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JAE®OPMATHUBHBIE XAPAKTEPUCTUKHU HAI'PY KEHHOI'O BETOHA
NP HECTAIIMOHAPHOM HAI'PEBE

Annomayusn. Teopus Haxonienus nospedcoenuti 6 0Oemone KAk HeOOHOPOOHO-XPYNKOM
mamepuane NPUMEHUMENTbHO K YCI0BUAM  6bICOKOMEMNEPAMYPHO20 PE3KOPENCUMHO20 HA2Pe6d
OONONHEHA  NPeOnOCLUIKOU 00  UHEAPUAHMHOCIU — NPEOeNbHbIX — CIPYKMYPHbIX — HANPANCEHUI,
nosgonsowell NPeoCmagums  pazeumue HeIUHENH020 KOMNOHeHmA OeqopMayuu U CHUdICeHue
nPOUHOCMU KAK eOunblil npoyecc. Xapakmepucmukoi 3mo2o npoyecca sensemcs Kodpguyuenm
ynpyeocmu  (ko3pguyuenm cexyweco Mmooynas) 6Gemoua, npuobpemaowull 8 paccmampuéaemou
NOCMAHOBKe XapaKmep SHMPORUIHO20 napamempa nospexicoénnocmu mamepuana. Cneocmsusi 0aHHOU
NPeOnOCLLIKU  CHOPMYIUPOBAHLL 8 6Ude OA308bIX MEPMOMEXAHUYECKUX COOMHOULeHUl, 01a200aps
KOMOPbIM NOSGISIEICSL 603MONCHOCHb NPEOCMA8UIb Peakyuio 6emona Ha oeticmaue memnepamypsl u
Ha2pysKu Kaxk pe3yibmam Oeticmeus 08yx 0eepadayUoOHHbIX MEXAHU3MOS. UCNAPEHUs 612U U3 2es
YEeMEHIMHO20 KAMH U PA3PYUIeHUSI CIPYKMYPHBIX C6A3€U C POCHMOM MEMRepamypbl, KOmopule
Peanusyiomcs COOMEEemMCmeeHHO 6 Gude JIUHEUH020 U HEeIUHENH020 KOMNOHEHMOS8 CULOBOU
depopmayuu.

Tpeonosicena memoouxa Hopmanusayuy (NPeocmasienss 6 OMHOCUMENIbHOM K HAYAIbHOMY
SHAYEHUIO 8UOe) KPUBLIX PA3GUMUSL CUTIOBbIX Oehopmayuil 6emona, Komopas no360asem 000CHOBAHHO
pazoenunmsv 3mu KOMNOHEHMbl NPU AHATIU3E KPUBLIX 0eDOPMUPOBAHUsL U HAlimU HeoOXooumble O Ux
ONUCAHUS MeMNEPAMYPHbIe NAPAMEMPbL 8 YCI0BUAX HASPe8d 6 HASPYIHCEHHOM COCmosHuU. Boiseneno,
umo npu Mol dce Haspy3Ke U memnepanype nogvluieHue 0ehopMamueHoCmu npu Hazpese bemona 8
HAZPYHCEHHOM COCMOSHUU RO CPABHEHUIO C HASPYHCEHUEM RNOCAe HA2peda NPOUCXOOUm 3a CHém
VBeUuueHUs. IUHEUIH020 KOMNOHEeHMA Npu COXDAHEHUU e20 O0Au 8 cocmage NOHOU Oeghopmayuu,
xapakmepusyemoil Kodghpuyuenmom ynpyeocmu, nocmosannou. Ilokazano, umo oonyuenus, npuHsmole
8 CYUecmeyiomux Mooesix 0eqhropMUPOBAHUsL HASPYHCEHHO20 HeMOoHa NPU HECMAYUOHAPHOM Hazpese,
AGNAIOMCS HACTNHBIMU PEUEHUAMU U ONPeOeielbl YCI08US, NPU KOMOPLIX UX NPUMEHEHUEe CIMAHOBUMCSL
B03MONCHBIM.

Kniouesvie cnosa: Oemown, ozcHecmolkocmb, Hazped MO0  HASPY3KOU,  Ouaspamma
O0ehopmuposanus, Mooyab YRpyeocmu npu Hazpese, pazoeienue KOMHOHEHmMOos dehopmayuu, mMooeis
MepMOCUNOB020 CONPOMUBTIEHUSL.
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'Russian University of Transport, Moscow, Russia

STRAIN PARAMETERS OF LOADED CONCRETE UNDER TRANSIENT
HEATING CONDITIONS

Abstract. The theory of damage accumulation in concrete as a heterogeneous-brittle material,
as applied to conditions of high-temperature, abrupt heating, is supplemented by the premise of the
invariance of ultimate structural stresses, which makes it possible to imagine the development of a
nonlinear component of deformation and a decrease in strength as a single process. A characteristic of
this process is the elasticity coefficient (secant modulus coefficient) of concrete, which in the
formulation under consideration acquires the character of an entropy parameter of material damage.
The consequences of this premise are formulated in the form of basic thermomechanical relationships,
thanks to which it becomes possible to consider the reaction of concrete to the action of temperature
and load as a result of the action of two degradation mechanisms: evaporation of moisture from the gel
of cement stone and destruction of structural bonds with increasing temperature, which are realized
respectively in the form of linear and nonlinear components of force deformation.
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A method of normalization (representation in a form relative to the initial value) of the
development curves of force deformations of concrete is proposed, which allows us to reasonably
separate these components when analyzing the deformation curves and find the temperature parameters
necessary for their description under heating conditions in a loaded state. It was revealed that at the
same load and temperature, an increase in deformability when heating concrete in a loaded state
compared to loading after heating occurs due to an increase in the linear component while maintaining
its share in the total deformation, characterized by the elasticity coefficient, constant. It is shown that
the assumptions made in existing models of deformation of loaded concrete during unsteady heating are
partial solutions, and the conditions under which their use becomes possible are determined.

Keywords: concrete, fire, transient thermal strain, thermo-mechanical behavior, explicit and
implicit constitutive model, load induced thermal strain, master curve LITS.
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