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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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ESTIMATION AND METHODS OF PREDICTION
FOR THE STRUCTURAL AND MECHANICAL PROPERTIES
OF RAP-COMPOSITES

Abstract. This article presents the study results of the processes of structure formation and analysis of the
methodological evaluation features of strength and deformation properties of RAP-composites. New materials
necessitate studying the peculiarities of their behavior in the temperature-time field in order to develop objective
technical requirements for their physical and mechanical characteristics that allow them to provide the required
values of strength and reliability.

The classical method of applying the temperature-time analogy is valid in the linear domain for the analysis of
relaxation curves at low levels of deformation or creep curves at low stresses.This thesis does not allow this theory to
be used for the analysis of strength properties and other characteristics associated with the process of destruction of
the composite material.Concretes of composite structure containing thermodynamically incompatible binders have
nonlinear viscoelasticity and are thermorheologicalycomplex.For composite materials a reduction factor (the amount
of displacement curves along the time or deformation speed axis) depends not only on temperature but also material
properties, and stress state.This is due to the peculiarities of the structure of composite materials as a system with a
complex set of elastic and viscous bonds, and therefore the reduction coefficient depends on the number of elastic
bonds involved in the deformation process.

The research is based on the principles of temperature-structural analogy, allowing predicting the properties of
composites on organo-hydraulic binders. This makes possible directionally to design a cold mix and to determine the
way of reaching a required materials property for construction of different layers of pavement.

The proposed methodological principles of design are based on the determination of the optimal ratio of elastic
and viscous bonds, considering the properties of RAP and the amount of cement. The use of this approach allows
evaluating the potential maximum durability of composites, practicability of the introduction of various modifying
components and the optimum content of the organic binder.

Key words: asphalt concrete regeneration, composite based on organo-hydraulic binder, cold RAP-mix, fatigue
life, temperature-structural analogy, rheological properties, maximum structural strength

Introduction. Asphaltic cement composites of various composition and preparation technology are
widely used in road construction practice. These asphalt cement composites are hereinafter referred to as
the concretes based on organo-hydraulic binders (concretes on OHB). The concrete that is on OHB is an
artificial construction material with a structure combining the properties of thermodynamically incompa-
tible organic (bitumen, tars) and hydraulic (cement, gypsum, ash, and etc.) binders. It is particularly
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important when old spent materials are reused in new construction. The reuse of pavement layer materials
is an urgent issue in the road-building industry of most countries around the world. Recycling or reuse
(regeneration) of materials of existing pavements during their renovation and repair is not a new concept;
such projects with varying degrees of success have been implemented since the beginning of the
20th century [1-3].

The regenerated materials without mineral binder (cement) exhibit viscoelastic properties within a
wide temperature-time range; plastic deformations and fatigue cracks are the main possible defects in
pavements based on the materials stabilized in such a way; and vice versa, when the mineral binder
content is increased, the elastic properties and increased shear resistance at high temperatures are
exhibited but brittle properties which stimulate low-temperature cracking and reduction of cyclic
durability may appear to a greater extent [4-6]. In this regard, increasing attention is being paid to
improving the quality of composite materials obtained from the processing of existing road pavements and
their reuse in the repair and construction of new pavements [7-9].

In most countries of the world, the required quality indicators of cold regenerated mixtures and
concretes are similar and are focused primarily on the regulation of properties via implementation of a set
of tests for [10-12]:

- shear resistance;

- crack resistance and fatigue;

- water resistance and frost resistance.

When determining the design parameters required for pavements design and prediction of composite
material properties, the provisions of the Williams-Landel-Ferry theory are often used with plotting the
main deformation curve and its subsequent shifting depending on the predicted level of load and
temperature impact [13-15]. This makes it possible to assess the composites within a wide range of
external impacts, as well as to evaluate their fatigue and fatigue life more effectively.

The difficulty of assessing the properties of composite materials on OHB is that they combine the
properties of coagulation, condensation and crystallization structures. In such systems, the arrangement of
the various bonds is not uniform in the material volume; the strength and deformability of structural
aggregates and clusters are also very heterogeneous. With regard to deformation and destruction
mechanics, the structure of such materials can be represented in the form of a phenomenological model
with a complex set of elastic, viscous and plastic bonds alternating in series and in parallel [16]. This is
due to the fact that the processes of influence of hydraulic binder at the levels of microstructure,
mesostructure and macro-structure are not sufficiently studied taking into account the properties of the
polygranular filler, that is RAP.

Thesis statement. Many years of experimental studies of composites on OHB and strength analysis
of their unbroken and broken structures have confirmed the possibility of phase contacts when the
thickness of organic binder films is within 1-5 um. However, taking into account the low strength of phase
contacts in the presence of such films, they cannot be defined as the main structure-forming factors. In this
case, the main structure-forming element is phase-to-phase transition layers of cluster type, the formation
of which is influenced both by physical (crystal intergrowth, adsorption, destruction of bitumen associates,
ion transfer, formation of double electronic layers) and chemical (formation of bonds of Me ~OOCR type,
hydrogen —H-O, and etc.) processes. The Me'“OOCR bonds are formed by metal ions, their oxides and
hydroxides arising from hydration of the mineral binder due to interaction with oxygen, hydroxyl and
carboxyl groups of the organic binder. The hydroxyl groups of hydration products and hydroxyl, nitrogen
and sulphur compounds of bitumen are involved in formation of hydrogen bonds [17,18].

Thus, at the interface between the phases of the mineral and organic binder, a certain transition layer
with special properties is formed; it is formed by clusters of different sizes, including nanodomains with a
different charge transfer between the system components. In these cluster domains, the interaction of
atoms differs from the interaction of atoms in isolated domains of cement, bitumen, and water that
significantly affects the entire complex of system properties. Therefore, the structure of composites based
on cement and bituminous binders is presented by the cement aggregates hydrated to varying degrees and
a number of phase-to-phase transition layers.

According to the presented structure formation scheme, the hydraulic binder's impact on the
composite structure and properties manifests itself by the mechanism of an active, colmatage and
reinforcing filler. Moreover, it refers to the macro- and microstructure. First of all, the cement is a
188




ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2020

reinforcing filler forming secondary structures in a bituminous or asphalt concrete matrix. The secondary
structures of the mineral binder can interact with each other via phase contact or transition layers having
higher strength than the bituminous matrix. As a result, the space reinforcing network with a "hinged"
connection in the nodes of varying degrees of mobility is formed. The mineral binder has a colmatage
effect because its aggregates, unlike inert fillers, are a rather monolithic system after hydration processes.

The structure formation processes are even more difficult when concretes on OHB are prepared with
the use of RAP as fillers. The main feature of intercontact interaction of such filler and organo-hydraulic
binder is the fact that RAP is a polygranular material in which the most part of grains is covered with an
aged organic binder (as a rule, with a bituminous binder). Consequently, the majority of strong phase
contacts with the formation of continuous condensation-crystallization backbone is developed via the filler
particles not coated with bitumen, as well as due to partial penetration of crystal whiskers into the bitumen
films and during interaction of hydration products with active bitumen components on the surface of
RAP-particles. As a result, the formed space condensation and crystallization structure determines the
elastic properties of the composite.

As described above, the strength of the condensation and crystallization backbone in the composites
on OHB is determined by a ratio of concentrations by volume of bituminous and cement phases. As the
volume of the bitumen phase is increased, the strength of the condensation and crystallization structure is
decreased. However, the bitumen in the composite material at the macro- and mesostructure level can be
located on the RAP surface in the form of structured films and fill the space between the aggregate
particles and the products of cement hydration that contributes to reducing the porosity and increasing the
hydrophobic properties of the composite.

Based on the full complexity of processes occurring when the structure of composites is formed on
the RAP and organo-hydraulic binder, there is an important issue to ensure and predict their mechanical-
and-physical properties. This issue should be addressed at the composition design stage. Currently, the
majority of methodologies to assess the properties of such composite materials, including the methodology
of Standard JTG F41-2008 "Technical Specifications for Highway Asphalt Pavement Recycling" [19], do
not allow to predict the efficiency of one or another technical solution of cold regeneration of road asphalt
concrete pavements while taking into account the features of interaction during the formation of
condensation-and crystallization and coagulation structures of RAP with a complex organo-hydraulic
binder within a wide range of their initial properties.

Novelty. The main method of predicting the strength and deformation characteristics within a wide
range of temperatures and load action time is the principle of temperature-time analogy (TTA), according
to which the experimental curves obtained at different temperatures can be combined by parallel shifting
along the axis of time? (or deformation rate) [20,21].

Figure 1 shows the general curve of the relaxation modulus of concrete on OHB prepared using RAP
(30% in the filler composition) with addition of 3% of cement and 5% of bitumen emulsion. This curve is
plotted by horizontally shifting (with the factor a,) the outgoing relaxation constraints E(¢)along the
axis.lgt
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Figure 1 — A general curve of the relaxation modulus
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In all cases, the temperature dependence of the shift factor 1ga, from (7T —1;) is well represented by

the power function:

lgasz'(T_Z))m’ (1

where T — test temperature, °C; 1 — reduction temperature, °C; A and m — constant parameters.

The examples of parameter values of dependence of this type on the material composition are given
in table 1.

Table 1 — The value of constant parameters to determine the shift factor &,

Composition* A, 10? m lg a, **
BE —3%; P-0% 3.5 1.30 1.72
BE - 5%; P - 0% 3.7 1.34 2.05
BE —-3%; P-2% 4.1 1.21 1.54
BE - 3%; P -4% 4.9 1.09 1.28
BE - 5%; P - 6% 5.2 1.02 1.10

* The RAP content in the filler composition is 30%.

** reduction to temperature 10°C (test temperature — 30°C).
BE — Bitumen emulsion.

P — Portland cement.

As can be seen from table 1, the shift factor is decreased as the weight fraction of the hydraulic binder
is increased, indicating that the temperature and time sensitivity of the concretes on the organo-hydraulic
binders are decreased if the condensation- crystal lattice is formed in their structure.

At the same time, the classical method of applying the temperature-time analogy is valid in the linear
range for analyzing the relaxation curves at low strain levels or the creep curves at low stresses. This
provision does not allow us to use it for the analysis of strength properties and other characteristics related
to the process of composite material destruction.

The concretes with a composite structure containing the thermodynamically incompatible binders
have nonlinear viscoelasticity and are complex in their thermo-rheological properties. A simple visual
analysis shows that parallel transfer does not allow the strength-versus-strain rate curves to be aligned
(figure 2). Therefore, the reduction factor (the value of shifting the curves along the axis of time or strain
rate) depends not only on the temperature but also on the material properties and the degree of strain
condition. The situation is even more complicated when RAP obtained from reprocessing of asphalt
concrete pavements is used as a filler (part of the filler).

(}‘5 T T T T

][l_ R theoretical curve (reduction to 30 °C — 20 °C)

u

0.3 }/_,, ._I_7.£
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Figure 2 — Bending strength from deformation rate for the concrete based on organo-hydraulic binder
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This is due to the features of the composite material structure as a system with a complex set of
elasticn, and viscous bonds 7,[16]; that's why the reduction factor 1ga, depends mainly on the number

of elastic bonds involved in the deformation process. It is valid since the temperature, tension, time
changes cause a change in the course of relaxation processes on which the value n,.directly depends.

If n =1, then the material properties are practically independent of temperature, stress, time, i.e. the
material is "absolutely elastic" and the reduction factor is equal to 1 (1ga,= 0). If n_is decreased and
tends to zero, then the material properties become close to viscous ones; the value 1ga, can be determined
by the Williams-Landel-Ferry equation (WLF) [20, 21]:
_17,44-(T—Tq)

lga"" = , 2)
5,6+ (T - Tq )
where T — current temperature, K; Tq — glass transition temperature, K.
Using the additivity concept, we obtain:
Iga, =(1-n)-1ga". 3)

The value n,. can be determined by the condition [16]:

1
E R, "
no=—t=|2|, 4
" E (Rj @

where E, and R, — relaxation modulus and material strength under specific conditions of loading; £, and

R, — maximum values of modulus and strength within the entire range of temperatures and load action

time; m — parameter that depends on the material type. For example, for asphalt cement compositions it
ranges from 0.8 to 0.95.

Thus, the value a, can be characterized not only by the viscous properties but also by the elastic

properties of the composite material. Taking into account that the changes in the composition and structure
of concretes on OHB, in the stress degree at the same temperature and time of its action leads primarily to

change of the value 7., it is possible to predict its rheological properties in case of a change in

temperature or time of load action. From the point of view of rheological behavior, the change of 7, due

to the structure variation is similar to its change due to variation of temperature or time of load action,
taking into account the initial properties of composite material. This provision allows the concept of
temperature-structural analogy (TSA) to be applied in a similar way to the concept of temperature-time
analogy (TTA).

Study methods and results. Dependence (3) according to the WLF is valid if the glass transition
temperature is taken as the reduction temperature. In the case of a random selection of the reduction
temperature, it is necessary to adjust the value of WLF factors according to the procedure [21]. The
experimental studies and calculations (Fig. 2) have shown that the theoretical curve obtained by the TTA
method (dashed line) differs from the experimental curves.

The WLF equation (2) is valid if the glass transition temperature is taken as the reduction
temperature. In case of random selection of the reduction temperature, it is necessary to adjust the value of
WLF factors according to the procedure [20]. It is possible to use a simplified dependence obtained by

shifting the WLF curve along the axes of temperature and reduction factor 1ga, . In this case, the factor

T o of reduction to random temperature is determined from the expression:

lga, =lga™" - lgaf’”, (5)

t
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The value Ig atT’” is calculated by (2) replacing the current temperature (7" ) with the reduction
temperature (7).

Table 2 shows the values of the factor of creep modulus reduction to the temperature of 0°C which is
obtained experimentally (by combining the curves) and theoretically. The studies were carried out using
the samples from RAP with addition of 3 % of cement and 5 % of bitumen emulsion at a temperature of

0°C and 20°C at two levels of strain. In case of theoretical determination, the value 7. was obtained by
Iga, (2), then the value lga, was obtained using (2) and (5). The temperature of structural glass

transition (7, ) was 12°C.

Table 2 — Values of the reduction coefficient for different methods of determination

Time of load action Number of elastic bonds Logarithm of the factor of reduction Iga,
at 20°C, according to (4) under strains, MPa to temperature of 0°C under strains, MPa
s 0.2 0.4 0.2 0.4
-0.7(-0.99 -1.1(-1.3
3.0 0.70 0.60 # #
-3.3 -33
—2.6(~2.57) ~3.0(=2.9)
15.0 0.22 0.14 —_— _—
-3.3 -3.3
~2.95(-2.86) ~3.2(-3.09)
30.0 0.15 0.08 _— —_—
-3.3 -3.3
Note. The numerator contains experimental data; theoretical data obtained using (2) and taking into account (Tp,-) and
(3) are given in brackets; the denominator contains data obtained using (2).

The table shows that the valueslga, obtained by the proposed procedure are close to experimental

data while those data calculated by the WLF equation, have significant deviations and do not take into
account the strain level and time. The changes in the concrete composition and structure, in the strain level

at the same temperature and time of load action lead primarily to changing the value 7, . As a result, the
material takes on the rheological properties that it would have when the temperature or time of load
actions changes, i.e. in terms of rheological behaviour, the change of 7, due to a structure variation is

similar to its change due to a variation of temperature or time of load action for the source material. This
provision allows developing the concept of temperature-structural analogy (TSA).

Let's assume that the material at a temperature 7| and time of load action 7 has some value of
properties £, that corresponds to the quantity of elastic bonds 7, . As the temperature is varied from 7;to
T, , the material properties are also varied. As a result, the material will have the same values of properties
E| at some time of load action 7, .

The difference between the factors of reduction to temperature 7, and 7; taking into account (3) is as

follows:

~17.44(1,-T,) 1

17.44(T,-1T,)
51.6+(T2—Tq)( o ) ©

Tpr _
Alga” = +—51.6+(ﬂ—ﬂ1)(1 ,

1
The same property values £, at time of load action #, can be obtained by keeping the temperature 7]

but by changing the number of elastic bonds from 7, ton,, due to the material structure (e.g. by varying

the amount of cement in the composite, binder modification, and etc.). This provision can be considered to
be valid because the glass transition temperature is almost independent of the structure [17].
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If the value of elastic bonds is varied from 7, to n_,, the difference between the reduction factors

will be equal to:

-17.44\T -T 17.44\T, -T
Alga” = ( : q)(l—n,2)+ ( : q)(l—n”). (7)
51.6+(5,-1T,) 51.6+(5-T,)
Considering the equality of dependencies (5) and (6) and having made some transformations, we will
find:
51.64A+T (1-4
r, - 2oL ®
1-4
where
T-T |(1-n
( 1 q )( r2 ) (9)

[sre+(5-1,)](1-n,)

Formula (8) allows calculating the temperature equivalent (7, —7,) to the structural equivalent of the
material (7,, —1,,).

According to the TSA concept, it is possible to predict the properties of materials having a different
composition within a wide range of temperatures and load time. For this purpose it is enough to obtain
dependence of material properties of one composition on time of load action at a fixed temperature and

strain, then obtain dependence 7,, on the material composition for one time of load action £, . The value
T, is calculated using (8); and the value Alg atT ” is calculated by formula (7).

If experimentally obtained dependence Alg atT " on the temperature with a certain value 7, , then for

using this dependence with other values 7,.,, the reduction factor should be multiplied by the ratio

(1=n,)/(1=n,).

The TSA concept can be used as a fundamental one in the design of concrete mixes on organo-
hydraulic binders for certain conditions of their use based on the specified level of reliability (service life)
of the road surface dressing (road pavement). Thus, there is a possibility to estimate the design
characteristics of concretes on organo-hydraulic binders which values are difficult to find by direct
experiment using a method of standard elementary tests, for example, elasticity modulus for various
temperatures and time of load action £, [16] by formula (4).

For example, multi-year researches confirm the validity of the empirical dependence relating the
value of the maximum structural strength (R,) to the maximum elasticity modulus ( £, ) within the entire

range of temperature and time of load action:
E =3,6-(16,3-R)". (10)

Thus, using the principles of temperature-structural analogys, it is possible to predict the properties of
composites based on organo-hydraulic binders as applied to the mechanistic and empirical methods of
calculation for road pavements; as well as it is possible to calculate and directly adjust the long-term
indicators of properties at the stage of concrete composition design. For example, the required value of

elasticity modulus E,,] at the time of load actionV] can be directionally adjusted while keeping the

temperature conditions and the current load but changing the number of elastic bonds from 7., to 7, , i.e.

due to the material structure (for example, by varying the amount of cement in the composition of bitumen
cement composite binder.
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Conclusion. For preparing the quality concretes during the regeneration process, RAP should be
treated with complex organo-hydraulic binders. The received structure is very complex that is reflected in
the behaviour of the received composite in a temperature-time field and by the estimation of its reliability
and durability.

The main feature of the inter-contact interaction between the filler and the organo-hydraulic binder is
poly-granularity and inhomogeneity of RAP in which the most part of grains are covered with an aged
organic binder. Consequently, the majority of strong phase contacts of cement with the formation of
continuous condensation-crystallization backbone is developed via the filler particles not coated with
bitumen, as well as due to partial penetration of crystal whiskers into the bitumen films and during
interaction of hydration products with active bitumen components on the surface of RAP-particles.

The concretes with a composite structure containing the thermodynamically incompatible binders
have nonlinear viscoelasticity and are complex in their thermo-rheological properties. The reduction factor
(the value of shifting the curves along the axis of time or strain rate) for such materials depends not only
on the temperature but also on the material properties and the degree of strain condition.

As a result of studies performed, the concept of temperature-structural analogy is proposed. Along
with the temperature and time factor, it takes into account the features of the structure described by the
ratio of elastic and viscous bonds. The TSA concept allows obtaining necessary structural features for
specific temperature-time factors. Using this concept, it is possible to predict the properties of composites
based on OHB suitable for mechanistic and empirical methods of calculation of road pavements. As a
result, it is possible to calculate the long-term indicators of properties at the stage of concrete composition
design that determines the prerequisites for their directional adjustment.

It is necessary to take into account that an increase in cement content leads to an increase of strength
properties and durability at an elastic stage of work; however, the resistance to dynamic impacts and
cracks is decreased that reduces durability. In this regard, the proposed method to select the composition
of concretes on OHB based on the optimal ratio of elastic and viscous bonds, taking into account the
properties of RAP and the amount of cement, allows adjusting effectively the durability and reliability
indicators.

B. M. Xpycraaes', T. JIro'23, A. B. Bycea’s, 7K. JIn'?,
B. A. Bepenbnko'#, B. B. 3ankosu4!, b. llan*?

! ABTOMarucTpaibIap/bl KYTil ycTay sxkeoHinzeri ['aoranb XoHaHb TEXHOJTOTUSIIBIK KOMITAHUSICHI
(BinmikTiniri >korapsl IWETENIIK MaMaHaap opTaibiFbl), CuHbcsH, KpiTai;
2ABTOMArvCTpaIbAap bl KyTill YCTayFa apHaIFaH YITTBIK
HHXEHEPIiK xKabapIKTap 3epTxanackl, CuHbCsH, KpITaii;

3 ABTOMarucTpaibaapabl JUarHOCTHKANIAY XKOHE KYTIill yeTay GOHMBIHIIA
XsHaHb MIPOBUHIMACHIHBIH HETi3Ti 3epTxanacel, CuHb3cH, KpITail;
4«TlonurexuuK» Benapych YITTBIK TEXHUKATIBIK YHUBEPCHTETI
FrutsiMu-TexXHOMOTMANIBIK 1Tapki, MuHCK, benapycs;

S«bennopt3W» «benapyc Ko FEUIBIMU-3€PTTEY MHCTUTYThI»

MeMIIEKETTIK KocimopHbl, MuHCK, bemapych

OHJAEJII'EH AC®AJIBTBETOH/bI KOJI ) KAMBIIFBIVIAPBIHAH AJIBIHFAH
TYWIPIIIKTEP HET'I3IHAEI'T KOMITIO3UTTEPIIH KYPbLIBIM/IBIK-MEXAHUKAJIBIK
KACHUETTEPIH BOJIKAY 9AICTEMECI ’KOHE BAT'AJIAY

AnHoTanusi. Byn makamamga acdansT TYHIpIIKTEpl HETI3IHAEr KOMITO3UTTEPAiH OEpiKTUIiK xkoHE medop-
MAaTHBTI KaCHeTTepiH OaranaybIH diCHaMAIbIK €PEKIIeNTIKTEePiH Talay JKoHe KYPBUIBIM KYpy YIEpicTepiH 3epTTey
HOTIKenepi Oepinred. XKaHa mMaTepuangap OCpiKTUTIK MeH CEHIMAUTIKTIH Tajam eTUIeTiH MOHIH KaMTaMachl3 eTyre
MYMKIHJIIK OCpeTiH oNapIblH (DU3HUKaIBIK-MEXaHUKAIBIK CHMATTaMAJIapPbIHA OOBEKTHBTI TEXHUKAJBIK TaJIANITapIbI
a3ipJiey MaKcaThIH/a TEMIIEPATyPa-yaKbIT OpICiHJIE OJIapAbIH 9pEKeT epeKIIeNiKTepiH 3epTTey/ Il Tanamn eTe/i.
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Temneparypa-yakblT aHaJOTbIH KOJNJAaHYIbIH KIIACCHKAIbBIK oici ae(OpMaIMsHbIH IIaFbIH JIeHIelIepinae
pellaKCaIMsUTbIK KACBIKTAPIbI TajllayFa apHAJIFaH ChI3BIKTHIK aiMakTa Aypbic. MyHIail karmaidl OHbI KOMITIO3UTTIK
MaTepualibl Oy3y MpoIleciMeH OaiaHbICThI OEPIKTIK KAacHeTTepi MeH 0Oacka Ja CHIaTTaMalapblH Tajiay YIIiH
maiinamanyra MYMKIiHOIK Oepmeiimi. KypaMbiHDa TepMOOMHAMUKANBIK YiJIECIEHTIH OalIaHBICTRIPFRINI Oap
KOMIO3ULMSIIBIK KYPBUIBIM OCTOHIApBI CBHI3BIKCHI3 TYTKBIPJIBIKKA M€ JKOHE TEPMOPEOJIOTHSUIBIK KYpAedi OOJbII
TaObUTafpl. KOMIOZMIMANBIK MaTepHangap YIIiH KenTipy Kod(pQHUIHUeHTI (KUCBHIKTapABIH YaKBIT OCi OOWBIMEH
JKBUDKY IIaMachl HeMece aedopMaliisl JKbUIJaM/bIFbl) TEMIlepaTypara FaHa eMec, MaTepUalliblH KacueTTepiHe Je,
coH/ali-ak KepHeyJi Ky JeHreiliHe ne OainanbicThl Ooianpl. By cepmimai jxoHe TYTKbIp OaiiylaHbICTapAbIH
KEIICH/lI >KUBIHTBIFBl 0ap JKyHe peTiHAe KOMIIO3UTTIK MaTepualiiap KYpbUIBIMBIHBIH epeKIienikTepiMeH Oaiina-
HBICTBI, OCBIFAaH OalIaHBICTHI KeNTipy K03 ¢uuuenti aedopmanusiay MpoLeciHe TapThUIFaH ceprimi OaiiaHbIc-
Tap/blH CaHbIHA OAIJIAHBICTHI.

3epTTeyniH HeTi3iHe OpPTraHUKAIBIK-THAPABIUKANBIK TYTKBIP KOMIIO3UTTEPHIiH KAaCHETTEpiH OoJrKayra MyM-
KiHIIK OepeTiH TeMIlepaTypaiblK-KYPbUIBIMABIK YKCACTBIK MPHHIMOTEP] ajblHFaH. By KON KaMBUIFBICHIHBIH 9P
TYpJIi KabaTTapblH callyFa apHaJFaH MaTepHalJapAblH KypaMblH ko0anayra oHe ajly TEeXHOJIOTHSCHIH aHBIKTayFa
MYMKIH/IK Oepe/i.

XKobanaynplH YCHIHBUIFaH dJ[iCTEMENIK MPUHOMNTEP] acanbTTyHipIIiKTepAiH KacueTTepi MEH LIEMEHT MeJ-
IIepiH eCKepe OTHIPHII, CEPITiMAL )KOHE TYTKBIp OaiIaHBICTapIbIH OHTAWIBI apaKaTHIHACKIH OeNTiieyTre HeTi3eNTeH.
MyHzaii Tocini maiganaHy KOMIIO3UTTEPAiH OaphIHIIA y3aK MEp3iMIUTITiHEe KOJ JKETKi3y MEepCIeKTHBACHIH, TYPIi
TYPJCHAIPTilI KOMIIOHEHTTEPIl C€HIi3yAiH MAaKCATTBUIBIFBIH JKOHE OPraHUKAJbIK TYTKBIP-TYTKbIP LIBIFBIHBIHBIH
OHTAIJIBI LIETriH Oaranayra MYMKIHAIK Oeperi.

Tyiiin ce3mep: achanbTOSTOHIBI pereHepanusuiay, OpPraHUKAIBIK-THAPABIUKAIBIK OalIaHBICTBIPFIII KOM-
IO3UT, CAJKbIH pereHepalusianFal acajbTOETOHIBI KOCHA, LMKIIBIK Y3aK MEp3IMIUIK, TeMIepaTypaJibIK-
KYPBUIBIMIBIK YKCACTBIK, PEOJIOTHUSUIBIK KACHETTEP, MAKCUMAILIBI KYPBUIBIMABIK OCPIKTIK.

B. M. Xpycraaes'*, T. JIio'?3, A. B. Bycea"s, 2K. JIn'?,
B. A. Bepennko'*, B. B. 3ankopu4!, b. Illan>?

XsHaHbCKas TEXHONOTHYECKas KOMIIAHHs! ['a0k0aHb 110 CONEP/KaHUI0 aBTOMAariucTpaneil
(LIeHTp MHOCTpaHHBIX CHEIMAIICTOB BEICOKOW KBanmpukannn), Cuup3sH, Kuraii;
’HaumnoHasbHas MHKeHepHas 1abopaTopyst 000pyI0BaHHs
JUTsl copiepxkanus apTomaructpaneid, CunbcsiH, Kutaii;

SKiouesas 1abopaTopys IPOBUHIUK XIHAHb 110 JUATHOCTUKE
U coJiepkaHuto aBromaructpaneit, CuabcsaH, Kuraii;
“Hay4HO-TEXHOIOTMYIECKUI MapK BenopyccKoro HAIMOHAILHOTO TEXHAIECKOTO
yHuBepcurera «lloaurexauk»», MuHck, benapycs;
ST'ocynapcTBeHHOE NpeanpuaTie «Benopycckuii JopokKHbIH
Hay4dHO-UccaenoBarenbekuil MHCTUTYT «bennopHMI», Munck, benapych

OIIEHKA U METOJUKA ITPOTHO3UPOBAHMS CTPYKTYPHO-MEXAHUYECKUX CBOMCTB
KOMITO3UTOB HA OCHOBE I'PAHYJISITOB U3 IEPEPABOTAHHBIX
ACO®AJTBTOBETOHHBIX JTOPOKHBIX ITOKPHITHUM

AnHoTanusl. B Hacrosmell crarhe IpecTaBIECHBbI Pe3yJbTaThl MCCIENOBAHHA MPOLECCOB CTPYKTYypooOpa-
30BaHUSl U AHAIN3 METOIOJIOTHUECKHX OCOOCHHOCTEH OILEHKH IPOYHOCTHBIX M Ae(OPMATHBHBIX CBOWCTB KOM-
IIO3UTOB Ha OCHOBE ac(anbTorpanyisiToB. HoBele MaTepuansl TpeOyIOT U3y4eHHSI OCOOEHHOCTEH MX MOBEICHUS B
TEMIEepaTypPHO-BPEMEHHOM II0JIE C IENBI0 BBIPA0OTKH OOBEKTHBHBIX TEXHHUYECKHMX TPEOOBAaHWN K WX (PH3HKO-
MEXaHHYECKUM XapaKTEePUCTHKaM, TI03BOJIIONIMX 00ECIIeYnTh TpeOyeMble 3HAYCHHS IPOYHOCTH U HaJIKHOCTH.

Knaccuueckuii crocod npuMeHEeHHUs! TeMIlepaTypHO-BPEMEHHOH aHAJIOTHM CIIPABEIIMB B JMHEHHOW 00iacTH
JUI aHaJIM3a PeNIaKCAlOHHBIX KPHMBBIX IPH HEOOJBIIMX YPOBHSAX Ae(OpMalyM WM KPHUBBIX IOJI3yYECTH IPU
HEOOJIBIINX HaIlpsKCHUAX. Takoe nonoxkeHue He MO3BOJISIET UCI0Ib30BaTh €ro JJIA aHaJIn3a NPOYHOCTHBIX CBOMCTB
U JIpyTUX XapaKTepUCTHK, CBS3aHHBIX C IIPOLECCOM pa3pyIISHHS KOMIIO3MUTHOIO Marepuana. BeToHbl KomIio-
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3UIIMOHHOW CTPYKTYPBHI C COJEp)KaHHEM TEPMOJMHAMHYECKH HECOBMECTHUMBIX BSDKYLIMX, 00NamaloT HEIWHEHHOH
BSI3KOYNPYTOCTBIO M SIBJISIFOTCSI TEPMOPEOJIOTHUECKH CIOXHBIMU. {7151 KOMITIO3ULIMOHHBIX MaTepHaioB KOG GHIUEHT
npuBeIeHHs (BEIMYMHA CMEIIEHHs KPUBBIX BJIOJIb OCH BPEMEHU WIJIM CKOPOCTHU Ae(OopMalliu) 3aBUCUT HE TOJIBKO OT
TEMIIEPaTypbl, HO ¥ CBOWCTB MaTepuaa, a TAK)Ke yPOBHs HAPSHKEHHOTO COCTOSIHUSA. CBSI3aHO 3TO ¢ OCOOEHHOCTSIMU
CTPYKTYpPBI KOMIO3UTHBIX MAaTEPHAIOB KaK CHCTEMBI C KOMIUIEKCHBIM HAa0OpOM YHPYTHX H BSA3KHX CBS3€H, B CBA3H C
4yeM K03(h(GHUIMEHT IPUBEACHHS 3aBUCHUT OT YHCIIa YIPYTHX CBA3€i, BOBICUCHHBIX B MpoIiecC Je(GopMUpOBaHHS.

B ocHOBy wHccnenoBaHUS MONOXKEHBl MPUHIUNBL TEMIEPAaTypHO-CTPYKTYpHOHW aHAIOTUM, HO3BOJSIOILINE
MIPOTHO3UPOBATh CBOMCTBA KOMIIO3UTOB HAa OPraHO-THAPABIMYECKHX BSDKYIIHMX. ODTO TO3BOJIET HAIPABICHHO
MIPOEKTHUPOBATh COCTaB U OMNPEAEATh TEXHOJOTMIO IOJIYYEeHUS MaTepuanoB Uil YCTPOMCTBa pa3iM4HBIX CJIOEB
JIOPOXKHBIX OJEXKI.

[IpeanoxeHHbIE METOIOTOTUIECKHE TPUHIIUIBI TPOSKTUPOBAHKS OCHOBAHbI Ha YCTAHOBJICHUH ONTHMAaIbHOTO
COOTHOUIECHUSI YIPYTHX U BS3KHX CBSI3€H C yUeTOM CBOMCTB ac(aibTOTPaHyJISATOB M KOJIWYECTBA IeMeHTa. Mcroib-
30BaHME TAKOrO MOAXOJA IMO3BOJISET OLICHUBATh MEPCHEKTHUBHOCTb IOCTHXKEHHMS MAaKCHUMAJIbHON NOJITOBEYHOCTHU
KOMITO3HMTOB, 11€JIECO00Pa3HOCTh BBEICHHS PA3JIMUHBIX MOJU(PUIMPYIOMINX KOMIIOHEHTOB U ONTHMAIIbHBIE MTPEEIIbl
pacxojia OpraHM4ecKoro BSDKYILETO.

KarwueBble cnoBa: pereHepanus achaipbToO0ETOHA, KOMIO3UT HAa OPraHO-THIPABIMYECKOM BSKYILEM,
XOJIOJIHAsI pereHepupOBaHHas acaabTOOCTOHHAS CMECh, IUKIMYECKAs JOJITOBEYHOCTD, TEMIIEPATYPHO-CTPYKTYPHAS
AHAJIOT WS, PEOJIOTHYECKNE CBOWCTBA, MAKCUMalIbHAs CTPYKTYPHAsl IIPOYHOCTD.
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