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HOPMUPYEMBIE JTE®@OPMAILIMOHHBIE MOJAEJIA 11O PACYETY
TPEIIMHOOBPA3OBAHUA KEJIE3OBETOHHBIX KOHCTPYKIUH

Annomayusn. B uccredosanuu npogooumcst noopoOHbll AHAIU3 NPUMEHEHUS HOPMUPYEMbIX
Odehopmayuonnvix Mooeell 6 Yesax NPaAKmuYecko20 blYUCIeHUsL MAKOU PACHeMHOU XaPaKmepucmuKi,
KaK mpewuHoCmouKoCns y i#cesle300emMoHHbIX leMeHmos. [ meopemuueckoil npoeepKku 3HAYeHUl
MOMEHMA MPeuuHo00pPaA306aHUsL UCRONL3YEeMCs 084 MEMoOd pacuemd, OCHOBAHHBIX HA NPUMEHEHUU
VAPY2ONIACIMUYECK020 MOMEHMA CONPOMUBTEHUsL CEeHeHUS. U HENUHEUHOU 0epOopMAYUOHHOU MOOe.
Taxoice npumensiemcs: CPASHUMENbHbI AHAAU3 PACYEMHbIX 3HAYEHUN ¢ OIKCHEPUMEHMANbHbIMU
OAHHBIMU.

B xo00e meopemuueckux ucciedosanus MOMEHMAa MpewuHo0OPA306aHUsL C UCHOb308AHUCM
OAHHBIX MEMOOUKCOCNAHbL U AHAUZOM IKCHEPUMEHMANIbHBIX OAHHbIX COCNAHbl CAedylouue 8bl0ObL.
Pacuemnoe 3nauenue 8 npoyecce RPUMEHEHUS YIPY2ONIACHMUYECKO20 MOMEHMA U O8YXJIUHEHHOU
ouazpammvl  COCMosiHUsL Oemona He npesvlutaen IKCNEPUMEHMAIbHble U 001d0iom 3anaAcoM 6
npeodenax 10%.

Kniouesvie cnosa: momenm  mpewunoo6pazosanus,  YnpyeoniacmuyecKutl.  MOMEHM
COnpomueienusi  cewenusi,  Jcene300emonnas  OanKd,  NPAMOY2OIbHOe — CedeHue,  HelUHeuHds
Odehopmayuonnas Mooennb, OUAPaAMMAa COCOSHUSL OEMOHA.
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NORMALIZED DEFORMATION MODELS FOR THE
CALCULATION OF CRACKING OF REINFORCED CONCRETE
STRUCTURES

Abstract. The study provides a detailed analysis of the application of normalized deformation
models in order to practically calculate such a design characteristic as crack resistance in reinforced
concrete elements. For theoretical verification of the values of the moment of cracking, two calculation
methods are used, based on the application of the elastic-plastic moment of cross-section resistance and
a nonlinear deformation model. A comparative analysis of calculated values with experimental data is
also used.

In the course of theoretical studies of the moment of cracking using these techniques, the
following conclusions were made and the analysis of experimental data was made. The calculated value
during the application of the elastic-plastic moment and the two-line diagram of the state of concrete
does not exceed the experimental ones and has a margin of 10%.

Keywords: cracking moment, elastic-plastic moment of cross-section resistance, reinforced
concrete beam, rectangular cross-section, nonlinear deformation model, concrete state diagram.

© Mopeaynos M.B., Macnos JI.A., 2022

CIITMCOK JIMTEPATYPBI

1. Khabidolda O., Bakirov ZH.B., Nuguzhinov Zh.S., Vatin N.l. Determining stress intensity factor in
bending reinforced concrete beams // Bulletin of the Karaganda University. 2019. N. 4 (96). P. 90-98.

2.

OBakumsan C.C., Tpexun C.C. HccrnemoBanmne TpemnHOOOPA30BaHUSI HM3THOAEMBIX >KENI€300€TOHHBIX

anemenToB // uaoBamuu. Hayka. O6pazoBanue. 2021. Ne 34. C. 340-343.

M 3 (101) 2022




CTponTe/IbCTBO H PEKOHCTPYKIHSI

3. Komaynos B.U., ®enoposa H.B. Hekoropsie npoOiieMbl jKHBYYECTH JKeNe300€TOHHBIX KOHCTPYKTHUBHBIX
cHcTeM Ipu aBapuiHBIX BozaekcTBusx // Bectauk HULL CtpoutenscrBo. 2018. Ne 1 (16). C. 115-119.

4. MoprynoB M.B. Pacuer MoMeHTa TpemuMHOOOpa3oBaHMS H3rHOaeMoro OETOHHOTO JJIEMEHTa,
apMHUPOBAaHHOTO CTEKJIOILIACTHKOBOM apmatypoii // M3Bectust FOro-3amagnoro rocynapcrsenHoro yansepeureta. 2019.
Ne 1. T. 23. C. 64-73.

5. Komuynos B.U., Komuynos B.U., ®enoposa H.1. JlehopmaroHHbIE MOJIENH JKEI€300€TOHA TIPU 0COOBIX
Bo3eiicTBUsIX // [IpoMbinieHHOE 1 TpaxkaaHckoe cTpouTtenbeTo. 2018. Ne 8. C. 54-60.

6. Komaynos B.U., Ky3zuenoBa K.1O., ®enopo C.C. Monenb Kputepusi TpEIIMHOCTONKOCTH ¥ MPOYHOCTH
IUTOCKOHATIPSHKCHHBIX KOHCTPYKIIMHA U3 BBICOKOMPOUHOro (hnOpodeToHa u ¢udpokene3odberona // CTPOUTEIECTBO U
pexorcTpykIws. 2021. Ne 3 (95). C. 15-26.

7. Toshin D.S. Perspectives of the application for the nonlinear deformation model in the calculations of
reinforced concrete elements // Material science forum. 2019. V. 974. Pp. 505-509.

8.  Komemu 2.H., Tpekun H.H., Hukutun M.K., Cocenos K.E. IIpakTiueckie MeTOIbI U MPUMEPHI pacyera
XKeJIe300€TOHHBIX KOHCTPYKIMH u3 Tspkenoro 6erona mo CIT 63.13330. Monorpagus. M.: OO0 «bymaxuuk». 2017.
C.61-83.

9. Epsuue B.A. UncneHHble MeTOABI pacdera MPOYHOCTH JKeJe300€TOHHBIX 3JEMEHTOB IO HEIMHEHHOMH
neopMalMoOHHOW MOJIENTM C HCIIOJNb30BaHWeM auarpamm aedopmupoBanus moxenu // Bectauk HI'MOU. 2018.
Ne6(85). C. 17-26.

10. Huxynuna HO.A. Mcnonb3oBanne HeMMHEHHOW aeOpMallIOHHONW pacueTHONW MOJIENH JUIsl ONpeesieHUs
TPEHMIMHOCTOMKOCTH KeJIe300€TOHHBIX MPEBAPUTEIBHO HANpPsHKEHHBIX 0anok // COOpPHUK JOKNIAZ0B MEXIYHAPOIHOTO
cTyneH4deckoro crpourensHoro gopyma. benropon: BI'TY um. B.I'. Illyxosa. 2018. C. 133-140.

11. Kapnenko H.U., benocroukuit A.M., [TaBios A.C., Akumos I1.A., Kapnenko C.H., ITerpor A.H. O030p
Mozeneil nehopMHUPOBaHHUS Kelne300€TOHa, YYMTBHIBAIOIIMX IPOIECChl TpemuHooopa3oBanus. Yacte 1: Pa3bopku
OTEeUYeCTBEHHBIX yueHbIX // COopHUK HaydHbIX TpyaoB PAACH. Mocksa: PAACH. 2020. C. 231-240.

12. Kapnenko H.U., benocroukuit A.M., [TaBios A.C., Akumos I1.A., Kapnenko C.H., ITerpor A.H. O030p
Mozeneil 1ehopMUPOBaHUsl Kelle300eTOHa, YUUTHIBAIONIMX IPOLECCHl TpelnHooOpa3zoBanus. Yacte 2: pa3paboTku
3apyOexxHbIX yueHbIX // CoopHUK HayuHbIX TpyaoB PAACH. Mocksa: PAACH, 2020. C. 241-254.

13. Tunoresa TUTOCKHUX CeUeHHI u TIPUHIHIT Cen-Benana. [DnexTpoHHbII pecypc].
URL.:https://scask.ru/c_book_rbt.php?id=103

14. CII 63.13330.2018. beronnble u xene300eroHHble KOHCTpYKIMU. OcHoBHBIE monoxenusst CHull 52-01-
2003. M.: Cranpaprundopm, 2019.

15. CII 52-101-2003. BeronHble U xeJae300€TOHHbIE KOHCTPYKIUH 0€3 MpeIBapUTEIbHOIO HAIPSHKCHUS
apmatypsl. M.: I'YII HUMXKB I'ocerpost Poccrn, 2003.

16. CII 52-102-04. IlpenBapuTenbHO HanpspKEHHbIC jKene3o0eToHHble KOoHCTpykumu. M.: I'VYIT HUMXKB
T'occrpos Poccun, 2003.

17. Kapmenxko H.U. CoxonmoB b.C., Papmaiikun O.B. IlpoextupoBaHue OeTOHHBIX, >XEI€300€TOHHBIX,
KaMEHHBIX M AapPMOKAMEHHBIX OJJEMEHTOB M KOHCTPYKLUHMH ¢ NPHMEHEHHEM JAuarpaMMHBIX METOIOB pacdera.
Momorpadus. M.: ACB. 2019. C. 18-22.

18. Oxycok C.A. Pacuer MoOMeHTa TpEIIMHOOOPA30BaHUS  IKeJIe300€TOHHOrO  d3JeMeHTa  0e3
MPE/IBAPUTEILHOTO HAIPSHKEHHMsT apMmarypbl Ha ocHoBanuu TpeOoBanmii CIT 63.13330.2012 // CtpourtensctBo u
pexoHcTpykims. 2015. Ne 6(62). C. 14-20.

19. TamxueBa Y.M. Pacuer xene300€TOHHBIX AJIEMEHTOB KPYIJIOTO MONEPEYHOr0 CEYCHHs M0 HEeTMHEHHOMH
nedopmanmoHHoi Mozaenu // DkenepT: Teopus u npaktuka. 2021. Ne 5 (14). C. 13-20.

20. Opbul E. Dmitriev D., Fan Van Fuk. Practical calculation of flexible elements using a model of nonlinear
deformation on the example of a typical RGD beam 4, 56-90 // Architecture and Engineering. 2018. No. 3. Pp. 29-41.

21. Ceiipymnaes X.K., T'apaes A.H. Ilpunoxkenue HenuHeitHOW aehOpPMAIIOHHOW MOJEIH K pacyery
n3rubaeMsbIx xkeae300eToHHbIX dnemMeHToB // Science of Europe. 2018. Ne 33. C. 51-60.

22. Epsmmes B.A., KockoB M.IO. K MeTonuke omnpeseneHnss MOMEHTa TPEIIMHOOOpa30BaHMsI M3THOAEMBIX
kKeJIe300€TOHHBIX 3JIEMEHTOB 110 HeNMMHEHHO# nedopmarmonnoit moaenu // Bectauk HITUBU. 2017. Ne 12 (79). C. 32-
42,

REFERENCES

1. Khabidolda O., Bakirov ZH.B., Nuguzhinov Zh.S., Vatin N.l. Determining stress intensity factor in
bending reinforced concrete beams // Bulletin of the Karaganda University. 2019. No. 4 (96). P. 90-98.

2. Ovakimyan S.S., Trekin S.S. Issledovanie treshchinoobrazovaniya izgibaemyh zhelezobetonnyh
elementov [Investigation of crack formation of bent reinforced concrete elements]// Innovacii. Nauka. Obrazovanie.
2021. No. 34. Pp. 340-343. (rus)

3. Kolchunov V.I., Fedorova N.V. Nekotorye problemy zhivuchesti zhelezobetonnyh konstruktivnyh sistem
pri avarijnyh vozdejstviyah [Some problems of survivability of reinforced concrete structural systems during emergency
impacts] // Vestnik NIC Stroitel'stvo. 2018. No. 1 (16). Pp. 115-119. (rus)

N3 (101) 2022



Teopusi HHKEeHEPHBIX coOpY:KeHHH. CTpouTeIbHbIE KOHCTPYKITHHI

4. Morgunov M.V. Raschet momenta treshchinoobrazovaniya izgibaemogo betonnogo -elementa,
armirovannogo stekloplastikovoj armaturoj [Calculation of the moment of cracking of a bent concrete element
reinforced with fiberglass reinforcement] // Izvestiya YUgo-Zapadnogo gosudarstvennogo universiteta. 2019. No. 1.
Pp.64-73. (rus)

5. Kolchunov V.l1., Kolchunov V.I., Fedorova N.I. Deformacionnye modeli zhelezobetona pri osobyh
vozdejstviyah [Deformation models of reinforced concrete under special influences] // Promyshlennoe i grazhdanskoe
stroitel'stvo. 2018. No. 8. Pp. 54-60. (rus)

6. Kolchunov V.1., Kuznecova K.YU., Fedorov S.S. Model' kriteriya treshchinostojkosti i prochnosti plos-
konapryazhennyh konstrukcij iz vysokoprochnogo fibrobetona i fibrozhelezobetona [A model of the crack resistance
criterion and the strength of flat-stressed structures made of high-strength fibroconcrete and fibro-reinforced concrete] //
Stroitel'stvo i rekonstrukciya. 2021. No. 3 (95). Pp. 15-26. (rus)

7. Toshin D.S. Perspectives of the application for the nonlinear deformation model in the calculations of
reinforced concrete elements // Material science forum. 2019. Vol. 974. Pp. 505-509.

8. Kodysh E.N., Trekin N.N., Nikitin I.K., Sosedov K.E. Prakticheskie metody i primery rascheta zhele-
zobetonnyh konstrukcij iz tyazhelogo betona po SP 63.13330 [Practical methods and examples of calculation of
reinforced concrete structures made of heavy concrete according to SP 63.13330]. M.: «Bumazhnik». 2017. Pp. 61-83.
(rus)

9. Eryshev V.A. CHislennye metody rascheta prochnosti zhelezobetonnyh elementov po nelinejnoj
deformacionnoj modeli s ispol'zovaniem diagramm deformirovaniya modeli [Numerical methods for calculating the
strength of reinforced concrete elements according to a nonlinear deformation model using model deformation
diagrams] // Vestnik NGIEI. 2018. No. 6 (85). Pp. 17-26. (rus)

10. Nikulina YU.A. Ispol'zovanie nelinejnoj deformacionnoj raschetnoj modeli dlya opredeleniya
treshchinostojkosti zhelezobetonnyh predvaritel'no napryazhennyh balok [Using a nonlinear deformation calculation
model to determine the crack resistance of reinforced concrete prestressed beams] // Shornik dokladov
mezhdunarodnogo studencheskogo stroitel'nogo foruma. Belgorod: BGTU im. V.G. SHuhova. 2018. Pp. 133-140. (rus)

11. Karpenko N.I., Belostockij A.M., Pavlov A.S., Akimov P.A., Karpenko S.N., Petrov A.N. Obzor modelej
deformirovaniya zhelezobetona, uchityvayushchih processy treshchinoobrazovaniya. CHast' 1. Razborki
otechestvennyh uchenyh [Review of reinforced concrete deformation models that take into account the processes of
cracking. Part 1: Disassembly of domestic scientists]// Sbornik nauchnyh trudov RAASN. Moskva: RAASN. 2020.
Pp.231-240. (rus)

12. Karpenko N.I., Belostockij A.M., Pavlov A.S., Akimov P.A., Karpenko S.N., Petrov A.N. Obzor modelej
deformirovaniya zhelezobetona, uchityvayushchih processy treshchinoobrazovaniya. CHast' 2: razrabotki zarubezhnyh
uchenyh [Review of reinforced concrete deformation models that take into account the processes of cracking. Part 2:
developments of foreign scientists] // Sbornik nauchnyh trudov RAASN. Moskva: RAASN. 2020. Pp. 241-254. (rus)

13. The hypothesis of plane sections and the  Saint-Venant principle.  [Online].
URL.:https://scask.ru/c_book_rbt.php?id=103 (date of application 17.02.2022).

14. SP 63.13330.2018. Betonnye i zhelezobetonnye konstrukcii. Osnovnye polozheniya SNiP 52-01-2003
[Concrete and reinforced concrete structures. The main provisions of SNiP 52-01-2003]. M.: Standartinform. 2019.
(rus)

15. SP 52-101-2003. Betonnye i zhelezobetonnye konstrukcii bez predvaritel'nogo napryazheniya armatury
[SP 52-101-2003. Concrete and reinforced concrete structures without prestressing the reinforcement]. M.: GUP
NIIZHB Gosstroya Rossii. 2003. (rus)

16. SP 52-102-04. Predvaritel'no napryazhennye zhelezobetonnye konstrukcii [SP 52-102-04. Prestressed
reinforced concrete structures]. M.: GUP NIIZHB Gosstroya Rossii, 2003. (rus)

17. Karpenko N.l. Proektirovanie betonnyh, zhelezobetonnyh, kamennyh i armokamennyh elementov i
konstrukcij s primeneniem diagrammnyh metodov rascheta. Monografiya [Design of concrete, reinforced concrete,
stone and reinforced stone elements and structures using diagrammatic calculation methods]. M.: ASV. 2019. Pp. 18-
22. (rus)

18. Okusok S.A. Raschet momenta treshhinoobrazovanija zhelezobetonnogo jelementa bez predvaritel'nogo
naprjazhenija armatury na osnovanii trebovanij SP 63.13330.2012 [Calculation of the moment of cracking of a
reinforced concrete element without prestressing reinforcement based on the requirements of SP 63.13330.2012] //
Stroitel'stvo i rekonstrukcija. 2015. No. 6. Pp. 14-20. (rus)

19. Gadzhieva U.M. Raschet zhelezobetonnyh elementov kruglogo poperechnogo secheniya po nelinejnoj
deformacionnoj modeli [Calculation of reinforced concrete elements of circular cross-section by nonlinear deformation
model] // Ekspert: teoriya i praktika. 2021. No. 5 (14). Pp. 13-20. (rus)

20. Opbul E. Dmitriev D., Fan Van Fuk. Practical calculation of flexible elements using a model of nonlinear
deformation on the example of a typical RGD beam 4,56-90 // Architecture and Engineering. 2018. No. 3. Pp. 29-41.

21. Sejfullaev H.K., Garaev A.N. Prilozhenie nelinejnoj deformacionnoj modeli k raschetu izgibaemyh
zhelezobetonnyh elementov [Application of a nonlinear deformation model to the calculation of bent reinforced
concrete elements] // Science of Europe. 2018. No. 33. Pp. 51-60. (rus)

M 3 (101) 2022




CTponTe/IbCTBO H PEKOHCTPYKIHSI

22. Eryshev V.A., Koskov M.YU. K metodike opredeleniya momenta treshchinoobrazovaniya izgibaemyh
zhele-zobetonnyh elementov po nelinejnoj deformacionnoj modeli [To the method of determining the moment of
cracking of bent reinforced concrete elements by a nonlinear deformation model] // Vestnik NGIEI. 2017. No. 12 (79).
Pp. 32-42. (rus)

HNndopmanus 00 apTopax:

MoprynoB Muxaui BanepreBuu
OI'bOY BO «bpsHCcKkuil rocy1apcTBEHHbBIN HHXXEHEPHO-TEXHOIOTHUECKUI YHUBEpCUTET», T. bpsHck, Poccus,
KaH/IW/IaT TEXHUYECKUX HaYK, OLEHT Kaelphl CTPONUTEIbHBIE KOHCTPYKIIHH.

E-mail: 5555@bk.ru

Macaos [Imutpuii AHapeeBuY

OI'bOY BO «bpsHCckuil rocy1apcTBEHHbBIN HHXEHEPHO-TEXHOIOTHUECKUH YHUBEpCUTET», T. bpsHck, Poccus,
MarucTpaHT Kadepbl CTPOUTENbHbIE KOHCTPYKIIHH.

E-mail: maslov0707@gmail.com

Information about authors:

Morgunov Mikhail V.
Bryansk State Engineering Technological University, Bryansk, Russia,
candidate of technical science, associated professor of the department of building constructions.

E-mail: 5555@bk.ru

Maslov Dmitry An.

Bryansk State Engineering Technological University, Bryansk, Russia,
master student of the department of building constructions.

E-mail: maslov0707@gmail.com

N3 (101) 2022


mailto:mail@mail.mail
mailto:abcd@abcd.com
mailto:mail@mail.mail
mailto:abcd@abcd.com

