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0 KOHCTPYKLUMOHHOM NMOTEHLUMaNe CTPYKTYpbl
BbICOKOTEXHONOrMYHbIX GETOHOB C Y4YETOM TEMMNEpaTypHO-
BNAXHOCTHBIX 3KCMNYaTaLUUOHHbIX COCTOAHMNA

MpeacTasneHa 0606LLEHHANA UHTEPNPETALMA MEXaH3Ma B3aMMOCBSI3N NPOYHOCTY, 3aKOHOMEPHOCTEN BNAXXHOCTHOrO A6 OPMUPOBAHUS I
MOPO30CTOKOCTU GETOHOB C X TeMNepaTypHO-BNaXHOCTHBIM COCTOSHMEM. [1peficTaBNeHa CMCTEMA CTPYKTYPHbIX XapaKTepUCTUK, BAMAKOLLAX Ha
NPOSIBNEHME W PEaNN3aLmMIo KOHCTPYKLMOHHOMO NoTeHunana matepiana. 0606LLeH1e pe3ynbTaToB UCCef0BaHNiA NO3BOMNIO BbISBATL B3aMOCBS3b
MEXZy napameTpamin COCTaBa U CTPYKTYPOil BbICOKOTEXHOMOTMYHbIX GETOHOB M peanu3aumei ux KOHCTPYKLMOHHOO NOTEHLMANA B Pa3fINyHOM
TeMnepaTypHO-BNaXHOCTHOM COCTOSIHUN.
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About Constructional Potential of High Performans Concretes Structures with Due Regard for Temperature-Humidity Operational Conditions

A generalized interpretation of the mechanism of interrelation of strength, regularities of humidity deformation and frost-resistance of concretes with their temperature-humidity state is
presented. The system of structural characteristics influencing on the manifestation and realization of the structural potential of the material is also presented. The generalization of the
study results makes it possible to reveal the interrelation between parameters of composition and structure of high performans concretes and the realization of their structural potential

under various temperature-humidity conditions.
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K obcyxnenuio mpenjiaraercss MaTepuajoBeguecKas
npobJieMa 3aKOHOMEPHOCTEN IOBEJAEHMSI COBPEMEHHBIX
BBICOKOTEXHOJIOTUYHBIX OETOHOB B 9KCILTyaTallMOHHOM 11~
KJIe, ¢ KOTOPOi1 MPsSIMO CBSI3aHbI BOMIPOCH! pean3aliu 1Mmo-
TeHIIMaJIa CONTPOTUBJICHUS UX CTPYKTYPbI pa3pyIIeHUIO TIpU
NECTBUM TEMIIEPATypHO-BIaXKHOCTHBIX (PAaKTOPOB CPe/Ibl B
BO3HUKAIONIMX BapuWaHTax COCTOSIHUI MaTepuaja B KOH-
CTPYKILIMSIX.

AKTyaJIbHOCTb IPOOJIEMBI

Ha rrepBblii B3WIs11 Ha3BaHUE MyOIMKAIIMUY U €€ KITIOYeBbIe
CJIOBa HE HECYT B cebe HUUEro HOBOTO ¥ OPUTMHAJILHOIO U He
SIBJISIIOTCSI Y€M-TO JIOCTATOYHO aKTYaJIbHBIM U 3HAUMMbIM.
JleiicTBUTENBHO, ITpo0JeMa KOHCTPYKIIMOHHOIO MOTeHIMala
0eTOHOB Kak (hYHKIIMU UX TEMIIEPaTyPHO-BIKHOCTHOTO CO-
CTOSTHUS ©oJiee TOTyBeKa SIBJISIETCS TIPEAMETOM PaccMOTpe-
HUI, UCCIIeNOBaHUI 1 pa3paboTok. OOOOIIEHHO 3TO OTpaXKe-
HO B (pyHZaMEHTAJIbHBIX TPYJaxX CICLUAIMCTOB IO TEOPUU
pacyera, MPOCKTUPOBAHUS U IMPUMEHEHUS CTPOUTEIIBHBIX
koHcTpykuuit (tpyasl C.B. Anekcanmposckoro, O.5. bep-
ra, B.M. bonmapenko, K.3. Tl'anycroBa, E.A. Ty3eera,
I0.B. 3aiineBa, B.M. WHnpuHckoro, H.MU. Kapnenko,
B.J. Komormnkuna, B.M. Komaynosa, B.M. Mopo3ona,
B.M. Mocksuna, K.A. INupamoBa, N.E. IIpokomoBuua,
B.C. ®enoposa u ap. [1-9]) 1 moaydmsio perjaMeHTaIuio B
CTPOUTEJIBHBIX HOPMaX.

IMpuHuMas UMeroLIMecs: JOCTUXKEHUSI B KauecTBe 6a3o-
BBIX, BMECTE C TeM aKIEHTHPYeM BHUMaHKe Ha HeOOXOIU-
MOCTHU DPa3BUTUSA U aKTyaJbHOCTH (POPMHMPOBAHMSA HOBBIX
MOIXOI0B K 0003HaueHHOU mpobieme. OOOCHOBAaHHOCTH
5TOrO JUKTYETCS CIEAYIOIIMMU 00CTOSTEIbCTBAMU U COOT-
BETCTBYIOLLIUMU UM IOJIOXEHUSIMU.

IlepBoe U omnpenensiolee U3 HUX KacaeTcsl MOHSATUS
«BBICOKOTEXHOJIOTMUHbBIE OETOHBI», K KOTOPBIM OTHOCSITCSI

It is proposed to discuss the material science issue of be-
havior regularities of modern high performans concretes
(HPC) during their operating cycle; problems of the realiza-
tion of resistance potential of their structures to deterioration
under the effect of temperature-humidity factors of environ-
ment in arising variants of the material condition in struc-
tures are directly connected with this issue.

Problem Statement and its actuality

At first glance, the title of the publication and its key
words don’t contain anything new and original and are not
sufficiently actual and meaningful. Truly, the issue of struc-
tural potential of concretes, as a function of their tempera-
ture-humidity conditions, is the subject of consideration, re-
search and development more than half a century. Generally,
this has been reflected in the fundamental works of specialists
on the theory of computation, design, and application
of building structures (works by S.V. Alexandrovsky,
0.Ya. Berg, V.M. Bondarenko, K.Z. Galustov, E.A. Guzeev,
Yu.V. Zaytsev, V.I. II’insky, N.I. Karpenko, B.D. Kolotilkin,
V.I. Kolchunov, V.I. Morozov, V.M. Moskvin, K.A. Piradov,
I.LE. Prokopovich, V.S. Fedorov et. al. [1-9]) and got the
reglamentation in building codes.

Taking the existing achievements as basic ones, along
with it, we focus attention on the need for development and
the relevance of the formation of new approaches to this
problem. The validity of this is dictated by the following fac-
tors and regulations corresponding to them.

The first and defining of them is a term “high performans
concretes”. They are concretes on the basis of binders of low
water demand, filled and fine-ground cements, fast harden-
ing and especially fast hardening cements as well as super and
hyper-plasticized, hyper-pressed, porous, superfine (pow-
der), fiber-reinforced concretes and concretes of last genera-
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OCTOHBI Ha OCHOBE BSIKYIIUX HU3KOM
BOJOINOTPEOHOCTH, HAMOJTHEHHBIX U
TOHKOMOJIOTBIX IIEMEHTOB, OBICTPO-
TBEPACIONIMX U 0CO00 OBICTPOTBEpIL-
IOIIMX LIEMEHTOB, a TakXe OETOHBI Cy-

Tabnuua 1
Table 1

yposeub KOHCTPYKLUOHHbIX CBOWCTB TPaAULUOHHBIX U BbICOKOTEXHOJIOMN4YHbIX

LLleMEeHTHbIX 0eTOHOB [4]

Level of Structural Properties of Traditional and High Performans Cement Concretes [4]

nep- ¥ TUIepIUIacTU(GUIIMPOBaHHBIE,
TUTIEPIIPeCCOBaHHbBIE, TTOPU30BaHHbIE,
BBICOKOAMCIIEPCHBIE (IOPOIIKOBBIE),
NHUCIIEPCHO-apMUPOBaHHbIE, OETOHBI
MOCJIeTHUX MOKOJIEHUH, TToJlydaeMble C

BBCJICHNUEM B UX COCTaB MUKPO- U Ha-
HOPAa3MEPHBLIX CTPYKTYPHBIX COCTaBJIA-

omux. OcoOeHHOCTBIO BCeX 3TUX Oe-
TOHOB ABJISIETCSI TO, YTO JOCTUTAEMBbII

Ha MOMEHT U3TrOTOBJIEHUS CYLLIECTBEH-
HO OoJiee BBICOKMIA ypOBEHB MOKa3aTe-
Jel  KOHCTPYKIIMOHHBIX CBOWCTB

(tabn. 1) ompenenseTcs MPUHIATINA-
aJbHO OTJIMYHOI OT TPamTUIIMOHHBIX

0eTOHOB CTpyKTypoii (Tabi. 2). Bra
CTPYKTypa, hopMupyeMasi Ha IPUHIIU -
nax MexaHo(H3UKO-XMMUYECKONH U

HAHOXMMHMYECKON TEXHOJOTMYECKUX
rutatopm [10], xapakTepusyeTcs apy-

TMM MaciliTaOHO-pa3MepPHBIM THUIIOM,
0oJiee BBICOKOI 2HEpPreTMYeCKO He-

PaBHOBCCHOCTBIO M, KaK CJICACTBHUE,
AKTUBHBIM €€ ITPOABJICHUEM B SKCILITY-
aTallMOHHBIX YCJIIOBUAX, B TOM 4YHCJIC

U TIpeXIe BCEro TpU JAEHCTBUU
TEeMIIePaTypPHO-BIAaXXHOCTHBIX (haKTO-
poB cpensl [11—13].

IToBbIllIEHHAas. aKTUBHOCTb CTPYK-
TYp CBsI3aHa C Pa3BUTOM IIOMIAIBIO TTO-
BEPXHOCTH pazneyia ¢a3 B HaHO-, MU-

3HayeHus anst 6eToHOB
KOHCTPYKLMOHHbIE CBOMCTBA Values for concretes
Structural Properties TPAOMLMOHHBLIX | BbICOKOTEXHOMOTMYHBIX
traditional high performans
CpepaHas nnoTHOCTb, Kr/M3 9950-2300 24002450
Average density, kg/m®
Mpenen npoyHocTy Npu cxatum, MMa . .
Ultimate compressive strength, MPa 40-60 R0 125-150
Mogaynb ynpyroctu, MMa Ay .103 _£0).103
Modulus of elasticity, MPa (32-35)-10 (45-50)-10
Mpenen NpoYHOCTM Ha pacTsxeHne npu narnbe, MiMa -~ 5
Ultimate tensile strength in bending, MPa 4,7-49 105-11.5
OtHowenue R, /Ry
. 0,13-0,14 0,08-0,09
Ratio Ryena/Acomp
KoadduupmeHT MyaccoHa 0.20-0 21 014-0.15
Poisson’s Ratio ’ ’ ’ '
Mpenen TpewwmHoobpa3oBaHus ~ -
Limit of cracking 0.5-06 0.85-09
MpepenbHas pacTaxmMMocTb, MM/M 11-12 0.7-0.8
Ultimate elongation, mm/m Y T
Kpuntuyeckuii kKoapPpULUMEHT MHTEHCUBHOCTMN
HanpsxeHuit K, MH/m3/2 0,85-0,95 0,7-0,8
Critical stress intensity factor, K, MN/m®/2
YnenbHast aHepriist paspyLuenusi, Ix/m? . i
Specific crushing energy, Joule/m? 75-80 280-300

KpPO- M Me30MacIITaOHOM Iuarta3oHe

CTpOoeHMST O6eTOHA, OCOOEHHOCTSIMU pPa3MEPHO-TEOMETPH-
YeCKMX ITapaMeTPOB MOPUCTOCTU C BBICOKOI 0O0BEMHOI 10~
JIeli B Held HaHO- U MUKpoIiop. Bce 3To CUIIBHO MEHSIET K-
HETUYECKME U SHEPreTUUYeCcKre mapaMeTpbl TMTPOMEXaHUKHU
B3aMMOJIEUCTBHUS MaTepuaia ¢ BOASHBIM MTapoM U BOIOM B
npolieccax aacopOm-aecopOLy, KamMUIIPHON KOHIEH-
caluu, BOJAOHACKIIeHNSI-00e3BoXBaHus [7—9, 13]. B ue-
JIOM co3faeTcs Apyras KapTuHa 6ajxaHca CUJI MpU U3MeHe-
HUM TEMIIepaTypHO-BIXKHOCTHBIX MapaMeTpOB MaTepuasa
U COOTBETCTBEHHO Ipyras KapTHHa HamlpsKeHHO-Aedop-
MHMPOBAHHOTO COCTOSTHHMSI CTPYKTYPBI BHICOKOTEXHOJIOTHY-
HBIX OETOHOB B CpaBHEHUU C TPATUIIMOHHBIMM KJlaccCHde-
CKUMU OETOHAMMU.

YuuTbiBas BBIIIIEU3IOXKEHHOE, HayKa U MPaKTUKa MaTe-
pyaoBeeHUSI JOKHBI OBITh TOTOBBI K MMPO0OJeMaM MpuMe-
HeHUs (MPUMEHUMOCTH ) BBICOKOTEXHOJOTUYHBIX OETOHOB B
HeCTaHIAPTHBIX U 9KCTPEMAIbHbBIX YCIOBUSIX OKCIUTyaTalluiu
KOHCTPYKIWI U3 HUX, JIJISI 4eT0 HEOOXOIMMO 3HATh OCOOEH-
HOCTM W 3aKOHOMEPHOCTH MEXaHWKHW peaju3allid KOH-
CTPYKIIMOHHOTO IMOTEHIIMAJIA MX CIIeIIM(MUIHON CTPYKTYPHI.

B konTekcTte oOcyxkaeHus IpoOJeMbl ClemayeT oOpa-
TUTBCSI KO BTOPOMY TTOJIOXKEHUIO B €€ TOCTAHOBKE M 000CHO-
BaHHOCTH aKTyaJIbHOCTH.

DTO BTOpOE MOJIOKEHME KacaeTcsl TOTO, YTO OCYIIEeCT-
BJICHHBIE PaHee UCCIICIOBAHUST KOHCTPYKIIMOHHOTO TIOTEH-
raja 6eTOHOB 06a3UPYIOTCS MPEUMYIIECTBEHHO Ha (heHOo-
MEHOJIOTUYECKOM TIONIXOJe, MpEeCIeayIonieM 1eib MoTyde-
HUS KOJIMYECTBEHHOMI MH(OpMauK o Mepe, CTETeHU BIUSI-
HUS U KOG puMeHTax UBMEHEeHUs MeXaHUYeCKUX CBOMCTB
0GeToHA B pa3IMYHBIX TEMIIEPATYPHO-BIAXKHOCTHBIX €TO CO-
CTOSTHMSIX KaK KBa3MOJIHOPOIHOI crcTeMbl. DeHOMEHOJI0-
TMYECKUI TOAXOM ¢ TIPAKTUIECKON TOUKU 3PEHMS BITOJTHE
VIOBJIETBOPSIET CIEIIUATIMCTOB 10 PacUeTy U MPOEKTUPOBA-
HUIO KOHCTPYKIIMA U CEroiHsl, TaK KaK MO3BOJISIET YIUThI-
BaTb U HOPMUPOBAThb BJWSHUE TeMIIEPaTypHO-BIAXHOCT-
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tions produced by introducing micro- and nano-sized struc-
tural components into their compositions.

The peculiarity of all these concretes is a higher level of
their structural properties (Table 1) achieved by the moment
of production which is characterized by the structure funda-
mentally different from traditional concretes (Table 2). This
structure, formed on the principles of mechanical-physical-
chemical and nano-chemical technological platforms [10], is
characterized by a different scale- dimensional type, higher
energy non-equilibrium and, as a consequence, by its active
manifestation under operational conditions, including pri-
marily under the effect of temperature-humidity environ-
mental factors [11—13].

The increased activity of structures is associated with the
developed area of the phase interface within the nano-, mi-
cro- and meso-scale range of the concrete structure, pecu-
liarities of dimension-geometric parameters of porosity with
a high volume fraction of nano- and micro-pores in it.

All this strongly changes the kinetic and energetic pa-
rameters of hygromechanics of interaction of the material
with water steam and water in the processes of adsorption
and desorption, capillary condensation, water saturation-
dehydration [7—9, 13]. In general, there is a different pic-
ture of the force balance when changing the temperature-
humidity parameters of the material and, correspondingly,
a different picture of the stress-strain state of structures of
high performans concretes in comparison with traditional
classical concretes.

Having in mind above mentioned, the science and practice
of the materiology should be ready for problems of the applica-
tion (applicability) of high performans concretes under non-
standard and extreme conditions of operation of structures
made of these concretes, for this, it is necessary to know pecu-
liarities and regularities of the mechanics of implementation of
the structural potential of their specific structures.
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HOTo (haKTOpa Cpebl, BBOIUTH KOPPEK-
TUPOBKMU I10 IMOKA3aTCJIsIM pean3alinin
KOHCTPYKLIMOHHOTO MOTeHIMana 6eTo-
HOB B 3KCILTyaTallMOHHOM IIUKIJIC. Ho
OH HE€ BIIOJIHE OTBEYACT BO3MOXKHOCTAM
COBPCMCHHOI'0O MaTCpUaJIOBCACHUA U

Tabnuua 2
Table 2

OCHOBHbIE OT/IMYUTENbHbIE XapakTepUCTUKU CoOCTaBa U CTPYKTYPbl TRAAULMOHHBIX

W BbICOKOTEXHOJIOMNYHbIX LLEMEHTHbIX 6eToHOB

Main Distinguishing Characteristics of Composition and Structure of Traditional

and High Performans Cement Concretes

COBPEMEHHBIX BBICOKUX TEXHOJIOTHIA
0 KOHCTPYMPOBAaHUIO OETOHOB KakK
KOMITO3UTHBIX CUCTEM C HOBBIM YPOB-
HEM KayecTBa, HOBBIM MOTEHUIMAIOM
COIPOTHUBJIEHUS Pa3pyLICHUIO.
PeanibHO GETOH sABISIETCS CTPYKTY-
PUPOBAHHOM CHUCTEMOU, MO3TOMY

NPAKTUYCCKOEC OOCTMKCHUE HOBBIX
BO3MOXHOCTEWN JTOJKHO OCHOBBIBATHCS

Ha IPYroM IIOOXOJ€ B OILIEHKE KOH-
CTPYKIIMOHHOIO TOTEHIIMAIa MaTepua-
Jla — Ha KOHLEMUUAX U METOAOJIOTUA

CHCTEeMHO-CTPYKTYPHOTO MaTepualio-
BeZIcHUs. DTOT IOAXOJ IMO3BOJISIET Tie-
PENTHU K CYIIITHOCTHOMY PACCMOTPEHUIO
MPUYMHHO-CJIEACTBEHHbBIX OTHOLIEHUI

CBOICTB C COCTaBOM, CTPYKTYPO# U CO-
CTOSIHUEM Marepuasa; OH CIocobeH
obecreunTh penieHUe 3amad dPdek-

TUBHOW pealn3allid TOTeHIMana Oe-

TOHOB HOBOTO ITOKOJICHUSI B pa3HOBa-
PUAHTHBIX MOJESIX HAaIpPSKeHHO-
ne(OpMHUPOBAHHOTO WX COCTOSIHUS B
KOHCTPYKILIMSIX, padoTaloINIUX B TOM
YyUCie B 9KCTPEMAJIbHBIX TEMIIepaTyp-
HO-BJIAXKHOCTHbBIX PEXXUMaX.

MMeHHO ¢ y4YyeToM U3JI0XEHHOTO
aBTOpPHI 0OpalaloTCs B JaHHOMN My0Iu-
Kallud K aHaJIM3y HayYHbIX MaTepua-
JIOBETUECKMX OCHOBAaHWU IIPOOJIEMBI
peanm3any KOHCTPYKIIMOHHOTO IIO-
TeHLMaNa CTPYKTYP BBICOKOTEXHOJIO-
TUYHBIX OETOHOB.

KoHuenTyaabHO-MeTO10/10THYeCKIe
M0JIOKEHHUS] CHCTEMHO-CTPYKTYPHOTO
MaTepUAJIOBEIEHUS U TEXHOJIOTUN
CTPOUTEJILHBIX KOMIIO3UTOB
IlonoxeHuss COBPEMEHHOIO CHC-

3HaueHus ans 6eTOHOB
Values for concretes
OTnn4nTeNbHbIE XapakTepUCTUKM TPaOWLMOHHbIX BbICOKOTEXHONOTNYHBIX
Distinguishing Characteristics R=40-60 MMa R>80-100 MMa
Traditional High performans
R=40-60 MPa R>80-100 MPa
KonanyecTBo KOMMNOHEHTOB CMECH 4-5 6-8
The number of mix components
Haunbonbluas KpynHOCTb 3€PHUCTBIX HaCTULL, MM 920-70 1-5
The largest size of grain particles, mm
06wwmit MacwTabHO-pasMepPHbI TUM CTPYKTYPbI KpynHO3epHUCTbI Menko3epHUCTLIN,
Overall scale-dimension type of structure Coarse MVKPO3EPHUCTLIN
Fine-grained,
micro-grained

CymMMapHoe KOJIMYECTBO 3€PHUCTBIX YacTuL, . 5
B eAMHULE o6bema, WT./m° ,il(())((22_22,22)) 11(())6 (0,8-1)-10?1
Total number of grain particles in a volume unit, pc/m?® ’
CymMMapHOe KONMYEeCTBO BHOCUMOW 3EPHUCTLIMU
4acTMLAMY NOBEPXHOCTHOM 3HepriM, KIx/M® B i
Total quantity of surface energy introduced by grain 18-20 2000-2500
particles, kJ/m®
Pacxop LieMeHTa (BSXXYLLEro BeLecTsa), kr/m® 300-400 400-600
Cement consumption (binding agent), kg/m®
CpefHsist NI0THOCTb LIEMEHTHOMO KaMHs!
(MikpoGeTora), kr/m’ 1650-1800 2300-2350
Average density of cement stone (micro-concrete),
kg/m®
O6beM TBepOi passl MUKpoBeToHa, M%/m® : -
Volume of micro-concrete hard phase, m3/m? 0,57-0,65 0,75-0,79
O6bem nop MUKpoBeToHa, M3/M3
Volume of micro-concrete pores, m3/m? 0,35-0,43 0,21-0,25
OTHOCUTENBHOE COLEPXAHNE NOP PafMyCOM MeHee
20 HMm B 06L1eM 06beme nop, % ~
Relative content of pores of radius less than 20 nmin 25-30 >40
the total volume of pores, %

TEMHO-CTPYKTYPHOT'O MaTepuajoBeie-
HUSI CTPOUTENIbHBIX KOMITO3UTOB U UX
TEXHOJIOTUW OIPEIEISIOT PacCMOTPeHUE O0OCyxXmaeMoit
po0JIeMBbI B paMKaX CJIEAYIONIe COBOKYITHOCTH ITPEICTaB-
JIEHW1, OTBEYAIOIINX KOHLICTIIIUSIM:

1. ®opmyna «4C»: «cocTaB — CTPYKTypa — COCTOSIHHE —

CBOMCTBa».

2. Cucrema «maTepuag — KOHCTPYKIIUS — Cpeaar.
3. Kareropusi «<XM3HEHOTO LIMKJIa MaTepuasia U KOHCTPYK-

LU».

4. MexaHMKa NPOSIBIICHUS U pean3allii KOHCTPYKIIMOH-

HBIX CBOMCTB MaTepUaioB.

LleHTpaJbHBIM MOMEHTOM METOIOJIOTHY YIIPaBJIEHHUS Ka-
YeCTBOM CTPOUTEJIbHBIX MaTEpPUATIOB U KOHCTPYKIIMIA Ceny-
€T CUUTATD 102UHECKYIO C85A3b «COCMAG — CMPYKMYPA — COCINO-
sanue — ceoiicmeéa» (gpopmyaa «4C»), OTBEUAIOIIYIO TIPEIAMETY
M3ydeHUs 1 GyHIaMEHTAILHOMY 3aKOHY MaTepraIOBeICHUST
0 3aBUCUMOCTH CBOMCTB MaTepurasia OT CTPOSHUSI.

B oTHOIIIEHUU KOHTJIOMEPATHBIX CTPOUTEIHHBIX KOM-
MO3UTOB, KAKOBBIMU SIBJISIIOTCSI OETOHBI, KOHLEMIUS «4C»
MOJIyYrsia CUCTEMHYIO TMOCTAaHOBKY M CIIeIIMaJIbHOE pac-
cMmoTpeHue [14], B ¢BsI3U ¢ YeM Ha JTaHHOM BOIIPOCE JIETaITb-
HO He OCTaHaBJIMBaeMCs.

OnpenessommnM OCTYJIAaTOM METOAOJIOTUN CTPYKTYP-
HOTO MaTepUaIOBeIeHUsI TIPUHUMAETCSI cucmema «mame-
puai — KoHcmpykuus — cpeda». CucteMa XxapakTepu3yeTcst

In the context of the discussion of the problem it is neces-
sary to refer to the second position in its definition and justi-
fication of relevance.

This second position concerns the fact that the research in
structural potential of concretes carried out earlier is based
mainly on the phenomenological approach aimed at obtain-
ing the quantitative information on the measure, influence
degree and coefficients of changing mechanical properties of
concrete at its various temperature-humidity states as a qua-
si-homogeneous system. The phenomenological approach
quite satisfies the specialists in calculation and design of
structures from practical point of view even today, as makes
it possible to take into account and standardize the influence
of the temperature-humidity factor of environment, to enter
the adjustment according to indicators of the implementation
of the structural potential of concretes during the operational
cycle. But it does not quite correspond to the potential of
modern materials science and modern high technologies of
concretes designing as composite systems with a new level of
quality, with the new potential of fracture resistance

Actually, concrete is a structured system, so the practical
achievement of new possibilities should be based on a differ-
ent approach to the assessment of structural potential of the
material, on the concepts and methodology of the system-
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(Taba. 3) KaK OTKpHITas TepMOIMHAMMYECKasi, B KOTOPOI
cpela BO3IECHMCTBYET C Pa3IMUHOW WHTEHCUBHOCTBIO Ha
MOJACUCTEMY «MaTepUaT—KOHCTPYKUUS» KOMIUIEKCOM Me-
XaHMYECKUX HArpy30K U (pU3MKO-KIMMaTUIYEeCKUX (PaKTo-
POB, TIPOSIBJISIIOIINX Ce0s1 B KAUECTBE ABMKYIIIMX CUJT U3ME-
HEHMI 1 MaTepuayia U KOHCTpyKIuu. [Ipoliecchl nameHe-
HUS COCTOSIHUSI, CTPYKTYPbI U CBOMCTB MaTepuasia pa3BuBa-
I0TCS1 BO BPEMEHU MO/1 BO3/IEMCTBUEM BHEIIIHUX U BHYTPEH-
HUX IBUXYIIMX cWI. BHelIHWe IBUXYIIME CUJTbl OKa3bIBa-
0TCS OOYCJIOBJIEHHBIMU HaJW4YMEM HEPABHOBECHOIO CO
Cpeloit TEMaoBOTO U BEIIECTBEHHOIO COCTOSIHUSI MaTepura-
Jla, @ X BeJIMUMHBI OTIPECIISIIOTCS TTapaMeTpaMu 3KCIUTya-
TallMOHHOW cpenbl. BbI3BaHHbBIE BHEIIHUMU BO3JAEWCTBUS -
MU TIpOLIECChl U3MEHEHUSI MOTYT MPOAOJIKATHCS 10 Ha-
CTYIJIEHUS KBa3UPABHOBECHOTO COCTOSIHUSI «Marepual
— cpela» C MEPUOAUNYECKUM TOBTOPEHMEM (LIMKIMYHO-
CTBhIO) MTPU CMEHE YCJIOBUI Cpeibl, MPUBOJISIIEH K HapyIlle-
HUIO TaKOTO PAaBHOBECHUSI.

B KoH1ENIMu 1 METOIOJIOTUU CTPYKTYPHOT'O MaTepu-
aJloBeIeHUSI U TEXHOJIOTMU B KATETOPUU <«KU3HEHHOTO
LIMKJIa MaTepualla U KOHCTPYKLMI», BKJIIOYAIOIIETo MX
MPOU3BOACTBO U NMPUMEHEHUE, BBIACISIOTCS HIEXHO102U-
yeckuil u Ixcnayamauuonnsti yuravt. CpeicTBOM yIpaBJe-
HUS CBOMCTBAMU MOJIy4aeMOU MPOAYKIIUU TTPUHUMAETCS
BapbUpOBaHUE MapaMeTpaMu MPOLIECCOB CTPYKTypooOpa-
30BaHU B TEXHOJOTMYeCKOM 1HuKIIe. Bo3aelicTBue pakTo-
POB cpedvt Ha MaTepual, pabOTalOLIMiA B CTPOUTEIbHOM
KOHCTPYKIIMU B 3KCIJIyaTAUMOHHOM LMKJIE, aHAIU3UPY-
eTCs yepe3 UBMEHEHUE ero COCTaBa, CTPYKTYPhl U COCTOSI-
Hus. MMeHHO B CBSI3U C 9TUM yIpaBJIeHUE KAaYeCTBOM Ma-
Tepuaja UCXOIUT U3 PACCMOTPEHUS €T0 COCTaBa, CTPYKTY-
Dbl, COCTOSIHUSI U CBOUCTB KaK Ha MOMEHM U320MO06AeHUs,
TaK U «pazeepHymuix 60 epemenw». [locnenHee Kak pa3 u
COCTAaBJISIET CYILIECTBO U COJepKaHUe TPOOIeMbl peann3a-
IIUM KOHCTPYKIIMOHHOrO IIOTEHIIMaja CTPYKTYpbl IpU
SKCIUTyaTalWu.

HM3meHeHus B maTepuajie BO BPEMEHU IO BIUSHUEM
9KCIUTyaTallMOHHBIX (haKTOPOB, CBSI3AHHBIE C HAKOTUJIEHUEM
KOHCTPYKTMBHBIX U JECTPYKTUBHBIX MPEBPAILCHUN, TOHU-
MaroTcs B (popMe MpoLeccoB, OMUCHIBAEMbIX BEPOSITHOCTHO-
CTaTUCTUYECKUMU METOIAMU, a Mepa JOMYCTUMBIX U3MEHE-
HUIi CBOMCTB BBOAUTCS C YYETOM BEPOSITHOCTU O€30TKA3HOI
paboThl CTPOUTENBHBIX KOHCTPYKIIMI, YTO OCHOBBIBAETCS
Ha MOJIOXKEHUSIX O MPEAETbHBIX UX COCTOSTHUSIX.

DyHKIMS U3HOCA MaTepralla B 9KCILTyaTallMOHHOM 111~
KJIe IPUHUMAETCS B BULIE:

R, (=R, e (1)

rae Ry, — UCXONHBIIA ypOBEeHb KauecTBa MaTepuala, JOCTU-
raeMbIi B TEXHOJIOTMYECKOM LIUKJIE; 6 — KOI(DPUIIMEHT NH-
TEHCUBHOCTHM U3HOCA MaTepuasa B 9KCILTyaTAlMOHHOM LIU-
KJie; T — JJIUTENbHOCTb AeUCTBUSI (haKTOPOB M3HOCA B IKC-
TUTyaTallMOHHOM ITUKJIE.

KoadhdunmenT MHTEHCUBHOCTH M3HOCAa MaTepuana 0
OIIpeIeIIsIeTCsI €r0 COCTaBOM, CTPYKTypoit C U Mepoit HepaB-
HOBECHOCTHU SHEPIeTUYECKOT0 COCTOSIHMSA, CBSI3AHHOIO € K :

6=/(C, K, 2)

rae C — crpykrypa; K. — KoadduuueHT (KpuTtepuit) 3aBep-
IIEHHOCTH MPOLIECCOB CTPYKTYPOOOPA30BaHUS MaTepuaia B
TEXHOJOTMYECKOM LIMKJIE.

B Takoil noctaHoBKe KpuTepuil K,, oKa3bIBaeTCs MEpHU-
JIOM BO3MOXHBIX M3MEHEHU KOHCTPYKIIMOHHOTO MOTEH-
1Mana CTpyKTypbl 6€TOHA BO BpEeMEHU.

Tpuana «mamepuas — KoHcmpykyus — cpeda» B COBpe-
MEHHOM MaTepuajoBeIeHUM pacCMaTpUBaeTCsl KakK ycJo-
BUE€ WHTEIPUPOBAHUSI MHTEPECOB «KOHCTPYKTOPOB KOH-
CTPYKLMiT» U «<KOHCTPYKTOPOB CTPYKTYp MaTepuanio». [1pu
9TOM MaTepUaIOBEICHUE M TEXHOJIOTUSI CTPOUTEIbHBIX

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

structural materials science. This approach makes it possible
to proceed to the essential consideration of cause-and-effect
relations of properties with the composition, structure and
state of the material; it is able to ensure the solution of tasks
of efficient implementation of the potential of a new genera-
tion of concretes in multi-variant models of their stress-strain
state including the structures operating under extreme tem-
perature-humidity conditions.

That’s why in view of foregoing, in this publication the
authors address to the analysis of scientific materiological
grounds of the problem of realizing the structural potential of
high performans concretes structures.

About conceptual-methodological provisions
of system-structural materials science
and technology of building composites

Provisions of the modern system-structural materials sci-
ence of building composites and their technology define the
consideration of the discussed problem within the frame of
the following combination of ideas corresponding to the con-
cepts:

1. the formula “composition-structure-condition-proper-
ties”;

2. system “material-design-environment”;

3. the category “life cycle of material and structures”;

4. mechanics of manifestation and implementation of struc-
tural properties of materials.

The central moment of the methodology of quality con-
trol of building materials and structures is a logical link
“composition-structure-condition-properties”  (formula
“CSCP”), which meets the subject matter and the funda-
mental law of materials science about the dependence of
material properties on the structure.

In respect of conglomerate building composites, such as
concretes, the concept of “composition-structure-condi-
tion-properties” has received a system setting and special
consideration [14], therefore at this issue we don’t stop in
detail.

The system “material-design-environment” is accepted as
the defining postulate of the methodology of structural mate-
rial science. This system is characterized (Table 3) as an
open, thermodynamic, in which the environment impacts
with different intensity on the sub-system “material—design”
with the complex of mechanical loads and physical-climatic
factors manifesting themselves as driving forces of changes
both of material and design.

The processes of changes in the state, structure and prop-
erties of the material develop in time under the impact of
external and internal driving forces. External driving forces
are due to the presence of thermal and real state of the mate-
rial non-equilibrium with the environment, and their values
are determined by parameters of the operational environ-
ment. Processes of changes, caused by external impacts, may
continue until the occurrence of the quasi-equilibrium state
“material—environment” with periodical repetition (cyclici-
ty) when changing environmental conditions, leading to the
disruption of this balance.

Technological and operational cycles are marked out in the
concept and methodology of structural materials science and
technology in the category “life cycle of material and struc-
tures” which includes their manufacture and application.
The variation of parameters of structure formation processes
in the technological cycle is adopted as a means of control
over the properties of products obtained. The effect of envi-
ronmental factors on the material working in the building
structure during the operational cycle is analyzed through the
change in its composition, structure, and condition. Just in
this regard, the control over the material quality proceeds
from the consideration of its composition, structure and
properties both at the moment of manufacturing and “deployed
in time”. The last one just is the essence and the content of the
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Ta6nuua 3
Table 3

[BuXyLuue cunbl U NpoLecchl, onpeaensiowue GopmmupoBaHue HanpsXKeHHO-AePOPMUPOBAHHOIO COCTOSIHUS MaTepUana B KOHCTPYKLMSX*
Driving Forces and Processes Determining the Formation of Stress-Strain State of the Material in Structures*

Mepunoasl TEXHONOrMYECKOro

SKCnyaTaLMOHHBIA LUKA
Operational cycle

TexHONorn4eckuin LnKn
Technological cycle

11 3KCMyaTaUMOHHOTO LMKNOB T 5 ”
Periods of technological BepAeHme M%Tepmana E cnany Ilia Ha6op mapouHoit npouHocTn | 3arpyxenve | Pabota nog Harpyskoii
and operational cycles _ Bonanyoke ormwor Gain in “grade” strength Loading Operation under load
Material hardening in formwork removal
Tun cuctemsl
«MaTepvan - cpeaa» 3akpbiTas OtkpbiTas
Type of “material-environ- Closed Open
ment” system

BHyTpeHHue HepasHoBecHoe TepMoaNHaMN4eCcKoe COCTOSIHNE CUCTEMbI TBEDAEHUS
3 Internal Non-equilibrium thermodynamic state of hardening system
§ % aci’ s HepaBHoBeCHOE CO Cpenoit TennoBoe COCTOsIHME MaTepuana
% OS% 55 Thermal state of material non-equilibrium with environment
g g E § HepaBHOBECHOE CO CPEON BELLLECTBEHHOE COCTOSIHWE MaTepuana
S é % BHEwWHME Real state of material non-equilibrium with environment
% 3 E External HepaBHOBECHOE HaNPSXEHHOE
z 'g :g = - COCTOSIHUE MaTepuana oT BO3AEACTBIS
S°o - MEXaHU4eCKON Harpysku
= Non-equilibrium stress state of material

as a result of mechanical load

OT BHYTPEHHUX
DBUXYLLWX CUA
Due internal
driving forces

lwapatauws v TBepaeHne
Hydration and hardening

TennosbliaenexHne
Heat emission

OT BHeLHUX
LBVXYLLWX CUA
Due external
driving forces

MpoLecchl U3MEHEHWS COCTOAHMS
marepvana
Processes of change in material state

TennooBMeH Co cpefioit (HarpeBaHue-oxnaxneHue)
Heat exchange with environment (heating-cooling)

MaccoobmeH Co Cpeaoii (BbiChiXxaHue, YBaXHEHNE-BbICYLLIMBAHNE)
Mass exchange with environment (drying-out, damping-drying)

XuMuueckas Kopposus
Chemical corrosion

Cxatune-pacTsxeHue
Compression-tension

CoctosiHue matepuana B
CTPOUTENBHOW KOHCTPYKLIMM
Condition of material in build-

ing structure

FpanmeHTHoe Mo CTeneHn rmgpataumn n TeepaeHns
Gradient according to hydration and hardening degree

[pagmeHTHOe No Temnepatype
Gradient according to temperature

[pagneHTHOE N0 BNAXHOCTK
Gradient according to humidity

[pagmeHTHOEe NO CTENEHN XUMUYECKO KOPPO3UK
Gradient according to chemical corrosion degree

'paameHTHOE MO YPOBHIO HANPsXKEHMI
Gradient according to stress level

CocTaBnsioLLme HanpsxeHui

1 fjepopmaumii B matepuane

Components of stresses and
deformations in material

OT pa3BnTVIS NPOLIECCOB CTPYKTYPOOOPA30BaHNS 1 TBEPAEHMS
Due to development of processes of structure formation and hardening

TemnepaTtypHble
Temperature

BnaxHoCTHbIE
Humidity

OT XMMUYECKOIA KOPPO3nK
Due to chemical corrosion

OT peincTBMS MexaHW4YeCcKOM Harpy3km
Due to mechanical load effect

MrHOBEHHbIE
Momentary

LnvTtenbHble
Long-duration

*PaccmanMBaech BapnaHT MOHONUTHOIO NCNONHEHUA KOHCprKLI,MI7I, Koraa skcnjiyataulMoHHaa cpefa Oka3blBaeT BNUAHWE Ha $HopmMMpoBaHME HANPSKEHHO-

1edOPMMPOBAHHOrO COCTOSHUS B TEXHONOMMYECKOM 1 aKcnnyataunoHHOM LnKnax.

*A variant of monolithic execution of structures, when the operational environment influences on the formation of the stress-strain state in technological and

operational cycles, is considered.
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KOMIIO3UTOB OINMPAIOTCS HAa KOHUEMNUMU W OCHOBaHUS
GU3UKO-XMMUYECKON MeXaHUKHU MPOsIBIeHUsI CBOMCTB [13]
B KOHCTPYKUMSX B 3KCILTyaTallMOHHOM LukJiie. [Tonaraercs,
YTO IPU MOBBIIIEHUY WX MOHWKEHUW TeMITepaTypbl MaTe-
puasia HanpsKeHHO-1e(OPMUPOBAHHOE COCTOSIHUE CTPYK-
TYPBI 3aBUCUT OT MEPbI aKTUBALIMY TePMOGDITYKTYallMOHHBIX
aKTOB pa3pbiBa MEXATOMHEIX CBSI3eil C(OPMUPOBAHHON
TBepaoii pa3el Mmatepuana. [1pu nuameHeHun coaepkaHus U
COOTHOIIEHUSI pa3JIMYHbIX BUIOB BOIIBI B CTPYKTYpe (TabJ1. 4)
HanpsKeHHO-Ie(OPMUPOBAHHOE COCTOSIHME Martepuala
3aBUCUT OT CKJIA[bIBAOIIETOCS OanaHca CUJI KalWUISIPHO-
CTU, TTOBEPXHOCTHOTO HATSKEHWSI, KOTE3UOHHOTO U aJIre-
3MOHHOTO B3aMMOJIEUCTBUS B KOHTAKTaX AMCIIEPCHBIX 4Ya-
CTUILI TBepAOI (a3bl, CUJI BHYTPEHHUX CBSI3EU B KpUCTAJLIaX
HOBOOOpPa30BaHUI LIEMEHTHOTO KaMHsl, CWJI YIIPYTroro npo-
TUBOJEUCTBUSL TBeplaoi (as3wl ee neopMUpPOBAHUIO Ha
¢oHe OTHOBpEMEHHOIO MPOTEKaHUsI B HEil peslakcallioH-
HBIX TTPOLIECCOB.

Mepa Bcex 3TUX CUJT 3aBUCUT OT COCTaBa U CTPYKTYPBI
Marepuaia, a posIBIeHUE UX NIEUCTBUS — KaK OT CTeNIEHU
BOJIOHACHIILIEHUS WK 00€3BOKMBAHUS MaTepraa, Tak U OT
BUJIOB BObl, YYaCTBYIOLIMX B 3TUX Mpoueccax. B pamkax
MPENCTABICHUI O MEXaHW3M€ BJIMSHWS BUIAOB BOIBLI B
CTPYKType OETOHOB TIpUHMUMAETCsI, 4YTO XUMHUYecKas,
busuko-xumuueckas u (Hu3MKo-MexaHuuyeckass (Gopmbl
CBSI31 BOJIbl PEAIN3YIOTCS 110 MACILITAOHBIM YPOBHSIM CTPO-
€HUs GETOHOB B XapaKTePHBIX U Pa3IMYAIOLIMXCS U1 HUX
BEJIMYMHAX SHEPIUU B3aUMOIEWCTBUSA BUIOB CBA3U BOIBI
CO CTPYKTYpOW — KamWJUISIpDHO#, amcopOLMOHHOM, MeX-
CJIOEBOM MOJIEKYJISIDHOW M TUAPOKCUJIBHOM B KPUCTAJUIU-
YeCcKOW pelieTke HOBOOOpa3oBaHUI 1LIEMEHTHOTO KaMHSI.

problem of implementing the structural potential of struc-
tures during operation.

Changes in the material with time under the influence of
operational factors connected with accumulation of con-
structive and destructive transformations are understood in
the form of processes described by probabilistic-statistic
methods, and a valid measure of property changes is intro-
duced with due regard for the possibility of non-failure op-
eration of building structures that is based on the provisions
of their limit states.

The function of material wear during the operational cy-
cle is adopted in the form

Ry®)=R, e, (1)

where R;, — is an initial level of the material quality achieved
during the technological cycle; 6 — coefficient of wear inten-
sity of the material during the operational cycle; T — duration
of action of wear factors during the operational cycle.

The coefficient of wear intensity of the material 0 is deter-
mined by its composition, structure C and the measure of
non-equilibrium of the energetic state connected with K,

0=1(C. Kppno). @

where Cis a structure, K, — coefficient (criterion) of the
completeness of processes of material structure formation
during the technological cycle.

In this formulation, the criterion K, becomes a mea-
sure of possible changes in the structural potential of concrete

structures during the time.

Tabnuua 4
Table 4

Cunbl 1 3HEprua cBA3u BOAbI CO CTPYKTYpPOi MaTepuana
Forces and Energy of Water Relationship with Structure of Material

SHeprvis cBa3v BOAb!
YpoBHU Aanuavpyemas Cocrasnsiolume 6anaHca cun cesaun CO CTPYKTYpOWA,
CTPYKTYPbI cvcTema Bup Boabl TBEpAoii Basbl 1 Nop ¢ BOAON kIx/Monb
Levels of Analyzed system Type of water Components of force balance of relationship | Energy of water rela-
structure of solid phase and pores with water tionship with struc-
ture, kd/mole
MAKPO BeToH Ceob6oaHas Boga Cunbl cMaumBaHus <005
MACRO Concrete Free water Wetting forces '
ME30 MukpobeToH KanunnspHo-HacblLeHHas Boga KanuanspHeie G, Cuilel OBEPXHOCTHOTO 0.05-0 5
MESO Micro-concrete Capillary-saturated water . HATAXEHMA TS
Capillary forces, surface tension forces
MWKPO Hewextvpyiouiee KanunnspHo-KoHAeHCMPOBaHHas BOAA
MICRO Be.”“eCTBO Capillary-condensated water 0,5-40
Cementing substance KanunnsipHble cunbl, packnmHusaioLee
- [laBneHve ancopOLMOHHBIX MAEHOK, CUbI
::(()):(())Ica J:l(;? ((11;11 :g g :r'\:\)) MEXMOMEKyNIPHOr0 B3aMMOE/CTBMS 40-80
AncopbLyoHHas . NOBEPXHOCTM TBEPLAOI dasbl C BOAOW
HoBoobGpa3oBaHus Boda Capillary forces wedging the pressure of
CYBMUKPO LeMeHTUpytoLLero Adsorption nonucinoes adsorption films, forces of intermolecular
SUBMICRO BeLLecTBa water (=2,5-81m) interaction of solid phase surface with water ~40
New growths of multilayer (/=2.5-8 nm)
cementing substance
Cunbl MEXMONEKYNSPHOTO B3aMMOLECTBYS
Kpuctann, MIOCKOCTEN KPUCTANN0B C MONIEKYNaMn
CYBMUKPOKPUCTAN, BOnA MEXCIIOEBAS MONEKyHHAS BOZbI; CUJbl MIOHHOM CB?SVI OH"-rpynn B
HacTLa aMopHOIt Interlayer, molecular water KPUCTANNIHECKON PELLIETIE 20-80
(asbl ’ Forces of intermolecular interaction of crys-
HAHO HOBOOGpa30BaHuii tals planes with water molecules; forces of
NANO Crystal, sub-, micro- ionic linkage of OH™-group in crystal lattice
crystal, particle of Boga KpUCTaIMYECKOM PeLLeTki
amorphous phase of B Buge OH -rpynn
new growths Water of crystal lattice in the form 400-600
of OH™-group
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Cuna v 3Heprusl CBSI3M BUIOB BOABI CYIIECTBEHHO U 3aKO-
HOMEpHO YOBIBAIOT OT MaKpO- K MUKPO- U HAHOYPOBHSIM
(Tabm. 4).

CuyuraeTcs, YTO OMpENeSIONINi BKIal B M3MEHEHUE
CBOWCTB MaTepuaja B pas3jUYHOM TeMIlepaTypHO-
BJIAXXHOCTHOM COCTOSIHUM BHOCSIT CTPYKTYpPHBI€ COCTaBJIsI-
I01LLME€ MUKPO-, CYOMUKPO- U HAHOYPOBHEI, UTO OCOOEHHO
HEOOXOAMMO YYUTHIBATH ISl BHICOKOTEXHOJIOTUYHBIX OETO-
HOB. OOOCHOBaHHOE M3MEHEHME U PErYJIMPOBAHUE COAEP-
JKaHUST U COOTHOILIEHMS 3TUX CTPYKTYPHBIX COCTaBISIONINX
SIBJISIIOTCSI CPEICTBOM YITpaBJIeHUsT OAJTaHCOM CUJI B CTPYK-
Type U, KaK CJISACTBUE, MEPOIi peain3aliui KOHCTPYKIIMOH-
HOTO MoTeHIMala OETOHA B pa3HOBAPUAHTHBIX COCTOSIHUSIX
B DKCIUTyaTallMOHHOM ITUKJIE.

Moaeau TeMIepaTypHO-BIAKHOCTHBIX COCTOSHUIA
MaTepHualia B KOHCTPYKIUH

MonenupoBaHue KCIUTyaTallMOHHBIX COCTOSIHUI MaTe-
puajia B KOHCTPYKIIUSIX SIBJISIETCSI HETIPEMEHHBIM YCJIIOBUEM
IIUISI pacCCMOTPEHUsI 3aKOHOMEPHOCTE peajn3aliui KOH-
CTPYKLIMOHHOTO TIOTeHIIMAa CTPYKTYPBI BHICOKOTEXHOJIO-
TMYHBIX OETOHOB B pPaMKax UX PeaKIIMU Ha 3TU COCTOSTHMSI.
Takoe MonenMpoBaHUe MpearoaaraeT yuyeT XapakTepuCcTUK
nrana3zoHa (GU3MKO-KIMMaTUUYeCKUX BO3NEUCTBUI, CYyTOU-
HOW M CE30HHOU LUKIMYHOCTU IapaMETPOB CPEIbl, OCO-
O6eHHOCTEel (hopMUPOBaHUS TeMIIepaTypHO-BIaXXHOCTHOM
IpaIeHTHOCTH MaTepralla B CEUYCHUSIX KOHCTPYKIIMU U JIP.

O0001IeHHO IISI BO3MOXHOIO Auara3oHa IapaMeTpoB
SKCITyaTallMOHHON Cpelibl MOXHO MPEeNoXUTh CAeaylo-
1Me BapuaHThl MoJieJieli TeMIepaTypHO-BAaXHOCTHOTO CO-
CTOSIHUSI MaTepHasia B KOHCTPYKIIMSIX:

MaKcuMaibHo 00e360%ceHHoe B BO3IYITHOW Cpele (xa—

PaKTEePHO TSI OKCILTYyaTallMOHHBIX CPEJI C TIOBBIIEHHOM

TeMIIepaTypoii 1 MOHIKEHHOM BJIaXKHOCTHIO);

—  MaKcuMaabHo yeaajxcHeHHoe B BO3IYIITHON cpefie (xapak-
TEPHO JJISI CPEIbl C MOBBIIIEHHOM BIXKHOCTHIO BO3/1YXa);

— MAaKcuUMaabHO Hazpemoe B BO3IYIIHON cpere (MOXET
WMETHh MECTO TIpY TPSIMOI IJTUTETbHON COTHEYHOM 3KC-
MMO3UILINN);

—  MaKcumaabHo oxaadxcoernoe B BO3NYIIHOM cpene (MOXET
UMETh MECTO MIPY MUHUMAIBHON COJTHEYHOM SKCITO3U-
L1H);

— MAKCUMAAbHO 6000HacbiwieHHoe (MOXET HaOJI0IaTh-
Csl TIpY TIOCTOSIHHOM 3KCIUTyaTalluu O0eToHa B BOIHOM
cpene);

—  3amMopoiicernoe B CyXOM Y BOJIOHACBIIIIEHHOM COCTOSTHUM
(MoxxeT HaOJIIoAaThCS IPU IJIUTEIbHOM JeMCTBUU OTPU-
LIATEJIbHBIX TEMIIEPATYP SKCILTyaTalIMOHHON CPEIbl);

—  WUKAUMECKU Y6AaNCHEeHHOe-00e360)ceHHoe B BO3IYIIHOM
cpene (MOXET UMETb MECTO B YCJIOBUSIX CYTOYHOM IU-
KJIMIHOCTU TIapaMeTPOB TEeMIIepaTypbl W BIAXXHOCTHU
cpengbl);

—  WUKAUMECKU 3aMOpPOdNCeHHOe-ommaseuiee B BO3AYIIHOMN
cpene (MOXeT HaOMIONAThCSl B YCIOBUSIX CYTOUHOM LIM-
KJIMYHOCTH TTapaMeTPOB TeMITEpaTypPhl CPEIbI).

OTU MOJEIU COCTOSSHUI MOTYT OBITh COOTHECEHBI C
OTpeieJIeHHBIMU KITMMaTUUeCKUMUY 30HaMU, HalTpuMep ap-
KTUYECKUMHM, CyOapKTUISCKUMU, 30HAMU MTYCThIHb U TTOJTY-
MyCTbIHb Y T. M., U COOTBETCTBYIOIIMMU UM OOBIYHBIMU U
9KCTpeMaJbHBIMM BO3AEHCTBUSIMM Ha OeTOHBI. [l BO3-
MOXHBIX KJIMMaTUYECKUX BapMaHTOB NMAMa3oH Temrepa-
TYpHBIX TTapaMeTPOB SKCITyaTallMOHHOM BO3MYIIHOM cpe-
IIBL OTBeYaeT 3HaueHusaAM ot -60°C go +60°C, a BiIaxXHOCT-
HBIX — OT 15—20 mo 100%; 4uciio TeMIiepaTypHBIX TTEPeXo-
noB 4yepe3 0°C B CyTOUHOM IIMKJIE MOXET COCTAaBJISITh He-
CKOJIBKO JIECSITKOB; YBJIaXKHEHHNE TIOBEPXHOCTHBIX CIIOEB Oe-
TOHA B KOHCTPYKIIUSX TIPSIMBIMM OCaIKaMU MOXET TOCTH-
raTh IpeaebHbIX 3HAU€HUI1 BOTOHACHILIEHHUS.

B ykazaHHOM nuana3oHe 2KCILTyaTallMOHHBIX BO3IEi-
CTBUI 1 OYIIyT CKJIaAbIBATHCS T€ UJIU MHBIE MOACIIM COCTOSI-
HUI ¥ MPOTEKaTh MPOLIECChl pealu3alui KOHCTPYKIIMOH-

The triad “material-structure-environment” is consid-
ered in the modern materials science as a condition of the
integration of interests of “designers of designs” and “design-
ers of materials structures”. At that, the material science and
technology of building composites relies on the concepts and
bases of the physical-chemical mechanics of display of proper-
ties [13] in the structures during the operational cycle.

It is believed that in the course of raising or lowering the
material temperature, the stress-strain state of the structure
depends on the level of activation of thermo-fluctuation acts
of the rupture of interatomic bonds of the formed solid phase
of the material. When the content and ratio of different types
of water change in the structure (Table 4), the stress-strain
state of the material is considered as depending on the form-
ing force balance of capillarity, surface tension, cohesion and
adhesion interaction in the contacts of disperse particles of
the solid phase, forces of internal ties in crystals of new
growths of the cement stone, forces of the elastic resistance of
the solid phase to its deformation on the background of si-
multaneous passing of relaxation processes in it.

The measure of all these forces depends on the composi-
tion and structure of the material, and the manifestation of
their actions depends both on the degree of water saturation
or dewatering of the material and the types of water partici-
pating in these processes. Within the framework of ideas
about the mechanism of influence of water types in the struc-
ture of concretes, it is accepted that chemical, physical-
chemical, and physical-mechanical forms of the water rela-
tionship are realized, according to the scale levels of concrete
structures, in characteristic and distinctive for them values of
the energy of interaction of water relationship types with the
structure — capillary, adsorption, molecular interlayer and
hydroxyl — in the crystalline lattice of new growths of the ce-
ment stone. The power and energy of the connection of water
types significantly and naturally increase from macro- to
micro- and nano-levels (see Table 4).

It is considered that structural components of micro-,
submicro- and nano-levels make a decisive contribution to
changing properties of the material being in different temper-
ature-humidity conditions, this should be taken into account
for high performans concretes. A substantiated change and
regulation of the content and the ratio of these structural
components is a means of control over the force balance in
the structure and, as a consequence, a measure for realizing
the structural potential of concrete under multi-variant con-
ditions during the operational cycle.

About models of temperature-humidity conditions
of material in structure

The simulation of operational conditions of the material
in structures is an indispensible condition for considering
regularities of the implementation of structural potential of
high performans concrete structures within the frame of their
reaction to these conditions. This simulation assumes the ac-
count of characteristics of the range of physical-climatic im-
pacts, daily and seasonal cyclicity of environmental parame-
ters, features of the formation of the temperature-humidity
gradient-mode of the material in structures sections et. al.
Generally, for the possible range of parameters of the opera-
tional environment, the following options of models of tem-
perature-humidity conditions of the material in structures
can be offered:

maximal dewatered in air environment (characteristic for

operatlonal environments with high temperatures and

low humidity);
— maximal moistened in air environment (characteristic for

environment with high humidity of the air);
— maximal heated in air environment (may take place at

direct prolonged sun exposure);
— maximal cooled in air environment (may take place at

minimal sun exposure);

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEHHbILL HCYPHAN
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HOTO TOTEHUMala BbICOKOTEXHOJOIMYHBIX OETOHOB.
IMosTomy aig 3TUX MoJeieil BaXKHO MPOTHO3UPOBAaTh 3aKO-
HOMEPHOCTHU Pa3BUTHUS TMPOLIECCOB UBMEHEHUI B CTPYKTY-
pax BBICOKOTEXHOJIOTUYHBIX OETOHOB U BBISIBISITb KPUTEPU-
aJibHbIe CTPYKTYPHBIE (paKTOPHl TMHAMUKU MTPOLIECCOB U UX
MOCJICICTBUIA.

K nmpumepy, B 00;1aCTH BBICOKMX TTOJIOXUTEJIbHBIX TEM-
reparyp M HU3KMX 3HAYEHUI BIAXKHOCTHU BO3ayXa (MOIEsb
KJIMMAaTUYECKUX 30H MOJYMYCThIHb U MYCTbIHb) OCOOEHHO-
CTU CTPYKTYP BBICOKOTEXHOJOTMYHBIX OETOHOB U UX COCTO-
SIHUW MOTYT MPENOIpeaeIIsITh CaMble HETaTUBHBIE MOCJIEI-
CTBUSI JUTSI TOJITOBEYHOCTH KOHCTPYKIIMI M3-3a TOBBIIIEH-
HOM yIeqbHOU BIAXKHOCTHOM ycaaku CTPYKTypbl. MMeHHO
BeJIMYMHA BIIAXXHOCTHOM yCaK1 B pacyeTe Ha MPOLEHT yaa-
JICHHOTO BUJA BJaru M3 MOPOBOU CTPYKTYypbl OETOHA OKa-
XKETCSI KPUTePUATbHBIM (DAKTOPOM M3MEHEHHUSI €ro KOH-
CTPYKLIMOHHOTIO MOTEHIIMANA.

B obnacTtu sKcTpeMallbHOI OTpULIATEIbHON TeMIlepary-
pbl (MOJeTh KIMMAaTUYECKUX apKTUYECKUX U CyOapKThye-
CKHUX 30H) creiu@uka CTpyKTYpbl BHICOKOTEXHOJIOTUYHBIX
OETOHOB HE MCKJII0YAaeT KApTUHY HECBOMCTBEHHBIX VIS Tpa-
IULMOHHBIX OETOHOB HETaTUBHBLIX 3¢¢eKTOB Ipu obpa-
30BaHUM Kpuodasbl U IUIATOMETPUUECKUX MPOSIBICHUSIX.
B naHHOM cilydae KpuUTepUaIbHbIM (PAKTOPOM MOXKET SIB-
JIATBCS 3aBUCUMOCTb TEMITEPATypbl 00pa3oBaHust Kpuodaszbl
B CTPYKType OeTOHa OT XapaKTepUCTUK €ro IMOPUCTOCTH,
B TIEpBYIO Oouepeb OT paclpelesieHus Mop Mo pa3Mepam.

B o6nacTu HUKIMYECKON CMEHBI TeMIlepaTypHO-
BJIQXKHOCTHBIX MApaMETPOB KCILTyaTallMOHHOM Cpeibl (MO-
JIeJIb pe3KO KOHTMHEHTAJIbHBIX, MOPCKUX U TIPUMOPCKHUX
KJIMMAaTUYECKUX 30H U T. T.) KPUTUUYECKUM MOXET OKa3aTh-
cs1 (BBUIy MHOTOKPATHOCTY CMEHBI COCTOSIHUY CTPYKTYPbI)
BJIUSIHUE (PaKTOpa MaKpoO- U MUKPOTPaAMEeHTHOCTH Hampsi-
XeHuil U gedopMaluii TOBEPXHOCTHBIX CJIO€B KOHCTPYK-
LI, U KaK CJIEACTBUE 3TOT0, BKIOUEHKE B paboTy Mpolec-
COB MOPO3HOM JECTPYKUMU U TEPMUYECKOTO MOCIOWHOTO
paspylueHusl.

Bo Bcex aTux u Apyrux BapuaHTax, OINpeaesseMbIX TeH-
NIEeHIMel pacTyieili BOCTpeOOBAaHHOCTU IO TPUMEHEHUIO
COBPEMEHHbBIX OETOHOB HE TOJILKO B OOBIUHBIX, HO U B 9KC-
TPEMaJIbHBIX YCJIOBUSIX, ONPENESIOIIMM OKa3bIBAETCS 3HA-
YeHUEe HX CTPYKTYPHI [UIST «pa3BEPHYTHIX BO BpeMeHU»
(B BKCIUTyaTallMOHHOM ILIUKJIE) KOHCTPYKIIMOHHBIX CBOMCTB
— Tpelesia MPOYHOCTH, Mpelesna TPeUMHOOOpa3oBaHus,
KPUTHUYECKOTO KO3((UIIMEeHTa MHTEHCUBHOCTU HAaIpsiKe-
HUM (BSI3BKOCTU pa3pylleHus ), TPeIIMHOCTONKOCTH, BJIaX-
HOCTHOI ycanku U HaOyXxaHusl, LUKIUYECKON CTOMKOCTHU
MPU YBJIAXHEHUU — BBICBIXaHUU, MPU 3aMOPAKUBAHUU —
OTTauBaHUM U .

Peamnzanyn KOHCTPYKIMOHHOTO MOTEHIMAJIA CTPYKTYPBI
BbICOKOTEXHOJJOTHYHbIX 0€TOHOB B IHANA30HE
3KCILTYaTAIIMOHHBIX TEMIIEPATYPHO-BIAKHOCTHBIX
COCTOSIHUM

Mepa peanuzaiiuu KOHCTPYKIIMOHHBIX CBOMCTB OeTOHA
B 3KCILJTyaTallAOHHOM LIMKJIE MOJaraeTcsl, Kak OTMeJYaoch
paHee, 3aBUCSAIICH OT BKJIaJa COCTaBIISIIONIMX OalaHca CUII B
€ro HampsKeHHO-Ie(OPMUPOBAHHOE COCTOSIHME TIPU U3-
MEHEHMU TeMIlepaTypbl M BJIaXXHOCTU MaTepuaja. Takoi
BKJIAl TIPEIONPENALISIETCS Pa3MEPHO-TEOMETPUUYECKUMU U
SHEPreTHYECKMMU XapaKTepruCTUKAMU TBEPIOK a3kl U Mo-
POBOTO MPOCTPAHCTBA C YYETOM BXOISIIUX B CTPYKTYPY Ma-
Tepuaja XUIKOW U Ta30Boi (a3, 00pa3ylolnX ¢ HUMU CH-
CTEMHOE €IMHCTBO.

3aKOHOMEPHOCTH pealn3aliy KOHCTPYKLIIMOHHOTO I10-
TeHIIMajaa 6eToHa U MeXaHU3MbI 3TOT0 HYXXIal0TCS B CHIELIM -
aJIbHOM PaCCMOTPEHUM, KOTOPOE TOJIKHO KacaThCsl U MHIM -
BUyaJbHOIO U COBMECTHOIO BJIMSIHUSI TEMIIEPATypPHOrO U
BJIAXKHOCTHOTO (PaKTOPOB B IHMAITa30HE WX 3HAYCHUIT U CO-
YeTaHWH B BKCIUIyaTallMOHHOM LIMKJIE (B COOTBETCTBUM C
MPeII0KEHHBIMU MOJEISIMUA COCTOSIHUIA).

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

— maximal water saturated (can be observed at permanent
operation of concrete in water environment);

— frozen in dry and water saturated state (can be observed
under the prolonged effect of negative temperatures of the
operational environment);

— cyclically watered-dewatered in air environment (may
take place under conditions of daily cyclicity of parame-
ters of environmental temperature and humidity);

— cyclically frozen-thawed in air environment (can be ob-
served under conditions of the daily cyclicity of parame-
ters of environmental temperature).

These models of states can be correlated with certain cli-
matic zones (arctic, subarctic, desert and semi-desert etc.)
and conventional and extreme impacts on concretes corre-
sponding to them. For possible climatic variants the range of
temperature parameters of operating air environment can
meet the values from -60°C up to +60°C and for humidity —
from 15—20% up to 100%; the number of temperature transi-
tion via 0°C during the daily cycle can be several tens; moist-
ening of surface coats of concrete in structures with direct
precipitation can reach maximum values of water saturation.

Within this range of operational impacts, certain state
models will be formed and processes of the realization of the
structural potential of high performans concretes will pro-
ceed. Therefore for these models it is important to predict
regularities of development of changing processes in the struc-
tures of high performans concretes and reveal criterion struc-
tural factors of the processes dynamic and their consequences.

For example, in the area of high positive temperatures
and low values of air humidity (a model of desert and semi-
desert climatic zones), the features of high performans con-
crete structures and their states can predetermine the most
negative sequences for structures durability due to the high
specific humidity shrinkage. The value of humidity shrinkage
in the calculation of the percentage of moisture removed
from the porous structure of concrete will become the crite-
rion factor of the change in its structural potential.

In the area of extreme negative temperatures (model of
arctic and subarctic climatic zones), the specificity of high
performans concrete structure does not exclude the picture of
unusual for traditional concretes negative factors at the for-
mation of a cryo-phase and dilatometric manifestasions. In
this case, the criterion factor is the dependence of the tem-
perature of cryo-phase in the concrete structure on the char-
acteristic of its porosity, in the first place, on the distribution
of pores according to sizes.

In the areas of the cyclic changes in temperature-humid-
ity operational environment (model of sharply continental,
marine and seaside climatic zones etc.), the influence of the
factor of micro- and macro-gradient stresses and strains of
surface layers of structures can be critical and, as a result,
initiation of processes of frost destruction and thermal layer-
by-layer destruction.

In all these and other variants determined by the tendency
of growing demand for using modern concretes under not
only normal, but extreme conditions also, the determinative
moment is the importance of their structures for “deployed in
time” (during the operational cycle) structural properties:
strength limit, crack formation limit, critical coefficient of
stresses intensity (fracture viscosity), crack resistance, hu-
midity shrinkage and swelling, cyclic resistance to watering-
drying, freezing-thawing etc.

About realization of structural potential
of high performans concrete structures within the range
of their operational temperature-humidity states

Measure of implementing structural properties of con-
crete during the operational cycle, as it was noted earlier,
depends on the contribution of components of the force bal-
ance to its stress-strain state when the temperature and mois-
ture content of the material are changing. Such a contribu-
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Bausanue usmenenuii memnepamyput 6emona na e2o npou-
HOCmb pacCMaTPUBAETCs, KaK yXe yKa3blBaJloCh, B paMKax
TepMOGIYKTYallMOHHOM TeOpUU pa3pylIeHUs TBEPIbIX TeJl.
CuyuraeTcs, YTO B OKCIUTyaTallMOHHOM TeMIepaTypHOM -
ara3oHe ot -60 1o +60°C u3MeHeHUe SHEPTUU aKTUBALIMKU
nst cBs13eii MeO u SiO, xapaKTepHBIX TSI IEMEHTHBIX U CH-
JINKATHBIX CUCTeM TBEpACHMS, He3HauuTeJbHO. B Hammx
HCCIIeOBAHMSIX YCTAaHOBJIEHO, YTO U3MEHEHHE MPOYHOCTHU B
CYXOM COCTOSIHUM JJISI TUIOTHBIX Y MaKpOIOPUCTHIX CTPYK-
Typ GeToHOB He TipeBbImmaeT 10% Bo BceM paccMaTpuBac-
MOM TEMIIepaTypHOM Jrarna3oHe.

3HaYeHWe paccMaTpPUBAeMOTO SKCITyaTallMOHHOTO
(akTopa Ha KOHCTPYKIIMOHHBINM MOTEHIIMAT HEOOXOIUMO
aHaJIM3UPOBaTh, UMesI B BUIY BEJIUUMHBI TEMIIEPATypPHBIX
nedopmaluii MaTepraia u UX rpaiMeHT B pabounx ceueHu-
sIX KOHCTPYKLMEI. C yueToM MOMYJIsl YIPYTOCTH BBICOKOTEX-
HOJIOTUYHBIX OETOHOB TeMIIEpaTypHbIe HATIPSIKEHUs (TSt
YCJIOBUI CTECHEHHOCTH Ie(POPMUPOBAHUS KOHCTPYKIIWMA 1
IPaIMeHTHOCTH TeMIIEpaTypHOTO AehOpMUPOBAHUS OeTOHA
B paboumux CeueHMsIX) IMoKa3aTeJu HaIpsKeHHO-Ae(popMu-
POBAaHHOTO COCTOSIHMSI MOTYT CYLLIECTBEHHO OTJIMYATBCS 10
CPaBHEHMIO C TPAIUIMOHHBIMU CTPYKTypaMH OETOHOB.
MOXHO CYMTaTh, YTO B MOJENISIX MAKCMMAJIbHO HarpeToro
WA MaKCUMaJIbHO OXJIAXKIEHHOTO MacCcuBa KOHCTPYKIIWA,
HaXOASIINXCS B MAKPOTPATMEHTHOM HAIPSKEHHOM COCTO-
STHUM, OoJiee BEPOSATHBI CUTYAIlUU NECTPYKLIMU (TPEeIMHO-
o0pa3oBaHusl).

Bauanue usmenenus 64axcHOCmMHO20 COCMOAHUA HA NO-
meHyuaa conpomueaenuss 6emonos pazpyuenuro R(P) coot-
HOCHUTCS C pe3yJIbTaTOM JEUCTBHS, BO-TIEPBBIX, KPUCTAJLIN-
YeCKMX CHJI CBsI3ed B TBepHoil (hase Py, Mepa M3MEHEHMSI
KOTOPbIX APyg- B NPUCYTCTBUM MOJIEKYJ aJCOPOLIMOHHO-
AKTHUBHOU cpebl (BOJbI) 3aBUCUT OT ee Konudectsa (W), u
SHEPIUM B3aMMOIEMCTBUS C TTOBEPXHOCTBIO TBEPION (ha3bl
(MHaye, OT y/ENbHOM MOBEPXHOCTHOM SHEPTUM G4 4); BO-
BTOPBIX, OT CWJI KAMWUIAPHOTO CTSDKEHUSA Py, TPOSBICHUE
KOTOPBIX OIpeaesisieTCsl HaTMIreM B 00beMe TIOpOBOTO TPO-
CTPaHCTBA BOAHBIX MEHUCKOB:

R(P) = Pxc — APyc t Pyyp, (3)

TIPY TOM 4TO BeIMUMHA Py ; 3aBUCUT OT paanyca 1mop u cTe-
TIEHU 3aM0JIHEHUS nop BOIIOM (OTHOIIEHMSI 00beMa KUIKOM
dasbl k 06bemy 110D V5 / Vo)

IIposiBneHye AeHCTBUS STUX CIJI B MX GalaHCe 3aBUCUT
OT M3MEHEHUsI BJarocojiepxKaHusi MaTepuaia M, COOTBET-
CTBEHHO, OT TIPOSIBJICHUsI NEMCTBUS (hOPM CBSI3U BOJIBI CO
cTpykTypoii. Takoe IposiBJieHNE B TUAMTa30He OT UCXOTHOTO
CYXOTO 10 BOOOHACKIIIIEHHOTO COCTOSIHUS (1 HA000pOT) He-
OTHO3HAYHO BJIMsET HA UBMEHEHUE TTPOYHOCTH.

ITo pesynabTaTaM 3KCHEPUMEHTAIBHBIX MCCIETOBAHMUIA,
MPOBENEHHBIX MJIs1 TUIOTHBIX U MaKpOIMOPHUCThIX OETOHOB
MpU IIMPOKOM BapbMpPOBAaHUM IMapaMeTPOB MX CTPOEHUS,
Ha0JII0JaTMCh U BBISIBJIEHBI TPU TUTIA 3aBUCMMOCTEN (puc. 1)
M3MEHEHUS TPOYHOCTH OETOHA TTPU YBIAKHEHUU.

XapakTep 3aBUCHMOCTEN OMpenessieTcss U3MEeHEeHUeM
BKJ1aJa aicCOPOLIMOHHBIX U KAMWJUISIPHBIX CUJT B TOTEHILIMAT
CONPOTHUBJIEHUS OETOHA Pa3pYIIEHUIO.

HaubGonbiiiee cHUXXeHUE MTPOUHOCTH OOYCIOBIMBACTCS
MpOSIBJICHWEM JIEHCTBUS ajCcOpPOIIMOHHON BOIbI (Xapak-
TepHas KpuBas | Tuma); mpu 3ToM UKCUPYETCS BEIMIMHA
Koa(lxpnuneﬂra pa3MsTrdyeHus II0 IIPOYHOCTU OeToHa

=0,7-0,75.

HauMeHLmee CHUXXEHHUE TTPOYHOCTHU (XapaKTepHasi Kpu-
Bag Il Tumna) numeer Mecto, Korma paciieruisitonee ruapoii-
TUYEeCKOe IeUCTBYE, paCKIMHUBAIOIIEE TaBJIcHUE BOIBI afl-
COPOIIMOHHBIX CJIOEB B 3HAYMTEIHHOM Mepe KOMITEHCUPY-
I0TCSI CUJIaMU KalWJUTSIPHOTO CTSDKEHUS; B 9TOM BapuaHTe
BIIZXHOCTHOTO COCTOsIHMSA OeToHA K, = 0 85—0,95.

PaccMoTpeHHBIE TUTIBI 3aBUCHMOCTeIT MPUCYIIHA BBICO-
KOIPOYHBIM MOAUMPUIIMPOBAHHBIM OETOHAM, CTPYKTypa

tion is predetermined by dimensional-geometric and energy
characteristics of the solid phase and void space with due re-
gard for liquid and gas phases which are parts of the material
structure and form the system unity with them.

Regularities of the realization of the structural potential of
the concrete and mechanisms of this are needed for special
consideration which should concern both individual and
joint impact of temperature and humidity factors within the
range of their values and combinations during the opera-
tional cycle (in accordance with proposed models of states).

The effect of temperature changes in concrete on its strength
is considered, as it is already indicated, within the frames of
the thermo-fluctuation theory of failure of solids. It is consid-
ered that in the operational temperature range from -60°C to
+60°C, the change in the activation energy for bonds MeO
and SiO, characteristic for cement and silicate systems of
hardening, is insignificant. It is established by our studies that
the change in dry state for dense and macro-porous structures
of concretes does not exceed 10% for the whole temperature
range considered.

The importance of impact of the operational factor on the
structural potential is necessary to analyze bearing in mind
the values of temperature deformations of the material and
their gradient in working cross-sections of the structures.
With due regard for the elasticity module of high performans
concretes, the temperature stresses (for conditions of tight-
ness of structures deformation and gradients of concrete
temperature deformation in working cross-sections) and in-
dicators of the stress-strain state may significantly differ in
comparison with the traditional structures of concretes. It
can be considered that in models of maximum heated and
maximum cooled massifs of structures, which are in the
macro-gradient stress state, destruction situations (crack
formation) are more probable.

The effect of the change in the humidity state on the potential
of concrete resistance to fracture R(P) is correlated with the
result of actions, firstly, of crystal forces of bonds in the solid
phase Pp, measure of which changes AP in the presence of
molecules of the adsorption-active medium (water) depends
on its quantity (W),) and the energy of interaction with the
solid phase surface (otherwise, on the specific surface energy
gy, secondly, on forces of capillary contraction P¢, mani-
festatlon of which is determined by availability of water me-
niscuses in the volume of porous space:

R(P) = Pcp— APcp + Peg, (3)

while: the value P, depends on the radius of pores and the
degree of pore filling with water (relationship of the volume
of the liquid phase to the volume of pores V, /V,).

The manifestation of these forces in tﬂelr balance de-
pends on the change in moisture content of the material and,
respectively, on the manifestation of action of forms of water
connection with the structure. Such manifestation in the
range from the initial dry state up to water saturated (and vice
versa) ambiguously influences on the change in strength.

According to the results of experimental studies con-
ducted for dense and macro-porous concretes at the wide
variation of parameters of their structure, three dependences
(Pic. 1) of the change in the concrete strength at damping are
observed and revealed.

The character of dependences is determined by the
change in the contribution of adsorption and capillary forces
to the potential of concrete resistance to deterioration.

The maximum reducing of strength is determined by the
manifestation of the adsorption water action (representative
curve of I type); at that, the value of the coefficient of soften-
ing of concrete strength K,=0.7-0.75 is fixed.

The minimal reducing of strength (representative curve of
IT type) takes place, when the splitting hydrolytic action
wedging the water pressure of adsorption layers is signifi-

HayuHO-mexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN
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Ta6nuua 5
Table 5
Mepa CHUXeHMs NPOYHOCTU GETOHOB Ha Pa3NIMYHBIX AUanasoHax BlarocoAepXaHus
The Measure of Concrete Strength Reduction at Different Humidity Ranges
KoadpduumeHT pasmsirieqns K,
Softening coefficient K,
T Bg]ﬂof6§;::i:te B amanasoHax Bnarocogepxaxus, Mac. % Mpu Temnepatype, °C
P In humidity ranges, mass % At temperature, °C
1-1,5 2,5-5 >5 -(60-40) 0 +20 +60

TPaANLVOKHGI 0,95:0,05 0,92+0,05 0,90£0,05 1,23+0,05 1,0£0,05 0,94£0,05 0,9740,05
Traditional
BycomTeXHonorqubm 0,88+0,05 0,82+0,05 0,70+0,05 0,98+0,05 0,84+0,05 0,75%0,05 0,75+0,05
High performans

KOTOPBIX OTJIMYAETCS Pa3BUTOM IOBEPXHOCTHIO pasjesia
MeK3ePeHHBIX U MeX(ba3HBIX TpaHMI] U TIpeobiafaHueM B
CTPYKTYpe HaHOPa3MEPHBIX TIOP.

Kpusas 111 Tuna oranyaeTcss MOHUXKEHHOM BBIPAaXKEH-
HOCTBIO 2 (HEKTOB ASHUCTBUS aICOPOLIMOHHBIX U KaNUJUISp-
HBIX CUJI, B pe3ysibTaTe 4ero BejmuunHa K,~0,9. 3aBucumMoctu
MMPOYHOCTU OT BJIAXXHOCTU JTaHHOTO THUIIA XapaKTEPHBI TSI
TJIOTHBIX K MAaKPOITOPUCTHIX OETOHOB C TPAIUIIMOHHON (He-
MOIM(MULIMPOBAHHOI) CTPYKTYPOil MUKPOOETOHA.

Bausnue éaancnocmnozo paxmopa MOXeT IPOUCXOAUTH 8
yeaosuax menatoulelicss memnepamypot. J1jisi BIaXXHOTO MaTe-
puasia TOBBIIIEHUE €T0 TeMIIepaTypbl YCUIMBaeT 3(PdexT
TTOHVKEHMS TIPOYHOCTH. DTO TIPOUCXOINT BCIICACTBHE CHU-
JKEHUST BSI3KOCTHU BOJBI U OOJIETYEHUS YCIIOBUI CMauUBaHUS
MOBEPXHOCTU TBepAOoil ha3bl; Boda OBICTPO MPOHMKAET K
MOBEPXHOCTU pa3pyllieHUsI UIMEHHO B MOMEHT 00pa30BaHUsI
TPEIMH.

> 5

Tun |
Type |

AR,

I B D X 20

R(Winay)

KH max

cantly compensated by forces of capillary contraction; in this
variant, humidity conditions of concrete K, = 0.85-0.95.

The types of dependences considered inherent high-
strength modified concretes which structure has a developed
surface of the partition of intra-grain and intra-phase bound-
aries and prevails in the structure of nano-size pores.

The curve of 111 type is characterized by reduced manifes-
tation of effects of the action of adsorption and capillary
forces, as a result the value K, = 0.9. The strength depen-
dences on the humidity of this type are characteristic for
dense and macro-porous concretes with traditional (non-
modified) structure of micro-concrete.

The impact of the humidity factor can take place under
conditions of changing temperature. For wet material the in-
crease in its temperature intensifies the effect of strength re-
duction. This takes place due to the reduction in water vis-
cosity and facilitating the wetting of the solid phase surface;

ARy

Tun 1
Type ll

H max

S

ARy < ARy < AR,

Tun 1
Type llI

Puc. 1. Tunusauma 3aBMCUMOCTEN NPOYHOCTM GETOHOB
oT BnaxHoctn: R(W,) — npo4HOCTL maTtepuana B Cyxom
coctosiHuM; R(W,) — npoYHOCTL MaTepuana npv cogepxa-
HWW aaCcopBLUMOHHO-CBA3aHHOM Boabl; R(W,,) — NpoYHOCTb
marepuana npu coaepxXaHun KanuinspHO-KOHOEHCU-
posaHHoM BoApl; R(W,,,,,) — NPO4HOCTL MaTepuana B BOAO-
HACbILEHHOM COCTOSHMM (MPU COAEPXaHUN KanunnspHo-
HacbILLEHHON 1 cBobogHoi Boapl); W, — conmepxaHune
ancopOuUMOHHO-CBSA3aHHOM BoAapl; W,, — copepxaHue
KanuinsapHo-KOHAEHCMPOBaHHOM Boapl; W,,, — copepxa-
HVe KanunnspHO-HaCbILLEHHON BOAb!

Fig. 1. Typification of concrete strength dependences on
humidity: R(W,) - strength of material in dry state;
R(W,) - strength of material containing adsorption-bound
water; R(W,,) — strength of material containing capillary-
condensed water; R(W,,) - strength of material,

S

S >
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v

containing capillary-condensed and free water, in water-
saturated state; W, - adsorption-bound water content;
W, - capillary-condensed water content; W, — capillary-
saturated water content

max
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Jns BBICOKOTEXHOJIOTUYHBIX OETOHOB BO BJIAXHOM HX
COCTOSIHUU BJIMSIHUE BOIBI BCeX (DOPM CBSI3U HACTOJIBKO
3HAYUTEIBHO, YTO KOI(M@MUIIMEHT pa3MsATYeHUs OKa3bIBaeT-
Cs CYLIECTBEHHEe, YeM JUIS TPAAULIMOHHBIX 0eToHOB. [1pu
9TOM BelMYKMHA K, NMeeT 3HAYCHUE MEHBIIE SAUHUIIBI HE
TOJIBKO TIPY TIOJIOXUTEIBHOM, HO W TIPU OTPpULIATEIHHOMN
Temiieparype (Tadi. 5).

Bnusinue TemiepaTypHO-BIaXKHOCTHOIO COCTOSIHUS Oe-
TOHA Ha €r0 KOHCTPYKIIMOHHBIN MOTeHUMa TpeOyeTcs aHa-
JIN3UPOBATh, UMES B BUIY 3aBUCUMOCTb BEJIMYMH KO3(DDU-
IIMEHTOB JIMHEWHOTO TEeMIIEPaTypHOTO pacIIUpeHus u
BJIAXKHOCTHBIX JiehbopManiiii OT CTpyKTyphl MaTepuana. Jas
61AXHCHOCMHBIX deghopmaunuil B 3aBUCUMOCTHU OT c(HOpMUPO-
BaBILIeIiCSI CTPYKTYphl OeToHa, 000OCHOBaHHO BBeCTH [15]
Mozeau ero aehopMUpOBaHUS MPU OOE3BOXUBAHUMU WU
TUIIBI KPUBBIX BJIAXKHOCTHOM ycanku (puc. 2).

Twumn I KpUBBIX ycagku PUCYIIL MaTeprazaM co CTPYKTY-
po¥i, OTJaMYalolIeiicsl TMOBBIIIEHHBIMU BEJIWYMHAMU JTUC-
MEePCHOCTH YaCTU1l TBepAoH (ha3bl, CyMMapHOM TUIOILAIN X
IMOBEPXHOCTHU U 3araca U30bITOYHON ITOBEPXHOCTHOM 3HEP-
MY U OAHOBPEMEHHO C 3TUM MUHUMAJIbHBIMU 3HAYEHUSIMU
pasMepa mop. MIMEHHO 3TO ompenenseT MaKCUMalbHbIE
3HAYEHUST BEJIMYMHBI YCAKM Ha BCeX 3Tarax o0e3BOXMBa-
Hus. Tum 111 cBolicTBeH MaTepuanty co CTPYKTypOii, XapaK-
TEPUCTUKU COCTABJISIIOIINX TBEPAO (pa3bl KOTOPOI OTIMYa-
IOTCSI OTHOCUTEIbHO OOJIbllieii Mepol 3aKpUCTAIM30BaH-
HOCTM, a 3amac M30bITOYHOI IMOBEPXHOCTHOM DHEPIUU
CTPYKTYpPBI OKa3biBaeTcsi MUHUMaibHbIM. Tum II xapakre-
PEH IIJISI MAaTepUAaJIOB C IIPOMEXKYTOUYHBIMU 3HAYCHUSIMU Xa-
PaKTEPUCTUK CTPYKTYPHI.

CylecTBo yrnpaBJieHUS TOKa3aTeIsIMU BJIaXKHOCTHOM
ycallky MaTepuaia 3aKJI04eHO B BO3MOXKHOCTSIX U3MEHEHUS
XapakTepa M CUJIbl CBSI3U €ro TBepHoi (as3bl M MOPOBOTO
MPOCTPAHCTBA C BOJIOM MTOCPENCTBOM YMEHBILIEHUS OTHOCU-
TEJILHOTO CONIepKaHUsI B MaTepuajie o0beMa LIeMEHTUPYIO-
IIETO BEIIECTBA U MOpP, YBEJIMYEHMS 3aKPUCTAUIM30BAaHHO-
CTM HOBOOOPA30BaHWII ¢ TTOHMXKEHHOW YyHeJbHOH TUIOIa-
JIbI0 TIOBEPXHOCTU U YAECJIbHOU MOBEPXHOCTHOM aKTUMBHO-
CThIO, YBEJIMYEHUS CpenHero 3(pdeKTUBHOro paauyca Iop.

water quickly penetrates to the fracture surface exactly at the
moment of crack formation.

For high performans concretes in their wet state, the in-
fluence of water of all connection forms is so significant that
the softening coefficient is more substantial than for tradi-
tional concretes. At that, the value K, is less than one not only
at positive temperatures but also at negative ones (Table 5).

The impact of temperature-humidity conditions of the
concrete on its structural potential is needed to be analyzed,
keeping in mind the dependence of values of coefficients of
linear temperature expansion and humidity deformations on
the structure of material. For humidity deformations, depend-
ing on the formed structure of concrete, it is reasonable to
introduce [15] the models of its deformation in case of dewa-
tering or types of the curves of humidity shrinkage (Pic. 2)

Type I of shrinkage curves is inherent to materials with
the structure notable for increased values of dispersion of
solid phase particles, total area of their surface and reserve of
the excess surface energy and, simultaneously, minimal val-
ues of pore sizes. This determines maximal values of the
shrinkage at all the stages of dewatering. Type III is inherent
to the material, characteristics of components of the solid
phase of which are notable for the relatively larger measure of
crystallineness, and the reserve of excess surface energy of the
structure is minimal.

Type 11 is typical for materials with intermediate values of
structure characteristics.

The essence of control over indicators of moist shrinkage
is a possibility to change the character and bonding forces of
its solid phase and porous space with water by means of re-
ducing the relative content of the cementing substance vol-
ume and pores in the material, increasing the crystallineness
of new formations with reduced specific surface area and
specific surface activity, increasing the average efficient ra-
dius of pores. This directed modification of the composition
and structure of the material is characterized by the change of
the deformation model and, accordingly, possibility to cardi-
nally reduce (by half order-order) the values of its specific
and complete shrinkage (Table 6).
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Puc. 2. Mogenu BnaxHocTHol ycagku: W,,, — conepxaHve ancopOLUmOHHON 1 MEXCIOEBOW BOAbI; £, — ycaaka
OT yAaneHus KanunnspHo-KOHAEHCMPOBAHHOM BOABbI; £, — YcaaKa OT yAaleHNs KanuinspHO-HaCbILLEHHON BOAbI;
€am — YCaAKa OT yaaneHns aacopOLMOHHOM 1 MEXCNIOEBOW BOAbI; £y — YCaaka OT yaaneHus Bceli Boabl
AN Tun | Fig. 2. Models of moisture shrinkage: W, — adsorption and interlayer water content; &, — shrinkage due to
max Type | removal of capillary-condensed water; €. — shrinkage due to removal of capillary-saturated water; €,; — shrinkage
due to removal of adsorption and interlayer water; €, — shrinkage due to removal of all the water
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Takoe HamnpaBiaeHHOE MOAU(DUIIMPOBA-
HUE CcOCTaBa M CTPYKTYphl Marepuaia
XapakTepusyeTcsl UBMEHEHUEM MOJIETU
nechopMUPOBAaHUS U COOTBETCTBEHHO

Ta6nuua 6
Table 6

BenuuuHa ycaaku LeMeHTHbIX 6ETOHOB Ha Pa3NUYHbIX CTaAUsX YBAaXHEHNS-06e3B0XNBaHUS
Value of shrinkage of cement concretes at different stages of watering and dewatering

BO3MOXHOCTBIO KapAWHaJIbHOTO (Ha
TTOJITIOPSIKA-TIOPSAIOK) CHUKCHUS Be-
JIMYMHBI YAEJIbHOMN 1 MOJHOM €ro ycai-
Ku (Tabi. 6).

YMecTHO 31eCch IPUBECTU JTaHHbIC,
MOJIydYeHHBIE M0 pe3ybTaTaM OLIEHKH
nedopMalii aBTOKJIAaBHOTO MUKpPOOe-

TOHA B rurpocrarax c paSJ’[PI‘-IHOﬁ BCJIN-
YUHOU InapuuaJbHOI'O JaBJICHUA BOIA-

Horo napa. Takasg MeToAuKa MCIbITa-
HUM TO3BOJIAJIA MOJYYUTh JAHHBIE IO Il
YOEJIBHOM ycanKe OT YAAJIEHUS CBO-

OOIHOM, KaIMLISAPHO-HACBIIIEHHOM, "
KaMWUTSIPHO-KOHICHCUPOBAHHOMU, aJi-

COPOIIMOHHON M MEXCJIOEBOI BOMBI.
Iloka3zaHo, YTO BEJIWYUHBI YAEIbHOMI

BenunumHa ycazku B MM/M Npy yaaneHun pasamyHbix BULOB BOLbI
Value of shrinkage in mm/m at removal of different type of water
Mogenb ycagku KaMUASOHO- AncopOLUMOHHOI 1
Shrinkage model Bceit Macchbl BOAbI PHC MEXCJI0eBOM
CBSI3aHHOW . .
Whole mass of water ) Adsorption and inter-
Capillary-bound
layer
| 2,31 1,38 0,93
0,085 0,053 0,77
1.5 06 0,95
0,031 0,013 0,22
1,6 , 1,07
0,021 0,007 0,22
Mpumeyanue. Hag yeptor — nonHasl, NOA 4epTON — yaenbHas ycaaka.
Note. Above the line - complete, below the line - specific shrinkage.

ycalky Marepuayia OT ydajeHus Ka-

MUJUISIPHO-HACBIIIEHHOW W KaIlui-

JISIPHO-KOHJIEHCUPOBAHHOM BOJIbI COMTOCTABUMBI, OHAKO B

npeaenax OJHOro BM/a BOJIbl, B3aUMOJICUCTBYIOIIENA C MaTe-

pUaioM, B 3aBUCMMOCTHU OT €r0 COCTaBa M CTPYKTYPbI TTOKa-
3aTeJIM MOTYT OTJIMYAThCS TTOUYTU Ha TopsiaoK. Bo3neiictBue
aacopOLIMOHHOM 1 MEXCI0€BOM BOABI HAa YCAOKYy MO YAe/Ib-

HOI ee BeJWYMHE HAa OJAWH-IBAa MOpSAKA CUJbHEE, YeM

KanusipHO-HACHIIIEHHON M KalmWIISPHO-KOHAESHCUPO-

BaHHO [15].

AHau3 U CUCTEMATU3ALIUS MEXAHU3 MO8 HAKONACHUS NO-
epexcoenuii 6 mamepuaaie om Mopo3Hozo paspyuenus [1—6]
JIal0T OCHOBAaHUSI K BBIAECJIEHUIO IBYX IJIaBHbIX (haKTOPOB
YIpaBJIEHUST MOPO30CTOMKOCThIO 6TOHOB [16]:

1. ®akTop TemmepaTtypbl 3aMep3aHUsI BOABLI B IOPOBOIL
CTPYKTYpC.

2. dakTOp MacCONpOBOTHOCTH MaTepuajia B TepMOTpaI-
€HTHBIX YCJIOBUSIX €r0 3KCIUTyaTallud B KOHCTPYKIIUU.
IlepBoiit paxkToOp SIBASIETCS KPUTEPUATBLHBIM TSI pa3BU-

Ths AedopMaliuidi U HANPSXKEHU BCIEICTBUE MPOLIECCOB

JIbA00Opa30BaHusI; BTOPOil (hakTop MpeaornpenessieT Bo3-

MOXHOCTb 1 MHTEHCUBHOCTb HAKOILJICHUS] BJIaTM B OXJIaX-

JTaeMbIX 30HaX BCJEACTBUE €€ MUTPALIMY M3 TETUTBIX 30H.
IIposiBneHne geiicTBUsI 3TUX (PAKTOPOB 3aBUCUT OT CHUJIBI

CBSI3U BOJIbI CO CTPYKTYpOil MaTepuaia, v o3TomMy obecrieve-

HUE MOPO30CTOMKOCTH OETOHA CBA3BIBAETCS CO CIEAYIOLICH

CHUCTEMOM €ro CTPYKTYPHBIX XapaKTEPUCTUK: OOBEMOM TOP U

UX pa3MepaMu, yIeJIbHOM ITOBEPXHOCTHOM SHEPIUEN TBEPAOI

¢azbl 1 Mepoil ee CMaUMBAEMOCTH BOJIOM. Y CIIOBUE MOBBIIIIE-

HUSI MOPO30CTOMKOCTHU, Pa3yMEETCsl, COOTHOCUTCS C HATTUUM-

€M pe3epBHOIO, HE 3allOJIHEHHOTO XUAKOW (ha3oii oobeMa

TMOPUCTOCTU B MaTtepuajie, B KOTOPbI OHa MOXET OTXKUMaTh-

s TIpH JIbA00OPa30BaHNUM B 3alIOJIHEHHBIX BOAOW MTOpax.
JleiicTBe pacCMOTpPeHHBIX (haKTOPOB HEOJHO3HAUYHO U

NUAJIEKTUYHO BJIMSIET HA MOPO30CTOMKOCTh OETOHOB.
OmgHUM U3 BO3MOXHBIX HAIpaBJICHUIN BIUSHUS Ha MO-

PO3HYIO ECTPYKLUMIO M TOBBIIIEHUE MOPO30CTOUKOCTHU

CTPOUTENIbHBIX MAaTEPUAIOB CUMTAETCS TpueM (hopMUpPOBa-

HUSI MUKPOIIOPUCTBIX UX CTPYKTYP. 31eCh KpUTepUaTbHbIM

DI pa3BUTHUSI MOPO3HOTO pa3pylleHUs SIBISIETCST (haKTop

BO3MOXHOCTH Tiepexo/ia XXKUaKkoi ¢assl B Kprodasy (Temrie-

patypy 3amep3aHusi BOIIbl B Marepuaje), KoTopasi 3aBUCUT

OT CHUJIbI CBSI3U BOJIBI CO CTPYKTYpOi MaTepuana. B 3aBucu-

MOCTU OT CTPYKTYpbl Marepuajia 3HauY€HUE TeMIepaTypbl

3aMep3aHus BOJbl B HEM MOXET HaXOAUTBLCS B UHTEPBAJIE OT

0 mo -70°C, a mepa necdhopMUPOBaHUS MaTepraia IIpyu 3aMo-

paxuBaHuu (puc. 3, a, b), ABISIOLIASICS CASACTBUEM U «Te-

CTOM» BO3MOXHOTO MPOSIBJIEHUS] KPUCTAUTU3ALMOHHOTO

NaBJIEHUs TIpU JIbAOOOpPa30BAaHUM, MOXET OTJIWYATbCAd Ha

JIBa TIOpSIiIKA TIPU M3MEHEHUM CPEIHET0 SKBMBAJCHTHOTO

panmyca mmop ot 10 1o 70 HM.

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

It is appropriate to present the data obtained as a result of
the assessment of autoclaved micro-concrete deformations in
the hydrostats with different values of partial pressure of wa-
ter steam. This methodology of testing makes it possible to
obtain the data on the specific shrinkage after removing free,
capillary-saturated, capillary-condensed, adsorption and in-
terlayer water. It is shown that the value of the material spe-
cific shrinkage after removing capillary-saturated and capil-
lary-condensed water are comparable, but within the limits of
one type of water interacting with the material, depending on
its composition and structure the indicators may differ by an
order of magnitude. The effect of adsorption and interlayer
water on the shrinkage according to its specific value is stron-
ger by one-two orders of magnitude than capillary-saturated
and capillary-condensed [15].

The analysis and systematization of mechanisms of dam-
age accumulation in the material from the frost fracturing
[1—6] give basis to allocate two basic factors of control over
frost-resistance of concretes [16]:

1. Factor of water freezing temperature in the porous struc-
ture.

2. Factor of mass conductivity of the material under thermo-
gradient conditions of its operation in the construction.
The first factor is criterial for development of deforma-

tions and stresses due to the process of ice formation; the

second factor predetermines the possibility and intensity of
moisture accumulation in cooled zones due to its migration
from warm zones.

The manifestation of these factors action depends on the
coupling strength of the water with the material structure and
therefore the achievement of concrete frost resistance is as-
sociated with the following system of its structural character-
istics: volume and sizes of pores, specific surface energy of the
solid phase and the measure of its water wetting. A condition
of increasing the frost-resistance, of course, is correlated with
the presence of reserve, not filled with the liquid phase, vol-
ume of porosity in the material, in which it can be squeezed n
the course of ice formation in pores filled with water.

The effect of the factors considered is ambiguous and dia-
lectically effects on frost resistance of concrete.

One of possible ways of the influence on the frost destruc-
tion and increase in frost-resistance of building materials is a
method for forming their micro-porous structures. Here, the
factor of possibility of transition of the liquid phase to cryo-
phase (temperature of water freezing in the material), which
depends on the coupling strength of water with the structure
of material, is criterial for development of frost destruction.
Depending on the structure of material, the value of water
freezing temperature can be within the limits from 0°C to

(PO IBHBIE
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Puc. 3. JunatomeTtpuryeckne apdekTbl Npu 3aMopaxmnBaHnm Cyxmux 1 BOAOHACHILLEHHBIX 6ETOHOB: -X- — Cyxve 06pasLbl; -0- — BOAOHACHILLEHHbIe 06pas3Lbl;
a — HeMoAMOULMPOBaHHBIA MUKPOBETOH Iy, = 25 HM; b — HeMOANPULIMPOBAHHLIA MUKPOBETOH Iy, = 70 HM; ¢ — MOAMDULMPOBAHHBI MUKPOOETOH

Foe = D HM

Fig. 3. Dilatometric effects during freezing of dry and water-saturated concretes: -x- — dry samples; -o- — water-saturated samples; a — unmodified micro-
concrete Rgq iy, = 25 Nnm; b — unmodified micro-concrete Rqq,. = 70 nm; ¢ — modified micro-concrete Req,. = 5 nm

Bricokuii moTeH1IMaa MOPO30CTORKOCTH OETOHOB HOBO-
ro nokoJieHus [17], co3maBaeMbIX Ha OCHOBE CHCTEMHOTO
MOAU(UIIMPOBAHUSI UX CTPYKTYp, B TOM YMCJIe ¥ HA HAaHO-
YPOBHE, TIPEAONPENeIseTCs CAeAyIOIMMHU yCIoBusMu. B
CTPYKTYpE LIEMEHTHPYIOIIETO BelleCTBA JaHHBIX OETOHOB
IMOPOBOE MPOCTPAHCTBO XapaKTEepU3YETCsl MpeodyiagaHrueM
mop ¢ padmepoM 1—5 M. O6paszoBaHus Kprodasbl B HUX B
SKCIUTyaTallMOHHOM JMalia3oHe TeMIepaTypbl BOOOIIEe He
npoucxogut (puc. 3, ¢). DTo OOBICHSIECTCSI TEM, UTO Jeii-
CTBUE CUJI KPUCTAIA3AIWM IS Tepexoia <«CTPYKTYPbI
BOIbI» B «CTPYKTYPY JIbla» OKa3bIBAETCS HEIOCTATOUHBIM
IUUISI COOTBETCTBYIOLIEH MEPEOPUEHTALIMU MOJIEKYJ BOIbBI B
o0beMe MOp M Ha TpaHULe C TBepHoil (ha30ii, MOCKOIbKY
BOJa HAXOJOUTCH B MOJie AEHUCTBUS CUJI SHEPTOHACHIIIIEHHO-
ro o0beMa MopoBOTo MPOCTPAHCTBA.

BoiBoapl

1. Peanuzanus KOHCTPYKIMOHHOIO MOTeHIIMAIa CTPYK-
Typbl BBICOKOTEXHOJIOTUYHBIX OETOHOB B JMAaIla3oHE 3KC-
TUTyaTallMOHHBIX TEMIEPATYPHO-BIAXXHOCTHBIX UX COCTOSI-
HUN OMNpEAESIeTCS XapaKTepoM U CUJION CBS3U TBEPIOM
¢a3bl ¥ ITOPOBOTO IIPOCTPAHCTBA C BOIOM.

2. PaccmoTpeHme MexaHUKO-(DU3UKO-XUMUUIECKON
MPUPOABI Y 3aKOHOMEPHOCTE B3aMMOCBSI3U MEPhl U3MEHE-
HUSI CBOMCTB OETOHOB C €T0 TeMIEePaTypPHO-BIAXKHOCTHBIM
COCTOSTHUEM TTO3BOJIMJIO 0003HAYUTh CUCTEMY CTPYKTYPHBIX
XapaKTEePUCTUK, BIUSIIONINX Ha MPOSIBJICHUE U pean3alinio
KOHCTPYKIIMOHHOTO MOTEHIIMaa Matepuaia. B aToMm cMmbic-
Jie yIpaBjieHne MepOi U3MEHEHUsI KOHCTPYKIIMOHHOTO T10-
TeHLIMajla CTPYKTypoil OETOHOB B 3KCIJIyaTallUOHHOM
LIMKJIE TOJDKHO OCHOBBIBAThCSI HA PETyJIMpOBaHUM OanaHca
CWJI B COOTHECEHUH CO CJIEAYIOIIMMHU MTapaMeTpaMU CTpoe-
HUS: Vg 0 Spis.gr Ame.p — OOBEMOM, TUIOMIAIBIO TOBEPXHO-

-70°C, and the measure of material deformation at freezing
(Pic. 3, a, b), which is a result and “test” of possible manifes-
tation of crystallization pressure in the course of ice forma-
tion, may differ by two orders of magnitude at the change in
the average equivalent radius of pores from 10 to 20 nm.

High potential of frost-resistance of concrete of a new
generation [17] generated on the basis of systematic modifi-
cation of their structures, including at the nano-level, is pre-
determined by the following conditions. In the structure of
cementing substance of these concretes, the porous space is
characterized by the predominance of pores of 1—5 nm size.
The formation of the cryophase in them, within the opera-
tional range of temperatures does not take place at all
(Pic. 3, ¢). It is explained by the fact that the effect of crystal-
lization forces for transition of “water structure” to “ice
structure” is not enough for the appropriate reorientation of
water molecules in the pores volume and at the boundary
with the solid phase since the water is in the area of action of
forces of energy-saturated volume of the porous space.

Conclusions

1. The implementation of the structural potential of high
performans concretes structures in the range of their opera-
tional temperature and humidity states is determined by the
character and bonding strength of the solid phase and porous
space with water.

2. The consideration of mechanical-physical-chemical
nature and regularities of interrelation of the measure of con-
crete properties changing with its temperature-humidity state
makes it possible to outline the system of structural charac-
teristics impacting on the manifestation and implementation
of the material structural potential. In this respect, the con-
trol over the measure of changing the structural potential by
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CTHM W yIAEJIbHOI ITOBEPXHOCTHOM dHEprueil TBepaoul ¢askbl;
¥, — Pa3MEPOM CTPYKTYPHBIX 3JIEMEHTOB; V,,, — 00beMHOI
noJielt nop u dr,,,/dV,,, — pacnpeneseHueM UX Mo pasMme-
paMm; 6 — KpaeBbIM YIJIOM CMauMBaHUs XUIKOCThIO MTOBEPX-
HOCTH TBepAOii (ha3bl.

3. TTapaMeTpbl CTPYKTYPBI BHICOKOTEXHOJOTUIHBIX Oe-
TOHOB MPEAOTIPEAEISIOT OTHOCUTEIBHO HEOOJIBIIION T1ana-
30H U3MEHEHUS MX 9KCIUTyaTallMOHHOTO BJIarocoaep:kaHust
— He 6osee 4—5%. OmHaKoO TIOBBIIICHHAS] CUJIa CBSI3M WX
CTPYKTYPBI C BOJIOM TTPpU MEHBIIIEM 00beMe IOp U UX paany-
ce, MPU MOBBIIIEHHON TUIOIIAAM TTOBEPXHOCTU U TTOBEPX-
HOCTHOM 3HEpTrvMu TBepAol (a3bl 0OYCIOBIMUBAET B LIEJIOM
Bo3pacTtaHue B 1,5—2,5 pa3a BeIWUMHBI YyOEJIbHBIX BJIaX-
HOCTHBIX AeopMaLnii ycagku-Habyxanus Ha 1% n3meHe-
HUSI BJIQKHOCTU (B CPAaBHEHUHU C TPAAULIMOHHBIMU TJIOTHBI-
Mu 6etoHamu). C Apyroil CTOpOHBI, OCOOEHHOCTHU CTPYKTY-
PbI BBICOKOTEXHOJIOTUYHBIX OETOHOB TMPEMSATCTBYIOT pa3BU-
TUIO TIPOLIECCOB JIBAOOOPA30BaHUSI MPU 3aMOPaXXKUBAHUU
BOIOHACHIIIIEHHOTO MaTepuajia B IUara3oHe TeMITepaTyphl
0 — -60°C. D10 OKa3bIBAETCS MIPEATOCHIIKON 1 YCIOBUEM UX
TOBBILLIEHHON MOPO30CTOMKOCTH.

4. VI3aMeHeHUe TeMIIepaTypHO-BIaXXHOCTHOTO COCTOSI-
HUS BBICOKOTEXHOJIOTMUHBIX OETOHOB B B3KCIUIyaTal[MOH-
HOM LIMKJIE MOXET COTPOBOXIATHCS 00Jiee CYIIeCTBEHHBIM
10 CPaBHEHUIO C TPAAUIIMOHHBIMU OETOHAMM, U3MEHEHUEM
MPOYHOCTU. Bojee MHTEHCHMBHOE pa3BUTHE BIAXKHOCTHBIX
nedopMannii MoXeT COMpPOBOXIATHCS BHICOKMM YPOBHEM
HamnpsDKEHUN B KOHCTPYKIMSX Jaxe MPY HE3HAYUTEJIbHOM
M3MEHEHUU 3KCITyaTallMOHHOTO BJIATOCOIEPXKAHUS BBICO-
KOTEXHOJIOTUYHBIX OETOHOB. /11 BHICOKOIIPOYHBIX MOIU-
(uMpoBaHHBIX OETOHOB MX pa3MsTYeHUE TTPU BOJOHACHI-
IIEHUM O0Ka3bIBAETCS CYIIECTBEHHO BBIIIE, YeM ISl Tpalu-
LIMOHHBIX OETOHOB, HE TOJILKO MPY TOJOXUTEIbHBIX, HO U
MpY OTpUIIATEJbHBIX TeMmIrepaTypax. Bce 3To HeobxoaumMo
YUMTBIBATh TIPY OMPEIEICHUM UX PACUYETHBIX XapaKTepu-
CTHUK.
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the structure of concretes during the operational cycle should
be based on regulating the balance of forces in correlation
with the following parameters of the composition: Vy,, S, ¢y,
— volume, area of surface and specific surface energy of the
solid phase, r,, — sizes of structural elements, V, — volumetric
proportion of pores, and dr,/dV, — their distribution accord-
ing to sizes, 6 — nterfacial angle of wetting of the solid phase
surface with liquid.

3. Parameters of high performans concretes structure pre-
determine a relatively small range of change in their opera-
tional moisture content — not over 4—5%. But increased
strength of relationship of their structure with water at less
volume of pores and their radius, at increased area of surface
and surface energy of the solid phase causes the growth of the
value of specific moisture deformations of shrinkage-swelling
by 1.5—2 times, change in humidity by 1% (in comparison with
traditional dense concretes). From other side, features of the
high performans concretes structure prevent the development
of ice formation processes at freezing of water-saturated mate-
rial in he temperature range +0 — -60°C. This is a prerequisite
and condition of their improved frost resistance.

4. Changing the temperature-humidity conditions of high
performans concretes during the operational cycle can be ac-
companied by more substantial change in the strength in
comparison with traditional concretes. More intensive devel-
opment of humid deformations may be followed by high
level of stresses in structures even at the insignificant change
in operational water content of high performans concretes.
For high-strength modified concretes their softening at water
saturation is significantly higher than for traditional con-
cretes not only at positive temperatures but at negative tem-
peratures also. All this should be taken into account at deter-
mining their calculated characteristics.
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