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ABSTRACT

 The need for high quality of building products and structures determines the urgency of 
creating new ways to control the processes of forming the internal structure of modern composite 
building materials. This article discusses some aspects and problems on designing high-powder 
composites based on the law of similarity. The results showed that the determination of the 
compositions of these materisls and high adhesion property to each other and a low deformation 
characteristic. The results demonstrated that this less deformation characteristics is due to the 
similarity of the thermai expansion coefficients of the concrete components.
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INTROdUCTION

 For construction of buildings and installations 
having a special purpose and a complex design 
including unique ones, the application of a high-
strength powder concrete is an actual task. The 
composition of such concrete differs from a traditional 
heavy concrete with raised cement content, finer 
sizes of particles a multicomponent structure, 
high dispersion of a filler1-3. Physicomechanical 
properties of the concrete depend on properties of its 
components. A role of each the component as well as 
their interaction mechanisms increases manyfold.

 A theoretical basis for production of high-
quality composites is a new scientific transdisciplinary 
direction – geonics (geomimetics). This science uses 
results of studying natural processes and rocks 
for creation of building materials of the future4-6. It 
has allowed developing a system of designing a 
powder concrete taking into account the similarity 
law–manufacturing high-strength composites 
assumes the development of a designing system 
which permits to produce the composites in which 
all their components possess similar deformation 
characteristics, thermal expansion coefficients and 
have high adhesion.
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For production of high-strength powder concretes 
scientists attach great importance to the choice and 
application of raw materials highly effective both 
from the point of view of practical logistics and their 
synergetic properties. The traditional raw materials 
applied now were studied and developed 30-50 years 
ago for manufacture of composites with durability of 
30-50 MPa and requirements to them were proper. 
For manufacturing composites of the new generation 
it is necessary to apply not only new kinds of raw 
materials, but also a new theoretical base. At the 
same time the complex use of mining wastes in the 
building industry has the certain specificity in respect 
of studying, assessment and determination of 
suitable reserves and also at blending transportation 
and synthesis of the composites7-11.

 Criteria of applicability of the mineral 
components should include a quality, prevalence, 
availability, cost, constancy of a composition (Figure. 1).

 Here it is necessary to use the “experience” 
of geological processes, for example high-strength 
siltstones; their strength and other properties are 
similar to powder concretes. To produce a strong 
and long-lived composite of a powder concrete it is 
necessary to provide reliable physicomechanical and 
operational characteristics of a material’s structure 
taking into account energy indices of all components, 
and also the correspondence of other properties. 
This structure should have the similarity of its basic 
properties and genesis with natural materials.

 Each property (or a number of properties) 
of the artificial stone material, produced at the 
hardening of rationally selected mixtures, is created 
by the complex interaction of the mixture’s ingredients 
in certain time intervals. Powder concretes are 
complex polymineral compositions consisting of a 
considerable quantity of mineral components and 
new formations combined in a single whole. 

 The rational choice of ingredients of a 
mixed multicomponent fine-dispersed system 
guarantees the manufacturing a material with 
necessary operational characteristics. One of 
the main questions of this process is the careful 
selection of all “participants”, their quantity and 
the nature of their similarity. Production of high-
strength powder materials demands a theoretically 
substantiated approach to the development of 

concrete mixtures with a glance of chemical, 
mineralogical, granulometric and other properties 
of the raw components, and also their compatibility 
that will provide the desired result at all production 
stages: a dry powder mixture, a plastic water molding 
sand, a hardened stone with necessary strength.

Fig. 1. The composites’ synthesis algorithm

MATERIALS ANd METHOdS

 During the experiments we applied the 
following mineral additives: aluminate and carbonate-
containing components; polymeric standard additives 
such as Melflux 2651, Melment; fine-grinded quartzitic 
sandstone – the accompanying rock mined at the 
Kursk magnetic anomaly. The quartzitic sandstone 
particles are characterised by a rough surface and 
the constant mineral composition including SiO2 
(about 90%), Al2O3, Fe2O3, FeO, MgO, CaO, TiO2. The 
quartzitic sandstone has a crystal-granular structure 
from a fine-grained to aphanite one (Table 1).

Table 1: Physicomechanical properties of the 
quartzitic sandstone

Property Index

Real density, kg/m3 2650
Apparent density, kg/m3 1300
Voidage, % 50
Porosity, % 0,81
Compressive strength, MPa 
-          in a dry state 156
-          in a water-saturated state 136
-          after 25 freezing-defrosting cycles  126
Softening coefficient 0,97
Water absorption, % 0,17

 There is no a unified approach to the 
experimental procedure of the high-strength 
materials production. Some researchers approach 
the problem from the point of view of technological 
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mechanics. There are the approaches based on 
rheological properties of the system, the optimization 
of its granulometric composition, the interconnection 
between the optimum structure and extreme 
properties of the components (the I.A. Rybyev law12). 
Basically the theoretical propositions and principles 
of development of fine-grained hardening systems 
(solutions and concretes) concern also the powder 
compositions though their synthesis, structure and 
properties considerably differ from usual concretes 
and solutions.

RESULTS

 The application of the complex organic-
mineral additives and various binding agents, 
containing technogenic raw materials in the 
combination with super and hyper fluidifiers as 
a siliceous component, is a basis of perspective 
concrete technologies. 

 The suggested control methods of the 
structure formation of hardening powder mixtures 
with technogenic components allow producing the 
composites with strength of 80-100 MPa (Table 2).

to accelerate the hydration in the complex powder 
systems increase also owing to the application of 
technogenic mineral substances. In this case the 
multicomponent composition, polymineral structure 
and high specific surface change the processes 
of new formations’ synthesis at the expense of 
genesis and technogenesis of the raw materials. The 
presence of active silica and carbonates, which react 
with aluminate phases of a cement clinker forming 
calcium hydrocarboaluminate crystals, leads to the 
acceleration of the hardening the cement stone 
and to increase of final strength of the material. 
Then, as a result of the ongoing hydration there 
is formation of parts of a new type system at the 
expense of crystallisation growth of pico-, nano- and 
micro dimensional high-base calcium hydrosilicates 
depending on genetic features of the initial rock. 
The subsequent crystallisation of previously formed 
phases leads to the self-consolidation of different 
parts of the system and their further self-organization 
running according to the nature-like mechanism; it 
provides high final strength and water resistance of 
the material. This hydration mechanism promotes 
the formation of a high-strength composite structure 
with minimum internal stresses and volume 
deformations that considerably reduces the micro 
crack formation.

 Thus, the theoretical approaches to 
the development and manufacture of traditional 
concretes are not always applicable to high-strength 
multicomponent powder concretes neither on their 
composition nor on operation loads. The selection 
technique of the composite’s components taking 
into account the similarity law of all its ingredients 
can be applied as a basis for the development of the 
necessary approach. 

 The consolidation and strengthening of the 
structure is caused by the growth of the crystal phase 
and replacement of water contacts between separate 
phases of new formations by it (Figure 3).

 A hard carcass for all the powder concrete 
samples consists of the separate particles of 
technogenic origin components with various specific 
surfaces and strongly pronounced contact zones of 
new formations. At the magnification it can be seen 
that these particles are almost completely covered 

Table 2: Comparative indicators of properties of 
normal and powder concretes

Index                         Value 
 Common Powder
 concrete concrete 

Average density, kg/m3 2200-2500 2300
Compression strength, MPa Oct-50 97,5
Water retentivity, % 78-80 90
Constructive quality coefficient 0,17 0,36
Water tightness grade, W 4-Feb 4
Frost resistance degree, F 50-150 300
Abradability, kg/m2 0,7-0,8 0,36
Shrinkage                           Cracks are absent
Heat conductivity coefficient,  0,8-1,2 1,29
W/m∙K

 The carried out experiments permitted 
to establish the acceleration of hydrate formation 
processes in the polymineral hardening system 
containing the components selected in accordance 
with the similarity law that guarantees the production 
of the material with desired service properties. 
The data of X-ray phase and differential thermal 
analyses show the considerably greater occurrence 
of new formations in the structure; the reflections 
in the roentgenograms and the mass loss in the 
derivatograms (Fig. 2) prove that. The possibilities 
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with the hydration products as the technogenic grains 
are a substrate for forming the new formations; the 

consequence of that is the large quantity of globules 
intergrown with their surface (Figure 3).

Fig. 2. Phase characteristics of multicomponent powder systems

 In addition, the silica micro particles 
contained in the composition are the hydration 
activators, and the coarser particles of powder binding 
agent act as a micro filler and ipso facto reduce the 
possibility of shrinkage deformations and improve 
operational characteristics of the composite.

 The waste product of  ferrosi l icon 
manufacture (micro silica), aluminate-containing 
additives, the wastes formed at crushing of 
quartzitic sandstone allow to improve considerably 
the main technical and operational properties of 
concretes and building products not reducing their 
constructive hardness, stability and operating life. 
The given purpose has been reached by means of 
the consolidation of the structure, reduction of pores 
and micro cracks.

 The acceleration of the interaction reaction 
is caused by the high dispersion of the components, 
which compact the system filling the cavities with the 
strong hydration products and improving adhesion 
with the fillers.

 The structure of the high-strength powder 
concrete with the optimum composition produced at 
the joint grinding of the mineral components with the 
plasticizing additive is homogeneous (Figure 4). The 
specific character of the structure leads to the active 
growth of new formations at the expense of addition 
of the water, contained in the nano- and micro porous 
composites, and appreciably promotes the synthesis 
of the contact zones’ microstructure and all the stone 
in whole. The ultimate compression strength of the 
composite makes 95 MPa; this value is more than 
the strength of a common concrete in two times. It is 
confirmed by the results of many physicomechanical 
tests. 

 Figure 3 represents the dense structure 
of the powder concrete, which is characterised by 
practically total absence of pores and micro cracks. It 
was produced due to the well-selected composition, 
addition of the correct quantity of fine-dispersed 
technogenic components, their closest packing and 
the self-compensating hardening effect.
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Fig. 3. A microphotograph of the powder concrete-based 

 During the hardening period the material’s 
density was increasing. It promoted the obtaining of the 
high-strength concrete with high physicomechanical 
and operational characteristics. At the end of 
the hardening period, at the moment when the 
artificial stone reached its highest density, and, 
therefore, its best dynamic characteristics, the 
active binding process of portlandite came to the 
end. The high density of the powder concrete with 
the fine-dispersed filler after 28 days of hardening 
is a consequence of the high structural order of the 
granular material.

Fig. 4. A microstructure of the high-strength powder concrete 
on the basis of the fine-grinded quartzitic sandstone

 Studying the microphotos of the hardening 
compositions has shown the following: 
-  The microstructure of the cement stone, 

produced at the joint grinding is more 
homogeneous than at the separate grinding 
of the components;

-  The cement stone’s microstructure contains 
the needle crystals penetrating the stone’s 
volume;

-  The presence of dense new formations near 
the grains of the filler. 

 After termination of the standard hardening 
term the microstructure of the powder concrete is 
characterized by the structural order and raised 
density (Figure 3).

ACkNOwLEdGEMENT

 Thus, the application of theoretical 
propositions of geonics (geomimetics), in particular, 
the similarity law, allows to produce the high-strength 
powder concretes in which all ingredients have high 
adhesion and similar deformation and temperature 
characteristics. The first approbation of this law 
has allowed us to obtain the composites based 
on the technogenic raw materials with the ultimate 
compression strength of 100 MPa.

 The work is realized in the framework  
of the RFBR according to the research project No  
18-29-24113; The work is realized in the framework 
of the RFBR according to the research project No 
18-03-00352.
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