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Abstract. The results of the study of prescription factors influence on shrinkage deformations
of multi-component material of architectural products are presented. Studies of the influence of
composition factors on the value of composite samples shrinkage were carried out according to a
symmetrical 5-factor design with 27 experiments. Depending on the nature of action on fine-grained
concrete, variable raw materials are combined into two groups of factors — cement-sand system
modifications, parameters of dispersion reinforcement. Based on the results of the conducted trials
of the full-scale experiment, kinetic curves and correlation dependencies were built.

The results of researchers on introduction of active fine pozzolana instead of part of binder are
confirmed — zeolite promotes growth of free shrinkage of concrete, especially during early
hardening period up to 7 days with low level of its plasticization. At the same time the degree of
carbonation of concrete compositions with a high dosage of pozzolana and superplasticizer is
absent. The shrinkage measurement results show that hybrid fibers with high dispersion are
stochastically distributed in the cement system, they form a three-dimensional framework, can
affect the distribution of volumetric changes. As a result — it will allow to preserve decorative and
operational characteristics of architectural products in time.

The amount of shrinkage deformations depends on the capillary pressure when the sample is dry,
which is defined by the nature of porosity. In turn, the nature of porosity is responsible for the water
absorption of the material. Therefore, in operation, optimization of decorative concrete compositions
can be carried out for volume (or weight) water absorption and capillary water absorption. In order to
estimate the durability of architectural elements, besides characteristics of strength and water
absorption, it is necessary to take into account the carbonization stability of decorative concrete and the
value of shrinkage deformations. It is planned, with the help of methods of computer materials science,
to assess the influence of prescription factors on the dynamic elastic modulus of decorative concrete.

Keywords: decorative concrete, zeolite, superplasticizer, glass fiber, water absorption,
porosity carbonation, strength, shrinkage deformations.

Introduction. Based on the research of the domestic and international scientific and
professional community, high performance concrete is a composite material, which is characterized
by high rates of maintainability, early and design strength, carbonization resistance, discoloration
resistance, etc., including stable volume during the life cycle. In turn, such concretes are made on
high-level cement (grades 500 i 600) with the use of organic-mineral modifiers and certain
granulometry of fillers [1-4], require an increase in binder content and low water-cement ratio. The
increased cement content, low W/C, presence of high-level fine-dispersed additives and type of
fillers contribute to the growth of deformations of the composite shrinkage, which on its part lead to
the emergence and development of technological cracks, as well as the cracks appearance depends
on the services, elastic modulus, material volume and geometric shape of products [1-2, 5-10].
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Therefore, ensuring the preservation of properties and decorative qualities of dispersed-reinforced
decorative concretes is an urgent and pressing task.

Analysis of recent research and problem statement. Concrete shrinkage is one of the complex
mechanisms of deformation in materials science, which fundamentally affects the long-term behavior
of its micro- and macro-structures. Depending on deformation mechanisms, shrinkage is divided, in
particular, into plastic, chemical (autogenic), while drying of solidified concrete and while
carbonization [5, 11-12]. At the same time, all mechanisms of material shrinkage are associated with
water movement. It is known, that only a small part of the mixing water (about 10-15%) is hydrated
and adsorbed on the surface of the solid phase, and the other part is free water, which fills pores and
capillaries of the cement system. Cement system is characterized by large deformations of plastic
shrinkage at micro-level, the least — at macro-level, because filler forms composite framework and
perceives shrinkage. Also, the reason for the growth of shrinkage deformations, when concrete dries
after 1st day of manufacture, — there are stresses in the material, caused by the action of capillary
pressure in capillaries measuring <1000 A [13], that, due to the limitation of volume compression of
the solid skeleton, exceed the tensile strength of concrete, as a result, microcracks are formed [14] and,
accordingly, embedded cracks develop in the cement system [9-10]. Shrinkage can also result in a
peeling of the surface and deterioration of the decorative and operational characteristics of the material.

According to the data [15], it is not enough to use only the method of external humidity care
during composites hardening, because «external» water penetrates through the concrete surface,
which is characterized by early high strength, to a depth of a few millimeters. In general, the
material shrinkage can not be eliminated, it is possible only to minimize its negative consequences.
The introduction of chemical additives SRA (Shrinkage Reducing Admixture), specified in [7-8, 14,
16-17], makes it possible to reduce the cracking during shrinkage of high-quality concrete with
decrease of surface tension of water, that is contained in capillary pores. However, it is worth using
them with caution, because they delay hydration, wash out from the material under the influence of
water with ease [14], reduce compressive strength [7, 16], frost resistance of the composite [17]. In
order to reduce shrinkage deformations of cement composites, especially of high-performance low
W/C concretes, scientists recommend to introduce fine-dispersed porous aggregates LWA (Light
Weight Aggregate) [11, 15]. These aggregates are able to provide the hardening composite with
additional water on the inside, thereby creating continuity of hydration processes of clinker minerals
and pozzolana, they reduce the possibility of self-drying of the material inner part and allow to
achieve the breaking structure of pores in the structure of porous concrete space. However, most
scientific studies indicate, that the uniform distribution of internal relative moisture throughout the
entire volume of the cement system is the main parameter for achieving the above results on the
influence of LWA. In turn, the efficiency of thin high-porous aggregates depends on the diameter of
their pores, size of the particles, chemical composition, mineral characteristics and amount in the
composite [11, 15, 18]. Also, as it is noted in [19], reduction of shrinkage can be only if the
introduction of powdery fillers does not cause an increase in the mixture water requirement. In
order to minimize cracking during shrinkage, it is proposed to introduce fibrous fillers [1], because
dispersed reinforcement redistributes forces, which occur in concrete with early high strength,
thereby blocking the development of cracks even in its plastic state phase [6].

In particular, the results of the research of many scientists on the influence of chemical-
mineralogical composition of cement, its specific surface area, granulometry composition on the
value of shrinkage are quite opposite on the conclusions. Thus, it is stipulated in [13], the greatest
influence on the cement shrinkage is estimated by the content of SO3; and CsA, in [1, 19] — C,S and
CsA. The fineness of cement grinding has little effect on concrete shrinkage, although the shrinkage
of the solutions can grow with increasing the specific surface area of the binder. This is due to the
fact, that fine-grained concrete with larger surface area has the highest degree of reactive sites for
hydration reactions [20], especially with a content of particles, measuring less than 5 micrometres.
[13]. As a result, the microstructure of the cement system is formed, characterized by large number
of pores and small-diameter capillaries, where capillary pressure will be formed during concrete
drying, that can lead to an increase in shrinkage deformations [11]. The results show in [21], that
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thinner cement really leads to an increase in free shrinkage, but due to the early higher concrete
strength, there is no tendency for rapid shrinkage cracking. According to A.A. Pashchenko et al.,
growth of cement dispersion increases shrinkage only in the initial period of hardening [19], and
stabilizes — in the future. Also, the studies of O.Y. Berg et al., based on the assessment of the
impact of the grade of concrete strength on the value of shrinkage deformations demonstrate, that
the shrinkage value of high-strength concrete is not greater, than the conventional concrete
shrinkage, made on the compositions with the same water consumption. Although, shrinkage
deformations will grow with increased concrete strength and simultaneous increased kneading
water of mixture [4]. It should be noted, no requirements to the values of shrinkage deformations of
decorative concrete are foreseen on the basis of an analytical review of scientific and technical
literature and normative documents (DSTU B A.1.1-59-95, DSTU B V.2.7-161:2008, DSTU B EN
13198:2016). Therefore, based on the above analysis, the minimum values of shrinkage
deformations of the matrix material of architectural products can be obtained on compositions,
which are characterized by low values of water saturation and carbonization of samples.
Consequently, the objective of the research is to preserve the decorative and operational properties
of architectural products in time by determining rational correlation of initial components, that
minimize the deformation of composite shrinkage.

Materials and methods of research. In the development and investigation of the
characteristics of fine-grained composite, according to a symmetrical 5-factor design with 27
experiments [22], two groups of factors of composition X; varied in ranges Xjo= AX; [28], presented
in the Table 1. Transition to dimensionless normalized variables —1 < x; <+1 is made according to

Table 1 — Variation of initial factors

) Levels
i Factors X;
xi=—1| xj=0 |xj=+1
I group — factors of the cement-sand system modification
1 Fine-dispersed zeolite (Z), introduced instead of a part of cement 0 4 8
(% of binder mass)
5 Mass part of fine-grained sand (GS) in mixture with coarse-grained 30 50 70
sand (% on 100% of sand mix mass)
Dosage of polycarboxylate based superplasticiser (MF)
3 (% of binder mass) 0.3 0.5 0.7
1T group — parameters of disperse reinforcing
Amount of alkali-resistant glass fiber (F6), 6 mm long
4 (% of concrete mix mass) 0 00151 0.03
5 Quantity of alkali-resistant glass fiber (F12),12 mm long o loows! 003
(% of concrete mix mass) ' '

standard formulas [23]. The dosages of cement and sand with natural granulometry are fixed
components of decorative concrete, with a ratio of 1:3.4 by weight of the mixture. The compositions
of cement-sand compounds were manufactured with different water-cement ratio, where the
requirements of equal mobility of concrete mixtures correspond to the grade S4.

The shrinkage deformation was determined according to DSTU B V.2.7-239:2010 on prism
specimens of square-section, measuring 40x40x160 mm on the methodology of DSTU B V.2.7-
216:2009. Measure the linear relative deformation of shrinkage (e.s, mm/m), caused by the cement
hydration, decrease in the moisture of concrete samples and its carbonization, was being performed
with the help of time indicators with graduation 0.01 mm. In the first day after the manufacture of
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samples, autogenic shrinkage, due to chemical processes, was not covered by research. The initial
reading of the longitudinal shrinkage deformation was started 24 hours after the dismantling of
samples from the form, the value was taken after 3, 7, 14 days, and once every 2 weeks for 154 days
with simultaneous control of mass loss of the sample thereafter.
Analysis of the results of the study. The kinetic curves were built according to the results of
27 tests of the natural experiment, reflecting dependence of shrinkage deformations (e.s in mm/m)
on the time measurement (t, day). As a result of the combined effect of hydration of clinker
minerals, pozzolana with Portland cement and gradual leveling of moisture samples with humidity
of atmospheric air, it turned out, low plasticized composition of composite #15 on coarse-grained
sand with maximum level of hybrid reinforcement (F6 = F12 = 0.03%) without zeolite (#15 —
€csmin, FIg. 1) is characterized by the minimum values of shrinkage deformations, on the entire
length of study. Total shrinkage of concrete samples #15 began to manifest only after 7 days of their
0 20 40 60 80 100 120 140 =, days
0.0 t t t t t t t t t t t t t t t {
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Fig. 1. Generalizing results of kinetics of linear relative shrinkage deformation (gcs, mm/m)
of decorative composite

20 1 &5 mm/m

manufacture. In particular, numerical values & for the composition up to 98 days of the study
inclusive were significantly lower (more than 1.5 times), than shrinkage of the control concrete
composition #16 (Z=F6=F12=0, GS=30, MF=0.3), which W/C is 3.8% less. At the same time, the
compression strength f.,, of samples composition #15, both in equilibrium, dry as well as in water-
saturated states of composite, is quite high (more than 20%), than the control one #16. In turn, a
concrete with average dosages of modification factors of the cement matrix (x;=x,=x3=0) and
parameters of dispersed reinforcement at the basic and high levels (x;,=0, xs=+1) is characterized by
maximum shrinkage deformation with value of —0.59 mm/m, in 48 hours after production of
samples (composition #25, W/C =0.47). Further on all site of realization of criterion measurement
&cs, the low plasticized non-reinforced composition #4 with high zeolite and grains of fine sand
content (ecs.max, Fig. 1) differs in the maximum shrinkage values and respectively W/C = 0.53. At
the same time, it is worth noting — despite the fact, that the composition #4 contains 8% of high-
porous pozzolana, removal of capillary moisture from samples (Fig. 2) is slower and shrinkage
deformations are more intense. In general, concrete samples, with the content of zeolite Z, lost no
more in their mass, than samples without pozzolana (for example, compositions #12 and #15 with
initial W/C 0.51 and 0.53, respectively).

In the analysis of the dependence «ecs of m» (Fig. 2) the structural porosity of composites
should be taken into account. According to calculated micro porosity coefficient Ky, macropores
volume dependence (Vm, %) on W/C [24] was established for all tested composites. In particular,
for composition #4 V, is equal to 60%, and, accordingly, for others compositions: #12 — 50%, #14
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Fig. 2. Dependence of shrinkage on change of concrete samples humidity

— 48%, #15 — 58%. Despite the fact, that the composition #15 is characterized by an increased
percentage of macropores and W/C, than the composition #12, the composite loses less capillary
moisture. This is probably due to the presence of hybrid zircon fibers (F6 and F12) in the
composition #15, which can not only prevent formation of shrinkable cracks at early stages of
solution hardening (www.owenscorning.com), but also lead to size reduction of large pores
(Ramachandran V.S. et al.). Among the 27 composites, sample composition #14 with W/C = 0.39
has the least mass loss of 1.1% for 154 days, but at the same time, the longitudinal deformation of
its shrinkage (in —1 mm/m) is slightly higher than #15 one. The low mass loss values for the sample
#14 can be explained by the microporous structure of the composite and breaking structure of the
pores, because the density of the composition is high (p. = 2163 kg/m®), and the water absorption is
minimal (Wy = 2% and W, = 0.82 kg/m*-h%° after 28 days of saturation). As a result, concrete
moisture evaporation is slowed down, the capillary pressure on the walls of pores can be reduced,
and the decorative solution #14 is characterized by greater mechanical strength in a water-saturated
state (> 20%), as opposed to the decorative solution #15.

In Fig. 3, for clarity, kinetic curves of growth rate of longitudinal shrinkage deformations are
presented on the example of 6 different composites. The curves analysis shows, that developing
compressive forces rapidly appear on the site of the study up to 42 days, and further, at the age of
98 days, the total shrinkage is stabilized. At the same time, the low-plasticized hybrid fiber-
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Fig. 3. Curves of growth rate g in time
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reinforced composition #3 on fine-grained sand with a maximum level of modification of the zeolite
additive (Z = 8%) is characterized by the highest growth rate gc. It should be noted, that the value
of the criterion was 93% of its total value of —0.84 mm/m on 3rd day of measurement of shrinkage
(or after 96 hours from the moment of dismounting of samples from moulds). The intensive
development of shrinkage deformations is probably due to the high general activity of fine-dispersed
particles of cement (CEM 1 52.5 R) and pozzolana at early age of composite hardening #3, that is
respectively related to the greater need for water for hydration [24-25]. As shown in the work [26], the
zeolite actually accelerates the process of initial structure formation of solutions more than 50%. As a
result, the composites are characterized by an increased content of cement stone neoplasms, and
therefore, by high content of capillary-bound and adsorption-bound water [13], which will intensively
evaporate during concrete hardening in natural conditions. Eventually, this leads to the development of
enhanced astringent tensions in the capillaries of the binder system, and therefore — to the development
of shrinkage deformations. Also, it should be noted, in the research of examples of composition #3 on
porosity and durability, it is found — the porous space of concrete consists of large and small
macropores (~ 60%, as defined by Ky) with an intermittent structure [24], which is characterized by
low indices of compressive strength. In turn, stochastically distributed glass fibers form a three-
dimensional framework in a cement-sand system, which can affect the distribution of volumetric
changes. Since, the elastic modulus of fibers (E;=72 GPa) is much larger, than the elastic modulus of
concrete (E.q =29 GPa — for the control composition #16 in a dry state), that means, fibers are able to
perceive the bulk of tensions. The Kkinetic curve for composition #15 experimentally demonstrates the
statement in Fig. 3, when compared to the composition #16.

In the opinion of many scientists [5, 11-13, 19, etc.], one of the main factors, affecting
shrinkage during concrete drying, is an increase in the cement binder content and initial water-
cement ratio. The dependence of the influence of these factors on the value g on all site of its
measurement was considered. It was found, the closest correlation connection occurs on 98 day,
when shrinkage deformations stabilize in the composites. The analysis of the diagram in Fig. 4
shows — the general concretes shrinkage, with equal requirements for mixtures placeability, is
higher, the greater W/C is, and with a slightly higher content of calcium hydrosilicates in the
cement system, but at the same time, such communication is insignificant.

The value of shrinkage deformations is affected by porosity (defined through water absorption
W) and dynamic elastic modulus E. of decorative concretes. The meaning of these properties,
obtained for 27 composites, can be seen in the scatter diagrams. As indicated in Fig. 5, deformations
develop more intensively in concrete with big water absorption, and respectively, develop less
intensively in concrete with high spring properties, hence the interdependence of characteristics W
and E. is observed with a value &. It is worth noting, the most significant correlation is between the
compression strength f., and E; of composites of dry «d» and equilibrium «n» state, because their
correlation coefficients (r) correspond to the values of r{fcmg, Ecq} = 0.73 and r{femn, Ecn} = 0.76.
At the same time, ratios of f.y, and e are less significant r{fcm.q, ecs} =—0.32 and r{fcmn, €cs} =—0.26.

Taking into account the own results of the research [27] of carbonization stability of
decorative concrete, it is worth noting, the carbonization value of compositions depends on the
degree of hydration of clinker minerals of cement, content of binder and pozzolana. Furthermore,
the initial W/C impacts on the criterion by changing the porosity and volume of the through pores.
In particular, it was also discovered, that compositions of composites with maximum levels of
superplasticizer and zeolite are characterized by high carbonization resistance and lower values of
shrinkage deformations, because their water absorption by volume and capillary water absorption
are small, respectively, Wy < 4.5% and W¢ < 1.1kg/m?-h®® after 28 days of saturation.

Conclusions. The decorative and operational properties of architectural products in time depend
on rational ratios of initial components. The researchers results on introduction of active high-dispersed
pozzolana instead of part of binder are confirmed — zeolite contributes to the growth of free shrinkage
of concrete, especially in early period of hardening up to 7 days, with a low level of its plasticization.
At the same time, there is no degree of carbonization of concrete compositions with high dosages of
pozzolana and superplasticizer. Shrinkage measurements show, that stochastically distributed hybrid
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Fig. 4. The influence of the binder expenditure and water-cement ratio
on the linear relative shrinkage deformation of 27 compositions of decorative concrete
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Fig. 5. Ratio of characteristics of decorative composites to shrinkage deformation

high-dispersed fibers in the cement system, forming a three-dimensional framework, can affect the
distribution of volumetric changes. The amount of shrinkage deformations depends on the capillary
pressure while drying out the sample, which is determined by the nature of the porosity. The nature
of the porosity is, in turn, responsible for the water absorption of the material. Therefore, in the
work, optimization of decorative concrete compositions will be carried out by water absorption,
since the characteristic for the material is normative. It is planned to assess the influence of
prescription factors on the dynamic elastic modulus of decorative concrete, using the computer
methods in materials science.
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AHorauis. IIpencraBieHi pe3ynbTaTd AOCTIKEHHS BIUIMBY peLENTYpHUX (aKTOpiB Ha
nedopmartii ycaJku 6araTOKOMIIOHEHTHOT'O MaTepiainy apXiTeKTypHHUX BHpoOiB. JloCiKeHHs BIUIUBY
(baxTopiB CKJIQJy Ha BEMUYMHY YCAJKH 3pa3KiB KOMIIO3HTY MPOBOAMIOCS IO CHMETPUYHOMY S-
(baxTopHOMY IUTaHy 3 27-MH YUCIIOM JOCIiAIB. B 3aiekHOCTI BiJ XapakTepy Jii Ha ApiOHO3EpHUCTHIHA
OeToH BapilioBaHI CUPOBHHHI Martepianu 00’€jHaHi B /1Bl Ipynu (GakTopiB — MOIUpiKallii 1IEMEHTHO-
MIIIaHOT CUCTEMH, TTapaMeTPH JUCIIEPCHOTO apMyBaHHS. 3a OTPUMAHUMH Pe3yJIbTaTaMHU MPOBEICHUX
JIOCITi/1iB HATYPHOTO €KCIIEpUMEHTY OyayBasicsl KIHETHUHI KPHUBI Ta KOPEJISLIHHI 3a1€KHOCTI.

[TigTBepaKeHO pe3yNbTaTH JOCTIHUKIB II0J0 BBEJACHHS AKTUBHOI'O TOHKOAMUCIEPCHOTO
MYyLIOJAaHy 3aMICTh YaCTHUHHU B SDKY4YOro — IEOJIT CHpHsIE 3POCTaHHIO BLIBHOI YCaJKH OETOHY,
0c00JIMBO B paHHii nepioj TBEpAIHHSA 10 7 A10 3 HU3bKUM piBHEM Horo riactudikanii. [Tpu upbomy
KapOOHi3allisl CKJIaJiB OETOHY 3 BUCOKMM J03YBaHHAM MYLOJaHy 1 cynepruiacTugikaTopa BiACyTHS.
Pesynbraty BUMIpIOBaHHS yCaJKM TOKa3ylOTh, 10 CTOXaCTHYHO pPO3MOJAUIEHI T10OpHIHI
BHCOKO/IMCIIEPCHI BOJIOKHAa B LEMEHTHIM CHCTEMI, YTBOPIOIOYM TPUBHUMIPHUI KapKac, MOXYThb
BIUIMBATU Ha PO3MONALT 00’€eMHUX 3MiH. B pe3ynbrari — 11 7103BONIUTH 30€pertu JeKOpaTHBHO-
eKCIUTyaTalliiiHi XapaKTepUCTHKH apXiTEKTypHUX BUPOOiB B Yaci.

Bennuuna nedopmartiif ycaaku 3aiexuTh BiJl KaJIpHOTO THCKY IIPU BUCHXaHHI 3pa3Ka, KU
BHU3HAYAEThCSA XapaKTEPOM MOPUCTOCTI. XapaKTep MOPUCTOCTI, B CBOIO YEpPry, € BIANOBIIAIbHUM 32
BOJIOTIOTTIMHAHH Matepiany. Tomy B poOOTi ONTHMI3allisl CKJIaAiB JEKOPaTUBHOTO OETOHY Oyne
MIPOBOIMTHCS TT0 BOJIOTIOTIIMHAHHIO, OCKUTBKH XapaKTEPUCTHKA TSl MaTepialy € HOPMAaTHBHOIO.

JUis OLIHKM JTIOBrOBIYHOCTI apXITEKTYPHHMX €JEMEHTIB, OKpPIM XapaKTEpUCTHUK MIIHOCTI 1
BOJIOTIOTTIMHAHHS BapTo OpaTu 10 yBaru KapOOHi3aliiiHy CTiHKICTh JeKOpPaTUBHOTO OETOHY 1
BeMuuHy JAedopmaniii  ycanku. [lnaHyerbcsi, 3a JIOMOMOTOI0 METOJIB  KOMII IOTEPHOTO
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MaTepialo3HaBCTBA, OLIHUTH BIUIMB PELENTYpPHHUX (PAKTOPIB HA JWHAMIYHUI MOAYIb MPYKHOCTI
JIEKOPaTUBHOTO OCTOHY.

KuarouoBi cioBa: aekopaTUBHUN OCTOH, IEONIT, cymnepruiactudikarop, ckiusHa ¢idpa,
BOJIOTIOTJIMHAHHS, KapOOHi3alliiiHa CTIWKICTh, MIITHICTb, AedopMarlii ycaaku.
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AnHoTtauus. IIpencraBiaeHsl pe3yabTaThl UCCIENOBAHUS BIMSHUS PELENTYPHBIX (aKTOPOB
Ha gedopMamuy  ycaAKM MHOTOKOMIIOHEHTHOTO  MaTepHuaja AapXUTEKTYpHBIX  U3JCIHi.
HccnenoBanust BiusAHUS (PAKTOPOB COCTaBa Ha BEIMYMHY YCaAKH OOpa3LOB KOMIIO3UTA
MIPOBOJIMIIOCH TI0 CHMMETPHYHOMY 5 (haKTOpHOMY IUIaHy C 27-MHU YHCIIOM ONBITOB. B 3aBUCHMOCTH
OT XapakTepa [JEeHCTBHUS Ha MEJIKO3EPHHUCThI OETOH BapbUpyeMble CBIPbEBbIE MaTEpUAJIBI
00BETMHEHBI B JIBE TPYIIIHI (aKTOPOB — MOAU(DUKALINN [IEMEHTHO-TIECUAHON CHCTEMBI, ITapaMeTPhl
AMCIIepcHOro apMupoBaHus. Ilo mosydyeHHBIM pe3yibTaTaM IPOBEJACHHBIX OIBITOB HATYpHOI'O
HKCIEPUMEHTA CTPOUIIMCH KHHETHYECKHE KPUBBIE M KOPPEISAIIMOHHBIE 3aBUCUMOCTH.

[lonTBepxaeHbl  pe3yibTaThl  HCCIEAOBATENEl  OTHOCUTENBHO BBEACHUS AKTUBHOIO
TOHKOJIMCTIEPCHOTO ITYLII0JIaHA B3aMEH YaCTH BSDKYIIETO — IIEOJIUT CIIOCOOCTBYET POCTY CBOOOTHOM
ycanaku OeToHa, OCOOEHHO B paHHUM MEpPHOJ TBEPACHHsI JO 7 CYTOK C HU3KMM YPOBHEM €ro
wiactudukanyy. [Ipu 3ToM KapOOHM3aIMs COCTaBOB OETOHA C BBICOKOW JIO3UPOBKOM MYIIIOTaHA U
cynepruiacTupukaTopa OTCYTCTBYeT. Pe3ynbTaTbl M3MEpEeHMs YCaJKU IOKa3bIBalOT, 4TO
CTOXAaCTHUYHO paclipeieieHHbIe THOPUIHBIE BBICOKOIMCIIEPCHBIE BOJOKHA B IIEMEHTHOH CHCTEME,
o0pa3ysi TpexXMepHBIH Kapkac, MOTyT BJIMATH Ha pacmpeseieHHe OObEMHBIX H3MeHeHHH. B
pe3yapTare — O3TO TMO3BOJUT COXPAaHUTh JIEKOPATHBHO-IKCIUTyaTaIllHOHHBIE XapaKTEPUCTHKH
apXUTEKTYPHBIX U3JIeUNA BO BPEMEHHU.

Bennumna nedopmanuii ycaaku 3aBHUCHT OT KaNWJUIIPHOTO JaBJICHUS NPU BHICHIXaHUH
o0pasia, KOTopoe ONpesessieTcss XapakTepoM MOPUCTOCTU. B cBOIO odepenb XxapakTep MOPUCTOCTH
SBIISIETCS OTBETCTBEHHBIM 3a BOJOIOTIIONIEHHE MaTtepuana. [losromy B paboTe ONTHMH3AIUS
COCTaBOB JEKOPATUBHOIO OETOHA MOKET IMPOBOJUTHCS IO BOAONOIVIOMIEHUIO MO 00BeMY (MM
Macce) U KamuUIIPHOMY BOJIOTIOTIIONICHHUIO, MIOCKOIBKY XapaKTePUCTUKA TSl MaTepHaia sSBISIeTCS
HOPMAaTUBHOM.

JIisi OLIEHKH JIOJITOBEYHOCTH apXUTEKTYPHBIX JIEMEHTOB, KPOME XapaKTEPUCTUK MPOYHOCTH
U BOJIOTIOTJIOUICHUS CTOMT TPUHMMATh BO BHHMaHHE KapOOHHU3AIMOHHYIO YCTOMYMBOCTh
JIeKOpaTUBHOTO OeToHa W BeNW4HMHY nedopmanmii ycanku. [lmanupyercsi, ¢ OMOIIBIO METO/I0B
KOMIIBIOTEPHOTO MaTe€pHUajIOBEACHUS, OLEHUTh BIMSIHUE PELENTYPHBIX (aKTOPOB HA JTWHAMHYHBIN
MOJTyJTb YIPYTOCTH AEKOPATUBHOTO OETOHA.

KiroueBble cJjioBa: €KOpaTUBHBIA O€TOH, IIEOJIUT, CYNEPIUIaCTU(UKATOp, CTEKISTHHAS
¢bubpa, BOIONOTIIONMICHHE, KApOOHU3AIMOHHAS CTONKOCTh, TPOYHOCTH, JAeopMaliuu yCaaKu.
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