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Abstract

One of the most important tasks in construction, both in technical and aesthetic aspects is to
increase the durability of external walls of buildings and structures. In connection with the
development of energy-efficient construction, the construction of a multilayer wall with high
performance properties is increasingly used due to the use of ceramic clinker brick as a decorative
protective layer. At the same time, such a brick requires high-quality raw materials and high firing
temperature, which leads to a significant increase in its cost. Therefore, currently, as a decorative
facade cladding is used ceramic facing brick. An important component of brick structures is also
a mortar that connects the elements of the brick in the masonry. At the same time, the porous
structure of ceramic face brick and cement masonry mortars leads in operation to the penetration
of moisture, both in the surface and in the deeper layers of masonry, destroying it, especially in
conditions of alternating temperatures; in addition, the formation of efflorescence causes a
decrease in the technical and decorative properties of brick structures. There are various options
for implementing innovative solutions in the field of low-rise construction. According to experts,
in the field of innovative development of branches of the national economy, the construction
industry is characterized as poorly receptive to the introduction of innovative solutions and
technologies. Significant differences between the construction industry and other manufacturing
industries are quite high threshold barriers for the introduction of new technologies and solutions
that require an objective analysis of their feasibility, economic effect, infrastructure security, etc.
Modern apparatus of economic evaluation of new solutions and technologies in the construction
industry offers a wide range of methods and tools that are based mainly on integrated assessment
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of economic effect for all participants of innovation and investment process, and based on the
verification purposes in the system development, adoption and implementation of innovations in
production.
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Introduction

Traditional water repellents, as a rule, do not provide set operating parameters of the brickwork. In
this regard, the technology of construction production requires a new approach to the modification of
ceramic face brick on nano-and submicror with protective substances action and masonry mortar based
on multicomponent cements additives by plasticizing admixtures-air action to improve the performance
of the outer walls of brick structures.

Generalization of the results of research in the field of construction materials science shows that
the increase in durability of external walls of buildings and structures is largely achieved due to their
surface modification with hydrophobic nano-liquids of penetrating and annular action, as well as the
use of modified multicomponent cement in masonry solutions with a reduced clinker factor up to 40%.
Therefore, relevant studies can be considered aimed at solving the problem of significantly reducing
the salinity of brickwork of external walls of buildings and structures and improving their operational
reliability.

Main part

The experimental results were carried out using a complex of modern methods of physical and
chemical analysis, in particular, laser granulometry, x-ray diffractometry, scanning electron
microscopy, thermogravimetry, etc. Determination of physical and technical, physical and mechanical
and operational properties of ceramic bricks and modified mortar were carried out in accordance with
current national and European standards, as well as generally accepted methods. Optimization of the
composition of nanoridins and complex additives was carried out using experimental statistical
methods of experiment planning.

For the construction of masonry exterior walls of buildings and structures are widely used
traditional masonry mortars, characterized by sufficient density, strength of adhesion to the base and
the design mark of strength. At the same time, owing to the increased water absorption in a laying seam
the dehydrated layer of a solution that leads to emergence of hair cracks and destruction of integrity of
the laying can be formed. On the other hand, the use of traditional solutions based on Portland cement
for General construction purposes and the addition of lime, as a plasticizer, leads to the formation of
efflorescence on the surface of the walls. In order to improve the technological and construction-
technical properties of masonry solutions, additives of weather-activate action are introduced into their
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composition, which allow to increase resistance to the effects of multiple cycles of freezing, acting as
"stress dampers".

One of the effective ways to improve the performance properties of brickwork is also the use of
multicomponent cements for mortars. The expediency of using such binders with a high content of
active mineral additives of hydraulic and this action allows you to effectively manage the processes of
structure formation of the cement matrix and obtain materials with predetermined properties.

Analysis of the known patterns in the field of building materials allows us to advance a scientific
hypothesis about the possibility of surface modification of ceramic facing brick water-repellent nano-
fluids, which due to the penetrating and climatic actions give the structure of the surface uniform and
more dense in nature, and the creation of low-emission multi-component cements for masonry,
modified additives plasticizing steps, which provide the directed formation of microstructure of cement
matrix solution, that determines the quality of masonry without salting and improves the operational
reliability of the external walls of buildings and structures.

For carrying out researches the ceramic face hollow brick Klpr-1NF and product ceramic clinker
hollow KKL LLC "Brick holding™ (Tula) and PJSC Razdolsky ceramic plant TM “"Euroton™. As
protective coatings, hydrophobizers based on an aqueous solution of silicon resin (GF-1), acrylic
polymers (GF-2), organosilicon compounds (GF-3) and silically varnish (PMFS) KO-85 were used. To
improve the performance properties of ceramic bricks developed hydrophobic nano-liquid, which
includes PMFS, aluminum oxide powder and iron oxide and aluminum oxide nanopowder.

Nanodispersed alumina powder (Sigma-Aldrich Chemie GmbH, Germany) contains particles of
30-40 nm, true density is 0.12 g/cm3, specific surface area — 70 m2/g.

To obtain masonry mortars as binders used Portland cement PC 11/a-sh-400R-N and PC 11/B-K (sh-
V-P) - 400R-N, as well as cement for mortars CBR 300 PJSC "lvano-Frankivsk cement”. Modified
cement for masonry from wind-activate additive MS 22,5 was obtained using Portland cement clinker
CJSC "TulaCement” normalized mineralogical composition, granulated blast furnace slag
"ArcelorMittal”, zeolite tuff Sokyrnitsky deposits and limestone from Dubivetskiy deposits. When
grinding cement for masonry MS 22,5 as wind-activate additives used modifier AeroCrete 1 (LP) MTS-
Chemie. For the manufacture of masonry mortars used very fine Sands (MK=1,1-1,3) of local deposits.
To improve the properties of solutions used modifier of plastific-wind action Master Air 81 (PV) and
an additive with antifreeze effect calcium formate (FC).

Chemical compositions of cements and salts from the surface of brickwork (ceramic bricks and
artificial stone-mortar) were determined using x-ray spectrometer ARL 9800 XR. The granulometric
composition of cements was determined by laser diffraction using the Mastersizer 3000 analyzer. The
phase composition and microstructure of materials were determined using x-ray diffractometry,
thermogravimetry and electron microscopy.

For development of protective nano-liquids the complex estimation of characteristics of a ceramic
face brick and influence of hydrophobic substances of different types on its operational properties is
carried out. Experimental studies have established that for ceramic clinker brick porosity is 13.6 %,
water absorption-5.2 %, water absorption rate at capillary tightening-0.5 kg / m2*year0, 5. At the same
time, ceramic facing brick is characterized by a non-uniform microstructure with high porosity (21 %)
and water absorption (16.5%). The index of water absorption at capillary tightening reaches the value
of 2.2 kg / m2*0,0, 5, which is 4.4 times more compared to clinker brick.

Studies of efflorescence according to DSTU B V. 2. 7-171: 2008 after 7 days of testing established
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the presence of efflorescence on the surface of the ceramic face brick. According to the chemical
analysis, the efflorescence is characterized by an increased content of SO3 (51.2 wt.%), as well as
alkaline oxides-Na20 (36.7 wt.%) and K20 (12.4 wt.%). By x-ray phase analysis it is shown that
tenardite Na2SO4 (d/n) lines are fixed on the efflorescence diffractogram=0,467; 0,384; 0,318; 0,278;
0,264; 0,232 nm), arkanit K2SO4 (d/n=0.288; 0.221; 0.208 nm) and syngenitu (d/n=0.951; 0.285 nm).
As can be seen from the micrograph (Fig. 1, a), the salts of tenardite are determined by a friable fine-
crystalline structure, and arkanite is crystallized by plate-like aggregates (10...20 microns), separate
groups (Fig. 1, b). The presence of Na2SO4 and K2S04 salt phases is confirmed by x-ray spectral
analysis (Fig. 1, b, d).

WD=23.5mm 20.00kV  x1.20k 20.00kV  x1.20k

Figure 1 - Microstructure (a, b) and x-ray characteristic radiation spectra (c, d) of ceramic face
brick

Due to the increased content of K20 in the efflorescence, the sulfate anion binds to form the mineral
syngenite. It can be the reason of destructive phenomena in a matrix of a brick, and in General and in
a laying.
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To prevent salinization and improve the performance of ceramic face brick used the method of
surface modification of hydrophobic substances. As seen in Fig. 2, when applying the hydrophobizer
PMFS (KO-85) water absorption decreases from 16.5 to 13.2 %, water absorption with capillary
tightening - from 2.2 to 1.98 kg/m2*year®®. Surface treatment with protective substances GF-1 and GF-
2 reduces water absorption by 1.5...2.7 times, water absorption at capillary tightening in 2...2.5 times.
The lowest water absorption rates (Wm=4.8 %, W=0.61 kg / m2 and year0. 5) is characterized by a
ceramic face brick coated with GF-3.

The results of experimental tests have established that for ceramic face brick, the surface of which
is treated with PMFS, frost resistance increases by 15 cycles, and for the surface coated with GF-2-by
20 cycles compared with brick without hydrophobizer (frost resistance mark F50). By electron
microscopy it was found that after alternate freezing and thawing on the surface of the brick treated
with a hydrophobizer based on PMFS, intensive formation of microcracks is observed, which leads to
an increase in water absorption by 42 %. For the brick modified by GF-2 and GF-3, cracks on the
surface of the sample were formed locally with a smaller opening, which led to an increase in water
absorption by 28-22 %. This indicates that the studied coatings based on traditional hydrophobizers
can’t be used to protect brick structures operating in conditions of high humidity, as well as the impact
of cycles of alternate freezing and thawing.

To improve the performance properties of ceramic face brick, the influence of hydrophobic
substances containing highly active AI203 nanoparticles was studied by the method of mathematical
planning of the experiment. Experimental studies of the effect of nano-liquids on the properties of
ceramic bricks were carried out according to the plan of a two-factor three-level experiment, the content
of PMFS (CO-85) (X1=30; 35; 40 wt.%) and the amount of nanopowder Al203 (X2=0; 0.5; 1.0 wt.%
) (respectively, the content of aluminum oxide and iron was 55...65 %). By results of researches the
equations of regression of water absorption (Ywm) and capillary tightening (Yw) adequately describing
dependence of indicators as criteria of optimization of system, from variable factors are received. On
the basis of graphical interpretation of the obtained mathematical models, it was found that the optimal
region of administration of nano-Al203 is within 0.6...0.8 wt.%. When modifying the surface of the
nano-liquid water absorption is reduced to 1.2-1.6 %, the water absorption rate at capillary tightening
- up to 0.08-0.12 kg / m2*year®®,

The method of flaw detection using a Karsten tube (Fig. 2, a, c) it was found that the lowest water
absorption (0.002 ml/cm2) after 2 hours of exposure is characterized by the surface of ceramic bricks,
modified nano-liquid, whereas for bricks without coating-0.15 ml / cm2. Based on these results, we can
state the presence of an interesting regularity associated with the formation of the surface
microstructure. In particular, by electron microscopy it was found that the surface of the sample of
ceramic bricks without coating (Fig. 2, b) is inhomogeneous with protrusions and capillary micropores
(10-15 microns). When the sample surface is impregnated with nano-liquid, the microstructure is
leveled and compacted due to the penetration of nanoparticles into the pore structure of the material
(Fig. 2, d). The effectiveness of the application of nano-fluid due to the free energy surface, and
Dalmatovsky surface subscrive particles of nano-Al203 in the composition of a hydrophobizing
substance. In this case, the pulling of water-soluble salts from the masonry is blocked.
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‘WD=25.4mm

Figure 2 -water absorption and microstructure of ceramic face brick: unmodified (a, b) and
modified with nano-liquid (c, d)

Studies of weather resistance found that for uncoated ceramic face brick after 100 cycles of
alternate drying and wetting, the loss of strength was 15.2 %; at the same time, cracks with a width of
2-3 mm were observed on the samples. At the same time, for ceramic face brick, the surface of which
is modified by nano-liquid, the loss of strength was 1.8 % without cracking. It should be noted that for
ceramic face brick modified with nano-liquid, the frost resistance increased by 50 cycles and reaches
the F100 mark. Due to this, it can be argued that the nano-liquid significantly affects the change in the
nature of the structure of the surface of the ceramic face brick to protect the brick construction structure
and improve its performance properties. The main indicators of ceramic face brick, uncoated and
modified nano-liquid are given in table. 1.

Table 1 - Basic parameters of ceramic face brick modified with nano-liquid

Value
Indicator Unit Control sample Sample coated with nano-
(uncovered) liquid
Water absorption % 16,5 1,2
Capillary tightening kg/m*hour®® 2,2 0,08
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Value
Indicator Unit Control sample Sample coated with nano-
(uncovered) liquid
Weather resistance - loss of strength % 15,2 18
Frost resistance:
- loss of strength % 19,0 5,2
- mass loss % 8,6 19

By electron scanning microscopy, it was found that the microstructure and pore ring of hydrated
cement stone based on MS 22.5 are significantly compacted by needle Aft phases. The crystal structure
of ettringite, calmative pores, promotes the synthesis of its strength with age of curing. Fine inclusions
of calcite in the mass of the gel-like phase C-S-H allow to reduce the shrinkage deformation of cement
stone. It should be noted that additives by plasticizing admixtures-air actions lead to the formation in
the stone of a system of air closed pores with a diameter of 20-150 microns, separated from each other
and built up with a cement mass of mineral components. VVacuole micropores interrupt the length of
the capillaries, which allows to reduce water pulling and water absorption of the stone. On the other
hand, such pores play the role of "stress dampers", which helps to reduce the deformability and increase
the crack resistance of the cement matrix of the solution. According to thermogravimetric analysis, the
calculated value of the amount of CA (OH)2 in cement Stone based on MS 22.5 is 6.9 wt.%, and
carbonates in terms of CaCO3-12.6 wt.%

It was found that the highest porosity (21 %), water absorption (16.5 %) and capillary tightening
(2.2 kg/m2) is characterized by ceramic face brick, the lowest (N=13.6%, Wm=>5.2%, W= 0.5 kg / m2
yd® ®) - ceramic clinker brick. Studies of salinization showed the formation of salts on the surface of
the ceramic face brick, which are represented by an increased content of SO3 (51.2 wt.%) and alkaline
oxides-Na20 (36.7 wt.%), K20 (12.4 wt.%). By x-ray diffraction and x-ray analyses established the
presence of salts of thenardier, Arcanite and Syngenta.

The lightness of mortar mixtures based on MS 22.5 is determined by the following indicators: grade
grade P8, moisture holding capacity-97-98 %, delamination-2-4 %. Modified masonry solutions of the
design grade M100 are characterized by an average density of 1840 kg / m3, reduced shrinkage
(NY=0.26 mm/m), frost resistance (F75) and weather resistance. The modulus of elasticity of such a
solution in comparison with a complex solution decreases from 28.7 to 15.9 GPA, and the Poisson's
ratio increases from 0.14 to 0.17, which reduces the possibility of cracking and improves the quality of
masonry. For masonry solutions, due to air extraction, the yield of the modified mortar mixture
increases by 16...20 %, and cement consumption is reduced by 30...40 kg. Developed complex additive
with antifreeze effect (0.06 masses.% PV + 1.5 wt.% FC) allow to improve strength characteristics of
a masonry solution at hardening in the conditions of the lowered positive and negative (to -15 0C)
temperatures.

Conclusion

Low-rise construction is more susceptible to the introduction of various innovative solutions and
construction technologies than multi-storey construction, due to a fundamentally different process
management procedure for the introduction of new solutions and construction technologies, more
active participation in this process of construction industry enterprises, the presence of a flexible system
of project management in design and construction organizations that implement innovations in the
practice of designing and building individual and mass low-rise housing.
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AHHOTANUA
OnHoil W3 BaKHEWIIUX 3a/lady B CTPOMUTENIbCTBE, KaK B TEXHMYECKOM, TaK U B ACTETHUYECKOM
aCIEeKTax, SBJISIETCS MOBBILICHHUE J0JITOBEYHOCTH HApYKHBIX CTEH 3JaHUM U coopyXKeHUl. B cBsa3u
C paszBuTHEM 5HEProdh(PeKTUBHOTO CTPOUTEIHCTBA, BCE OOJbIIEE PACIPOCTPAHEHHE MOIYyYaeT
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CTPOMUTENBCTBO MHOI'OCIOMHONW CTEHBI C BBICOKMMH JKCIUIyaTallMOHHBIMM CBOMCTBAMM 3a CUET
HCIIOJIb30BAHUSl KEPAMUYECKOT0 KIMHKEPHOI'O KHMpIUYa B KA4ECTBE JIEKOPATUBHOI'O 3allUTHOTO
cios. B To ke Bpems Takoll KUpIUY TPeOYyeT BBICOKOKAUECTBEHHOI'O CbIPbS M BBICOKOU
TeMIIepaTypbl 00KUra, 4YTO MPUBOJIUT K 3HAYUTEILHOMY YBEIMUEHUIO €ro CToUMOCTH. [loaToMy B
HaCTOAIIee BpEMsI B KayeCTBE JIEKOPATUBHOM OOJIMIIOBKHM (hacasza MCIOJb3YeTCsl KepaMHUeCKUn
OOJIMIIOBOYHBIN KHpNH4Y. Ba)KHBIM KOMITOHEHTOM KHPIUYHBIX KOHCTPYKIHMH SIBISIETCS TaKKe
pacTBOp, COEAMHSIOIIMKA AJIEMEHTHl KUpIu4a B Kiajake. B To e BpeMs mopucras CTpyKTypa
KEpaMHU4€ECKOI'0 JIMLEBOIO KUPIUYa M LHEMEHTHBIX KJIaJJOYHBIX PAacTBOPOB MPHUBOJIUT B MpoOliEecce
SKCIUTyaTallMM K MPOHUKHOBEHUIO BJIarM, Kak B MOBEPXHOCTHBIE, TaK U B Oojee IiyOoKue ciaou
KJIQJIKH, pa3pyllas €e, OCOOEHHO B YCIIOBHSX IEPEMEHHBIX TEMIIEPATYP; KPOME TOro, 00pa3oBaHHe
BBICOJIOB BBI3bIBAET CHUKEHHE TEXHUYECKUX U JIEKOPATUBHBIX CBOMCTB KUPIUYHBIX KOHCTPYKITHH.
CyIiecTBYyIOT pa3iuyHble BapHaHThl peEaju3allid HHHOBAIIMOHHBIX pelIeHWd B o00JacTu
MaJ03TaXKHOT'0 CTPOUTENbCTBA. [10 MHEHUIO CIeMaIiCcTOB, B 0071aCTH HHHOBAIIMOHHOTO Pa3BUTHS
OTpaciied  HApOJHOTO  XO3fAMCTBA  CTPOMTENbHAs  OTPACIb  XapaKTepU3yeTcs  Kak
CJ1a00BOCIIPUMMYKBAsT K BHEAPEHUIO WHHOBAIIMOHHBIX pelieHui 1 TexHonoruit CyuiecTBeHHbIMU
OTJIMYMSIMH CTPOUTEIBHOM OTpaciv OT JPYIMX [POU3BOJCTBEHHBIX OTpaciieil SBISIOTCS
JIOCTaTOYHO BBICOKHE IOPOTOBbIE Oapbepbl A BHEAPEHHS HOBBIX TEXHOJOTUH M pelIeHHH,
TpeOytome OObEKTHUBHOIO aHalIM3a UX pealn3yeMOCTH, HSKOHOMHYECKOro d3ddekTa,
nHppacTpykTypHOil obecriedeHHOCTH M Jp. COBpeMEHHBIN anmapaTr OLEHKH 3KOHOMUYECKOU
3(pPEKTUBHOCTH HOBBIX PELICHUI U TEXHOJIOIUH B CTPOUTENIBHYIO OTPACiIb MPEAIaracT J0CTaTOYHO
LUIMPOKUHN CIIEKTP METOJOB U MHCTPYMEHTOB, OCHOBAaHHBIX, B OCHOBHOM, HA MHTEIPAJIbHOU OLICHKE
HKOHOMMUECKOro 3¢ ¢eKTa 11l BCeX YYaCTHUKOB MHHOBAIL[MOHHO-MHBECTUIIMOHHOIO Ipolecca, U
ONUpANOLIMIic Ha BepU(UKALUIO Leneld B cUCTEME pa3padOTKH, BHEAPEHUS U pealn3aluu
VWHHOBAIUH B IIPOU3BOJICTBE.

I[.Hﬂ HNUTUPOBAHUA B HAYYHBIX HCCICTOBAHUAX
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