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MexaHu3Mbl JeopMalii MaTeprUalioB, ONPEAEISIONINE MPOYHOCTh OETOHA B CTPOUTEIBHBIX KOHCTPYK-
LUsIX, COXHBL. [lapaMeTpsl TpeHHs 3aBUCAT OT MaTepualia i KOHCTPYKIUH, KOTOpPBIE ONpeaenstoTes ¢puzu-
YEeCKUMH XapaKTePHCTUKAMU OETOHHBIX KOMIIO3HTOB. 30HA MEepexoa MEeXIy CTPYKTYPHBIMH dJI€MEHTaMHU
MaTepHaja IMoJBepraeTcsi OrpaHuuYeHHON AedopManny, BeI3bIBas U3MEHEHHE (PU3MYECKUX CBOMCTB B IO-
BEPXHOCTHBIX CJIOSIX. DTO ABJIEHHE BBIABISIET HEOJHOPOJHOCTh MaTepuaia u3-3a ACHCTBUS BHYTPEHHUX U
BHEIIHUX (aKTOPOB, KOTOPbIE B KOHEYHOM UTOI'€ OIIPEIEIISIIOT €r0 CTPYKTYPHBIE XapaKTEPUCTUKY.

B uccnenoBaHuu HCIONB3YETCsl YCOBEPIICHCTBOBAHHBIN aJTOPUTM METOJIa MHOXKUTENIEH IIEPEMEHHOTO
HaIpaBJIeHUs A CUCTEMAaTHYECKOIO MOJyUYEHHUs XapaKTEPUCTHK U 3HAYCHUH KOPPETALUH IS Pa3InIHbIX
o0pasnos MartepuaioB. braronaps BHeapeHHIO (HaKTOPOB OIpaHMYEHUH M IPOTOKOJIOB KOJMYECTBEHHOMN
OILIEHKH HEONPEAeIEHHOCTH METOI0JIOTHS 3()(PEKTHUBHO YMEHBIIAET KOIUYECTBO MPEABAPUTENBHBIX MTPEIIO-
JI0KEHUH, YIUTBIBas IPH ATOM NlepeMeHHbIe (YHKIIMOHATIBHBIE CBSI3H. AHAIH3 MUKPOMEXaHUYECKOTO MOJIe-
JIUPOBAHUS COBMECTHO C 3KCIIEPUMEHTAIILHOU ITPOBEPKOMU, IIOATBEPKAAET TEXHUUECKYIO OCYLIECTBUMOCTD U
MHHOBAIIMOHHOE MPEBOCXOACTBO MpeaIaraeMoro noaxona. CpaBHUTENBHBIE OLEHKN B YCIOBHSX LIUKINYE-
CKOT'O Harpy»KeHHs BBISIBISIFOT KPUTUUECKUE 3HAYCHUS B TPEX HAIPABJICHUSAX: MOTCHIMAI CONPOTUBICHUS
[IPY IUKIMYECKOM HarpyeHuH, GPUKLNOHHOE MOBEICHHUE P PA3IMUHBIX PEAKLHUSIX CKOPOCTU HATPY3KH U
MHOTOIIapaMeTpUYECKHe YIIydIieHus Gu3n4ecKux CBOMCTB. PaspaboTanHast MeToAMKa IEMOHCTPUPYET IIpe-
BOCXO/IHOE YIIydYIlIEeHHE XapaKTePHCTUK OETOHA MO CPaBHEHHUIO C TPAJUIMOHHBIMH METOAAMH YITyUIICHHUS
npouHoctd. OHa Takke 3()(HEeKTUBHO OTPaHUYMBACT PACIIUPEHHE MTOBPEXKICHUN OT HANIPSIKEHUH W yCHUIIH-
BaeT yCTOMYMBOCTH U 0€30MaCHOCTH (DYHIAMEHTHOM KOHCTPYKLMH B YCIOBHSIX LHUKIMYECKOTO HArPy KeHHUS.

KuioueBble c1oBa: 0eTOH, MEXCIOWHOE TMOBEACHNE, MUKPOMOIEIHPOBAHNE, TPUOOIOTHS, IUKINIECKHE
HUCIIbITAHUSA.
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Abstract

The material deformation mechanisms governing concrete strength in building structures exhibit inherent
complexity. Due to the physical characteristics of concrete composites, frictional parameters demonstrate inter-
dependent relationships during material-structure interactions rather than maintaining complete independence.
The interfacial transition zone between materials and substrate structures undergoes constrained deformation
under parent material confinement, inducing modified physical properties in near-interface regions. This phe-
nomenon reveals material heterogeneity through differentiated responses to intrinsic and extrinsic factors, where
the relative dominance of these influences ultimately dictates structural performance metrics.

The aim of the work is to construct a microscopic model to investigate the frictional properties of inter-
layer interfacial concrete in building structures under cyclic coupling effect. The main particular emphasis
focuses on elucidating the mechanical behavior of materials subjected to cyclic loading conditions.

This investigation employs an enhanced Alternating Direction Method of Multipliers (ADMM) algorithm
to systematically extract characteristic features and correlation attributes from diverse material specimens.
Through the implementation of penalty factor constraints and uncertainty quantification protocols, the meth-
odology effectively reduces prerequisite assumptions while distinguishing variable functional relationships.
Microstructural modeling analyses integrated with experimental validation confirm the technical feasibility
and innovation superiority of the proposed approach. Comparative evaluations under cyclic coupling condi-
tions reveal critical advancements in three dimensions: resistance potential under load cycling, frictional be-
havior under varying loading rate responses, and multi-parametric physical property enhancements. The de-
veloped technique has demonstrated superior concrete performance enhancement compared to conventional
strength improvement methods. It also effectively restrains the expansion of stress damage and strengthens
the stability and safety of the foundation structure under the condition of cyclic coupling.

Keywords: concrete, interlaminar behavior, micromodeling, tribology, cyclic coupling experiment.
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