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PROPERTIES OF MODIFIED CONCRETE FOR SPECIAL PURPOSE
STRUCTURES

Purpose. The paper is aimed at developing the scientific fundamentals of new-generation monolithic concrete
technology for special purpose structures by controlling the processes of structure formation of a modified cement
system under natural hardening conditions. Methodology. The kinetics of interaction between the cement system
and aggregates was evaluated by microcalorimetry. The measurements were carried out continuously for 24 hours
after preparation of the mixture. The differential and integral characteristics of the heat release of the solidifying
system were recorded. Investigation of the rheological properties of concrete mixtures was carried out on the mix-
tures with 10...15 cm consistency. The microhardness of contact layers was investigated on concrete cubes with di-
mensions from 20x20x20 to 50x50x50 mm. When determining the structural characteristics, x-ray phase and differ-
ential-thermal analyzes of the concrete cement matrix were used. Infrared spectroscopy was used to determine the
effect of physicochemical modification on the cement system. Tensile creep was studied over a wide load range
from 0.2R; to 0.8R;. Findings. It is determined that the reason for changing the concrete properties of natural harden-
ing is the change in its hygrometric and thermal state, as well as the harmonic fluctuations of these environmental
factors. The hygrometry of concrete depends on the thermal moisture conditions of the environment, the type and
composition of concrete, the massiveness of concrete elements. An analysis of these factors and experimental data
made it possible to establish the exponential dependence of the change in the hygrometric state of monolithic natural
hardening concrete. The change in the moisture state of concrete makes it possible to predict its volumetric defor-
mations. Originality. For the first time, the features of the structure formation of a modified cement system are es-
tablished, consisting in the fact that magnesium chloride hydrate crystals grow rapidly in the space between hydrat-
ed clinker minerals, and the resulting mechanical cohesion defines the development of initial strength and rigidity.
Since the free growth of crystals is hampered by a lack of space, the crystals mutually intergrow, forming a dense
structure, contributing to the growth of strength. The developed organo-mineral modifying complex provides dis-
perse reinforcement of the cement matrix of concrete. Practical value. The obtained dependences of structural con-
crete stresses make it possible to analyze their effect on the structure of modified concrete: to determine the proba-
bility of formation around the filler particles of the plastic flow zone, the material microcrack formation zone, the
crack initiation period, the microcrack onset conditions, and the change of elasticity modulus of the material caused
by microcracks in its structure. Disperous modification of cement matrix allows to obtain durable concrete of special
purpose with design operational properties. The developed binder disperse modification technology, the established
features of the structure formation mechanism for the modified cement system, as well as the use of the principle of
congruence of a complex of technological influences to the physico-chemical processes of hydration of clinker min-
erals allowed developing the scientific fundamentals for the special purpose concrete technology. This helps to ex-
pand the use of modified concrete in various types of construction.

Keywords: modified concrete; disperse modification; structure formation; cement system; structural cha-
racteristics; durability
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Introduction

The development of capital construction in
a market economy is closely linked with the tasks
of further increasing the efficiency of construction
production, reducing the cost and complexity of
technological processes, economical use of materi-
al and energy resources, the use of new progressive
materials [7, 8, 10, 12, 18].

Obtaining concrete of special purpose with high
operational properties is possible by using different
additives of organic and mineral origin. However,
along with the positive effect, organic additives
have a number of significant drawbacks, the main
of which is the violation of the initial processes of
hydration of the cement system in concrete. The
organic plasticizer molecules are adsorbed onto
cement particles and inhibit the hydration of the
cement matrix with all the resulting consequences.

One of the promising structural materials is
dispersed reinforced concrete. Such concrete is one
of the varieties of a large class of composite mate-
rials, which are now increasingly used in various
industries. Disperse reinforcement is carried out by
fibers of various nature, uniformly distributed in
the volume of the cement matrix, and is one of the
ways of modifying the concrete cement system [2,
3, 17].

The uniqueness of modern buildings and struc-
tures being erected determines a complex of high
operational requirements for this material. First of
all, they include the high strength, the stability of
heavy concrete in different operating conditions
and the highest possible durability of the selected
material [1, 6, 11].

The current level of development of construc-
tion requires the further development of the con-
cept of new generation concretes, which are neces-
sary for the perception of increasing natural and
man-made impacts, as well as for special condi-
tions of exploitation.

The development of the binding system activa-
tion methods was promoted due to the studies by
G. R. Wagner, V.M. Glushchenko, G. Gouda,
I. G. Grankovsky, L. I. Dvorkin, P. Clark,
M. M. Kruglytsky, V. A. Matvienko, M. I. Netesa,
O. O. Pashchenko, O. M. Pshinko, D. M. Roy,
N. M. Rudenko, M. A. Sainitskiy, V. I. Solomatov,
M. B. Uriev, M. Sh. Finer, Yu. G. Hayutin,

O. O. Shishkin, Yu. Steierman, B. E. Yudovich
and others.

Obtaining concrete of marginal strength is one
of the main problems of modern concrete technol-
ogy. Taking into account the considerable accumu-
lated experience in this direction, it should be not-
ed that the solution of this problem is possible with
the purposeful management of the processes of
hydration and structural formation of the cement
matrix of concrete [9, 13-16].

The most vulnerable part of the concrete con-
glomerate is its cementing matrix. The study of
foreign practice in the construction of unique ob-
jects has shown that the efforts of researchers and
builders are aimed at increasing the physical and
technical characteristics of the cement matrix. It is
provided with the use of high-early cements of
high grade or cement remilling, as well as various
additives that provide the maximum possible re-
duction of water-cement ratio. In particular, the
practice of using super- and hyperplasticians is
widely used. Improvement of other properties of
concrete is also achieved by using various complex
additives. Particular attention in obtaining concrete
with high operational properties is paid to increas-
ing the operational stability of the cementious ma-
trix. As a rule, this is achieved by a combination of
the described technological measures with the use
of highly dispersed microfiller with amorphous
surface in the concrete composition.

Purpose

Development of scientific fundamentals of
new-generation monolithic concrete technology for
special purpose structures by controlling the pro-
cesses of structure formation of a modified cement
system under natural hardening conditions.

Methodology

The kinetics of interaction between the cement
system and aggregates was evaluated by microcal-
orimetry. The measurements were carried out con-
tinuously for 24 hours after preparation of the mix-
ture. The differential and integral characteristics of
the heat release of the solidifying system were rec-
orded. Investigation of the rheological properties
of concrete mixtures was carried out on the mix-
tures with 10...15 cm consistency. The microhard-
ness of contact layers was investigated on concrete
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cubes with dimensions from 20x20x20 to
50x50x50 mm. When determining the structural
characteristics, x-ray phase and differential-
thermal analyzes of the concrete cement matrix
were used. Infrared spectroscopy was used to de-
termine the effect of physicochemical modification
on the cement system. Tensile creep was studied
over a wide load range from 0.2R, to 0.8R..

Findings

The microstructure of a modified cement con-
crete matrix is formed in the form of well crystal-
lized, spiral tubular filamentous crystals. The me-
chanical grip of these crystals is considered as the
main source of strength formation along with the
additional grip, which is achieved as a result of the
mutual intergrow of the crystals when they collide
with each other. Slow solidification and rapid
hardening of the modified cement concrete system
allows the use of such concrete mixtures for con-
crete pumping transport and transport them over
long distances when erecting buildings and struc-
tures.

The process of formation of the modified con-
crete coagulation structure in natural conditions is
carried out due to the selective adsorption of ions
and associates from the liquid phase, the change in
the contact area in the spatial plastic structure, the
directed growth of crystals. The coagulation-
crystallization structure of the modified cement
matrix derives the features of the mutual arrange-
ment of aggregate structures, the porosity and dis-
persion type. Herewith, the mineral part of the
modifier is a chemically active component — an
additional source of hydrated phases, which con-
tributes to the strengthening of the binding system.
The physico-chemical modification of the cement
system of concrete creates special conditions for
the formation of a spatial structure that differs in
structure from ordinary concrete.

From the moment of the preparation of the
modified concrete mixture, the defect in the sur-
face monolayer of the cement particle increases,
thereby affecting the amplitude of the oscillations
of the crystalline lattice nodal atoms. The combina-
tion of thermal, chemical and mechanical influ-
ences leads to a disturbance of the distant order of

the crystalline lattice of the cement particle surface
layer, causing the atoms to oscillate near the equi-
librium positions more intensively.

It is important that the complex modification of
the concrete mixture creates special conditions for
the formation of the contact area of the cement ma-
trix and filler grains. Modification creates condi-
tions for the formation of a pseudo-solid body, the
deformation of which manifests itself in the form
of an elastic aftereffect. This creates the conditions
for marginal packing of grains of different granu-
lometry and optimization of the thickness of the
contact layers with the minimum possible porosity
of the material. Modification of the cement system
leads to the equalization of the water-cement ratio
in all layers of the concrete mixture. The reason for
this is the high level and constancy of the hydro-
static pressure of water. In this case, the formation
of the contact layer cement matrix — filler occurs in
special conditions.

The microhardness of the concrete contact lay-
ers was investigated. The microhardness value was
characterized by the magnitude of the diamond
cone imprint. The cement matrix microhardness
parameters listed in Table 1 indicate that the
strength of the intergranular area is substantially
inferior to the strength of the contact area for ordi-
nary concrete. The imprint diameters in the inter-
granular area are 15...17% bigger than the values
in the contact area with the filler. For the cement
matrix of modified concrete, these parameters are
close by values. It is established that in modified
concrete the strength of the contact and intergranu-
lar area of the cement matrix differs by 3...7%,
which explains the increase in concrete strength
during tension.

At low values of W/C close to [W/C], the con-
tact areas of the cement matrix are practically over-
lapping, which determines the high strength of
such concrete during tension. Thus, it can be con-
cluded that in the modified concrete a cement ma-
trix is formed, practically isotropic from the sur-
face of the filler to the centers of the intergranular
layers. Such matrix is characterized by high adhe-
sion to the filler surface, approximately equal to its
cohesive properties. The established position is
confirmed by the concrete structure analysis.
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Table 1

Concrete cement matrix microhardness parameters

Type of concrete wi/C Average diameter of the diamond cone imprint, 107" m
contact area intergranular area
Modified 0.29 2.6 2.8
0.31 3.0 31
0.33 3.3 3.4
Ordinary 0.42 4.6 5.2
0.44 5.1 5.7
0.46 5.4 6.2

The kinetics of the interaction of the binder and
fillers in the solidifying dispersion system was eval-
uated by methods of microcalorimetry. The meas-
urements were carried out continuously for 24 hours
after preparation of the mixture. The differ-rential
and integral characteristics of the heat generation of
the solidifying mixture were recorded. In the pro-
cess of measurements, the microcalorimeter main-
tained the temperature of 20°C. The heat generation
of cement systems with W/C=0.30...0.42 differs
significantly. The differentiated heat generation of
cement systems, prone to modification, differs sig-
nificantly. They are characterized by high-intensity
heat generation in the period up to one day of hard-
ening, whereas in traditional samples the heat gen-
eration rate change basically ends up to 7-day age.

After four hours of hardening of the modified
concrete, we observe the heat generation process
intensification, which indicates the recrystalliza-
tion, as well as the stabilization of the cement ma-
trix structure.

Comparison of the cement matrix microhard-
ness data with the microcalorimetric study data
shows that between the filler and the cement ma-
trix there is a physical interaction, which leads to
the formation of a contact area consisting of layers
on the edge of the cement matrix and the filler and
the surface of the partition between them. The val-
ue of the cement matrix adhesion to the filler sur-
face is several orders of magnitude higher than that
of the ordinary concrete. This explains the signifi-
cant increase in the strength of concrete during
tension compared with the ordinary concrete.

With almost constant ratio of volumes of hy-
drated phases and porous space, they undergo
regular qualitative changes in time. In the solid
phase, as far as the cementing agent is exponential-

ly accumulated, the volume of relic minerals expo-
nentially decreases as well. Although the cement-
ing agent at various stages of its formation is rep-
resented by a set of high-base forms of hydrated
newgrowths, their structure depends on the techno-
logical conditions of structuring.

Change in gquantitative characteristics of the mod-
ified concrete structure was observed when changing
the modification parameters. The observed changes
in the morphological structure of the cement matrix
can not be random, as they are confirmed by repeated
experiments with reproducibility from 82 to 96%. At
the same time, such change in the newgrowth mor-
phology is not observed in the ordinary concrete. The
data obtained show a significant increase in the la-
mellar-prismatic component in the cement matrix of
the modified concrete. With longer curing time, the
number of formed crystalline newgrowths increases.

This can be explained by the system approach:
the cement matrix structure morphology is the re-
sult of the interaction of the build and growth sys-
tems. In this case, the growth system (structure
recrystallization and development in time) can ef-
fectively develop without a sufficiently complete
development of the build system (accumulation of
primary hydration products). The developed sys-
tem of cement particle hydration build-up in favor-
able conditions of the hydraulic pressure of the
surrounding water due to thixotropy will weaken
the morphology of structural newgrowths. Howev-
er, this phenomenon is not observed in ordinary
concrete, where there is no structure modification.
According to experimental data obtained by com-
plex methods of studying the structure, develop-
ment in volumes of similar morphological struc-
tures can reach 20%. Herewith, the hydration rate
increases by 11...14%.
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The research of physical and mechanical proper-
ties of the concrete mixture and the concrete on the
modified cement system was carried out. Research of
rheological properties of the concrete mixtures was
carried out on mixtures with 10...15 cm mobility.
Physico-chemical modification of the cement system
provides the obtaining of mobile concrete mixtures
with the decreased cement cost per 1 m® of concrete
by 32...37%. The ease of laying these concrete mix-
tures is stable in the range of used compositions. This
allows asserting that the cement system modification
provides obtaining of non-disintegrating concrete
mixtures. In contrast, the ordinary concrete mixtures
were characterized by obvious signs of stratification.
In this case, with the cone slump (CS) =15 cm, the
composition with a minimum cement consumption
was subjected to the disintegration as well.

It is established that the use of modified cement
systems contributes to increasing the water-
retaining capacity of concrete mixtures. In view of
transportation without the vibration effect, the wa-
ter-retaining capacity of the modified cement sys-
tem is W/C = 1.3 [WIC].

The technological properties of the concrete
mixture are largely determined by its viability in
a certain period of time. The viability of the mix-
tures is significantly affected by the environment. In
the laboratory, the mixture mobility change in time
was determined by the cone slump measurement.
The intensity of CS change depended on the condi-
tions of concrete and the type of experiments con-
ducted. The results of experiments are presented in
Table 2.

Table 2
Influence of concrete mixture curing time on its mobility (initial cone slump of 15 cm)
. ] . Concrete mixture mobility, cm, in
Type of mixture Curing conditions - - - - - - -
15 min 30 min 45 min | 60 min 75 min 90 min | 105 min

Ordinary Laboratory 12 10 7 6 4 3 3
Climatic camera 12 8 5 4 3 2 2
On a modified Laboratory 15 15 14 13 13 12 12
binder Climatic camera 15 13 13 12 11 10 10

It was established that the modification of the
cement system contributes to increased strength of
the concrete during tension and bending. This ex-

plains the decrease in the values of the ratios R/R;
and R/R,, of the modified concrete, which solidified
under natural conditions (Table 3).

Table 3
Concrete strength ratio at tension and compression
Concrete strength limit, MPa Ratio R/R; Ratio R/Ry,
At compression (R) | At tension (Ry) ‘ At bending (Rp)
Ordinary concrete
45.6 2.75 3.28 16.5 13.9
475 2.94 3.69 16.1 12.9
52.9 3.17 4.07 16.7 13.0
54.7 3.23 4.28 16.9 12.8
Modified concrete
76.4 5.78 12.07 13.21 6.33
80.3 6.87 12.87 11.76 6.24
91.9 8.04 14.24 11.43 6.45
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It has been experimentally found that the modi-
fied concrete in specific conditions of operation is
ensured with fairly high atmospheric resistance.
The indicated is also confirmed by stable values of
material strength in the research process. For ordi-
nary concrete there is a decline in strength both
during compression and bending. Standard samples
began to collapse after 127 cycles of water satura-
tion and drying, while samples of modified con-
crete were in a satisfactory condition to almost 200
cycles, after which the tests were discontinued.

Taking into account the operation of elements of
concrete and reinforced concrete structures in condi-
tions of variable water level, they are subjected to
alternate freezing and thawing under conditions of
capillary suction. Therefore, the concrete, intended
for erection and restoration of special structures,
must have high frost resistance. The theoretical pre-
requisite for increasing the frost resistance of con-
crete is the modification of its pore structure.

The estimation of the parameters of condition-
ally closed porosity of concrete was carried out by
means of microscopic studies on concrete polished
sections by the linear method. The chosen method
of determining the specific surface of the concrete
polished sections is the most widely used and is
called the linear intercept method.

The X-ray diffraction and differential-thermal
analyzes of concrete cement matrix have been car-
ried out. As follows from diffractograms, the com-
position of newgrowths in a cement stone of the
ordinary concrete is somewhat different from the
same composition of the modified concrete. In the
ordinary concrete, there is identified the three-
sulfate  form of hydrosulfoalumite calcium
(d=9.73; 5.61; 3.8510™'° m), C;AH; (d=4.45; 2.30;
1.57210"° m), Ca(OH), (d=4.91; 2.61; 1.7910™
m), hydrosilicates of calcium of increased basicity
(d=3.03; 2.83; 2.026; 1.632 m). The modified con-
crete newgrowths are characterized by formation
of four-calcium hydroaluminate (d = 7.8, 3.85,
2.43, 1.67-10™° m), as well as recrystallization into
a monosulfate form of calcium hydrosulfoalumi-
nate (d = 8.92, 4.96; 3.99; 2.25-10™ m), which
obviously contributes to the increased frost re-
sistance of the modified concrete.

The data of the differential-thermal analysis
confirm the results obtained during radiographic
studies. The endoeffect with a maximum of 132°C
on a thermogram of the ordinary concrete cement

stone subjected to the frost resistance test corre-
sponds to the dehydration of the three-sulfate form
of calcium hydrosulfoaluminate and calcium hy-
drosilicates. The temperatures 440-445°C corre-
spond to the decomposition of Ca(OH)?, while for
the modified cement matrix the effect is less no-
ticeable. At low temperatures of 586, 698, 716 °C,
low-mass hydrosilicates of calcium type CSH (B)
and C,SH, are dehydrated. The endoeffects at tem-
peratures of 690 and 710 °C for the ordinary ce-
ment stone also correspond to the decomposition
of CaCO;, although calcium carbonate is exuded in
a small amount.

The purpose of physico-chemical modification of
the cement system is to create conditions for a highly
efficient reaction of clinker minerals with water at
sufficient rapidity. Herewith the solid products with
very low solubility and microstructure should be
formed, which provides the necessary mechanical
strength, volume stability and other necessary prop-
erties. The formation of adsorption layers on the sur-
face of cement grains is the most important stage of
the modification process. While playing the same
role as protective colloids, these layers regulate the
growth of crystals at certain stages of the clinker
minerals hydration process. The action of modifiers
in a concrete mixture is reduced to multiplication of
seeds and to their growth in the cement system. This
is due to the fact that modifiers, being a surfactant
and acting on the edge of the crystals formed from
the solution, contribute to the increase of surface
activity, and also affect their shape. Since under oth-
er equal conditions the growth rate of crystals is of-
ten proportional to the surface tension, even very
small additions of substances that are capable of al-
tering the surface tension significantly affect the de-
gree of grain wetting, the crystallization nature and
the newgrowth pecularities.

The simulation of interconnections in the modi-
fied cement system was performed, as well as the
differential equations for the potential were de-
rived, which correspond to any distribution of
physical boundaries and charges in the cement sys-
tem. It was proved that it is necessary to divide the
liquid phase into several areas, each of which the
Laplace equation or the Poisson equation can be
applied to. Then the solution of these equations
depends on the conditions that obey the corre-
sponding parameters within the boundaries of the
areas where the equation data apply.
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When maintaining samples of concrete in a sul-
fate medium for 360 days, the decrease in the mod-
ified concrete strength is 3...6% (decrease in the
ordinary concrete strength — 12...23%), the coeffi-
cient of sulfate resistance K is within 0.91...0.93.

Stabilization of the modified concrete strength
in time indicates the predominance of constructive
processes over destructive ones.

The mathematical model of the corrosion re-
sistance processes was obtained. The experimental
data resulted in the equation which binds the sul-
phate stability of the concrete with the parameters
of the aggressive medium (content of sulfate ions)
and the concrete characteristics (content of CzA,
cement, CaCOs in the fine filler, cement system
modification degree) [5]. The test for adequacy has
shown good convergence of model results. The
deviation of the calculated K, from the experi-
mental one in the whole range of tests does not
exceed o, =% 0.1.

The deformation properties and the stress state
of modified concrete for special purpose were inves-
tigated. It was established that the causes of volu-
metric changes of concrete are shrinkage and tem-
perature deformation. Herewith, in the natural con-
ditions of concrete hardening it is important to take
into account both types. Moreover, the value of
temperature deformations of concrete in natural
conditions may be close to the amount of shrinkage.

Shrinkage deformations were investigated for
conditions of linear drying, for which purpose the
concrete was laid in glass tubes, open on one side.
The 14-day age deformations vary depending on
the sample length to five times. Despite some
smoothing of this difference over time, it remains
significant even at 60-day age.

The equations obtained from the test results al-
low us to solve the question of the minimum level
of structural stresses in monolithic concrete with
its certain saturation with large aggregate, and also
to evaluate the influence of structural stresses on
the concrete properties [4]. The ordinary concrete
with a relatively thin cement sheath are character-
ized by high tangential and small radial stresses at
temperature-shrinkage deformations. Under natural
conditions, these stresses are higher as a result of
increased values of Ae(t), which is not observed in
the modified concrete. In the modified concrete,
only the tangential stresses present the greatest
danger to the structure.

Change in shrinkage stresses in time is unam-
biguous. Total temperature-shrinkage deformations
have a saw-tooth graph. For the modified concrete,
the amplitude of fluctuations is 48...53% less.

The tensile creep was studied in a wide range
of loads from 0.2, to 0.8 with the modified con-
crete strength during tension of 3.68 MPa and that
of the ordinary concrete of 2.04 MPa. As the
stresses o /Ry increase, the magnitude of the creep
deformations of ordinary concrete increases signif-
icantly. However, the nature of the creep defor-
mation of the modified concrete during tension
differs from the generally known. The main differ-
ence between all the curves is a significant superi-
ority of the creep deformation of the ordinary con-
crete samples. Up to 90-day age, for all values of
o /Ry, the creep deformations are practically stabi-
lized. Consequently, in this age it is convenient to
compare the creep deformations of the samples
with different values of o/R.

Originality and practical value

For the first time, the features of the structure
formation of a modified cement system are estab-
lished, consisting in the fact that magnesium chlo-
ride hydrate crystals grow rapidly in the space be-
tween hydrated clinker minerals, and the resulting
mechanical cohesion defines the development of
initial strength and rigidity. Since the free growth
of crystals is hampered by a lack of space, the
crystals mutually intergrow, forming a dense struc-
ture, contributing to the growth of strength. The
developed organo-mineral modifying complex
provides disperse reinforcement of the cement ma-
trix of concrete.

The obtained dependences of structural con-
crete stresses make it possible to analyze their ef-
fect on the structure of modified concrete: to de-
termine the probability of formation around the
filler particles of the plastic flow zone, the material
microcrack formation zone, the crack initiation
period, the microcrack onset conditions, and the
change of elasticity modulus of the material caused
by microcracks in its structure. Disperous modifi-
cation of cement matrix allows to obtain durable
concrete of special purpose with design operational
properties. The developed binder disperse modifi-
cation technology, the established features of the
structure formation mechanism for the modified
cement system, as well as the use of the principle of
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congruence of a complex of technological influ-
ences to the physico-chemical processes of hydra-
tion of clinker minerals allowed developing the sci-
entific fundamentals for the special purpose con-
crete technology. This helps to expand the use of
modified concrete in various types of construction.

Conclusions

It is determined that the reason for changing the
concrete properties of natural hardening is the
change in its hygrometric and thermal state, as well
as the harmonic fluctuations of these envi-
ronmental factors. The hygrometry of concrete de-
pends on the thermal moisture conditions of the
environment, the type and composition of concrete,

the massiveness of concrete elements. An analysis
of these factors and experimental data made it pos-
sible to establish the exponential dependence of the
change in the hygrometric state of monolithic natu-
ral hardening concrete.

According to the hygrometric data of the con-
crete, a dependence is obtained to determine its
temperature-shrinkage deformation. This confirms
the physical principles of changed hygrometry and
shrinkage of concrete in time. The obtained de-
pendences also take into account the concrete
composition (relative content of the filler), as well
as allow to determine volumetric deformations of
concrete elements of different composition and
massiveness.
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OCOBJIUBOCTI POPMYBAHHAA EKCILTYATAIIAHUX
BJACTUBOCTEU MOAUPIKOBAHOI'O BETOHY JISAA CIIOPY J]
CIHHEIIAJIBHOT'O ITPU3HAYEHHA

Meta. Y po60Ti mOTpiOHO pO3pOOUTH HAYKOBI OCHOBH TEXHOJIOT1i MOHOJITHOTO OETOHY HOBOT'O TOKOJIIHHSI JIJISt
CIIOpPYA CIIELiAIBFHOTO NMPU3HAYCHHS 32 PaXyHOK KepyBaHHS IPOLECAMH CTPYKTYpPOYTBOPEHHS MOIM(IKOBaHOI Iie-
MEHTHOI CHCTEMHU B NPUPOJHUX yMOBaxX TBepAHeHHs. Meroanka. KiHeTuky B3aemoii IEeMEHTHOI CUCTEMH | 3ar1o-
BHIOBaUiB OILIIHIOBAJIM 32 METOJAMH MiKpoKajopumerpii. BuMipioBaHHsS npoBoiiu 6e3nepepBHO NPOTIroM 24 ro-
JIH TICIIsl IPUTOTYBaHHS cyMimi. PeectpyBamyu nudepeHuiiiny Ta iHTerpanbHy XapaKTepPUCTUKU TEIUIOBHIIICHHS
TBEPAi040i cucteMH. JlOCTHiKEHHs PEOJIOTIYHMX BIACTHBOCTEI OETOHHMX CyMilllel 3[ifCHIOBAJIM Ha CyMillax py-
xiuBicTio 10...15 cM. MIKpoTBepAicTh KOHTAaKTHUX INApiB JOCTIDKYBaJH Ha OETOHHHMX KyOWKaxX po3MipaMH Bif
20%x20%20 mo 50x50x50 mm. Ilix yac BU3HAUYEHHS CTPYKTYPHHUX XapaKTEPUCTHK 3aCTOCOBYBAIH PEHTTEeHO(Da30BHUi
1 muepeHIiHO-TePMIUYHII aHaNi3M eMEHTHOI MaTpuii 0eToHy. [H(padepBoHa CIIEKTPOCKOIIS MPOBEACHA 3 Me-
TOIO BU3HAYCHHS BIUIMBY (Di3MKO-XIMIYHOTO MOIM(iKyBaHHSI Ha IEMEHTHY CUCTeMy. [I0B3yUiCTh TIPH PO3TATY IIOC-
JiJKyBanacs B IIMPOKOMY Jiana3oHi HapaHTaxeHHs Bin 0,2 go 0,8 R,. PesyabraTn. BcTaHOBIEHO, IO IIPUYUHOKO
3MiHM BIIACTUBOCTEH OCTOHY NMPUPOIHOTO TBEPIHEHHS € 3MiHa HOTO TIrPOMETPUIHOTO i TEPMIYHOTO CTaHy, a TAKOK
TapMOHIYHI KOJIMBAaHHSA NUX (PaKTOpPiB HABKOJHUIIHBOTO CepemoBHINa. [ irpomeTpis O€TOHY 3aleKUTh Bil TEPMOBO-
JIOTICHMX YMOB CEPEIOBHIIA, BUAY I CKiIamy OETOHY, MACUBHOCTI OETOHHHX €JIEeMEHTIB. AHaji3 IUX (akKTopiB Ta eKc-
MIEPUMEHTAJIBHI JJaH1 JI03BOJIMJIM BCTAHOBUTH €KCIOHEHTHY 3aJIEXKHICTh 3MIHM TIrPOMETPUYHOrO CTaHy MOHOJITHOTO
OETOHY NPUPOJHOTO TBEPIHEHHS. 3MiHa BOJIOTICHOTO CTaHy OETOHY JI03BOJISIE IIPOTHO3YBATH HOro 00’ eMHI nedopmartii.
HaykoBa HoBHM3HA. YIiepiie BCTaHOBJICHI OCOOJMBOCTI CTPYKTYPOYTBOPEHHs MOJAM(]IKOBaHOI IIEMEHTHOI CHUCTEMH.
BoHu monsiratots y ToMy, 110 KPHCTAJIM TipaTy XJIOPOKCHAY MAarHif0 HIBUJIKO POCTYTh Y IPOCTOPI MiX TiApaTHUMHU
HOBOYTBOPEHHSAMH KJIIHKEPHUX MiHepasiB. MexaHiuHe 34eIUIeHHs, 1110 BUHUKA€E B pe3yJbTaTi bOro, 00YMOBIIIOE PO3-
BUTOK TIOYATKOBOI MIITHOCTI i skopcTKOCTi. OCKUIBKH BUTBHOMY POCTY KPHCTAIIiB IEPEHIKOIMKAE OpaK MPOCTOPY, KPUC-
TaJM B3a€EMHO IIPOPOCTAIOTh, YTBOPIOIOYH LIUIBHY CTPYKTYPY, SKa 00YMOBIIIOE 3pOocTaHHs MinHOCTI. Po3pobnenuit op-
raHO-MiHepambHUN MOIHU(IKYIOUHii KOMIDIEKC 3a0e3ledye IUCIepCHE apMyBaHHS IIEMEHTHOI MaTpuili OeTOHY.
Ipakrnuna 3HaynMicTs. OTpUMaHI 3aICKHOCTI CTPYKTYPHUX HAINPY)XCHb JO3BOJIIOTH aHANI3yBaTH X BIUIMB Ha
CTPYKTYpPY MOIM(IKOBAHOTO OETOHY, a came: BCTAHOBHTH HMOBIPHICTh YTBOPEHHS HABKOJO YaCTHHOK 3aIlOBHIOBAYA
30HHM IUTaCTHYHOI Tedii, 30HA MiKpOTPIIIMHOYTBOPSHHS MaTepiary, Nepio NoYaTKy TPilMHOYTBOPEHHS, YMOBH BUHHK-
HEHHsI MIKPOTPIILMH, 3MiHY MOJyJIsl IPY>KHOCTI Martepiaiy BiJ BHHUKHEHHsI B HOro CTpyKTypi MikpoTpiumH. [lucnepcHe
MOAM(IKyBaHHS LIEMEHTHOT MaTpHLI 103BOJISIE OJIEP>KaTH JIOBrOBIYHI OSTOHH CHEL[ialbHOTO NPU3HAYCHHS 3 IPOSKTHH-
MU eKCIUTyaTaliifHUMH BJIACTHBOCTAMH. 3alPOIIOHOBAHA TEXHOJIOTISI AUCIIEPCHOTO MOIHU(DIKYBaHHS B SDKY4O! peuOBH-
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HU, BCTAaHOBJICHI OCOOJMBOCTI MEXaHi3My CTPYKTYpPOYTBOPEHHS MOTU(iKOBAHOI IIEMEHTHOT CUCTEMH, & TAKOXK BUKOPHC-
TaHHS IPUHIMAITY KOHTPYSHTHOCTI KOMITIEKCY TEXHOJIOTIYHNX BIUTHBIB (Di3UKO-XIMIYHMM IIpoIIecaM TifpaTamii KIIiHKep-
HUX MiHEpajiB JO3BONMIN PO3POOMTH HAYKOBI OCHOBH TEXHOJOTiI OETOHIB cremiaisHOro mpu3HadeHHA. Lle crpuse
PO3IMINPEHHIO HAIIPSIMKiB BUKOPHUCTAHHS MOIU(IKOBAHUX OCTOHIB Y Pi3HMX BHAAX OYIiBEIFHOTO BUPOOHHIITBA.

Kniouosi crosa: moandikoBaHuii 6€TOH; qUCHepcHE MOIU(IKYBAaHHS; CTPYKTYPOYTBOPEHHS; IIEMEHTHA CHCTEMa;
CTPYKTYPHI XapaKTEepUCTHKH; JOBIOBIYHICTh

JI. B. PYJIEHKOY

"Ka. «Ynupasienne npoexTaMi, 31aHHS K CTPOMTEILHBIE MATEPHAILI, JIHEIPOIIETPOBCKHI HAMOHATGHEIA YHUBEPCHTET XKe-
JIC3HOZOPOKHOIO TPAHCIIOpTa UMEHHU akajieMuka B. Jlasapsna, yin. Jlasapsna, 2, JJaunpo, Ykpauna, 49000,
ten. +38 (098) 214 04 85, si. moura veberc@ukr.net, ORCID 0000-0003-0827-042X

OCOBEHHOCTH ®OPMHPOBAHUA SKCILTYATAHHOHHbIX _
CBOUCTB MOJIUOPUIITNPOBAHHBIX BETOHOB JIUISA COOPYXXEHUU
CIIEIUAJIBHOI'O HASHAYEHU A

Iens. B paboTe Hy>xHO pa3paboTaTh HayYHbIE OCHOBBI TEXHOJIOI'MH MOHOJIMTHOTO OETOHA HOBOTO TOKOJICHUS JUIst
COOPY)KEHHUH CHENaIFHOTO Ha3HAYEHHMs! 32 CUET YIPaBJICHUS IPOLIECCaMt CTPYKTYpOoOpa3oBaHus MOJU(ULMPOBAH-
HOM IIEeMEHTHOU CHCTEMbI B €CTECTBEHHBIX YCIIOBUAX TBepAeHus. Meroauka. KuneTrka B3auMoeiicTBUS LIEMEHTHOM
CHUCTEMBI U 3alOJHUTENEeH OIEHUBATIACh METOAAMH MHKPOKAIOpUMeTpuu. M3MepeHus NpOBOAWINCH HEIPEPHIBHO
B TeyeHue 24 JacoB 1ocie NPUroToBICHHUs cMecH. PerrctpupoBanuch nuddepeHipanstas 1 MHTerpaibHas XapakTe-
PHUCTHKH TEIUIOBBIICIICHHSI TBEpACIONIe cucTeMbl. MccnenoBanne peoormIecKuX CBOMCTB OETOHHBIX cMecel ocy-
IIECTBILUIOCH HA cMecsX MOABIKHOCTBIO 10...15 cM. MUKpOTBEpIOCTh KOHTAKTHBIX CIIOEB MICCIIEAOBANIACh HA OCTOH-
HBIX KyOukax pazmepamu oT 20%20%20 mo 50x50x50 mM. [Ipu onpeneneHnu CTpYKTYPHBIX XapaKTePUCTHK IIPUMEHS-
JUCh PEeHTTeHO()a30BBIN U TU((epeHIIaTbHO-TePMIICSCKIN aHATI3HI IIeMEHTHONH MaTpuisl 6etoHa. VH(pakpacHas
CIEKTPOCKOMHMS MPUMEHSIIACH C LEIbI0 OTPEEICHHs BINSHUS (PU3NKO-XUMHIECKOTO MOAU(DHUIIMPOBAHKS Ha IIEMEHT-
Hylo cucteMy. IlonsydecTs NpH pacTsiKEHHMM MCCNENOBalach B HIMPOKOM JuanazoHe Harpysku ot 0,2 jo 0,8 R,.
Pe3yabTarhl. YCTaHOBIICHO, YTO IPUYMHOM N3MEHEHUsI CBOMCTB OETOHA €CTECTBEHHOIO TBEPJCHUS SIBIISIETCSI H3MEHE-
HHE €ro rUrpoMeTpUYECKOr0 U TEPMUUYECKOTO COCTOSIHHS, @ TAK)KE rApMOHHYECKHE KoJieOaHUst 3THX (aKTOpOB OKpY-
xarolei cpenpl. ['mrpomerpust 6eToHa 3aBUCUT OT TEPMOBIIAYKHOCTHBIX YCIIOBHI Cpejibl, BUJa M COCTaBa OeTOHa, Mac-
CHBHOCTH OETOHHBIX 2JIEMEHTOB. AHaNM3 3TUX (hAKTOPOB U IKCIIEPUMEHTAIILHBIC IaHHBIE ITO3BOJIMIN YCTAHOBHUTH JKC-
MOHEHIMAbHYI0 3aBUCUMOCTh HM3MEHEHHUSI TUTPOMETPUYECKOTO COCTOSHHS MOHOJMTHOTO OETOHa €CTECTBEHHOTO
TBEep/ACHNUS. V3MeHeHNe BIaKHOCTHOTO COCTOSIHMSI OETOHA TIO3BOJIIET MPOTHO3UPOBATh €ro 00beMHBIE JehopMarvu.
Hayuynas HoBHu3HA. BriepBrie yCTaHOBICHBI OCOOCHHOCTH CTPYKTYpoOOpa3oBaHMS MOANGHUIMPOBAHHON IIEMEHTHON
cucteMbl. OHM 3aKITIOYAIOTCSl B TOM, YTO KPHUCTAUIBI THAPATa XJIOPOKCHIA MarHusi OBICTPO PacTyT B NMPOCTPAHCTBE
MEXly THAPATHBIMA HOBOOOPA30BAHMSMH KIMHKEPHBIX MHHEPAJIOB. MeXaHNYeCcKoe CLEIICHHE, BO3HUKAOIIEEe B pe-
3yIbTaTe 3TOT0, 00YCIOBIMBACT Pa3BUTHE HAYAIBHON MPOYHOCTH M JKECTKOCTH. Tak Kak cBOOOHOMY POCTY KpPHCTaI-
JIOB MPETSATCTBYET HEIOCTATOK MPOCTPAHCTBA, KPUCTAIUIBI B3aMMHO IIPOPACcTaloT, 00pa3ys INIOTHYIO CTPYKTYpY, CIIO-
COOCTBYS POCTY MPOYHOCTH. Pa3paboTaHHBIA OpraHO-MHUHEPATIBbHBIA MOAMMUIMPYIOIIUN KOMIUIEKC O0ECIIeYnBacT
JIUCTIEPCHOE apMUpPOBaHKE IIeMEHTHON Marpullel 6eToHa. IIpakTHyeckoe 3HaveHMe. IloaydeHHBIE 3aBUCUMOCTU
CTPYKTYPHBIX HANPSOHKCHUN MO3BOJISIOT aHAJU3UPOBATh MX BIHSHUC HA CTPYKTYPY MOIUGHUIMPOBAHHOIO OCTOHA,
a UMCHHO: YCTaHOBUTH BEPOATHOCTDH O6pa3OBaHI/IH BOKPYT YacCTHUI] 3allOJIHUTEA 30HbI MJIACTUICCKOTO TEYCHUs, 30-
HBI MUKPOTPELIMHOO0pa30BaHMs MaTepHalla, IIEpHo] Hadasla TPEIIMHO00pa30BaHUs, YCIOBUS BOZHUKHOBEHUS MUK-
pOTpPEIINH, U3BMEHEHUE MOJYJs YINPYroCTH MaTepuallia OT BO3HUKHOBEHHS B €ro CTPYKType MHUKpoTpeuuH. [uc-
NepcHoe MOJU(HUIIMPOBAHUE EMEHTHOW MAaTpHIbl MO3BOJISET MOJNYYUTh JOJTOBEYHBIE OETOHBI CIIEIHAIBHOTO
Ha3HAYEHUsI C MPOEKTHBIMH HKCIUIYaTal[HOHHBIMU cBOicTBaMH. [Ipe/uioskeHHast TEXHOJIOTHS TUCTIEPCHOTO MOIU(H-
LIMPOBAHMS BSOHKYILETO BELIECTBA, YCTAHOBJICHHBIE OCOOCHHOCTH MEXaHH3Ma CTPYKTYpooOpa30BaHHs MOIUPHIIPO-
BAaHHOW LIEMEHTHOW CHCTEMBI, & TAK)KE HMCIOJIb30BAHUE MPHUHIMIIA KOHTPYSHTHOCTH KOMIUIEKCA TEXHOJIOTHYECKHX
BO3/ICHCTBUH (PU3MKO-XMMHUYECKUM IIPOIECCaM THApPATALMH KJIMHKEPHBIX MHHEPAIOB MO3BOJIMIN Pa3padoTaTh
Hay4YHBIC OCHOBBI TEXHOJIOTHH OCTOHOB CIENMAIILHOTO Ha3HAUCHMS. DTO CIIOCOOCTBYET PACIIMPEHHIO HAlPaBICHUH
HCIIOJIb30BAHUA MOI[I/I(I)I/IHI/IpOBaHHBIX OETOHOB B Pa3INYHBIX BUAAX CTPOUTEIBHOT'O IPOMU3BOJICTBA.

Kniouegvle croga: MOTUGUIIMPOBAHHBI OETOH; TUCIIEPCHOE MOIUQPHUIIMPOBAHUE; CTPYKTYpPOOOpa3oBaHuE; Iie-
MEHTHasI CUCTEMA, CTPYKTYPHBIC XapaKTepI/ICTI/IKI/I; JOJTOBCYHOCTH
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