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PACYET XKEJIE3OBETOHHOTI O 3JIEMEHTA C OJTHOCTOPOHHUM HAPAIIIUBAHUEM
C YYETOM HEJJMHEWHOM MOJI3YYECTHA BETOHA
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HccnenoBan xene300€TOHHBIN JIEMEHT MPSMOYTOJIBHOTO NMPOQUIIs, YCHICHHBII B pacTsSHyTOH 30HE HapallUBaHH-
€M, C IPUMEHEHNEM HEJMHEHHOH neh)OpMAIMOHHOW MOJENH C Y4EeTOM HEJHHEHHBIX UIMTENbHBIX MPOLECCOB, POUC-
xoxsmux B 6etoHe. [IpuHATOE HENMMHEWHOE YpaBHEHUE MTOJI3Yy4YECTH OCTOHA MIPH C)KATHUH YUUTHIBACT KaK HETMHEHHOCTh
yIIPYyro MIHOBEHHBIX JeopMaluii, TaKk ¥ HEJIMHEHHOCTh JUINTENbHBIX JAedopmanuii. st ctaporo 6eToHa, IpHHUMAs
Mepy TOJI3y4eCTH Pa3HOCTHOTO THIA, HHTErpajlbHOE HEJMHEHHOE ypaBHEHUE MOJI3YYECTH NPEACTaBIeHO B (hopMe He-
TMHEHHOTO MU (hepeHINaNIBFHOTO YPaBHEHHUS TIEPBOTO MOPsIIKa. B COOTBETCTBHN C TpagUIMOHHBIMH THIIOTE3aMH, TIPH-
MEHSIEMBIE TIPU pacyeTe M3rudaeMbIX JKeJie300€TOHHBIX 3JIEMEHTOB C YYETOM YIPYro IUIACTUYECKOH paboThl apMaTyphl,
pellIeHUe 3a/1a4 CBEJCHO K peleHuro 3a1aun Komm Juist HenmHelRHo# cucteMsl TuddepeHnnaibHbIX YpaBHEHHH rep-
Boro mopsaka. [loctpoeHHas paspemaromasi CHCTeMa HEMUHEHHbBIX quddepeHnnantpHbIX YpaBHEHUH peIaeTcs: Iucie-
HO ¢ npuBiedeHueM Metona Pyrre-Kyrra uerBeproro mopsinka. IIpu 3TOM YHCIEHHO JIETKO YYUTHIBACTCS YBEIUUCHHUE
BO BPEMEHU MOJYJISl YIPYro MIHOBEHHBIX JeopManuii U mpouyHocTu OetoHa. C mpuMeHeHHneM pa3paboTaHHOI MeTo-
JIMKYM Ha OCHOBAaHHWH YUCICHHBIX SKCIIEPUMEHTOB IOKa3aHa 3((EeKTUBHOCTh MPEUIOKEHHOTO CIIoco0a pacyera.

KaioueBble ci10Ba: nonsydyects, OETOH, apMaTypa, OTHOCHTENIbHAS BBICOTA.

PO3PAXYHOK 3AJII3OBETOHHOTI'O EJIEMEHTY 3 OJHOCTOPOHHIM HAPOIIIYBAHHSM
3 BPAXYBAHHSIM HEJITHIMHOI ITOJI3YYOCTI BETOHY

AcanoB Eabuin 3upagiun orjm
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JocmimkeHo 3a1i300€TOHHNHN eJIeMEHT MPSMOKYTHOTO PO iIi0, HOCUICHUH Y PO3TATHYTIH 30HI HAPOILyBaHHSM, 13
3aCTOCYBAaHHSM HENiHIHHOT NeopMaIiifHOi MO/ 3 ypaxyBaHHSIM HEIiHIHHUX TPUBAIUX MPOLECIB, IO BiAOYBAIOTHCS
y OetoHi. [IpuitasaTe HemiHiiiHEe PiBHAHHS MOB3ydYOCTi OETOHY IPU CTUCKYBAaHHI BPaXOBY€ SK HEIHHIHHICTD TPYKHO
MUTTEBUX AedopMaIinid, Tak i HeTiHIHHICTh TpuBaMuX aedopmariit. s craporo 6eToHy 3 ypaxyBaHHIM MipH MTOB3Y-
YOCTI PI3HHULIEBOTO THITy, IHTETpaJIbHE HENiHIHE PIBHAHHS MOB3Yy4YOCTi NMPHUBEJCHO Y (hopMi HENiHIHHOTO AndepeHIiii-
HOTO PIBHSHHS HEPIIOTO MOPSIKY. 3 ypaxyBaHHAM TPAIHULIHHAX THUIOTE3, IO 3aCTOCOBYIOTHCS IIPH PO3PAXYHKY 3ai-
300€TOHHX EJIEMEHTIB, 1[0 BUTMHAIOTHCS, 3 MPHEAHAHHAM MPY’KHO IUIACTHYHOI pPOOOTH apMaTypH, po3B’s3aHHA 3a/1adi
3BEJICHO JI0 BUpilIeHHs 3axaui Kol asst HeniHiHHOT cucteMu AndepeHniiHuX piBHIHB nepuioro nopsiaky. [lo6ynosa-
Ha PO3JUTbHA CHCTeMa HENIHIMHUX AU(EpeHIiHHNX PIBHAHb BUPINIYETHCS YHCENBHO 13 3aIydeHHsIM Metoay Pyrre—
Kyra gerBeproro nopsaxy. Tak sik 3agada BUPIIIYEThCS YHCEIBHO, TO JIETKO BPAXOBYETHCS 301IBIIEHHS B Yaci MOIYIIIO
NPY’KHO MUTTEBUX JiedopMartiid i MiHOCTI OeToHy. I3 3acTocyBaHHSIM po3pOOJICHOT METOMKH Ha 0a3i YUCENbHUX eKC-
MEPUMEHTIB MOKa3aHO e(heKTHBHICTH 3aIIPONIOHOBAHOT METOANKH PO3PaXyHKY.

Karouosi cioBa: noB3yuicts, 6€TOH, apMaTypa, BiTHOCHA BHCOTA.

AKTYAJIbBHOCTb PABOTHI. Tlocnennee Bpems MaTemaTrueckoro ananusa [9, 10, 12]. BeimensnoxeH-
WHTEHCHBHO Pa3BUBAIOTCS METOJBI pacueTa yCHJIMBae- HOE TO3BOJISICT KOHCTAaTHPOBaTh, YTO pa3paboTka 3¢-
MBIX U PEKOHCTPYHMPYeMBIX KOHCTpykuuil [1, 2]. Drto (DeKTHBHON YHCIIEHHOM METOJMKH pacueTa yCHIMBae-
CBS3aHO C TeM, 4TO OypHOE pa3BUTHE TEXHOJOTHH BHI- MBIX M3TH0AEMBIX JIEMEHTOB XKeJe300€TOHHBIX KOHCT-
3bIBa€T HEOOXOIMMOCTh PEKOHCTPYKIHH W yCHWICHHS PYKIMHA € ydeToM HEJIWHEHHOH moszydecTH OeToHa
CYIIECTBYIOIMX 31aHUA M coopyxeHHi. TpaguiuoH- SIBIISIETCSI aKTyaJbHOM 3a/adeil TeopHum >keyie300eTOH-
HbIE METOJUKHU pacdera XKeJe300€TOHHBIX KOHCTPYK- HBIX KOHCTPYKIIHH.

U HE MPUTOMHBI IJIS JIIOOOTO YPOBHSI Harpy>XeHHS. Lenbto paboTel sBIgETCS pa3paboTKa C NpUMEHe-
IToaToMy B mocienHHe AECATUIETHS HHTEHCHBHO pas- HUEM HEJMHEHHOH nedopManMoHHONH Mozaenu 3¢pdex-
BHBaeTCs HeNWHEWHas NegopMalnnoHHAs MOJENb pac- TUBHOH YHWCIICHHOH METOOMKH pacyeTra YCHICHHBIX
yeTa KeIe300€TOHHBIX KOHCTpYKuui [3—6] ¢ npumeHe- OJJHOCTOPOHHHMM HapallMBaHHEM H3TrH0aeMoro ene3o-
HUEM pEealbHBIX HENMHEHHbIX auarpamm [7, 8]. Ornu- OETOHHOTO 3JIEMEHTA MPSIMOYTOJIBHOTO MPOPHIIS C yue-
YUTEIBHOW OCOOEHHOCTBIO OOBIYHBIX W YCHIJICHHBIX TOM HEJIWHEHHBIX JJIMTENBHBIX MPOIECCOB, IPOUCXO-
KeNe300€TOHHBIX KOHCTPYKIHH SBISETCA TO, YTO Ha IAIUX B OETOHE, KOT/1a YIPyro MIHOBEHHOE Ae(opMu-
(opMupoBaHUE HANpPsHKEHHO Je()OPMHPOBAHHOTO CO- poBaHHe OETOHA TaKXKe HEJMHEIHO.

CTOSIHUSI CHJIBHOE BJIIMSHHE OKAa3bIBaeT MOJI3Yy4ecTh Oe- MATEPUAJT U PE3YJIbTATHI UCCJIEJJOBAHUIA.
ToHa [3, 7, 9, 11, 13]. Ilpu HenWHEWHON MOJI3y4eCTH PaccMoTpuM >ke1e300€TOHHBIN 3JIEMEHT, MPSIMOYTOJIb-
MOCTPOCHHUE AHATUTUYECKOTO PEIICHHs He MpeCcTaBis- HOTO TpoQWIs, YCHWICHHBIH B pacTIHYTOH 30HE
eTcsl BOBMOXHBIM. 1103TOMy IpH pemeHny 1Mo100HbBIX OJIHOCTOPOHHUM HapaiiuBanueM [1, 2] (puc. 1).

3aa4 TMPUMCHAIOTCA Pa3JINYHBIC YHUCJICHHBIC MCTO/bI
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Pucynoxk 1 — PacuerHast cxema jkene300eTOHHOTO JIEMEHTa ¢ OJHOCTOPOHHUM HapaliBaHUEM

YPaBHeHI/Ie MOJ3Yy4eCTH OeToHa Mpyu CXKaTuu, ydu-
TBHIBAIOIICE HEIMHEHHOCTh Kak MI'HOBCHHOIo, TakK H
JJIATCIBbHOTO ,He(l)opMHpOBaHI/IH, OBLIO MPCAJIOKEHO

o (t) o

&)=< |1+n, | =2
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JInst TOCTaTOYHO 3peNioro OETOHa Mepy MON3YyYecTH
MOXHO MpUHUMaTh B Bupe [7, 8, 9, 11, 13]:

Clt,r)=C,-(l—e77) )

& (t)+7-5,(t)=

U3BECTHBIM CIEHHATUCTOM [0 HEJIMHEHHOU TEeOpUH
nepopmupoBanust O0etona B.M. Bonmapenko [3—6] u
AHAJIMTHYECKas 3aBUCHCMOCTh 3TOW TEOPHU UMEET BUJI:

O [ (R [ 2t

Tak kak st 3penoro OeTOHa MOXHO MpeHeOpedb
YBEIMYCHHEM BO BPEMEHH MOMYJS YIPYrOCTH U
MIPOYHOCTRIO, T.e. mpuHUMas Ep(r)=E,=const u Ry(r)=
Rp=const,  uHTerpaibHOE  ypaBHEHHWE  HEJIMHEHHO-
HacJeACTBEHHOH momsyuectd OetoHa (1) ymaeTes
MPE/ICTABHUTH B cieayroniei muddepeHimansHoi Gopme:
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JlarHoe muddepeHnnansHOe ypaBHEHHE JTOJDKHO YHOB-
JIETBOPSITH CIEIYIOMEMY HAYaJIbHOMY yCIOBHIO
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Torma s HOPMATBHOUW CHJIBI U M3THOAIOIIETO MO-
MEHTa B ApMATYPHBIX CTEPKHIX UMEEM

% (t)‘(ff(t)—

C npumenenueM aedpopmarmonHoii momenu [7, 8],
MIpUHUMAsST JIsI apMAaTYPHBIX CTEpP)KHEH JBYXIMHEHHYIO
quarpamMmy aeopMupoBaHHS, IS HANPSHKCHUH B ap-
MaTypPHBIX CTEP)KHIX UMEEM BBIPAKCHUS:
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BBojist mapamMeTp MOJIHOTHI SIFOPBI HANpsoKeHuid [4, 5] MOCTH TIpUCOEIUHUM K nuddepeHaibHOMy ypaBHe-
ULl TJIABHOTO BEKTOpPA M TNIABHOTO MOMEHTA CKUMAFOIINX HUIO NoJ13y4ecTr. Toraa mony4um:

HanpsDKEHUH B OETOHE, MOYKHO 3aIliCaTh:
O &)= A5, 0+ A, -£0)
o(1)=1- —f°>( ()] ’ 6,0)= A -4,0) + A, -£0)

o, (t)-&(t) | Gu(t)= A&, (t)+ A -S(1):
M=o T N, )= 670 A +6,0) A + 0, (0) A
. f)-0-¢0) ,_£0) M, ()= &5(t)- A (hy —a)) -
Q-0 A S 0 ©)Aq (. —a)
Torma ypaBHeHHs] paBHOBECHs Ui paccMarpuBae- n, (t): A, -o, (t)+ A
MOTO KOMIUIEKCHOTO CEIEHHS TIPUMET BHUI: Nb (t): A -6, (t)+ A, - éf’.(t)— A, (t);

Nb(t)+ Ns,tot(t)= 0; Mb(t)= Aizl'd-b(t)_kl As 'é:(t)_ Ay- na(t);
Mb(t)+Ms,tot(t):M(t) (7) ) Nb(t)_'_.NSytOt(t):.o;
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aK Kak OCHOBHOE ypaBHEHHE HEJIMHEHHOM Ton3y- : ( )_ A, -6, ( )+ A, ®)

yectu AuddepeHinanpuoe, ypaBHEHHE TIEPBOTO TOPS/I-

ka npoauddepeHuIrpyeM, MONTyYeHHbIE BBIIIEC 3aBUCH-
3nech BBeICHBI 0003HAYCHHUS:
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Tak kak moyyueHHass HEJIMHEHHAsE cucTema mudde-
pEHLMAIBHBIX  YpaBHEHWH JIMHEIHA OTHOCUTEIHLHO
MIPOU3BOJHBIX, OHA JIETKO MPHUBOJIUTCS K HOpMajbHOU
dopme [10,12]:

& ):Ais'fl(t)+A16

ha(t): A - fl(t)+ As

Si)=A-As f)+ A L)+ AA. 0
G, ()= A A (D) + A [0+ A A
Go(t)= A A Fi(t) + A - F,(0) + A - A,
Ns,tot(t): B - fl( )"' B, - fz( )"' Bs

Ms,tot(t): B, - fl(t)+ B,- fz(t)+ Be

Nb(t =By - fl(t)+ Ao - fz(t)_ B

Mb(t): B fl(t)+ As - fz(t)_ B,

3I[eCI> BBCJICHBI 0003HaUYEeHUS
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2= AN +HACA+AC A
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By = B-As; Bg= B Ag;
= Az'Aé'(ho
B, = B;-As: Bg= By Ag:
Bg= Ag—A7-Agy; = A As
Bu=A,—A Ay Byo=~A-Ay;
Bs= By +By; By = B+ A
Bs= By—Bs; Bg= B, +By;
By = B,+As By=M(t)+B,-By;
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Bonee cokpallleHHO TaHHYIO CUCTEMY MOXKHO IIpej-

CTaBUTH B BUJIE {X } _ {F({X }1 t)} (12)

3nech
oy (t) x(t)
&(t) X, (t)
&p (t) Xs(t)
n, (t) X, (t)
O-;(t) Xs(t)
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ou(t) X (t)
New(®) | | %s(t)
Ms,tot(t) X (t)
N, (1) X,(t)
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A7 ’ fl(t)+ AB
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FAXH =1 A A 1)+ A () + A - A
A Ag- ()+Ae f(t)+ A A
B, f,(t)+ B ( )+ B,
B, - f,(t)+ B, f,(t)+ By
Bg f,(t)+ AlO ,(t)-B
)+ Ay f,()- By,

B nHauambHelii MomenT Bpemennm npu =1,

pelIeHne CTPOUTCS IO AITOPUTMY, HPEATIOKECHHOMY
M.A. Tamkuessim [7]. TlpunaumMast mar pemenust At

s onpenenenus pemenns mpu t=1t =t + At ,

HY)KHO BBIUHCIIUTH CICAYIOIIME YEeThIPe BEKTOpa
koaddunmentos [10, 12]:

K, }ZAt'{F({X}o’to)}'

(K, 1= At. { [{x}o Sk Azt)}
{K3}:At-{F[{X}O Pk +2j}:
K, =at-{F({X}, +{K;}t, + At)}.

Ilpu >TOM B  OYEPEJHOM Iare  pEIICHHE
BIUHCISIETCS 110 3aBucumoctw [10, 12]:

S R Y (e

Iocne 4yero mpuHMMas ty=t, 1 {X }0

%-{K4 1. (14)
={X} peure-

HUEC IPOAOJILKACTCA.
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ITporpamma cocTaBiIeHa Ha aITOPUTMHYECKOM S3bI-
ke Turbopascal ABC. C npumMeHeHrHeM 3TO# mporpam-
MBI PACCMOTPEH YHCICHHBIH IPUMED.

[Ipumep. PaccMoTpumM  Kene300eTOHHBIA  IIEMEHT,
YCWJIEHHBIH B pacTSHYTOHl 30HE HapallUBAHUEM IIPU
CIIEYFOIINX JIaHHBIX. Ry (to ) =17 Mlla ;

Ey(ty)= 32500 MITa ; My =13 ; m; =43; n,=12;
m =40; b=40cu; h=60cm; a; =a;=a,y = S5om;
hy =20 cm; Ry = Ry = Ryy =350 M1 ; apmupoBaHue B
cxkartoif 30He A 400 416; Al =804 cu?®; B pacts-
HyTOll 30He A 400 4Q32; A =3217 e’ B Hapa-
mmBaemoit some A400 4325 ; Ay =1963cu’ ;

2
y=003¢cymox ™" ; cozzqooooooog7sﬂ%; ;
K

Pe =0575
ag =0,076 cymo;c_l ;

ag =0,072cymox™" ; Pr=0585 ;
M =507,45kH - m ;
ty =28 cymox .

Ha ocHOBaHWMM IIPOBEICHHBIX BBHIYUCICHHI Ha HIXKe-
MIPUBEICHHBIX Tpadukax (puc. 2, 3) MpeicTaBICHBI W3-

MEHCHHUSI HEKOTOPBIX NapaMeTpoB HAPsDKEHHO aedop-
MHPOBAaHHOTO COCTOSIHUS 110 UCTEYEHUH BPEMEHHU.
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PucyHok 2 — I'padyk M3MEHEHUsI OTHOCUTENILHON
BBICOTBI CXKaTUsI Ce4eHHs ¢ B 3aBUCUMOCTH OT BPEMEHH
t [cymku]
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Pucynoxk 3 — I'padik n3MeHeHHs HAIIPSKEHUST

KH .
o [72} B apMaType HapalmBacMOW 4acTU
M

OT BPEMEHH t [cymiu]

BBIBO/IbI. B 3akmoueHne oTMeTHM, 4TO pazpado-
TaHa 3(deKkTrBHAA YHNCIEHHAs METOAWKA pacdeTa yCH-
JICHHBIX C OJHOCTPOHHUM HapIIUBaHHUEM >KEJIe300eTOH-
HBIX 3JIEMEHTOB INPSMOYTOJIBHOTO Tpodmis mo HOp-
MaJBHBIM CEYCHHUSAM C y4eTOM HEIMHEHHO HaclelICT-
BEHHOU TOI3y4decTH OETOHA, KOTOPOE IO3BOJISET MpPO-
CIICIUTh MEXAHW3M MepepaclpeieNiCHIs] BHYTPEHHBIX
HanpeXeHuil.
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CYYACHI TEXHOJIOTTi B MAIIMHOBY IYBAHHI, TPAHCIIOPTI TA I'TPHULITBI

CALCULATION OF THE REINFORCED ELEMENTS IN ONE-SIDED EXPANSION
BY USING NONLINEAR CONCRETE CREEP EXTENTION

Asadov Elchin Ziraddin oglu

MES of Azerbaijan Republic, State Agency for Control of the Construction Safety, General Administrative office

for State Expertise

vul. M. Mushviga, 501, Baku, 1073, Republic of Azerbaijan. E-mail: asadov_elchin@rambler.ru

Purpose. The article investigates a reinforced concrete element of a rectangular profile, hardened in the stretched
zone by upbuilding, using a nonlinear deformation model taking into account nonlinear sustained processes occurring in
concrete. The adopted nonlinear equation for concrete under compression takes into account both the nonlinearity of the
hardened instantaneous deformations and the nonlinearity of the long term deformations. For the old concrete, taking
the measure of difference type creep, the integral nonlinear creep equation has been represented in the form of a first
order nonlinear differential equation. Accepting the traditional hypotheses used in the calculation of bent reinforced
concrete elements, taking into account the elastically plastic operation of the reinforcement, the solution of the problem
has been reduced to solving the Cauchy problem for a nonlinear system of first-order differential equations. Further, the
built resolving system of nonlinear differential equations has been solved numerically with the use of fourth-order
Runge-Kutta method. Since the problem is solved numerically, the increase in the unit of time is easily accounted for
elastically instantaneous deformation and strength of concrete. Using the developed method on the basis of numerical
experiments it has been demonstrated the efficiency of the proposed calculation procedure.

Key words: creep, concrete, reinforcement, relative height.
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