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Amnortauis. Ilocmanoexa npodnemu. BusHaueHHS TUIIIB 3B'S3KIB, 10 YTBOPIOIOTHCS Y MOTU(IKOBaHIH IEMEHTHIN
MaTpuIli OETOHY, 1 OIiHKa SIKOCTI IIUX 3B'SI3KIB y HEOAHOPIAHOMY Martepiaii Ut 3’ sICyBaHHS TEOMETPUIHUX 1 Pi3MIHUX
CHIBBIJHOIIEHh MK CTPYKTYpOl MoAM(DIKaToOpiB i IIEMEHTHOI MaTpWlli Ha paHHIi CTafil CTPYKTYpOYyTBOPEHHSI.
Memoouka. JlocnipkeHHST NPOLIECIB Tifgparanii 1 CTPYKTYpOYTBOPEHHS 3BHYAMHUX 1 MOAM(DIKOBAHUX LIEMEHTHHX
CHUCTEM IPOBOAMIINCS 3 BUKOPHUCTAHHAM PEHTTeHO(a30BOT0, MU(EPEHITIIHO-TEPMITHOTO Ta MIKPOCKOIIIYHOTO aHAIIi3iB,
iH(ppa4epBOHOI CIIEKTPOCKOIil. AHAJI3 CTPYKTypHHUX MapaMeTpiB IEMEHTHOI MaTpulli OETOHY IPOBOAMBCS METOJIOM
PTYyTHOI mopomeTpii, a Takox 3a ajacopOuieto map Boxu Ta asory. PesyabraTtu. Cucrema CkiajaHHs 3 BiJIIOBIJIHOIO
CTPYKTYpOrO (hOPMYETHCS MPH KOMIIOHYBaHHI i KOHTAKTYyBaHHI MiHEpaTbHUX KOMIIOHCHTIB IIEMEHTHOT CUCTEMHU 1 3epeH
3all0BHIOBAYiB y IIPOILECi 3MIIIyBaHHS 3 BOJOIO, IEpEMIllyBaHHS 1 YKiIaJaHHS OETOHHOI cywmimmi. 3MiHa KiJIbKICHHX
XapaKTepUCTUK CTPYKTypH Moan(ikoBaHOro OETOHy cHocTepirasacst 3a 3MIHM IHTEHCHBHOCTI MoOAM(iKyBaHHS.
CnocrepexyBaHi 3MiHH MOP(OJIOTIHHOT CTPYKTYPH LIEMEHTHOI MaTpHuLli He MOXKyTh OyTH BHIIQJIKOBUMH, TOMY 1110 BOHH
MATBEPIKCHI MOBTOPHUMH JIOCIIJaMH 32 BiATBOprOBaHOCTI Bix 82 mo 96 %. Y Toif ke yac Taka 3MiHa Mopdoorii
HOBOYTBOPEHb HE CIIOCTepiramacs y 3BHYaiHOMY O€TOHi. 3 HaBENCHHWX MAaHWX OYECBHAHE 3HAYHE 30LIBIICHHS
IUTACTUHYACTO-TIPA3MATHYHOI CKJIQJOBOI B IIEMEHTHIH Matpuri MoawmdikoBaHoro OeToHy. 3i 30UTBIIEHHSIM 4Yacy
BUTPUMKH KiJIBKICTh C(OPMOBAHHX KPUCTAIIYHUX HOBOYTBOPEHB 30UMbIIyeThCs. Lle MOXKHA MOSCHUTH CHCTEMHHM
MiAX0A0M: MOP(OJIOris CTPYKTYpH LEMEHTHOI MaTpHIll - pe3ylibTar B3aeMOii CHCTeM CKJaJaHHs i 3pocraHHs. [Ipu
BOMY CHCTE€Ma 3pOCTaHHS (TepeKpHcTami3amii i PO3BHTKY CTPYKTypH B dYaci) MOXe e(QEeKTHBHO pPO3BHBaTHCS 0e3
JOCUTH TIOBHOTO PO3BUTKY CHCTEMH CKJIaJlaHHS (HAKOIIMYEHHs NMEPBUHHUX NPOAYKTIB rinparauii). Haykoea noeusna.
Brepiiie BCTaHOBJIEHO OCOOIMBOCTI CTPYKTYPOYTBOPEHHS MOIU(IKOBAHOT IEMEHTHOI CHCTEMH, SIKi MOJISTAI0Th Y TOMY,
0 KPHUCTAIM TifpaTy XJIOPOKCHAY MarHil0 HIBHAKO POCTYTh Yy IPOCTOpPi MIK TiJpaTHUMH HOBOYTBOPEHHSIMHU
KIIIHKEPHUX MiHEpaliB, a MeXaHIuHe 3YeIUICHHS, 10 BUHHKAE B PE3YyNbTaTi LOTO, 3yMOBIIIOE PO3BUTOK ITOYATKOBOT
MIIHOCTI 1 JKOpcTKOCTi. OCKUIBKM BUIBHOMY POCTY KPHCTAJIB IEPEIKO/Kae Opak IMpOCTOpY, KPUCTAIN B3aEMHO
NPOPOCTAIOTh, YTBOPIOIOYM LIIBHY CTPYKTYPY, SKa 3yMOBIIOE 3POCTaHHS MILHOCTI; BIIEpIIE BCTAHOBJEHO, IIO Y
MomuQiKoBaHIi IIEMEHTHIH CHCTEMi, IO TiAPAaTyeThCS, B PE3yAbTaTi B3a€EMOMii PI3HUX MAaKpOiOHIB PO3BHUBAETHCS
CTPYKTYPOTBIpHH NPOLIEC i3 MepeBaKaHHAM aKTHBHHX YAaCTUH, SKi 3HAYHO NEPEBUILYIOTh HOTO AMCHIATHBHY YacTHHY
NOPIBHSAHHO 3 HOPMaJbHUMH YMOBaMH TBEpAHEHHS. Pe3ynabTaTd, OTpHMaHi MiJ Yac MOIETIOBAHHS IOBEHIHKH
MoAM(DIKOBaHOT EMEHTHOI CHUCTEMH, L0 TiAPATYEThCS, MOKAa3yloTh, LIO B CHCTEMi CIOCTEpIraloThCsl KOJIHMBAHHS
KOHLEHTpalii NPOMDKHMX NPOAYKTIB TiApaTaiii, OTOTOKHEHI 3 BHHHUKHEHHAM IPOCTOPOBO-4acOBOI CTPYKTYpH.
Ilpakmuuna 3nauumicms. ®Oizuko-xiMiuHe MoudiKyBaHHS LEMEHTHOI cucreMu 3abesneuye 3MiHy Mopdorpomii
KPHUCTAJIOT1IPaTHUX HOBOYTBOPEHbD, 1[0 CIPUATHME (POPMYBAHHIO IIPOEKTHUX BIACTUBOCTEH OETOHY.
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Annorauusi. Ilocmanosexka npoénemsr. OnpenencHue THIIOB CBsA3eH, BO3HUKAIOIINX B MOIUGHUIMPOBAHHON
[IEMEHTHOW Marpuie OeTOHa, W OIEHKa KadecTBa JTHUX CBsA3eH B HEOOHOPONHOM MaTephalle A ONpeAeCHHUS
TFEOMETPUUECKUX U (PU3NYECKUX COOTHOIICHHH MEXIY CTPYKTYPOil MOIU(UKATOPOB M LIEMEHTHOM MaTpHIlbl HA paHHeH
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CTaguM CTPYKTypooOpas3oBaHusi. Memoouka. VccnenoBaHusl TPOIECCOB THIPATALMM W CTPYKTYpOOOpa3oBaHUS
OOBIYHBIX M MOIU(UIMPOBAHHBIX IEMEHTHBIX CHCTEM IPOBOAMIMCH C HCIIONB30BAaHHEM pEHTIeHO(]a30BOro,
I depeHInanbHO-TEPMUIECKOTO W MHUKPOCKOIIMYECKOTO  aHANU30B, HH()PAKPAaCHOH CHEKTPOCKONMH. AHAaIu3
CTPYKTYPHBIX IapaMETpPOB IIEMEHTHOW MaTpuipl OETOHA NMPOBOAWIICS METOAOM PTYTHOM HOPOMETPHM, a TAaKXKE II0
ajzcopOumy napoB Bofbl U a3ota. Pezynsmamsr. CuctemMa CIOKEHUS] C COOTBETCTBYIOLIEH CTPYKTYpOil (opmupyercs
IpU KOMIIOHOBKE M KOHTAaKTHPOBAHWM MHHEPaJbHBIX KOMIIOHEHTOB LIEMEHTHOW CHUCTEMBI M 3€pPEH 3alloJIHUTENCH B
OpOIECCe CMEIIMBAHUS C BOIOW, MEPEMEIIMBAaHUS U YKIAIAKH OCTOHHOW cMecd. V3MeHEeHHEe KOJIMYSCTBEHHBIX
XapaKTEePUCTUK  CTPYKTYphl MOAM(GHUIMPOBAHHOrO OeToHa HAONIONANOCh MpPH W3MEHEHMHM HWHTEHCUBHOCTHU
MoaupunmpoBanus. Habmronaemple M3MeHeHUST MOP(OIOrHYECKOH CTPYKTYPhl IEMEHTHOW MaTpHIbl HE MOTYT OBITh
CIIy4aliHbIMH, TaK KaK OHM IOATBEPKIECHBI MOBTOPHBIMU ONBITAMU MPH BOCHpPOU3BOAUMOCTU OT 82 10 96 %. B 1O xe
BpeMsI, TaKOe U3MEHEHNE MOP(OJIOTHH HOBOOOPa30BaHUI HE OTMEUEHO B OOBIYHOM OeToHe. 13 mpuBeqeHHBIX NTaHHBIX
OYEBUAHO 3HAYNTEIBHOEC YBEIWYCHHE I[UIACTHHYATO-TIPHU3MATHYECKOH COCTABIIIOMIEH B IIEMEHTHOH MarpHIe
MozxudumpoBaHHOro 6etoHa. C yBeIHYeHHEM BPEMEHH BBIIEPIKKH KOJIHMYECTBO CHOPMHUPOBAHHBIX KPUCTAIMYSCKHUX
HOBOOOPa30BaHHUH YBEINYNBALTCSA. ITO MOKHO OOBSCHUTH CUCTEMHBIM IIOIXOIOM: MOP(HOJIOTHs CTPYKTYPBI LIEMEHTHOMH
MaTpuIbl SIBISETCA PE3yIbTaTOM B3aMMOJEHCTBUSI CHUCTEM CcIOXeHuss u pocra. Ilpm 3ToM cuctema pocra
(mepekpucTauIM3alys U Pa3BUTHE CTPYKTYPbI BO BpEMEHH) MOXeT 3(p(heKTHBHO pa3BUBAThCs 0€3 JOCTATOUYHO MOJHOTO
pa3BUTHSL CUCTEMBbI CJOKEHUS (HAKOIUIEHHS NEPBUYHBIX INPOAYKTOB Tuaparauuu). Hayunas noeusna. Briepbie
YCTaHOBJIEHBI OCOOEHHOCTH CTPYKTYpOOOpa3oBaHUsI MOAU(PHUIUPOBAHHON IIEMEHTHOH CHCTEMBI, 3aKJIFOYalOLIMecs] B
TOM, 4YTO KpHUCTAIBI THApaTa XJIOPOKCHIA MAarHus OBICTPO pPACTyT B IIPOCTPAHCTBE MEXKAY THAPATHBIMU
HOBOOOpPa30BaHMAMH KJIMHKEPHBIX MHHEPAJOB, & MEXaHWYECKOE CILEIUICHHWE, BO3HHUKAIOUIee B pe3yJbrare 3TOro,
00yCIIOBIMBAET Pa3BUTHE HAYAJIBHOM IPOYHOCTH M JKECTKOCTH. Tak Kak CBOOOJHOMY pOCTY KPHCTAJIJIOB MPEMSTCTBYET
HEJIOCTaTOK MPOCTPAHCTBA, KPUCTAJUIBI B3aMMHO IPOPACTAIOT, 00pa3ysl INIOTHYIO CTPYKTYpY, KOTOpas 00yCIOBINBAET
pPOCT MPOYHOCTH; BIEPBBIE YCTAaHOBIECHO, YTO B THAPATUPYIOUICHCS MOAM(HIMPOBAHHON IIEMEHTHOH CcHCTEME B
pe3yabrare B3auMOJCHCTBHS PA3IMIHBIX MAKPOHOHOB Pa3BUBACTCS CTPYKTYPOOOPa3yIONIN Ipoliece ¢ IpeodnagaHneM
aKTHBHBIX YacTEeH, KOTOPHIE 3HAYMTENBHO IPEBBIMAIOT €r0 AMCCHIATUBHYIO YacTh II0 CPAaBHEHHMIO C HOPMAaJIbHBIMHU
YCIOBUSIMHA ~ TBEpICHMS. Pe3ynpTarsl, MOMydeHHBIE MNPH  MOICIMPOBAHMU  IOBEACHUS THApATHpYIOIeics
MOAU(UIMPOBAHHOW LEMEHTHOH CHCTEMBI, IOKA3bIBAIOT, YTO B CHUCTEME HaOMIOmaloTcsi KoyneOaHWs KOHLCHTPALUH
NPOMEXKYTOYHBIX IPOAYKTOB THApATAlMH, OTOXJIECTBISIONIMECS C BO3HUKHOBEHHEM IPOCTPAaHCTBEHHO-BPEMEHHOMN
CTpYKTypbl. IIpakmuueckan 3nayumocms. DU3UKO-XUMHUYECKOE MOAWGHUIMPOBAHUE LEMEHTHOH CHUCTEMBI
obecrieunBaeT U3MEeHEHHEe MOP(GOTPOINU KPUCTAIUIOTHPATHBIX HOBOOOPA30BaHMH, YTO CIIOCOOCTBYET (POPMHUPOBAHUIO
IIPOEKTHBIX CBOMCTB OETOHA.
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Abstract. Purpose. Determination of the types of bonds formed in the modified concrete cement matrix and the
evaluation of the quality of these bonds in a inhomogeneous material for the determination of geometric and physical
relationships between the structure of modifiers and the cement matrix at the early stage of structure formation. Method.
Investigation of the processes of hydration and structure formation of conventional and modified cement systems was
carried out using X-ray diffraction, differential-thermal and microscopic analyses, and infrared spectroscopy. The
analysis of the structural parameters of the cement matrix of concrete was carried out by the method of mercury
porosimetry, as well as the adsorption of water and nitrogen vapor. Results. The system of assembling with the
corresponding structure is formed during the layout and contact of the mineral components of the cement system and
aggregate grains in the process of mixing with water, stirring and placing of concrete mixture. The change in the
quantitative characteristics of the structure of modified concrete was observed at the change in the intensity of
modification. Observed changes in the morphological structure of the cement matrix cannot be random, as they are
confirmed by repeated experiments at reproducibility from 82 to 96 %. At the same time, such a change in the
morphology of new formations was not observed in normal concrete. From the given data, a significant increase in the
lamellar-prismatic component in the cement matrix of modified concrete is obvious. The number of formed crystalline
new formations increases with the increase of curing time. This can be explained by the system approach: the
morphology of the structure of the cement matrix — the result of the interaction of systems of assembly and growth. At
the same time, the growth system (recrystallization and development of the structure in time) can effectively develop
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without a sufficiently complete development of the system of assembly (accumulation of primary products of
hydration). Scientific novelty. For the first time, the peculiarities of the structured formation of the modified cement
system have been established, they consist in the fact that magnesium chloride hydrate crystals grow rapidly in the
space between the hydrated new formations of clinker minerals, and as the result, the mechanical bond is responsible
for the development of initial strength and stiffness. Since the free growth of crystals is hindered by the lack of space,
the crystals mutually germinate, forming a dense structure that causes the growth of strength; it was first established that
in a modified hydrated cement system, as a result of the interaction of different macroions, a structure-forming process
develops with a predominance of active parts that significantly exceed its dissipative part in comparison with normal
cure conditions. The results obtained in modeling the behavior of the modified cement system, which is hydrated, show
that the system has fluctuations in the concentration of intermediate products of hydration, identified with the
appearance of the spatial-temporal structure. Practical relevance. Physico-chemical modification of the cement system
provides a change in the morphotropy of new crystalhydrate formations, which will contribute to the formation of the

design properties of concrete.

Keywords: modified concrete; cement system, structural characteristics; growth system

Introduction. Prospects for the further
development of high-performance concrete
production and scientific and technological
progress are largely determined by the
knowledge of the laws and methods of
controlling the processes of the structural
formation of the cement matrix of concrete,
taking into account the required high level of
product quality and the criteria of the resource
intensity of production [2].

In this connection, first of all, it is
important to analyze the general patterns of
formation of the structure of the material in the
complex process of physical and chemical
modification of the concrete mixture for
monolithic structures.

Purpose. Determination of the types of
bonds formed in the modified concrete cement
matrix and the evaluation of the quality of these
bonds in a inhomogeneous material for the
determination of geometric and physical
relationships between the structure of modifiers
and the cement matrix at the early stage of
structure formation.

Method. Investigation of the processes of
hydration and structure formation of
conventional and modified cement systems was
carried out using X-ray diffraction, differential-
thermal and microscopic analyzes, and infrared
spectroscopy. The analysis of the structural
parameters of the cement matrix of concrete
was carried out by the method of mercury
porosimetry, as well as the adsorption of water
and nitrogen vapor.

Results. From the general positions, the
structure formation of the modified cement
matrix of concrete can be presented as a
transformation of the system of assembly of the

initial mineral components and the system of
growth of new substances that emerge at
different stages of the technology [3].

The system of assembling with the
corresponding structure is formed during the
layout and contact of the mineral components
of the cement system and aggregate grains in
the process of mixing with water, stirring and
placing of concrete mixture. The system of
assembly is formed from the finished structural
elements in the continuous occurrence of new
elements of the structure, as well as
intergranular pores and interparticle contacts
[1;4].

An analysis of the formation of assembly
systems and their parameters was made by the
mechanics of granular media. The content of
this analysis is determined by the requirements
of obtaining data on the patterns and nature of
packaging particles in connection with their
granulometric composition. In the technological
sense, this is expressed in the form of tasks for
selecting the optimal granulometry of the
components, the optimal ratio of their volumes
on the criterion of the density of the package,
the minimum water content of the mixture.

At the grinding stage of the original
components, the task of analyzing the assembly
system can be to determine the degree of
agglomeration of particles, the homogeneity of
the distribution of components in each
microobject of the product when grinding
[6; 7].

The task of the homogeneity of the mixture
is characteristic both for the stage of
preparation of the concrete mixture, and,
especially, when it is modified and placed.
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At physical modification of the concrete
mixture, the content of the problem involves
studying the phenomena of repacking particles
in connection with the application of physical
influences. When solving these problems
there's simultaneously preparing the optimal
conditions for the formation and development
of the system of growth (structure formation).

The system of growth with its inherent
structure is created as a result of a combination
of various by mineralogy, morphology and the
size of dispersed particles of new formations
that emerge in the process of hydration,
accompanied by a physical and chemical
modification of the cement matrix. In this case,
the growth system is created from new
formations during the technological process,
and this is its fundamental difference from the
system of assembly [5].

The development of the growth system
reflects, first of all, the process of accumulation
of cementing agent with its qualitative changes
occurring in  conditions of  physical
modification. The basis of the analysis of the
formation and parameters of the growth system
is the physico-chemistry of the heterogeneous
processes of the emergence of a new disperse
phase. The content of this analysis is
conditioned by the need to obtain information
on the kinetics and the dynamics of the
formation of hydrated compounds, their
components, the degree of dispersion, the
peculiarities of contacting in the crystal
intergrowth, as well as the evolution of the pore
space of the cementing agent during physical
modification. In  practical terms, this
information, which correlates with the modes of
technological processes, is necessary for their
management in accordance with the purpose of
obtaining concrete with the necessary high
quality [8; 10].

The growth system develops on the basis
and within the system of assembly,
transforming it, interacting with it and being
under the influence of physical and chemical
modification of the binder. This is expressed in
the fact that the system of growth of
modification with the accumulation of
cementing agent takes up part of the
disappearing volume as a result of hydration, as

well as a sharp narrowing of the intergranular
space of the initial assembly system. The result
is the following. First, the initial value of the
intergranular cavernosity of the assembly
system is not preserved in the synthesis of new
formations. The cavernosity of the original
system of assembly (without considering the
growth system) usually does not increase, but
under the action of the compacting is sharply
reduced. In this case, the volume of the
cementing agent required for grouting the
aggregate grains, appears to be greater than the
volume of voids formed in it. A new volume of
intergranular space is almost completely filled
with the cementing material with volume and
pore size distribution specific for it. Thus, the
structure of the porosity of modified concrete is
fundamentally modified.

The interaction of the assembly and growth
systems lies in the fact that during the
formation of a cementing agent its contact with
the surface of aggregate grains and other source
components is formed. The influence of the
system of assembly on the growth system at the
same time is expressed by the fact that the
kinetics of the accumulation and crystallization
of the cementing agent, the dynamics and the
mechanism of formation of the contact zone
depend on the crystallographic characteristics
of the values of the surface area, the specific
surface energy of the particles of the assembly
system, finally, on the parameters of its porous
space. As experimentally proved, we can
assume that the structure of the new material is
a composition of the systems of assembly and
growth at the appropriate stage of their
interaction [9].

The resulting structure depends on the
combination of all structure-forming factors
that can be characterized by a certain potential
of structure formation or the boundary of the
formation of the cementing matrix. The
magnitude of the potential is a quantitative
expression of the degree of completeness of this
structure in relation to the limit, ideal structure.
Incomplete realization of this potential in the
obtained material will be characterized by the
appropriate degree of incompleteness of the
structure formation process, which determines
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the level of material quality according to its
construction and technological properties.

Quantitatively, the degree of completeness
of structure formation can be estimated by the
ratio of parameters of the state of the structure,
fixed at i-th technological conditions, to the
boundary state with the maximum possible
density of new formations and the limiting
specific activity of surface bonds, which is
principally achievable with the new technology.
The degree of completion of the structure
formation of Sc for the entire range of
technological conditions is normalized in the
range of values from 0 to 1.

Our quantitative estimates of the structure
of various materials are implemented with
some controlled reliability. For verification of
structural investigations of various concrete the
method of selection and preparation of
statistically representative samples of the
cement matrix is substantiated and applied.
Special studies have established that the
statistical reproducibility of the characteristics
of the composition, parameters of structure,
indicators of the state of the material
corresponds to errors that do not exceed
7...9 %, and estimates of physical and
mechanical properties - up to 9...14 %. The
results of the studies are presented in the
Table 1 and on Figure 1.

With almost constant ratio of volumes of
hydrated phases and porous space, they
undergo regular qualitative changes in time. In
the solid phase, as the cementing agent
exponentially accumulates, the volume of fossil
minerals also  exponentially  decreases.
Although the cementing agent at various stages
of its formation is represented by a set of highly
basic forms of hydrated new formation, their

modified concrete is determined by the
continuous decrease of the relative volume
fraction of the sub-microcrystalline component
during the entire period of curing; growth of the
part of short-fiber, decrease of the lamellar-
prismatic component in the stage of
accumulation of new formations; a decrease in
the proportion of short-fiber and an increase in
the proportion of the lamellar-prismatic
component at the stage of recrystallization of
new formations with the accumulated (almost
unchanged) amounts of the latter.

The change in the quantitative content of

the cementing agent while simultaneously
developing the process of morphological
transformation, crystallization and
recrystallization  of  synthesis  products

determine the ambiguous nature of the change
in the magnitude of their total specific surface
area. Specific surface passes through its
maximum value in the first hours of synthesis
of new formations and subsequently
significantly reduced.

The structure of porosity at a practically
constant value of porosity of a material is
determined by the change in the distribution of
micropores in size as the overgrown grain void
of the system of assembling the initial particles
with the cementing agent and the simultaneous
change in the mineralogical and morphological
composition, the size of the crystals. The
effective pore radius as a measure of the
estimation of the function of their distribution
in size may decrease in the period of
accumulation of the cementing agent in
4...5 times, and in the period of
recrystallization of new formations, the
consolidation of the crystals in the growth again
increase in 1.5...2 times compared with its

structure depends on the technological = minimum value.
conditions of the formation.
The dynamics of the morphological
composition of the cementing agent of
Table 1
Change of the morphological composition of the cement matrix during the curing process
Volume of new formations,
Type of concrete Type of structure cm’/cm’ of cement matrix at age, days
1 3 7 14 28
Submicrocrystal 0.42 0.39 0.24 0.28 0.25
Modified
Short-fiber 0.52 0.57 0.59 0.43 0.48
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Lamellar-prismatic 0.16 0.04 0.17 0.29 0.27
Submicrocrystal 0.22 0.29 0.34 0.31 0.28
Normal Short-fiber 0.42 0.66 0.63 0.63 0.58
Lamellar-prismatic 0.36 0.05 0.03 0.05 0.14
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Fig. 1. Structural characteristics of various types of concrete

The formation of crystalline intergrowth is
due to the formation of contacts of adjoining,
merging and germination of individual crystals
and druses. During hardening there's a
developing process of transition of the contacts
from the adjoining contacts to the joints, but
with a tendency to increase the degree of
damage, defects of individual crystals. The
bonding zones of the cementing agent with the
surface of the aggregate grains are formed as an
adjoining contact.

The results of experimental studies of the
structure of the cement matrix are shown in
Table 2, they show the consistent patterns for
modified concrete. When changing the
technological conditions of compacting or
squeezing out water, quantitative expressions
may be different, but their general character is
preserved.

The change in the  quantitative
characteristics of the structure of modified
concrete was observed at the change in the
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intensity of modification. Observed changes in
the morphological structure of the cement
matrix cannot be random, as they are confirmed
by repeated experiments at reproducibility from
82 to 96 %.

At the same time, such a change in the
morphology of new formations was not

observed in normal concrete. From the given
data, there's obviously a significant increase in
the lamellar-prismatic component in the cement
matrix of modified concrete. With increasing
time of exposure, the number of formed
crystalline  new  formations  increases.

Table 2

Morphological structure of cement matrix of modified concrete

Morphological structure Submicrocrystalline Short-fiber Lamellar-prismatic
Mineralogical composition High-basic calcium mainly tobermorite with high
hydrosilicates CHS of tobermorite group processing time
CHS
Number of contacts per unit
volume 10’ 10° 10*
Type of contacts of particles and | Contacts of adjoining of | Combination of | Combination of
crystals globular particles contactsadjoining and | adjoining, merging
merging of crystals andgermination of
crystals
Size of particles and crystals, 0.12/0.17 (0.14/1.1)... (0.75/2.2)...
medium-sized section/ medium- (0.45/4.7) (1.15/5.3)
length,10° m 0,10 0,5 0,80 1,3
1,0 75,0 2,4 75,0
The average effective pore radius,
10°m 6...9 22...37 42...75
Specific surface area, m*/g 470 120...210 43...54

This can be explained by the system
approach — the morphology of the structure of
the cement matrix — the result of the interaction
of systems of assembly and growth. At the
same time, the growth system (recrystallization
and development of the structure in time) can
effectively develop without a sufficiently
complete development of the system of
assembly (accumulation of primary products of
hydration). The developed system of assembly
hydration of cement particles in favorable
conditions of the hydraulic pressure of the
surrounding water due to thixotropy will
improve the morphology of structural new
formations. However, this phenomenon is not
observed in normal concrete, where there is no
modification of the structure. According to
experimental data obtained by complex
methods of studying the structure, development
in volumes of similar morphological structures
can reach 20 %. At the same time, the degree of
hydration increases by 11...14 %.

Scientific novelty. For the first time, the
peculiarities of the structured formation of the
modified cement system have been established,
they consist in the fact that magnesium chloride
hydrate crystals grow rapidly in the space

between the hydrated new formations of clinker
minerals, and the mechanical bond resulting
from this is responsible for the development of
initial strength and stiffness. Since the free
growth of crystals is hindered by the lack of
space, the crystals mutually germinate, forming
a dense structure that causes the growth of
strength.

It was first established that in a modified
hydrated cement system, as a result of the
interaction of different macroions, develops a
structure-forming process with a predominance
of active parts that significantly exceeds its
dissipative part in comparison with normal cure
conditions. The results obtained in modeling
the behavior of the modified cement system,
which is hydrated, show that the system
exhibits fluctuations in the concentration of
intermediate products of hydration, identified
with the appearance of the spatial-temporal
structure.

Practical significance. Physico-chemical
modification of the cement system provides a
change in the morphotropy of crystalhydrate
new formations, which will contribute to the
formation of the design properties of concrete.

Conclusions. It was established that the
process of structure formation of the modified
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cement system in the presence of organo-
mineral modifying complex leads to a change
in  morphology of new formations in

quantitative changes in the ratio of volumes of
cryptocrystalline, needle-fibrous and lamellar-
prismatic components of concrete cement

comparison  with usual concrete with  matrix.
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