-strain diagram of concrete is
taken into account. The internal total stresses at the rupture of the "figure of eight" (of two contour
rings) are obtained for combinations of tetrahedrons or layers-strips from the tangle-paraboloid. The
lower boundaries of concrete micro-cracking depend on stresses (deformations), growth rate, energy in
crack advancement for a prism or a standard "figure of eight". Displacements from shear, opening
widths and crack development heights are obtained from the criteria and connecting parameters in a
"representative" volume of concrete. As a result, the dilatation moduli for the stages of the stress-strain
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state of reinforced concrete are determined, and the equality for the second stage and the dual console
elements from the fracture mechanics are obtained.

Keywords: model, internal stresses, principle, concrete, reinforced concrete structures,
dislocations, cracks, dilatations.

CIIMCOK JIMTEPATYPbI

1. bBonmapenko B.M., KomuynoB. Bi.M. PacuerHple MOnmenu CHIOBOTO CONPOTHBIICHHS >Kele300eTOHa.
M.: ACB, 2004. 472 c.

2. Tomemues A.b., Komuynos. Bi.W. Conporusienue xenezoberona. K.: Ocnosa. 2009. 432 c.

3. Kapnenko H.M. O6ume monenu MexaHukH sxene3ooerona. M.: Crpoiinzaar, 1996. 410 c.

4. Beproxckuii F0.B., T'omemmes A.B., Komuynor Bn.U., Kimoesa H.B., Jlucunmua b.M., Mamkor W.JL.,
SxoBenko M.A. CrnpaBoyHoe mocobue IO CTpOUTEIbHOW MexaHuke. B nByx Tomax: YueOGHoe mocobue. M.: U3n-
Bo ACB, 2014. 432 c.

5. Komuyno Bn.U., ®enopor B.C. IlonsTuilHas wepapxus Mojeied B TEOPUH COMPOTHBIICHUS
CTPOUTENBHBIX KOHCTpyKIui // IIpoMBINIIGHHOE H TpakAaHckoe crpouTenbetBo. 2020, Ne 8. C. 16-23.
https://doi.org/10. 33622/0869-7019. 2020. 08. 16-23.

6. Beproxckuii 10.B., KomuynoB Bn.M. Meronsl MexaHuku kene3o0eToHa. YueOHoe mocoOwue.
K.: Kamxknoe n3garenscteo HAY, 2005. 653 c.

7. Tpasym B.M., Kapnenxo H.U., Komuynos Bn.U., Kanpuenos C.C., Jembsnos A.W., Konopes A.B.
Pe3ynbTaThl OKCIEPUMEHTAIBHBIX HWCCJIEOBAaHMH KOHCTPYKIIMH KBaJIpaTHOTO M KOpOOYaToro Ce4eHud u3
BBICOKOITPOYHOr0 OETOHA MpH KpydeHHuu ¢ u3rnoom // CtpoutenscTBo u pekoHeTpykius. 2018. Ne 6(80). C. 32-43.

8. bammpor X.3., KomuynoB Bn.U., demopo B.C., Sxosenko MN.A. Xene3obeToHHbIe cOCTaBHbIE
KOHCTPYKIUH 31aHui u coopyxenuit. M.: ACB, 2017. 248 c.

9. Tomemues A.b., KomuynoB Bn.M. ComporuBieHne xeae300€TOHHBIX KOHCTPYKIWH, BO3BOJAWUMBIX B
CJIOKHBIX WH)KEHEPHO-TeoJornieckux ycioBusix (monorpacgwust). Kues: OcHoBa, 2010. 286 c.

10. TombimeB A.b., KomuynoB Bi.U., SlkoBenko M.A. ConpoTuBieHHe Xeae300€TOHHBIX KOHCTPYKIIMH,
3/IaHUI U COOPY>KEHHUI, BO3BOIUMBIX B CJIOKHBIX HHXKCHEpHO-Teoornyeckux ycnoBusax. Kues: Tamkom, 2015. 371 c.

11. Terpo B.B. Henuueiinas uHKpeMeHTallbHas cTpouTenbHas MexaHuka. M.: Uudpa-Umkenepus, 2014.
480 c.

12. Kapgamesnu [O.M., HoBoxuno B.B. Teopuss mIacTUUHOCTH, YYUTHIBAIONIAsl OCTATOYHBIC
MUKpoHanpsobkenus // [IpukinaaHas maremaTrka U Mexanuka. 1958. Ne 1. C. 78-89.

13. bapaz B.P., JleBuenko B.II., IloB3nep A.A. CrpoeHune u (u3nyeckre CBOICTBA KpPHUCTAIUIOB.
ExarepunOypr: YI'TY-VYIIH, 2009. 164 c.

14. OcranoBen A., Iaiimap B. Onenka nanpsbkenus [ladieprnca aisi TpaHMuHBIX auciokanui // dusuka
MeTanoB u Metasutosenenue. 2011. Ne 3. C. 235-241.

15. bnarosemenckuii B.B., [lanun W.I'. MccnenoBanue Moaenu AUCIOKAIIMOHHOrO UcTouHnKa Ppanka-Puna
// VI3BecTust BBICHINX y4eOHBIX 3aBefeHul. MaTtepualbl ainekTpoHHo# TexHuku. 2012. Ne 1. C. 40-45.

16. T'enmeB I'.A., Kucciok B.H., Twoomun I'.A. Teopuss muactuuHOoCcTH OETOHA U IKene300€TOHA.
M.: Crpotiuznar, 1974. 316 c.

17. Muraco B.M., Cranenko H.B. OcobGeHHOCTh pa3BHTHsS TpEUIMH B KeJIe300€TOHHBIX Oankax ¢
opraHu3oBaHHbIMH TpemuHamMu // TlomutpancrnopTHeie cuctembl. HoBocnmOupck: CHOMPCKHMIA TOCYnapCTBEHHBIH
yHuBepcureT myteit coodmenus. 2020. C. 230-235.

18. MuracoB B.M. OOpa3oBaHue M pa3BUTHE CTaXOCTHYECKHX TPEIIMH B XPYINKHX M KBa3UXPYIKHUX
MaTepuanax (Ha mpuMepe Kene300eTOHHBIX KOHCTpyKuuid) // TIpupopHble W UHTEIUIEKTyallbHbIe pecypcbl CuOupu
(CUBPECYPC-24-2018). Tomck: U3narenbctBo TOMCKOro rocyaapCTBEHHOIO YHHBEPCHTETa CHCTEM YIPABICHUS W
panuosnexkrponuku. 2018. C. 105-109.

19. Terpo B.B., Censie I1.B. MHukpeMeHTanbHAsS MOJEIb B3aUMOACHCTBUS HENUHEWHO Je(OPMHUPYEMBIX
MaTepHajJoB C arpecCUBHBIMHU cpenaMu // JloNroBEYHOCTh CTPOMUTENBHBIX MAaTEPHUANIOB, M3IENUA M KOHCTPYKIMH.
Capanck: MopaoBckuii rocyaapcrBernsiii yauepeutetr uM. H. T1. Orapépa. 2014. C. 145-151.

20. Tlerpor B.B. MeTonbl BbIieNeHUs TTIaBHOW YaCTH PELICHHUS MPH pacdeTe HENWHEWHO aeOpMHUPYEeMbIX
6aiok // Bectark CapaToBCKOTO TOCYIAPCTBEHHOTO TeXHHUECKoro yHuBepenTeTa. 2011, Ne 3(61). C. 160-169.

21. TenmeB I'.A., Komuynos B.U., Kmtoesa H.B., Hukynun A.U., Tlsrtukpecrosckuit K.I1. TIpouHocts u
e opMaTUBHOCTH XKeNe300eTOHHBIX KOHCTPYKIIHUI TP 3aIPOEKTHHIX Bo3aeicTBusax. M.: ACB, 2004. 216 c.

22. Komuynos Bi.U. ®usndeckas cyTh CONPOTHBICHUS OETOHA U JKEIE300€TOHA OT AMUCIOKAIUIA 10 TPEIIUH
// CtpoutenbeTBO M pekoHcTpyKimst. 2022. Ne 4(102). C. 15-35.

REFERENCES

1. Bondarenko V.M., Kolchunov. VI.I. Calculation models of the force resistance of reinforced concrete.
M.: ASV, 2004. 472 p.

Mo 6 (104) 2022


https://doi.org/10.33622/0869-7019.2020.08.16-23

CTponTe/IbCTBO H PEKOHCTPYKIHSI

2. Golyshev A.B., Kolchunov. VI.I. Reinforced concrete resistance. K: Osnova. 2009. 432 p.

3. Karpenko N.I. General models of reinforced concrete mechanics. M.: Stroyizdat, 1996. 410 p.

4. Veryuzhsky Yu.V., Golyshev A.B., Kolchunov VLI, Klyueva N.V., Lisitsin B.M., Mashkov I.L.,
Yakovenko I.A. Reference manual on structural mechanics. In two volumes. M. : ASV, 2014. 432 p.

5. Kolchunov VL.I., Fedorov V.S. Conceptual hierarchy of models in the theory of resistance of building
structur. Industrial and civil engineering. 2020. No. 8. Pp. 16-23.

6. Veryuzhskij YU.V., Kolchunov VI.I. Methods of mechanics of reinforced concrete. K.: NAU, 2005.
653 p.

7. Travush V.1., Karpenko N.I., Kolchunov V.1., Kaprielov S.S., Demyanov A.l., Konorev A.V. The results
of experimental studies of structures square and box sections in torsion with bending // Building and reconstruction.
2018. No. 6(80). Pp. 32-43.

8. Bashirov H.Z., Kolchunov VI.I., Fedorov V.S., Yakovenko I.A. Reinforced Concrete Composite
Structures of Buildings and Structures. M.: ACB, 2017. 248 p.

9. Golyshev A.B., Kolchunov VI.I. Resistance of reinforced concrete structures erected in complex
engineering and geological conditions. Kiev: Osnova, 2010. 286 p.

10. Golyshev A.B., Kolchunov VL.1., Yakovenko I.A. Resistance of reinforced concrete structures, buildings
and structures erected in complex engineering and geological conditions. Kiev: Talkom, 2015. 371 p.

11. Petrov V.V. Nonlinear incremental structural mechanics. Moscow: Infra-Engineering, 2014. 480 p.

12. Kadashevich Yu.l., Novozhilov V.V. The theory of plasticity, taking into account residual microstresses //
Applied mathematics and mechanics. 1958. No. 1. Pp. 78-89.

13. Baraz V.R., Levchenko V.P., Povzner A.A. Structure and physical properties of crystals Ekaterinburg:
UGTU-UPI, 2009. 164 p.

14. Ostapovets A., Paydar V. Evaluation of Pyerls stress for boundary dislocations // Physics of Metals and
Metal Science. 2011. No. 3. Pp. 235-241.

15. Blagoveschensky V.V., Panin I.G. Study of Frank—Read dislocation source model // 1zvestiya Vysshikh
Uchebnykh Zavedenii. Materials of Electronics Engineering. 2012. No. 1. Pp. 40-45.

16. Geniev G.A., Kissyuk V.N., Tyupin G.A. Theory of Plasticity of Concrete and Reinforced Concrete.
M: Stroyizdat, 1974. 316 p.

17. Mitasov V.M., Statsenko N.V. Peculiarities of Cracking Development in Reinforced Concrete Beams
with Organized Cracks // Polytransport Systems. Novosibirsk: Siberian State University of Railway Transport, 2020.
Pp. 230-235.

18. Mitasov V.M. Formation and development of stochastic cracks in brittle and quasi-brittle materials (on
the example of reinforced concrete structures) // Natural and intellectual resources of Siberia (SIBRESURS-24-2018).
Tomsk: Publishing house of Tomsk State University of Control Systems and Radioelectronics. 2018. Pp. 105-109.

19. Petrov V.V., Selyaev P.V. Incremental Model of Interaction of Nonlinearly Deformable Materials with
Aggressive Medium // Durability of Building Materials, Products and Constructions. Saransk: N. P. Ogarev Mordovian
State University. 2014. Pp. 145-151.

20. Petrov V.V. Methods of selecting the main part of the solution in the calculation of nonlinearly deformed
beams // Bulletin of the Saratov State Technical University. 2011. No. 3(61). Pp. 160-169.

21. Geniev G.A., Kolchunov V.lI., Klyueva N.V., Nikulin A.l., Pyatikrestovsky K.P. Strength and
Deformability of Reinforced Concrete Structures under Beyond Design Influences. Moscow: ABC, 2004. 216 p.

22. Kolchunov V.1. Physical essence of resistance of concrete and reinforced concrete from dislocations to
cracks // Building and reconstruction. 2022. No. 4(102). Pp. 15-35.

HNudpopmanus 06 aBTope:

Konuynos Biaagumup UBanoBu4

®I'bOY BO «Oro-3anamHblii rocyJapCcTBEHHBIH YHUBEPCHTETY, T. Kypck, Poccus,

uireH-koppecroHneHT PAACH, nokTop TeXHHYECKHMX HayK, mpodeccop, mpodeccop Kadeapsl YHUKAIBHBIX 3JaHAN U
COOPYKEHUM.

Hayuno-uccnenoBarensckuit HHCTUTYT cTpoutenbHoi pusznku PAACH, r. Mocksa, Poccus,

BEIYLUUN HAYYHBINA COTPYIHUK.

E-mail: vlik52@mail.ru

Information about author:

Kolchunov Viadimir Iv.

Southwestern state university, Kursk, Russia,

corresponding member of the Russian Academy of Architecture and Construction Sciences, Doctor of Technical
Sciences, Professor, Professor of the Department of Unique Buildings and Structures.

Scientific Research Institute of Construction Physics RAASN, Moscow, Russia,

leading researcher.

E-mail: vlik52@mail.ru
M 6 (104) 2022



mailto:vlik52@mail.ru
mailto:vlik52@mail.ru

