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MOJIEJTFOBAHHSI IOB3YUYOCTI 3AJII30BETOHHUX OBOJIOHKOBHUX
KOHCTPYKIIN 3 YPAXYBAHHSIM AHI3OTPOIII BJIACTUBOCTEM

Posensinymo memy ma 3ae0anmsi 0ocnioxncenv nogzyyocmi i mpusanoi miynocmi 6emony i 3anizobemony. Onu-
CaHa CKiHYeHoeleMeHMHA MOOelb MOHKOCMIHHUX eleMeHmi8 Npu KOPOMKOUACHOMY Md MPUBAIoMy HABAHMANMCEHHI
i MemoouKa nposedents PO3PAXYHKI6 3 ypaxy8auHamM AHI30MPONHUX 61ACMUBOCel Mamepiany. Ypaxysanns nout-
KOONMCYBAHOCMI 00360JI51€ BU3HAUAMU HECYUY 30amHICIb | MPUSALy MIYHICMb 3a1i300emoHHUX KOHcmpykyil. Haege-
0€HO NOPIBHAHHS 3aNPONOHOBAHOI MOOEIi 3 eKCNepUMEHMATbHUMU 00CAIOHCEHHAMU.

Knrouosi cnoea: nogzyuicme, mpusaia miyHicme, 3a1i300emoHHA KOHCMPYKYis, AHI30MPONis, Memoo cKitue-

HUX elleMenmia.

ITocTanoBKka npodieMu

Po3moBcromkeHHs KOHCTPYKIIiH 3 OETOHY Ta 3aii-
300€TOHY NMPU3BOAUTE 10 BUHHKHEHHS YHCICHHUX TEO-
pETHYHUX MOAejeHd, B OuIbLIOCTI eMmipuuHux. [IpaBu-
JBHO CIPOCKTOBAHI CJIEMEHTH MOXYTb CIIY)KHTH HCBH-
3HAYECHO TPHBAIUH Yac O3 3HWKCHHS Hecydol 31aTHOC-
Ti. Tak sk, Ha BiAMIHY BiJ] OLTBIIOCTI 1HITMX MaTepiaiB,
MIIHICTh OCTOHY 3 IJIMHOM 4Yacy 3pOCTa€, MpU IbOMY
crane B OCTOHI 3axWIeHa Bin Koposii. OmHak, Ipu 1mo-
MIJIKaX IPOSKTYBaHHs, IPOTATOM Yacy MOXYTb iCTOTHO
3poctaT aedopmallii MOB3YYOCTi 1 JTOCATaTH KPUTHY-
HUX 3HauyeHb. OcTaTo4YHe pyHHYBaHHS LIICHOCTI MaTe-
piay BimOyBa€eThCs, KOJNU iICHYIOYi MIKpPOTPIIIHHU 3'€]T-
HYIOThCS, YTBODIOIOYM Ha TOBEpXHI PO3PHB 4epe3 BCe
tino. [1].

AHaJi3 0CTaHHIX J0CHiKeHb | myOJikanii

YucenbHe MOIETIOBAHHS JOBTOCTPOKOBOTO IOBE-
JIHKH 00OJIOHKH TBEJIiB BUMarae mo0yA0BH OBHO CHC-
TEMU PIBHSHb, a TAKOX IOKJIAJIHUN OMKUC KOXKHOIO i3
¢izuuHO HelniHiitHOrO edexTy. 3arajJbHUX MiJAXOMIB, SKi
3yCTpIYalOTECS B JIITEpaTypi BUKOPUCTOBYETHCS IIPH-
MyOIeHHS PO aTuTHBHOCTI Jedopmarii, sSKi BHMara-
10Th, 100 KOXEH KOMIIOHEHT JleopMallii BU3HAYAEThCS
IHAUBIMyaTbHO [UTA AaHATIRY.

Mopeni, 3aCHOBaHI Ha TEOPisX IUIACTHIHOCTI, HE
MOXYTh OIMUCAaTH 0coOMUBOCTI aedopmyBanHs [2-3].
HeoOxigHo BUKOpWCTaHHS OiNBII 3arajbHUX METOMIB
MexaHiku [4-7], Ta ypaxyBaHHs 3MillHEeHHs1 OeToHy [8].
He3Baxaroun ycmixu iCHYIOUHX MOJIENIeH, Taki MOJETi
HE PO3TISAA0Th AETpajallilo Marepiany depe3 MiKpoT-
pimmau. Tak, icHye HEOOXINHICTH PO3TISAAY MOAETI
MEXaHIKU MOIIKOJKEeHHS [2], Ka IPYHTYEThCS HA PO0OO-
Ttax Kauanosa i PaboTHoBa.

Buxonsuu 3 1pOro, cydacHi JOCIHIIKEHHS TOB3Y-
YOCTI IPYHTYIOThCSI HA (PYHIAMEHTAIBHUX MOJOXKCHHIX

© Yymnpunin O.0., Cepena H.B.

MeXaHiKd 1 TepMoauHaMikd. [Ipu mpoMy AoCHimHI DaHi
peati3yloThesl 1 B TpaJULIiHHKUX IHTErpajbHUX, i B Me-
pexeBUx MeToax po3paxyHky [9-10].

®opMyTI0BAHHSA METH CTATTI

B po6oti 3anporoHOBaHO MOETHAHHS IDIACTHYHOL
MOJeNi 3 MEXaHIKOI pyWHyBaHHS. s BHpilIeHHS
KpaifoBoi 3amadi 3acTOCOBYETbCS METOA CKIHYCHHX
enmementiB (MCE) [11]. MCE 3patauii 3a0e3neunTu
JOKJIa/THI OTIFICH T€OMETpii MOJENi i TPAaHWYHUX yMOB.
HesBaxaroun Ha IOUPOKE TMOIMUPEHHS TPUBUMIPHHUX
CKIHYECHHUX CJICMEHTIB, 3apajld YHCEIHHOTO MOJICITIOBAH-
HS TOHKOCTIHHHX KOHCTPYKIIIH MOUITBHINI BHKOpPHC-
TaHHS CIELIAJIbHUX €JIEMEHTIB 00O0JOHKH. TakuMm dYu-
HOM, 3alpOINOHOBAHMN KOHIYHHN €JIeMEHT OOOJOHKH
o0OepTaHHs PU AOBUILHOMY HaBaHTa)KCHHI.

BuxJiageHHs1 0CHOBHOIO MaTepiaxy

PosrnsHEMO MOJEmOBaHHS TPUBAOl MIITHOCTI i
MTOB3yYOCTI TOHKOCTIHHUX 3alli300€TOHHUX EJIEMEHTIB.
Ha ix pyiiHyBaHHs BIUIMBalOTh Oarato (hakTopis, i BOHH
MOXYTh HAKOITHUYYBATHCS 1 B3aEMOMIATH OAMH 3 OJHHM.
3HaHHS HANpyXeHb 1 nedopmamniil Ta X icTopii s 3a-
JAHOTO TiJla, a TAKOXX 3aKOHIB IMOIIKOKYBAaHOCTI JIO-
3BOJISIFOTD, [IJIIXOM IHTEIPYBAHHS 33 YaCOM PO3IJISTHYTH
€BOJTIOIIIO YIIKOKEHb O MOMEHTY YTBOPEHHS MaKpo-
CKOIIYHOI TpIimuWHU. TakuM YHHOM, TEOpis IO3BOJISIE
BU3HAYUTH Yac 10 PyHHYBaHHI.

PosrnsHeMo MoAemoBaHHS TpPUBaIOi MIIHOCTI i
MOB3y4YOCTI TOHKOCTIHHUX 3alli300€TOHHUX EJICMCHTIB.
Ha ix pyliHyBaHHS BILTUBaIOTh Oarato (akTopis, i BOHU
MOJKYTh HAKOIMYYBATHCS 1 B3AEMOJISATH OJUH 3 OJHHM.
3HaHHA HanpykeHb 1 nedopmaniit Ta ix icTopii s 3a-
JAHOTO TiJla, a TAKOX 3aKOHIB IMOIIKOJKYBAaHOCTI JO-
3BOJISIFOTD, NIIIXOM IHTEIPYBAHHS 332 YaCOM PO3IJISHYTH
€BOJIIOIIO YIIKO/KCHb O MOMEHTY YTBOPEHHS MaKpo-
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CKOIIYHOI TpimmHA. TakuM YHUHOM, Teopis I03BOJISE
BU3HAYUTH 4ac 10 pyHHyBaHHS.

Opi€HTYI0YNCh HA CKIHYEHOEJIEMEHTHY IOCTaHOB-
Ky PO3IIITHEMO HalpyXeHo-Ae(OpMOBaHUI CTaH TOH-
Koi 00OJIOHKM OOEpTaHHS IPH JOBITFHOMY HaBaHTa-
JKCHHI B YMOBax TpHUBaJoro nedopMmyBaHHI. B pamkax
3araJbHONPUHHATUX TiNOTE3, AOCIIKEHHS ITOBEIIHKH
elleMeHTa O00OJIOHKH 3BOIUTHCS IO JOCIIIKEHHS ITOBE-
niHkM 11 cepenmHHOI ToBepxHi. Lle no3BOIsLE BBECTH
BEKTOp Halrpy>Xe€Hb B BUIJISII:

o =(Ng,N,.N
ne NS,N(p,NS(p

MMM @

MeMOpaHHI  3yCHJUIS;

Ms,M My, - srunanbhi i KpyTHHH MOMEHTH Biano-

BiTHO; S, - KOOPAMHATH B3TOBXK TBIPHOI 1 KyTOBA.

BukopucToByOUM NpUHHATI AOmyIIeHHS aedop-
Marlii JOBUTBHOI TOYKH Tijla MOXXHA BHPA3UTH Yepe3

BU3HAYCHUH y TOUKAaX CEPEANHHOI MOBEPXHI OOOIOHKH:

.
m _m _m
€m =(85 g ,ss(p,xs,x(p,xs(p) : 2
m m P .
AC &, &, - JIHINHI nedopmarii ceperHHOT mo-

. . . . m
BEPXHi 0DOTIOHKH 32 HANPSIMAMHK § 1 @ BIATOBITHO; €g,
- KyToBa fieopMaLlisi B CCPEMHHOT IOBEPXHI; X, X
- 3MIHU KPHBH3HH; )5, - KPYYCHHS CCPEAUHHOI IIOBEP-

XHi 000JIOHKH.

nedopmartii, CriBBiIHO-
IICHHS MK KOMIIOHEHTaMH Je(opMalliii Ta HampyKeHb
3a YMOB IIOB3y4YOCTi MaTepianxy 1 MOMIJIHBOI yCaKH,

MOXHa NpEACTAaBUTU Y BI/II'.]'IFIZ[iZ

BpaxoByroun BBezcHI

[ m \% T c
oij = bijui '(Skl —Cy —¢€ )+Z'dijkl (o —xa ) 3)
ne bij, diju - Matepianbui KoHcTaHTH; Cy,Yj -

nedopmarii TOB3y4OCTi; g’ - 06’emua nedopmanis; Z -
KOOpJMHATa, CIPSIMOBaHA [0 MEPHEeHJUKYISIPY 10 ce-
pEeIMHHOI MOBEpXHi B OiK, MPOTUIISXKHHI Bia oci 00ep-
TaHHS.

Abo0, 3 ypaxyBaHHsM (1), MOJKHa BUPa3UTH CHJIOBI
(akTopu, HaBeIEHI /O CEpPEeJMHHOI IOBEPXHi uepe3
KOMITOHEHTH Jiedopmartii (2-3):
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MOMEHTH, III0 3aJIe)KaTh Bix 00'eMHOT nedopmartii.

i OpTOTPOITHUX MaTepiaiiB, 0 AKAX MOXHA Bi-
JTHECTH 1 3aJ1i300€TOH, BUKOPUCTOBYIOUH YCEPEIHEHHS
BJIACTHBOCTEH cepeloBuIa B 00’eMi MaTepiaily, OTpH-
MaeMo piBHSAHHS cTaHy. [lepembadaeTscs, IO TOJIOBHI
HanpsIMKHM aHi30TpoOMil, sKi 3ajexaTh BiJ apMyBaHHS
3aJ11300€TOHHOT KOHCTpPYKIii, HE 3MIHIOIOTHCS IpU Jie-
(dopmarii 1o pyifHyBaHHSI.
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BEKTOp 1 MaTpHIs MaTepialbHUX HOCTIHHUX BIACTUBOC-
Tel TONTKOKYBaHOCTI.

3 ypaxyBaHHSM NPAaKTUKH apMyBaHHS TOHKOCTiH-
HUX KOHCTPYKIiH, Oci aHi3oTpomii B Toumi Tina 30ira-
I0ThCS 3 KOOPAWHATHUMH OCSIMH, BBEJICHUMH ISl cepe-
JTUHHOI TOBEPXHI (TPW B3a€MONEPIEHANKYIIPHI OCi: y
HalnpsIMKy TBIpHOI, OKPY>XHOMY HalpsMKy 30BHIIIHBOI
HOpMaJIi IO MOBEPXHI BIiMIOBIMHO). Y IIbOMY BHIIQJIKY,
MPEACTaBISAI0YN MOTEHIIaN TUCUTIAI] Y BUIJISAI CTe-
NeHeBUX (YHKLINA, PIBHAHHS CTaHy NPH MOB3Y4YOCTI 3
ypaxyBaHHSM MOIIKO/KYBAHOCTI MOXHA HPEICTABUTH
y Bursii [12]:
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n=d1k1’ﬁ(1‘3’;°‘”)‘;+s: 2(0)=0, n(t")=1.

O0'emua nedopmarrist g’ MIpU TPUBAIOMY Je(Op-
MyBaHHS OETOHY BHpa)kaeTbcsi B Horo ycanmi. [Ipm
NIPOEKTYBaHHI 1 aHami3i JeOpMyBaHHS BHKOPHUCTOBY-
€TBCSl IH)KEHEpPHA METOJIUKAa PO3PaxyHKy YCalKH, IpH
SIKifi KOMITOHEHTH JedopMaliiii po3paxoByIOThCs 3a (o-
pmyaoro [13]:

\ d a
& = &K T &k @)

Ie Eﬂ = ﬂdsé‘g5k| - YacTHHa yCalkH, ska 00yMo-

. oA a
BJICHA BUTIAPOBYBAHHSAM BONIOTH; &£y = Pas&n0yy - HacC-
THHA 00yMOBIICHA TIPOLIECaMH 3aTBepAiHHS; [y - PyH-
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KIIig PO3BUTKY YCaJIKH 3a 4acoM, &, - I'pPaHHUYHE 3Ha-
YeHHS yCaJKH, sIKka BUKJIMKAaHA BUIAPOBYBAHHIM BOJIO-
. . . LA
ri; [, - QyHKIis pO3BUTKY ycamku 3a 4acoM; &, -
TpaHWYHE 3HAYCHHS YCAIKH, KA BUKJINKAHA IPOIECAMH

3aTBEpAiHAs; Ojj - cumBon KpoHekepa.

IIpuxknag po3paxyHky

byno po3riasHyTo 0COOGNMBOCTI 3aCTOCYBaHHS 3a-
MIPOIIOHOBAHOI MOJIENi NPH PO3PaXyHKY TOHKOCTIHHOL
3ai300etoHHol wutH (puc. 1). Ta mopiBHSIHI OTpUMaHi
pe3yabTaTi 3 BIJOMHMH EKCIIEPUMEHTAIbHUMHU JOCHi-
mxenusmu [9]. TIpoanamizoBano medopMyBaHHS 3aii-
300€TOHHOI IIMTH TEPEKPHUTTSI PO3MipoM 6X6 M, TOB-
muHOoI0 20 cM, onepToi Ha YOTHPH KYTOBI KOJIOHH 3
nepepizom 40x40 cm. Marepian ity - GETOH Kiacy
B25, HmkHA 1 BepxHS apMaTypa - CiTKa IiaMeTpoM
12 A 400 C, 3 xomipkamu 150x150 mm. CymapHe po3-
THoJlijieHe HaBaHTaXeHHs ckano q=10 kH/m2,

4 W, MM

3.5

15

0 30 60

90 t, nenn

Puc. 1. 3pocTtanHs MpOTHHIB 32 9acoM

3pocTanHs mporuHiB 3a yacoMm (90 nmib) y meHTpi
IJTiTi, SIK IHTErpajbHa XapaKTEPUCTHKA MPOIIECY TOB3Y-
4OCTi, BiToOpa)keHO Ha PUCYHKY ([aHi YMCETBHOTO J10C-
JIJOKEHHS - MYHKTHPHA JIHIiSA, eKCIePUMEHTaNbHI - Cy-
nineHa). B mepmi TmkHI moxnOka ctaHoBUTH 10 10%,
MCIIs IBOX MICSIIB IOCIIIXEHb BOHA cKiamac 2 - 7%.
AHali3 OTpUMaHUX PE3yJbTATIB J03BOJIE CYTUTH PO
e(eKTHBHICTH 3aIPOIIOHOBAHOI MOJIEI B IIIJIOMY.

Bucnosku

3amponoHOBaHA JO3BOJIAE aHANI3YBaTH HaIpyXKe-
HO-ZepopMoBaHMll cTaH 3aTi300€TOHHUX KOHCTPYKIIH.
PiBHSIHHS cTaHy BiOOpaXkaroTh aHI30TPOIIIIO BJIACTHBO-
CTeW MaTepialdy Ta BPaxOBYIOTH IOIIKOKYBaHICTb, IO
JIa€ MOXKJIMBICTH TPOBOJAUTH JAOCTOBIPHY OLIHKY MIITHO-
CTi, )KOPCTKOCTI 1 JIOBTOBIYHOCTI 3aJ1i300€TOHHUX KOHC-
TPYKIL.
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THE CREEP MODELING OF REINFORCED CONCRETE SHELL STRUCTURES WITH ACCOUNT
OF ANISOTROPY OF PROPERTIES

A. Chuprynin, N. Sereda
O. M. Beketov National University of Urban Economy in Kharkov, Ukraine

One of the basic problems, which is solved on the stage design of reinforced concrete element, is the analysis
of stress-strain state as well as determining of lifetime. The paper is devoted to the simulation of nonlinear creep of
concrete structural elements taking into account the damage. High priority of the research theme is justified, the
aim and goals are formulated. The paper proposes a combination of plastic model with fracture mechanics to simu-
late the behavior of concrete in accordance with its characteristics, including not only stress and strain, but also the
degradation of its stiffness. The finite element method is used to solve the boundary value problem. Despite the wide
spread of three-dimensional finite elements, for the sake of numerical simulation of thin-wall structures that are
optimal for the use of special shell elements. The mathematical problem statement of creep of concrete structural
elements taking into account the anisotropy of the material properties is presented. The creep problems of thin-
walled structural members were solved by use of developed software. The deformations of the reinforced concrete
slab supported by four corner columns are analyzed. Comparison of theoretical and experimental deflection values
in the first weeks of the study showed that the error is up to 10%. After two months of research, this error decreases,
varying from 2% to 7%. The analysis of the obtained results allows us to judge the effectiveness of the proposed
model as a whole. The proposed model of thin-walled structures for creep allows to analyze the stress-strain state of
reinforced concrete structures. The equation of state reflects the anisotropy of the material properties and takes into
account the damage, which makes it possible to conduct a reliable assessment of the strength, stiffness and durabil-
ity of reinforced concrete structures. The conclusions about the adequacy of the analysis of the reliability and dura-
bility of reinforced concrete structures.
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