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AHHOTALUS

B pabome npeodnooicena memoouxa oyenKu npoyHOCMHbIX XAPAKMEPUCUK NPEeOSaAPUMENbHO HANPANUCEHHBIX JHCeNe300emMOHHbIX
KOHCTPYKYUT, NOOBEPIACEHHBIX decpadayuul 8C1e0Cmaue WeaouHo-KpemMHe3emMHot Kopposuu. Memodoaoeus basupyemcs na npunyu-
nax unpopMayuUoOHHO20 MOOCTUPOBANUS, YMO NO360IAEM UHMESPUPOBAMb OaHHbIE O npoyecce 0ecpadayuul 8 YeroCmHyIo yu@dposyio
Moldenv obvekma. OcHogy MemoOuKu COCMAasaen MAaKpomMooenn, YCManagIusaowds nPAmMyIo KOppeiayuio Mexcoy npoyeccamu
HAOYXaHnus peakmusHo20 KPynHo20 3anOJTHUMeENs U Pe3yibmupyiouum HaAnpsdiceHHo-0eQopMupOSaAHHbIM COCIMOAHUEM KOHCMPYK-
MUGHOU CUCMEMB.

Kniouesbim uncmpymeHmom mMooenu A6a0mces 6gedeHHbvle KoIPpuyuenmsl Moougurayuy 0ia NPoYHOCIMHBIX XapaKmepucmux
u MOOys ynpyeocmu bemona. Jlannvie K0IQGuyuenmol n0360A510M AHUZOMPONHO PeOYYUPOBAMb MEXAHUYECKUE C8OUCMEA Mame-
puana 8 3a6UcumMocmu oOm GerUdUnbl deopmayull HadYXanus, YHumuléds pasHoOHANPAGIeHHbI Xapakxmep nogpexcoenui. B pamxax
UCCe008aNUs OYEHEHA KOPPENAYUS MENCOY CHUINCEHUEM 3HAUEHULl KOIDPuyuenmos Mooudurayuy u Xxapakmepom 6HeuHe20 CUuio-
6020 8030elicmeus (001208pemennoe cocamue uny pacmsaxicenue). Ha ocrnose nonyueHHvix 3a8ucumocmett cqpopmynuposansvl npax-
muuecKue pekomeHoayuy no CMpyKmypupoganuio u napamempu3ayuu UHGOPMayuoHHol Mooelu, HanpagieHHbvlie Ha NosbllueHue
aA0eK8amHoCmu OYeHKU Hecyujeli CnocoOHOCIU U 001208€4HOCHIU NOBPENHCOCHHBIX KOHCTNPYKYUII.
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ABSTRACT

This paper proposes a method for assessing the strength characteristics of prestressed reinforced concrete structures. The struc-
tures were subject to degradation due to alkali-silica corrosion. The methodology is based on the principles of information modeling.
This allows for the integration of degradation process data into a comprehensive digital model of the facility. The methodology is
based on a macromodel. It establishes a direct correlation between the swelling processes of reactive coarse aggregate and the
resulting stress-strain state of the structural system.

The key tool of the model is the modification coefficients introduced for the strength characteristics and elastic modulus of con-
crete. These coefficients allow for anisotropic reduction of the material's mechanical properties depending on the magnitude of swell-
ing deformations. In this case, the multidirectional nature of the damage is taken into account. This study assessed the correlation
between the reduction in modification coefficient values and the nature of the external force applied. The external force applied was
either long-term compression or tension. Based on the obtained dependencies, practical recommendations for structuring and pa-
rameterizing the information model were formulated. The recommendations are aimed at improving the adequacy of assessing the
load-bearing capacity and durability of damaged structures.
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BBEJEHUE

Ha 6eronnbIe 1 xene300eTOHHBIE KOHCTPYKIIN M COOPYKe-
HUS, TAKHE KaK IIITaJIbl, JAMOBI, MOCTHI | JIp. 3HAUUTEIFHOE BITH-
STHUS OKa3bIBaeT BHEIIHSS arpecCUBHAs cpena. B uacTHOCTH, Ne-
CTPYKTHBHBIN 3 EKT MOTYT BBI3BIBATH ILEJIOYH TOPOBOTO Pac-
TBOpa B OETOHE MPU B3aUMOAEHCTBUHM C XUMUUECKH aKTHBHBIM
KpPEMHE3eMOM 3aIlOJIHUTENST M 00pa3oBaHUEM B MOCIEAYIONEM
CHJIMKATHOTO Teist. [IaHHBII THIT XUMUYEeCKOH KOPPO3UH Ha3bl-
BaeTcs 1ienoYHo-kpeMHeseMHas koppo3us (ILKK), mo koropoit
YK€ BBITIOJTHEHO OOJBIIOE KOTUIECTBO TEOPETHUECKUX M IKCIIE-
PUMEHTANBHBIX HcciienoBaHmii. [IpobieMa COCTOUT B TOM, YTO
XUMHYECKHe M (U3NYECKHe IIPOIECCH, JIeXKallie B OCHOBE
KK 10BOJBHO CIOXKHBI, 3aBUCAT OT OOJBIIOTO YHCIA Pa3HO-
00pa3HbIX (PaKTOPOB, MEXAaHU3M KOTOPBIX Ui KaXKAOTO CIIydast
JI0 CHIX TIOp eIIIe TIOTHOCTBIO He pacKphIT [1- 4].

Bo3HuKHOBeHHE B 30HE KOHTaKTa PEaKIMOHHOCIIOCOOHOTO
3aI0JHUTEJIS C IEMEHTHOW MaTpHLIei HanpsHKeHHOTo-Ae(hopMH-
poBanHoro coctostaus (HJIC) cBsizano ¢ oOpa3oBaHueM yBemH-
YEHHOr0 00beMa HOBOOOpa3zoBaHUU mpu TUPPY3UH MOJICKYIT
BOJIbl BHYTPb CHJIMKATHOT'O Telisi. B pe3ysbrare BOSHUKHOBEHHS
M30BITOYHOTO JABJICHUS OCTOH PACTPECKUBACTCS U TEPSACT CBOU
TIPOYHOCTHBIC M HKCILTyaTaI[HOHHBIE CBOICTRA.

Tak kak, W3ydeHHe OONBIIOTO KOJMYECTBA MapamMeTpPOB B
HATYPHOM JKCIIEPHMEHTE TPYAHO PEalii3yeMo M Jake ITOCTO-
BEPHO HEBO3MOJKHO, IIPEIaraeTCs BEIIIOIHUTD H3YUCHHE COCTO-
SHUS TIPeTHATPSHKCHHBIX Kele300€TOHHBIX KOHCTPYKIUA TpH
KK ¢ momMompio MHGOPMAMOHHOW MOJENH. 3a €e OCHOBY
B3sTa MaTeMaTh4eckas MaKpOMOJEelb, CBSA3bIBAOLIas Mpolecc
HaOyxaHust cumkatHoro resst 1 HJIC xonerpykiuu [S].

IIle/104HO-CHJIMKATHAS PeaKIus

ITponecc KK sBiseTcss MHOTOCTYNIEHYATHIM M IPOXOJIUT B
HECKOJIBKO 3TanoB. BHavane noBepXHOCTHBIN CIIOM KpEMHE3eMa
Si0; copbupyer anmorsl OH™. 3TOT KOHTaKT Ha TIEPBOM 3Tare
NPUBOAMT K aKTUBHOM peakiuy, B pe3ysibTaTe KOTOPOIl Iponc-
XOAWT JETOMMEpHU3als MOJIEKYJ KPEMHHs ¢ oOpa3oBaHHEM
c1aboi KPEeMHEBOH KUCIOTHI:

=Si-0-Si=F"+OH > Si-O-F+H-0-Si=,

rae F — KaTHoH 1eno4Horo MeTamia, B poJid KOTOporo 3a4a-
CTYI0 BbICTynaeT HaTpuii Na.

B nanpHeimem KuciaoTa IpoJo/pKaeT B3auMOJIEHCTBOBATD C
JPYTUMU TUAPOKCUIIBHBIMU MOHAMMU:

=Si-O-H+F"+OH —> Si-0 -F + H0,

Ob6pa3zoBaBmmiics KpeMHeBBIH cwimkar (1,2) mposBiseT
aMmop(dHbIE PU3HAKK U CBOMCTBA TMUTPOCKONMMYHOCTH. Ha BTO-
pOM 3Tarie NPOUCXOJHUT TMOTJIONIEHUE CHIMKATOM CBOOOHOM
BOJIbl B PACTBOPE U JIECTPYKTHBHOE PACHIMPEHHE IEI0YHO-CH-
JuKaTHOTo rens (puc.l):

=Si—O0-H+nH;O—=S8i-0" - (H0),+ F',

rae n — 4Yucjo ruapaTtainunu.

Juis mporexanust LIIKK HeoOXommuMo BRIIOTHEHUE TPEX 00s1-
3aTebHBIX YCJIOBHA: HAJIMYUE XUMHUYECKU aKTUBHOTO KpEeMHe-
3eMa B 3allOJIHUTEINE, BBICOKHH ypPOBEHb LIETOUYHOCTH IOPOBOrO
pacTBopa, a TakXKe BBICOKasl BIaXHOCTb. be3 coOimoneHuii ka-
Koro-1r00 u3 3TuX (pakropor IIIKK-peakius He mpoTekaeT.

INTRODUCTION

The external aggressive environment has a significant
impact on concrete and reinforced concrete structures and
buildings, such as sleepers, dams, bridges, etc. In particular,
the destructive effect can be caused by alkalis in the pore
solution in concrete when interacting with chemically active
silica filler and subsequently forming a silicate gel. This
type of chemical corrosion is called alkali-silica corrosion
(ASC). A large number of theoretical and experimental
studies have been carried out in this area. The chemical and
physical processes underlying the ASC are quite complex
and depend on a large number of different factors. The
mechanism of alkali-silica corrosion for each case has not
yet been fully elucidated [1-4].

The occurrence of a stress-strain state (SSS) in the con-
tact zone of the reactive filler with the cement matrix is as-
sociated with the formation of an increased volume of new
formations during the diffusion of water molecules into the
silicate gel. As a result of excess pressure, concrete cracks
and loses its strength and performance properties.

It is proposed to study the state of prestressed reinforced
concrete structures during alkali-silica corrosion using an
information model. This is due to the fact that studying a
large number of parameters in a natural experiment is diffi-
cult to implement and even reliably impossible. The infor-
mation model is based on a mathematical macromodel that
links the process of swelling of silicate gel and the stress-
strain state of the structure [5].

AlKkali-silicate reaction

The process of ASC is multi-stage and takes place in
several stages. Initially, the surface layer of silica SiO2 ab-
sorbs OH- anions. This initial contact leads to an active re-
action, resulting in the depolymerization of silicon mole-
cules, forming weak silicic acid:

)

where F is an alkali metal cation, often sodium Na.
The acid then continues to interact with other hydroxyl
ions:

2

The resulting siliceous silicate (1,2) exhibits amorphous
characteristics and hygroscopic properties. In the second
stage, the silicate absorbs free water in the solution and de-
structively expands the alkali-silicate gel (Fig. 1):

(©))
where n is the hydration number.

For alkali-silica corrosion to occur, three essential con-
ditions must be met: the presence of reactive silica in the
aggregate, a high alkalinity level in the pore solution, and
high humidity. Without any of these conditions, the alkali-
silicate reaction does not occur.
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PUCYHOK 1

YIOPOLIEHHASI CXEMA ITPOLIECCA
IEJIOYHO-KPEMHE3EMHOM
KOPPO3HWH [6]
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Figure 1
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A simplified diagram of the alkali-silica cor-
rosion process [6]

OCHOBHBIM (haKTOPOM JIECTPYKIMH LIEMEHTHOT'O KaMHSI SIB-
JSIFOTCS] BHYTPEHHHE HAIPSDKEHHs, BBI3BIBAIOIINE TPELIMHOO00-
pa3oBaHME U MOCIEAYIOIIEE Pa3BUTHE CETH TPEIIMH IO BO3-
JelcTBUEM paclmpsomerocs rens. BrnepBele Xancen [7]
MPETOKIIT TEOPHI0 OCMOTHYECKOTO JABIICHUS, KOTOPast Mpe-
nomnaraet, yto npoxykTsl LIIKK peaknmonHocmocobHOTO 3a-
MOJIHUTENS BEAyT ceOs Kak MOJyHeNpoHHIaeMass MeMOpaHa,
Yyepe3 KOTOPYIO, B OTIMYHME OT MAaJbIX IO pa3Mepy MOJCKYI
BOJIbI, HE MOTYT AU(PPYHIUPOBATH B OKPYKAIOIIYIO CPEAY MO-
JIEKyJIBl IIOIUMEpA.

KuneTruka HadyxaHusi reJisi

B cootBercTBUU ¢ uccnenoBanusiMu Tanaku [8], momympo-
Hunaemas MemOpaHa SIBIISIETCS TIOJIBUXKHOW U OTIpe/ieTIsieT rpa-
HUIy 00pa30BaHHOTO reiis. [Ipu MPOHHMKHOBEHHH CBO3b HEE
BOJIBL, Telb HaOyxaeT. OmHaKo, cornacHo Teopun dnopu-Xar-
TUHCA, IPU IOCTAaTOYHOM JaBiieHuH BHenHel cpensl HAC Ha
MOBEPXHOCTH MeMOpaHsbI (J,,,-) YPAaBHOBEIINBACTCS:

Osur = Oext — Oosm »

I/I€ Gext— HAIIPSKEHUE, CO3/JaBAEMOE BHEIIIHEH cpe/1oii;
Gosm — TO JK€, CO3/IaBAEMOE€ OCMOTHYECKHUM BO3ICHCTBHEM
PaCIIUPSIONIETOCS TeJsl.

Jst ompeneneHus] BEIMYWHBI OCMOTHUYECKOTO JaBJICHUS
MoJTydyeHa MaTeMaTHIecKast MOJIEN b B YPAaBHEHUSIX, OTICHIBAIO-
IIasi yupyrue HanpsDKeHHS B MTOJUMEPHOM Telie B 30HE KOH-
TaKTa ¢ HEMEHTHOH Matpuueit [3]:

oosm=E-[

dopMipoRae +H,0

reas

Pacunmpemm citmamon rea

O6pazopaimie Tpeuum b
HAMOANIITEAE 1 HEMEITION KIMIC

The main factor in the destruction of cement stone is in-
ternal stress, which causes crack formation and subsequent
development of a network of cracks under the influence of
the expanding gel. Hansen [7] was the first to propose a the-
ory of osmotic pressure, which assumes that the ASC prod-
ucts of a reactive filler behave as a semi-impermeable mem-
brane through which, unlike small water molecules, polymer
molecules cannot diffuse into the surrounding environment.

Kinetics of gel swelling

According to Tanaka's research [8], the semipermeable
membrane is mobile and defines the boundary of the formed
gel. When water penetrates through it, the gel swells. How-
ever, according to the Flory-Huggins theory, under sufficient
pressure of the external environment, the stress-strain state on
the membrane surface (c,,) is balanced:

“)

where o,y is the stress created by the external environ-
ment;

oosm 18 the same, created by the osmotic effect of the ex-
panding gel.

To determine the value of osmotic pressure, a mathemat-
ical model in equations was obtained that describes the elastic
stresses in the polymer gel in the contact zone with the ce-
ment matrix [3]:

1
Vi L5,
Vo (t) 1] ’

©)

Va(® = - [(Ro +5)* — RJ;

Vo(®) =

rze, V; —o0beM rens B HaOyXIIIeM COCTOSHUH;

Vi — TO €, B UCXOAHOM COCTOSIHHH;

Ro— paauyc 3al0JHUTEIS] B HCXOTHOM COCTOSTHHH;

R;— moJBIKHas rpaHUIA relisi B HaOyXIeM COCTOsHUY;

s — ynpyrast gedpopmarnus chepbl Ipu HaOyxaHUH B OeTOHE;

E — 00beMHBI MOTYTTH e opManny.

Ioncranoskoit Vou V; B (5) Haxoaum ¢opmyity JUIs ompe-
JIETICHUS] OCMOTHYECKOTO JJaBJICHUS:

Oosm = E- [(R

O6pa30BaHMe TPCHIUH MPOUCXOAUT CCJIIK CYMMApHOC
Halps’)KEHUE B TMOBCPXHOCTHOM CJIOC CHJIMKATHOI'O TeiIsd
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3

-[R§ — R3],

where V; is the volume of the gel in the swollen state;

Vo is the same, in the initial state;

Ry is the radius of the filler in the initial state;

R, is the mobile boundary of the gel in the swollen state;

s is the elastic deformation of the sphere during swelling
in concrete;

E is the bulk modulus.

By substituting V) and V; into (5) we find the formula for
determining the osmotic pressure:

1
1]E ,
Cracks form if the total stress in the surface layer of sili-
cate gel exceeds or is equal to the tensile strength of concrete:

0+s)3-R3 _
3_n3
Rg—-R1

(6)
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MIPEBBIMIACT MU PABEH MPOYHOCTH OETOHA HA PACTSIKCHHE: Ty
2> Ry;. CaemoBaTelIbHO, B CKATHIX 30HaX, 0COOCHHO Ha HaYaJIb-
HBIX dTalax, IPOILEecC PacTPeCKUBaHUA OETOHA MO IeHiCTBHEM
OCMOTHYECKHX CHJI MOXKET KyIHpOBaThCi. B pacTsHyTOM ke
30HE KeNne300eTOHHOH KOHCTPYKIIMH CKOPOCTh 00pa30BaHUs U
pa3BuTHa TpemnH, BbBBaHHBEIX IIIKK-peakmueit, Haobopot
YCHIIMBAETCS 10 MOMEHTA TIOJTHOTO MPEBPAIIECHIUs KpeMHE3eM-
HOTO ToJIuMepa B CUIMKAT HaTpus [9]. BBuay cnoxxsHoctu u
MHOT0 cTtaguifHocTH npotekanus npoueccoB KK mnsa Bce-
CTOPOHHETO UCCJIE0BAHMUS TIOBEICHHUS JKEIe300€TOHHBIX KOH-
cTpykimii pu pazarnaaoM HJIC HeoOXonuMo mocTpoeHe UH-
(hopMaIoHHOW MO/IeNH.

(DOPMHPOBaHl/Ie Moae/In

B paccMarpuBaemoil MOEIN aHU30TPONHUS MPOUYHOCTHBIX
CBOWCTB OeTOHa ompeAemnseTcs MOTEHIMAIOM PEeaKIHOHHON
cnocobHocTH 3anonauTenss u HAC koHcTpykuuu. [Ipumens-
JOTCSI IONpaBOYHbIE KO3(UIIHEHT MOaUMUKAINN [T KaXK-
JIOTO HAmpaBlICHUS JUIA NPOYHOCTH OCTOHAa Ha CxkaThe kp;,
MPOYHOCTH Ha PACTSDKEHUE kpi © MORYIIb YIIPYTOCTH kEi. Koag-
¢unneHTs MOAMGUKALUK OINPEICISIOTCS Ha OCHOBE IpOY-
HOCTHBIX CBOUCTB OeToHa 0e3 mopexxacHuit ot LIIKK. Jlis cy-
HIECTBYIOLIMX KOHCTPYKLMUI 3TH 3HAYCHUSI MOTYT OBITh OTIpe-
JIeJICHBl HAa OCHOBE MCIIBITAHUM MaTepuasia KepHOB, H3BJICUCH-
HBIX U3 HEMIOBPEKACHHON YacTu coopykeHus. Eciu 3To HeBo3-
MOXHO, OIICHKA NPOM3BOANTCS HA OCHOBE J1a0OPATOPHBIX HC-
IBITAaHUH 00pa3na 6eToHa, BBIIEP)KaHHOTO B TEUEHHUE 28 CYTOK
WIIY C YIETOM BO3PACTa KOHCTPYKIIHH.

OxcnepumenTsl Oepun u Bexkuo [10] mo3Bonunu co3nark
6a3y MaHHBIX TO CBOIicTBaM OCTOHA, TOBPEKACHHOTO IIe-
noyHo-kpeMHe3emHoi peakmueit (ILKK). B Hayunbix padoTtax
yalmie BCETO ONMCHIBAIOTCS MCIIBITAHWUS CTaHIApTHBIX OCTOH-
HBIX 00pa310B, KOTOPhIE HE IMOABEPTANINCEH HArPy3Ke BO BpeMs
peakuuu. B Takux obpasnax tpemussl oT LIIKK pacnonara-
I0TCs1 6€CIIOPSII0OUHO, CO3AaBast TaK HA3bIBAEMYIO Xa0THIECKYIO
«KapTy TPEIINHY.

Pesynpratel Obimu crpynmupoBans! [10] mo Tpem kpure-
pHsAM:

- YCIIOBUSIM Harpy»eHusi oOpasia BO BpeMsi peakin,

- BermmauHe Aedopmarun pacumperns ot KK

- HaIIPaBJICHHUIO N3MEPEHMS IPOYHOCTH OTHOCHTEIILHO IIPH-
JI0)KEHHOW paHee Harpy3KH.

BaxHo, 4TO B PacCMOTPEHHOM HCCIICIOBAHUM PEAKIIMOH-
HBII OETOH CPaBHHUBAJICS C KOHTPOJIBHBIMH 00pa3aMu, U3ro-
TOBJICHHBIMH 13 HHEPTHOT'O 3aTIOTHUTES.

Koaddurnuentsr monubukanuu (ky, ki, kgi), onpenensio-
e W3MEHEHHNE MPOYHOCTHRIX U Je(QOPMAIMOHHBIX XapaKTe-
pUCTHK OeTOHA, OBUIM BRIYUCIIEHHI [6] 10 ypaBHEHUIM (6 - 8).
Hx cyTh — B HOPMHPOBAHHOM OTHOIIEHUH MEXaHUUYECKUX
CBOMCTB pEaKkIIMOHHOTO OETOHA K CBOWCTBAM HEPEAKIIHOHHOTO
(KOHTpOJIEHOT0) 00pa3ia, C NONPaBKOH HA Ha4yaJIbHOE PACXOXK-
JICHHUE 3TUX CBOMCTB B Bo3pacte 28 cyTOK (Rpizs, Rpizs U Eizs).
Bbnaronapst koadduimentam MoauduKanyn, 3Has EPBUYHYIO
CTENEeHb MNOBPEXJEHUS KOHTPOJBHBIX 00pa3LoB, BO3MOXKHO
CIPOTHO3MPOBAThH JalbHEHINee YXyIIIEHHS CBOHCTB OeTOHa
noj neiictBuem kopposun. Camu ko3¢ UIHEHTH MoAu(pHKa-
IIUH OTIPENIEISIOTCS CIIEAYIOMNM 00pazoM:

osur > Ry Consequently, in compressed zones, especially in
the initial stages, the process of concrete cracking under the
influence of osmotic forces can be stopped. In the stretched
zone of a reinforced concrete structure, the rate of formation
and development of cracks caused by the Alkali-silicate re-
action, on the contrary, increases until the moment of com-
plete transformation of the silica polymer into sodium silicate
[9]. Due to the complexity and multi-stage nature of the al-
kali-silica corrosion processes, it is necessary to construct an
information model for a comprehensive study of the behavior
of reinforced concrete structures under various stress-strain
states.

Formation of the model

In the model under consideration, the anisotropy of the
strength properties of concrete is determined by the reactivity
potential of the filler and the stress-strain state of the struc-
ture. Modification correction factors are applied for each di-
rection for the concrete compressive strength k;, tensile
strength k,; and modulus of elasticity kz;. Modification coef-
ficients are determined based on the strength properties of
concrete without damage from the alkali-silica corrosion con-
crete. For existing structures, these values can be determined
based on testing of core material extracted from the undam-
aged portion of the structure. If this is not possible, the as-
sessment is made on the basis of laboratory tests of a concrete
sample aged for 28 days or taking into account the age of the
structure.

The experiments of Ferche and Vecchio [10] made it pos-
sible to create a database on the properties of concrete dam-
aged by alkali-silica reaction (ASC). Scientific papers most
often describe tests of standard concrete specimens that were
not subjected to stress during the reaction. In such specimens,
cracks from the ASC are randomly distributed, creating a so-
called chaotic "crack map."

The results were grouped [10] according to three criteria:

- loading conditions of the specimen during the reaction,

- the magnitude of the expansion deformation from the
ASC,

- the direction of strength measurement relative to the pre-
viously applied load.

It is important that in the study under consideration, reac-
tive concrete was compared with control samples made from
inert aggregate.

The modification coefficients (kpi, ks, kzi), which deter-
mine the change in the strength and deformation characteris-
tics of concrete, were calculated [6] using equations (6 - 8).
Their essence lies in the normalized ratio of the mechanical
properties of reactive concrete to the properties of a non-re-
active (control) sample, with an adjustment for the initial di-
vergence of these properties at the age of 28 days (Rpizs, Rpizs
and Eizs). Thanks to modification coefficients, knowing the
initial degree of damage of control samples, it is possible to
predict further deterioration of concrete properties under the
influence of corrosion. The modification coefficients are de-
termined as follows:

Rpir/RbiN
b = o2 (7
Rpiz2sr/RbizaN
Rptir/RbtiN__ .
Kpyj = —————=—— )

= 2
Rptizer/RbtizeN
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kg =

TJie MHAEKC i TPEJICTaBIsIeT OCHOBHOE HarpasieHue (i = X,
¥y, 2),

N — OTHOCHUTCA K HEpEaKIIMOHHOMY OETOHY,

7 — PEaKIIMOHHOCIIOCOOHEIH OETOH.

BeroHHBIE KOHCTPYKINH, KaK MPABUIIO, HCIIBITHIBAIOT JUTH-
TeNbHBIC HATPY3KH (B YaCTHOCTH, IpeAHATIpsDKeHNE). B HacTo-
AIIeM UCCIICIOBAHUN aHAIM3UPYETCS N3MEHEHHE CBOHCTB Oe-
TOHA B 3aBUCHMOCTH OT THUIIA HAMIPSDKEHHOTO COCTOSTHHUS.

Jns HanpaBiieHUH, cBOOOJHBIX OT C)KAaTHsl, MOIPaBOYHbIE
KO3 OUUNECHTSI (kpi fice, Kbiifice, KEifiee), TPUBEICHHBIE B ypaBHE-
Husax (10)-(11), 3amanbl kak QyHKIUHM apaMeTpa JIMHEHHOro
pacumpenust, Bei3BanHoro 11IKK. /lanHble QyHKIMOHATBEHBIE
3aBHCHMOCTH OBLIN OJTYYEHHI [6] Ha OCHOBE 3KCIIEPUMEHTAIb-
HBIX 3HaYeHUH, omyonukoBaHHEIX ®epun u Bekkwo [10]. dus
JOTTOBPEMEHHOTO HAIPSDKEHHOTO COCTOSHIS IPH OAHOOCHOM
PaCTSHKCHUU WCTIONB30BANICS IOIXOM, aHAJOTHYHBINA CITydaro
cBOOOTHOH nedopmanuu.

(
kbi,free = i

(1,00 — 475,9 . SU.[KK

ke _ 4 0,77 - 86,8 . ELL[KK

btifree 0,70 — 60,0 - £y
0,40

1,00 — 205,5 - ey
0,63 — 1,75 - ey
0,75 — 10,9 - ek
0,45

1,00 — 344,4 - £
0,42 — 21,9 - ek
0,19 — 4,35 £k
0,07

l(Ei,free =

B cnydae Hanu4usl CKUMAMOLINX HANPSDKEHUH B KOHCTPYK-
1MUY, TIPH OTIPE/ICIICHUN CHIKCHUS MEXaHMYEeCKHUX CBOMCTB Oe-
TOHa HEOOXOIMMO YYHUTHIBATh Kak K0d((UIHeHT Moauduka-
uH CBOOOTHBIX AehopMaruid (Ko free, Kbt free, KEifree), TAK H 3JTC-
MEHTapHYI0 JeGopManuio (es;) B HANPABICHUH CKUMAIOIINX

yeuwnuii. OHa  MO3BOJISIET  CKOPPEKTHUPOBATh  3HAYCHHE
pa3ynpodyHeHust OeToHa C y4eToM 00XaTOro COCTOSIHMM KOH-
CTPYKIIHH.

Jis pacdeTa syieMEHTapHOW OTHOCHUTENHHOH aedopMaIiun
€; UCTIOJIb3YETCSl CUMBOJI €, 2 He OOMICTIPUHATHIN £. DTO cle-
JIAHO YIS TOTO, YTOOBI TIOAYEPKHYTh, YTO B PACUYETE HCIOIB3Y-
eTcsl MO/LyJIb YIIPYTOCTH HEIOBPEXKICHHOTO OETOHA, YTO COOT-
BETCTBYET JIMHEHHON yIpyroi Mojenu.

DreMeHTapHas OTHOCUTEJbHAs AedopMaIys Ui COKAThIX
HaIpaBJIeHUH PacCUMTHIBACTCS KaK:

epi = Rpi/E,

rre Ry, — JIOJIrOBpeMEHHOE HANpSDKEHHWE IIPU CXKAaTHH B
TJIABHOM HampasieHuu i (i = x, y, z);

E — Monynp ynpyroctu 6eToHa IIpu TEKyIIEM BO3pacTe
KOHCTPYKILIMH.
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_ _Eir/Ein
Eizsr/Eizgn

13,2107 < gy < 27,0 - 1073
SLLIKK = 27,0 . 10_3

&)

where the index i represents the principal direction (i = x,
Y. 2),

N refers to non-reactive concrete,

r refers to reactive concrete.

Concrete structures are typically subjected to long-term
loads (particularly prestressing). This study analyzes how
concrete properties change depending on the type of stress
state.

For directions free from compression, the correction fac-
tors (kpifice, Kbiifices Keifiee) given in equations (10)-(11) are
given as functions of the linear expansion parameter caused
by the ASC. These functional dependencies were obtained
[6] based on experimental values published by Ferche and
Vecchio [10]. For the long-term stress state under uniaxial
tension, an approach similar to the free deformation case was
used.

SU.[KK < 1,8 . 10_3 ;

1,8-107° <gypg < 13,2-107%; 10
13,2103 < emgx < 27,0 1073, (19)
SU.[KK > 27,0 . 10_3 .
ELL[KK < 0,6 . 10_3
0,6 . 10_3 < ELLlKK < 2,5 . 10_3 1
2,5 ) 10_3 < ELL[KK < 5,0 - 10_3 ( )
ELLIKK > 5,0 . 10_3
ELL[KK < 1,8 - 10_3
1,8-103 <¢ <13,2-1073
HIKK (12)

In the case of the presence of compressive stresses in the
structure, when determining the reduction in the mechanical
properties of concrete, it is necessary to take into account
both the free deformation modification coefficient (kpifpice,
Kpiifree, KEifiee) and the elementary deformation (ep) in the di-
rection of compressive forces. It allows you to adjust the
value of concrete softening taking into account the com-
pressed state of the structure.

To calculate the elementary relative strain e;, the symbol
e is used, rather than the commonly used ¢. This is done to
emphasize that the calculation uses the elastic modulus of in-
tact concrete, which corresponds to the linear elastic model.

The elementary relative deformation for compressed di-
rections is calculated as:

(13)

where R, is the long-term compressive stress in the prin-
cipal direction i (i = x, y, 2);

E is the modulus of elasticity of concrete at the current
age of the structure.
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Taxxe, clieyeT yaecTh, 4To Ipu HanpsukeHusx jo 0,3 MIla
ko3P unneHTs Mogudukanuu (k;) OCTAIOTCS TTOCTOSHHBIMH,
KaK U B cirydae 6e3 Harpy3ku. [Ipu mpeBbIMeHHH 3TOro mopora
K03 PUIMEHTH] HAYMHAIOT PACTH, YTO JEMOHCTPHUPYET I10JI0-
KHUTEIBHYIO POJIb CXKaTHS B 3aMEJICHHH pa3pyLIeHUs OT
HIKK. 3toT adQdekt yureH uepe3 3aeMeHTapHYyIO nedopma-
IO TIPH 3aJITaHHOM HamnpspkeHuu cxatus B 0,3 Mma. Han6ous-
1Iee BIMSHUE HANpPsDKEHWE OKa3bIBaeT Ha MPOYHOCTD IIPU pac-
TSDKEHHH, 3aTeM Ha MOAYJIb YIPYTOCTH, U B MEHBIIICH CTEIICHH
— Ha IPOYHOCTH IIPU CKATHH.

st cxxaroro 6eToHa CHI)KEHUE €r0 MEXaHHYECKHX Xapak-
TEPUCTUK OIUCHIBaeTca (yHKIWMeH ki(Rp), TpUBEICHHOW B
ypaBuennu (13) [6]:

1

It should also be taken into account that at stresses up to
0.3 MPa, the modification coefficients (k;) remain constant,
as in the case without load. When this threshold is exceeded,
the coefficients begin to increase, which demonstrates the
positive role of compression in slowing down the destruction
from alkali-silica corrosion. This effect is taken into account
through elementary deformation at a given compressive
stress of 0.3 MPa. Stress has the greatest influence on tensile
strength, then on elastic modulus, and to a lesser extent on
compressive strength.

For compressed concrete, the reduction in its mechanical
characteristics is described by the function ki(Rp), given in
equation (13) [6]:

1

ki = ki,free +

e;i(Rby)

rIe: i =X, y, z — TJaBHbIC HapaBJeHuUs (C)KaTue NpUHUMa-
eTCsl OTPUIIATEIHHBIM);

Ry — HanpsDKEHHE CKaTus B HATIPABICHUH i}

ki free — KO3 uIIIEHT MOAUUKAINN U1 cBOOOTHOTO pac-
HIMPEHHUs, pACCUUTAaHHBIN 110 ypaBHeHUsM (10-12);

&1kKk — BEIMYMHA OTHOCHTEIBHOU nedopMaryu IpH BO3-
neiicteum I1KK;

epi — DIIEMEHTapHas nedopmanus B HaNpaBJIEHUHU i, COOT-
BETCTBYIOIIAS HAIPSDKECHHIO CKAaTUS Ryi;

en(0) — osnemeHTapHas OTHOCHTEIbHAas aedopMalus B
HAaIpaBJIeHUH i, COOTBETCTBYIOIIAS TIOPOTOBOMY HAIPSHKEHHIO
cxarus 0,3 MITa.

Ha puc. 2 moka3ana 3aBuCHMMOCTh KOd(duIMEeHTOB k OT
YPOBHS CKMMAIOIIETO HAIPSHKEHUs! R JUIs NBYX BEJIMYHH pac-
mmpenus (0,510 u 2,01073).

PUCYHOK 2

I'padux 3aBucumMocTH K03QPHUMEHTOB MOAHPHUKALIUM
k oT Hanpspkenus ckaTust 1s E = 25¢10° Ta [6]

Figure 2

Graph of the dependence of modification coefficients k
on compressive stress for E = 25109 Pa [6]

B pamkax nccrnenoBanus [6] HE yIUTHIBAJIOCH BO3JCHCTBHE
MOCTOSIHHBIX PacTSATUBAIOLIMX HAMIPSIKEHUH, SBIISIOIICECS KPH-
THUYECKH 3HAYUMBIM (DaKTOPOM Uil IMHAMUKH TOMPABOYHBIX
K03((GULINEHTOB Ul TPEIBAPUTENHHO HAIPSHKEHHBIX KOH-
crpykuuid. Pabota [11] nemoHCcTpHpyeT, YTO pacTsAruBaromas
Harpyska MHTEHCU(HUIUPYET JIerpaaliio NPOYHOCTHBIX U Jie-
(hOpPMAITOHHBIX XapaKTEPUCTHUK (IIPOYHOCTH M MOJIYJISI YIIPY-
rocTu) 6eToHa, IO/IBEPKEHHOT0 MIEeJI0YHO-KpEMHE3eMHOIl pe-
akuu (LKP). Cnenyer oTMeTuTh, 4TO (M3UKO-XUMUYECKUH
MEXaHN3M JIaHHOTO SIBJICHUS HA TEKYIIMH MOMEHT HCCIIe/IOBaH
JMIIb HA TEOPETHYECKOM YpOBHE M TpeOyeT Bepu(HKanuu B
XOJIe TaNbHEHIINX SKCIIEPUMEHTOB. B KauecTBe rHIOTE3HI pac-
CMaTpHUBaeTCs CHHEpreTudeckuii dddexr, coderaromuit

0,09 —
(-t

(14)

s 0,09 »
()

where: i = x, y, z are the principal directions (compression
is assumed to be negative);

Ry is the compressive stress in the i-th direction;

kifree 1s the modification coefficient for free expansion,
calculated using equations (10-12);

&4sc 1s the relative strain under the action of the SCK;

ey 1 the elementary strain in the i-th direction, corre-
sponding to the compressive stress Rbi;

er(0) is the elementary relative strain in the i-th direction,
corresponding to the threshold compressive stress of 0.3
MPa.

Figure 2 shows the dependence of the coefficients £ on
the level of compressive stress R for two values of expansion
(0.5¢107* and 2.0°1072).

o | kb eukp — 0,5+ 107(-3) _ KE eukp — 0.5 - 10°(-3)
L V 0.5 - 107(-3)
o8 EFEI RS
2 7 =
506 B
E kR cmgp = 2.0 104(-3)
204
2
=
T o2
2 0.2

E=25-10"1la
0.0 . ) . .
0 2 4 6 8 10

Hanpasxenne ot cxatna (MIla)

The study [6] did not take into account the effect of con-
stant tensile stresses, which is a critical factor for the dynam-
ics of correction factors for prestressed structures. The work
[11] demonstrates that tensile loading intensifies the degra-
dation of strength and deformation characteristics (strength
and modulus of elasticity) of concrete subjected to alkali-sil-
ica reaction (ASR). It should be noted that the physicochem-
ical mechanism of this phenomenon has currently been stud-
ied only at a theoretical level and requires verification in the
course of further experiments. A synergistic effect is consid-
ered as a hypothesis, combining a mechanical component—a
superposition of external tensile and internal stresses from the
expansion of reaction products—and a potential chemical
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MEXaHNYECKYI0 COCTABIIAIONIYI0 — CYIICPHO3UIMIO BHEITHUX
PacTATMBAIONIINX M BHYTPCHHUX HANPSDKCHUH OT PacIIMpeHHs
NPOAYKTOB PEaKINH, — ¥ MOTCHIUAIBHYIO XHMHUYECKYIO CO-
CTaBJIAIONIYI0. BMecTe ¢ TeM, OCHOBBIBasICh Ha aHAJIOTHSIX C T10-
pucteiMu cpenamu [12-13], mormycTUMO TpeArionoKeHHe, 9To
pasBuTas CeTh MUKPOTPELIMH B IIEMEHTHOH MaTpuIe MOXXET
BBICTYNaTh B poiik Oydepa, mornomas MpoayKThl peaklul U
TEM CaMbIM HUBEIIUPYS BOSHUKHOBEHUE Pa3pyLIAIOIIEro BHYT-
PEHHETO HaINPSHKEHUS.

B nepBoM mnpuONMKEHHs MPEINOI0KHUM, YTO Kene300e-
TOHHAs KOHCTPYKLHUS HMMEET BBICOKHH MOIYNb YIIPYTOCTH
(> 20-10° I1a) ¥ mMpHHA PaCKPHITUS TPEIIWH, OIarogaps ap-
MHPYIOIINM 3JIEMEHTaM, He NIPEBBIIIAeT HOPMATUBHBIX 3HaUeE-
Huit. Torma onpexenseM srIeMeHTapHYTO 1eOPMALIHI0 KaK:

pti = Rpi/E,

rie Ry — NOJITOBPEMEHHOE HANpPsDKCHHUE NPHU PACTKCHUH
B IJIaBHOM HAIIpaBIeHUH i (I = X, ), 2);

E — Monyne ympyroctu 6eTOHa IIpU TEKYyIIEM BO3pacTe
KOHCTPYKLIH.

Koadpdpuument mogudukanuu k 1i1s pacTSHyTOH 30HBI OTIH-
CBIBACTCSI 110 aHAIOTHH ¢ (yHKIMEH ast cxxarus (14), onHako
MIOPOTOBOE 3HAYEHHS PACTATMBAIOIINI HANPSHKCHUH, KaK JUIs
cxarus R = 0,3 MIla, He yuuTsIBaeTCs:

ki = ki,free +

rne: i =X, y, z — TJaBHbIC HapaBJieHuUs (CKaTue NpUHUMa-
eTCsl OTPUIIATEIBHBIM);

Ry —TIOCTOSIHHOE HalpsHKEHHUE CXKaTUs B HANPABICHUH i}

kit free — K03 GUIMEHT MOAM(UKAINH AJISI CBOOOIHOTO pac-
IIMPEHHUs, pACCUUTAHHBIN 10 ypaBHeHUsM (10-12);

&mxk —BEJIMYMHA OTHOCUTENbHOU nedopmannu npu HIKK;

epi —DIIEeMEHTapHasi OTHOCUTEJbHas JjedopmManus B
HaIpaBJIeHUH 1, COOTBETCTBYIONIAs HANPSHKEHUIO PACTSHKECHHS
Ry

Onucanue MoaejIu

Jl1s mocTpoeHus pacyeTHOW MOJIENN TPEAToNaraeTcs uc-
MOJIb30BaHNE 0OBbEMHBIX KOHEYHBIX 3JIEMEHTOB C 4-8 y31aMmu.
B xauectBe 6a30BOro JOMyNICHUS IPUHUMAETCS YCIOBUE HIe-
AIBHOTO CIIETIJICHUS Ha TPaHMIE pa3fesia «0eToH—apMaTypay.
OpHako, B UTEPALIMOHHBIX pacueTax HeoOXOAMMO YUHTHIBAThH
oclablieHus] KOHTaKTa MEXTy OE€TOHOM U apMUPYIOIIUMU dJIe-
MeHTamu 10 30-70 % [14]. Taxke ycIOBHOCTBIO ABISETCA IPH-
MEHEHHE HOPMATUBHBIX 3HAUEHHH Mpejena TeKy4ecTH U MOo-
JyJb YIIPYTOCTH CTaJld, TaK KaK M0/ BO3JIeHICTBHEM COITyTCTBY-
roweit KK xopposuu [15], none3Has miomaas ce4eHus: Mo-
JKET YMEHBIINUTCS.

Bnusnue menouno-kpemuesemMHoit kopposuu (ILIKK) yuun-
TBHIBAETCSI BBEACHNEM MOHIKAIOMIIX KOA(PPHUIINEHTOB K OCHOB-
HBIM TIPOYHOCTHBIM U [1e(OPMAIIMOHHBIM XapaKTePUCTHKAM
6erona. BennamHa 3THX K03 GUIMEHTOB ABIAETCA QyHKIMEH
OT 3KCIIEPUMEHTAJIBHO MOJIYYCHHBIX AeGopMaruii KOHTPOIb-
HBIX 00pa3loB W BHJA HANPSIKEHHOTO COCTOSHUS. 3HAUCHHUS
Moyis [lyaccoHa mpuHUMAaeTcs: HOPMaTUBHBIM.

B pacuere HE0OX0AMMO yUYHUTHIBATh TPH Pa3IUYHBIX CIIy-
qasi:

1. 3aganue OeToHY (U3MKO-MEXaHUYECKUX CBOWCTB, COOTBET-
CTBYIOLIMX HOpMaTUBHBIM nokaszatensm CII 63.13330.2018;
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0,09 »
10 ()
epti(Rbt;))

component. At the same time, based on analogies with porous
media [12-13], it is permissible to assume that a developed
network of microcracks in the cement matrix can act as a
buffer, absorbing reaction products and thereby leveling the
occurrence of destructive internal stress.

As a first approximation, let's assume that the reinforced
concrete structure has a high modulus of elasticity (> 202109
Pa) and that the crack width, thanks to the reinforcing ele-
ments, does not exceed the standard values. Then we define
the elementary deformation as:

(15)

where Ry is the long-term tensile stress in the principal
direction i (i = x, y, z);

E is the modulus of elasticity of concrete at the current
age of the structure.

The modification coefficient £ for the stretched zone is
described by analogy with the function for compression (14),
however, the threshold value of tensile stress, as for compres-
sion R = 0.3 MPa, is not taken into account:

1
p— (16)
where: i = x, y, z are the principal directions (compression
is assumed to be negative);
Ry 1s the constant compressive stress in the i-th direction;
ki free 1s the modification coefficient for free expansion,
calculated using equations (10-12);
&sc 1s the relative strain during ASC;
ep; 18 the elementary relative strain in the i-th direction,
corresponding to the tensile stress Ryy.

Model description

To construct the calculation model, it is assumed that vol-
umetric finite elements with 4-8 nodes will be used. The basic
assumption is the condition of ideal adhesion at the concrete-
reinforcement interface. However, iterative calculations must
take into account weakening of the contact between concrete
and reinforcing elements by up to 30-70% [14]. The use of
standard values for the yield strength and elastic modulus of
steel is also arbitrary. This is due to the fact that, under the
influence of concomitant alkali-silica corrosion [15], the ef-
fective cross-sectional area may decrease.

The influence of alkali-silica corrosion (ASC) is taken
into account by introducing reduction factors to the main
strength and deformation characteristics of concrete. The
magnitude of these coefficients is a function of the experi-
mentally obtained deformations of the control specimens and
the type of stress state. The value of Poisson's modulus is ac-
cepted as standard.

Three different cases must be taken into account in the
calculation:

1. Assigning physical and mechanical properties to concrete
that correspond to the standard indicators of SP
63.13330.2018;
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2. TlpumeHeHHEe B MOJIENH DKCIIEPUMEHTAIHHBIX 3HAUYCHUN
MPOYHOCTH Ha PacTsHKEHHE, CKATHS U MOIYJNS yIPYyroctu Oe-
TOHa B Bo3pacte 28 cyTok 6e3 Bo3aeiicTeus LIIKK;

3. Mcnonp30BaHus NOHIKAIONNX K03 uitnerToB Moauduka-
i k; 101t Rpyi, Rpi, Ei ¢ y4eTOM SKCTIEpUMEHTAIBHBIX 3HAUCHUN
OTHOCHTEJIBHBIX JIe(OpMaIIMii 110 BCEM HaIrpaBICHUSIM.

Jy1sl KOJIMUEeCTBEHHOW OLEHKU BIUSIHUS JeopManuy, BbI-
3BaHHOM IIIKK, BO3M0OKHO NPUMEHATh KaK aHU30TPOIHYIO MO-
JleNb, TaK U U30TponHyt0. Yapnbe3ByT [16] B cBoei aHU30TpOII-
HOW MOJIENH paccMaTpHUBAET KaK JUI pacIIUPEHHs, TaK U CBOI-
CTBa MaTE€PHAJIOB HE3aBUCHUMO JUIS Ka)XKJOTO HAIIPABJICHUS, B TO
ke BpeMs Cayma u [leporT [17] yIuTHIBaIOT Ha MOAYIIb YIIPY-
TOCTH JaBJICHUS CHIMKATHOTO reins. Kak mokasano cpaBHeHHE
[6], ann30TpOITHOE 3a1aHUE TapaMETPOB MOJIEIIN TOYHEE COOT-
BETCTBYIOT 3KCHEPHMEHTANBHBIM 3HaUeHNEM (nedopmanuu n
MPOYHOCTH B 3aBUCHMOCTH OT HANPABJICHUSA).

Hawubounb1iee BiusiHNE HAa pacdeTHBIC XapaKTEPUCTHKU BHE-
LEHTPEHHO-PACTSIHYTOTO DJIEMEHTA OKa3bIBAET: PA3MBITOE/ANC-
KPETHOC 3aJaHUEC apMHUPOBaHUs, IPOYHOCTH CLUCTIVICHUA MEKITY
6EeTOHOM M apMaTypoil, KOPPO3Hsl CTANIH, BEIUYNHA U HAIIPaB-
nenue nedopmannii, Bei3BaHHbIX 1I{CP, KOppekTHOCTB TpaHny-
HBIX YCJIOBHH, TeOMeTpHUecKasi U (pu3udecKasi HeIMHEHHOCTh
MaTepuaoB.

BruiBoabI

1. JI7s OWarHOCTHKHM W TIPOTHO3HPOBAHUS COCTOSHUS KOH-
CTPYKIMH, TOJBEPKEHHBIX IIEJI0YHO-KPEMHE3EMHOI KOppo-
3MH, LEeJIECO00Pa3HO MPUMEHATH M0IX0/bI HHYOPMALOHHOTO
MoJieMpoBaHus. B ocHOBe mpeanaraeMoll METOAMKHU JIEKHUT
MaKpOMO/IeJIb, YCTaHABIMBAIOLIAS IPSAMYIO CBA3b MEXIY IpO-
reccamMy HabyxaHus (MHUIMMPOBAHHBIMH KOPPO3UEH MOBEPX-
HOCTH 3aIOJHUTENS) M PE3yNbTHUPYIOIIUM HampsHKeHHO-7e-
(OPMHPOBAHHBIM COCTOSHMEM KOHCTPYKIMHU KaK IEJIOCTHOU
cucteMbl. OCHOBHBIM MHCTPYMEHTOM /IS y4eTa Jierpajaliu
0eToHa B MOJIEIH SBIAIOTCSA KOA(PPUIUEHTH MoguduKanuu k;
JUISL TIPOYHOCTH Ha CXKaTHe, PACTSDKEHNE U MOJTYJISl yIIPYTOCTH.
OtH k03P HUIMEHTHI, OTyYeHHBIE HA OCHOBE OOMIMPHON HKC-
MepUMEHTAIBHOM 0a3bl JaHHBIX [ 10], TO3BOMAIOT aHU30TPOITHO
CHIMXaTh MEXaHUYECKNE XapaKTEPUCTUKN OETOHA B 3aBUCHMO-
cTH OT BemuuuHbI Aedopmaruii, Ber3BaHHbIX KK (emxk), Be-
JIMYHMHBI M XapaKTepa JUIMTEIbHBIX IKCIUTYyaTallHOHHBIX Harpy-
30K (CoKaTHe/pacTsSKEHUE).

2. KimroueBbIM MHCTPYMEHTOM [T OIIMCAHMS Jerpajanun Oe-
TOHA B MOJIEJIH SBISIIOTCS K03 duunenTsl Mogudukanmu (£),
NpUMEHSIEMbIE K XapaKTEPUCTHKaM MPOYHOCTH TNPH CHKATHU
(R»), pactsoxeHnu (Ry;) 1 Moayiio ynpyroctd (E). Yka3aHHbIe
K03($UINeHTH!, BepUPHUIIMPOBAaHHBIE HA OCHOBE OOIIMPHOTO
MaccHBa 3KCIEPUMEHTANIbHBIX JaHHBIX [10], Ho3BONAIOT aHU-
30TPOIHO PeyIMPOBATh MEXaHMYECKHE CBOMCTBA OETOHA B 3a-
BHUCHMOCTH OT JIBYX KJIFOUEBBIX (h)aKTOPOB:

- BEJTMYUHBI IehopMaIuii CBOOOJHOTO Ha0YXaHUS (€K )

- MTapaMeTPOB UTUTEFHOTO AKCIUTYaTAIIHOHHOTO HATPYKECHHUS.
3. Pe3ynpTaThl aHAIN3a IEMOHCTPUPYIOT CYIIIECTBEHHYIO 3aBH-
cumocTb BiusiHUSA LLIKP oT BHemHero Hanpsi»KeHHOTo COCTOSI-
HHS. Y CTaHOBJICHO, YTO CKUMAIOIINE HATPSDKEHHUS, IIPEBhIIIa-
tforue moporooe 3Hadenue B 0,3 MIla, oka3pIBatoT MHTHOH-
pyroliee BO3ACHCTBHE Ha IMPOIECC AErpajallii, YTO BBIpaXka-
eTcs B pocTe K03 PHUINECHTOB MOTUPHUKAIINY k; C YBETHYCHHEM
ypoBH# cxartus. HanpoTtus, pactsrusatomye HarpsokeHusl, co-
TJIACHO THIIOTE3€, IOJDKHBI MHTEHCH(UIIMPOBATh PAa3BUTHE Jie-
¢dopmarmii 1IKK, omHako naHHBIH Te3nuc TpedyeT AanbHEi-
IIEro SMIIMPUYECKOTO MOTBEPKACHHS.

2. Application of experimental values of tensile strength,
compressive strength and elastic modulus of concrete at the
age of 28 days without exposure to ASC in the model;

3. Using the reduction factors of modification 4; for Ry, Ry,
E; taking into account the experimental values of relative de-
formations in all directions. To quantitatively assess the in-
fluence of deformation caused by alkali-silica corrosion, it is
possible to use both anisotropic and isotropic models. Charl-
wood [16] in his anisotropic model considers both the expan-
sion and the properties of materials independently for each
direction, while Saouma and Perotti [17] take into account
the modulus of elasticity of the pressure of silicate gel. As the
comparison [6] showed, the anisotropic assignment of model
parameters more accurately corresponds to the experimental
values (deformations and strength depending on the direc-
tion).

The greatest influence on the design characteristics of an ec-
centrically tensioned element is exerted by: the diffuse/dis-
crete assignment of reinforcement, the strength of the bond
between concrete and reinforcement, steel corrosion, the
magnitude and direction of deformations caused by the al-
kali-silicate reaction, the correctness of the boundary condi-
tions, and the geometric and physical nonlinearity of materi-
als.

Conclusions

1. To diagnose and predict the condition of structures subject
to alkali-silica corrosion, it is advisable to use information
modeling approaches. The proposed method is based on a
macromodel that establishes a direct connection between
swelling processes (initiated by corrosion of the filler sur-
face) and the resulting stress-strain state of the structure as an
integral system. The main tool for taking into account the
degradation of concrete in the model are the modification fac-
tors k; for compressive strength, tensile strength and elastic
modulus. These coefficients, obtained on the basis of an ex-
tensive experimental database [10], make it possible to ani-
sotropically reduce the mechanical characteristics of concrete
depending on the magnitude of deformations caused by the
ASC (eusc), the magnitude and nature of long-term opera-
tional loads (compression/tension).

2. The key tool for describing concrete degradation in the
model is the modification factors (k) applied to the compres-
sive strength (Ry), tensile strength (R) and elastic modulus
(E) characteristics. The specified coefficients, verified on the
basis of a large array of experimental data [10], allow for an-
isotropic reduction of the mechanical properties of concrete
depending on two key factors:

- the magnitude of free swelling deformations (g4sc)

- the parameters of long-term operational loading.

3. The results of the analysis demonstrate a significant de-
pendence of the influence of the alkali-silicate reaction on the
external stress state. It has been established that compressive
stresses exceeding the threshold value of 0.3 MPa have an
inhibitory effect on the degradation process, which is ex-
pressed in an increase in the modification coefficients ; with
an increase in the compression level. On the contrary, tensile
stresses, according to the hypothesis, should intensify the de-
velopment of deformations of the joint, but this thesis re-
quires further empirical confirmation.
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4. Pa3paboTanHas MeTOIHUKa, Oa3UPYIOMIasIcs Ha MPUMEHEHUH
CHUCTEMBI MOIUPHUIUPYIOMHX KOI(PPUIHEHTOB, HHTETPHPO-
BaHHBIX B cpeay MHPOPMALOHHOI MOJEIH, IPEICTaBISET CO-
0011 3 PEeKTHBHBIN HHCTPYMEHTApUH IS OIICHKH OCTATOYHOTO
pecypca M ZOITOCPOYHOTO IIPOTHO3MPOBAHMS MOBEICHUS Oe-
TOHHBIX M JKeJIe300€TOHHBIX KOHCTPYKLHH, MOABEPKEHHBIX
IIEI0OYHO-KPEMHE3EMHOI KOPPO3HH.
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