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CPABHUTEJILHBINA AHAJIU3 METOIOB YUCJIEHHOI'O
MOJEJMPOBAHUS IIJACTUYECKHNX JE®OPMAIIMIA BETOHA

BAIIMHCKASI O.10. ! acnupanumia
BAPABAII M.C.>, 0.m.1., npog.
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Henvio pabomst sBISIETCA aHATH3 OCHOBHBIX JOCTOMHCTB M HEAOCTATKOB CYIIECTBYIOIIMX METONOB OMpeAeeHus Acdopmarmmit
nonsydectd, a MMeHHo Mozeieit CEB 90 u ynpyro-nonzydero tesia. CpaBHeHHE aHATHTHYECKUX PEIICHMI C ONBITHHIMHU JTAHHBIMU.
BrisiBIeHME MX OCHOBHBIX JIOCTOMHCTB M HeJOCTaTKoB. MccienoBanyne HamnpsuKeHHO-IEGOPMHUPOBAHHOTO COCTOSHHS pacuy&THOM
CXEMBI MOCTa IpHu Y4ETE YNPYTOIUIACTHYECKUX CBONCTB OETOHA, C WCIIOJNB30BAHMEM DA3NHUYHBIX YPABHCHHUM CBSI3M MEXIY
YCIIOBHSIMH OKCILTYaTallMM KOHCTPYKLMH, PEOJIOTMYECKMMH CBOWCTBaMH OeToHa M koadduimeHToM 1nonsydectr. Jlisi peannsaium
TIOCTABJICHHBIX 3aJai aBTOPHI HCIIONB30BAIM CIEOYIOIYI0 Memoouky. JIns WCCIenoBaHHsS HaNpPsHKCHHO-IE(OPMHUPOBAHHOTO
COCTOSHMS KOHCTPYKIIMH MCIOJIb30BaJIcs MeTo ] KoHewHbIX AemMenToB. B ITK «JIupa-CAIIP» pacu&tHas Mozielh MOCTa pa3OMBaiach
Ha 00bEMHBIC H30IIapaMeTPUYECKIe KOHEUHBIE JIEMEHTEI ¢ IMHESHHBIMHU (IUI1 apMaTyphl) U HEeMHSHHBIME (171 GeToHa) 3aKOHaMK
nedopmupoBanms. HenuHeWHbIH pacuéT KOMMBIOTEPHOM Mozesii OB OCYHIECTBIEH MpH moMoinu cucreMbl «HmkenepHas
nenuneitnoctsy. edopmanuu nomsydectd Beraucasimuck Ha 7, 15, 20, 30, 50 u 100-# ompm mocne MPWIOKCHWS HArpy3KH.
MunumansHoe koiauuecTBo urepanuii — 300. Ha 0cHOBe HOTY4eHHBIX Pe3ydETAaTOB OBLI HOCTPOEH rpadk M3MEHEHHS MPOrHOOB
KOHCTPYKIIMM BO BPEMEHU IIPY UCTIONBL30BAHWM PA3JIMYHBIX TEOpuUid monsydecty O6etona. ITpu penreHnn mocraBieHHON 3a1a4u Obun
TOJTYH4€EHBI CIENYIOUINE pPe3yabmampl: Ha OCHOBE MOZIENM BS3KOYNPYroro Tena HCCIeNOBaH Tpolece AcopMHUPOBAHUS
xKene300eToHHON KoHCTpykimM. [lokazaHo, UTO TMpU pacuére KOHCTPYKUIMM ¢ YYETOM TIOABJICHHS TUTACTHUECKHMX Jedopmarimii
OeToHa, SBICHUE MON3YYECTH OKa3bIBACT 3HAUMTENBHOEC BIMSHHE Ha €€ HampsukeHHO-medopMmupoBanHoe cocrosinve. Hayunas
HOGu3HA PAdOThHl 3aK/II0YACTCS B CNCOYIOLIEM: TIPUBEICHBI paspellaioiine YpaBHEHHS sl OTpeneaeHns (yHKIMN MON3Y4ecTH
0eToHa; BBLINONHEH CPaBHUTEJNIBHBIM aHAIN3 PaccMaTpPUBAEMBIX MOJENeH omperencHus nedopMaiuii yIpyroro mocaenchcTBus;
HPOBELEHO TEOPETUUECKOE UCCIIEOBAHIE HANPSHKEHHO-IE()OPMHUPOBAHHOTO COCTOSTHHSI MOHOJIMUTHOTO XKEJIC300€TOHHOTO MOCTa Ha
OCHOBE MOJIEJM BS3KOYNPYrOro Tejia C HCIOJIB30BAHWEM pa3HBIX Teopui noisydectd. JIpaxmuueckas 3Hauumocms pabomot:
TIOJIy4EHB] rpa)yKi CPAaBHEHHSI PACCMATPHBACMBIX 3aKOHOB M3MEHEHHs MEpHI MOJNI3YYECTH BO BPEMEHH C OKCICPMMEHTAILHEIMU
JaHHBIMH, KOTODPBIE O3BOMSIOT OLUEHUTE CTENEHB CXOIMMOCTH NPHBEAEHHBIX TEOPHIA.

Knrouegvie cnosa: YHpyro-rnoasyiee TE0; IJIaCTUHECKHEC ued)opMauml; MI'HOBCHHBIC ued)opMaunH; noJI3y4ecCTh, ycaaka;
BA3KOYTIPYrOCTh; YHCIICHHOE MOICIMPOBAHUC

MOPIBHSLJIBHUI AHAJII3 METO/IIB YHUCEJBHOI'O
MOJEJIOBAHHS IVNTACTUYHUX JTE®OPMAIIIU BETOHY
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! Hanionansauit aBiariinmii yrisepcurer, npocnext Kocvonasra Komaposa, 1, Kuis, 03058;
tem: +38 (063) 108-22-01; e-mail: olchik01@ukr.net; orcid 0000-0002-4161-782X;
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Memoio poboTu € aHani3 OCHOBHMX MEpeBar Ta HEOJNIKiB iCHYIOUMX METO/iB BH3HaY€HHs AepopMailiif TOB3y4OCTi, a came
mozeneit CEB 90 Ta npyxno-nmoB3y4oro Tina. [IopiBHSHHS aHATITHYIHEX PillleHb 3 JOCITIIHAMHA JaHUMU. BUsBieHHs iX OCHOBHMX
niepepar Ta HeJoJiKiB. JlocmiIKeHHs HanpyXkeHO-Ie(OpMOBAHOrO CTaHy PO3PAaXyHKOBOI CXEMH MOCTY 3 YpaxyBaHHSM IPYXHHX
BJIACTUBOCTEHl OETOHY, 3 BUKODHCTAHHAM pi3HHMX DIiBHAHB 3B'I3Ky MiX yMOBaMH €KCTUTyaTallil KOHCTPYKIi, peosoridHAMH
BJIACTHBOCTSIMH OeToHYy Ta koediuieHTom moB3ydocti. [Ins pearmisamii mocTaBlieHMX 3aJad aBTOPM BHKOPHUCTOBYBAIM HACTYIIHY
Memoouky. JIjisi JociIPKEHHS HalpyXeHo-1e)OpMOBaHOTO CTaHy KOHCTPYKIIi BUKOPHCTOBYBABCS METOJI CKIHYEHHUX eJIEMEHTIB. Y
TIIK «Jlipa-CAITP» po3paxyHKOBa MOJEJIb MOCTa po30MBasiacs Ha 00'eMHI i30TapaMeTpUYHi CKiIHYEHH] eJIEMEHTH 3 JTiHIHHIMH (1
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apmaryp) Ta HeJiHifnuMu (1ns GeroHy) 3akomamu nedopMyBanus. HemiHilrmit pospaxyHOK koMm''oTepHoi Mozeni Gye
3pilicHenuit 3a onoMoroio cuctemn «lmxeHepHa HeniHilHicTE». Jedopmarii moB3ydocTi obuncmoamies na 7, 15, 20, 30, 50 Ta
100-# gui micas MpUKTaNeHHS HaBaHTakeHHS. MiniManbHa KinbkicTs itepauiii — 300. Ha ocHOBi oTpuMaHHX pe3ymbTaTis Gys
nobyosanni Tpad)ik 3MiHM TPOrMHIB KOHCTPYKIIIl B daci P BHKOPHCTAaHHI Pi3HMX Teopiit moBsydocti 6etony. Ilpu BupimenHi
TIOCTABJIEHOTO 3aBNaHHs OyJlM OTPUMaHi HACTYIHi pe3yibmamu: Ha OCHOBI MOIEN B'I3KO-TIPYXKHOTO Tila HOCHiIKEHO IPOIEC
nedopmyBanHs 3ami306eToHHOT KOHCTpYKILiT. [Toka3aHo, 0 MpU pO3PaxyHKY KOHCTPYKLIT 3 ypaXyBaHHAM BUHMKHEHHS IUIACTAMHAX
nedopmariit GeToHy, ABUIIE HOB3YIOCTi 3HAUHO BINMBAE Ha il HampyxkeHo-nedopMoBanuii cran. Haykoea Hosusna poboTH monsrae
y HaBel€eHi piBHAHB I BH3HA4YeHHS (YHKUiI NMOB3ydocTi GETOHY; BHKOHAHO MNODPIBHAIBHWME aHAli3 pPO3MIISHYTHX Mojeneit
BU3HAYCHHS NepopMallili TPy HOT MiCISIiT; MpoBeAeHO TeOpEeTHIHe HOCIiDKEHHS HalPY»KeHO-Ie(OPMOBAHOro CTaHy MOHOJITHOTO
3aJ1i300€TOHHOTO MOCTa Ha OCHOBi MOJEINi B'I3KO-TIPYXKHOTO Tilla 3 BHKOPHCTAHHSM Di3HUX Teopidt mossydocti. Ipaxmuuna
3Havumicmes cmammi: oTpuMaHi rpad)iki TOPIBHAHHS POSTIISHYTHX 3aKOHIB 3MiHM MipH IIOB3YHOCTi B 4aci 3 eKCIIEPHUMEHTAIBHUMHE
JTAHWMH, SIKi JO3BOJISIOTH OIiHUTH CTYITiHb 301)KHOCTi HaBeIEHHUX TEOpiil.

Kniouosi crnosa: IpyxHO-MOB3y4e TiNo; TWIacTH4HI Nedopmariii; MuTTeBI nedopMariil; MOB3ydicTs; ycanka; B'S3KONPYKHi; YMCebHE
MOJICITIOBAHHS

COMPARATIVE ANALYSIS OF THE NUMERICAL SIMULATIVE
METHODS OF CONCRETE PLASTIC DEFORMATION

BASHYNSKA O.' - Postgraduate student
BARABASH M. > — Dr. Sc., Prof.

! National Aviation University, 1, Kosmonavta Komarova, 03058, Kiev, UKRAINE;
phone: +38 (063) 108-22-01; e-mail: olchik01@ukr.net; orcid 0000-0002-4161-782X;
¥ National Aviation University, 1, Kosmonavta Komarova, 03058, Kiev, UKRAINE;

phone: +38 (095) 286-39-90; e-mail: bmari@ukr.net; orcid 0000-0003-2157-521X

The purpose of the work is to analyse the advantages and weaknesses of existing methods to determine creep deformation,
videlicet the CEB 90 Model and the method of a viscoelastic material (Harutyunyan’s Model). Also it is to compare the analytical
solutions with experimental data, to identify its main merits and demerits. To investigate a stress - strain state of a bridge design
scheme, taking into account the elastic properties of concrete, using different constraint equations for external environment,
rheological properties of concrete and specific creep. To achieve the goals, the authors used the following methodology. To analyze a
stress - strain state of a design scheme a finite element method was used. In the PC "Lira-CAD" the bridge design scheme was
divided into third-dimensional isoparametric finite elements with linear (for armature) and nonlinear (for concrete) deformation laws.
Non-linear calculation of a design scheme was implemented using a system "Engineer nonlinearity”. Creep deformation was
calculated on the 7%, 15™, 20", 30®, 50™ and 100™ days after loading. The least quantity of iterations was 300. In the light of the
results the authors plotted a diagram of a deflection development as time goes on, using different concrete creep theories. Solving the
problems the following results were obtained: based on the viscoelastic material model a process of reinforced concrete deformation
was investigated. It is shown that during the calculation of structures (taking into account the appearance of plastic deformations of
concrete) creep effect is of paramount importance in its stress - strain state. The scientific novelty of the work: the equations to
determinate a creep function of concrete were adduced; the comparative analysis of the elastic recovery deformation models was
carried out; it was made a theoretical investigation of stress - strain state of a reinforced concrete bridge based on the viscoelastic
material model using different creep theories. The practical significance of the work: it was made comparative graphs of obtained
time laws of creep compliance with experimental data, which permit to consider a precision degree of the given theories.

Keywords: viscoelastic materials; plastic deformation; instantaneous deformation; creep; shrinkage; viscoelasticity; numerical
simulation
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C.t)y=o@)ft-1).

dymkpmo  f(1-1')
CYMMOﬁ SKCIMOHCHIUHMAJTbHBIX

©)

Ilpy  aTom ciemyeT
aIIpOKCHMUPOBATD
¢dyHKIMI BUOa:

fe-t)= kae‘“("") , 7
k=0

B, m y, - noxo6paHHbIE
HaITeXalyuM 06pa3oM JUTS JaHHOIO MaTepHa.na npugeM
By=1, yo=0 uy, >0,

rae IOCTOSAHHBIC,
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A ¢yskumio @(¢') cremyer MpeaCTaBIATE B BUIE

go(t')=C0+i~1—:{—k7 npu >0, 3)
i (')

raoe C, —m CICJIIBHOC 3HAYCHUE MEPHI TIOJI3YYECTH, A
0 k

— HEKOTOpbIe MapaMeTphl, KOTOPBIE 3aBUCAT OT CBOWCTB
¥ YCIIOBHIT CTapeHwns IS TaHHOTO MaTepHaa.
ITpn stom ¢yHkuwmst @{f') momkHa GBITH MOHOTOHHO

yOBIBaIOIIEH M YIOBIETBOPATH YCIOBHIO

' b
lim (") = C; . )
">

Torr_{a 33KOH M3MCHCHWA MEPhI MON3Y4ECTH feToHa B
061IICM CIIyqa€ MOXHO BBIpaXXaThb B BUIE!

Ct,t) = (o([')h £y e-n-(l—z’)J’

(10

rae

A
(p(t')=CO+t—". (11)

Yucnennnple 3nauenns 4, , B,, C,, y, cuemyer

noaoupaTh TakuM o0pa3oM, YTOOBI MONYYUTH ONU3KOE
COBIAJCHME C  JKCIEPUMEHTANbHbIMH  KPWBBIMU
OJI3Y4EeCTH paccMaTpUBaeMbIX 00pa3loB OeToHa Kak B
MOJIOZOM, TaK M B CTApOM BO3pacTe.

Mogeas CEB 90

HIMeHHO 3Ta MOJENb JIEXKNT B OCHOBE aJiTOpUTMa
pacuera nedopmanmii momydecta no Eurocode 2 [11].

Ona mnoaxogut [y oOblMHOro GeToHa, mpenen
NPOYHOCTH KOTOPOr0 HaXOAMTCS B mpeaenax ot 12 go 80
MIla u 3kCIIyaTMpyercss B YCIOBMSIX OTHOCHTEJNLHOIM
BraxxHoctu oT 40 1o 100 % npwm cpenHeil Temmepartype
or 5 mo 30 °C [12]. B aToM ciiyyae peKOMEHIyeTCs
cIeAyIollee BhIpasKeHKe I (GYHKINH TOM3YYECTH:

1
J(tt)_L_,_ C(t,t") = Mﬁt_)’
E(1") E(t")

H3BecTHO, 9TO OCHOBHOH NPWYMHON TIPOSIBJICHMUS
SBJIEHU TIOJI3Y4EeCTH €CTh WCHAPEHUe KaluIspHOM
Blarn leMeHta. HamGornee 3HauuTeNbHOE WCHApeHUE
Bjard HaOmomaercs B mepBbie 28 mweir. ITocime 3toro
npouecc BHICYLIMBaHMA  OeToOHa  3HAYMTEIHHO
3aMeIIeTCd M MOXKET NpPONOIDKAThCSA MecATKH Jyier. B
OOJILIIMHCTBE CJIy4aeB CKOPOCTh WCHAPEHHs BIaru
NPONOPHUOHANIbHA pa3Mepy IUIOMAaa CEeYEeHMs dJIeMeHTa
KOHCTpyK1uH [8].

QyHKIMIO IIACTUYECKUX Ae(opMalyii OMepeyHOro
CEYEHMs B NPOLIECCE NCTIAPEHMS BIar¥ MOXKHO BBIpaXKaThb
B BHIIE!

(12)

J(t,t)=Jt,t)Y+Ca(t,t), (13)
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rae Ca(f,1') — cpemmsis BENWYMHA IOTIOTHHTENHHBIX
TacTHYecKdX  feopMaluil, YTO BOSHHKAOT MPH

OTHOBPEMEHHOM TIPOABNIEHAN YCaTOTHBIX Ae(opMariHii.

Calt.t)= Z”#k,,ﬁ(@) , (14)
0

rie k,' — smmmpmdeckas QyHKUMS, YTO OTOGpaxaeT

MSMEHEHWs BIAKHOCTH OKpyXatomiei cpemer, f,{(#')—
sMTprdeckas QYHKLMS yBEIMYeHNs Bo3pacTa 6eToHa B
npouecce  3arpyxkenns;  S(6) IMIHpHIECKast
DYHKIMS, 4TO YIUTEIBAET PAa3BHTHE YCAOKU BO BpeMs O .

JInst Toro, 4TOOB! BBHIIONHHTE KOHEYHO-3JIEMEHTHBIIH
2HATN3 TIOREJIEHHS KeNe300eTOHHOW KOHCTPYKIUM BO
BpEMEHM — caMOl BaKHOM 3amadell ecTh momGop

dynkunn nomsysectn J(¢,1') (unm J(¢,t')) n dynxumn

ycaaku a (). B paccmarpusaemoit momemu CEB 90
TIPEITOXKEHO CIIEAYIOLIEE BhIPAKEHHE ITUX ()yHKIIIH

Tty = Fyry+ 2P0 $P0) g
ECZH EC2H
£5(t:t0) =25, [Bs() - B (1)) (16)

rne F(t') -
AeopMaluy M TepBIUHblE 1e(OPMALUN TION3y4eCcTH B
Ha4asIbHbI MepHo/ FKCIUTyaTaLyH:

1 ,BS(’)
E@)

(GyHKLMSA, 9TO YYHTHIBAET MTHOBEHHbBIE

FE)s——r (17)

E(,zH
E¢,y — Monyns ynpyroctd B Bospacte 28 nmeil; ¢, —
ko3¢ uument, pasusii 0.4; ¢, — xoappuument, uTo

3aBHCHT OT BIIQKHOCTU OKPY)KalOLIel cpelibl 1 pa3sMepoB
ceueHns; [, — QYHKUMH JUTHTENHHOCTH BO3NEHCTBUS

Harpysku; f,
KallWIApHOR Bnary; [ 7 B B byHkumm Bpemenu:

f(t'j.
5

CornacHo paccMatpuBaemMoii Teopuu K03((ULHEHT
T0J13y4ecTH OyZeT BEIpakaThCs B BUIE:

¢(tato):(¢0)'ﬁc(t‘t0)

e ¢, — TeopeTHyecKuii ko3(Q(HUIMEHT MON3YUECTH, UTO
obpatnmMoii

— BpCMsl MPOSABJIICHUA Ha4dalla HMCIIApCHUs

B')=0. 8(1 (18)

(19)

onpefiesAeTCs  TONBKO B HOpedenax
(MMHENHOI) MoN3ydecTy COriacHo GopMyIe:

35

G0 =Prer - B(f ) - Bt,) .

OcraBumecs k03((GUINEHTH YYMTHIBAIOT BITISHNC

(20)

OTHOCHUTEIIFHON BJIAXKHOCTH Oprn(anmeﬁ Cpenpbl,
pasMepoB CEHECHUA JJIEMEHTa KOHCTPYKIIUA u

MPOYHOCTHBIX XapaKTEPUCTUK OeToHa:
s =t 100 ) ~B(L,, :Ei, (21

0.1 3\/ hO \ fcm

Blty) =1— @)

" oa+007)

(i

B.(t~ty)= ¢ (23)

[ﬂH +(f_t0)]0:3_,
By =15-J1+(0,012-
By

OrnmaurenbHOit ocobennocTsio Momenu CEB 90 ot
apyrux mozenei, Taknx kak ACI wmm BP Model ects To,
9TO  JUIi  HAaxokAeHWs  QYHKUAH  TIOJ3Y4ECTH
HCITONTb3YIOTCS HE TOJILKO (YOPMYNbHbIE WCUHUCIIEHHS], HO
Taxke B EBurocode 2 npemnoxed -rpaguk u3
IIECTHAIIATH KPUBBIX, 110 KOTOPOMY MOXKHO OTPEE/NTh
3HayeHue ko3 duienTa non3yecru.

RH)® [1)+250, (4)

<1500 gHe. (25)

Cpaenenne 3aKOHOB H3MeHEHHs MePbI M0JI3y4eCTH
1o MoJeJisiM ynpyro-moJizydero teaa u CEB 90 ¢
ONBITHBIMH IaHHBIMHA

Hwxe  mpencraBnensl  rpaduky  M3MeHeHHs
k03 (pUIINEHTOB MON3yYeCTH BO BPEMEHH, MONYIE€HHBIX
OKCIEPHMEHTANIbHO M aHAIATHICCKAM  IyTéM, B
COOTBETCTBMM C TEOpUEH YNpYro-moyi3ydero Tena IO
dopmynam (10, 11) 1 no momesm CEB 90, popmynsi (12,
19). 3HaueHMs OSKCIEPUMEHTANGHBIX [JAHHBIX OBLIM
B3ATHL 13 [1]. OHM OTHOCATCS K GETOHY, M3rOTOBIEHHOMY
Ha MOPTIIaHILUEMEHTE INPH BO3MYIIHOM XpaHeHHH. J[jis
aHaJIMTHYECKOro pacyéra no teopun H. X. ApyTioHsHa
OBUTH NPHHATHL CIEOYIOIIHe 3HAYEHHUS PEOJIOrMIECKUX

napametpos: C, = 8,67-107, MMa™ (npu ¢' =7 aneil)
u C,=72-107, MMa* (upu
4,=568-10°, MMa' ; y=0,026, cyr’

IMapametpsr s pacuéra no monenu CEB 90: ¢ =3,4

=14  nueit);

(mpu t'=7 nmmet) m ¢, =2,5 (upnm ¢'=14 mgnei),
E, =25-10°,MNa; B, =1000.
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Bpems (nuu)
—#—CEB 90 Model ~ —#— Teopns YUPYTO-TIOM3YYero Tefla =410 ONBITHHIM JAHHEIM
Puc. 1. Tpaghux usmenenus meper nonsywecmu C (2,1") 60 6pemenu npu t' =7 dneii/
Development of creep compliance C (2,2') as time goes on (t' =7 days)
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Bpewmst (amm)
—4é—CEB 90 Model —#— Teopud ynpyro-no.syyero rea
Puc.2. I'pagux usmenenus mepwr nonsyuecmu C (2,1") 60 epemenu npu t' =14 oueii/
Development of creep compliance C(1,1") as time goes on (t' =14 days)
Y3 rpaukos BumHo, uTO Teopus ynpyro-monsyuero Y4ETOM  BSBKOYNPYTHX CBOWCTB GETOHA, COITAcHO

Tena Oonee nNpuOMDKEHA K 3KCIIepUMEHTATEHBIM
JaHHBIM. A Ha rpaduke W3MeHEHUs ko3¢ dunuenra
TIO/I3y1€CTH NIPY 3aTrpyKeHMH 06pa3iia Ha CeapMOil IeHb
STH KpHBBIE TPAKTHYECKH COBNAAAIOT. OTO MOKHO
OOBACHUTH TEM, UTO aHATHTHYECKOE BBIPA)KEHHA TEOPUU
YUpyro-nonisyyero Tena ObUIO BBIBEAEHO C YYETOM
BIIMAHWS HACJIEICTBEHHOCTH MaTepuaa, a TakKe, B HEM
YUUTBIBACTCA  OoJibiliee  KOMMYECTBO NapaMeTpoB,

Hopmam Eurocode prEN  1992-1-1 [11] u no Teopun
YIPYro-NON3y4ero Tefa.

AHann3 paGoTel MocTa pH MOJEIHPOBAHAH
3pdexTa nonsydectn pasimanbiMa metozamu B K
«JINPA-CAIIP»

Pa6oTa KOHCTPYKIME HOCHT HeJHHeHHBII Xapakrep.

KOTOpBIE BIMAIOT Ha XapakTep AedopManyy 6eToHa.
KpuBas, nomyuennas no momenu CEB 90, Gonee
NPUOIIKEHA K OTBITHBIM JAHHBIM TOJBKO B HAYAILHbI
nepron aedopManyn.
B xavectse mpumepa paccmorpum HarpsHKEHHO-
nedOPMHEPOBAHHOE COCTOSTHHE KOHCTPYKIMM MOCTa, ¢

36

PacuérHas momenms Mocra moctpoena P HOMOIIN
YHHUBEpCaJIbHBIX HPOCTPAHCTBEHHAIX
usomapamerpudeckux K3 Ne 34 wu 36 (g
MOJC/INPOBaHHs PaGOTbI apMaTypHBIX CTepxHeil) u
(msmaeckn Henumeitmex KD Ne 234 m 236 (amst
MOZICTIIPOBaHHS PAOOTEl MOHONUTHOrO GeToHa). Jlns
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3a1aHAs rmapaMeTpoB HeJMHEeHOTO pacuéra
neopmMupoBaHus ~ OeTOHa  WCToib3oBasica  15-i
IKCIOHEHIMANbHEIA 3akoH. [ ydeTa HENMMHEWHOCTH
ObIT BBIOpaH MPOCTOH IMaroBEI METOI C KONHYECTBOM
maroB paBHbIM 30. Ilpn BBITIONHEHWS HENUMHEITHOTO
pacdera mo monenu CEB 90 (Eurocode prEN 1992-1-1)
HCTIONB30BAJICS CTETIeHHON 3aKOH TONM3Y9IecTH, PU 3TOM
¢,=2mu B, =1000.

Jnst  3agaHusl  peoJIOTMHECKHMX TapaMeTpoB  TpH
pacuére nedopMmammii TO TEOPHH YIPYTO-TION3YHYETO
TeTa  WCTIONB30BANCA  KYCOUHO-TMHEHMHBIH  3aKOH
TION3y4ECTH.
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BBIYHUCIICHUAA

Jns

CpaBHEHUSI  OBYX  METOHOB

nedopManuii MOJI3Y4eCTH PAcCMOTPHM  BEPTHKATbHBIE
TiepeMeIeHwst pacdETHOM CXeMbI

e A e

Puc. 3. Pacuémnas cxema mocma/ Finite element model
of the bridge

IepemenieHs, MM

0 20

e TCOPHA YIPYFO-0OI3YHEH CPEITHI

60
Bpems (zHi)

80 100

~4==CEB 90 Model

Puc.4. I'paghux usmenenust npozubos koncmpyrkyuu 6o epemenu / Development of bridge deflection as time goes on

W3 pamdoro rpaduka BHIHO, YTO  KpuWBas
nepeMelieHnit pacuéta no Eurocode 2 mnpuHuMaer
aCHMITOTHYECKHI XapaKTep [MOYTH cpa3y Iiocie
NpWIOKEHNs HAarpy3ku, B TO BpeMms, Kak Kpupas
MepeMelleHrii 1Mo TEOpHH YOPYrocTH M3MEHseTCs
IOCTyNaTeNbHO. bojee TIaBHBIA TIepexol KpacHOH
KPHBOH OOBACHAETCS TeM, YTO B € OCHOBE IJICKHUT
(GYHKIMS SKCIOHEHIMAIBHOTO BHA, a TaKkKe TeM, 4TO
onaromaps Bugy ¢yskimuu @(¢') mpenenbHOe 3HaUYSHHE

Mephl MOJI3YYECTH MpHHUMAeTcs C Y4Y&ETOM TaKMX
CBOMCTB 6€TOHA, KaK CTapeHye U HaclIeICTBEHHOCTb.

BriBoab!

B craree M37OXKEHBI  METOOBl  ONpENeCHHs
neopmanmii nomzydect: Mogens CEB 90 m monens
YIIPYro-TiacTHYeCcKoro Tena. PaccMoTpeHsl
pa3pelatolime YpaBHEHHS ik ornpeneneHus

ko3 ¢uupenta nomsydectu. IlpencrasieHo cpaBHeHHE
MesKIy K03 (pHIMeHTaM ¥ TTON3YUECTH, MOTy4eHHBIMH 110
PacCMOTPEHHBIM 3aBHCHMOCTSM C 3KCIIEPUMEHTAIEHBIMHI
TaHHBIMH.

ITpoBeneHO TeopeTHIecKoe
HaTIpsOKeHHO-Ie() OpMUPOBAHHOTO

HCCIIEI0BAHNE
COCTOSIHUSA

37

KOHCTPYKIIMM MOCTa TpH MpOsBieHAM AedopMamyii
yOpyroro  mocneneificTBMA € HCHOJb30BaHHEM
aHanuTHYeCKMX BeIpakeRmid H. X. ApyTionsHa u
mogenu CEB 90 mns mgmarpamm  @(T)—T7T mpm
NOCTOSIHHOM 3apykernn. [loctpoeH rpaduk mporuGos
KOHCTPYKIMHM TIPY WCIIOB30BaHUKM PA3IMYABIX TECOPUH
neGOpMHUpPOBAHKs BA3KOYPYTOro TeNa.

HemocTaTKOM TEOpHH YNpPYTO-TION3YYero Tela ecTh
TO, YTO B HEKOTOPBIX CJIydYasX [Uii1 OoJbLIero
COBIAJIEHAs C OMBITHBIMH KPHMBBIMH MEpBI MONI3YYECTH
uccnmenyemoro  obpasma B BeIpakeHMax (5,  6)
HeOOXOIMMO COXPaHATh HECKOIBKO WIECHOB pAfa, a s
¢yuxupr @(f') BHIOMpaTh APYroi BUI 3aBUCHMMOCTH. A

Takke HeXBaTKa YHMBEPCAIbHBIX  AHAJIMTHMYECKMX
3aBMCUMOCTEM U1l HAaXOKACHMSI UWCENTBHBIX BETNYMH
qIIeHOB psiia B ypaBHeHMsX (7, 8).

JIOCTOMHCTBOM 3TOM TEOpHM ecTb TO, 4YTO OHa
yHHBepcajibHa Kak U1 oOpaTUMOMH (ABNEHHsS YHPYroro
TMOCTIeIEHCTBHA), TaK M I HE0OpaTUMOH MON3Y4ECTH.

Takoke, Ha OCHOBaHHMH MPUBEICHHIX JAHHBIX MOXHO
cKa3aTh, YTO OCHOBHLIM HemocraTkoMm moaenu CEB 90
€cTh TO, YTO TpPU pacuére OedopMaluy TON3YHecTH
NpakTHdecKW He 3aBHCAT OT Bo3pacTa MaTepuaia B
MOMEHT 3arpy’>keHHs, a OIpPENe/SIIOTCA, B OCHOBHOM,
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TMTETHEHOCTHIO NCHCTEUS BHEMHCH HATPYIKA. JHATWT, TIONTHOCTHIO OTMMCATH MPOIECC WIMEHCHUA Hanpﬂn(e}mﬁ 1
9Ta Teopus OOJbIIE MOAXOMUT /IS OTIMCAHMS KapTHHbI nedopMaurii B COOPYKEHHSIX C YISTOM CTapeHWs
HaTPsDKEHHO-Ie(pOPMUPOBAHHOIO COCTOSHUM TN, {TO MaTepuaa.

HaxoiATCsA B CTapoOM BO3pacTe. Taxxke OHa HE MOXKET

12.

14.

15.

16.

17.
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