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ABSTRACT

Report 45 p., 1 bo., 20 figur., 28 tab., 43 sour., 7 appen. 

POLYFUNCTIONAL ADDITIVE FOR CONCRETES, NANOMODIFICATION, MECHANOCHEMICAL ACTIVATION, CONCRETE HARDENING ACCELERATION, STRENGTHENING, WOLLASTANITE, ZEOLITE
The object of the study is use for reducing the energy intensity of cement concretes and precast concrete unitsproduction, as well as accelerating the hardening of monolithic structures by introducing a polyfunctional additive in amount of up to 3% of the cement mass without changing the traditional technology of concrete production.
The aim of the work: development of composition and technology for obtaining the polyfunctional nanomodifying additive for accelerating – strengthening action for cement concretes.
Experimental work was carried out to optimize the composition of cement concretes with a multifunctional nanomodifying additive and the optimal amount of the additive was determined. As an additive, man-made industrial waste (thermal power plant ash, ceramic bricks) and natural materials (wollastanite, zeolite-containing rocks) were used.
As a result of the research, normative and technical documents (technical conditions and technological regulations) were developed for the production of cement concretes with a multifunctional nanomodifying additive.
Construction, technical and operational properties were studied: cement concretes with high strength and durability were obtained.
Degree of implementation-a pilot batch of slag-alkaline concretes with a multifunctional nanomodifying additive from phosphoric and blast furnace slags was produced. Recommended for implementation in production.
The project assumes a high economic return from the organization of production of a multifunctional nanomodifying additive, which consists not only in saving the binder, but also in the disposal of large-capacity limestone waste in the Republic of Kazakhstan.






РЕФЕРАТ

Есеп 45 б., 1 кіт., 20 сур., 28 кест., 43 көзд., 7 қосым.

БЕТОНДАРҒА АРНАЛҒАН ЖАРТЫЛАЙФУНКЦИОНАЛДЫ ҚОСПА, НАНОМОДИФИКАЦИЯЛАНҒАН МЕХАНОХИМИЯЛЫҚ БЕЛСЕНДІРУ, БЕТОННЫҢ ҚАТАЮЫН ЖЫЛДАМДАТУ, ҚАТАЮ, ВОЛЛАСТОНИТ, ЦЕОЛИТ
Жоба цементтік бетондармен  жинақты темірбетон өндірісіне кететін энергиякөлемін азайтуға сонымен қатар қазіргі кездегі бетон өндірісінің технологиясын өзгертпей отырып цементтің массасына 3% -ға дейін жартылайфункциональды қоспа қосу арқылы құйма конструкцияларының қатаюын жылдамдатуға бағытталған.
Жобаның мақсаты: Цементтік бетондардың қатаю әсерін ықшамдау және қатаюын тездету үшін жартылайфункциональды наномодифицирлеуші қоспалардың құрамын және алу технологиясын жасау. 
Құрамында жартылайфункциональды наномодифицирлеуші қоспасы бар цементті бетондардың құрамдарын ықшамдау үшін экспериментальды жұмыстар жүргізілді және қоспаның ықшамды көлемі анықталды. Қоспалар ретінде өндірістік техногенді қалдықтар (ЖЭО күлі, керамикалық қыштардың сынықтары) және табиғи материалдар (волластонит, құрамында цеолит бар кен) қолданылды.
Зерттеу барысында құрамында жартылайфункциональды наномодифицирлеуші қоспасы бар цементті бетондардың өндірісне нормативті-техникалық құжаттар (техникалық нұсқау, технологиялық регламент) жасалынды.
Құрылыс-техникалық және пайдалану сипатамалары зерттелінді: қызметі ұзақ мерзімді  және жоғары беріктікті құрамында қоспасы бар цементті бетондар алынды. 
Ендірілу дәрежесі - фосфор және домна қожыларынан құрамында жартылайфункциональды наномодифицирлеуші қоспасы бар қожысілтілі бетондардың тәжірибелі-өндірістік партиясы шығарылды. Өндіріске ендіруге ұсыныстар берілді.
Жоба жартылайфункциональды наномодифицирлеуші қоспалардың өндірісін ұйымдастырған жағдайда жоғары экономикалық табыс ұсынады, ол жерде тек тұтқыр үнемделіп қана қоймайды, сонымен қатар ҚР көп тоннажды әк және қожылары қалдықтары жойылады. 






CONTENT
	TERMS AND DEFINITIONS.....................................................................................................
	7

	LIST OF ABBREVIATIONS AND DESIGNATIONS..............................................................
	8

	INTRODUCTION.......................................................................................................................
	9

	 1 Choice of raw material base in the Republic of Kazakhstan (technogenic and natural     materials) for production of the polyfunctional nanomodifying additive for cement concrete.......................................................................................................................................
	

11

	  1.1 The state of the issue and prospects for the development of the production of the polyfunctional nanomodifying additive for the construction industry of the Republic of Kazakhstan……………………………………………………………………………….......
	

11

	  1.2 The study of effectiveness of various mineral fillers of natural and technogenic origin in the Republic of Kazakhstan for addition of the polyfunctional action ………………….............
	13

	  2 Optimization of composition and technological parameters for production of polyfunctional nanomodifying additive for cement concretes …………………………..................................
	
17

	. 2.1 Optimization of compositions and technology for production of polyfunctional nano-modifying additive ……………………………………………………………………….......
	
17

	..2.1.1 Optimization of sla-alkali concretes with polyfunctional nanomodifying additive from from man-made waste (ash of thermal power station and ceramic brickbats)......................
	
17

	..2.1.2 Optimization of compositions of the slag-alkali concretes with the polyfunctional nanomodifying additive from the from natural materials (wollastonite ore and  zeolite-containing rocks)..................................................................................................................
	

19

	 3 Establishment of new dependencies and identification of regularities of the structure formation of the cement stone with the developed polyfunctional nanomodifying additiv.......................
	
23

	   3.1 Research of processes of hydration and structure formation of concretes with the polyfunctional nanomodifying additives……………………………………………….........
	
23

	 4 Development of compositions of cement concretes with polyfunctional nanomodifying additive and assessment of the complex of their physical-mechanical and technological properties of concrete .................................................................................................................
	

28

	    4.1 Development of compositions of cement concretes with the developed additive.............
	28

	    4.2 Assessment of operational properties and durability of concretes with the additive of polyfunctional action.............................................................................................................
	
33

	 5 Development of technical conditions, technological regulations for production of polyfunctional nanomodifying additive.....................................................................................
	
38

	     5.1 Development of technical conditions, technological scheme and regulations for production of polyfunctional nanomodifying additive. Equipment selection.....................................
	
38

	 6 Pilot-industrial tests of cement concretes with developed polyfunctional nanomodifying  additive. Calculation of economic efficiency of production and application of the additive in monolithic and precasted concrete construction ........................................................................
	

39

	      6.1  Release of a pilot-industrial batch of the polyfunctional nanomodifying additive..............
	39

	      6.2 Calculation of economic efficiency of production and application of the slag-alkali binders with the polyfunctional nanomodifying additive...................................................
	
39

	CONCLUSION…………………………………………………………………………................
	41

	REFERENCES........................................................................................................................
	43

	APPENDIX А- Technical specification and job scheduling plan...............................................
	47

	APPENDIX B-Tables and figures of sections 2, 3,4...................................................................
	54

	APPENDIX V-Technological regulations and technical conditions...........................................
	72

	Appendix G-Act and protocols for the release of pilot batches of CAC with a multifunctional nanomodifying additive for 2019-2020.....................................................................
	
87

	Appendix D-List of published works for 2018-2020......................................................................
	100

	Appendix Е-Supplementary agreement No.10 to agreement No.164.............................................
	103

	Appendix J -NTS statement No. 7....................................................................................................
	107






























TERMS AND DEFINITIONS

In this report  the following definitions areused:
	Differential thermal analysis
	- is a method for studying physical and chemical transformations accompanied by  release or absorption of heat

	Composite cement
	- is a modern building material, which contains special mineral additives that improve the technological characteristics of cement

	Brand of binder
	-characteristics of the mechanical strength of cements, set by the value of the compressive strength of the halves of samples-beams 4x4x16 cm, previously tested for bending after 28 days of hardening

	The binder grade
	-   the characteristic of the mechanical strength of cements   is determined in size  of  compressive strength on pressing together  halves of test beams 4x4x16 cm, previously tested for bending after 28 days of hardening

	Setting 

	-is a process that takes place with tenderplastic cementing paste, which has great mobility, when it starts to densifyand thicken, which corresponds to the beginning of setting. In the future this pastebecomes more and more compacted, finally loses plasticity and gradually turns into a solid body.

	Hardening 

	-is the process of chemical-physical transformation of binders, accompanied by  strength gain.

	Technogenic deposit
	- accumulations of mineral raw materials created by mankind as a result of industrial activity














LIST OF ABBREVIATIONS AND DESIGNATIONS

The following designations and abbreviations are used in this research report
 PNMA    - polyfunctional nano-modifying additive 
САС	     - cinder-alkali concretes
ССАB  - composite cinder-alkali binders
САВ	- cinder-alkaline binders
ZCR	- zeolite-containing rocks
TPS	- thermal power station
LLP  	- Limited liability partnership
RW	– research work
X-ray PА  – X-ray phase analysis
DТА	– differential thermal analysis
SEM	– scanning electron microscopy
i.l. -loss on ignition
Rcompr.	–ultimatecompressive strength
Rbend.	–X-raybending strength
МPа	– mega Pascal
JSC	– joint-stock company
мм – millimeter
см - centimeter














INTRODUCTION
The problem of reducing energy consumption in the production of concrete and reinforced concrete products is still relevant.
So, for example, when building monolithic structures, concrete hardening acceleration will increase the speed of construction works, form reuse and will allow produce concrete works in the cold seasons.
It should be noted that the hardening acceleration takes on special significance in the factory production of concrete and reinforced concrete products, as maximum use of production areas, increase in the form reuse and expensive equipment is achieved at that. Practically at all enterprises for the production of concrete and reinforced concrete products and structures, the main way to the concrete hardening acceleration in them is steam curing. To date, the thermal treatment of 1 m3 of concrete consumes about 0.35-0.6Gcalof thermal energy, which is comparable to 55-65 kg of equivalent fuel. These are large figures in the market economy, where it is possible to survive only with the rational use of resources and money. Meanwhile, the steam curing not only accelerates the hardening, but also negatively affects the structure formation of concrete. The steam curing process is far from perfect, energy-consuming and poorly regulated, even with the most modern automation systems. At the same time, the steam curing efficiency factor is about 30%, i.e. most of energy is lost in the environment. Most often the steam curing regime is 16 hours or more [1,2,3].
To date, the following methods of the concrete hardening acceleration are well known:
- use of special quick-hardening cements or activation of ordinary Portland cements by the way of regrinding – fine-grained cement (FGC);
- use of stiff concrete mixtures with low W/C and their effective compaction;
- use of various types of thermal treatment of molded products;
- introduction of chemical hardeners in the concrete composition.
One of the most flexible and effective ways for regulating the process of concrete curing is introduction of organic and inorganic modifiers into its composition at the manufacturing stage. Significant effect from the use of additives-accelerators takes place in the technology of precast concrete and reinforced concrete. Reduction in the time of cement curing and intensifying its hardening is relevant both for concretes of normal-moisture hardening and subjected to the steam curing, not only for concretes on dense, but also for porous aggregates.
In the factory production of precast concrete and reinforced concrete products and structures, the use of additives-accelerators for setting and hardening allows reduce the time for the steam curing, which accelerates the form reuse and thermal aggregates [4, 5]. This helps to reduce the metal consumption of production and reduce the energy costs for the thermal treatment. Thus, the use of additives-accelerators for setting and hardening is effective technological method that allows reduce the cost of production, improve technical and economic performance of the enterprise, as well as improve physical and mechanical characteristics of products.
Development of the polyfunctional nanomodifying additive of accelerating action will allow not only intensify the hardening of concrete mixes, but also significantly increase the strength of concrete. As nanomodifiers have high adsorption and chemical activity, they will form physical and chemical bonds with calcium hydrosilicates, causing the effect of strengthening and compacting the interphase boundaries of cement stone.
In scientific researches, new methods are being introduced and traditional methods of obtaining, studying and analyzing nanomodified building materials are being improved. Since the main aim of creating building nanomodifiers is to increase structural properties, namely, mechanical strength, modulus of elasticity. It should be noted that addition of nanoparticles is technologically and economically the most feasible way (in the presence of cheap natural and artificial nanoproducts) to enhance the properties of cement systems. The question is “alloying” the matrices, which is quite acceptable for the technology and traditional building materials: cement concretes, ceramics in products of load-bearing structures, cellular materials. Acquisition of new patterns, discovery of new ways for the purposeful functionalization of nanomodifiers and expansion of real opportunities for achieving high nanomodification effects forms the basis for the practical implementation of the results of the work. 
For 2018 on the topic: Polyfunctional nanomodifying additive for energy and resource-saving technologies of cement concretes an interim report was submitted with inventory No.0218RK00269.
For 2019 on the topic: Polyfunctional nanomodifying additive for energy and resource-saving technologies of cement concretes an interim report was submitted with inventory No. 0218РК00028.








1 Choice of raw material base in the Republic of Kazakhstan (technogenic and natural materials) for production of the polyfunctional nanomodifying additive for cement concretes 
In our studies, the priority is to search for effective nanomodifiers from natural and technogenic raw materials that do not require additional dispersion or functionalization of the particle surface (or these actions would be insignificant). Such approach will be implemented to enhance the physical and mechanical properties, which means not only increase in mechanical properties, but maximization of all operational properties of building materials of various functional design. All proposed research approaches and their implementation are new, promising and priority in the development of nanotechnology and nanomaterials in the construction industry.

1.1 The state of the issue and prospects for the development of the production of the polyfunctional nanomodifying additive for the construction industry of the Republic of Kazakhstan
The slag-alkali binders can be classified as “flexible” binding systems, the properties of which and their level at different stages of hardening can be changed by varying several parameters, among which are common for all types of powder mineral binders, regardless of the kind of sealer – specific surface area (Sуд) and granulometric composition of the binder.
For each type of mineral binder, the fineness of grinding has been established, rationally selected from the point of view of providing the required level of properties at the optimal energy consumption. The finer grinding allows obtaining new properties of binders, some of which increase the strength and speed of its collection, etc. This is due to the accumulation of 10-30% of the supplied mechanical energy in the ground material, mechanochemical activation of the surface layer (up to the change of crystalline structure), increasing the chemical activity of the material due to increase in the specific surface area (Sуд) of the particles, amorphization of the surface of inert crystals, etc. [6].
Usual Portland cement is ground to the remainder on the sieve No. 008 – 5-8% with regulatory requirements not exceeding 15%, quick-hardening – to the remainder of 2-4%. At the same time, the fineness of grinding reaches, respectively, 250-300 m2/kg and 350-450 m2/kg [7]. Cement regrinding from 400 m2/kg to 700-800 m2/kg allows increase activity by 20%, but, based on the need for high energy consumption and sharp decrease in the productivity of grinding units, the fineness of grinding is limited to 400-500 m2/kg [7]. With increasing the fineness of grinding of the binder, the viscosity increases and water separation of the cement paste decreases [8], initial strength increases [7]. According to Kholin I.I. [9], DeshkoYu.I. [10] at a step of 150-300 m2/kg daily strength increases by 30%, 300-500 m2/kg in 2 times.
However, the fine grinding of cement increases energy consumption and does not always positively influence the binder properties. Golovanova L.V. [11] showed thatSудincrease for every 1% reduction in the remainder on the sieve No. 008 increases energy consumption by 4-6% and reduces the productivity of changing unit by 3-5%. It was established in [12] that hyperfine grinding adversely affects frost resistance, deformability, sulfate resistance, water demand, heat release and shrinkage deformations of cement. 
In addition, when optimizing the granulometric composition in the production of various types of cement, it is necessary to take into account the fact that minerals of Portland cement clinker differ in hardness and grinding ability, which affects the mineral composition of cement depending on the particle size of the binder. For example, C3S and C3A are mainly contained in fractions smaller than 20μm, and larger ones are enriched with C2S and C2AF [11]. In this regard, Duda V.G. [15], Butt Yu.M. [16] and other scientists note that in ordinary Portland cement the content of fraction from 5 to 30 μm should not exceed 45-55%, in high-strength – 55-65%, in quick-hardening – not less than 70% [13, 17].
Thus, the optimal granulometric composition of Portland cement is not strictly fixed and depends on the goals for ensuring the cement stone hardening speed [17, 18]. According to most researchers, to obtain high-strength cements their specific surface area should be increased to 320-370 m2/kg. The granulometric composition should be as follows: the content of fraction of less than 5 μm is 15-18%, 5-30 μm is 35-45%. To obtain quick-hardening cements, their specific surface area should be increased to 400-450 m2/kg, the granulometric composition: the content of fraction of less than 5μmis 20-25%, 5-30μmis 55-60%. 
With the increase in Sуд, the slag’s activity increases better than Portland cement’s. When grinding the slag, there is increase in the contact surface “binder-water”, “surface activity”, degree of the surface amorphization, acceleration and increase in solubility of the solid phase [19]. The adsorption activity of the surface of the slag particles formed during the grinding of large grains into smaller ones is very high due to the formation of uncompensated surface charges on them in a large amount, similar to the charges formed on the surface of the clinker during its grinding [20]. Studies of acid-base characteristics of the surface of the slag particles and Portland cement by the method of electron spectroscopy of adsorbed indicator molecules on a spectrophotometer showed that concentration of acid and basic centers on the surface of the slag particles is 32 and 160% greater than on the surface of cement particles, at that increase in the content of iron oxide in the slags from 2.7 to 11% increases it by about five times. The absolute values ​​of ratios of acid to the basic centers on the surface are, respectively, 0.74/2.3 and 3.2/1.9 μmol/g [21].
Thus, the analysis identified insufficient knowledge of Sудinfluence and dimension of the slag particles on the properties of the slag-alkali binders and concretes.
The other way to control the rate and depth of structure formation is introduction of additives. Krivenko P.V. [22] expressed his opinion that chemical activity of the slag is determined not only by the amount of glass phase and pH of the medium, but also by the presence of additives capable of reacting with the products of hydrolysis of slag glass and forming a crystalline skeleton of the cement stone.

1.2 The study of effectiveness of various mineral fillers of natural and technogenic origin in the Republic of Kazakhstan for addition of the polyfunctional action 
Additives used for production of composite slag-alkali binders, as for Portland cement and other mineral binders, can be divided into chemical and mineral.
In general, Portland cements with mineral additives before setting are three-phase systems (in case of combination of mineral additive with chemical additive like 4x). They consist of Portland cement, mineral additive and water. The quality of these cements depends mainly on the chemical and mineralogical composition and quantitative ratio of clinker and additives, phase composition of additives, fineness of grinding of components, dispersion of particles and uniformity of their distribution in the powder [23] and other factors. The properties and structure of the final product are function of characteristics describing the composition, structure and dispersion of 2 components.When considering influence of the third component of the system – water, it is necessary to take into account only its temperature at the moment of mixing. The number of initial characteristics and parameters of variation in the system is 13.
The properties of a filled cement system are the result of synthesis of processes of chemical, physicochemical, physicomechanical interaction, in which the filler takes active part [24]. Artificial stone based on Portland cement with mineral additives is a composite material, which after the setting has several structural levels. The filled cements have been studied in detail from the position of physicochemical mechanics of disperse structures, theory of micro-concrete, polystructural theory, theory of artificial conglomerates, and concepts of composite materials.
Much attention was paid to the studies carried out in the direction of the study of composite cements, studying the effect of dispersion of components on the binder properties. In order to compensate decrease in the activity of the mixed binder during “dilution” of clinker cement, a number of authors recommend to increase the fineness of its grinding.
According to A. Nasseri and M. Benin [25], cements with mineral additives should be ground to the specific surface area of more than 3500 cm2/g in order to increase the strength in the early periods of hardening and improve the mechanical properties of materials.
When considering mineral additives to the slag-alkali binders it is logical to base on the accepted distinction of additives on chemically and physically active.
Ashes of thermal power station are similar in chemical and phase composition to slags with less basicity and some content of the crystalline phase, therefore their combination in the composition of various types of binders is very effective.
It was shown in [26] that ash can be used not only in combination with Portland cement, but also with slag Portland cement.
Thus, the ash is a valuable mineral additive to the slag-alkali binders, which increases the strength of the slag-alkali binders and concretes on their basis. At the same time, it is logical to assume the existence of dependencies of properties of the slag-alkali binders with additions of ash on the slag type, optimal ash concentration, its dispersion and conditions for hardening the binder, content of free alkali in it on the ash content, etc.
Like ashes, natural and dehydrated clays can serve both as independent and auxiliary aluminosilicate components of alkali cements. 
By extensive researches of Glukhovsky V.D., PetrenkoI.Yu., SkurchinskayaZh.V. [27], RumynaG.V. [28], Zhukova R.S. [29], Rostovskaya G.S. [30] and others, a separate group of alkali aluminosilicate binders, which are mixtures of clays in a natural or calcined state with alkali metal compounds, has been developed. The hardening of such binders is based on the ability of clay minerals to interact with alkali metal hydroxides under the hardening regimes of traditional binders. The products of their interaction are new formations such as R2О'Al2О3'(2-4)SiО2nH20, which the moment of emergence exhibit binding properties. Skurchinskaya Zh.V., when synthesizing analogues of natural minerals in order to obtain artificial stone, established, that nature of the interaction of alkalis with clay minerals depends on the structural type of the clay mineral and the hardening conditions. At the same time, the range of clay substances used as a raw material for alkali binding systems was expanded and it was established that the degree of interaction is more intensive with clays, in which the ratio between silica and aluminous-oxygen layers is 1:2. The study of influence of amount of alkali component on the strength properties of alkali aluminosilicate binders showed that as the content of alkali in their composition of their limits increases, at which the ratio is Na2О:Al2О3=l:l, the binding capacity of such compositions grows.
Known studies [30, 31] established effectiveness from using of natural and dehydrated clays and as additives to the slag-alkali binders. The interaction of clay substances with alkali makes possible the presence of clay substances both in the composition of the binder and in the aggregate in quantities that have a positive effect on their properties [32]. It was shown in [33] that addition of 5-10% of kaolinite-containing raw materials (active silica and alumina) increases the water-retaining capacity / reduces shrinkage deformations, increases the binder’s strength. For production of durable, unfired liners, operating up to temperatures of 1000-1500°C, the slag-alkali binders, chamotte powder in amount of 36-72%, arerecommended. It is noted that fineness of grinding of the slag and chamotte should be such that no less than 70% of the slag and 50% of the chamottecould pass through the sieve 008 [34].
Allahverdi А. and Najafi Kash Е. [35] studied the possibility to obtain the binder from building wastes – brickbats and concrete by their alkali activation with mixtures from Na2SiО3andNaOH. The results of their studies showed that the maximum strength in 40 MPa was achieved for the binder consisting of 100% ground brickbats with the content of Na2O on a dry basis of 8%. 
Another data on the use of ceramic brickbats for obtaining the slag-alkali binders has not been found by the author in the literature.
A special place among alkali hydroaluminosilicates is occupied by natural and synthetic zeolites.
Over the past 15-20 years, large deposits of zeolitized latrines were discovered in many regions of Russia. The prevalence of zeolites in the lithosphere comes short only to the prevalence of minerals in the silica group, feldspars and clays. Due to their unique properties, zeolite-containing rocks are the most multi-purpose raw materials from all minerals [36]. 
Zeolites are similar in composition to clays and active mineral additives. They are distinguished by high content (up to 10%) of water-soluble alumina and amorphous silica [37]. However, ion-exchange reactions on clay minerals are at least 10 times lower in comparison with zeolites [38]. This is due to the porous open microstructure of the latter, possibility of ion exchange, reversible dehydration, etc. All this determines high hydraulic activity of thezeolite-containing rocks.
Introduction of additives of zeolite-containing rocks to the cement concretes contribute to their strength in compression and bending, corrosion, sulfate and frost resistance of goods [39]. The introduction of zeolites in this case is a complex effect on the processes of its hardening: in the early stages of hydration, zeolites due to the ion exchange reactions contribute to increase in the alkalinity of the dispersion medium, which leads to acceleration of the hardening processes and decrease in the basicity of calcium hydrosilicates. In the later stages of hardening, zeolites act as pozzolanic additives, like diatomites and trefoils. The effectiveness of the additives of zeolite-containing rocks can be enhanced by their thermal or chemical activation.
In view of the fact that at present the issue of reducing energy costs, improving physical and mechanical characteristics of cement-concrete materials is actual, and also in connection with depletion of high-quality raw materials, the use of new non-traditional types of mineral resources is becoming important. One of such materials is wollastonite, which has a coarse-crystalline needle-fiber structure and has been widely used abroad since the 1940s [40]. 
Wollastonite is a natural calcium silicate with the molecular formula CaSiO3. The natural wollastonite is characterized by the needle structure of crystals, during splitting of which the needle-shaped grains are formed. The needle-shaped grains of wollastonite determine the main direction of its use as a micro-reinforcing filler. The wollastonite is the only pure white filler that has needleshape, with the ratio of fiber length to its diameter, depending on the brand (L/D) from 3:1 to 20:1 [41]. 
From the analysis of published data it is known that cement with addition of 5-15% ofwollastonite is non-shrinkable, air-and weather-frost-resistant, normally hardening with heat and moisture treatment [41].
The use of the natural wollastonite as a micro-reinforcing additive in the composition of slag-alkalicement has not been studied.

















2 Optimization of composition and technological parameters for production of polyfunctional nano-modifying additive for cement concretes 

2.1 Optimization of compositions and technology for production of polyfunctional nano-modifying additive 
As noted in the literature review, the total Sуд and particle distribution by sizes of mineral binder are among the main parameters of binding systems on which depend the rate of hydration and formation of structure and properties, strength level at different hardening stages, permeability of artificial stone and other parameters. 
Depending on Sудand type of alkalicomponent (solutions of liquid glass and soda), hardening conditions, we investigated: 
- properties of binders with polyfunctional nano-modifying additives – normal density and setting time; 
- properties of stone of the slag-alkali binders with polyfunctional nano-modifying additives – average density, water absorption, level and kinetics of maturing;
- properties of binders based on the slag-alkali binders with polyfunctional nano-modifying additives – average density, water absorption, level and kinetics of maturing;
- properties of concretes based on the slag-alkali binders with polyfunctional nano-modifying additives – average density, water absorption, level and kinetics of maturing, freeze resistance. 
The following are chosen as the technogenic polyfunctional nanomodifying additive: ash of thermal power station and ceramic brickbats of Kyzylorda, Kokshetau, Petropavlovsk and Astana. 
As natural materials: wollastonite ore of the Upper-Badam field located in the upper reaches of the Badamriver and zeolite-containing ore of Daubabinsk field of South Kazakhstan region. At the initial stage of this part of the work, influence of method of introducing the polyfunctional nano-modifying additive was investigated – in separate or co-grinding on the construction and technical properties of stone of the slag-alkali binders. 

2.1.1 Optimization of sla-alkali concretes with polyfunctional nano-modifying additive from from man-made waste (ash of thermal power station and ceramic brickbats)
For example: Joint effect of the polyfunctional nano-modifying additive (ash of the thermal power station), specific surface of the binder and density of the solution on the strength of the slag-alkali concrete was determined using methods of mathematical planning of three-factor experiment in the type of the Box-Bencin plan and third-order regression equations were obtained [42]. 
The following factors varied: 
-specific surface of the binder, cm2/g –х1;
-amount of the additive (ash of the thermal power station), %– х2;
-density of the solution (liquid glass), g/cm2– х3.
Equations of the factor variations are presented in Table B 2.1.
Amount of addition of steelmaking slag is taken as 10% of the slag mass.
The yield was determined according to the average compression strength of the samples at natural hardening. The samples of 10x10x10cm were made on laboratory equipment.
The matrix of planning, as well as the test results are presented in Table B 2.2 .
The regression equations have the following view: 
УRсж= 86,63-4,5Х1+5,27Х2+4,97Х3-6,15Х12-6,32Х1Х2-0,62Х1Х33,1Х22+0,35Х2Х3+0,5Х32          (1)
The analysis is carried out as applied to all factors: amount of the additive (ash of the thermal power station, grinding fineness of the binder and density of the solution. To this end, let’s consider the case Х1, Х2, Х3equal to (1;0;-1) and obtain two-factor regression equations: 
                   1.  Х1=-1  УRсж= 84,98+11,59Х2+4,97Х3+0,62Х3-3,1Х22+0,35Х2Х3+0,5Х32           (2)
Х1=0   УRсж= 86,63+5,27Х2+4,97Х3-3,1Х22+0,35Х2Х3+0,5Х32
Х1=1    УRсж= 75,98-1,05Х2+4,97Х3-0,62Х3-3,1Х22+0,35Х2Х3+0,5Х32
             2. Х2=-1  УRсж= 78,26+1,82Х1+4,97Х3-6,15Х12-0,62Х1Х3-0,35Х3+0,5Х32                         (3)
Х2=0  УRсж= 86,63-4,5Х1+4,97Х3-6,15Х12-0,62Х1Х3+0,5Х32
Х2=1  УRсж= 88,8-10,82Х1+5,32Х3-6,15Х12-0,62Х1Х3+0,5Х32
                3. Х3=-1 УRсж= 82,16-3,88Х1+4,92Х2-6,15Х12-6,32Х1Х2-3,1Х22                          (4)
Х3=0 УRсж= 86,63-4,5Х1+5,27Х2-6,15Х12-6,32Х1Х2-3,1Х22
Х3=1 УRсж= 92,1-5,12Х1+5,62Х2-6,15Х12-6,32Х1Х2-3,1Х22
As can be seen from the equations, the required strength value can be achieved by combination of different levels of accepted factors.
The equations predetermine the set of concrete compositions by introducing into them the amount of polyfunctional nano-modifying additive (ash of the thermal power station), grinding fineness of the binder and density of the solution, which ensure change in the material properties in wide scales.
For strength, we obtain groups of isometric lines. By imposing the groups of isometric lines on each other, we obtain areas of changes of factors that provide the given properties. The combined isometric lines are shown in Figures B 2.1,2. 2,2. 3 .
Areas, in which the maximum strength values are combined, are shaded in Figures.
Thus, it follows from the research results that the optimal amount of the polyfunctional nano-modifying additive (ash of the thermal power station) is 2,5-3,5%, and grinding fineness is 500-600 m2/kg, density of the solution is 1115-1125 g/m3.
And also carried out research on optimizing the composition of slag-alkaline concretes with multifunctional additive nanomodifiers battle of ceramic bricks
Thus, it follows from the research results that the optimal amount with the polyfunctional nano-modifying additive (ceramic brickbats) is within 15-20% and grinding fineness is 500-600 m2/kg, density of the solution is 1115-1125 g/m3.

2.1.2 Optimization of compositions of the slag-alkali concretes with the polyfunctional nano-modifying additive from the from natural materials (wollastonite ore and  zeolite-containing rocks)
For example: Joint effect of the polyfunctional nano-modifying additive (wollastonite ore), temperature and duration of isothermal warming on the strength and freeze resistance of the slag-alkali concrete was determined using three-factor experiment in the type of the Box plan on a cube.
Amount of Portland cement clinker in the slag-alkali binder composition was 5% by weight.
The following factors varied: 
-amount of additive from thewollastonite ore, % - х1;
-temperature of the isothermal warming, °С – х2;
-duration of the isothermal warming, h –  х3.
Equations of the factor variations are presented in Table B 2.3.
The matrix of planning, as well as the test results are presented in Table B 2.4.
The regression equations have the following view:
                       УRсж = 61- 6х21 + 5х2 - 2х22 + 4х3 - 2х23 - 4х1х2-3х1x3-2х2x3        	                                    (9)
                      УF = 288-15х1 - 65х21 - 20х2 - 8х3 + 5х23- 8x1x2 - 18х2х3	                                        (10)
whereУRсж–compression strength, MPa;
УF–amount of cycles at alternate freezing and melting. 
Analysis of quasi-one-factor equations is carried out according to the method [43]. 
The following quasi-one-factor equations were obtained for the model (9):
Wx1 = х1(-4х2 - 3х3) - 6х21;
Wx2 = х2(5 - 4х1 - 2х3) - 2х22;
Wx3 = x3(4-3x1-2x2)-2x23
from analysis of which, it is possible to make the following conclusions. 
Within the limits accepted, increasing and decreasing the amount of the additive from the wollastonite ore (x1) from 0 to -1 and from 0 to +1 results in reduction in the strength of concrete. 
The optimal amount of the additive from the wollastonite ore x1 is at the center of the experiment, it has bending point x1 = 0. Change in the temperature of isothermal warming (x2) from 0 to +1 leads to increase in the strength of concrete, the curve has bending point outside the experimental zone x2 = 1.25. 
Increase in the time of isothermal warming (x3) within the experiment leads to increase in the strength of concrete, the curve has bending point x3 = +1.
The maximum strength is achieved with introduction of the additive from the wollastonite ore in amount of 10% of the slag mass, maximum temperature and prolonged isothermal warming.
The following quasi-one-factor equations were obtained for the model (10): 
Wx1=x1(-15-8x2)-65x21;
Wx2 = x2(-20- 8x1-18x3);
Wx3 = x3(-8-18x2) + 5x23,
from analysis of which, it is possible to make the following technological conclusions. 
The factors considered for freeze resistance of concrete have joint effect, as evidenced by the presence of paired interactions (х1х2andх2х3).
Analysis of the system under conditions of stabilization of the state of some factors is given below. 
The equations (9), (10) predetermine the set of concrete compositions with introduction of the wollastonite ore in them, provided that thermal treatment mode is observed, which ensures change in the material’s properties within certain limits. The analysis is carried out with reference to the optimal time of isothermal warming. For this we consider the case x3 = [i; 0; -1] and receive two-factor equations of regression: 
        x3 = 1УRсж = 63-3x1-6x1+3x2-2х2-4x1x2;
х3 = 0  УRсж = 61- 6х21 + 5х2 - 2х22 - 4х1х2;
                х3 = -1УRсж = 55 + 3х1 - 6х 5 + 7x2 - 2х 2 - 4х1x2;
         х3 = 1  УF = 285 - 15х1 - 65х21 - 38х2 - 8х1х2;
        х3 = 0   УF = 288-15х1 - 65х21 - 20х2 - 8х1х2;
          х3 = -1   УF = 301 - 15х1 - 65х21 - 20х2 - 8х1х2
For the strength and freeze resistance, we obtain the groups of isometric lines. By imposing the groups of isometric lines on each other, we obtain areas of changes of factors that provide the given properties.
As can be seen from the graphs, the strength of concrete at x3 = [0; 1; -1] with increase in the temperature of isothermal warming (x2) increases, and with increase and decrease in the amount of the additive from the wollastonite ore (x1) decreases in directions from the center of the experiment. 
For specific cases, we consider three possible technological options, the data are given in Table B 2.5.
The isosurfaces of two-factor regression equations are shown in Figures B 2.4 and 2.5. 
As can be seen from Figures B 7 and 8, the most part of the strength distribution of УRсж dependence on other factors – the amount of the additive from the wollastonite ore – x1, and temperature of isothermal warming – x2 have the character of elliptical paraboloid, and the freeze resistance – of parabolic cylinder. 
The most acceptable in technological terms is the steam curing mode 4+3+6+3 h with the temperature of isothermal warming 90±5°C with the density of the liquid glass solution 1150 kg/cm3. At that, the optimal amount of the additive from the wollastonite ore varies between 9.5 ... 10.5%, the results of compression strength of concrete are 50.0 ... 57.5 MPa, the freeze resistance is more than 300 cycles. 
Research was also carried out to optimize the composition of cinder-alkali concretes with a multifunctional nanomodifying additive of zeolite-containing rocks.
The most acceptable in technological terms is the steam curing mode 4+3+6+3 h with the temperature of isothermal warming 90±5°C. At that, the optimal amount of the additive from the zeolite-containing rocks varies between 4.7 ... 7.2% on the mass of the slag-alkali concretes, the results of compression strength of concrete are 55.0 ... 57.0 MPa, the freeze resistance is more than 300 cycles.

Conclusion by the 2nd chapter 
The mathematical planning method established that the most acceptable in technological terms is the steam curing mode 4+3+6+3 h with the temperature of isothermal warming 90±5°C at the density of the liquid glass solution 1150 kg/cm3andoptimal amount of the polyfunctional nano-modifying additive from the ceramic brickbats is within the range of 25-30%, as well as of the polyfunctional nano-modifying additive from the ash of thermal power plant – 2.5-3.5 %, and the grinding fineness – 500-600 m2/kg, density of the solution – 1115-1125 g/m3, the optimal amount of the additive from the wollastonite ore varies within the range of 9.5....10.5%, the obtained results of the concretes’ compression strength are 50.0...57.5 MPa, freeze resistance – more than 300 cycles, and the optimal amount of the additives from the zeolite-containing rocks varies within the range of 4.7...7.2% from the mass of the slag-alkali concretes, the obtained results of the concretes’ compression strength are 55.0...57.0 MPa, freeze resistance – more than 300 cycles. 
Thus, with the help of mathematical planning of the experiment, amount of technogenic and natural polyfunctional nano-modifying additives with the slag-alkali concrete was specified, which allows obtain the given strength and freeze resistance under certain parameters of the steam curing mode. 
We obtained the slag-alkali binders with the polyfunctional nano-modifying additives with the strength grades M300-1000, strength classes B20-B70. Increasing the grinding fineness in the range from 300 to 600 m2/kg increases the strength grade from M300 to M400 (on soda), from M600 to M1000 (on liquid glass). However, with increase in Sуд, the freeze resistance and water permeability decrease in the general ranges from F200-300 to F100-200, W20-25 to W10-15.
























3 Establishment of new dependencies and identification of regularities of the structure formation of the cement stone with the developed polyfunctional nano-modifying additive
Many scientific research works are dedicated to the mechanism of hydration and hardening of the slag- and glass-containing binders. 
According to V.D. Glukhovsky [32] the processes of hydration of the slag-alkali binders can develop in two ways, depending on the type, nature of the slag and alkali component of the hardening systems. At that, irrespective of the ways of their development, the processes of hydration of the slag-alkali binders only through dissolution of their components are not real. In the hardening slag-alkali systems, formation of hydrogels plays a decisive role in the hydration processes, and not dissolution of silicate components. 

3.1 Research of processes of hydration and structure formation of concretes with the polyfunctional nano-modifying additives 
It is known that in general form the phase composition of the products of hydration of the slag-alkali binder is represented by low-basic calcium hydrosilicates, alkalie hydroaluminosilicates, hydrogarnets and calcite [4].
Interaction with water. It is known that metallurgical slag with water practically does not interact. This is confirmed by our research. On the roentgenogram of the slag, added with water and steamed for 8 hours, there are only lines of the initial slag with d/n=1.48; 1.63; 1.96; 2.43; 2.79; 3.18 Å. Decrease in the intensity of some of them indicates a weak destruction of the structure of the initial slag in Figure B 3.1. The absorption bands at 479, 982, and 3400 cm-1 indicate the formation of insignificant amount of calcium hydrosilicatessuch as CSH(I) type in the amorphous state. Physical and mechanical tests showed that the strength of the stone is negligible and amounted to only 1.8 MPa.
When hydrating the slag-alkali binders with the polyfunctional nano-modifying additive (natural wollastonite) on the metallurgical slag with the hydrated solutions Na2O(SiO2), the phase composition of the new formations after 28 days of hardening in accordance with Figure B 3.1 a is represented by low-basic phases of the cryptocrystalline structure: gyrolite (d/n = 3.36; 3.15; 3.02; 2.52; 2.45; 2.25 Å) and pectolite (d/n = 5.6; 3.37; 3.21; 2.7; 2.36; 1.97Å). 
On the differential-thermal analysis of the curve in accordance with Figure B 3.1 b, appearance of exoeffect at 820°C and endothermic effects at 140 ... 180°C, 500 ... 780°C is due to thegyrolite dehydration and exoeffect at 860 ... 880°C by the dehydration of CSH(I) and crystallization of β-CS. Displacement of the exoeffect in the region of increased temperatures is explained by high content of calcium in the composition of hydrosilicate phases. 
After the heat and moisture treatment, at T = 95±5°C, in the phase composition of the hydration products with CSH(I) and tobermorite, there is presence of xonotlite C6S6H (d/n = 3.23; 3.0; 2.83; 2.72; 2.51 and 2.04 Å) in Figure B 3.2 a, b. 
Formation of the low-basic tobermorite-like phases is confirmed by the presence on the differential-thermal analysis of the curve the exoeffect at 900°C and endothermic effects at 90 ... 120°C, 300 ... 340°C, and xonotlite – by the appearance of endothermic effects at 800 ... 880°C.
When hydrating the slag-alkali binders with the polyfunctional nano-modifying additive (natural wollastonite) on the metallurgical slag with the hydrated solutions Na2O(SiO2) independent of the hardening conditions in accordance with Figure B 3.1 the composition of the new formations is represented by CSH(I), gyrolite, pectolite and NaCa(CO3)2·2H2O  (d/n = 4.92; 3.16; 2.88; 2.65; 2.57; 2.5; 2.02; 1.89; 1.82 Å).
The differential-thermal analysis of the curve in accordance with Figure B 3.1b  notes weak endothermic effects at 740, 820, 960ºС, corresponding to the dehydration of СаСО3.
When hydrating the slag-alkali binders with the polyfunctional nano-modifying additive (natural wollastonite) on the metallurgical slag with hydrated Na2SiO3, the composition of the hardening products is represented by compounds of cryptocrystalline structure: CSH(I), gyrolite, pectolite and tobermorite. On the infrared spectrogram, appearance of the low-basic calcium hydrosilicates is confirmed by the presence of absorption bands at 3365, 1635, 1173, 1075, 997, 897, 524 cm-1 on Figure B 3.1b . 


On the differential-thermal analysis of the curve in accordance with Figure B 3.1b, the main endothermic effect of the tobermorite dehydration at 128ºС is shifted to the side of low temperatures by introduction in its composition ions of Na+.TGM-curve has no sharp fractures, the weight loss is observed in the interval of temperatures 20…800ºС. In the composition of the dehydration products at temperature of 1000ºСthere is excess of β-СS andat insignificant content of in accordance with Figure B 3.2b. In the process of heat and moisture treatment the slag-alkali binders with the polyfunctional nano-modifying additive (natural wollastonite) on the metallurgical slag with hydrated Na2SiO3, there is more clear crystallization of the low-basic hydrosilicate phases.
Analysis of the composition of the new formations of the slag-alkali stone samples based on the slag-alkali binders with the polyfunctional nano-modifying additive (zeolite-containing rock) on the metallurgical slag to the hydrated soda shutter. With introduction of the polyfunctional nano-modifying additive (zeolite-containing rock) the total crystallization of the system increases, the calcite content increases, and the tobermorite content decreases. The X-ray patterns also revealed reflexes that are adjacent to relict minerals – clinoptilolite(d = 9.009), quartz (d = 4.252; 2.231; 2.126), feldspars (d = 3.273). 
Calcium released from hydration from the slag forms more calcite than tobermorite. This is due to the fact thatcalcite in comparison with tobermorite forms aqueous solutions with a greater ionic strength, calcium is preferable to enter the calcite structure. The destruction products under the influence of crystalline primers –the polyfunctional nano-modifying additive (zeolite-containing rock) form alkali hydroaluminosilicate gel. As follows from the literature data with introduction of the polyfunctional nano-modifying additive (zeolite-containing rock), crystallization of the hardening products from the stone of the slag-alkali binders proceeds with less intensity.According to the mineral composition, the stone samples of the slag-alkali binders with the polyfunctional nano-modifying additive (zeolite-containing rock) differ from those without additives with a high content of calcite and smaller content of tobermorite. Decrease in the content of tobermorite, in all probability, is also due to the following reasons. As shown by P.V.Krivenko [22] in the development of the slag-alkali binders with these properties, morphologically homogeneous with the hardening products of the slag-alkali stones, hydrate compounds or anhydrous minerals (in our case zeolites, feldspars) serve askrenthsfor crystallization of secondary phases. Along with this, probably, intensifies their isolation and again inverted crystalline calcite, which can serve as a heteroepitaxal substrate for formation of both primary (the low-basic hydrosilicates) and secondary phases. And in the presence of related minerals of clinoptilolite or NaX, feldspars, is energetically more favorable and formation of the secondary is understandable. Therefore the volume of the formed tobermoritedecreases, and volume of the zeolite-like products, which for a long time remain in the dust state, increases. Probably, increase in the content of the latter, along with other factors, determines increased strength of the modified systems, as when the system consists of semi-mineral structuring elements, its strength is higher the more related crystals of high-strength structure in it [14]. In our case, the secondary phases are the new formations of the zeolite-like structure.The secondary phases are formed predominantly in the porous space and, filling it, contribute to the formation of strong crystallization contacts with the primary phases, causing formation of a more homogeneous and dense structure of the cement stone [22]. 
Analysis of the composition of the new formations of the slag-alkali stone samples based on the slag-alkali binders with the polyfunctional nano-modifying additive (zeolite-containing rock) and grouting fluids from various liquid glasses. The samples on the silicate grouting fluids are generally characterized by the lower calcite content, the higher content of tobermorite and corresponding to them coefficients (Figure 3.3). The crystalline phase, depending on the type of glass on the stone samples of the slag-alkali binders, is 8-16% less than on the sodium carbonate.The calcite formation, as well as when hydrating with the sodium sulfate solution, is due to the involvement of carbon dioxide with air when hydrating and grinding as a result of exchange reactions during interaction of the slag with the sodium silicate. The latter are described by Butt Yu.M., Sychev M.M., Timashev V.V. [13]. Under the influence of Na+, isolated from the sodium glass, there is corrosion of the slag glass as a result of ion exchange of 2Na+↔Ca2+ type. This leads to the breaking of a part of -Si-O-Si bonds in the slag glass, hydration of the surface layer of its particles with formation of shells of silicic acid gel and sodium silicates on them. At that, the solution forms Ca2+, Mg2+, andСа(ОН)2, Mg(OH)2, СаСО3 are crystallized from it. The gel shell on the slag particles adsorbs Ca2+ ions from the solution and is gradually recrystallized into the low-basic calcium hydrosilicates of CSH type with NaOHisolation into the solution. The isolated NaOH again reacts with the slag, destroying its structure. Simultaneously with the described process, the following reaction proceeds: 
nNa2O·mSiO2·pH2O + хСа2++ aq + yOH-aq. → xCaO·SiO2·H2O + NaOH, 
which leads to crystallizing out of the calcium hydrosilicates from the solution. Among interaction elements of the glass with the liquid glass, there are sodium hydrogarnets and hydroaluminosilicates. The excess Na2O in the hardened stone is carbonized. 

Conclusion by the 3rd chapter 
It has been established that hydration of the slag-alkali binders through the solution or topochemically is the first condition for their setting and hardening. The second essential condition is excess of the initial solid phase in comparison with the liquid. Formation of the hydrated cementing phases through the solution is most likely due to the dissolution of amorphites and crystallites. And formation of the hydrated phases by the topochemical mechanism is carried out by introducing alkali components into the structure of the intermediate substance. 
It has been established that when hydrating the slag-alkali binders with the polyfunctional nano-modifying additive (natural wollastonite) on the metallurgical slag with the hydrated solutions Na2SiO3 and Na2О(SiO2), the composition of the hardening products is represented by compounds of cryptocrystalline structure: CSH(I), gyrolite, pectolite and tobermorite, and also NaCa(CO3)2·2H2O compound is appeared additionally when hydrating with the solutions of Na2CO3. 
It has been identified that with introduction of the polyfunctional nano-modifying additive (zeolite-containing rock), crystallization of the hardening products from the stone of the slag-alkali binders with the hydrated solution Na2CO3 proceeds with less intensity. According to the mineral composition, the stone samples of the slag-alkali binders with the polyfunctional nano-modifying additive (zeolite-containing rock) differ from those without additives with a high content of calcite and smaller content of tobermorite. When hydrating by the liquid glass solution, the gel shell on the slag particles adsorbs Ca2+ ions from the solution and is gradually recrystallized into the low-basic calcium hydrosilicates of CSH type with NaOH isolation into the solution, and also among the interaction elements of the glass with the liquid glass, there are sodium hydrogarnets and hydroaluminosilicates. 





























4 Development of compositions of cement concretes with polyfunctional nanomodifying additive and assessment of the complex of their physical-mechanical and technological properties of concrete 

4.1 Development of compositions of cement concretes with the developed additive 
The polyfunctional nanomodifying zeolite-containing additives selected by us for the research differ in chemical-mineralogical composition and type of zeolite mineral. In this part of the work, 2 types of alkaline activators were used as alkaline components – aqueous solutions of liquid glass (ρ=1.3 g/cm, Ms=1.5), soda (ρ=1.1-1.15 g/cm3).  
As a result of the research on the influence of the method of introducing additives into the slag, it was found that the strength of the compositions obtained by thorough mixing of separately ground slag up to Ssp = 250-300 m2/kg and 0-20% to Ssp in the range from 100 to 800 m2/kg by 30- 40% less than that of the samples made on slag-alkali binders of mixed grinding. Obviously, the second method provides conditions for a more uniform distribution of small qualities of the modifier in the slag and solid-phase interaction between them. Therefore, in the further research, the slag-alkali binders were obtained by mixed grinding of slags and additives.
The influence of natural wollastonite additive and content of zeolite-containing rocks was studied on the strength, average density and water absorption of the slag-alkali binders’ stone.
The strength with the introduction of all zeolite-containing rocks increases from the early periods of hardening (Figure B 4.1), which is probably due to the acceleration of hardening under the influence of small additions of zeolites. At the same time, zeolite-containing rocks, which also consist of highly active amorphous silica, in comparison with natural wollastonite is most active. 
The dependences of changes in average density and water absorption on the type of content of natural wollastonite and zeolite-containing rocks are shown in Figure B 4.2 . With increase in the content, the average density of artificial stone samples decreases, and the water absorption increases. For the sample based on the slag-alkali binders with the optimal content of zeolite-containing rocks 10%, the average density decreases by 2.2-4.4%, natural wollastonite 1.7-3.9. The water absorption increase for the slag-alkali binders with zeolite-containing rocks was 2.9-18.6%, natural wollastonite 0-5.2%. The dependences of change in the average density and the water absorption on the content of natural wollastonite and zeolite-containing rocks for the compositions after storage in the normal-moisture conditions have a similar character.
The alkaline component is the aqueous solution of sodium silicate.
When carrying out the research of zeolite-containing rocks’ influence on the properties of the slag-alkali binders’ stone with silicate grouts, aqueous solutions of liquid glasses with the silicate modulus Мs=2.8 and Мs=1.5, with the density of 1.3 g/cm3, were used. The research results of the influence of natural wollastonite and zeolite-containing rocks and their content (0-20%) on the strength of the slag-alkali stone based on metallurgical slag after steam curing are shown in Figure B 4.4. The obtained results show that, under the conditions of a composite binder system with a silicate grout, two additives, natural wollastonite and zeolite-containing rocks, affect the strength of the slag-alkali stone. 
The optimal content of natural wollastonite and zeolite-containing rocks is 5-10%.
The dependences of the strength of the slag-alkali binders based on metallurgical slag on the content of natural wollastonite and zeolite-containing rocks after the steam curing and 28 days of the normal-moisture hardening are presented in Figure B 4.3 and Table B 4.1. 
With introduction of natural wollastonite and zeolite-containing rocks, such characteristics of the slag-alkali binders’ stone, such as the average density and water absorption, do not change significantly. The average density of the slag-alkali stone after the steam curing is 1.85-1.92 g/cm3, the natural storage – 1.79-1.88 g/cm3, the water absorption – 8.9-9.5 and 9.9-10.8%, respectively.
The research results of the influence of the soda solution density in the range of 1.11-1.15 g/cm3 on the strength of the slag-alkali stone samples based on natural wollastonite and zeolite-containing rocks with the optimal content of natural wollastonite and zeolite-containing rocks 5-10% are shown in Figure B 4.4. 
Thus, the obtained results show the possibility of using aqueous solutions of low density for mixing slag-alkali binders and saving the alkaline component to obtain an artificial stone that is not inferior in strength to the one without additives with a grout of optimal density, and with the addition of natural wollastonite and zeolite-containing rocks, even exceeding it by 26%.
The influence of different hardening conditions on the slag-alkali binders strength showed that the compositions on metallurgical slag gain strength in all conditions – air-dry, normal-moisture, water, at the steam curing. 
The research results of the influence of the addition of natural wollastonite and zeolite-containing rocks on the slag-alkali binders’ water resistance are given in Tables B 4.2, 4.3.
The additives were introduced in the optimal amount – 10%. The presented data indicate increase in the water resistance of the considered binders with introduction of such additives as natural wollastonite and zeolite-containing rocks into their composition. It is logical to assume that additional compounds formed with participation of natural wollastonite and zeolite-containing rocks are hardly soluble and increase not only strength, but also frost resistance. The latter gives the obtained composite binders the ability to gain strength, including in water.
The research results of the influence of natural wollastonite and zeolite-containing rocks on the normal density and setting time of the slag-alkali binders’ paste with a grout made from the aqueous solution of soda are shown in Table B 4.4 and Figure B 4.5. When using the additive of natural wollastonite and zeolite-containing rocks, the setting time is reduced, probably due to increase in the rate of hardening. The increase in the content of natural wollastonite and zeolite-containing rocks in the slag-alkali binders’ composition leads to increase in the normal density, since with the mixed grinding, the slag-alkali binder Ssp rises. The greatest increase in the normal density from 25 to 27-29% is typical for the composition with the zeolite-containing rocks’ addition, which has a high water demand of opal-cristobalite-tridymite phase. 
When mixing the compositions with the additives from natural wollastonite and zeolite-containing rocks with silicate grouts, the normal density and setting time of the slag-alkali binders’ paste change more significantly. The normal paste density is 25%, the setting time: beginning – 12 minutes, end – 25 minutes.
The research of the slag-alkali binders’ strength properties when mixing them with soda solutions at the density of 1.11-1.15 g/cm3 showed the following. The mud-slag ratios established depending on the type of additive for the compositions with the soda solution density of 1.15 g/cm3 do not change with decrease in the density. The dependences of the slag-alkali binders’ compressive and bending strength after the steam curing based on metallurgical slag with the addition of natural wollastonite and zeolite-containing rocks and the solution density are shown in Figure 4.6(Appendix B). As in the case with the slag-alkali stone, in the considered range of densities of the soda solution, the dependences are linear. 
In this case, the addition of natural wollastonite has a greater influence on the slag-alkali binders’ compressive and bending strength. Thus, when the soda solution density is 1.11 g/cm3, when adding natural wollastonite to the binders’ composition, the compressive strength increases by 1.23-1.64 times, and the bending strength by 1.01-1.28 times.
The obtained results allow to conclude that all types with the polyfunctional nanomodifying additive are a source of alkali in weakly concentrated soda solutions. This allows to save the alkaline component and to obtain the slag-alkali binders on the solutions of alkaline grouts of low density, which are not inferior in strength, and even surpass control systems obtained on the solutions of “normal” concentration when using zeolite-containing rocks. With decrease in the soda solution density from 1.15 g/cm3 to 1.11 g/cm3, the soda content in 1 liter of the solution is accompanied by 165.1 g/l to 118.5 g/l, i.e. by 28.2%.
The slag-alkali binders’ brands established according to the given research results are presented in Table B 4.5.
When carrying out the research of the slag-alkali binders’ properties, depending on the type of a silicate grout, aqueous solutions of liquid glasses from a silicate lump with Мs=1.5 and ρ=1.3 g/cm3 were used. The results are presented in Table B 4.6. 
The average density and water absorption, depending on the type of liquid glass, practically does not change. The slag-alkali binders’ brands on liquid glass – M800, M700.
The slag-alkali binders’ properties based on metallurgical slag are presented in Table B 4.7. The aqueous solution of liquid glass from a silicate lump with Мs=1.5 at ρ=1.3 g/cm3 was used as a grout.
Depending on the type with the polyfunctional nanomodifying additive and the hardening conditions, with the introduction of natural wollastonite and zeolite-containing rocks, the average density decreases by 2.5-5.9%, the water absorption increases by 0-16.6%. The slag-alkali binders’ brands on liquid glass – M800, M700, respectively. 
The additives of natural wollastonite and zeolite-containing rocks, when used in the slag-alkali binders on silicate grouts, are effective not only in terms of increasing strength characteristics, but also increasing water resistance in the case of a high silicate modulus of liquid glass and the use of metallurgical slags. The slag-alkali binders’ properties after the steam curing and 28 days of the hardening in water with the slag-alkali binders with natural wollastonite and zeolite-containing rocks using metallurgical slag and liquid glass with Ms=2.8 are shown in Table B 4.8. 
The obtained data show that the compositions of the slag-alkali binders with the additives of natural wollastonite and zeolite-containing rocks after the steam curing have M800, after the hardening in water – M600, while without additives M700 and 0, respectively.
Concrete properties based on the slag-alkali binders with the polyfunctional nanomodifying additive from zeolite-containing rocks.
The slag-alkali binders’ samples were made from slag-alkali concrete mixture of the composition slag-alkali binders : sand : chip = 1:1.15:3.4. The material consumption per 1 m3 of the concrete mixture was: slag – 385.5 kg, sand – 443 kg, chip – 1313 kg. The slag-alkali binders’ composition is calculated taking into account characteristics of initial components in accordance with “Recommendations for the manufacture of slag-alkali concretes and products based on them”. The concrete mixture mobility was 0-2 cm. The slag-alkali binders’ properties with a grout made of the soda solution are presented in Table B 4.9.
The above results show that the slag-alkali binders’ brand when using the slag-alkali binders with natural wollastonite increases from M300 to M500, with zeolite-containing rocks to M450. Depending on the type with the polyfunctional nanomodifying additive and the hardening conditions, the average density of the slag-alkali binders was 2350-2500 kg/m3, the water absorption was 3.3-4.1%, when using the slag-alkali binders, the mixing solution volume increases slightly – from 110 to 112 l/m3, the frost resistance is not changed and make up F200. The mixing solution volume of the slag-alkali concrete on the slag-alkali binders with the polyfunctional nanomodifying additive increases from 110 to 120 l/m3, the frost resistance from F100 to F200. 
Since the polyfunctional nanomodifying additives are effective, when using the soda solutions of the obtained density, the slag-alkali concrete brands were determined on the slag-alkali binders with a soda grout with the density of 1.11 g/cm3. Taking into account the fact that the strength characteristics of the slag-alkali binders change within the brand when the soda solutions’ density changes from 1.13 g/cm3 to 1.11 g/cm3. The slag-alkali concretes’ grades are given for the samples prepared at the density of 1.11 and 1.15 g/cm3 in Table B 4.10.
The obtained results show the possibility of obtaining the slag-alkali concretes: M300 (on the slag-alkali binders with zeolite-containing rocks) and M400 (on the slag-alkali binders with natural wollastonite) when they are mixed with the aqueous solution of soda 1.11 g/cm3. 
The properties of the slag-alkali concretes’ samples with a grout from liquid glass (Ferrum-Vtor LLP, ρ=1.3 g/cm3, Ms=1.5) are presented in Table B 4.11. From the obtained analysis results, it follows that the slag-alkali binders with natural wollastonite and zeolite-containing rocks provide obtaining of the slag-alkali concretes for a grade higher than M700 in comparison with the slag-alkali concretes on the additive-free M600. When using additives, the mixing solution volume increases insignificantly (from 120 to 125 l/m3), the average density of the slag-alkali concretes, depending on the additive’s type, hardening conditions is in the range of 2400-2500 kg/m3, the water absorption 2.5-3.4%, the frost resistance F200. 
Table B 4.12 shows the properties of the slag-alkali concretes based on the slag-alkali binders using metallurgical slag and a grout from the aqueous solution of liquid glass with the density of 1.3 g/cm3 and Ms=2.8. As in the case of using liquid glass with Ms=1.5, the mixing solution volume increases insignificantly – from 120 to 125 liters. The concrete samples gain strength both after the normal-moisture conditions and when hardened in water. The slag-alkali concretes’ brand on the additive-free slag-alkali binders M500, on the slag-alkali binders with M600 additive. Depending on the binder composition, the average density of the slag-alkali concretes is in the range of 2370-2590 kg/m3, the water absorption is 2.5-3.0%, in terms of the frost resistance more than F200 (Table B 4.12 ). 
The comparative research of the type of liquid glass – from a silicate lump of Suyik Shyny LLP on the slag-alkali concretes’ properties in Table B 4.13 showed that replacing the liquid glass produced by Ferrum-Vtor LLP leads to the improvement in the slag-alkali concretes’ properties within insignificant limits (for example, the cube strength increases by 1.54-3.95%) and ensures the slag-alkali concretes’ production with the compressive strength grade M700, the frost resistance F25. 
The optimal concrete composition was selected when using as a coarse aggregate – a carbonate chip, and as a fine aggregate – a quartz river sand. The optimal ratio of the components slag : sand : chip = 1:1.1:2.3.
In the samples manufacture, the metallurgical slag with Ssp=300-350 kg/cm2, the aqueous solution of liquid glass with Ms=1.5, the density of 1.3 g/cm3 were used. The mobility of the slag-alkali concrete mixtures was 0-2 cm. 
The research results of the slag-alkali binders’ properties are presented in Table B 4.14. The high adsorption capacity of the carbonate chip and Ssp of sand-gravel mixture establish the need to increase the volume of grouts of the slag-alkali concrete mixtures in comparison with mixtures with aggregates from granodiorite chip and quartz sand. To obtain equal-motion mixtures, the grout volume with the composition on carbonate chip and quartz sand should be 190-200 liters, with the composition on the sand-gravel mixture – 150 liters of the aqueous solution of liquid glass.
The studied results show that using local raw materials – liquid glass and aggregates from carbonate chip and quartz sand and sand-gravel mixture, it is possible to obtain concretes of medium grades with a sufficiently high level of frost resistance and water resistance characteristics. The slag-alkali concretes’ grade based on quartz sand and carbonate chip is M400 in compressive strength, depending on the hardening conditions, the average density is 2000-2500 kg/m3, the water absorption is 8.0-8.3%, the frost resistance is more than F200.
The slag-alkali concretes’ grade with aggregates from sand-gravel mixture is M500 in compressive strength, depending on the hardening conditions, the average density is 2353-2400 g/cm3, the water absorption is 2.3-2.8%, the frost resistance is F200.

4.2 Assessment of operational properties and durability of concretes with the additive of polyfunctional action 
From the research results it is known that the modes of steam curing and the density of the solution of the alkaline component have a great influence on the properties of concrete. Therefore, the research on the kinetics of changes in the strength characteristics of concrete over time was carried out on samples subjected to the steam curing 4+1.5+2+1.5+4+3 with two isothermal exposures at t=45±5°С and 90±5°С within 2 and 4 hours, respectively. The change in the strength characteristics of concretes based on the slag-alkali binders with the additive from natural wollastonite subjected to the steam curing according to the adopted mode 4+1.5+2+1.5+4+3, showed (Figure B 4.7) that during long-term storage the strength steamed samples increased significantly. In this case, the strength of samples on electrothermophosphoric slag after the steam curing is higher compared to the strength of samples on blast-furnace slag. 
The kinetics of the strength gain of concrete based on electrothermophosphoric slag and Na2CO3 with the polyfunctional nanomodifying additive is shown in Table B 4.15  from which it follows that the samples are actively gaining strength over a long period. This is in good agreement with the frost resistance and porosity data.
This work studied the influence of polyfunctional action additives (Portland cement clinker, TPP ash) on the nature of the pore structure of the cement stone and its change in time, and also established the relationship between the size and nature of the pore structure with the physical-mechanical and construction-technological properties of the concrete based on the slag-alkali binders.
For the convenience of analyzing the obtained data, 9 pore gradients are conventionally grouped into 3 groups:
GRAD 1 … 3 – maximum size pores;
GRAD 4 ... 6 – medium size pores;
GRAD 7 … 9 – minimum size pores.
For comparison, the binder based on electrothermophosphoric slag and Na2CO3 without additives and with the addition of Portland cement clinker was taken as the initial one. The porosity of steamed samples based on the original binder after 28 days of storage under normal conditions is 1.59% (Table B 4.16). The values GRAD 1…3, GRAD 4...6, GRAD 7…9 are equal to 14.5, 18.7 and 66.8% respectively (Figure B 4.8), i.e. there is a significant predominance of minimum size pores. The average pore size was λ=11.7.
The polyfunctional nanomodifying additives’ introduction leads to the change in the size and nature of the slag-alkali cement stone’s pore structure. 
Thus, the introduction of Portland cement clinker leads to decrease in the capillary porosity, which amounted to 1.43%, as well as to decrease in the average pore size λ=5.8 (Table B 4.16). At the same time, this composition 2 is characterized by a slightly higher content of medium size pores (GRAD4...6=22.5%) due to decrease in the number of minimum size pores (Figure B 4.8). 
The polyfunctional nanomodifying additives’ introduction such as TPP ash (composition 3) leads to a more significant decrease in capillary porosity (Um=0.87%) and average size pores (λ=4.4) (Table B 4.16). The samples of this composition (3) are characterized by the largest content of minimum size pores (Figure B 4.8) (GRAD7...9=89.0%), which, along with the minimum values Um and λ, indicates the most dense structure of the stone on slag-alkali binder composition 3. 
Thus, by 360 days the porosity of all samples decreased and amounted to 1.56, 1.32, 0.78 respectively for compositions 1, 2 and 3. 
From the presented data, it can be seen that the porosity of the compositions with additives decreased by a greater value compared to the porosity of the initial composition 1.
Over time, along with decrease in the capillary porosity, the average size pores of all compositions 1, 2, and 3, respectively, decreases significantly, amounting to 1.52, 1.07, 0.93 (Table B 4.16). The samples at the age of 360 days are characterized by a high value of the degree of homogeneity of pores (a), due to the even greater prevalence of the minimum radius pores in the pore structure (Figure B 4.9). 
Thus, the slag-alkali cement stone’s pore structure research results are in good agreement with the obtained data on physical-mechanical testing and frost resistance. 
The sulfate resistance of the slag-alkali binders and concretes based on electrothermophosphoric slags and Na2CO3 with the polyfunctional nanomodifying additives was studied in laboratory conditions in solutions of salts of sodium sulfate Na2SO4 and magnesium sulfate MgSO4 (technique of Research Institute for Concrete and Reinforced Concrete). 
To determine the sulfate resistance of the concretes based on the slag-alkali binders with additives, samples of 10x10x10 cm were prepared, which were subjected to steaming according to 3+10+3 h mode, after which they were stored for 28 days under normal conditions and then tested for water and sulfate resistance.  
The results are shown in Tables B 4.17 and 4.18. The analysis of these results shows that the concretes based on the slag-alkali binders with additives have exceptional water and sulfate resistance.
It was established that in water the concretes based on the slag-alkali binders with additives do not lose strength, but on the contrary, it increases all the time. It was revealed that the strength of the concretes based on the slag-alkali binders with additives after 48 months storage in water increases by 37 ... 39% from the initial strength, and of the concretes M400 – by 24 ... 28%. It follows from the foregoing that low-grade concrete increases strength in water to a greater extent than high-grade concrete. 
In the sulfate solutions, the change in the strength of the concretes based on the slag-alkali binders with additives is as follows: 
- after storage of the samples in the sulfate solutions during 12 months their strength decreases in comparison with the initial strength by 12 ... 20%, and MgSO4 solution acts more aggressively than Na2SO4; 
- upon further storage of the samples during 24 months their strength increases slightly, but it is less than the initial; 
- after 48 months of storage the strength of the samples M200 is higher than the initial one, and of the concretes M400 it is equal to the initial one.
Thus, the high resistance of the concretes based on the slag-alkali binders with additives in aggressive sulfate media is due to the increased density of these concretes and the formation of sodium-calcium and calcium hydrosilicates in their composition, the absence of such low-resistant new formations among the hydrate phases as lime, highly basic hydrosilicates and calcium hydroaluminates. 

Conclusion by the 4rd chapter 
The influence of zeolite-containing rocks and natural wollastonite on the complex of qualities of paste, stone and concretes based on the slag-alkali binders depending on the composition and content of natural wollastonite additives, dispersion of the slag-alkali binders and alkaline component, conditions and duration of hardening was studied. 
The possibility of complex application of zeolite-containing rocks and natural wollastonite for the production of the slag-alkali binders and concretes based on them, as effective mineral modifiers of raw materials for the production of sodium silicate solutions is shown. 
The effectiveness of the use of zeolite-containing additives and natural wollastonite in the field of small additives – 5-10% to increase the strength of the slag-alkali binders with alkaline components from silicate and soda ash, to increase the water resistance, to decrease the density of soda ash solutions – was established. 
Zeolite-containing rocks and natural wollastonite, when introduced into the slag-alkali binders on metallurgical granular slags with grouts made from the solutions of soda and liquid glass Ms=2.8, increase the water resistance of the slag-alkali binders’ stone.
It was established that the polyfunctional nanomodifying additives (TPP ash) have a beneficial effect on the strength of concrete. With increase in the density of alkaline component, the strength of concrete increases: on blast-furnace slag by 17.9%, on electrothermophosphoric slag – by 10.5%, as well as the introduction of complex additives into the composition of phosphorus slags – by 25%. 
The introduction of the polyfunctional additives into the composition of concrete contributes to the active gain of strength over time when using the steam curing mode with a sharp rise in temperature. At the same time, the size and nature of the slag-alkali cement stone’s pore structure changes: the capillary porosity decreases (Um=0.78 – 1.59%) and the number of the minimum size pores increases (66.8-89.0%). 
It was revealed that the strength of the concretes based on the slag-alkali binders with natural wollastonite additives after 48 months storage in water increases by 37 ... 39% from the initial strength, and of the concretes M400 – by 24 ... 28%.
It was established that the resistance of the concretes based on the slag-alkali binders with natural wollastonite additives in aggressive sulfate media is due to the increased density of these concretes and the formation of sodium-calcium and calcium hydrosilicates in their composition, the absence of such low-resistant new formations among the hydrate phases as lime, highly basic hydrosilicates and calcium hydroaluminates. 



























5 Development of technical conditions, technological regulations for production of polyfunctional nanomodifying additive

5.1 Development of technical conditions, technological scheme and regulations for production of polyfunctional nanomodifying additive. Equipment selection
The technical conditions, technological scheme and regulations for production of the polyfunctional nanomodifying additive were developed. Equipment selection (Appendix V).

Conclusion by the 5rd chapter 
The technical conditions, technological scheme and regulations were developed for production of the concretes based on the slag-alkali binders with the polyfunctional nanomodifying additive and for manufacture of products and structures. 
The field of application of the concretes based on the slag-alkali binders with the polyfunctional nanomodifying additive was determined and the nomenclature of structures from them should be carried out taking into account their high water resistance, corrosion resistance and a number of other special properties. 


















6 Pilot-industrial tests of cement concretes with developed polyfunctional nanomodifying additive. Calculation of economic efficiency of production and application of the additive in monolithic and precasted concrete construction 

6.1 Release of a pilot-industrial batch of the polyfunctional nanomodifying additive
The industrial tests and acceptance were carried out in accordance with the approved by Transport and Service LLP, Kokshetau, and Dry Foam Concrete Mixtures Plant LLP, Petropavlovsk, program for testing prototypes of products and structures made of the slag-alkali concretes with the polyfunctional nanomodifying additive based on technogenic wastes (TPP ash and broken ceramic bricks) and natural raw materials (wollastonite and zeolite).
Raw materials, production technology, safety engineering, pilot-industrial tests, compositions of concrete mixtures and slag-alkali binders with the polyfunctional nanomodifying additive are given in acts and protocols (Appendix G).

6.2 Calculation of economic efficiency of production and application of the slag-alkali binders with the polyfunctional nanomodifying additive
Specific capital investment per 1 ton of the slag-alkali binders with the polyfunctional nanomodifying additive is $ 5-15, and in construction of Portland cement production unit, specific capital investment is up to $ 70. 
The calculation of the economic effect was carried out on the basis of “Methodology for determining the economic effect from the creation and implementation of new technology, inventions and rationalization proposals in the chemical industry” according to the formula 6.1:
                                              Э = (Ц – С) ∙ А – Ен ∙ Кд                                                                    (6.1)
where: А – annual production of the slag-alkali binders with additives, tons.
А = 300000 tons.
С – cost price of 1 ton of the slag-alkali binders with additives, USD. 
С = 3735.32 KZT : 120.6 = 30.97 USD.
Ц – price of 1 ton of the slag-alkali binders with additives, USD.
Ен – standard efficiency ratio, Ен = 0.15.
Кд – implementation costs, USD.
The estimated economic effect will be:
Э = (66 – 30.97) ∙ 300000 – 0.15 ∙ 1500000 = 10284000 USD
or 1240250.4 thousand KZT. 
The estimated profit will be:
Э = (66 – 30.97) ∙ 300000 = 10509000 USD.
The payback period:
Т = Кдоп : G = 1500000 : 10509000 = 0.14 year.
The application of the slag-alkali binders with additives when strengthening bases made of gravel mixtures saves Portland cement, which is a scarce road building material. 
The construction of the road pavement includes a double surface treatment applied to the pavement (H = 15 cm), made from the optimal gravel-sand mixture treated with the slag-alkali binders with the polyfunctional nanomodifying additive. The pavement is arranged on an underlying layer of gravel-sand mixture 5 cm thick. 
An equal-strength base made of gravel-sand mixture, reinforced with 12% cement, was taken as the basic technique.
The total length of the section is 3 km, with a road width of 6 m. With the same consumption of the mixture per 1 km of the base according to the basic technology and new equipment, the economic effect can be determined by the formula 6.2:
                                                Э=А·Н(С1 - С2) – Ен ·Кдоп	                                                  (6.2)
where А – implementation volume, km; 
Н – mixture consumption per 1 km of base, m3;
С1 – cost of works on the construction of the base according to the basic technology, KZT; 
С2 – cost of works on the construction of the base according to the basic technology, KZT; 
Ен – standard coefficient of efficiency of capital investments;
Кдоп – additional capital investments for organizing production using new technology;
Кдоп – 3700000 KZT, research cost. 
Thus, the economic effect from the introduction of new technology is equal to:
Э = 3·570 (6863-5123) – 0.15·3700000 = 1710·1740 – 185000 = 2790400 KZT.
The economic effect per 1 km of coverage is 930100 KZT.

Conclusion by the 6rd chapter 
The products and structures made with the use of the concretes based on the slag-alkali binders with the polyfunctional nanomodifying additive (TPP ash and broken ceramic bricks) from blast-furnace slags, in terms of their main properties, meet the requirements of standards. 
The technology for production of concrete and reinforced concrete products based on the slag-alkali binders with the polyfunctional nanomodifying additive (TPP ash and broken ceramic bricks) from blast-furnace slags is recommended for introduction into production.
The economic effect from the use of the slag-alkali binders with the polyfunctional nanomodifying additive will amount to 930100 KZT per 1 km of coverage.

CONCLUSION
One of the ways to obtain durable and frost-resistant concrete based on the slag-alkali binders from electrothermophosphoric slag and Na2CO3 is a slow rise in temperature during the steam curing, which ensures the most complete interaction of the alkaline component with the slag. Methods of mathematical planning of the experiment were used to clarify the necessary parameters of the steam curing modes depending on the amount of the polyfunctional nanomodifying additive. Under the optimal steam curing mode (4+1.5+2+1.5+4+3) with the isothermal exposure t=95±5°С (the density of Na2CO3 solution – 1100-1150 kg/m3), the concrete was obtained with ultimate compressive strength 50.4-54.2 MPa and frost resistance 250 cycles. 
The peculiarities of the chemical and mineralogical composition of electrothermophosphoric slags (the absence of aluminum oxides, the presence of phosphorus compounds, etc.) determined the possibility of controlling the properties of concrete by introducing polyfunctional additives.
It is shown that additives make it possible to use the steam curing modes with a sharp rise in temperature for concrete processing, as well as use concrete on Na2CO3 under normal hardening conditions. The ash of thermal power plants (5.6 … 6.6%) was used as additives. 
The phase composition of new formations arising during the hydration of binders based on electrothermophosphoric slag and Na2CO3 is represented by low-basic calcium hydrosilicates.
The introduction of the polyfunctional additives into the binder contributes to the deepening of the hydration processes in the system and the complication of the composition of new formations due to the formation of alkaline hydroaluminosilicates (truscotite, nasean, etc.), which seal and strengthen the aggregate of new formations, thereby increasing the durability and improving the properties of concrete.
The regularities of changes in the normal density and setting time of the paste and the average density and water absorption of the slag-alkali binders’ stone with the polyfunctional nanomodifying additives were established. On soda ash, the normal density with the introduction of the additives increases to 17.3%, the setting time with zeolite-containing rocks is decreased, and with natural wollastonite it is increased. For compositions on liquid glass with the addition of the additives, the normal density and setting time change insignificantly. The average density of samples of stone of the slag-alkali binders with zeolite-containing rocks is less without additives up to 11.9%, and the water absorption is higher up to 18.6%, depending on the type of the additive, grout and hardening conditions. 
The cube strength, average density, water absorption and frost resistance of the concretes based on additive-free and with additions of the slag-alkali binders, depending on the types of aggregates and grout additives, were studied. The concretes based on the slag-alkali binders with the polyfunctional nanomodifying additives with aggregates from granite chip and quartz sand with strength grades M500, F200 on soda ash, M800, F300 on silicate grouts were obtained.
It was established that the steam curing mode and the introduction of the polyfunctional nanomodifying additive influences the formation of the concrete structure in time. After the steam curing with a slow rise in temperature, the ultimate compressive strength after storage in air for 2 years is 53-60 MPa, and in water 52-63 MPa, and with the introduction of the polyfunctional nanomodifying additive is 56.5-74.3 MPa and 56.1-75.3 MPa, respectively. 
The use of the proposed technological methods makes it possible to obtain a stone with a dense structure, which is characterized by low indicators of open porosity (Um=0.78-1.59%) and average size pores (λ=0.93-1.52), as well as the predominance of minimum size pores (Grad7...9=66.8-89.0%).
The technical conditions, technological scheme and regulations were developed for production of the concretes based on the slag-alkali binders with the polyfunctional nanomodifying additive, for manufacture of products and the range of structures from them should be carried out taking into account their high water resistance, corrosion resistance and a number of other special properties. 
The pilot-industrial batch of the slag-alkali binders with the polyfunctional nanomodifying additive (TPP ash and broken ceramic bricks) was produced from blast-furnace slags and industrial tests of the samples were carried out.  
The estimated economic effect was determined, which with the release of 300 thousand tons of the slag-alkali binders will amount to 10284000 USD or 1240250.4 thousand KZT, the estimated profit – 10509000 USD and the payback period – 0.14 year. The economic effect per 1 km of coverage is 930100 KZT.
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According to the Contract №_____ dated __________________2018 

1. Republican state enterprise on the right of economic management “M. Auezov South Kazakhstan State University” of the Ministry of Education and Science of the Republic of Kazakhstan 

1.1 Priority: Rational use of natural, including water resources, geology, processing, new materials and technologies, safe products and structures. 
1.2 Sub-priority: Nanomaterials and nanotechnologies. 
1.3 Project title: AP05130110 Polyfunctional nano-modifying additive for energy and resource-saving technologies of cement concretes. 
1.4 Total amount of the project: 15 100 000 (fifteen million one hundred thousand) KZT, including by years for carrying out works according to the item 3: 
- for 2018 year – amounting to 5 000 000 (five million) KZT;
- for 2019 year – amounting to 5 045 000 (five million forty five thousand) KZT; 
- for 2020 year – amounting to 5 055 000 (five million fifty five thousand) KZT. 

2. Characteristics of scientific-technical products according to the qualifying features and economic indicators 
2.1 Direction of the work: Nanomaterials and nanotechnologies.
2.2 Area of application: Target consumers of the product – the polyfunctional nano-modifying additive – are enterprises of reinforced concretes products, concrete mixing plant, concrete panel building construction, etc., which produce concrete and reinforced concrete structures for prefabricated and monolithic construction. 
2.3 Final result: 
- for 2018 year: Review of literature and patent search. Selection and determination of suitability and effectiveness of mineral fillers of natural and technogenic origin. Selection of optimal compositions of technological parameters of the polyfunctional nano-modifying additive. One article will be published in the domestic journal and one article in the reviewed foreign journal with a nonzero impact factor.  
- for 2019 year: Selection of optimal compositions of concretes with the polyfunctional nano-modifying additive, investigation of their physical-mechanical and technological properties and products of hydration of new formations. 2 articles will be published in the proceeding of international scientific practical conferences and 2 articles in the reviewed foreign journals with a nonzero impact factor. 
- for 2020 year: Investigation of operational properties of concretes with the additive. Development of normative and technical documentation for production of the polyfunctional nano-modifying additive: technical conditions, technological schemes and production regulations. Production of a pilot batch of the polyfunctional nano-modifying additive. Two articles will be published in the proceedings of international scientific practical conferences. Submission of 1 application for a patent to the National Patent Office of the Republic of Kazakhstan (KAZPATENT). 
2.4 Patentability: Patentable. 
2.5 Scientific technical level (novelty): Development of the polyfunctional nano-modifying additive of accelerating action will allow not only to intensify the hardening of concrete mixes, but also to significantly increase the strength of concrete. Obtaining new patterns, opening new ways for the purposeful functionalization of nano-modifiers and expansion of real opportunities for achieving high nano-modifying effects forms the basis for the practical implementation of the results of the work. 
2.6 Use of scientific-technical products will be carried out by: Executor. 
2.7 Type of the use of the result of scientific and (or) scientific-technical activity: Development of normative and technical documentation for production of the polyfunctional nano-modifying additive: technical conditions, technological schemes and production regulations, concept of promotion of the polyfunctional nano-modifying additive.
3. Name of works, period of their implementation and results 
	Code of task, stage
	Works according to the contract and main stage of their execution 
	Duration 
	Expected result 

	
	
	Beginning 
	Completion 
	

	1
	Selection of raw material base of the Republic of Kazakhstan (technogenic and natural materials) for production of polyfunctional nano-modifying additive for cement concretes.
	January 2018
	November 2018
	Raw material base of the Republic of Kazakhstan (technogenic and natural materials) for production of polyfunctional nano-modifying additive for cement concretes will be selected. Technogenic and natural materials will be selected. 

	1.1
	The state of the issue and prospects for development of production of the polyfunctional nano-modifying additive for construction industry of the Republic of Kazakhstan 
	January 2018
	March 2018 
	The state of the issue and prospects for development of production of the polyfunctional nano-modifying additive for construction industry of the Republic of Kazakhstan will be studied. Review of literature and patent search will be carried out. 

	1.2
	Investigation of effectiveness of various mineral fillers of natural and technogenic origin of the Republic of Kazakhstan for the additive of the polyfunctional action
	April 2018 
	June 
2018 
	Effectiveness of various mineral fillers of natural and technogenic origin of the Republic of Kazakhstan for the additive of the polyfunctional action will be investigated.  Suitability and effectiveness of mineral fillers of natural and technogenic origin will be determined. 

	2
	Optimization of composition and technological parameters for production of the polyfunctional nano-modifying additive for cement concretes
	June 
2018
	May 
2019 
	Optimal compositions and technological parameters for production of the polyfunctional nano-modifying additive for cement concretes will be selected. One article will be published in the domestic journal and one article in the reviewed foreign journal with a nonzero impact factor.  

	2.1
	Optimization of compositions and technologies for obtaining the nano-modifying additive 
	June 
2018
	May 
2019
	Compositions and technologies for obtaining the nano-modifying additive will be optimized.  Compositions and technological parameters  will be optimized. 

	3
	Establishment of new dependences and identification of regularities in the structure formation  of cement stone from the developed polyfunctional nano-modifying additive
	July 
2018
	May 
2019
	New dependences will be established and regularities in the structure formation  of cement stone from the developed polyfunctional nano-modifying additive will be identified. Physical-chemical studies of the products of hydration and structure formation will be carried out.

	3.1
	Investigation of processes of hydration and structure formation of concretes with the polyfunctional nano-modifying additives
	July 
2018
	June 
2019
	Processes of hydration and structure formation of concretes with the polyfunctional nano-modifying additives will be investigated.  Physical-chemical studies of the products of hydration and structure formation will be carried out. 

	4
	Development of cement concrete compositions with the polyfunctional nano-modifying additive and evaluation of the complex of their physical-mechanical and technological properties
	June 
2019
	November 2019
	Cement concrete compositions with the polyfunctional nano-modifying additive will be developed and complex of their physical-mechanical and technological properties will be evaluated. Concrete compositions with the polyfunctional nano-modifying additive and their physical-mechanical and technological properties will be optimized. 

	4.1
	Development of cement concrete compositions with the developed additive 
	June 
2019
	November 2019
	Cement concrete compositions with the developed additive will be developed. Concrete compositions will be optimized. 2 articles will be published in the proceeding of international scientific practical conferences and 2 articles in the reviewed foreign journals with a nonzero impact factor.

	4.2
	Evaluation of operational properties and durability of concretes with the additive of the polyfunctional action 
	July 
2019
	June 
2020
	Evaluation of operational properties and durability of concretes with the additive of the polyfunctional action will be investigated.  Physical-mechanical and technological properties of concrete will be investigated. 

	5
	Development of technical conditions, technological regulations for the production of polyfunctional additives nanomodifiers
	February 2020 
	July 
2020
	Will be developed technical specifications and technological regulations for the production of polyfunctional nanomodifiers supplements. Will be developed normative-technical documentation for the production of polyfunctional nanomodifiers supplements.

	5.1
	Development of technical conditions, technological schemes and regulations of production of polyfunctional nanomodifiers supplements. Equipment selection.
	February 2020 
	July 
2020
	Will be developed by the technical conditions, technological schemes and regulations of the production of the polyfunctional nanomodifiers supplements. Equipment selection. Technical conditions, technological schemes and production regulations will be developed.

	6
	Pilot testing of cement concrete nanomodifiers developed multifunctional additive. Calculation of the economic efficiency of production and application of additives in monolithic and precast concrete construction.
	October 2019
	November 2019
	Pilot tests of cement concretes with the developed multifunctional nanomodifying additive will be carried out. The economic efficiency of production and application of the additive in monolithic and precast concrete construction will be calculated. Will be released the pilot batch of polyfunctional nanomodifier-rousey supplements. 2 articles will be published in the proceedings of the international scientific and practical conference. Submission of 1

	6.1
	The release of a pilot batch of polyfunctional nanomodifiers supplements. Preparation of the final report on the project and transfer it to the customer
	October 2019
	November 2020
	  Will be carried out the production of pilot batches of polyfunction-tional nanomodifiers supplements. Preparation of the final report on the project and transfer it to the customer. Will be released the pilot batch of polyfunctional nanomodifiers supplements.

	



	From Customer:                                                                                       
Public Institution “Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan” 

Chairman __________ B. Abdrasilov 
                  Seal: 

	From Executor: 
Republican state enterprise on the right of economic management “M. Auezov South Kazakhstan State University” of MES RK

Acting rector ______________ М. Satayev  
                                  Seal:     

Became familiar:
Research manager of the project: 

       __________      Sarsenbayev B.K. 
          (signature)



APPENDIX B
Tables and figures of sections 2, 3,4

Table B. 2.1- levels of variation of factors
	Factors

	The variation levels
	Interval


	
	+ 1
	0
	-1
	

	х1
	4000
	6000
	8000
	2000

	х2
	1
	3
	5
	2

	х3
	1100
	1200
	1300
	100



Table B. 2.2- Planning matrix and test results
	
The experiment plan X
	
У

	
Х
	
Х
	
Х
	Rсж, МPа

	1
	1
	1
	79,7

	-1
	1
	1
	68,8

	1
	-1
	1
	71,5

	-1
	-1
	1
	54,8

	1
	1
	-1
	62,1

	-1
	1
	-1
	67,2

	1
	-1
	-1
	73,8

	-1
	-1
	-1
	67,1

	1
	0
	0
	58,4

	-1
	0
	0
	53,4

	0
	1
	0
	63,6

	0
	-1
	0
	65,5

	0
	0
	1
	75,7

	0
	0
	-1
	69,6

	0
	0
	0
	65,7

	0
	0
	0
	62,2

	0
	0
	0
	59,9

	0
	0
	0
	1119



Table B. 2.3- Levels of factor variation
	Factors


	The variation levels
	Interval



	
	+ 1
	0
	-1
	

	х1
	15
	10
	5
	5

	х2
	95
	80
	65
	15

	х3
	8
	6
	4
	2








Table B. 2. 4- Planning matrix and test results
	The experiment plan Xi
	Square of variables  x2i
	Interactions  (xixj)
	У
	У0

	х1
	х2
	x3
	x21
	x22
	x23
	х1х2
	х1x3
	x2x3
	Rсж, МPа
	F, cycle

	+
	+
	+
	+
	+
	+
	+
	+
	+
	52,6
	201

	-
	+
	+
	+
	+
	+
	-
	-
	+
	62,5
	245

	+
	-
	+
	+
	+
	+
	-
	+
	-
	53,5
	251

	-
	-
	+
	+
	+
	+
	+
	-
	-
	51.6
	274

	+
	+
	-
	+
	+
	+
	+
	-
	-
	50.4
	205

	-
	
	-
	+
	+
	+
	-
	+
	-
	54.6
	248

	+
	-
	-
	+
	+
	+
	-
	-
	+
	48.6
	196

	-
	-
	-
	+
	+
	+
	+
	+
	+
	34,4
	198

	+
	0
	0
	+
	0
	0
	0
	0
	0
	51,7
	107

	-
	0
	0
	+
	0
	0
	0
	0
	0
	58.1
	247

	0
	+
	0
	0
	+
	0
	0
	0
	0
	64,6
	268

	0
	-
	0
	0
	+
	0
	0
	0
	0
	52,5
	300

	0
	0
	+
	0
	0
	+
	0
	0
	0
	61.8
	300

	0
	0
	-
	0
	0
	+
	0
	0
	0
	56,3
	296

	0
	0
	0
	0
	0
	0
	0
	0
	0
	57,4
	300

	0
	0
	0
	0
	0
	0
	0
	0
	0
	56,8
	270

	0
	0
	0
	0
	0
	0
	0
	0
	0
	55.9
	286



Table B. 2.5 - Areas according to the monogram of figure 6 characterized by the greatest strength and frost resistance
	I
	8

	1150

	9,1-10,5
	75±5
	60,0-62,5
	more than  300

	II
	
	
	8,8-9,8
	90±5
	65,0-66,0
	more than  250

	I
	6
	1150
	9,5-10,5
	65±5
	50,0-57,5
	more than 300

	II
	

	
	
	
	
	


	I
	4
	1150
	9,5-10,5
	90±5
	60,0-62,0
	more than 300



Table B. 4.1- САВ strength depending on the type of additive, hardening conditions and silicate modulus of liquid glass
	Composition of CAB, %
	Rcompr., (HHT), МPа
	Rcompr., (28 сут), МPа

	Slag, %
	Additive,%
	Мс=1,5
	Мс=2,8
	Мс=1,5
	Мс=2,8

	100
	-
	78
	61
	73,2
	52,6

	90
	NW-10
	95,8-97,8
	73,1-74,8
	88,4-90,2
	68,1-69,3

	90
	ZCR -10
	90,5-91,6
	70,1-72,3
	85,2-86,8
	65,3-66,4



Table B. 4.2 - Effect of the hardening conditions on the strength of CAB with additives of NW and ZCR (recluse-an aqueous solution of soda) (solution density p=1.15 kg / cm2)
	Composition of CAB
	Rcompr., МPа
	Storage conditions

	Slag
	Additive
	
	

	100
	-
	48,1
	Air-dry (28сут)

	100
	-
	51,1
	Norm. - humidity (28сут)

	100
	-
	Collapsed
	Water (28сут)

	100
	-
	57,7
	heat and humidity treatment

	90
	NW-10
	59,6-76,1
	Air-dry (28сут)

	90
	NW -10
	68,2-81,0
	Norm. - humidity (28сут)

	90
	NW -10
	61,3-74,1
	Water (28сут)

	90
	NW -10
	86,7-96,3
	heat and humidity treatment

	90
	ZCR -10
	56,2-64,9
	Air-dry (28сут)

	90
	ZCR -10
	71,3-72,0
	Norm. - humidity (28сут)

	90
	ZCR -10
	65,1-67,8
	Water (28сут)

	90
	ZCR -10
	72,2-80,0
	heat and humidity treatment


Table B. 4.3- Effect of hardening conditions on the strength of CAB with additives of NW and ZCR (the alkaline component is an aqueous solution of liquid glass with MS=2.8)
	Composition of CAB
	Rcompr., МPа
	Условия хранения

	Slag
	Additive
	
	

	100
	-
	54,1
	Air-dry (28сут)

	100
	-
	59,8
	Norm. - humidity (28сут)

	100
	-
	Collapsed
	Water (28сут)

	100
	-
	67
	heat and humidity treatment

	90
	NW-10
	62,6-65,1
	Air-dry (28сут)

	90
	NW-10
	72,9-74,7
	Norm. - humidity (28сут)

	0
	NW-10
	74,0-77,8
	Water (28сут)

	90
	NW-10
	81,1-83,1
	heat and humidity treatment

	90
	ZCR -10
	61,0-67,2
	Air-dry (28сут)

	90
	ZCR -10
	69,9-70,6
	Norm. - humidity (28сут)

	90
	ZCR -10
	72,4-76,9
	Water (28сут)

	90
	ZCR -10
	77,7-79,1
	heat and humidity treatment



Table B. 4.4 - Influence of polyfunctional nanomodified additives on the setting time САВ when mixed with solution of soda
	Composition of CAB, %
	Setting time, hours-min

	Slag
	Additive
	Beginning
	The end

	100
	-
	1-50
	4-40

	90
	NW -10
	1-00
	3-50

	90
	ZCR -10
	2-00
	6-10



Table B. 4.5 - САВ brands depending on the type of additives and the density of the soda solution
	Composition: slag + additive
	Density of soda solution, r / cm3

	
	1,11
	1,13
	1,15

	GS
	300
	300
	400

	GS +10% NW
	500
	500
	600

	GS +10% ZCR
	400
	400
	500



Table B. 4.6 - Influence of the type of liquid glass on the properties of CAC based on non-additive CAB
	Indicator
	Liquid glass «Kamgesenergostroi»
	Liquid glass LLP "Suyyk glass»

	
	slag GS
	slag GS

	Rastvoronasosa attitude
	0,33
	0,33

	Rcompr., МPа
	76,6/70,2
	84,7/82,0

	Rbend., МPа
	8,2/8,0
	9,0/8,3

	brand
	700/700
	800/800

	Average density
	2,20/2,18
	2,19/2,21

	Water absorption, %
	3,6/3,65
	3,85/3,8

	  Notes: HHT/28 day of hardening in NHG






Table B. 4.7 - Properties CAC nanomodifiers with multifunctional additive on the basis of metallurgical slag
	Indicator
	Composition:% slag + additive, liquid glass

	
	GS
	GS +10% NW
	GS +10% ZCR

	Rastvoronasosa attitude
	0,33
	0,35
	0,34

	Rcompr., МPа
	76,6/70,2
	86,6/83,7
	84,0/80,1

	Rbend., МPа
	8,2/8,0
	9,3/8,8
	8,9/8,1

	brand
	700/700
	800/800
	800/800

	Average density
	2,26/2,19
	2,185/2,18
	2,17/2,16

	Water absorption, %
	3,6/3,65
	4,0/4,2
	4,2/4,2

	  Notes: HHT/28 day of hardening in NHG



Table B. 4.8 - Properties CAB nanomodifiers with multifunctional additive on the basis of metallurgical slag
	Indicator
	Composition:% slag + additive, liquid glass

	
	GS
	GS +10% NW
	GS +10% ZCR

	Rastvoronasosa attitude
	0,33
	0,35
	0,34

	Rcompr., МPа
	62,6/0
	75,8/67,3
	72,2/65,3

	Rbend., МPа
	7,0/0
	8,2/7,5
	7,9/7,2

	brand
	700/0
	800/600
	800/600

	Average density
	2,24/2,19
	2,18/2,18
	2,17/2,16

	Water absorption, %
	3,61/3,65
	4,0/4,2
	4,2/4,2

	  Notes: HHT/28 day of hardening in NHG





Table B. 4.9 - Properties CAC on CAB, mixing the soda solution on the basis of metallurgical slag modifying additives
	Indicator
	Composition:% slag + additive, liquid glass

	
	GS
	GS +10% NW
	GS +10% ZCR

	Volume of mixing solution, l/m3
	110
	120
	112

	R(cube), МPа
	34,1/30,2
	52,4/52,2
	49,4/48,1

	brand
	300
	500
	400

	Class
	20
	40
	30

	Average density
	2410/2500
	2380/2350
	2410/2400

	Water absorption, %
	3,5/3,3
	4,0/4,1
	3,6/3,9

	Frost resistance
	150
	200
	200

	  Notes: HHT/28 day of hardening in NHG



Table B. 4.10 - Brand (grades) depending on the kind nanomodifiers with multifunctional additives and the density of the soda solution
	Composition
	Density of the soda solution, г/сm3

	
	1,11
	1,15

	GS
	200
	300

	GS +5-10% NW
	400
	500

	GS +5-10% ZCR
	300
	400







Table B. 4.11 - Properties CAC on CAB with polyfunctional nanomodifiers supplement (liquid glass ρ=1,3г/сm3, Мс=1,5).
	Indicator
	Composition of the binder

	
	GS
	GS +10% NW
	GS +10% ZCR

	Volume of mixing solution, l/m3
	120
	125
	125

	R(cube), МPа
	64,9/65,2
	76,2/73,6
	71,8/70,7

	brand
	600/600
	700/700
	700/700

	Class
	45/45
	50/50
	50

	Average density
	2500/2470
	2490/2500
	2480/2500

	Water absorption, %
	2,5/2,7
	3,1/3,2
	3,2/3,0

	Frost resistance
	более 200
	более 200
	более 200

	   Notes: HHT/28 day of hardening in NHG



Table B. 4.12 - Properties CAC on CAB with polyfunctional nanomodifiers supplement (liquid glass Мс=2,8)
	Indicator
	Composition of the binder

	
	GS
	GS +10% NW
	GS +10% ZCR

	Volume of mixing solution, l/m3
	120
	125
	125

	R(cube), МPа
	54,6/50,0
	63,3/64,7
	62,8/61,1

	brand
	500/500
	600/600
	600/600

	Class
	40/40
	45/45
	45/45

	Average density
	2520/2590
	2480/2370
	2500/2510

	Water absorption, %
	2,5/2,9
	2,5/2,9
	2,7/3,0

	Frost resistance
	более 200
	более 200
	более 200

	  Notes: HHT/28 day of hardening in NHG



Table B. 4.13 - The effect of liquid glass on the properties of CAC on the basis of clear CAB (HHT/28 days of hardening in normal-humidity conditions)
	Indicator
	liquid glass 
ТОО «Ferrum-Vtor»
	liquid glass 
LLP "Suyyk glass»

	
	slag
	slag

	Volume of mixing solution, l/m3
	120
	120

	R(cube), МPа
	64,9/65,2
	65,9/67,7

	brand
	600
	600

	Class
	40
	40

	Average density
	2500/2470
	2580/2490

	Water absorption, %
	2,5/2,7
	2,4/2,7

	Frost resistance
	более 200
	более 200

	   Notes: HHT/28 day of hardening in NHG



Table B. 4.14- Properties CAC local aggregates
	Indicator
	The type of aggregate

	
	Carbonate crushed stone, quartz sand
	Sand and gravel mix

	Volume of mixing solution, l/m3
	190-200
	150

	R(cube), МPа
	45,0/43,2
	51,9/51,0

	brand
	400
	500

	Class
	30
	40

	Average density
	2050/2000
	2353/2400

	Water absorption, %
	8,0/8,3
	2,3/2,8

	Frost resistance
	более 200
	более 200

	   Notes: HHT/28 day of hardening in NHG



Table B. 4.15 - Kinetics of strength gain over time of concretes based on electrothermophosphoric slags and Nа2СО3 (ρ=1500кg/m3) and polyfunctional nanomodifying additives ash  TPS
	Type of additives


	Amount of additives, % by weight of slag


	Mode HHT



	S/S



	The limit of compressive strength,
МPа
	Frost resistance, cycle



	
	
	
	
	After HHT


	The hardening of the natural, day water
	

	
	
	
	
	
	28
	90
	180
	360
	720
	

	Without additives
	0
	4+1,5+2++1, 5+4+3
	0,40
	51,7
	53,052,0
	54,256,3
	55,158,1
	57,260,4
	60,163,3
	250

	Portland cement clinker
	5
	4+3+6+3
	0,40
	55,4
	56,556,1
	61,359,6
	68,267,4
	72,871,9
	73,875,2
	250

	Ash ТPS
	7
	4+3+6+3
	0,40
	57,2
	60,659,7
	65,362,6
	68,666,0
	73,774,4
	74,375,3
	250



Table B. 4.16 – Effect of additives on capillary porosity
	

Type of additives



	Solution density
Nа2СО3, кg/m3


	The limit of compressive strength, МPа
	Capillary porosity, %
	Degree of homogeneity
pores, α
	Pore size in usl. units., λ

	
	
	28
day.
	360
day.
	28
day.
	360
day.
	28
day.
	360
day.
	28
day.
	360
day.

	Without additives
	1150
	52,9
	56,3
	1,59
	1,56
	0,34
	0,73
	11,7
	1,52

	Portland cement clinker
	1150
	60,5
	73,6
	1,43
	1,32
	0,34
	0,64
	5,8
	1,07

	Ash ТPS
	1150
	56,5
	72,8
	0,87
	0,78
	0,1
	0,13
	4,4
	0,93



Table B. 4.17 – The water resistance of concrete based on slag-alkaline binders with additives
	Grade of concrete
	Types of binders
	Initial strength, МPа
	Strength of samples after storage in water for, mon.:

	
	
	
	12
	24
	48

	200
	Without additives
	21,3
	23,5
	24,6
	28,7

	
	PNA
	23,6
	25,8
	27,3
	30,1

	400
	PNA
	45,3
	49,6
	53,7
	55,8

	
	Without additives
	41,9
	45,5
	46,9
	51,6



Table B. 4.18 – Sulphate resistance of concrete based on cinder-alkali binders with additives
	Grade of concrete
	Types of binders
	Initial strength,, МPа
	Strength of samples after storage in sulphate solutions, mon.:

	
	
	
	12
	24
	48

	
200
	 Without additives
	21,3
	

	

	


	
	 PNA
	23,6
	

	

	


	
400
	PNA
	45,3
	

	

	



	
	 Without additives
	41,9
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Figure B.2.1- Isosurfaces of two-factor regression equations for compressive strength of slag-alkaline concrete with PNA ash TPS in the case of Х3=[-1;0;1] 
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Figure B.2.2- Isosurfaces of two-factor regression equations for compressive strength of cinder-alkali concrete with PNA ash TPS in the case of Х2=[-1;0;1]
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Figure B. 2.3- Isosurfaces of two-factor regression equations for compressive strength of cinder-alkali concrete with PNA ash TPS in the case of Х1=[-1;0;1].


	









Figure B.2.4- Isosurfaces of two-factor regression equations (9) of compressive strength of slag-alkali concrete with PNA of wollastonite ore







	



Figure B.2.5- Isosurfaces of two-factor regression equations (10) for frost resistance of slag-alkali concrete with PNA of wollastonite ore






closed 1-with water; solutions:2- Na2O(SiO2); 3- Na2СO3; 4- Na2SiO3 (28 days of storage in water)
Figure B.3.1 -  Radiographs (а), thermograms (b) and IR- spector - grams (v) CAC с  PNA  (natural wollastonite) on metallurgical slag
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closed 1-with water; solutions: 2 - Na2O(SiO2); 3 - Na2СO3; 4 - Na2SiO3 (heat and humidity treatment at Т = 95 ± 5 ºС by mode 3+6+3+2)
Figure B. 3.2 - Radiographs CAC and  PNA  (natural wollastonite) on metallurgical slag
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Figure B. 3.3 -The results of the study of the composition and structure of CAC with PNA on shutters-liquid glasses without additives (a) and ZCR (b) by x-ray phase analysis and (v) scanning electron microscopy (enlar. X5000).
 


	Compressive strength, МPа
	


	
	Duration of hardening, day.


1- without additives; 2- with the addition of ZCR (5-10%); 3- with addition NW
Figure B. 4.1 - Dependences of the strength of CAB stone samples with the addition of NW and ZCR and the duration of hardening
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	Average density, g/сm3
	


	
	Content of additives, %

	b
	

	Water absorption, %
	


	
	Content of additives, %



1- without additives; 2- with the addition of ZCR; 3- with addition NW.
Figure B. 4.2 - The dependence of the average density of CAB (a) and water absorption (b) of the slag-alkali stone when mixing with a soda solution after HHT on the ZCR content
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Figure B.  4.3- Dependences of the strength of a slag-alkali stone based on metallurgical slag and a recluse from a liquid glass solution (MS=1.5, p=1.3 g / cm3) on the content of natural wollastonite and zeolite-containing additives during hardening under conditions of: a) HHT; b) 28 days in NHG

	Compressive strength, MPa
	


	
	Density of an aqueous solution of soda, g / cm3


1- test ; 2- with the addition of ZCR; 3- with addition NW.
Figure B.  4.4- Zavimimosti changes in strength after HHT stone on CAB with the addition of NW and ZCR depending on the density of the soda solution

	Normal density, %
	


	
	Content of additives, %


1- without additives; 2- with the addition of ZCR ; 3- with addition NW
Figure B.  4.5 - Dependences of the normal density of testasav on the content of additives NW and ZCR

	а
	

	Compressive strength Rcompr., MPa

	


	
	Density of soda solution, g / cm3

	б
	

	Normal density, %
	


	
	Density of soda solution, g / cm3



1- without additives; 2- with the addition of ZCR ; 3- with addition NW

Figure B.  4.6 - Dependences of the compressive strength (a) and bending strength (b) after HHT CAB and with the addition of NW and ZCR on the density of the soda solution.


1 - without additives; HHT -4+1,5+2+1,5+4+3, Rcompr. after HHT – 51,7 МPа;  2 - portland cement clinker - 5%, HHT - 4+3+6+3, Rcompr. after HHT –55,4 МPа; 3 - polyfunctional additive of nanomodifiers – ash TPS, HHT -4+3+6+3, Rcompr. after HHT – 57,2 МPа;

Figure B.  4.7 - Kinetics of strength gain over time of concretes based on electrothermophosphoric slags and Na2CO3 (p=1500kg / m3) and polyfunctional nanomodifying additives ash TPS




а - ETP slag +Nа2СО3;  b - the same, with the addition of portlandcement clinker; v- the same with the polyfunctional nanomodification additive ash TPS; 1 – GRAD1..3; 2 - GRAD4..5', З-GRAD7..9

Figure B.  4.8 - Pore distribution by gradients at the age of 28 days in cinder-alkaline stone based on ETP slag and Na2CO3



1 - ETP slag +Nа2СО3;  2 - the same, with the addition of portlandcement clinker; 3- the same with the polyfunctional nanomodification additive ash TPS;    —at the age of 28 days; - - at the age of 360 days

Figure B.4.9 - Comparison of pore redistribution by gradients over time in cinder-alkaline stone based on ETP slag and Na2CO3
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Общие положения
Шлакощелочное вяжущее представляет собой гидравлическое вяжущее вещество, твердеющее в воде и на воздухе, получаемое путем измельчения гранулированного шлака или гранулированного шлака и добавок (например, полифункциональная наномодифицирующая добавка) и затворения продукта помола растворами соединений щелочных металлов натрия или калия, дающих в водной среде щелочную реакцию.
При использовании негигроскопичных щелочных компонентов возможно применять совместный помол компонентов вяжущего.
Добавка клинкера вводится при необходимости с целью ускорения набора прочности вяжущего в естественных условиях и в воде, а также уменьшения деформативности бетона на его основе. 
Приготовление молотого шлака
Производство молотого шлака может быть осуществлен централизованным способом на существующих заводах по производству шлакопортландцемента, на региональных установках по помолу местных вяжущих и при возможности на предприятиях, изготавливающих бетонные и железобетонные конструкции.
При проектировании и организации производства молотого шлака необходимо предусматривать технологическую линию сушки и помола шлака.
Для сушки шлака могут применяться сушильные барабаны, работающие на любом виде топлива и обеспечивающие получение высушенного материала с остаточной влажностью не более 1% по массе.
При сушке шлака температура топочных газов при входе в сушильный барабан не должна превышать 773К.
Для помола шлака могут использоваться шаровые, струйные и другие мельницы, обеспечивающие тонкость помола не менее 450 м2/кг.
Температура материалов, поступающих на помол, не должна превышать 353 К, а при выходе после помола 373 К.
Требуемая тонкость помола шлака в шаровой мельнице обеспечивается соответствующей загрузкой мелющими телами и их периодической сортировкой согласно требованиям, предусмотренным в цементной промышленности, и контролируется прибором ПСХ-12.
Введение полифункциональной наномодифицирующей добавки, рекомендуется, осуществлять при помоле шлака.
При транспортировке, хранении, сушке и помоле сырьевых компонентов и готового вяжущего не допускается попадание в них гипса, портландцемента, шлакопортландцемента, извести и других видов вяжущих.
 Приготовление раствора щелочного компонента
Раствор щелочного компонента получают путем затворения силикатных и несиликатных соединений щелочных металлов с водой, отвечающей требованиям ГОСТ 23732-79, Количество сухого щелочного компонента должно обуславливаться заданной плотностью раствора, контролируемой ареометром.
Технологическая линия приготовления щелочного раствора должна иметь оборудование для дробления, дозировки и растворения щелочного компонента, хранения концентрированного и разбавленных до необходимой плотности растворов с соответствующими транспортными линиями подачи сырья и растворов,
 Смесительный бак для приготовления раствора щелочного компонента должен быть оборудован устройством для механического или пневматического (или совместного действия) перемешивания с паровым подогревом.               
При использовании в качестве щелочного компонента растворимого силиката натрия рекомендуется перемешивание и затворение бетонной смеси производить в две стадии. При этом следует предусматривать два расходных бака, необходимых для использования щелочных растворов различной плотности.
С целью предотвращения кристаллизации раствора щелочного компонента в смесительных емкостях и трубопроводах подачи щелочного раствора необходимо обеспечить положительную температуру не ниже   333 К, для чего рекомендуется в баках устанавливать тепловые регистры, а трубопроводы помещать в тепловые рубашки. В трубопроводах необходимо предусматривать промежуточные штуцера для продувки их паром в случае кристаллизации раствора. Температура готового к употреблению раствора должна быть не ниже (293+5) К.	
Бетоны на основе  шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой
Назначение состава бетона
В основу назначения состава бетона положены требования ГОСТ 27006-86 и следующие основные положения технологий бетона: требуемая прочность бетона при постоянном качестве применяемых материалов обеспечивается качеством шлакощелочного теста с полифункциональной наномодифицирующей добавкой, состоящего из шлака и раствора щелочного компонента данной плотности; требуемая удобоукладываемость бетонной смеси достигается при определенном количестве шлакощелочного теста с полифункциональной наномодифицирующей добавкой установленного качества; технико-экономическая эффективность состава шлакощелочного бетона с полифункциональной наномодифицирующей добавкой определяется минимизацией расхода вяжущего, что достигается подбором оптимального соотношения между крупным и мелким заполнителями.
 Для оценки качества шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой в бетоне  и назначения состава бетона требуемой марки используется функциональная зависимость прочности бетона от шлакорастворного отношения (Ш/Р) при данной плотности, раствора щелочного компонента,
При подборе состава тяжелого бетона на основе шлакощелочного  вяжущего с полифункциональной наномодифицирующей добавкой аналогично бетону на портландцементе изготавливают девять контрольных образцов из бетона трех составов с шлакорастворным отношением (Ш/Р) от 2,0 до 3,5 на основе растворов щелочных компонентов определенной плотности (по три образца из каждого состава).
Взвешенные на замес материалы для каждого состава смешивают в смесителе и определяют для перемешанной смеси объемную массу и жесткость,
Смесь уплотняют на стандартной виброплощадке до полного прекращения её оседания, выравнивания и появления на всей поверхности цементного раствора.
Изготовленные образцы пропаривают или выдерживают в течение 3 сут. в формах при комнатной температуре t = (293±2) К с прикрытой верхней поверхностью; по освобождении из форм образцы помещают в камеру нормального хранения для испытаний в возрасте 28 сут.
После изготовления и не менее двухчасовой выдержки образцы каждого состава помещают в формах в пропарочную камеру, где подвергают тепловой обработке при атмосферном давлении по оптимальному режиму:    3 ч подъем температуры, 6 ч - выдержки при температуре изотермического прогрева (353...363±5) К и 3 ч -снижение температуры.
Через 12 ч с момента отключения пара образцы испытывают на сжатие по ГОСТ 10180-76.
Для бетонов на основе шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой в (зависимости от их состава по полученным данным строят график зависимости прочности бетона от шлакорастворного отношения и плотности раствора щелочного компонента, принимаемой, например, для кальцинированной соды ρ1, ρ2, ρ3 соответственно 1100, 1150 и 1200 кг/м8, метасиликата натрия ρ1, ρ2, ρ3 ρ4 соответственно 1100, 1150, 1200 и 1250 кг/м3 дисиликата и силиката натрия с силикатным модулем 2 < Мс ≤ 3 О, ρ1, ρ2, ρ3, ρ4 и ρ5 соответственно 1100, 1150, 1200, 1250 и 1300 кг/м3. Использование экспериментальных данных позволяет установить шлакорастворное отношение; и плотность раствора щелочного компонента для назначения состава бетона заданной прочности. Примеры построения функции R  = Ш/Р приведены на рисунке 1. 
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	Отношение шлак : раствор кальцинированной соды 

	б)
	


	Прочность бетона, МПа
	

	
	Отношение шлак : раствор метасиликата натрия 

	в)
	


	Прочность бетона, МПа
	

	
	Отношение шлак : раствор дисиликата натрия 


Рисунок В.1 - Экспериментальное определение зависимости прочности бетона на основе  шлаковяжущего с полифункциональной наномодифицирующей добавкой  от шлакорастворного отношения Ш/Р.

Заданная удобоукладываемоеть (далее жесткость) бетонной смеси определяется экспериментальным путем в зависимости от количества шлакощелочного теста с полифункциональной наномодифицирующей добавкой данного качества при установленном шлакорастворном отношений (рисунок В.2 ).
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Рисунок В.2 - Определение требуемой жесткости в зависимости от количества шлакощелочного теста с полифункциональной наномодифицирующей добавкой
Требуемая жесткость бетонных смесей на основе шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой зависит от вида и плотности раствора щелочного компонента и достигается при значительно меньших количествах воды, чем в случае применения портландцемента вследствие пластифицирующего действия щелочных компонентов. 
Ориентировочные расходы воды и раствора щелочных компонентов различной плотности необходимые для достижения требуемой жесткости, приведены в таблицах В. 1 и 2 .
Таблица В.1 - Ориентировочные расходы воды и раствора щелочных компонентов
	Вяжущее
(шлак)
	Затворитель
	Оптимальное отношение
	Тесто нормальной густоты

	
	Вид
	Плотность кг/м3
	Растворошлаковое (Р/Ш)
	Водоцементное
(В/Ц)
	Раствор щелочного компонента
	вода

	Портландцемент М400
	Вода
	-
	-
	0,40
	-
	27,0

	Шлак доменный (S уд.=330 м2/кг)
	Сода
	1100
	0,32
	0,29
	24,2
	21,9

	
	
	1150
	0,33
	0,28
	24,5
	21,0

	
	
	1200
	0,34
	0,27
	25,0
	20,4

	
	Мета
силикат натрия Мс=1
	1100
	0,31
	0,28
	22,8
	20,6

	
	
	1150
	0,31
	0,26
	22,6
	19,5

	
	
	1200
	0,31
	0,25
	22,7
	18,5

	
	
	1250
	0,31
	0,24
	23,0
	17,8

	
	Ди силикат натрия Мс=2
	1100
	0,31
	0,28
	23,5
	21,0

	
	
	1150
	0,31
	0,27
	23,3
	19,8

	
	
	1200
	0,31
	0,26
	23,5
	18,9

	
	
	1250
	0,32
	0,24
	23,8
	18,1

	
	
	1300
	0,32
	0,24
	24,5
	17,7

	
	Силикат натрия раство римый 2<Мс≤3
	1100
	0,32
	0,28
	24,1
	21,2

	
	
	1150
	0,33
	0,27
	24,3
	20,2

	
	
	1200
	0,33
	0,26
	24,7
	19,4

	
	
	1250
	0,34
	0,26
	25,6
	19,0

	
	
	1300
	0,36
	0,25
	26,7
	18,8



 Таблица В.2 - Ориентировочные расходы воды и раствора щелочных компонентов при крупности заполнителя

	Жесткость, с по ГОСТ 10181.1-81
	Расход воды / раствор щелочного компонента, л/м3, при крупности заполнителя, мм

	
	гравий 
	щебень

	
	10
	20
	40
	10
	20
	40

	40…50
	112/140
	97/125
	87/115
	122/150
	112/140
	97/125

	25..35
	122/150
	107/135
	92/120
	132/160
	122/150
	107/135

	15..20
	126/155
	112/140
	97/125
	137/165
	126/155
	112/140

	10…15
	137/185
	122/150
	107/135
	148/175
	137/165
	122/150

	6…10
	152/180
	137/165
	122/150
	162/190
	152/180
	137/165

	4…6
	162/190
	147/175
	132/160
	172/200
	162/190
	147/175

	2…4
	167/195
	152/180
	137/165
	177/205
	167/195
	152/180



Для получения бетонов с оптимальными деформативными свойствами, требуемыми для предварительно напряженных конструкций необходимо принимать расход шлака не менее 400...550 кг/м3, а жесткость бетонной смеси 20...30 сек. Во всех остальных случаях жесткость должна соответствовать данным таблицы В.3.
Таблица В.3- Жесткость смеси для различных изделий
	Вид изделий и способ формования
	Жесткость, с, по  ГОСТ 10181.1-81

	Блоки щелевидные, кольца канализационные, трубы и другие элементы высотой до 1,2м, формуемые с немедленной распалубкой (полной или частичной)
	30…50

	Пустотные элементы покрытий, формуемые в горизонтальном положении с пригрузом
	20…50

	Колонны, прогоны, балки, плиты, бордюрные камни, фундаментальные башмаки и пр., формуемые без пригруза
	15…30

	Плоские или ребристые плиты покрытий, конструкций с содержанием арматуры более 1%
	10..25

	Тонкостенные конструкции, сильно насыщенные арматурой, фолрмуемые в кассетах
	5..15



Дальнейший подбор состава бетона проводится в следующем порядке. 
По графикам, построенным для бетонной смеси на основе определенного вида щелочного компонента с оптимальной в каждом конкретном случае плотностью его раствора, устанавливается заданная жесткость, в соответствии с которой определяется расход щелочного компонента (Р). Затем определяется расход шлака (Ш) по формуле, кг:    
Ш = Р : (Р/Ш)
Расход заполнителей определяется по общепринятым формулам, Суммарный расход заполнителей, кг:
П + Щ = ρв - Ш -Р- ρ
где 	П - расход песка, кг; 
Щ - расход щебня, кг;
ρв - плотность уплотненной смеси, найденная из эксперимента, кг/м3;                                                                                                                                                       Ш - расход шлака, кг;                                                 
Р - расход раствора щелочного компонента определенной плотности, л;        
ρ  плотность раствора щелочного компонента, кг/м3. 
Доля песка ч  в смеси заполнителей принимается по одному из вариантов таблицы В. 4.              Количество песка в бетоне, кг: 
П = (Щ + П)·ч
Количество крупного заполнителя в бетоне определяется по формуле, кг:
Щ = (Щ + П) - П
Состав бетона при необходимости корректируется по жесткости, количеству песка и требуемой прочности путем изготовления опытных замесов и последующего испытания образцов бетона так же, как указано в «Руководстве по подбору состава тяжелого бетона»  (НИИЖБ, 1979).
Таблица В.4 - Доля песка в бетоне при крупности щебня
	Расход шлака, кг/м3
	Доля песка в бетоне при крупности щебня, мм

	
	Вариант 1
	Вариант 2

	
	10
	20
	40
	10
	20
	40

	300
	0,43
	0,41
	0,40
	0,31
	0,30
	0,29

	400
	0,40
	0,38
	0,37
	0,30
	0,29
	0,28

	450
	0,39
	0,37
	0,36
	0,29
	0,28
	0,27

	500
	0,38
	0,36
	0,35
	0,28
	0,27
	0,26

	550
	0,37
	0,35
	0,34
	0,27
	0,26
	0,25



Для корректирования жесткости смеси изготавливают первый замес по рассчитаному составу объемом 10...15л в зависимости от крупности заполнителя и определяют жесткость смеси по ГОСТ 10181.1-81, а также плотность бетона после её уплотнения. Если жесткость менее требуемой, то в опытный замес добавляются 5…10% шлака и раствора щелочного компонента с соблюдением принятого растворошлакового соотношения. Если жесткость получилась более требуемой, то в замес добавляют песок и щебень, в количестве 5...10% от расчётного в принятом соотношении. После того, как достигнута Требуемая жесткость смеси, состав бетона пересчитывается и делается новый замес для изготовления трех контрольных образцов.
Корректирование содержания песка и щебня при необходимости производится, после уточнения жесткости смеси, для чего готовят три замеса: 1 - из бетонной смеси строго рассчитанного состава; 2 и 3 - из смесей с содержанием песка менее или более расчётного приблизительно на 50 кг и с одновременным увеличением или уменьшением содержания щебня на то же количество.
Когда состав откорректирован и достигнуты требуемые жесткость и оптимальное количество песка в бетонной смеси, проверяют прочность бетона откорректированного состава.
Готовят по три образца трех составов: первый - из бетонной смеси откорректированного состава, второй и третий - из смесей, в которых Р/Ш принимается большее и меньшее на 0,02. Величину Р/Ш корректируют путем изменения расхода шлака и песка при сохранении объемов растворной части и щебня неизменными. Укладка и уплотнение образцов должны соответствовать требованиям ГОСТ 10180-78.
Образцы испытывают по ГОСТ 10180-78. 
В качестве окончательного принимают состав, прочность которого отвечает заданной. Ориентировочная прочность бетонов на основе шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой в зависимости от расхода шлака.
Приготовление бетонной смеси
	Приготовление бетонной смеси на основе шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой следует осуществлять на бетоносмесительных узлах с учетом требований технологического регламента, утвержденному в установленном порядке.
	Для введения щелочного компонента в виде водного раствора необходимо их дооборудование технологической линией приготовления щелочного раствора в соответствий с требованиями настоящей инструкции.
Дозирование сухих компонентов (шлака и заполнителей), воды и щелочного раствора производится с точностью до 2% весовыми дозаторами, применяемыми на предприятиях сборного железобетона.
	Приготовление бетонной смеси рекомендуется производить в бетономешалках принудительного действия. Допускается приготовление бетонной смеси на крупном заполнителе в бетономешалках свободного падения.
	Продолжительность смешивания бетонных смесей в цикличных смесителях устанавливается опытным путем лабораторией завода и должны быть не менее указанной в ГОСТ 7473-85. В случае необходимости удлинения сроков сохранения удобоукладываемости смеси введение раствора щелочного компонента производится в две стадии с интервалом 2...3 мин.
	Температура бетонной смеси на выходе из бетономешалки не должна превышать температуру окружающего воздуха и быть не ниже (293+5) К. 
	Транспортирование бетонной смеси в бетонораздатчик должно осуществляться таким же образом, как и смесей на цементных вяжущих, и отвечать требованиям ГОСТ 7473-85.
	Не допускается смешивание бетонной смеси на шлакоблочном вяжущем со смесями на других видах вяжущих.
	При переводе технологической линии на производство бетонов на основе  шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой  следует тщательно очистить технологическое оборудование от остатков других материалов. 
Формование изделий
	Для формования изделий из бетона на основе шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой применяются формы (опалубка) такие же, как и для цементного бетона.
	Подготовка форм (очистка, смазка), установка арматуры и закладных деталей, заполнение форм бетонной смесью и офактуривание осуществляется средствами и приемами, применяемыми на предприятиях сборного железобетона.
	Для смазки форм рекомендуется применять смеси отработанных масел или солярового масла о петролатумом или автолом, или солидолом. Допускается применение других веществ после их предварительного испытания.                                            
	Уплотнение бетона на основе шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой осуществляется всеми способами, применяемыми для уплотнения бетонов на цементных вяжущих. Признак уплотнения бетонной смеси - появление на ее поверхности цементного молока.
	Величина статического давления на смесь, создаваемого пригрузами, виброштампами, вибропрессами и другими виброформующими органами, не должна превышать 0,025 МПа, а при формовании труб вибропрессаниемп в соответствии с действующей нормативно-технической документацией.
	Не допускается в процессе формования добетонирование и офактуривание изделий из бетона на основе шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой смесями или растворами на других видах вяжущих. Доводка изделий из бетона на основе шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой до полной заводской готовности также должна производиться только бетонными смесями и растворами на основе шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой.
           Твердение изделий
	Твердение бетона на основе шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой возможно в естественных условиях при отрицательной и положительной температурах и в условиях тепловлажностной обработки при нормальном и повышенном давлении.
	Уход за монолитным бетоном, должен осуществляться в соответствии с требованиями СНиП 3.03.01-87.
	Время выдерживания перед тепловлажностной обработкой зависит от вида безобжигового щелочного вяжущего. При использовании вяжущих на основных доменных шлаках рекомендуются режимы пропаривания, представленные в таблице В.5. 
Таблица В.5 - Рекомендуемые режимы ТВО изделий из бетона на основе шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой 
	Толщина изделия
	Вид щелочного компонента
	Продолжи-тельность предварительной выдержки, ч
	Скорость подъема температуры до  (308±5) К/ч
	Продолжительность изотермич. Выдержки при (308±5) К/ч
	Продолжительность подъема температуры до (353±5) К/ч
	Продолжительность изотермич. Выдержки при (353±5) К/ч
	Продолжительность снижения температуры, ч

	Более  20 см
	Содощелочной плав
Кальцинированная  сода
Силикат натрия 2<Мс≤3
	

4
	

10..15
	

2
	

3…4
	

4…6
	

3

	До 20 см
	Силикат натрия Мс = 1…2
	2
	-
	-
	3
	-
	3



	При использовании вяжущих на доменных нейтральных, кислых и электротермофосфорных шлаках время выдерживания подбирается опытным путем и определяется продолжительностью периода от затворения до начала схватывания вяжущего.
Разность температур между бетоном и наружным воздухом при распалубке и транспортировке изделий на склад готовой продукции должна соответствовать аналогичным требованиям, предъявляемым к бетонам на цементных вяжущих и составлять не более 200С.
Область применения
Определение областей применения бетонов на основе шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой и номенклатуры конструкций из них следует проводить с учетом их высокой водонепроницаемости, коррозионной стойкости и ряда других специальных свойств.
Монолитные, сборные бетонные и железобетонные конструкции из бетонов на основе шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой применяются при возведении жилых, гражданских и промышленных зданий и сооружений, эксплуатируемых во влажных, воздушно-сухих условиях, а также в условиях водной среды. Бетоны на основе шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой, характеристики меры ползучести и деформаций усадки которых выше, а модуль упругости ниже показателей для тяжелых бетонов на цементных вяжущих, применяются в дорожном строительстве:, плиты покрытий дорог и тротуаров, бордюрные камни, трубы, оголовки, элементы дренажа; номинальном строительстве: элементы водосточных колодцев, приямки, водостоков, ограждения, короба теплоцентралей; промышленном строительства: элементы сборных и монолитных фундаментов, сваи, плиты покрытий и ограждающих конструкций в условиях действия агрессивных растворов сульфатов и хлоридов; сельскохозяйственном строительстве: элементы фундаментов, плиты покрытий, ограждения, полы; жилищном строительстве: элементы фундаментов, стен подвалов; гидромелиоративном строительстве: лотки, короткие стойки, трубы.
	Все виды конструкций из бетона на основе шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой ставятся на производство в соответствии с требованиями ГОСТ 15.001-88, ГОСТ 15.901-85.
            На основания разработанных технической условии и технологического регламента разработан технологическая схема производства шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой  (рисунок В.3).
Технология  производства шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой по следующей технологической последовательности:
- сушка и накопление исходного гранулированного шлака;
- транспортировка высушенного шлака в бункер;
- транспортировка шлака в сушильный барабан;
- хранения и охлаждения высушенного шлака в бункере;
-транспортировка охлажденного шлака, полифункциональног наномодифицирующего добавки и щелочного компонента в мельницу, для его помола до тонины помола 400…500 м2/кг;
-транспортировка шлакощелочного вяжущего с полифункциональной наномодифицирующей добавкой в силос для его накопления и хранения перед отправкой  потребителю.










1.Автосамосвал; 2.Бункер для шлака; 3.Питатель ящичный; 4.Конвейер ленточный; 5.Сушильный барабан; 6.Шнек винтовой; 7.Элеватор (ленточный цепной); 8.Виброгрохот; 9.Бункер для сухого шлака; 10.Дозатор ленточный; 11.Бункер для хим. добавок; 12.Бункер для щелочного компонента; 13.Бункер для ПЦК; 14.Шаровые мельницы; 15.Пневмовинтовой насос; 16.Компрессор; 17.Переключатель силосов; 18.Силос для вяжущего; 19.Цементовоз; 20.Струйный насос; 21.Расходный бункер; 22.Мешкозашивочный машина; 23.Весы; 24.Пакет мешков; 25.Поддоны деревянные.

Рисунок В.3 - Технологическая схема производства шлакощелочных вяжущих с полифункциональной наномодифицирующей добавкой
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TIPUEMKH ONBITHBIX 00PA3LOB KOMHUCCHER

BenomCTBeHHEI MPHEMOYHON KOMUCCHEH Ha OCHOBAHWH NPHKA3a
TOO «Tpancnopr u Cepuc» ot 08. 07. 2019 r. Nel  TpOBEJEHH! MPOMBIILIEHHOE
HCIbITAHUS W TPUEMKA B COOTBETCTBHH C yrBepkaenHo# TOO «Tpancmopr u Cepsuc»
IPOrPaMMOY HCTIBITARHAS ONBITHBIX OOPAasioB M3JeNHil W KOHCTPYKIMH K3 MUTAKOIIETOYHBIX
0eTOHOB ¢ MOMMYHKIHOHATBHON HAHOMOMMHAIHPYIOMEH 06ABKOM HA OCHOBE TEXHOTEHHBIX
otx0z108 (301a TOLI u Go¥ kepamudeckoro kupnuda), paspaboranuem PITI na [IXB IOKTY
uM M. Ayssosa pykoBommrenem gorosopa Nel64-13 Capcenbaessmv B.K.
BezioMcTBeHHAs KOMHCCHS CMTACT IIPEXBABICHHOMN OMEITHEIE 06DA3IIB! IPHHSTHIMH.
IIpOTOKOM MPHEMOUHBIX HCIIBITAHMH SIBISETCS HEOTHEMIIEMOH YACTIO HACTOSIIIETO AKTA.

Ipencenarens KoMuccuu: 9{/ ”/{
I'naBHsIi HHXEHED at
UnteHBI KOMHCCHH:

Hauamsauk [1TO é : AXK. Kaitsipbexos
7/ OM&‘Z

XK. VBammes

Havanenuk nexa JIJ1. Omupraes

ot FOKT'Y um M. Aya3osa:
THC s  B.K. CapcenGaes

HC /{%‘ I'.P. Cayranosa
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opr u Cepsucy
=\ Veames JK.K.
2019 r.

TPHEMOYHBIX TPOMBIILICHHBIX HCIBITAHAH OMNBITHBX O0Pa3oB GETOHHBIX W3JENHH H
KOHCTPYKIHH H3 ILIAKOMENOYHEX GETOHOB C TOMH(bYHKIHOHATBHOMN HaHOMOJHHUIHpYIOmei
J106aBKO# Ha OCHOBE TEXHOTEHHBIX OTXOJIOB [0 ONTHMATBHBIM cocrasaM, paspaborannbmi PITI
Ha [TXB FOKT'Y uM M. Ays30Ba pykoBozuTenem norosopa Nel64-13 Capcen6aesv B.K.

BenomcrBennas npueMouHas KoMHCCHS, HasHa4yeHHas npukaszoM ot 08.07. 2019 r. Nel
TOO «Tpancnopr u Cepsucy mponssena IPHEMOYHBIC HCIBITAHHUS O0OpasloB B IEPHON
08.07.2019r. o 14.07.2019r u ycrarosuna CIIEyIOIHE OCHOBHBIE JAHHBIE:

PA3JIETT I

CoipbeBble MaTepaaIb

B kauecTBe HCXOMHBIX CEIDhEBBIX MATEPHATOB /IS NPOM3BOICTBA H3 IIaKOIIENOYHBIX
GETOHOB C MONMUGBYHKITHOHATEHON HaHOMOM(UIHMpYIoNel 106aBKOM HA OCHOBE TEXHOTEHHBIX
orxozo (30ma TOC u 60l Kepammaeckoro Kupmmya).

B kaectBe 10GaBKH HCIONB30BATH: 30Ma T3] r. Koxmeray u 6o#t KepaMHdecKoro
kupnuaa TOO «ENKI» .

B KagecTse meN0YHOr0 KOMIIOHEHTA HCIIONB30BATH: METACHITAKAT HaTpPHsL.

TexHomnorus [UIAKOMIETOYHBIX BSDKYIIEX c oMU YHKIHOHATEHOM
HaHOMOM(bULHpYIomel T06aBKO 3aKIIOYAETCS B COBMECTHOM TIOMOJIE IIUIAKA H TEXHOTCHHELX
orxon08 (3oms1 TOII u Goit xegammecxoro KMpIYa) B MAPOBOX MENBHHNE 10 YACTHHOM
nosepxHocTH  4500-5000 cm/r. Ilocne moMONA  ILIAKOMIENOWHEIX BOKYIIMX C
TO/HYHKIMOHATEHON HaHOMOIHGUIMpYIOmEH 06aBKOH TONAETCH B GETOHOCMECTHTENEHEIH
Y3€lI U1l IPUTOTOBICHHS GETOHHOM CMeCH.

B npomseozicTse GeTORHBIX CMeceit, HeOGXOMMMO YIHTHBATE MAIy0 IIPOJOIDKATENBHOCTD
CPOKOB  CXBATHIBAHHSA, OCOGCHHO Ha BOKYIIMX COIEPXANMX METACHIMKATH ETOYHBIX
METaJLIOB, 2 Takue HU3KYIO BOXOMOTPeGHOCTS. BEICOKas a/ire3us MUTAKOMIENOUHBIX BOKYIIHX K
MCTAlTy BBI3HIBACT HEOOXONMMOCTb TIIATENBHON CMa3ki (opM. TMockonsky mapameTpsi
JIUIOTHEHHS ¥ IEPEMEINMBARNS ONPE/IE/SIOT IIOTHOCTS CTPYKTYPEL GETOHA W €ro IpOYHOCTS,
TEXHONOHH MPHTOTOBNICHHsS GETOHHBIX CMeCe H WX ()OPMHPOBAHWS NOIKHO YAeNATHCS
0C06EHHOE BHUMAHHE.

TexHo.10rus IPOU3BOACTRA MIAKOMENOYHEIX BSUKYIIAX ¢ HNOTHDYHKIHOHATILHOMH
HAHOMOAUQHIHUPYIONIed 100ABKOH Ha 0CHOBE JOMEHHBIX MLIAKOB.

IllnakomenouHEe ByImHMe MPOH3BOMMIA TIO OIHOCTAJMHHOMY CXEMe NPOU3BOJICTBA C
COBMECTHOM IIOMOJIOM IILTaKa C nonnd)yﬂkunoawmqoﬁ HaHOMOTU(UIHPYOmER 106aBKOH 1
[HETOYHBIM = KOMIIOHEHTOM, KOTOpOE NPHMEHSeTCS Kak OOBIMHBIN NODTIAHALEMEHT, T.e.
3aTBOPSAETCS BOXOH.

Ilpr  ommocranmitHoM mpomsBoxcTBE XapaKTEePUCTHKH  CHIPHEBHIX  KOMIIOHEHTOB
YCPEIHSIOTCA B IpOLECCe TOMOTEHH3AUWH H, B DE3yTbTaTe, MONy9YaeTcs IPOAYKT ¢
OIHOPOJHEIMH XapaKTEPUCTHKAME B KAXKIOH NAPTHH.

TIpoussozncTea [UIaKOIIEIOYHbIX BSDKYIIHX ¢ NOTH(YHKIHOHATBHOK
HaHOMOZU(UImpYIOmel 106aBKOM COCTOMT B OCHOBHOM H3 CIEYIONIHX OTepaHit:




oleObject2.bin

image68.jpeg
- HaKOIUIEHHE MCXOHOTO IPaHyIMPOBAHHOrO JOMEHHOIO MLIaKa;

- TPaHCTIOPTHPOBKA HCXOJHOTO LIIaKa B GyHKeD;

- mojiaua muiaka u3 GyHKepa B CyIIMIbHBIH GapabaH;

- TPaHCIOPTHPOBKA BHICYLIEHHOTO NUIaka B GYHKep, MM OJTHOBPEMEHHO XDaHCHHs H
OXJIAXICHHS;

- 1071292 BEICYIIEHHOTO UIaKa M JOGABKH, IIENOYHOrO KOMIIOHEHT2 B MEBHHUILY, JUIA €ro
[OMONa [0 YAeNbHOR nosepxHocTH 4500...5000 Mk 3

- TPaHCHOPTHPOBKA  IUIAKOMIENOYHOr0-  BSKYIMEro  C nosiGyHKIHOHATBHOM
HaHOMOM(HUIEPYIOLIEH J06aBKOH B CHIIOC IS €10 HAKOIICHHS A XPAHCHHUSL.

Texauxa 6e30NacHOCTH

Camo coBoif pasymeercsi, 9T0 B IpOIECCe CYNIKA IUIaka M IOMOJA IUIaKOMIETI0THOro
BSOKYIIETO ¢ MOMM(YHKIMOHANBHOYM HAHOMOMMbHIMpYIOMIEH 106aBKO¥M  TEXHOJOTHYECKas
JMHES (OJDKHA GHIT CHAGKeHa CeNapaTOPHBIMHU ¥ aCTHPAMOHHBIMU arPEraTamMH, IroGsr:

- COOTBETCTBOBATh CAHWTADHBIM HOPMaM KOHIEHTpAalMd IMBUIM B HOMEINCHHAX (B
BO3JyXE);

- yNIaB/IMBaTh OTXO/IANIME ra3bl U LB,

- BO3BDATHTH B CHJIOC NBUICBHIHEIE IUIAKY, C NEbiO JATBHEAINEro MX MCIONB30BAHMS B
KadyecTBe IEMEHTa;

- TIOBBICHTH IPOM3BOMTENHHOCTH CYIIAIIOK ¥ MEJTBHAIL.

OnNbITHO-NPOMbINIIEHHAS HCILITAHAA:

[1inaKoIneT0YHbIe BHKyIIHE C MOMA(YHKIHOHATBHOH HaHOMOTUhHIMpPYIOLIEH 106aBKO’

(30mb1 TDLI) HMenH crexyrommii cocTas, %:

1- cocras:
I'paHyMpOBaHHbIH TOMEHHBIA MLIAK 74-86
3ona TOL{ 10-20
I1{en09HO# KOMIOHEHT (METACHITMKAT HATPHH) 4-6

TpOYHOCTS TUTAKOMENOYHOr0 GeToHa ¢ MoMidyHKIMOHATBHOR HaHOMOIM(HUIHpPYIOMEH
no6asKoit (3oma TAIT) #a nomerHoM - 54,0-62.0 MITa, Mapka 500-600.
Cocrasbl 6eTOHOB NPUBEAEHS! B TabmHIIE 1.

Ta6muma 1-CocTaBel GETOHOB HAa  OCHOBE  IUIAKOIIENOYHOro  BSOKymero ¢
MOMA(YHKIMOHATIBHOM HAHOMOIM(HUIMPYIOMeH no6asko (3oma TOL) Ha IOMEHHOM LIIAKE H
MeTacuukate Hatpust Syx = 4600 oM’/ T COBMECTHOTO TIOMOJIA.

Mapka | Pacxol Matepnaiios Ha 1M’ 6eToHa, KT [ TIpoun | Cpemmsis | Ocanxa
GeroHa Illenounc#t | [lecox | IlleGens Bona oCTh IUIOTHOCTb, | KOHYCa,
LEMEHT . | MIla KI/M CM.

400 400 500 1300 195 54,1 2415 8,3
450 450 530 1180 230 56,5 2460 8,2
500 500 500 1130 249 58,1 2478 8,5
550 550 1500 - 350 60,0 2480 8.8
600 600 1450 - 354 62,8 2445 8,6

I111aKOMETOUHbIE BKYITHE ¢ OMA(YHKINOHAIBHON HaHOMOIUpHIHpyIomeH J106aBKOH
(60¥ KepaMHUECKOTO KHPIHYa) MMENH CIICyIOmK# cocTas, %
2- COCTaB:
T'paHyMpOBaHHbIH TOMEHHBIH MUIAK 64-76
Boii kepaMHYECKOro KHpnuya 20-30
[{en09HO# KOMIOHEHT (METACHIIMKAT HATpWi) 4-6




image69.jpeg
TIpousocts muIakomenounoro Gerona ¢ O YHKIMOHATEHOM HaHoMoxubUIHpyIOmEH
noGaBKo# (60 KePAMHUYECKOTO KUPIIHYa) HA IOMEHHOM - 63,7-73.4 MIIa, mapka 600-700.
Cocrasbl 6eTOHOB puBeIeHb! B TabHLE 2.

Tabmuna 2-CocTaBel GETOHOB Ha  OCHOBE IIJIAKOMIETIOYHOTO  BSDKYLIETO  C
TOIM(YHKIMORATBHOY HaHOMOIM(HIMpYIOmel 106aBKOK (6ot KepaMM4YeCKOro KWpIH4a) Ha

JOMEHHOM IIUTAKE ¥ METACHITHKATe HaTpust Sy = 4800 cM>/ I COBMECTHOIO ITOMOJA. .
Mapka Pacxon Matepuanos Ha 1M’ GeToHa, KT TIpoun | Cpennss Ocanxa
Gerona | Illenouno#t | [lecox | Illebens | Boma | ocTb IUIOTHOCTB, | KOHYca,

IEMEHT MIla Kr/m’ CM.
400 400 500 1300 195 63,7 2470 8,5
450 450 530 1180 230 67,8 2473 8,7
500 500 500 1130 249 68,6 2482 8.8
550 550 1500 - 350 70,5 2486 8,9
600 600 1450 - 354 73,4 2492 8.9

WsroTosnertr hyrnamMenTHsIE GIIOKH ¥ CTONGUKH s OrpaXKICHHS.

Texuonorust H3roToBNeNs M3nEMHt U3 GeTOHA HA OCHOBE MLTAKOMIEIOYHOTO BSDKYILETO C
oMM YHKIMORANEHOY HaHOMOMHIHMpYIOme 106aBKOMH (3oma TOI u Go¥ KepaMHYecKOro
KHPIIHa) Ha JOMEHHOM IIUIAKE aHAIIOTMYHA TeXHONOTHA H3rOTOBIEHHAS MX HA OGBIYHOM IEMEHTe.
PactBope! menouHBIX KOMIOHEHTOB mpHAaeT GeroHHON CcMeck TOBBIIIEHHYIO BSI3KOCTb,
T03TOMY GETOH C €ro MpHMEHEeHHeM P BHOGPUPOBARHH, PasKHKAsACh, JydIne pacupeenseTcs
B hopme.

JUIsi onpeneneHWs NPOYHOCTH HA CXKATHE GBUIH H3TOTOBJICHE! KyOMKH C pa3sMepamu
10x10x10cm.

PA3JIEJT I

VcnbiTanns 06pasiioB COTNacHo MpOrpaMM HCHBITAHHN B KX PE3yIBTATOB MOKA3ad
TEXHHHECKYIO BOSMOXHOCTE H3TOTOBJICHHS M3NENUM W KOHCTPYKIMH ¢ NPHMEHEHHEM GETOHOB
Ha OCHOBC MUIAKOMENOYHbIX BXYNHUX C NOMH(YHKIMOHATSHON HAHOMOMMMHIHMPYIOMmeH
no6asxoi (3oma TILI u 6o KepaMHUYECKOI0 KUPIIMYa) W3 JIOMEHHBIX [IUIAKOB .

PA3JIEJI 11T

Beieonsl u npennokenus. Vspenns W KOHCTPYKIWH, M3TOTOBJNEHHEIS ¢ TPUMEHEHHEM
GeTOHOB  Ha  OCHOBE  ILIAKOMIETOMHBIX BODKYIX ¢ NONM(YHKIHOHATEHOR
HaHOMomduIHMpyromeil n06askoi (3012 TALI u 6ot KEPaMHUYECKOr'0 KHMpIIHYa) M3 JOMEHHBIX
IUIAKOB, MO OCHOBHBIM CBOWCTBAM COOTBETCTBYIOT TPEGOBAHWSAM HOPMATHBOB. TeXHOOTHS
TIPOM3BONCTBA GETOHHBIX H JeNIe300eTOHHBIX H3/IENHi Ha OCHOBE ILTAKOMIETOHBIX BSDKYIIHX C
NOMH(YHKIMOHATEHON HAHOMOTMHIMpYIOmeH 106aBKOH (3oma TOII u 6ok Kepamuyeckoro
KUPITH|a) W3 JOMEHHBIX IITAKOB PEKOMER/IYETCs K BHEIPEHHIO B TPOM3BOJCTBO.

Tpezcenarens KOMHCCHH: %V(l : ,_,,_,7
I'naBHEI WHXeHED Veame XK.K.

UNeHbI KOMUCCHHE: %
Havansauk IITO | AX. KaiisipGexos
Havansnuk nexa .00 J.J1. Omupraes

ot IOKI'Y yim M. Ay33oBa:
THC
Be

B.K. CapcenGaes
I'.P. Cayranosa
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[IPUEMKH ONBITHBIX 00pa3iioB KOMUCCHEH

BenoMcTBeHHBI PHEMOYHOM KOMHUCCHEH HA OCHOBAHHH IpUKa3a
TOO «Tpancmopr u Cepsuc» ot 13. 08. 2020 r. Nel MPOBEIECHB! IIPOMBIILIEHHOE
VCTIBITAHUS M IMPHEMKa B COOTBETCTBHM C yTBepxjaeHHOH TOO «Tpancmopr u Cepsucy»
IPOTrPaMMO¥M HCIIBITAHUS ONBITHBIX OOPa3llOB W3[EMUH M KOHCTPYKUHN M3 IUTAKOIIETOYHBIX
6ETOHOB ¢ MONMM(YHKIHOHAIBHON HAHOMOMMGUIHUpYIOIEH 106aBKOH HA OCHOBE IIPHPOTHOTO
ChIpbSl  (BOJUIACTOHMT M LeonwuT), paspabotamasiM HAO IOKITY mm M. Ay330Ba
pyxoBozuTteneM norosopa Nel64-13 Capcenbaessv Bb.K.
BenomcTBenHas KOMHCCHS CIMTAET PEIBSBICHHOMN OMBITHBIE 00pasIbl MPUHATHIMH.
IIpoTOKON MPHEMOYHEIX HCIIBITAHMUI SBISETCS HEOTHEMIIEMOM 9aCTHIO HACTOSIIErO aKTa.

ITpencenarens xomuccuu:
o ¢ [ l’ Y/ z,./ /
['maBHBI HHXEHED it Veames XK.K.

YJieHBI KOMHCCHH: )
Hauansauk I1TO ( /uﬂ’,/ A X. Kaitbip6ekoB
Havanbauk nexa - f (/&) E.EVmauGaes

ot JOKT'Y um M. Ays3osa:
I'HC
HC

B.K. Capcenbaen
I'.P. Cayranosa
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KOHCTPYKITHH M3 IUIAKOLIENOYHBIX GETOHOB C MOMM(YHKIMOHATBHOM HAHOMOTHMHIMpYIOmeit
106aBKO¥ Ha OCHOBE PHPOHOTO CHIPbs (BOJLTACTOHMT M IEOTHT) 110 ONTHMATHHBIM COCTABAM,
paspaGorannby HAO IOKI'Y um M. AyasoBa  pykoBomureniem  joroBopa Nel64-13
Capcen6aessim B.K.

BenomcTBenHas mpueModHas KOMACCHS, Ha3HAYEHHAs pEKasoM oT  13.08. 2020 r. Nel
TOO «Tpancmopr u CepBuc» NpoW3BeNa NPHEMOYHBIE HCIBITAHHS o6pa3ioB B mepHox
13.08.2020 r. mo 18.08.2020 r. ¥ ycTaHOBHIA CIIE/TYIONIHE OCHOBHBIE JAHHBIE:

PA3JIEJT I
ChIpbeBbIe MATEPHAJIbI

B KadecTBe HCXOMHBIX CHIPHEBBIX MATEPHANOB JUISi MPOM3BOJCTBA M3 LLIAKOMIETOUHBIX
GETOHOB ¢ MONMH(YHKIHOHANLHON HAHOMOMMGUIMpYIONEH 106aBKOH HA OCHOBE TIPHPOTHOTO
ChIPbsI HCTIOJIB30BANH: BOJUIACTOHHT U IIEOJIHUT.

B xavecTBe mMEeNOYHOro KOMIIOHEHTA HCIIOJB30BAH: METACHITHKAT HATPHS.

TexHomnorus ITaKOMIENIOYHBIX BSDKYIIAX c NOMH(YHKIHOHATBHON
HaHOMOJH(UIMPYIOMIEH 106aBKOM 3aKITIOUACTCS B COBMECTHOM TOMOJIE IILIAKA  IPHPOIHOTO

b5l (BOJUIACTOHHT M IIEONMT) B IIAPOBON MENBHHIE 10 yAETBHOM moBepxHOCTH 4500-5000

cM’/r.  Tlocme  mOMONA  IIIAKOMENOYHBIX — BSKYNMX  C  IOMH(YHKIHOHATHHOH
HaHoMomuuImpylomeif  x06aBKod momaeTcs B GETOHOCMECTHTENBHBIA y3en s
TIPUTOTOBIICHHs GETOHHOH cMecH. B mpou3Bo/icTBe GeTOHHBIX cMecel, HeOGXOTAMO YIHTHIBATE
Malylo MPOJOIKHTENEHOCTE CPOKOB CXBATHIBAHMS, OCOOCHHO Ha BSIKYIIHX COJEPYKAIIMX
METaCHJIMKaThl IIEJOYHBIX META/IOB, a TaKHe HU3KYI0 BOAONOTPeGHOCTH. BBICOKas ajre3us
ILIIaKOMENOYHBIX BUKYIMX K METAlLly BBI3BIBAET HEOOXOTMMOCTE TIATENBHON CMa3KH HOpM.
TlockobKy NapaMeTpEl YIIIOTHEHHS W IePEMEIIHBAHUS ONPENENSIOT IIOTHOCTh CTPYKTYpBI
GeToHa M €ro IMPOYHOCTb, TEXHONOTHH MPHTOTOBJCHHS GETOHHBIX CMecel U HX (opmupoBaHus
JIOJDKHO YAENATHCSA 0COOEHHOE BHUMAHHE.

TexHo10rus IPOM3BOACTBA MIIAKOMETOTHBIX BS/KYIIAX ¢ MO DYHKIHOHATBHON
HaHOMOUHIMpYIONIel J06ABKOH HA OCHOBE JOMEHHBIX ILIAKOB.

IlInaxomenouHble BSXyIIHE MPOM3BOMMIM IO OJHOCTATMIHOMY CXeMe IPOH3BOLCTBA ©
COBMECTHOM MOMOJIOM IIIaKa C MOMH(YHKIMOHATBHON HaHOMOAMMHIMpYIOMeH 106aBKOH
TIPAPOJHOTO  CHIPbsi  (BOJUIACTOHMT M WEOJNHT) M INEIOYHBIM KOMIIOHEHTOM, KOTODOE
TPUMEHSETCS Kak OOBIMHEIH MOPTIAHALEMEHT, T.€. 3aTBOPAETCS BOJIOM.

H3rotoBnenus ILTaKOMETOYHBIX BSDKYIIAX c oM YHKIHOHATEHOM
HAaHOMOMHIHpYIome# 106aBKOK NPHPOIHOTO ChIPbs (BOIACTOHHT M IEOJIHT) OCYIIECTBIICH
Ha 3aBozie TOO «3aBon Cyxux ITenoGeTonnbix Cmeceit» T. [TeTponasiosek.

Ipr  omHOCTajMIHOM NpPOM3BONCTBE  XAPAKTEPHCTHKH  CHIPBEBBIX  KOMIIOHEHTOB
YCPEAHSIOTCS B TNPONECCE TIOMOrCHW3alMH H, B pe3ylbTare, IONYdaeTcs HPOIYKT C
OJIHOPOJHBIMH XapaKTePHCTHKAMH B KaX/I0H MapTHH.
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IIpousBoxcTaa IUIAKOMIETOYHBIX BSDKYIITAX c oA (YHKIHOHATBHON
HaHOMOJM(UIMpYIOMmeH J06aBKON IPHPOJHOIO CHIPbSA (BOUTACTOHHT M IEOJHT) COCTOHT B
OCHOBHOM H3 CJIETYIOIIMX ONEepaIiyii:

- HAKOIUIEHHE MCXOIHOTO IPaHy TMPOBAHHOTO JOMEHHOIO IILIAKa;

- TPaHCIIOPTHPOBKA HCXOJHOTO ILTaKa B GyHKep;

- mojiaya Imaka u3 GyHKepa B CyIIHIbHBIN Gapaban;

- TPAHCIIOPTUPOBKA BBICYIIEHHOTO NLTaka B OyHKep, Ui OXHOBPEMEHHO XPAHEHHS U
OXJIAXICHHS; >

- II0/{aYa BBICYIIEHHOTO NIJIaKa M JIOOABKH, IIEJOYHOr0 KOMIIOHEHTa B MEJIBHHUILY, VIS €10
IoMona 0 yAemsHo# moBepxHOcTH 4500...5000 M/Kr;

- TPAHCIIOPTHPOBKA  ILIAKOMEJOYHOTO  BSKYIEr0O € HOMA(YHKIHOHAIBHOM
HaHOMOMbUIHpYome# 106aBKOM TPUPOIHOrO CHIPbS (BOJUIACTOHMT M TIEOJHUT) B CHIOC IS
€r0 HaKOIUICHHS H XPaHEHHS.

Texnuka GezonacHocTn

Camo cobo#i pasymeercs, 4TO B MPOLECCE CYMIKA LUIAKA M MOMOJA IUIAKOMIETOYHOTO
BSDKYIIEro ¢ MOMMGbYHKIMOHATBHOM HaHOMOMMGHUIMpYIOIEH N06GaBKOY IIPUPOIHOTO CHIPbS
(BOJLTACTOHHT H IEONUT) TEXHOIOTHYECKas IHHHS J0JDKHA GBITh CHabXeHa CenapaTopHBIMH 1
acIMpalHOHHBIMH arperaTaMy, 9To0bl:

- COOTBETCTBOBaTh CAHMTApHEIM HOPMaM KOHIIEHTPAUMH NBUIA B IIOMEIEHHAX (B
BO3yXe);

- YIaBIMBaTh OTXOJISIIHNE ra3kl U MBUIB;

- BO3BPAaTUTh B CHJIOC NBUIEBH/IHbIE IIUIAKH, C IEIbIO JAIGHEHIIEro UX HCIONb30BAHAS B
Ka4yecTBe LEMEHTa;

- TIOBBICHTH TIPOM3BOTUTEIHHOCTD CYIIHIOK ¥ MEIbHHIL.

ONBbITHO-NPOMBINIIEHHAS HCIBITAHUS:

[lnaxomenoynble BOKyIHE ¢ MOMHYHKIHOHATEHON HaHOMOAU(HUIMpYOme 106aBKOK

NIPUPOHOTO CHIPHS (BOJUIACTOHHUT) UMEIIH CIEAYIONIUiA cocTas, Yo:

1-cocraB:
I'panynMpoBaHHEIH JOMEHHBIH LLIAK 74-86
Bomnactout 10-20
IllenounO# KOMIIOHEHT (METaCHIMKAT HATPHiT) 4-6

TIpodHOCTS MUTAKOMENOYHOro GeToHa ¢ MOMA(YHKIMOHATEHOH HAHOMOMM(UIHpYOMEH
1106aBKO# MPHPOTHOTO CHIPBS (BOJUIACTOHHT) Ha IOMEHHOM - 52,5-61,3MI Ta, mapka S00-600.
CocraBsl 6eTOHOB prBeeHE! B Tabmuie 1.

Tabmana 1-CocTaBel 6GETOHOB HAa OCHOBE IUIAKOIIENOYHOTO  BSKYIErO C
HOMA(YHKIHOHATEHOM HaHOMOAH(HIMPYIOMEH 106aBKO# MPUPOTHOTO CHIphA (BOIUIACTOHHT)
Ha JJOMEHHOM IIUIaKe ¥ METacHIIMKaTe Hatpus Syx = 4500 cM’/ T COBMECTHOTO IIOMOITA.

Mapxka Pacxo/1 MaTepHaios Ha IM° GETOHa, KT: Ilpoun | Cpemuss Ocajxa
6erona Ilenouno#t | [Tecox | Ille6enn Bona 0oCTh TUIOTHOCTh, | KOHYCa,
LEMEHT MIla Kr/M® CM.

400 400 500 1300 195 52,5 2435 8,1
450 450 530 1180 230 33.5 2445 8.3
500 500 500 1130 249 54,1 2468 8,6
550 550 1500 - %350 57,0 2470 8,7
600 600 1450 - 354 61,3 2485 8.9

IInakomenodnsie BOKyMHE ¢ MOMAGYHKIMOHATBHON HaHOMOMUbHIHpYIOme# J06aBKOM
TPEPOHOTO CHIPBS (II€OTHT) HMEIH CIIeAyIOIHi cocTas, %:

_ 2-cocras:
T'paHyMpOBaHHbIH JOMEHHBIH ILUIaK 64-76
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ITeno4rO# KOMIOHEHT (METACHTHKAT HATPHiA) 4-6

Ipogrocts mutakomenoyHoro GeToHa ¢ MOMA(YHKIHOHATEHOH HAHOMOIHUIHPYIOEH
1106aBKO# IPHPOIHOTO ChIPbs (LIEOTHT) Ha JIOMEHHOM - 61,4-69,8 MITa, Mapka 600-700.

CocraBbl 6ETOHOB [PHBENIEHBI B TabHIIE 2.

Tabmama 2-CoctaBsl GeTOHOB HAa OCHOBE  ILIAKOMIENOYHOTO BSDKYIIETO ¢
MOMM(YHKIHOHATEHOM HaHOMOTMGUITUpYIOMmeH 106aBKOM TIPHPOIHOTO CHIPhs (LIEOJHT)* HA
JIOMEHHOM IIUIAKE ¥ METACHIIMKATE HATpus Sy = 4700 cM?/ I COBMECTHOTO MOMOIA.

Mapka Pacxoz Matepranos Ha 1M’ 6eToHa, KI* Ipoun | Cpenmsist Ocanxa
6erona Ilenouno#t | IMecox | Ille6ens Bona 0oCTh IUIOTHOCTh, | KOHYCa,
IIeMeHT MIla | kr/m’ oM.

400 400 500 1300 195 61,4 2473 83
450 450 530 1180 230 63,7 2476 8,5
500 500 500 1130 249 65,3 2481 8,7
550 550 1500 - 350 68,5 2483 8,8
600 600 1450 - 354 69,8 2489 8,9

Usrorosnens! GyHaMeHTHbIE GIOKH ¥ CTONGUKH LIS OTPaKACHHS.

Texnonornust usroronenns u3senmii u3 GeToHa Ha OCHOBE ILTAKOMIENOYHOTO BSKYILIETO C
TOMHYHKIMOHATEHOM HaHOMOAM(HIEPYIOME# J06ABKON MPHPOIHOTO CBIPbS (BOJIIACTOHHUT K
IICOJIMT) HA IOMEHHOM IUIAKE aHAIOTHYHA TEXHONOTHH H3TOTOBJEHHS X HA OGBIYHOM IIEMEHTE.
PacTBODBI IENOYHEIX KOMIIOHEHTOB — NPHJAET GETOHHOW CMECH MOBHINEHHYIO BS3KOCTH,
T05TOMY GETOH C €ro MPUMEHEHHEM NP BHUGPHPOBAHNAHY, Pa3KIKAsCh, JydIle PACIIPEENSeTCs
B hopme.

Jlis onpernieneHHs MPOYHOCTH Ha CXKaThe GBUIM W3TOTOBJEHBI KyGHKH C pasMepami
10x10x10cMm.

PA3JIEJT I

Wcnbrrannst 06pasnoB COINacHoO HpOrpaMM HCHBITAHMN H ‘HX De3ylIbTAaTOB IOKA3aid
TEXHHYECKYIO BOSMOXHOCTh H3TOTOBJICHHS U3/ENMH ¥ KOHCTPYKIUM C NMPHMEHEHHEM GETOHOB
Ha OCHOBE MUIAKOMENOYHBIX BSDKYIMX C MOMH(YHKIHOHAIBHOK HAHOMOMHGbHIMPYIOMEH
71106aBKO¥M MPHPOIHOTO CHIPbs (BOJUTACTOHHT M IEOJIHT) H3 IOMEHHBIX [INTAKOB .

PA3JIEJT III

BeiBogst u npemtokenus. M3enus W KOHCTPYKIMH, H3rOTOBJIEHHBIE C TIPEMEHEHHEM
GeTOHOB ~ HAa  OCHOBE  IUIAKOMENOYHBIX  BSKYIIAX  C TOTHYHKIIHOHATBHOM
HaHOMO/M(UIMPYIOMEH T0GAaBKOH MPUPOTHOTO CHIPS (BOIACTOHUT H LIEOJIAT) 3 JIOMEHHBIX
IUIAKOB, 0 OCHOBHBIM CBOWCTBAM COOTBETCTBYIOT TPeGOBAHHMSM HOPMATHBOB. TeXHONOTHS
TIPOM3BOJICTBA GETOHHBIX H JKeNE300ETOHHBIX M3/EMAN Ha OCHOBE ILIAKOIIEIOUHBIX BSKYIHX C
n0MHbYHKIHOHATEHOM HAHOMOMH(HIMpYIOmel 106aBKOM IPHPOIHOIO CHIPBS (BOJIACTOHUT |
LICOJIAT) M3 JIOMEHHBIX IIUTAKOB PEKOMEHIYETCS K BHEPEHHIO B IPOH3BO/CTEO.

IIpencenarens KOMACCHH: % a};[ V/ /
I'naBHEbIi HEKEHED / XK K.VBanues
UNeHB! KOMHCCHH: s

Havamerux [1TO 74 ~ / AX Kaiisip6exos
Hauanprux nexa K & utyf”” EE. Vimau6acs
&/
V

ot FOKT'Y um M. Ays3osa:
THC @/ B.K. Capcenbaes
HC T'.P. Cayranosa
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AKT
NIPUEMKH OIBITHBIX 00pa3LoB KOMUCCHET

BesioMcTBeHHOM pHEMOYHON KOMHCCHEl Ha OCHOBAHHH npukaza TOO «3aBox Cyxux

IlenoGeronnpix Cmeceit» or 13. 08. 2020 r. Nel  nposeseHbt MPOMBIIJIEHHbIE HCIBITAHHS U
[puemMka B COOTBETCTBHHM ¢ yTBepkaAeHHOH TOO «3aBox Cyxux IlenoGeronnsix Cwmeceii»
1IPOrpaMMOM HCIBITAHUS OMBITHBIX 0OPA3LOB M3AeAMH M KOHCTPYKUHH M3 LILIAKOLIEOUHBIX
GEeTOHOB ¢ MOJH(YHKIMOHATBHOI HaHOMOMBHIMPYIOIIEH 106aBKOI Ha OCHOBE TEXHOrEHHBIX
orx0108 (301a TOL[ u Goii Kepammueckoro Kupruua) u MPUPOJHOTO CHIPbS (IIPUPOAHBIH
BOJUIACTOHUT M neonuT), paspaGoranubiv HAO IOKI'Y um M. Ayasosa PYKOBOJMTENIEM
noroopa Nel64-13 Capcenbaesbiv B.K.

BenomcTBeHHas KOMMCCHS cunTaeT MPEe/IbSIBJICHHON ONBITHBIE 06pa3um TPUHATBIMH.
HpOTOKOH IIPHEMOYHBIX HCIIBITAHUH SBJISIETCS. HEOTHEMIIEMOMH YacThIO HaCTOAIIEIro akra.

Ilpencenaresns komuccuu:
WrskeHep KOHCTPYKTOP W& 3. VimanGaen
EHL%

Macrep yuacrtka K< . H. Yepkacos
Texnounor d\ﬁ" b. M. Bykcukos

ot IOKI'Y um M. Ayasosa:
I'HC
BHC

b.K. Capcenbaen
H.b. Capcenbaen
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MMPOTOKOJI

NPUEMOYHBIX [POMBILIICHHBIX HCMBITAHUH ONBITHBIX 00pa3oB GETOHHBIX W3JENHH U
KOHCTPYKIHIi U3 LUIAKOLIEIOYHBIX GETOHOB ¢ NOMM(YHKIMOHAIBHON HAHOMOAMBULUPYIOLIEH
2100aBKOH Ha OCHOBE TEXHOICHHBIX OTXOJ0B M PUPOIHOIO CHIPhS MO ONTHMATLHBIM COCTABAM,
paspaGorannbiv HAO IOKI'Y um M. AyssoBa  pykooautenem  jgorosopa Nel64-13
CapcenGaenbim B.K.

Benomerpennas npuemounas KoMuccHs, Ha3HaYeHHas npukasoM ot 13.08. 2020 r. Nel
TOO «3aBoa Cyxux IlenoGeronnnix Cveceii» npou3Bea IPUEMOYHbIE HCTIBITAHHS 06PA3LOB B
neproa 13.08.2020r. no 22.08.2020 r i ycTaHOBUIA CIIE/YIONIME OCHOBHBIE JAHHEIE:

PA3JIET [

ChbIpbeBbie MATEPHAIBI

B KkauecTBe MCXOJHBIX CHLIPHEBBIX MAaTEPHAIOB /UL MPOM3BOJICTBA M3 IIIAKOIIENOYHBIX
GeTOHOB ¢ MOMM(YHKIHOHATLHOH HaHOMOAM(pUIHPYIOlIel 106aBKOH HAa OCHOBE TEXHOTEHHBIX
orxoz08 (301a TOL[ n Goi#f KepaMMYecKOro KHpIIM4a) W MPHUPOAHOTO CHIPhS (IPUPOIHBII
BOJUIACTOHUT M LIEOJIHT). .

B kauectse  noGaBku mcmonbsosami: 3oma TDLI, Goif Kepammueckoro KMprmua,
HPUPO/IHbII BOJUIACTOHUT H LIEOJIUT.

B kauecTBe MIEJI0YHOrO KOMIOHEHTA HCIIOJIb30BAIH: METACUIIHKAT HATPHS.

Texnosnorus IITAKOIIETOYHBIX BSDKYLILHX c 10/ (pYHKIHOHATBHOM
HaHOMOMpUIMpYIOLIEH 106aBKOM 3aKII04AETCS B COBMECTHOM TOMOJIE HITaKa M TeXHOTEHHBIX
0TX010B (30161 TOLL 1 Goii KepaMMyecKoro KMpIM4a) H MPHPOAHOTO ChIpbsi (IPUPOJIHAIN
BOJUIACTOHMT H LEOJIUT) B BEPTHKAIBHOI 11aPOBOM MeIbHHIE /10 YAeIbHOI nmoBepxHocTH 4500-
5000 cv’/r. Tlocie MOMOJA  IIIAKOLIETOHHBIX BSOKYIIMX € MOJH(YHKIIHOHATIBHOM
HaHomMoMuIMpylomel  100aBKO#  1oxaercs B OETOHOCMECTHTEJbHBIN  y3ea1 s
[IPUrOTOBJICHUs GETOHHOM CMECH. i

B npousBosictse GeTOHHBIX cMeceif, HEOOXOAMMO YYHTBIBATH MATYIO IPOJOIKHTETBHOCTD
CPOKOB ~ CXBaTbIBaHMs, OCOOEHHO HA BSKYIIMX COJAEPIKALIMX METACHJIMKATHl IIEJIOUHBIX
METaJL/IOB, @ TAKIKE HU3KYIO BOAONOTPEOHOCTh. BhICOKas are3usi LIIAKOIENIOUHBIX BSOKYIIUMX K
METa/lTy BbI3BIBAET HEOOXOAMMOCTH TIIATENIbHOM cMasku (opm. Ilockonbky mapamerpsl
YIUIOTHEHHS M [IEPEMELINBAHUS OMPE/IEIISIOT MIIOTHOCTh CTPYKTYPhl GETOHA M €r0 MPOYHOCTD,
TEXHOJIOTHH [IPUIOTOBJICHUS OETOHHBIX CMecel M HX (POPMHUPOBAHMS JOIDKHO YIENATHCS
0coOeHHOe BHUMAHHE. %

TexHo10rus IPOM3BO/ICTBA MIIAKONIET0MHBIX BSIKY X ¢ NOJH(YHKUHOHAILHOI

HaHOMOAH(pHUMPYIomeii 100aBKOIi HA 0CHOBE IOMEHHBIX ULJIAKOB.

[lnakowenounbie BSKYIIHE TPOM3BOAMIN 110 OJHOCTAJMHHON CXeMe NPOM3BOJCTBA C
COBMECTHBIM [1OMOJIOM lIJIaKa ¢ NOJM(YHKIUHOHAIBLHON HaHOMOAM(HUUHpYIOwIEH 106aBKOH H
LIEIOYHBIM  KOMIIOHEHTOM, KOTOpbIl NPHMEHAETCS Kak OOBIMHBIA MOPTJIAHALEMEHT, T.€.
3aTBOPSETCS BOJOH.
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Ilpu  onHOCTaMMIHOM — NPOM3BOJACTBE  XApAKTEPUCTHKH  CHIPHEBBIX  KOMIIOHEHTOB
YCPEIHSIOTCS B [POLECCE TIOMOTEHM3allMM M, B pe3yibTare, IONy4aeTcs IMPOIYKT ¢
OJIHOPOJIHBIMU XapAKTEPHCTHKAMH B Ka)KIA0H NapTHH.

ITpousBoxcTBa IUTAKOIIEIOYHbIX BSDKYIIHX c 10/1H(yHKIHOHATBHOM
HaHOMOMPUIMPYIOLIEH 106aBKOI COCTONT B OCHOBHOM M3 CJIEYIONIMX OMepaIlHii:

- HAKOIJIEHHE UCXO/IHOTO IPaHy/IHPOBAHHOTO JOMEHHOIO IILIaKa;

- TPAHCTIOPTHPOBKA HCXOJIHOTO LIaKa B GyHKep;

- n0j1a4a 1iaka u3 GyHkepa B CyMIHIbHBIH Gapaban;

- TPAHCTIOPTUPOBKA BBICYIICHHOrO Llaka B GyHKep, JUIS OJHOBPEMEHHO XPaHEHHs H
OXJIAK/ICHHSL;

QABHB BEICYINEHHOROILIAKE: 1 2000 I NOYHODOKOMIQHRHTER: B Mel
nomoJia Jio yaenbHoi nopepxuocetu 4500...5000 m~/kr;

- TPAQHCTIOPTHPOBKA  IIAKOMIEJOYHOrO  BSDKYLIETO € MOJM(YHKIMOHAIBHOM
HaHOMO M (uIMpYIOLIeH 106aBKOM B CHJIOC JUIsl €10 HAKOTUICHHS M XPaHEHHS.

»

Texuuka GezonacHoctn

Camo coGoii pasymeercsi, 4To B MpPOLECCE CYLIKH LLIAKA M MOMOJA IIIAKONIET04YHOro
BSOKYIIETO ¢ MOJH(YHKIMOHAIBHON HAHOMOMM(HUHUPYIOIIEH 100aBKOH  TEeXHOJIOrMYecKas
JIMHUSL 10JKHA ObITh CHAGKEeHa cenapaTopHBIMU M aCIIMPALIMOHHBIMU arperaTaMu, YTo0bl:

- COOTBETCTBOBATh CAHMTAPHBIM HOPMaM KOHLEHTPALMH IBUIH B [OMEIUEHHSX (B
BO3JlyXe);

- YJIABJIMBATH OTXOASLIKE Ia3bl U MbLIb;

- BO3BPATHTh B CHJIOC MbLICBH/HbIC IUIAKH, C LEIbIO JabHENIIEro WX MCIOJIb30BAHUS B
Ka4yeCTBe LIEMEHTa;

- MOBBICUTH [TPOU3BOIMTEILHOCTD CYIIHIOK U MEJIbHHUIL.

OnBITHO-NPOMBIILICHHAS] HCIBITAHMS: Y

Inakommenoynple BsXKylme ¢ nomH(yHKIHOHAILHON HaHOMOAMHUIMpYyIomeii 106aBKoit

(307161 TOIT) umenu creayrommii cocras, %:

1- cocras:
I'panyanpoBaHHbIil JOMEHHBII 1LIAK 74-86
3ona TOI] 10-20
[1len10uHOM KOMIIOHEHT (METaCH/IMKAT HATPHIA) 4-6

[pousocts w1akomen0uHoro Gerona ¢ moau(yHKIHOHAIBHOH HAHOMOAMGUUUPYIOLIEH
Jno6askoit (301a TOL) Ha omenHom - 51,4-61,8 MI Ta, mapka 500-600.
CocraBbl GeTOHOB NpUBe/eHbI B Tabuuie 1.

Tabmuua  1-CocraBbl  GeTOHOB Ha  OCHOBE  LLIAKOLENOYHOTO  BSKYIIETO ¢
0 YHKIHOHAIbHON HaHOMOAMdHIMpYIowel fobaBkoi (30ma TOLI) HA IOMEHHOM IUKe W
meTacuiiMkare Hatpusi Sy = 4600 eM/ T COBMECTHOrO NIOMOJIA.

Mapxka Pacxo/1 MaTepHasioB Ha 1M GeToHa, Kr: Ipoun | Cpenmsis Ocajxa
GetoHa Hlenounoit IMecox | llleGenn Boxa 0CTh MJIOTHOCTB, | KOHYCa,
LEMEHT MIla Kkr/m’ oM.
500 400 500 1300 195 514 2475 8.4
550 450 530 1180 230 56,5 2485 8,5
600 500 500 1130 249 61,8 2488 8.6

[1nakommenounple BaKylHe ¢ NOMM(YHKIMOHAIBHON HAHOMOAKPHUKMpPYIOLEH 1006aBKOii
(Goit KepaMHUECKOro KHpIIHYa) HMeH ClIe1yIOluii cocTas, %:
2- COCTaB:
I"paHyIMpOBaHHBIH JOMEHHBIN LILIAK - 64-76
boii kepamuyeckoro kuprnuya 20-30
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[1le104HOI KOMIOHEHT (METaCHJIMKAT HATPHA) 4-6

TpouHoCTh 11AKOIENOHOro GeToHa ¢ MoIH(YHKUMOHAIBHON HAHOMOAM(HUIHPYIOLIEH
no6aBkoit (0oi kKepaMHUeCKOro KMpIUyYa) —HaJoMeHHOM - 52,8-71.4 MITa, mapka 500-700.

CocraBbl 6eTOHOB NpHBE/ICHBI B TabHIIE 2.

Tabmuna  2-CocrtaBbl  GETOHOB  HAa  OCHOBE  IUIAKOIIENOYHOrO  BSDKYIIErO  C
NOJN(YHKIHOHAIBHOM HaHOMOAN(HLMPYIOLIEH noﬁaBKou (Goif KepaMHUeCKOro KHpIuua) Ha
JIOMEHHOM 1IUIAKE M METacHJIMKaTe Ha'rpym Syn = 4800 cm %/ I COBMECTHOrO IOMOJIA.

Mapka Pacxo/1 MaTepHaioB Ha IM° GeTOHa, KI': ITpoun | Cpenmsis Ocanka
GetoHa 1lenounoit Iecox | IlleGenn Bona 0CTh IUIOTHOCTB, | KOHYCa,
LEMEHT MIla Kr/M® CM.
500 400 500 1300 195 52,8 2469 8,5
550 450 530 1180 230 56,5 2475 8,6
600 500 500 1130 249 61,7 2484 8,7
650 550 1500 - 350 655 2488 8.8
700 600 1450 - 354 714 2495 8.9

[naxomenounble BKylHe ¢ MoandyHKIHOHAIBHOH HaHOMOAH(HIMpPYIoieil 1o6aBKoi
(IMPUPOJIHOH BOJUTACTOHUT) HMEIIH CIIeYIOLIHI cocTas, Yo:

3- cocras:
I"panympoBaHHbIi JOMEHHBIH HUTAK 74-86
[Tpupo/iHO#i BOJIIACTOHUT 10-20
1Ile104HO# KOMIIOHEHT (METACHJIMKAT HATPHIA) 4-6

IlpouHocTs 1UTAKOIIENOUHOr0 GeToHa ¢ MONH(YHKIHOHAIBHOM HAHOMOAM(UIHPYIOLIeH
J106aBKO#T (IPUPOTHOM BOJUTACTOHHT) Ha JIOMEHHOM - 54,5-69,7 MI Ta, mapka 550-700.

CocraBbl 6eTOHOB MPUBEICHbI B TabuLe 3.
Tabmmua  3-CocraBel  GeTOHOB Ha  OCHOBE  LIUIAKOLIEJOYHOTO  BSDKYIIEro €

noMMyHKIMOHAILHON  HaHOMOMbuLmMpYIoeil  106aBkoi  (IPUPOAHOH BOJUIACTOHHMT) Ha
JIOMEHHOM LIVIaKe M MeTachiiKate Hatpusi Syt = 4600 cv’/ r cOBMECTHOTO momoJia.

Mapka Pacxo/1 MaTepHaiioB Ha |M° GETOHa, KT ITpoun | Cpennsis Ocajnka
GeToHa 1eounoit Ilecox | lllebGenn Bona 0CThb IUIOTHOCTB, | KOHYCa,
LIEMEHT MIla /M’ CM.
550 400 500 1300 195 54,5 2426 8.2
600 450 530 1180 230 61,7 2465 8.3
650 500 500 1130 249 67,2 2481 8.4
700 550 1500 - 350 69,7 2492 8.6

LInakowenounble BAKyLIME ¢ N0Iu(yYHKIMOHANBHOH HaHOMOUbUIHMpYIowel 106aBKoit
(NPUPO/IHBII LEONUT) MEIH CIIEIyIOLMit cocTas, %:

4- cOoCTaB:
I"panympoBaHHbIi J1OMEHHBIH HLIAK 64-76
ITpupoHblit eouT % 20-30
[1le104HOM KOMITOHEHT (METACHIMKAT HATPUi) 4-6

TTpoyHOCTb HITAKOIIEIOUHOr0 OeToHa ¢ NONM(YHKIMOHAIBHON HaHOMOAMDHIHpYIOLIEH
7100aBKO# (NMPUPOIHBI LLEOJNT) Ha JIoMeHHOM -49.6-71,7 MITa, mapika 500-700.
CocraBbl 6eTOHOB NpHBEIeHbI B TabuM1Le 4.
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Tabmnuua  4-Cocraser  GeromoB Ha  ocHoBe ULTAKOIIENIOYHOTO  BSDKYIIErOo ¢
HOMM(YHKIHOHATBHO HaHOMOMdHLUHpYyIOIEel 106aBKO# (IPUPOHBI LEONUT) HA JOMEHHOM
LUUIAKE H METackiMKare Hatpus Sy = 4800 cM%/ I COBMECTHOTO TOMOJIA.

Mapka Pacxon Marepuasios Ha Im’ GeTona, Kr: [poun | Cpenusis Ocanka
Gerona lenounoit ITecok | IlleGenn Boxaa 0CTh IJIOTHOCTB, | KOHYcCa,
LEMEHT MIla K/’ CM.
500 400 500 1300 195 49,6 2476 84 |»
L 600 500 500 1130 249 61,3 2484 8,7
700 600 1450 - 354 .7 2494 8,9

VsroToBnens! ysamenTHEIE GIOKH H CTOAGHKH st OTpakJICHHS.

TexHONOrHA H3TOTOBNCHNS H3AE/HI U3 GETOHA HA OCHOBE LITAKOMIETOYHOrO BSKYIIETO ¢
NOMH(DYHKUHOHATLHOR HaHOMOMHIMpYIOmeH 106aBKoii (301a TOLI u Goii kepamuyeckoro
KHPIIHYA) W IPHPOIHOTO CHIPbS (IIPHPOAHBIA BOIIACTOHUT W LEOJIUT) Ha JOMEHHOM LIUIake
AHAJIOTHYHA TCXHOJNOTMH W3TOTOBJCHH MX HAa OGBLIYHOM LeMeHTe. PacTBOPBI LUENOUHBIX
KOMIIOHEHTOB  NPHJACT GETOHHOM CMECH MOBBILIEHHYIO BS3KOCTD, nosToMy GeToH ¢ ero
PHMEHEHHEM TIPH BHOPHPOBAHHH, Pa3KHIKAsICh, JyUllle PaCIIpeIeNISeTcs B dopwme.

Jlnst onpestesiennss NPOYHOCTH Ha CXKAaTHe OBUH M3TOTOBJICHHI KyOMKHM ¢ pasmepamu
10x10x10cm.

PA3JIEJT 1T

Menbrranus o6pasios coracHo mporpaMm MCnbITaHuil H X Pe3yJbTaToOB IOKa3auu
TEXHHUCCKYIO BOSMOKHOCTL H3TOTOBJICHHS! H3/IE/HH H KOHCTPYKIHMIl C IPHMEHEHHeM GETOHOB
Ha_OCHOBE MITAKOLICIOMHBIX BOKYUIMX ¢ NOMH(BYHKIHOHANBHOH HAaHOMOAM(HIHPYIOLIEH
nobaskoit (3oma TOL| u Goit Kkepamuyeckoro KHPIIHYa) U NPHPOJIHOTO CBHIPBS (NPUPOHbIH
BOJUIACTOHHUT M LEOJIHT) 3 JIOMEHHBIX IIAKOB . :

PA3JTEJT 111
BeiBogbr 1 npennioxkenns.  Msaenns u KOHCTPYKIMH, M3FOTOBIGHHbIE ¢ NPUMEHEHHEM
OCTOHOB  Ha ~ OCHOBE  ILIAKOWENOWHBIX  BKYWIHX ¢ N0} YHKIHOHAIBHOM

HaHoMoAupHLmpyIoteii 06aBkoit (30ma TALL u Goii KEPaMH4ECKOro KUpIHYa) U IPHPOIAHOTO
ChIpbs (IIPUPO/IHBIH BOILIACTOHUT M LIEOJMT) W3 JAOMEHHBIX LUIAKOB, 110 OCHOBHBIM CBOMCTBaM
COOTBETCTBYIOT — TPeGOBAHUAM ~ HOPMATHBOB. TeXHONOTHS MPOM3BOACTBA GETOHHBIX K
KeJIe300eTOHHBIX H3/Ie/Hii HA OCHOBE HITAKOLIENOYHBIX BSDKYIIMX € HOJU(YHKIHOHATIBHOl
HaHOMOwpuLmpytomel 1o6aBkoii (301a TALL 1 Goit KCPaMHUECKOr0 KUPIHYA) U NPHPOAHOTO
ChIpbA (MPHPOHBIA BOIACTOHHT M LEOJHT) M3  JOMEHHBIX IIIAKOB PEKOMEHIyeTCsl K

ITenoGeTonHBK\ 71 < A. M. [axeit

Wnsxenep koHCTpY 3. 3. VimanGaen
Mactep yuacrka E« H. Yepkacos
Texuosor B.k}\/l. Byxcukos

ot IOKI'Y um M. Ayssosa:
I'HC
BHC

b.K. Capcen6aen
H.B. CapcenGaen
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