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STRESS-STRAIN STATE OF ISOTROPIC PLATES WITH SYMMETRIC TRANSVERSE
DISSIMILARITY UNDER THE THERMAL FORCE LOADING

PhD, Associated Professor Orel E.F., PhD, Associated Professor Vatulia G.L., Ignatenko A.V.

B cmamve npusedena memoouxa pacuema uzeubaemvix 8 08YX HANPABLEHUSX
CManeOemoHHbIX NAUM C PA3IUYHLIMU YCIOBUAMU ORUPAHUSL NPU CUNOBbIX U MEeMNEePamypHbIX
8030€UCMBUSAX C YUEemOM HeNUHEUHOCMU 0eh)OpMUPOBAHUS U MPEeWUH00OPA308anUss OemonHa 6
VCILOBUAX NAOCKO20 HANPANCEHHO20 COCMOSAHUSA, NIACMUYECKUX 0ehOpMayuil CmaibHO20 JUCMA 3d
npeoenom ynpyeocmu, nooamausocmu o0oveounenus aucma ¢ oemouom. Illonyuena noamas
cucmema ypasHeHu, Onucul8arowas HanpalNceHHo-0ehoOpMUpo8anHoe coCmosaHue cmaiebemonHou
NAUMbL OO OeticmeuemM NONePeyHoll Haepy3KU.

Knwouesvle cnosa: cmanebemonnas 6anika, O0SHECMOUKOCMb — KOHCMPYKYUlU,  Npeoe
O2HeCMOUKOCMU, CMAHOAPMHLLL  MEMNEPAMYPHBILL  PEXCUM  NOHCAPA, NPedelbHoe  COCMOsIHUE,
memocuno8oe 8o3oeticmaue.
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ByjaiBeJibHi MaTepiajau, KOHCTPYKIIiI Ta CIOpyau

Y cmammi Hnasedeno memoouxy po3paxyHKy 32UHANLHUX 34 O08OMA HANPAMKAMU
cmaneOemoHHUX NAUmM 3 PISHUMU YMOBAMU ONUPAHHA NPU CUNOBUX MA MEMNEPAMYPHUX 6NIUBAX, 3
VPAxXyBaHHAM HeNIHIUHOCMI OehopmyBanHs | MPIWUHOYMBOPEHHS OemOoHy 6 YMOBAX NIOCKO20
HAanpysCceHo2o CMamy, NIACMUYHUX O0epopMayiti cmanegozo AUCMA 3d Medcelo NPYHCHOCHI,
nooamausocmi 06’conanns aucma 3 b6emornom. OmMpumaHo NOBHY CUCMeMy DIBHAHL, U0 ONUCYE
Hanpys’ceHo-0eqhropmoeanuli Cman cmaneOemouHoi naumu nio 0i€lo HABAHMANCEHHSL.

Knwuoei cnosa: cmanebemonna 6anka, 602HeCMiliKicmv KOHCMPYKYIL, epanuys
802HeCMIUKOCMI, ~ CMAHOAPMHUL ~ MEeMNEePAMYPHULL  DEeXCUM  NONCApy, SPAHUYHUL  CMAH,
MepMOoCUNLO8i BNIUBU.

The authors proposed the calculation methodology of steel concretes plates, bended in two
directions. The discussed approach is grounded on different supporting conditions of the plates
with symmetric transverse dissimilarity at the power and temperature influence, taking into account
nonlinear concrete deformation in the conditions of plane stress, plastic deformations of steel sheet
after yield limit, concrete and steel sheet joint compliance. It’s assumed standard temperature
range of fire in the room and instantaneous load. Cause and fire scenario are not considered.
During the methodology argumentation the concrete nonstationary temperature-humidity
conditions with flexible evaporation boundary were taken into account together with temperature
variability of materials physical-mechanical properties. The obtained results were verified using
finite element simulation. The three-dimensional models for fire resistance definition of examined
plates were proposed using ANSYS software package. All investigations were done in order to
provide the demanded range of fire resistance rating.

Keywords: Steel-concrete beam, structure fire resistance, fire-resistance rating, fire standard
temperature conditions, limiting state, thermal force loading.
TaKHNX KOHCTp}IKL[I/Iﬁ B IIPAKTHUKY

Brenenne. Boripocam pa3BUTHSL TEOPUU U
MPOEKTUPOBAHUS M CTPOMUTENBCTBA, SIBISACTCS

METO0B pacuera CTaJIeOETOHHBIX u

. pazpaboTka METOAMKM WX pacueTa Ha
CTaJIC)KENEe300€TOHHBIX KOHCTPYKIMH yIenseTcs .

TeMIIepaTypHbIe BO3JCUCTBUSL npu

BCEC 0oJblIe BHUMAaHUAA, BCJICACTBHUEC
HECTAIlMOHAPHOM TEMIEPaTypHO-BIAXKHOCTHOM
UCTOJb30BAHUSI ~ TaKUX  KOHCTPYKUIUU  TPHU . .
noJie C MO/IaTIINBON rpaHULICH

MPOCKTUPOBAHUN HOBBIX MW PCKOHCTPYKLIUH
. . mapooOpa3oBaHus, a TaKxe ydera

CYLIECTBYIOIIMX  3/IaHUH U COOPYKEHUH.
NIEPEMCHHOCTHU (1)I/I3I/IKO-M€X3HI/I‘IGCKI/IX

Haubonpmmii ¢ dexT oT BHEIIHETO
apMHpOBaHMs JOCTUTAeTCs B H3rHMOaeMbIX B
JBYX HANPaBICHMWSX IUIMTaX HEPEKPBITHA U
MOKPBITUN 3JaHUM U COOpYKEHMU. BHelHsAs
apmarypa B BHJE JMCTOB WM IPOKATHBIX
npodwuiieit mo3BossteT d3PPEKTUBHO BBHITOIHATD
CTaJIeOETOHHBIE IIUTHI ¢ OOJIBIIUM MPOLEHTOM
apMHUpOBaHMsI TpU OrPAHUYEHHBIX pa3Mepax

XapakTEPUCTUK MaTEpHAIOB MPHU HarpeBaHUMU.
PaccmarpuBaembie B cTaThe BOMPOCHI SIBISIOTCS
MPOIOJKEHUEM HCClieioBanuit [6-8].

Heabro HCCJIeJOBAHM I SBJISICTCSI
YCOBEPILIEHCTBOBAHUE  METOJUKH  OLIEHKH
HaIpsDKEHHO-1€(OPMUPOBAHHOTO  COCTOSIHHS
CTale0ETOHHBIX IUIUT C CHUMMETPHUYHON W

. . HECHUMMETPUYHOMN MIONIEPEYHON
CEUEHMH W TpU JBOMHOM apMHUPOBAHHUU
HEOJIHOPOJHOCTBIO Ha TEPMOCHUIIOBOE
3aMEHATh MMM CTalbHble KOHCTPYKLHH C N M
. 0 BO3JICHICTBUE C YUETOM Pa3IMYHBIX YCIOBUN UX
sKOHOMHMEN cTanu 10 45 %.
OTIHpaHUS.

O030p mocaeqHux nyOoaUKaADMA W
uccaenoBanmii. Hapsiny ¢ oueHkoill Hecyien
CIIOCOOHOCTH  CTaJeOETOHHBIX  KOHCTPYKIIHHA
OpH  pa3IMyHBIX  YCIIOBHUSX CHIIOBOTO
HarpykeHus [1-5], HeManoBaXHBIM (aKTOpPOM,
CHOCOOCTBYIOUIMM JAJbHEHUIIEMY BHEAPEHUIO

OcHOBHOM MaTepHaJ HCCIAeA0BAHMIA.
Paccmorpum TLJTUTY u3 M30TPOIHOTO
Marepuana, ynpyrue u TepMUYECKHE CBOWCTBA
KOTOPOT'0 U3MEHSAIOTCS 1O TOJIIHUHE 110 3aKOHY:
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E =E(2);
v =V(2); 1)
(ZT = OCT (Z)

[Ipennonoxum, 4YTto Bce OSTH (PYHKIUH
SIBIIIIOTCSI  CUMMETPUYHBIMH ~ OTHOCHUTEJILHO
CPEAMHHOM TIJIOCKOCTH IUIMTHL. B cBsBU ¢
HEOJHOPOAHOCTBIO MaTepuaja 3/1eCb HMEEM
JeNI0 C U3MEHSIONIMMCS 1O TOJIIIMHE ILTUTHI

BCJIEICTBHE YETO TEMIIEpaTypHOE T0JIe HEe OyaeT
JUHENHO 3aBuceTh OT Z. llpennomaras, dro
MEePEHOC TeIUla MPOUCXOAUT TOJBKO IONEPEK
IUTUTHI, 3alMIlIeM ypaBHEHHUE TEIUIoNepeHoca B
HEOAHOpOAHOM Tene [7, 8] B BUae
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Omnwupasicey Ha runorely Kupxrodda o mpsiMbIx HOpMaNISx, MOXKHO OIPEAETUTH AedopManuy,
a 3aTeM B COOTBETCTBUH C 0000IIEHHBIM 3aKOHOM ['yKa — HalpsHKeHUsI:

0 Ear
od=E@E" +27)-—(Tg +ATf).
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Q)

YacTHbIM cllydaeMm MONEPEUHO-HEOJHOPOIHOM TITUTHI sIBJsieTCs minTa (puc.l), cocrosimast u3
HECKOJIbKHUX (Yallle BCEro TPeX) CJIOEB U Ha3bIBaeMasi IUIMTON «C3HABUY» [9, 10].
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Puc. 3.1. [lonepeunoe ceyeHue MmIUThHL: | — CTATBHOM JTUCT, 2 — OETOH

[Ipenmnonoxum, 94To TemMrepaTypa Ha HUKHEH M BEpXHEH MOBEPXHOCTU IUIMTHI OTINYAETCS
Ha BennunHy A7. CHauana HeoOxoaumo ompeaenutb (yHkiuo f(z). B 3HaMeHarene BhIpaKeHHUs
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Uucnurens npodu (4) BeIpakaeTcs IBOSKO B 3aBUCHMOCTH OT KOOPIUHATHI
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TPEXCIIONHOM TUIMTHI aHAJIOTUYEH PELIECHUIO I OTHOPOIHOM M30TPOIHOM IIUTHL. /{11 yrpoueHus
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MIPEIOJIOKHUM, YTO Ha TUIUTY JEUCTBYIOT TOJBKO BEpTHUKAJIbHbIE HArPy3KH M MOCTOSIHHAS PAa3HOCTh
TEMIIEpATYp, T.€.

X=p=m=0, N=0, TO:O, AT = const. (8)

[IpuHuMas BO BHHUMAaHUE COOTHOIICHHE MEXIY KPUBH3HAMHU 7 W NPOrHOaMH IUTUTHL W ,
npuBeeM BoipaxkeHue (3.8) k Buay
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Ilocme HHTCTIPpHUPOBAHUA o0eux vacrei PaBCHCTBA, IMPUHHMAaA BO BHHMAHHC 3aBUCHUMOCTDH

d
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[loncraBuB BBHIYMCIIEHHBIE HHTETPANbl B BhlpaxkeHue (12), moiyduM B UTOTe pacrpejesieHue

HaHpH)KeHI/Iﬁ % 110 TOJIIIIHUHE IIJIUTHI:

3 h h
Q(l 4¢2)eg o2 <7<,
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- 13
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D 1—vS D 1- Ve
BouiBoabl. Takum 00pa3oM, HCIONB3YyS 4YeM HapyKHBIE, HaIPsKEHUS T
METOZ  KOHEYHBIX  PA3HOCTEH, MONYYCHBl  BLIpABHMBAIOTCA B OONbIICH CTENECHH, 4eM B
paspemaromue  ypaBHEHHA A OUEHKH  cjyyae OJHOPOJHOM IIUTHI, JJIsi KOTOPOH MbI
HAMPSDKCHHO-ICPOPMUPOBAHHOTO  COCTOSIHUSA  yvenu Gbl YHCTO MAapabONMUYEcKOe OuepTaHHE.
T C CHMMCTPUIHOU NOICPCUYHON B ¢BA3W ¢ 3TUM HaAWOOJbIIEEe TAHT€HI[MAIbHOE
HCOAHOPOAHOCTBIO 11pH TCPMOCUIIOBBIX  pampspkenne npu Z = 0 MeHbIme, 4eM B

BO3JICUCTBUAX. OTMETUM, YTO JIJIsi TPEXCIOHHOM
TUTUTHI, CPEIHSIST YaCTh KOTOPOH MEHEe KEeCTKast

OJIHOPOJTHOM TUTHTE.
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