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Anromayus., HecMomps Ha (YpHOS POSEUMILE MEMOGOR HEAUHSIHOND paciema NpUESEHHEY B MHOMY ICAEHHEX My-
AUROLUAX [ HOPMOMUEHOD AUMEPOITYRE, NPOEMUSckl oMoy OnEyem UX QUCASHHOR PeaAlRINUR, O MOEme nogpoinos
QNUCAHNE CUUPUMMOE pociema B cCmamee pOoCMOmPUBIemeR PEIIEHNUE CUOR eMu YPaeHe HUl Heaunednod gegdopsanyu-
OHHO MOTeAl ROPMOALHON CEREHUR CHOMO-UT0rHYIan S1eMERMA MEMogosd umepauuil. IMogpolfio uilaraemes paso-
EHOE HOPMOARHOMN CERSHIR HO OMgEARHEE YROCMAY, NOPAJOR BHYICASHUR FECMROCMHEE EOMPUIUEHMOB, onpegeLs-
HUE CERYILErD Mogyir gedropManinil, nowomerHls HellMMIALHOM CL08 HO HOVOARHOM [ ROCASTYROULY 3MONaX LMepaigi-
OHHOMD npogecon. JIPUBOJUMCA OHIALS CXOJUMOCIRE [MMEIIOHHON NPOecos o OQeHKD MOMHOCMD pociema. Jame
RUCASHHED NPUMED POCYEMA © QUATPOMMOML JeopMUDOBIHUR CMAAD U GeMOHG GHIALS U COOBHEHIE PEIVANTOROE C
HopMamueHod Memoguieod. TpopegeHi! JOMOAHUMEALHEES HUCASHHEE UOCASJOBIHIR I NOCMPOSHD NOBEPXHOORE Ape-
FEARHK X YOULAUD CHAMO-USOMHYMOM 3AeMeHma AR pemieHUR ypaeHeHul B ghosimeckl HeAuneHod nocMoHOBRe M-
MEHEH MEMOY UMepauuil. CMOmes MaKem Gk NOASTHD CReyIIATSTIM, HI00nE JeRMerLROaN KOMODEHY CERTIHT ©
POCRE MOMI CIRPOUMEARHEY KOHCMPYREYLd B gusueckn HeanHei ol mnoom aros e,

Kawmesne cAOBI FKeAeToieMOHHES 1T NT0EMEE SAEMEHT R, POCYEM CMOLMEeARHEY KOHCMPYR UL, [mepad qrioHHE 0

MEmg, REAUHeTHOR gedopMaIoHHOA MOgelk, HONFAKEHHD-JE00 P MU PORIHED S COCMORNUE.
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Abstract. Despite the rapid dewvelopment of nonlinear calculation methods given in numerons monographs and
normative lterature, there is proctically no numerical implementation of them, as well as 0 detoiled desaiption of
caiculation algorithms. The article considers the solution of the equation system of @ nonlinear defompation model of a
narmal section of a oompressed-curved element by the itemition method. The splitting of the normal section into separate
sections, the procedure for calculating the stiffness coefficients, the detemnination of the secant modolos of
deformations, the position of the neutml layer at the initial and subsequent stages of the iterative process are
considered in detail. The analysis of the convergence of the fterative process and the estimatfon of the calculation
accuracy s given. A numerical example of colculation with diograms of concrete steel deformation is given and an
analysis and comparsan of the results with the normative methodology are presented. Additional numerical studies were
carried out and the sufoce of the limiting forces of the compressed-curved element was constrocted. To salve the
egquations in a physically nonlinear formulation, the iteration method is msed. The articke may be pseful for specialists
whaose field of activity is related to the oalcolations of building structures in a physically nondinear formuiatfon.
Keywords: reinforced concrete bendable elements, colculation of building structures, itermtive method, nonfinear
deformation model, stress-strain state.

Baegenne roukcnen b myGnukagsax [1—9). OgHako 8 HopMa-

B kacrosuwee BpEMA METOAHKA PACYETA HOPMANb-  THBHBIX W METOQMUSCKMX OOKYMEHTAX OTCYTCTEYeT e
HbIX CEYEHKA HA OCHOBE HENMHEAHOA OR(POPMALKOH-  YWCNEHHAR PeANHIALIMA, YTO Bhi3blBAST 3ATPYAHEHMA Y
HOW MOLENH NOTYHKIE 3HAYHMTENBHOE PA3BHTHE B MHO-  HHMEHEPOB NPH BoIDOPE Kak METOOMKH PRLEHHA Ta-
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CTPOUTENBHHE KOHCTPYKUMM, 30LAHWA W COOPYXEHMS

KHX CHCTEM YDABHEHMH, TAK M HHCTRYMEHTA ANA WX pe-
LU HMA

Llent naxkod paboThl — YKCNEHHAA PEANWM3ALMA
ONOEOENEHHA  HANDAMEHHO-ORMOPMHPOBAHHOND CO-
CTOAHMA HOPMANBHOMD CEYEHMA MWENe30DeToHHb
INEMEHTOR HA OCHOBE HENHHERHOR LedhopMalHoHHOR
MOOENH.

MeTogHka pacyeTa HOpPMANBHBX CEYEHHH

PaccMmoTpkM pELLEH HE TAKOH 340aud AR CEYSHHA,
rOg QeHCTEYIOT KAk Npoa0AbHAR CHNA, TaK W Marsbao-
WHE MOMEHTHI. YPABHEHWA PABHOBECHA NPHHATHL B
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MNpuMep pacueta HOPHMANBHOM CEYEHHA

Nna pepudiMkald ¥ BANKOALMW METOOHKH NpoBe-
OEM PACYET HOPMANEHOMD CEYSHMA CO CNELYIOLLMMK HC-
HOHBIMH [AHHBIMK, NPHHATEIMK W3 paboter [12]: npa-
MOYTONbHOS CRYBHME KOMOHHBI C LMpWHoW O = 400
MM H BeicoTOH 1= 500 MM; TRxenbIA BeToH Knacca B25
(R, = 14,5 MMa); npogonskan apMatypa wnacca A400
(R, = R, = 350 MMa); apMupoBaHke YeThipbMA CTap-
WHAMK AxameTporM 32 MM, B cedeHKM O0HOB PEMEHHD
aescreyior cina N = 2600 kH 1 narsbaowme MOMEHTbI
M, = 150 kH-m, M, = 100 ¥H-m. Ocrosibie oboaxa-
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YerkA Aakbl Ha puc. 1. JlHarpaMmbl PHHHMEEM KDHBO-
nHHeddbiMKe no npwn. T CN 63.13330.2018 «CHuM
52-01-2003 BetonHbie 1 #Ene30DeTOHMbIE KOHCTDYK-
umks fpuc. 2).

D na peanK3anKK ONWCAHHON METOOMKKM BOCNONLIY-
emca Microsoft Excel c npumenenyen VBA. Mpricnan-
HO® NPHMEHEHKE AOCTATOMHO NOAPOOHD PAcCMOTPEHD
g pabore [12]. No dpopmynam (23)—(25) nonysaem
MEPECE MPHOMHEHHE,

(1)
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= 1,3876-10-6 — § 0244-10-3- 1,25-10-6 —
—4,3921- 1077 - 4,3333-10% = 1, 37710 % mm !
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()

| =1485810%— 1,2888-10°2-1,2-10-6 —

\Prl 3,1793:10°7- 4,3333 10 = | 4698105 mm!;

(g )" = —5,5472- 104+ 1,013-10-2- 1,2-10-6 —
—4,5654-10-3 - 1,25- 1078 = —5,547 1-10*.

Mocne nomperkia HOBLIX 3HAYEHHH ONPEOENAEM
HOBbIE CEKYILME MOLYNH W HANDAMEHWA HA K 00M
yuacTie. Nocne 3Toro BRIYHCNASM KOODQMHATEL PACNO-
NOMEHHA HERTPANBHOMD CNOA no qopMynam (15), (16)
W KopkuMeHTl cucTeMbl ypasHenui [y [h4 no
choprynam (17)—(22). Takum obpasom, nomydasm Ho-
BOE NPHONIGKEHWE HCKOMBIX HEM3BECTHbIX. PeaynbTa-
Thl pacyeTa faHbl B moda §u Ha puc 3

Tamim obpasoM, ONA PeLISHHA C NOMPeLHOCTLIO
5 9% W MeHee DOCTATOMHO 3—5 MTepaumMi.
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HA HAIEW

OBNOKKE

CTAHUMA « ABHAMOTOPHA A

ApKMTEKTYDHOR PELIGHWE CTAHMM «ARKAMOTOD-
HaA® OCHOBAHO HA ABHALIMOHHON TEMATHKE, YTO Oby-
CNOBNEHD B¢ HAa3BaHHeM, DopMbl ANEMEHTOE HHTEDL-
EPOB CTAHLMH [OT KONOHH 00 CBETMNBHMKOR) accoLpa-
THBHO CEA3AHBI NHOO C OBMHEHKEM BOIAYLIHLI NOTO-
KOB, NMOO C ANEMEHTAMH ONEPEHHA H WHTEPLEPOB Ca-
MONETOR.

Ha nnarthopMeHHoM yuacTHE CRETOBLIE HENpEphiE-
HbI& NHHHM MMBOT YHHKANBHYIO OpMY! NOMHMO Ma-
MEHAIOLLEHCA LWHPHHLI CBETHNLH HKOE, MNABHLIE Nepe-
MOMbl KPMBBIX BINOMHEHB! HE TONBKO B NAOCKOCTH, HO
W B NPOCTPAKCTERE — KOPNYCA CRETHBHMKOR M DAaCCek-
BATENH HMEIOT KPHBHAHY B TDEX HanpaaneHHax, obec-
neuusan TakksM obpaIoM YeTKOE COOTBETCTEHE Waro-
TOBNEHHLIXN (HOPM IANCHEHHOMY B NPOEKT PHOYHKY.
Taioie, cneuMantko Nog NPOEKT, BhINOMHEHbl BCTPO-
EHHbIE B NOTONOK NAAT(OPMEHHON YacTH OrpoMHbie
CBETHABHMKH — TPEYTONbHHKK-KPbINBA, WITOTORNEH-
Hble 23 WBOR B CRETALLEHCH YACTH, NPH ITOM MX Kap-
KAC CO BCTPOSHHLIM MEXAHMIMOM NO3IBONAET NETKD
OTKDbIBATE CRETALLYIONA YacTh ANA OOC MyHI4BaHMWA,

He Tonbio CBETMABHMKIKK, HO ¥ OCHOBHBE 31SMEHThI
OTORNKH MHTEDLEDA HMEIOT YHHIANLHOE WCNOHEHHE,
MacwrabHocTs CoOpyEHKA NOMUEPKHBAETCA KPYT-
HbIM YNEHEH¥EM 00K oBOY HBX nakened. bensie yac-
TH HAW(OH CTOPOHbI KONOHHbI BBINONHEHbI W3 TpeX

IMpodomcenue. Hawaso wa . 12, oxowiavue Ha © 50

18

ofbeEMHb hHOPODETOHMbIX NAHENEH, C BCTRORHHBIM
B HMX KapacoMm. Takoe pellerHe OONMUCEKH CTAHLHK
BMEOBELIE BbNOAHEHD Ha MOCKOBCKOM METDOMONHTEH &
MpoTHBONONOMHEIE FpAHKM KONOHH, ODPALEHHbIE Ha-
BCTPEYY OBIOKEHMID MNACCAWMPOB, WArOTORNEHLI K3
ANOMMHHEBbIX COTOBbIX NaHENsH C NHUBEOH NOBEpX-
HOCTBIO M3 HELHCABSIOULEH CTANM K3 BOMHOMD JNEMEeH-
Ta NepeMEHHON LWHPKHHDL BoicoTod 6,1 M. Taowke cne-
WHaNbHO NOM NPOSKT ObNK KArOTORNEHBL TPW BHOA
IHCTPY A4 POBAHHEIN AMICMEHWEBEIX NAHENEHN C WHIHEM-
OyanbHor (MaKTypoH NOBEDXHOCTH, Kawnas M3 KoTo-
pbix HMeeT 4auHy B M. B couetankk © TpeMa usetami
OKPACKH NOMYYHNOCE AERATE BUAOE NaHENeH, H3 KOTO-
PhIX CHOMEHAE MO3IAMKA OHHAMWYHOID PHOYHKA MyTe-
BhiX CTEH.

CneusanbHo O0A ITOH CTAHUMM HADOOHBIM Xy 0o
HMKoM Pocouickon @enepauud A W, Pyxasusiummico-
BhiM DObIMH BRINOAHEHB! M3 ANIOMKHHA 1 rbpoberoHa
[BE HACTEHHBIE Xy NOMWECTREHHbIE KOMNO3MHK « Kpbi-
nateie mogqs. [pW CTpOMTenbCTBE NepecagKu Ha
cTaHLo afBHaMoTopHans KandHHHCKON NHHHW MeT-
pONOAKTEHA CKYNALNTYpa «Miaps Haponworo xymomd-
huia Pocouickod @enepauqs A, M. Mocuiuyka Beina
OTPECTABDHPOBAHA M NEDEHECEHA B HOBbIM NPOCTO-
pHbIH 330 B NEQECAOOYHON rANEpee.

MNpu cTpowTenccTee cTadys Dbl NPHMEHEH YHH-
KaNbHEIH cNOCo6 3AKPLITOR NPOXOMKK NACCAMMPCKOrD
ToOHHENA AnuWnod 70 M non AeRCTEYIOWMMH MYTAMK
KasarckoH #eneaHor qopord Dea oCTAHOBKH [0BHME-
HHA MO HeH,

NMPOMBLUMTEHHOE W TPAKOAHCKOE CTPOMTENRCTEOD 3/2022
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