uentp Intelligent Sensing for Innovative Structures (ISIS), koTopeiii o6benunser 13 ynuBepcureTos, 25
Be/TylIMX MPOEKTAHTOB M 276 uccienoBareseil W B3aUMOIENHCTBYeT ¢ 92 opranusauusami (o0beM QuHaH-
cupoBanust B 2006 roxy — 12,8 MitH goniapos).

ITo nexortopeiM cBenenusm ceroans B Kanane u CHIA cymectsyer okono 400 MOCTOB, Iie TaK WK
WHaue NPUMEHAJIach CTEKIIOILIACTUKOBAs apMartypa.

DxoHoMHuUecKHl 3PPeKT OT NPUMEHEHNS KOMIIO3UTHOH apMaTypbl CBA3aH CO CHHKEHHEM PacxoloB
HA SKCILUIyATALHIO Y yBEIMYeHHEM CPOKA CJIY:KObI TPAHCTIOPTHBIX COOPYKEHHUH.

CrepxuBalomuMu GakTOpaMH Ui YBePEHHOTO BHEIPEHHS TOJMMEPHON KOMIIO3MTHOH apMaTyphl B
CTPOUTENFHYIO OTPAcihb SBISETCS OTCYTCTBHE KAk HOPMATHBHOM 6a3bl 10 MPOEKTHPOBAHMIO GETOHHBIX
KOHCTPYKLHH, apMHPOBAaHHBIX MOJUMEPHOM KOMITO3UTHOH apMaTypoM, Tak u 6assl MCCIIeOBaHUN JOJITO-
BPEMEHHOI POYHOCTH U ONBITa KCIULyaTalMy TAKUX KOHCTPYKLIMH.

CnezyeT cpa3y e KOHCTATUPOBATh, YTO, HECMOTPS Ha PACCYKICHHA O HEOOXOAMMOCTH OLICHKHU J0JI-
rOBEYHOCTH 7KeJIe300€TOHHBIX KOHCTPYKIIHIA, 3TOT BONPOC ellle AaJieK OT CBOEro pemeHus. BepostHo, fe-
JIO B TOM, YTO JUIMTEIBHOE BpeMs IpUMeHseMast A7 5kele300€TOHHBIX KOHCTPYKIMI METOAONIOT S pacye-
Ta 10 NpeaebHBIM COCTOSHUAM B CBOMX (OpMYJIax HE COASPIKMT TAKOTO MOHATHSA, KaK BPEMs, U IIOTOMY
HE TIO3BOJIET ONpPEAEIIMTh HOJrOBEYHOCTh YKA3aHHBIX KOHCTPYKUMHA. MBI moyiaraeM, 4To ONpeAe/IeHHbIe
IIary B HY’KHOM HAlNpaBJICHUH [TO3BOIKUT CIENATh IPUMEHEHHE Ie(pOPMAMOHHOTO MOAX0/1a B COYETaHNHU C
KakoH-mu0bo U3 TEOPHil HAKOTUIEHUs TIOBpexXaeHuH [7].

3HAUMTEILHBIA MHTEPEC TakkKe MPEACTABIACT SKCNIEPHMEHTAJbHOE U TEOPETHYECKOE HCCIe0BaHue
MIOBE/IEHHs JKEJIE300€ TOHHBIX KOHCTPYKLUHMH, YCHICHHBIX Pa3JHWYHBIMHM CUCTEMaMH BHEIIHETO apMHUpOBa-
HHS, ¥ 0OCOOEHHO ¢ TPUMEHeHHEeM MOJTMMEPHBIX KOMIIO3UTHEIX MaTepUAJIOB.
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APPLICATIONS OF INTELLIGENT MATERIALS IN CONSTRUCTION

T. A. ZHELYAZOV
National Institute of Geophysics, Geodesy and Geography, Department of Seismology and Seismic
Engineering, Bulgarian Academy of Sciences, Bulgaria

Concrete is a popular material in construction; it is also commonly used in the transport infrastructure.
Concrete is, by design, expected to crack during the exploitation period. This potentially creates favorable
conditions for corrosion of the internal steel reinforcement (in the case of classical reinforced concrete
structure) and diminishes the water permeability of structural elements. One of the axes of research search-
ing for options to cope with the above-undesired phenomena is the development of the so-called intelligent
or, more precisely, self-healing materials. Concrete exhibits a natural potential for self-healing [1], which
can be further engineered either through the addition of stimuli-responsive microcapsules in the cementi-
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tious matrix [2, 3] or by mounting of "vascular networks" [4, 5]. Micro-capsules containing a healing agent
are added to other concrete ingredient during the mixing phase. When cracks develop, the self-healing pro-
cess is triggered mechanically or by another stimulus. The mechanical triggering is identified with the de-
struction of the shell of the capsules containing the healing agent by a propagating crack. Alternatively,
shells can be destroyed and the healing agent, released, as a result of ultrasonic waves [6], electromagnetic
waves [7], and microwaves [8]. Reportedly, self-healing can be also artificially activated via a "bacteria-
based" approach [9, 10].

A constitutive relation rooted in continuum damage mechanics is employed to reproduce the mechani-
cal response of a damageable material with healing capabilities

v 1
(1+v)

0y =7—————E,(1-D)eyd; + Ey(1-D)e,, (1
where o,; are the components of the stress tensor, ¢; are the components of the strain tensor, &, = tr(s,.j) ,

T (1+v)(1-2v)

v and E, denote the Poisson’s ratio, and the Young’s modulus of the undamaged material, respectively,
d;; is the Kronecker symbol, and D is the damage variable.

Results obtained by finite element analysis are reported below. The self-healing in a concrete specimen
loaded in compression is triggered after a pre-loading phase. The purpose of the pre-loading phase is to
generate some crack pattern in the damageable material creating thus a need for the self-healing procedure.
Numerical simulations of standard compression tests on cylindrical specimens, 160 mm in diameter and
320 mm in height, are presented. The considered example is for a concrete C35 (Figure 1). Stresses are
non-dimensionalized using a factor 1/ f 35, where is the compressive strength of a C35 grade concrete,

and the compressive strains using a factor 1/¢ where & is the expected strain at specimen fail-

c,max ? ¢,max ?
ure. After the preloading phase, specimens are unloaded, healed, and reloaded until failure. The post-
healing response curves (A, B, and C) correspond to various hypothetical capacities of the self-healing
agent to fill the microcrack and microcavities formed in the damaged material. The self-healing efficiency

is estimated according to [11] through the index of strength recovery,
IR = fh,m /fp,u . (2)
In (2), fhm is the maximum stress reached after initiating (and finishing) the self-healing procedure; the

quantity in the denominator, f, p.u» denotes the maximum stress developed in the preloading phase, for the

considered test-case f,, = f,. 5. Following this criterion, the predicted strength recovery is 38.5 %, 60.5 %

and 91.7 % for cases A, B, and C, respectively. The curves A, B, and C differ in terms of the extent to
which microcracks and micropores are expected to be sealed with the product of the healing process.
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Figure 1 — Preloading of a concrete specimen and response after self-healing with various

18



All results are obtained using an original algorithm integrated into ANSYS Mechanical APDL. The
numerical procedure allows for the simulations of the mechanical response of a damageable and healable
material. In general, self-healing will potentially contribute to the better durability of structures and thereby
improve the overall resilience of the infrastructure.
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BJIUSIHUE TEMIOEPATYPBI HA CBOMCTBA KOMIIO3UTOB
HA OCHOBE NOJIMMEPCEPHBIX BETOHOB
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Tawxenmcruii 20cy0apcmeenivlii mpancnopmublii yrusepcumem, Pecnybnuxa Ysbexucman

@. H HYPKVJIOB
Tawxenmckuil XUMUuKO-mexHoL02ULeCKUX HAYYHO-UCCIE006AMENbCKUT UHCIUMYM,
Pecnybnura Vzbexucman

I . MHPAIIYJI/IAEBA, K. X. HAQPACOB
Tawxenmexuii 20cydapcmeennvlii mpancnopmibiii ynusepcumem, Pecnybnuka Y3bexucman

Ha ceroans x yncity Haubosiee pacnpoCTpaHEHHBIX O€TOHOB U3 MOJMMEPHBIX MaTEPUAJIOB ClIEyeT OT-
HECTH MOJMMEPOETOHBI, GETOHOMOIUMEPH! U TIOJMMEpCepHEIe. 0ETOHBL. OTHM MaTepuaiaM MPHCYIIH He
TOJIBKO BBICOKAA ILUIOTHOCTH, MPOYHOCTH, XMMHYECKas CTOMKOCTh KM JOJIOBEYHOCTH, HO M BBICOKHE M-
SNEKTPHYECKHE WM HIEKTPONPOBOASAIINE XapaKTepUCTHKH. Kpome TOro, OHM CpaBHMTEIBHO TPOCTHI B
M3TOTOBJICHHH, M TIO3TOMY CpeId KPYIMHEHIIHX noTpeOuTesell MOMMMEPHBIX MaTepHaloB Ha OIHOM M3
MEPBBIX MECT CTOMT CTPOMTEIbHAS, & TAKXKE TPAHCTIOPTHAs UHAYCTpus [1].

TexHONOTUS MPOU3BOACTBA CEPHOTO BSKYLIErO IPOINE M IEIEBNE, YeM TEXHOJIOTHH MPOM3BOICTBA
nemenTa. 1o pe3ynbTaraM OCBOEHHUS MPOW3BOACTBA TEXHOJIOTHA NPOM3BOACTBA CEPHBIX BSUKYLIMX UMEET
CIIEMYIOIKE HOKA3aTENN 110 CPABHEHHIO C TPAJULIHOHHBIMH CTIOCO0aMH TIPOM3BOICTBA LIEMEHTa [2-4]:

— sHepronoTpebiieHre cHkaeTes B 1,5-2 pasa;

— MOBBIIICHAE YKOJIOTHUECKOH 6€301acCHOCTH IPOU3BOJICTEA;

— KanWMTaJabHBIE 3aTPAThl HA OPraHU3aLHI0 MPOU3BOACTBA coKpainaroTces Ha 40-50 %;

— focTUraercs 0e30TXOAHOCTE IPOU3BOACTBA;

— CTOMMOCTB cHyKaetcs B 1,5-2 paza.
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