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CBovicTBa BbICOKOMPOYHOIro 6eToHa,
noaBeprHyToro nepuogn4eckomy
BO34EeNUCTBUIO TeMriepaTtypbl

Properties of High Strength Concrete
Impacted by Periodical Freezing-thawing
and Curing under normal conditions

MaccoBoe nprMeHeHUe BEICOKOIIPOYHOIo OETOHA U He-
KOTOPbIE OCOOEHHOCTH €TI0 CBOMCTB 1 TTOBENEHMS MIPU LIMK-
JIMYECKOM BO3ICHCTBUM OTPUIIATEIbHON TeMIlepaTyphl
JIaIOT ITOBOJ 00PaTUTHCS K IIpobIeMe 00beKTUBHOM OLIEHKU
JIOJITOBEYHOCTHU BBICOKOMIPOYHOTO OETOHA TPU CE30HHOM
3aMOpaXXMBaHUU U TIOCJIEAYIONIEM BbIIEPXXUBAHUN B HOP-
MaJIbHBIX YCJIOBUSIX.

OOBeKT Mccae0BaHN — BHICOKOITPOYHBI OETOH, MPH-
TOTOBJIEHHBIH C UCMOJB30BAHUEM TPAAULIMOHHOTO LIEMEHTA
U 3aToJIHUTENIeH, a TaKXKe OpraHOMUHEPATIbHOTO MoarGU-
katopa Mb-30C, conepxaliero B cBoeM COCTaBe MUKPO-
KpeMHe3eM, 30JTy-YHOC U CyIepIuiacTudukaTop.

HccnepoBaii M3MeHEHUSI OCHOBHBIX (DU3MKO-TEXHU-
YeCcKMX CBOKMCTB OeTOHA, MpeaomnpeaesisioiMX dKCIyaTa-
LIMOHHYIO HaIeXKHOCTh KOHCTPYKIIWI B 3aBUCUMOCTH OT Te-
PUOIMYECKOTO BO3MEUCTBUSI HU3KOW OTPULIATEILHON TeM-
MepaTypbl C MOCJEAYIOUIUM BbIIEPXKUBaHUEM B HOPMaJlb-
HBIX TEMIIePaTYPHO-BIAXKHOCTHBIX YCIOBUSIX.

DKCIMEepUMEHTATBLHO OTPENSsIn MPOYHOCTh MPU CXKa-
TUM (KyOMKOBYIO, IPU3MEHHYI0), CTAaTUUECKUI U JUHAMM-
YECKUI MOIYJIU YIIPYTOCTU, CKJIOHHOCTb K IIETYIIEHUIO 1O
U3MEHEHUIO Macchl, TUG(HY3MOHHYIO TPOHUIIAEMOCTb, OT-
HOCUTEJIbHBIE AeopMaIvu.

HccrnenoBanusi MpOBOAMJIMA Ha TPeX Pa3sHOBUIHOCTSIX
BBICOKOIIPOYHOTO OETOHA, OTIMYAIOIIMXCS MeXOY COOOoM
BEIIECTBEHHBIM COCTaBOM LIEMEHTHOTO TecTa (Tadiu. 1).

B kauecTBe KOHTpOJLHOIO oOpasla

Mass application of high-strength concrete and some
features and behaviors under cyclic influence of negative
temperature gives a reason to refer the problem of objective
estimation of the high strength concrete durability while
seasonal freezing and forward keeping in normal condi-
tions.

Research object is high strength concrete (HSC), pre-
pared with ordinary cement and aggregates, and organic
mineral modifier MB-30C, which contains micro silica, fly
ash and super-plasticizer.

Changes of base physical-technical properties of concrete
were researched, which determined construction serviceabil -
ity depending from periodical influence low negative tem-
perature with subsequent curing in normal temperature and
humidity conditions.

Compressive strength (cubic, prism), static and dynamic
module of elasticity, concrete scale through mass changing,
diffusion permeability, relative deformations were deter-
mined experimentally.

Researches were provided with three high strength con-
crete varieties, distinguished by material composition of ce-
ment paste (tab. 1).

The concrete with a high cement consumption and su-
per-plasticizer admixture based on naphthalene formalde-
hyde poly condensates was used in the control specimen.
Cement consumption in other two samples was reduced by

WCIIOIb30BAIA OETOH C IOBBIIIEHHBIM TaG:ul;.:,a:
pacxomoM lieMeHTa U 100aBKOW cyrep- able
IUIacTUrKaTOpa Ha OCHOBE CYIb(PUPO- B 3 .
= Coctas 6eTOHHOI CMeCH, Kr/M CaolicTaa cmecH
BaHHBIX HaQTalMH-QOPMAIBICTUIHBIX ] % Concrete mixture composition, kg/m® Mixture properties
NOJIMKOHACHCATOB. B 1BYX Apyrux o6- || £ &
a30ax KOJIMYECTBO LIEMEHTA CHWXXEHO | 8 E
ﬁa ?10 u 120 kr/M 1?0 CONEPXAICS Op- =8| U n|w]| . |[ms3c|cn|ks [Bum]B/uMme) [ OKom |1, Kr/M33 Vg %
R P ] . N
TAHOMUHEDAIBHEIH MOTHBHKATOP B KO- 2l c| s | A | w/|[mB3c]| sp| SE|weC]|W/(CMB)|slump,cm |y, kg/m® | V,, %
smaectBe 20% Macchl LIEMEHTa U CTPYK-
TypooBpasyiomasl 106aBka. CoCTap Ge- 1 585 | 690 | 965 | 150 - 7 - 10,26 0,26 20 2396 2,1
TOHHBIX CMeCEH NONOMPANH Tak, UTO0bL || o | 75 | 765 (g50 | 145 [ o8 | - [ - |oa1| 025 2 223 | 2
LIEMEHTHOE TeCTO (LIeMeHT + Momudu- ’ :
Katop + Boza + BOBJICYCHHBII BO3/IyX) 3 | 465|740 [ 930 [ 145 | 96 - 105]031] 02 22 2375 4
BO BCex o0pasliax MMeJI0 OJWHAKOBBIN

06beM 0,36940,01 M>. DTO BO MHOrOM
MPEeONpPee/II0 MOMyYeHHe Tpex 00-
pa3LOB CMeceil MpPaKTHYeCKU paBHOI
MOJBUKHOCTH, OTIMYAIOLIEHCS He 6O-
Jiee 4eM Ha 2 CM.

Mpumeyanms: L - uemenT; M- necok; LLL - webeHs; B - Boga; Cl - cynepnnactudukatop; K3 - kpemHuii-
opraHmuyeckas amynscus; OK - ocapka KOHyca; ¥ - NNOTHOCTb; Vg, — BO3AYXOBOBIIEYEHME.

Remark. C - cement; S - sand; A - aggregate; W - water; SP - superplasticizer; SE - silica organic emultions;
v - density; V, - involved air volume.
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Kaxk n3BecTHO, MOPO30CTOMKOCTH OETOHOB IOBBIIIIACTCS
[IpY JO3UPOBKax Moandukaropa g0 10% maccel, 3aTeM CHU-
xaetcd [1]. HazHaueHHass mpu mombope cocTaBOB OeToHa
HaMepeHHO MOBBILIEHHAS BABOE JO3UPOBKA, HEPALIMOHATb-
Hasl ¥ JIMIIeHHAs MPaKTUYEeCKOTO CMBIC/IA C TOUKU 3PEHUS
obecIieyeHUsI MaKCUMAaJTbHOM MOPO30CTOMKOCTH, TaeT TeM
He MeHee BO3MOXHOCTb YCUJIUTD JI€CTPYKIINIO TTPU IIUKJIIH-
YeCKOM 3aMOpPaKMBaHUU-OTTAaMBAHUM U YCKOPEHHO TIPOBe-
CTHU 9KCTIEPUMEHT.

Martepuaiibl, UCTIOJb30BAHHBIE [JIS1 TPUTOTOBJAEHUS Oe-
TOHA, UMEJTU CIIEAYIOIINe XapaKTePUCTHKH:

— nopwmiagauemedt Mmapku I111 500-10-H, TOCT 10178—85;

— mecok ¢ M,, = 2,8, TOCT 8736-93;

— 1ebeHb IPaHUTHLIN poyHOoCcThI0 M 1400 dp. 5—20 MM,
I'OCT 8267-93;

— cynepruiactugukarop C-3 Ha OCHOBe Cylab(UpOBaH-
HbIX HabTIMH-(GOPMATIBAETUIHBIX MOJUKOHIEHCATOB,
TV 5870-002-58042865—03;

— opraHoMuHepadbHBII Momudukatop Mb
TV 5743-083-46854090—98;

— KpeMHuitopranmyeckas smyiabeuss KD 30-04 50% xkoH-
ueHtpauuu, TY 2251-035-00209013—-2004.
XapakTepUCTUKN OeTOHA TOCJie TBEPAECHUST B TeUeHUE

28 cyT B HOPMAaJIBHBIX TeMIIEPaTypHO-BIAXXHOCTHBIX YCJIO-

Busax (t=20+2°C, oTHOCHTENbHAs BIAXHOCTH 96—98%)

MpuBeneHHI B Ta0JI. 2. I1o IpOYHOCTHU IIpU CXKATUU C YIETOM

KoadduimenTa Bapuanuu 13,5% oOpasiibl COOTBETCTBOBA-

Jm kinaccaMm B60—B70.
3HaYeHUs XapaKTEePUCTUK B TaOJI. 2 TIPUHSATHI B KaYeCT-

B€ MCXOMHBIX BEJIMYMH, OTHOCUTEIBHO KOTOPBIX BIOCTIE-

CTBUM OLIEHWBAJIN U3MEHEHHUS TIPU BBIIEPXKMBAHUM OEeTOHA

B Pa3HBIX YCJIOBUSIX.

YcnoBus BbIIEpXKUBaHUS 00Pa31OB MPUBOISTCS HILKE.

I cmaodus: 3aMopaxuBaHue-OTTaMBaHUE TPU TEMIIe-
parype -50°C B 5% pactBope NaCl mo III meromy
T'OCT 10060.2—95, 3ateM B TeueHUe 28 CYT BBIAEPXKUBA-
Hue obpasuos npu tremieparype 20°C B BO3AYIIHOM U BO-
JIHOM cpefax IpHU BIAXHOCTU COOTBETCTBEHHO 96—98%
u 100%.

11 cmadus: 37 UMKIIOB 3aMOpakMBaHUSI-OTTaUBAHMSI, 32~
TeM B TeueHMe 28 cyT BbiepxkvBaHue ripu 20°C B Bo3ayII-
HOW ¥ BOIHOM cpeaax.

HcnbiTaHus MPOBOIMIM TIOC/IE TIEPUOOB 3aMOpakBa-
HUSI-OTTAaMBaHMS M YEPEIYIOUIMMUCS ¢ HUMU MepUOIaMHu
BOCCTaHOBJIEHUST B HOPMAJIbHBIX YCJIOBUSIX.

It aHaM3a pe3ysTbTaTOB KCIIEPUMEHTa UCIIOb30Ba-
JIA IBa MOKa3aTeIsl: CTeNeHb AeCTPYKIUU U CTeTleHb CaMo-
3ayeurBaHus. [lom mepBBEIM Moapa3yMeBaeTcsl U3MEHEHHUE
TOM WJIM MHOM XapaKTepPUCTUKU OeTOHA B TEUEHUE OIHON
cTanum sKcrepuMeHTa. Onpeaensiv OTHOIIeHE 3HAYSHUST
(busnyeckoii xapakTepuCTUKU 0 Havyasa HIUKIMYEeCKOTo 3a-
MODPaXMBaHUS K 3HAUEHUIO TOM K& XapaKTepUCTUKU MOocse
37 UMKIIOB 3aMOpaXBaHUSI-OTTaBAHMSI.

ITox BTOpBIM MoOKazatejaeM Toapas-

10-30C,

110 kg/m> and 120 kg/m?, and there contained an organic
mineral modifier in amount of 20% of cement mass and mi-
crostructure forming admixture. The design of concrete
mixtures was chosen in such way that the concrete paste
(cement+modifier+water+involved air) in all three samples
had the same composition. That case in many respects had
determined the receipt of three specimen of concrete mix-
tures with a practically equal workability that differed not
more than 2 cm.

As generally known that frost resistance of concrete raises
at modifier dosages to 10% of weight, then decreases [1].
Appointed at selection of compositions of concrete inten-
tionally doubled consumption, not rational and deprived of
practical sense from the point of view of ensuring the maxi-
mum frost resistance, gives the chance to strengthen, never-
theless, a destruction is enforced at cyclic freezing thawing
and is accelerated to make experiment.

The materials used for the preparation of concrete, had
the following characteristics:

— portland cement of the mark PC 500-D0-N according to
GOST 10178-85;

— sand with finess modulus = 2,8, according to GOST 8736—93;

— aggregate hardness of M1400 5—20 mm, according to
GOST 8267-93;

— a super-plasticizer S-3 admixture based on naphthalene
formaldehyde poly condensates, according to technical
specifications 5870-002-58042865—03;

— the MB organic mineral modifier 10—30C according to
technical specifications 5743-083-46854090—98;

— the organic silicon emulsion of KE 30-04 50% the con-
centration, according to technical specifications 2251-
035-00209013—-2004.

Characteristics of the concrete after curing for 28 days at
normal temperature and humidity conditions (t=20+2°C,
relative humidity 96—98%) are shown in tab. 2. On a com-
pressive strength, taking into account a variation factor
13,5%, specimens according to B60—B70 class.

Values of characteristics in tab. 2 were taken as a refer-
ence of initial magnitudes concerning whom subsequently
changes were evaluated at a curing of concrete in different
conditions.

The condition of specimen curing are given below.

Stage I: freezing-thawing at -50°C in 5% NaCl solution
by the method of GOST 10060.2—95 III, then within 28 days
of holding the samples at 20°C in air and water, respectively,
with a moisture content of 96—98% and 100%.

Stage II: 37 cycles of freezing and thawing, then within
28 days of conditioning at 20°C in air and water.

Tests after periods of freezing and thawing, and alternat-
ing with periods of recovery in normal conditions were car-
ried out.

For the analysis of the experimental results using two
measures: the degree of destruction and the degree of self-

YMEBAETCSI OTHOLICHUE 3HAYEHUS OJ- Ta611_1ul::,a§
HUX M TeX Xe XapaKTepuCTHK GeToHa, able
g;);gceeIf}?:g:i(ﬂ%?{ﬁ?{?}l{];ﬁgrgo Hggggg? XapakTepucTuki B BO3pacTe 28 CyT HOpManbHOro TBEPAEHNS
Properties in age 28 days normal curing

HOBJICHUS. <58

Ha HayanbHBIX CTamMsX LUKIAYe- ?En‘ § EE MpoyHocTb, MMa Mogaynb ynpyrocTu, IMa
CKOro 3aMOpaxKMBaHUA-OTTaAUBaHUSA 8219w s KoadduuneHt anddyaum,

SE|l QS Strength, MPa Modulus of elasticity, GPa 9

(10 1 20 MKIIOB) MPOYHOCTH 00PA3LOB- | = 8 g8 1x10”% cm?/c
Ky6OB OTHOCUTEJILHO KOHTPOJILHOTO Ky6MKOBaH NP1U3mMeHHas cTaTnyeckui [AVHAMUYECKMiA Coefﬂc'enTQOf dlzﬁusmn,
YPOBHSI Y MOANDUIMPOBAHHOTO OETOHA cubic orism static dynamic 1x10% em/c
MOBBIIIAETCS, TOTAA KAK Y KOHTPOJIBHO-
ro o6pasiia He3HAYMTEIbHO CHUXKAETCS 1 B60 763 794 358 494 308
(meHee 5%). i i i i

C YBCIMUYCHUEM KOJIMNYECTBA LIUK- 2 B70 89,2 83,1 44 477 3,2
JIOB TIPOUCXOIUT PE3IKOE YyMEHbIIE-
HUE MPOYHOCTH, YTO IPOSIBUJIOCH Ha 3 B70 88,1 83,8 46,7 48,8 3.1
37-M 1ukJie. 3aMeTUM, YTO HEKOTOpPOE
(‘ THOUTESFEE  HAYyUHO-mexHuMecKull U NpOU3800CMBEHHbLI JHCYPHAN
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TOBBIIIIEHWE TPOYHOCTH HAa PAaHHUX CTaIUSIX 3aMOpaXknBa-
Hus B pactBope NaCl yxe Habmoganu [2] 1 CBSI3aHO OHO ¢
BJAMSIHUEM XJIOPUIOB, MHTEHCUDUIMPYIOIIUX THAPATALIMIO
1ieMeHTa rpu ortanBaHuu. [lomoOHast KapTUHA XapaKTepHa
JIJ1s1 OOBIYHOTO 6E€TOHA, UTO MOATBEPKAAIOT, HAIIPUMED, pe-
3yJIBTAThl UCTIBITAHUI OeTOHA, TTOABEPTHYTOTO 3aMOPaKH-
BaHUIO-OTTAMBAHUIO B TPUCYTCTBUM COACPKAIIUX WOHBI
Cl™ coneit anHTuoOaeaeHuTeNeH [3].

OCc00eHHOCTBIO BceX pa3HOBUIHOCTE! OETOHA SIBJIIETCS
TO, YTO CHMXKEHUE TTPOYHOCTH BCJAEACTBUE NE€CTPYKTUBHBIX
MPOLIECCOB, CBSI3aHHBIX C 3aMOpaKMBaHUEM-OTTauBaHUEM,
YAaCTUIHO KOMITEHCUPYETCS TTPUPOCTOM ITPOYHOCTH, CBS-
3aHHBIM C caMoO3ajJeuMBaHWEeM B BOCCTAHOBUTEJIBbHOM
repuoze.

CrerneHb AECTPYKLIMM TOCTIE€ MOPO3HOIO BO3AEHCTBUS
y MOIM(pUIMPOBAHHOIO GETOHA MEHBIIIE, YEM Y KOHTPOJIb-
HOTO, HO CTeTIeHb CaMO3aJIeYMBaHUS PAKTUUECKY OIMHAKO-
Ba uiu Bbile (Tadu. 3). CreneHb caMo3ajieYMBaHMS 3aBUCUT
OT BJI&XKHOCTHU CPeIbl B BOCCTAHOBUTEIBHBIN TTEPUO: B BOJIE
rpu 100% BIaXXHOCTU OHA BBIIIE, Y€M B BO3MYLIHOW Cpeje.

BoinepxrBaHue B BOIHOI Cpejie MOXET CIIOCOOCTBOBATh
MOBBIIIEHUIO MMPOYHOCTHU TOCJIE CHIKEHUS TIPU LUKIUYe-
CKOM 3aMOpPaXMBaHUU JI0 YPOBHSI, COOTBETCTBYIOIIETO J0-
nyctumoMy 'OCTom 5% 3HayeHUIO TOTEpU TMPOYHOCTH
TIPY UCTIBITAHUSIX HA MOPO30CTOMKOCTh. BTO 03HAYAET, YTO
YAaCTUYHO YTPAYCHHbIN MPU 3aMOPAKMBAHUU IIPOYHOCTHOMN
MoTeH1Maa 6eTOHAa MOXET ObITh BOCCTAHOBJICH.

M3MeHeHue Macchl, CBSI3aHHOE C LIEeNyIIeHUeM, Oompe-
nenstmy o FOCT 10060.0—95. B mporiecce AByX MOBTOPSIIO-
IIUXCSI CTaAWil MCTIBITAHWI B oOpasiax MoaupuimpoBaH-
HBIX OETOHOB TIOTEPsI MacChl HE3HAUMUTEIbHA W HE TIPEBBI-
maet 2%, T.e. B Ipeaeiaax HOPMBI, YTO OTIMYAET UX OT
00BIYHOrO OETOHA 1 OTMEUAI0Ch paHee [4]. DTo mposBIseT-
Cs ¥ Ha BHEILIHEM BUJE MPU KaueCTBEHHOM olleHKe 00pa3-
1IOB: OTCYTCTBUE BUAMMBIX Ae(EKTOB U XOPOIIIO COXpPaHUB-
mrasicst ¢popMa 00pas31oB ¢ MOAM(MUKATOPOM Pe3KO KOHTpa-
CTUPYIOT C KOHTPOJBHBIM 00Pa31IoM.

[lenymeHye Mpyu 3aMOPaKMBaHUU B COJISIX, KAK U3BECT-
HO [2, 3], cBA3aHO ¢ TaKUMHU (haKTOpaMH, KaK BOIOIOIJIO-
IIeHKe, T.€. C TJIOTHOCThIO CTPYKTYPbl, U PEaKIIMOHHOI
CIMOCOOHOCTBIO LIEMEHTHOI'O KaMHSI MO0 OTHOIIEHUIO K XKUJI-
KOMY arpecCMBHOMY areHTy, B JaHHOM CJy4ae K XJIOpHUJ-
HMOHaM, cofepxamuMmcs B 5% pactBope xiopuna Hatpust. K
TOMY € PaCTBOPMMOCTD MOPTIAHANTA 3HAUUTEIBHO TTOBbI-
maetcst B pactBopax NaCl [2]. Tak Kak IUIOTHOCTb, WU He-
MPOHULIAEMOCTb MOIM(PULIMPOBAHHOTO OETOHA 3HAYUTEb-
HO BBIIIIE, YTO MOATBEPKAaeTCS JAHHBIMU O XapakTepe aud-
(epeHuMaNbHON TTOpUCTOCTH [12] M MOTYYEeHHBIMU B 9KC-
TIepUMEHTE pe3yIbTaTaMU1 UCTTBITAHUH T dY3nOHHOM TTPo-
HMIIAeMOCTH, a (ha30BbIi COCTAB LIEMEHTHOTO KaMHS OTJIM-
4aeTcs OT OOBIYHOTO (KOHTPOJBbHOI0) MUHUMU3UPOBAHHBIM
collep>XaHUeM KPUCTAJUIOB MOPTJIaHAUTA, CTOMKOCTD K IiIe-
JIYIIEHUIO Y HETO B OTJIMYME OT OOBIYHOTO TAKXKE BBIIIIE.

XapakTep U3MEHEHMST CTaTUYECKOTO MOAYJISI YIIPYTOCTH
Mogo0eH M3MEHEHUI0 TMPOYHOCTH TIpu cxatuu (puc. 1).
OpHako Ipy BOCCTAHOBJICHUHU B BOIHOM cpelie 3aMeTeH 00-
Jiee MHTEHCUBHBIA B CpPaBHEHMU C MPOYHOCTHIO MPUPOCT
3HAYEHU I MOMYJIS.

Ecnu o ucreyenuu Il ctanuu nmeproamyeckoro 3aMo-
pakUBaHUS-OTTaMBaHUS M BoccTaHoBIeHMs Tipu 100%
BJIAXXHOCTU TPOYHOCTh OETOHA, HANpuMep MOAUMUIIMPO-
BaHHOTIO (cocTaB 3, TabJ1. 2) CO CTPYKTYpOOOpa3yIoleit 10-
0aBKOIf, MOXET YMEHBIIUTbCS B CPAaBHEHUU C MCXOTHBIM
3HaYeHUeM Ha 5%, TO CTaTMYECKMiII MOIY/Ib MPU TeX Xe
YCIIOBUSIX HE HMXKE MCXOMHOro 3HaueHus (puc. 1 u 2, 6). B
JTAHHOM CJTy4yae 3TO He TOJIbKO CBUJIETEILCTBO BEICOKOM CTe-
MEeHU camMo3ajieYMBaHs CTPYKTYPbI, HO U CJIEICTBUE BOAO-
HACBHIIIICHUSI MaTepuaia, KOTOpoe CIOCOOCTBYeT, KakK W3-
BECTHO [ 7], IOBBIIIEHUIO 3HAYEHUIA MOIYJIsI YIIPYTOCTH.

JuHamMuyeckuii Momyiab yrpyroctu (JAMY) sBiasercs
OITHOW 13 HauboJiee JOCTOBEPHBIX XapaKTEPUCTUK MaTepu-

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

healing. Under the first change meant some concrete perfor-
mance during one stage of the experiment. Determined the
ratio of the physical characteristics of the cycles before freez-
ing to the value of the same characteristics after 37 cycles of
freezing and thawing.

Under the second index means the ratio of the value of
the same characteristics of the concrete after the recovery
period up to the value assigned to the recovery.

In the initial stages of the cycle of freezing and thawing
(10 and 20 cycles) the strength of the samples cubes with re-
spect to a reference level of the modified concrete was in-
creased, while the control sample decreased slightly (less
than 5%).

As the number of cycles, a sharp decrease in the strength
was occurred, this showed a 37 cycle. Note that some in-
crease in strength in the early stages of freezing in NaCl solu-
tion was observed [2], and it was connected with the influ-
ence of chloride, intensified the hydration of cement during
thawing. Such a situation is typical for conventional con-
crete, which was confirmed, for example by the results of tests
of concrete subjected to freeze-thaw cycles in the presence of
ions containing Cl~ defrosting salts [3].

A feature of all types of concrete was that the reduction in
strength due to the destructive processes associated with
freezing and thawing, partially offset by the increase of
strength associated with self-healing in the recovery period.

The degree of destruction after frost exposure in modified
concrete was less than it was in the control, but the degree of
self-healing was almost the same or higher (tab. 3). The de-
gree of self-healing depends on the humidity of the environ-
ment in the recovery period: in water, at 100% humidity, it is
higher than in air.
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Puc. 1. OTHOCKTENbHbIE 3HAYEeHUS CTaTUHECKOro MOAyNa ynpyroctu (AE,;)
npwv ABYXCTaANNHOM LIMKINYECKOM 3aMOpaxnBaHUn-oTTansaHum n BoccTa-
HOBJIEHMW Ha Bo3ayxe (a) v B Bode (6) npu Temneparype 20+2°C (100% Ha
OCM OpAVHAT COOTBETCTBYIOT aBCOMOTHLIM 3HAYEHNSIM UCXOAHbIX XapakTe-
puUCTKK No Tabn. 2)

Fig. 1. The relative values of static modulus of elasticity (AEg) with two-
stage cyclic freezing and thawing, and recovery in air (a) and in water (b) at
20+2°C (100% on the vertical axis correspond to the absolute values of
baseline characteristics on Table 2)
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Puc. 2. OTHOCUTESNIbHbIE 3HAYEHUS AUHAMUYECKOro Moaynga ynpyrocTtum

(AE,,,,,) Np1 ABYXCTAANNHOM LMK/IMHECKOM 3aMOPaX1BaHNM—OTTanBaHum 1

BOCCTaHOBJ/IEHVM Ha Bo3ayxe (a) 1 B Bode (6) npv TemnepaType 20+2°C

Fig. 2. The Relative values of dynamic modulus of elasticity (AEy,,) with two
stage cyclic freezing and thawing, and recovery in air (a) and in water (b) at
20+2°C (100% on the vertical axis correspond to the absolute values of
baseline charecteristics on Table 2)

ajga, OTPaXKamllIMX COCTOSIHUE €ro CTPYKTYPhl C YU4ETOM
IUIOTHOCTHU. [T03TOMY MOHUTOPUHT €r0 U3BMEHEHUS JICKUT B
OCHOBE OLIEHKHM MOPO30CTOMKOCTM IO HEKOTOPBIM 3apy-
OexXHBIM cTaHmapTaM, Harmpumep ASTM C666, u mpeny-
cMotpeH npoekroM HoBoro 'OCT 10060.0—2011 «MeTtombt
onpeaeaeHUs] MOPO30CTOMKOCTU. OOIMe IOJOXEHUSI».
XapakTtep usmeHenust MY nmeet o011re 4epThl ¢ IPOYHO-
CTBI0O U CTaTMUYECKMM MOJIYJIeM, OJHAKO 3aMeTHa 3Hauu-
TeJIbHAsl pa3HUIlAa B OTHOCUTENIbHBIX 3HaueHusX. Ecau nu-
HaMUYECKUI MOAYJIb MOAU(UIIMPOBAHHOTO OETOHA Toce
NIByX CTaJWil BBIAEPXUBAHUS YMEHBIIAETCSI OTHOCUTEIHHO
HCXOIHOM BeJMYMHBI He Oosiee yeM Ha 8%, TO Yy KOHTPOJIb-
Horo obpasiua — Ha 20% (puc. 2). DTo CBsI3aHO ¢ 00pa3oBa-
HUEM NeeKTOB B CTPYKTYpe, Ha KOTOPOE HaKJIaabIBaeTCsI
0oJiee CylleCTBEHHAs MOTEPS] MACChl BCIEACTBUE ILEyIlIE-
HUSI KOHTPOJIbHOTO oOpa3siia 6eToHa.

Jnddy3noHHYI0 TIPOHUILIAEMOCTh OIIPEACISIM COLJIac-
Ho MeToauke Jadopatopuun Ne 13 HUMKDB um. A.A. I'Bo3-
neBa u3MepeHueM Koadoduimenta auddysuu, KOTOpbIA
oTpaxaeT XapakTep MOPOBOH CTPYKTYPhI, B YACTHOCTU 00-
1IYI0 TUIOIIAAb KanuuisipoB. M3 moydyeHHBIX JaHHBIX Clie-
JIyeT, 4TO MPOHUIIAEMOCTb JIJIsl XJIOPUI-UOHOB MOAUDULIMN-
poBaHHOro 0etoHa (2 1 3) Ha MOPSIOK MeHbIIe (Tadi. 3),
yeM KOHTPOJILHOTO o0Opa3lia aHaJJIOTUYHOI TTPOYHOCTH, UTO
BBISIBJICHO paHee [8] 1 CBSI3aHO ¢ 0COOEHHOCTSIMU (ha30BOT0
COCTaBa W MOPUCTOCTU LIEMEHTHOTrO KaMHsl. OJTHaKo y MoO-
InUIMPOBAaHHOTO OeTOHAa B TPOIECCe ABYXCTAIUITHOTO
SKCMEPUMEHTa BeJIMYMHA MPOHUIIAEMOCTH TIOUTHU TOJIHO-
CTBIO BO3BpAIAETCS K UCXOMHOMY 3HAYCHUIO B OTJIMYME OT
KOHTPOJIBHOTO.

YacTtuyHOE BOCCTaHOBJEHUE MPOYHOCTU OETOHA, MOMI-
BEPrHYTOTr0 3aMOpaKMBaHUIO-OTTAUBAHUIO, TIPU JajbHEM-
IIeM BBbIOEPXWBAHUM B HOPMAJIBHBIX TEPMOBJIAXXHOCTHBIX

(Y PONIEIIBHBIE

Curing in the water environment may contribute to the
increase of strength of concrete after degradation during the
cyclical freezing to levels refer to the allowable value at 5%
strength loss when tested in frost. It means that concrete
strength potential which lost while freezing could be restored.

The change in mass associated with scaling, determined
according to GOST 10060.0—95. During the two repeating
stages of tests in samples modified concrete mass loss was
negligible and did not exceed 2%, which is within the normal
range, which set them apart from ordinary concrete and was
previously noted [4]. This is manifested by the appearance of
the qualitative evaluation of samples: no visible defects and a
well-preserved specimen with the modifier form sharply con-
trasts with the control.

Flaking while freezing in the salts is well known [2, 3],
due to factors such as water absorption, i. e, the density of the
structure and reactivity of the cement paste to the liquid cor-
rosive agent, in this case, chloride ions containing 5% sodium
chloride solution. In addition, the solubility of portlandite
increases significantly in solutions NaCl [2]. Since the den-
sity or impenetrability modified concrete is much higher,
which is confirmed by data about the nature of differential
porosity [12] and the results obtained in experiments testing
the diffusion permeability, and the phase composition of the
cement is different from the normal (control) to minimize
the content of portlandite crystals, it has resistance to flaking
also higher in contrast to the usual.

Nature of the change of static modulus of elasticity simi-
lar to changing the compressive strength (Fig. 2). However,
the recovery in water has more intense in comparison with
the strength, increase the values of the module.

If at the end of stage II of the periodic freezing and thaw-
ing and recovery at 100% humidity strength of the concrete,
such as modified (the composition of 3, Tab. 2) with the
structure-forming additive, may be reduced in comparison to
the initial value of 5%, values of the static module in the same
conditions are not less than the initial value (Fig. 1 and 2, b).
In this case it is not only evidence of a high degree of self-
healing structure, but also a consequence of water saturation
of the material, which helps, as it is known [7], increasing
values of the modulus of elasticity.

Dynamic modulus of elasticity (DME) is one of the most
significant characteristics of the material, reflecting the status
of its structure with the density. Therefore, monitoring for
changes is the basis of assessment of frost resistance by some
foreign standards as ASTM C666 and provided by the draft of
the new GOST 10060.0—2011 «Methods for determination
of frost resistance. General Provisions». Nature of the change
DME has common features with the strength and static
modulus, but a significant difference in the apparent relative
values. If the dynamic modulus of the modified concrete after
two stages of aging is reduced relative to the initial value of
not more than 8%, then the test sample — 20%. This is due to
the formation of defects in the structure, which is superim-
posed on a more significant weight loss due to flaking of the
control sample of concrete.

Diffusion permeability was determined according to the
method of laboratory No 13 NIIZhB named after
A.A. Gvozdev by measuring the diffusion coefficient, which
reflects the nature of the pore structure, in particular the total
area of the capillaries. The data obtained indicate that the
permeability to chloride ions modified concrete (2 and 3), an
order of magnitude (tab. 3) than the control sample of similar
strength, which was detected earlier [8], due to the peculiari-
ties of the phase composition and porosity of the cement.
However, the modified concrete in the two-stage experimen-
tal value of the permeability is almost completely returned to
its original value, as opposed to the control.

Partial restoration of the strength of concrete subjected
to freeze-thaw cycles, with further storage in normal hygro-
thermal conditions pointed out by other researchers, linking
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YCIOBUAX OTMEUaIH Ipyrue UCCiIenoBa-

Ta6nuua 3

TEJIN, CBA3LIBAS 3TO C MPOIOJIKAIOLIEA- Table 3

Ccs TUOpaTtauueil LieMeHTa, a UMEHHO

BOBJICYCHHEM B IPOLIECC OCTATOYHOTO | & o | cranns Il crapms

KJIMHKepHOro (oHAa B LeMeHTHoM | 5 B | Cocrasno | stage Il stage

KaMHe, 4TO CHOCO6CTByeT KOJIbMaTalnumn §_ % Tabn. 1 Camo3ane4unaHue Camo3ane4usaHme

MUKpOIedeKTOB CTPYKTyphl. OmgHa u3 (';é e Composition [ecTpyKuus Self-healing JlecTpykumst Self-healing

I1IOCJIICAHUX HYGHI/IKaL[l/Iﬁ [9] I/IHq)OpMI/I— % 6 asintab. 1 Destruction Ha Bo3ayxe | BBoge Destruction Ha Bo3ayxe | BBoge

pyeT, YTO HMHTEHCMBHOCTb Ipoiliecca | =< air water air water

KOIbMAaTalldi MIUKDOTPCLIIH, KOTOPBIN MpoyHocTb Npu cxatum / Compression strength

CIIPAaBEIJINBO HA3bIBACTCS CaMO3aJIeyn-

BaHueMm (selfhealing), HanpsiMyo 3aBu- 3 o 1 1,22 1,07 1,12 1,19 1,04 1,04

CHUT OT BJIAXKHOCTU CpEAbI: B BOAC OHa ] -g 2 1.19 1.05 1.14 124 1.06 111

BBILIIE, KAK CJIEAOBANIO OXUIATh, Gonee [ & O ’ : : ’ : '

TOro, OHa BO3PACTaeT C YBeIMUYEHHMEM | < 3 L 1,03 1,07 1,13 1,04 1,07

Haropa BOIHLI. Ilo TIOJIY4YE€HHBIM JaH- =3 1 1,18 1,11 1,07 1,23 1,01 1,05

HBIM, 3TO B OOJIbIIEH WJIM MEHbIIEH % c

CTEIIEHU IIPOSBISACTCA HE TOJbKO Ha = § 2 1,14 1,13 1,17 1,04 1,08 1,12

MPOYHOCTUA, HO U HA IUIOTHOCTH, MPO- 3

HULIAeMOCTH, 1e(hOPMATUBHOCTH. - 3 11 1,12 115 103 11 1.14
W3 tabu. 3 caemyer, 4TO CTEIIEHb Je- MoTepst Maccs! / Mass loss

CTPYKLMM, OIpPEIEIEHHas MO WU3MEHe- ] 118 103 103 116 109 11

HUI0O OCHOBHBIX (PU3UKO-TEXHUUECKUX : ‘ ‘ - : -

XapaKTEPUCTUK, y 0OpasloB Mogudu- 2 1,03 1,03 1,03 1,04 1,02 1,03

LIMPOBAHHOTO OETOHAa MEHbIIE, YeM Y 3 1,02 1,02 1,02 1,03 1,05 1,06

OBbIMHOTO, A CTEMEHb CaMO3ajleunBa- Mogaynb ynpyroctn / Modulus of elasticity

HuUs Bbllle. B 1iel0M Npu MOBTOpPSIIO-

IIMXCS LUKJIaX CBOMCTBA MOAUGDUIIUPO- g 1 1,07 1,02 1,03 1,2 1,04 1,06

BaHHOTO 0eTOHA OTHOCUTEIBHO MCXOJ- 82

HOTO COCTOSIHMSA YXyIIIAlOTCd B R 2 1,03 1,05 1,09 1.2 1 117

MeHblIiei crenenn. Ipuunna B ocoben- || 5 3 1,06 1,04 1,11 1,03 1,06 1,1

HOCTSIX CTPYKTYPbl LIEMEHTHOTO KaMHS

1 0eToHA W B MOTEHIIMAJe THIpaTalliu ’g 1 1,13 1,02 1,02 1,19 1,06 1,08

LIEMEHTA, KOTOpBIE TPEIONPEAEIISIIOT 8 ‘é

00paTUMOCTb W3MEHEHUSI OCHOBHBIX % o 2 1,12 1,08 1,1 1,1 1,08 1,09

CBOICTB OeTOHAa B 3aBUCUMOCTU OT &

YCJIOBUN BBIIEPKUBAHUSI. = 3 1,06 1,03 1,08 1,07 1,03 1,07

IIpencTaBuB 1LIEMEHTHBI KaMeHb
TBEPHAOM MAaCCOI, COCTOSIIEH W3 KpU-
craymmyeckoro cpoctka (KC), Makponop 1 4acTuil He BCTY-
MUBIIETO B TUIpaTALMIO LIEMEHTA, 3aMETUM, YTO TTPOYHOCTh
ero 3aBucut ot npouyHoctn KC u nopucroctu. IIpouHocts
KC, B 9yacTHOCTH TIpHU pacTsSDKEHMH, KOTOpast UMeEeT pellato-
1ee 3HaYeHHe VT 00ecreYeHUs] MOPO30CTOMKOCTH, HaXo-
JIATCS B MPSIMOI 3aBUCMMOCTH OT MPOYHOCTY KPUCTAJIIN3a-
LIMOHHBIX KOHTAKTOB M WX YIeJbHON MOBEPXHOCTH.
[TocnenHsist 3aBUCUT OT pa3MepPOB KPUCTAILJIOTUIPATOB.

M3BecTHO, 4TO LIEMEHTHBII KaMeHb ¢ MOAM(UKATOPOM
MDb otnruaeTcs He TOJIbKO HU3KOM KalIISIPHOHN MOPUCTO-
CTbIO, HO U (ha30BBIM COCTaBOM, B KOTOPOM MUHUMU3UPO-
BaHO cofiepXXaHue UMelolero (opMy KpymHOro Kprcraiia
nopmiaHauTa (pasmep He 6ojiee 10 MKM), a GajaHC MEXIY
BBICOKOOCHOBHBIMU Truapocuiukaramu CSH(II) ¢ pasme-
pamu ot 0,01 1o 0,05 MKM ¥ HM3KOOCHOBHBIMU TOHKOJIM-
cnepcHeiMu CSH(I), umerommmu pasmepsl He OoJjiee
0,01 mxm [10], cMerieH B CTOpOHY IToceaHero [1].

Wrak, ¢a3oBblii cocTaB MOAUGUIMPOBAHHOTO LIEMEHT-
HOTO KaMHSI OTJIMYaeTcsl OT OObIYHOTO MpeobjajaHueM B
HeM (TouHee B TOOEPMOPUTOBOM TIejie) TOHKOAMCIIEPCHbBIX
HU3KOOCHOBHBIX TuapocuiankaroB Turna CSH(I). IToatomy
ylieJbHas TOBEPXHOCTh KPUCTA/UIM3ALIMOHHBIX KOHTAKTOB U
COOTBETCTBEHHO MPOoYHOCTh KC 1 11IeMEHTHOTO KaMHS B 1ie-
JIOM KaK TIPU CXKaTUH, TaK U TIPU PaCTSDKEHUU BBIIIIE.

HanpstxeHusi, Bo3HUKalOIIe B 0ETOHE OT BO3AEUCTBUS
3HAKOMEePEMEHHBIX TEMIIEPATyp, JOCTUTAsl YPOBHSI, TTPEBbI-
IIAOIIETO MPOYHOCTh MaTepuaia IMpy PacTsKEHUU, TIPUBO-
JISIT COOTBETCTBEHHO K JiechopMalivsiM 1 00pa30BaHUIO MUK-
poTpentnH. MUKPOTPEIMHBI MOTYT JUCIOLIMPOBATLCS KakK
B CTPYKTYpE LIEMEHTHOTO KaMHS, TaK M B KOHTAKTHOM 30He
MeXIy IIeMeHTHbIM KaMHeM U 3anojHuteneM. Ho, kak us-
BECTHO, B CTPYKTYpe BBICOKOIPOUYHOTO OETOHA, comepxKa-

HAY4HO-MeXHU4eCcKUil U npou3800CMEeHHbLIL HCYPHAA g POVIIED]

it to the continued hydration of cement, namely involve-
ment in the process of residual clinker in cement stone foun-
dation that promotes clogging microdefects structure. One
of the recent publications [9] reports that the intensity of
mudding microcracks, which rightly called self-healing, de-
pends on the humidity of the environment: in the water it is,
as expected, in fact it increases with increasing water pres-
sure. The data obtained to a greater or lesser extent, is evi-
dent not only strength, but also on the density, permeability,
deformability.

From tab. 3 it should be that the degree of destruction,
determined as the change of the basic physical and technical
characteristics of the samples modified concrete, is less than
the average, and the degree of self-healing above. In general,
in repeating cycles modified concrete properties relative to
the original condition worsened to a lesser degree. The reason
is in the peculiarities of the structure of cement and concrete,
and in the potential of cement hydration, which determine
the reversibility of changes in the basic properties of concrete,
depending on the conditions of curing.

Representing the cement stone solid as the mass consist-
ing of a crystalline concretion (CC), macropores and parti-
cles that don’t involved into the hydration of cement, we
note that its strength depends on the strength and porosity of
the CC. The strength of the CC, in particular, at a tension-
ing, which is crucial for the frost, is in direct proportion to
the strength of the crystallization of contacts and their spe-
cific surface area. Last is depended on sizes of crystallohy-
drates.

It is well known that cement paste with a modifier MB
differs not only a low capillary porosity and phase composi-
tion, in which the content of shaped large crystal portlandite

arl=)=E
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IIeit B CBOEM COCTaBe MUKPOKPEMHE3eM 1 30JTy-YHOC, TIPaK-
TUYECKM OTCYTCTBYET KOHTAKTHasl 30Ha, B KOTOPOI OOBIYHO
B 0OJIbIIEe Mepe KOHLIEHTPUPYETCSl OPTIAHIUT — CaMblil
Cclabblii M1 HEYCTOMYMBBIM KPUCTAJUIOTMAPAT LIEMEHTHOTO
kamHs [11].

Takum 06pa3oM, MOBBIIIIEHHAS] TTPOYHOCTh MPU PaCTSI-
XKEHMHU, CBSI3aHHAsI ¢ 0ojiee MUCIEPCHON CTPYKTYypOM Iie-
MEHTHOTO KaMH$I M C OTCYTCTBHEM OCIabJeHHON KOHTAKT-
HOI 30HBI, AeJaeT MoaU(pUIIMPOBAaHHbIN OETOH O0Jiee CTOM -
KUM K JI€CTPYKTUBHBIM MPOLIECCAM.

Kak yxe orMmeuasnoch, camo3ajieduBaHNe CTPYKTYpbl U
YaCTUYHOE BOCCTAHOBJIEHUE (PU3UKO-TEXHNYECKUX CBOCTB
6eToHa B BOIHOM cpejie BOBMOXHO ITPY HAJTMIMU pe3ePBHO-
ro KJIMHKepHOro (oHa.

IIpu momemeHun wmarepuaia B BoaHble (t=20°C,
W=100%) wnu Braxubie (t=20°C, W=95-98%) ycnoBust
B YCTbSIX MUKPOTPEUIMH Ojarofapsi HAIMYUIO KJIMHKEpP-
Horo (oHAA TPOMOJIKAETCS TUApATAIvs BSXKyllero. B
OOBIYHOM LIEMEHTHOM KaMHe IIPeuMYIeCTBEeHHO 00pa3y-
I0TCSl IEPBUYHBIE KPUCTAIIOTUAPATHI, B YACTHOCTH MOPT-
nanaut Ca(OH),, B MogudUIMPOBAHHOM — MpeuMylLIe-
ctBeHHO ruapocwiukatel C—S—H, dopmupyloiiue to-
OEpMOPUTOBBIN T'eJib, KOTOPbIE KOJIbMATUPYIOT TPEIIUHbI
U TaKUM 0Opa3oM 3ajieYMBalOT CTPYKTYPY ILIEMEHTHOTO
KaMHs U 6eToHa.

CreneHb ruapaTaluy leMeHTa (o) B MOAU(ULIMPOBaH-
HOM BBICOKOITPOYHOM O€TOHE B Bo3pacTe OoJjiee 28 cyT, Kak
MpaBujIo, HaxomouTcs Ha yposHe 0,5—0,6 [1, 2], Goyee HU3-
KOM TI0 CPaBHEHMIO CO CTENEHbIO TMapaTallui IIEeMEHTa B
o6bsryHOM OetoHe (0,8—0,9), T. e. HepeaTM30BaHHBIN KIMH-
KEpHBIH (POHIT y TIEpBOTO BBIIIIE.

Panee [12] Obu10 mMOKa3aHO, UTO CTEMEHb TMApaTallii
LIeMEHTa B 00pa3lax MOoAUMDUIIMPOBAHHOTO GETOHA IOcje
OITHOM CTaIUU IIUKJIUYECKOTO 3aMOPaXKUBAHUSI-OTTauBaAHUSI
M BOCCTAHOBJICHUSI B HOPMAaJbHBIX YCJIOBHUSIX BO3pacTaeT
WHTCHCHBHEEe, 4YeM B KOHTpojbHOM, B 1,4—1,5 pa3za.
CrpaHHOe Ha TIEpBBIM B3IV HabJIOIEeHWEe B 0Opasiax ¢
paBHbIM B/(II+MB), 00bsICHSIETCSA COCTOSTHUEM BOIBI B 11~
MEHTHBIX CUCTEMaX — Pa3HbIM COOTHOIIIEHUEM OObEMOB XM -
MUYECKU U DUBNYECKU CBSI3AaHHOMN (KPUCTAIUIM3ALIMOHHOMN
U ajcopOuMoHHOM) Biaaru. [1pyu omnHakKoBO# BOmOIIOTPeO-
HOCTHU cMeceil B Moau(pUIIMPOBAaHHOM OeTOHE, B KOTOPOM
uctuHHoe B/Ll moBbilieHO, MOMsT aacOpOIIMOHHON Bilaru
0OJIbIIIE, COOTBETCTBEHHO IIOTEHILIMANA IS JaJbHEHIIei
TUIpaTalvy BbIIe. DTUM OOBSCHSIETCS BbICOKasl CTETEeHb
camMo3aJIeurMBaHMs CTPYKTYphl 6eToHOB ¢ Mb.

ITo nanHpIM [10], mpu cTeneHu ruapaTalyvy lemMeHTa (o)
MeHee 0,8 cTpyKTypooOpasyoliue polecchl peobdaaaatoT
HaJ JEeCTPYKTUBHBIMU, YTO CITOCOOCTBYET camo3ajieunBa-
HUIO U IPUPOCTY MPOYHOCTH; ipu 0~0,8—0,9 HabGntomaeTcs
paBHoBecue; Ipu a>0,9 mpeobagaloT AeCTPYKTUBHBIE ITPO-
necchl. [ToaTomMy caMmo3aneyrBaHue He TPOSIBISIETCS, MPH-
POCT IIPOYHOCTH He HabJIo1aeTcsl.

Takum o0pa3omM, CBsI3aHHOE C HEM30EXKHBIM COKpaIlle-
HUEM KIIMHKEePHOTO (pOHIIa caMo3ajicunBaH1E U BOCCTAHOB-
JIeHHe (PU3NKO-TeXHUYECKHUX CBOMCTB O€TOHA HOCHUT 3aTy-
XaOIIUIA XapaKTep.

BoiBoapl. CBOiICTBa BBICOKOIIPOYHOTO OeToHa (Tpou-
HOCTb, NMPOHUIIAEMOCTb, CTATUYECKUNW M JUHAMUYECKHI
MOJIYJIM YTIPYTOCTH ), CHVDKEHHbIE MPU IIUKITNIECKOM 3aMO-
pPaXXWBAaHUM-OTTaMBAHUU, TIPH TTOCJIEAYIOIIEM BhIICPKMUBa-
HUU B HOPMAJILHBIX YCJIOBUSAX M OCOOEHHO B BOJHOM cpeme
MOTYT OBbITh YaCTUYHO BOCCTAHOBJICHBI.

CHukeHue (U3UMKO-TEXHUUYECKMX XapaKTepUCTUK CBSI-
3aHO C JECTPYKTUBHBIMU ITPOIIECCAMU, 2 BOCCTAHOBJIEHUE —
C TIPOJIOJIKAIOILIEICSl B HOPMAJIBHBIX YCJIOBUSIX TUApATalIueit
IIEMEeHTa, pealr3allieil 0CTaTOYHOTO KIIMHKEPHOTO (hoHIA.

CrerneHp OeCTpyKUUUA MOAUGUIMPOBAHHOTO J00aBKOM
MB-30C 6eToHa mpyu MOPO3HOM BO3AEMCTBUY B CPAaBHEHUU
C OOBIYHBIM MEHBIIIE, UTO SIBJISIETCS CIEACTBUEM TTOBBILIEH-
HOI MPOYHOCTH, CBSA3aHHOM C 0COOEHHOCTSIMU (ha30BOro

(Y PONIEIIBHBIE

(size less than 10 microns) is minimized, and the balance of
highly hydrosilicates CSH (II) with the size of 0.01 to
0.05 microns and fine particles low based CSH (I), having
dimensions of not more than 0.01 mm [10] is shifted towards
the latter. [1]

So, phase composition of the modified cement differs
from the usual by predominance in it (or rather in tober-
morite gel) fine low based hydrosilicates type CSH (I).
Therefore, the specific surface crystallization contacts and
accordingly the strength of the CC and cement as a whole,
both in compression and in tension above.

Stresses which appear in the concrete, from the effects of
alternating temperatures, reaching a level higher than the
tensile strength of the material, respectively, lead to deforma-
tion and micro-cracking. Microcracks are deployed in the
structure of the cement stone, and in the contact zone be-
tween the cement paste and aggregate. But as we know, the
structure of high-strength concrete containing silica fume
and fly ash in its composition, virtually no contact zone,
which usually are more concentrated portlandite — the weak
and unstable hydrated cement paste [11].

Thus, the increased tensile strength associated with more
dispersed structure of cement stone, adding to the lack of a
weakened surface area, making the modified concrete more
resistant to the destructive processes.

As noted, the structure of the self-healing and a partial
restoration of physical and technical properties of the con-
crete in the water environment are possible with availability
of clinker reserve fund.

When the material is placed in the water (t=20°C,
W=100%) or wet (t=20°C, W=95-98%) conditions, in the
mouths of microcracks due to the presence of clinker fund
continuing hydration of the binder. In a typical cement paste
are mainly formed primary crystalline, in particular, port-
landite Ca(OH),, in a modified — mainly hydrosilicates
CSH, forming tobermorite gel that bridging cracks and thus
heal the structure of cement and concrete is provided.

The degree of hydration of cement () in a modified high-
performance concrete over the age of 28 days, is usually at the
level of 0.5—0.6 [1, 2], lower than the degree of hydration of
cement in conventional concrete (0.8—0.9), that is not im-
plemented in the first clinker fund above.

Earlier [12] it was shown that the degree of hydration of
cement in the samples modified concrete after one stage of
the freeze-thaw cycle and restoring normal conditions in-
creases more rapidly than in the control to 1.4—1.5 times.
Strange, at first glance, the observation of the samples with
equal W/(C+MB), can be explained by the state of water in
cement systems — different volume ratio of chemically and
physically bound (crystallization and adsorption) of mois-
ture. For the same water demand in the modified concrete
mixtures, in which the true W/C increased, the percentage of
moisture adsorption greater, respectively, the potential for
further hydration above. It explains the high degree of self-
healing concrete structure with MB.

According to [10] in the degree of hydration (o) less than
0.8 structure-forming processes prevail over the destructive,
self-healing, and thereby increase the strength, with a~0,8—
0,9 there is a balance, with a>0,9 dominated destructive
processes. Therefore, self-healing does not occur, the in-
crease of strength is observed.

Thus associated with an inevitable reduction in clinker
fund self-healing and restoration of physical and technical
properties of the concrete is damped.

Resume. Properties of high-strength concrete (strength,
permeability, static and dynamic elastic modules), reduced
under cyclic freezing and thawing, with subsequent storage in
normal conditions, and especially in the aquatic environment
can be partially restored.

Reduction of physical and technical characteristics is as-
sociated with destructive processes, and recovery — with
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COCTaBa LIEMEHTHOTO KaMHs U JAUCIIEPCHOCTBIO €T0 CTPYK-
Typhl. CTeneHb caMo3ajieurBaHUsI, HAIIPOTUB, BBIILIE, YEM Y
00BIYHOTO OETOHA, YTO CBSI3aHO C MHTEHCUBHOCTBIO THpA-
Tallu¥ OCTATOYHOrO KIMHKEPHOTo dhoHa.

SBneHue camo3aieynBaHusl 6€TOHA UMEET 3aTyXalolnii
xapakTep. ETo moTeHIIMan yMeHbIIaeTcs o Mepe ucuepra-
HUST OCTaTOYHOTO KIIMHKEPHOTO (hOH/IA U TMOBBIIIIEHUS CTe-
MeHU TUApaTalvy, a TaKkKe MHTeHCUMUKAIUY 1eCTPYKTUB-
HBIX TTPOLIECCOB.

BbIsiBIeHHbIE TEHACHIIMM CBUIETEJBCTBYIOT, YTO 2KC-
TUTyaTallMOHHBIE CBOICTBA OETOHA C OPraHOMUHEPATbHBIM
moaudukaropom Mb-30C, moaBeprHyToro B CBSI3U € KJU-
MaTUYECKUMU YCIOBUSIMU IUKIMISCKOMY 3aMOpaXkKuBa-
HUIO-OTTAaMBAHUIO W BBIAEPXUBAHUIO B HOPMAJbHBIX
TeMIEePaTyPHO-BIaXXHOCTHBIX YCIOBMSIX, COXPaHSIOTCS
3HAUYUTEJLHO J0JIblIE, YeM Y OObIYHOrO GeToHa. PeasbHast
JIOJITOBEYHOCTh OETOHA C OpraHOMUHEPaTbHBIM MOIU(PUKA-
TopoM MB-30C npu MOpO3HOM BO3JEHCTBUU BBIIIE YPOB-
HSI, KOTOPBII OOBIYHO OTpeessieTcss MapKoii 6eTOHA o MO-
PO30CTOMKOCTH.

KmoueBble cioBa: doscoseunocms, camosaneuusanue be-
MOHA, bICOKONPOUHDBL OemoH, nepuoduyeckoe 8o3delicmeue
3HAKONEPeMeHHbIX meMnepamyp.
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continuing in normal conditions hydration of cement, of re-
sidual clinker fund.

The degree of destruction of the modified by additive
MB-30C concrete in frosty effects compared to conventional
smaller, which is a consequence of increased strength associ-
ated with the features of the phase composition of cement
and the dispersion of its structure. The degree of self-healing,
however, is higher than that of conventional concrete, which
is associated with the intensity of the residual clinker hydra-
tion fund.

The phenomenon of self-healing concrete has a damped
character. Its potential is decreased as the exhaustion of re-
sidual clinker stock and increase the degree of hydration, and
the intensification of destructive processes.

Identified trends indicate that the performance properties
of concrete by organic modifier with the MB-30C, subjected
to due to the climatic conditions of cyclic freeze-thaw cycles
and aging in normal temperature and humidity conditions
persist for much longer than that of conventional concrete.
Actual durability of concrete with organic-modifier MB-30C
in freezing action above the level, which is usually deter-
mined by grade of concrete frost resistance.

Keywords: durability, self-healing of concrete, high strength
concrete, periodical influence of alternating temperatures.
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