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Amnorauist. Ilocmanoexka npoonemu. BUsHaueHHs TUITIB 3B'SI3KIB, 1[0 YTBOPIOIOTHCS Y MOAN(IKOBaHIN LIEMEHTHIH
Marpuii OETOHY, 1 OLiHKa SKOCTI IIMX 3B'3KIB Y HEOIHOPITHOMY Marepiaii Jist 3’sICyBaHHS T€OMETPUYHUX 1 (QI3UUHUX
CHIBBITHOIIEHh MK CTPYKTYpOIO MOIHM(]IKaTOpiB 1 IIEMEHTHOI MaTpHli Ha paHHIH cTauii CTPYKTypOYTBOpPEHHSI.
Memoouka. JlocnipKeHHST TPOLECIB Tifparaiii i CTPYKTYpOYTBOPEHHsS 3BHYAHHMX 1 MOJU(IKOBAaHMX LEMEHTHHX
CHCTEM TIPOBOJMIIUCS 3 BUKOPHUCTAHHSAM PEHTIeHO(ha30BOT0, NH(EPEHIIITHO-TEPMITHOTO Ta MIKpOCKOITIYHOTO aHAalli3iB,
iH(pauepBOHOI CIIEKTPOCKOITii. AHaI3 CTPYKTYpHUX MapaMeTpiB IIEMEHTHOI MaTpuIli OETOHY MPOBOAMBCS METOIOM
PTYTHOI MOpPOMETpIii, a TaKOoXK 3a aacopOIielo map Bomu Ta a3oTy. Pesyabraru. Cucrema ckiafaHHS 3 BiIOBITHOIO
CTPYKTYpOIO POPMYETHCS MPU KOMITOHYBAaHHI 1 KOHTaKTYBaHHI MiHEpaJIbHUX KOMIIOHEHTIB I[EMEHTHOI CHCTEMH 1 3epeH
3allOBHIOBAYIB y TIpOIECi 3MIITyBaHHS 3 BOJAOIO, IEPEMINTyBaHHA i YKIaJaHHS OETOHHOI cyMimmi. 3MiHa KiIBKiCHHX
XapaKTepUCTUK CTPYKTypH Moan(ikoBaHOro OETOHY crocTepirasacs 3a 3MIHM I1HTEHCUBHOCTI MOAN(IKYBaHHS.
CriocrepesxyBaHi 3MiHH MOP(HOJIOTIYHOT CTPYKTYpH LIEMEHTHOI MaTpHIli He MOXYTb OyTH BUIIaIKOBHMH, TOMY IO BOHH
MiATBEPIKEHI MOBTOPHUMH JTOCHIAMHU 3a BIATBOPIOBaHOCTI Bix 82 10 96 %. Y Toii ke 4yac Taka 3miHa Mopdoiorii
HOBOYTBOPEHb HE CIIOCTEpirajiacs y 3BHYaiHOMY OeToHi. 3 HaBeJCHMX JaHHWX OYEBHIHE 3HAa4YHE 30UIBIICHHS
IUIACTUHYACTO-TIPU3MATHYHOI CKJIaJOBOi B LEMEHTHIH Marpuii MomudikoBaHoro OeroHy. 3i 30UIBILIEHHSAM Yacy
BUTPUMKH KUIBKICTh C(OPMOBaHMX KPUCTAJIIYHUX HOBOYTBOPEHb 30UIbIIyeThes. Lle MOKHA HOSICHUTH CHCTEMHHM
i IX0I0M: MOP(]OJIOTis CTPYKTYpH IIEMEHTHOI MaTpHIll - pe3ysbTaT B3a€MOJii CUCTeM CKIafaHHs i 3pocTaHHs. [Ipu
IBOMY CHCTEMa 3pOCTaHHs (TepeKpucTai3amii i PO3BUTKY CTPYKTypH B daci) MOxe e(pEeKTHBHO pO3BHBATHCS 0Oe€3
JIOCUTH TIOBHOTO PO3BHUTKY CHCTEMH CKJIalaHHs (HAKOMWYECHHS NMEPBUHHUX MPOMYKTIB Tiaparamii). Haykoea nosusna.
Brnepiie BcTaHOBIIEHO 0COOIHMBOCTI CTPYKTYPOYTBOPEHHS MOIM(IKOBAHOT IIEMEHTHOT CHCTEMH, SIKi MOJIATAIOTh Y TOMY,
0 KPHUCTAIM TiIpaTy XJOPOKCHAY MAarHif0 IIBHAKO POCTYTh y MPOCTOpI MiXK TiIpaTHIMHA HOBOYTBOPEHHIMHU
KIIIHKEPHUX MiHEpalliB, a MeXaHiqHe 3UeIUICHHS, 0 BUHUKA€E B PE3YJIbTaTi IbOTO, 3yMOBIIOE PO3BUTOK IMOYATKOBOT
MIIHOCTI 1 >KOpPCTKOCTi. OCKIIBKM BUIBHOMY POCTY KpPHUCTaJiB IEpPEIIKO/UKAE Opak MpOCTOpY, KPHCTAJM B3a€MHO
IIPOPOCTAIOTh, YTBOPIOIOYH IIIJIBHY CTPYKTYPY, SIKA& 3yMOBJIIO€ 3POCTaHHS MIIHOCTI; BIIEpIIE€ BCTAHOBJIEHO, IO Y
MoaM(iKoBaHI IIEMEHTHIM CHCTeMi, IO TiIpaTyeThes, B PE3yIbTaTi B3a€MOIl pI3HMX MakKpOiOHIB PO3BUBAETHCS
CTPYKTYPOTBIpPHUII MpoIec i3 NepeBaykaHHsIM aKTUBHHUX YaCTHH, SIKi 3HAYHO MEPEBUIYIOTh HOTO IUCHUIIATUBHY YaCTHHY
MOPIBHAHHO 3 HOPMaJbHUMHM YMOBaMH TBEpAHEHHs. Pe3ymbraru, OTpuUMaHi IiJ dYac MOZETIOBAHHS ITOBENIHKH
MoAM(piKOBaHOI IIEMEHTHOI CHUCTEMH, L0 TiAPaTYEThCs, MOKa3yloTb, LI0 B CHCTEMi CIIOCTEpIraloThbCsl KOJIMBAHHS
KOHIIEHTpaIii NPOMDKHHX MPOAYKTIB TiApararii, OTOTOXXHEHI 3 BHHHUKHEHHAM IIPOCTOPOBO-9AaCOBOI CTPYKTYpH.
Ilpakmuuna 3nauumicmp. Dizuko-xiMiuHe MoaM]iKyBaHHS IEMEHTHOI CHCTeMH 3abe3rneduye 3MiHy MOop@oTporrii
KPHUCTAJIOT1IPaTHUX HOBOYTBOPEHb, 1110 CHPHUITUME (POPMYBaHHIO IIPOCKTHUX BIACTHBOCTEH OETOHY.
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Annorammsi. ITocmanoeéka npoénemsi. OnpenelicHHE THUIIOB CBsI3€H, BO3HHMKAIOIIMX B MOIU(DHUIMPOBAHHOM
LIEMEHTHOW MaTpuie OeTOHa, W OIeHKa KadecTBa JTHX CBS3¢H B HEOQHOPOAHOM Marepualie Ui OIpENeNICHUs
T€OMETPHUYECKHUX M (PU3NUECKUX COOTHOIICHUH MEXIy CTPYKTYPOH MOAN(UKATOPOB M IEMEHTHOW MaTpHUIIbl Ha paHHEH

41



Bicauk [IpuaHinpoBchkoi nepikaBHOT akaaemMii OymiBHHITBA Ta apxiTekTypH, 2019, Ne 1 (249-250) ISSN 2312-2676

CTaJuM CTPYKTypooOpasoBauusi. Memoouka. ViccienoBaHusi TPOLECCOB THApAaTallud M CTPYKTYpooOpa3oBaHMs
OOBIYHBIX ¥ MOJU(UIMPOBAHHBIX IIEMEHTHBIX CHCTEM IPOBOAMINCH C HCIOJIb30BAHUEM PEHTreHO(]a30Boro,
i depeHInanbHO-TEPMUUECKOTO M MHKPOCKOIUYECKOTO aHAaIM30B, WH(PAKpACHOW CIEKTPOCKONMUH. AHanu3
CTPYKTYPHBIX MapaMeTpoB LEMEHTHOW Marpuilbl OETOHA MPOBOAMICS METOJOM PTYTHOW MOPOMETPUH, & TaKXkKe MO
ajicopOIMK mapoB Bonbl U azora. Pesyrsmamul. CructemMa CIOXEHUSI C COOTBETCTBYIOILIECH CTPYKTYpoil GopMupyercs
MPU KOMITOHOBKE M KOHTAKTHPOBAaHWU MHHEPAbHBIX KOMIIOHEHTOB IIEMEHTHOH CHCTEMBI U 3€peH 3allOJHUTEJeH B
MPOLIECCe CMEIIUBAHUS C BOJOW, MEPEeMEIIMBAHUS U YKIaJKH OeTOHHOW cMmecH. VI3MeHeHHe KOJMYeCTBEHHbBIX
XapaKTepUCTUK  CTPYKTYpbl MOAMGHIMPOBAHHOTO OeTOHAa HAOMIONANOCh MPU W3MEHEHHHM HHTCHCHUBHOCTHU
Moaudunuposanus. Habnronaemble n3MeHeHUsT MOP(OIOrHYecKol CTPYKTYphl IEMEHTHOW MaTpHIbl HE MOTYT OBITh
Cly4aliHBIMU, TaK KaK OHHM MOATBEPKIECHBI OBTOPHBIMU OINBITAMU IPU BOCHPOU3BOAUMOCTH OT 82 10 96 %. B TO xe
BpeMsi, TAKO€ M3MEHEHHE MOP(OIOTHH HOBOOOPa30BaHUN HE OTMEYEHO B OOBIYHOM OeToHe. V3 MpHBeIeHHBIX JaHHBIX
OYEBHIHO 3HAYMTENLHOE YBEJIMYECHHE IUIACTHHYATO-IPU3MAaTHYECKOH COCTABISIIOIIEH B IIEMEHTHOH Marpuie
Moau¢unupoBanHoro 6eroHa. C yBeTMYEHHEM BPEMEHHU BBIIEPKKH KOJIMYECTBO c(hOPMHUPOBAHHBIX KPUCTAIUIMUECKUX
HOBOOOPA30BaHUH yBEINYHMBAETCS. ITO MOKHO OOBSICHUTH CHCTEMHBIM MOAXO0I0M: MOP(OJIOTHS CTPYKTYPHI LIEMEHTHON
MaTpUlpl SBISIETCS PE3yIbTaTOM B3aWMOJCIHCTBHS CHUCTEM CIOXKEeHHsT M pocra. I[lpu 3TOM cucTeMa pocra
(TepekpucTaTU3alns H Pa3BUTHE CTPYKTYPHI BO BpeMEHH) MOXKeT 3P PEKTUBHO pa3BUBATHCS 0€3 JOCTATOYHO ITOJIHOTO
Pa3BUTHsI CHCTEMbl CIIOXKEHHs (HAKOIUICHHs MEPBUYHBIX MPOAYKTOB rujapartauuu). Hayumas noeusna. Briepsbie
YCTAaHOBJIEHBI OCOOEHHOCTH CTPYKTYpOOOpa3oBaHUs MOAW(GHUIMPOBAHHON IIEMEHTHON CHCTEMbI, 3aKJIIOYAOLINECS B
TOM, 4YTO KpHUCTAIbl THApaTa XJOPOKCHIA MAarHusi OBICTPO pPACTYT B MPOCTPAHCTBE MEXAY THAPATHBIMU
HOBOOOPa30BaHUSIMU KJIMHKEPHBIX MHHEPAJOB, a MEXaHHYEeCKOe CLEIUICHHE, BO3HHUKAMIIee B pe3yiabrare 3Toro,
00yCIIOBIMBaET pa3BUTHE HAYAJILHOM MPOYHOCTH M JKECTKOCTH. Tak Kak CBOOOJHOMY POCTY KPHCTAJIJIOB HPEISTCTBYET
HEJI0CTaTOK MMPOCTPAHCTBA, KPUCTAJUIBI B3aMMHO IIPOPACTAIOT, 00pa3ys IUIOTHYIO CTPYKTYpY, KOTOpasi 00ycIOBIMBAET
pPOCT NHPOYHOCTH; BIEPBBIE YCTAHOBIEHO, YTO B THIPATUPYIOIMIEHCS MOIU(PUIMPOBAHHOW LEMEHTHOW cHuCTeMe B
pe3yabTare B3aMMOAEHCTBUS Pa3IMYHBIX MAaKPOMOHOB Pa3BUBACTCS CTPYKTYPOOOPa3yIOLIHii mponece ¢ npeodiaajanueM
AKTHBHBIX YacTeH, KOTOPbIE 3HAUUTEIBHO NPEBBIINAIOT €ro JUCCHIATHBHYIO YacTh IO CPaBHEHHIO C HOPMaJbHBIMHU
YCIOBUSIMM ~ TBEepIEHHs. Pe3yabTarbl, IOJy4YeHHbIE [P  MOJCIMPOBAHUU  IOBEJACHUS  THAPATHPYIOIIEHCS
MOAMGUIUPOBAHHON LEMEHTHOW CHCTEMBI, MMOKA3bIBAIOT, YTO B CHUCTEME HAOIIOMAIOTCS KOJEeOAaHUsI KOHICHTpAIUU
MPOMEXYTOYHBIX IPOAYKTOB TUAPATAIMH, OTOXJIECTBISIIOUIMECS C BO3HHMKHOBEHHEM MPOCTPaHCTBEHHO-BPEMEHHON
cTpyktypbl. IIpakmuueckas 3nauumocms. DUNKO-XUMHUYECKOE MOAUMUIIMPOBAHME [IEMEHTHOH  CHCTEMBI
obecrieunBaeT 3MeHEeHHE MOP(OTPONTUN KPUCTALTOTHAPATHBIX HOBOOOPA30BaHU, UTO CITOCOOCTBYET (POPMHUPOBAHHIO
MIPOEKTHBIX 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’/em’ of cement matrix at age, days
1 3 7 14 28
Modified Submicrocrystal 0.42 0.39 0.24 0.28 0.25
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‘6m 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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