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Abstracts. In recent years, self-compacting concrete mixtures have been widely used. Such mixtures are charac-
terized by high workability without the use of vibration exposure. The application of innovative technologies al-
lows manufactoring of various materials and products for architectural and construction purposes with improved 
decorative properties. The paper provides the results of a study on the selection of compositions for decorative-
finishing powder-activated concrete with a granular surface texture according to rheological properties, strength 
and frost resistance had been adopted. 
The following components were adopted for the research. Egyptian white cement was used as a binder, mi-
croquartz as a microfiller, screenings of crushing granite and cooper slag of 0–0.63 mm fraction was used as a 
finely dispersed component, granite cuts 0.63–5.0 mm and cooper slag of 0.63–2.5 mm fraction as an aggregate 
sand. A new generation superplasticizer of domestic and foreign productionplasticized the mixtures. Structural 
and rheotechnological parameters of powder-activated concretes were calculated.  
From the obtained values of the conditional rheological criteria of powder-activated concretes, it follows that all of 
them are much greater than unity and characterize a significant excess of the volumes of rheological matri ces over 
the volumes of fine-grained, coarse-grained components that fit into them with large separation of particles and grains.  
Strength as a complex mechanical characteristic, including a combination of strength, reliability and durability 
criteria, is the most important quality parameter of the concrete structure as an active and the most massive 
building material for structural purposes. A significant number of facilities made of concrete and reinforced con-
crete are being built in the southern and northern regions, characterized by extreme climatic conditions. Build-
ings and structures are exposed to cyclic loadings of various types and climatic influences, characterized by cy-
clic manifestations of negative and alternating temperatures. The research revealed high indicators of strength 
and frost resistance of decorative powder-activated concretes with a granular surface texture. 
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INTRODUCTION 
 

In recent years, self-compacting concrete mix-
tures have been widely used. Such mixtures are 
characterized by high workability and do not 
require the use of vibration exposure [1, 2]. 
Modern construction is already impossible to 
imagine without it. Due to the unique rheologi-
cal properties, such as good flowability, high 
resistance to delamination and effective air re-
moval, self-compacting concrete is actively 
used primarily in those areas of construction 
where the use of vibration compacting is diffi-
cult. For example, it is relevant for work in resi-
dential areas where the requirements for sound 
insulation are stringent, as well as when forming 
products with high reinforcement density or 
complex geometry [3]. The production of self-
compacting concrete mixtures is less expensive.  
To date, it is relevant the studies aimed to ob-
taining construction materials and products with 
new properties, for example, ensuring environ-
mental safety, expanding the use of additives 
that give surfaces special properties, etc. Among 

them, chemically resistant, biostable, self-
cleaning decorative and other products and coat-
ings are known [2]. One of the effective tech-
nologies for implementation in construction is 
also 3D printing, which is carried out by layer-
by-layer extrusion in accordance with a given 
three-dimensional digital model [4]. 
The usage of innovative technologies allowsman-
ufacturing of various materials and products with 
improved decorative properties for architectural 
and construction purposes. Decorative concrete 
with a granular surface texture can be obtained 
using waste screenings from stone crushing quar-
ries, which have accumulated more than 6 billion 
tons in the Russian Federation. These all allow 
obtaining fine aggregates and aggregate sand. 
A large number of works [5] are devoted to the 
selection of concrete compositions with a ra-
tional binder consumption. In concretes of op-
timal structure, the cement paste not only covers 
the surface of the aggregate grains, but also fills 
the remaining voids between them. For this pur-
pose, the principle of successive filling of voids 
is used. According to this principle, the grains 
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of finer fractions fall into voids between coarse 
aggregate grains without causing its expansion. 
It is known that a decrease in the voidness be-
tween the grains of fine aggregate (sand) causes 
descending of the consumption of the binder, 
and the strength of the solution increases [6]. 
One of the most effective ways to control the 
rheological properties and aggregate stability of 
cement composites, including decorative ones, 
is the use of substances that have surface activi-
ty at the solid-solution interface. In the industry 
of construction materials, these additives are 
called as plasticizers and superplasticizers (SP). 
The introduction of plasticizing additives helps 
to increase the strength of cement stone by re-
ducing the water-cement ratio [7]. 
As it follows from the basics of physical chemis-
try, a concrete mixture must contain a sufficient 
amount of a highly concentrated water-dispersed 
mixture (matrix), which can be converted from 
aggregation-unstable to aggregation-stable using a 
plasticizer. In this case, it is necessary to meet the 
basic rule: an increase in the volume of the dis-
persed phase should be provided without increas-
ing the consumption of cement, but by adding 
powder filler in an amount of 40–70%, and in 
low-cement concrete - up to 90–100%. [8]. Such a 
high content of dispersed powder, for example, 
ground quartz sand, leads to increase the volume 
of the water-cement-mineral mixture and 
achievement of a high thinning effect of the su-
perplasticizers. In this case, it is also necessary to 
take into account the limiting values of the volume 
concentration of the solid phase VC : 

 

SP

SP W

,V
VC

V V
  

(1) 

 
where SPV – is thevolume of the solid phase (ce-

ment, ground sand, fine sand, aggregate sand, 
crushed stone); WV – is the water volume.  

Kalashnikov V.I. noted that an important task of 
choosing mineral additives as microfillers of cement 
concretes is to determine not only their rheotechno-
logical activity in comparison with cement systems, 
but also their reactive activity in relation to cement 

systems in terms of binding hydrolytic lime released 
during cement hydration, and the possibility of for-
mation of intergrowth contacts on defect-free sur-
faces of microcrystals formed on the surface of hy-
drated particles of cement and microfiller. 
Structural strength as a complex mechanical 
characteristic is the most important parameter of 
the quality of the concrete structure as an active 
and most widespread construction material for 
structural purposes [9]. It includes a combination 
of strength, reliability and durability criteria. 
Modern construction shows more pronounced 
the tendency to use high-strength materials, in 
particular concrete. Over the past decades, the 
strength of used ready-mixed concrete has in-
creased 1.5 times in some countries. And there 
is a task to increase it up 2–3 times (to the level 
of 100–150 MPa) in the coming decades [9]. 
A significant number of construction projects 
are being built in the southern and northern re-
gions, which have extreme natural and climatic 
conditions. Buildings and structures under oper-
ating conditions are subjected to cyclic mechan-
ical loadings and climatic influences. For this 
conditions, special operational requirements are 
imposed on construction materials and products. 
For example, the durability of pavement and 
similar elements of transport communications 
and landscaping is mainly estimated by indica-
tors of frost resistance and strength. 
In the construction industry, decorative con-
cretes are used in the manufacture of various 
building products [10, 11]. Based on this, com-
plex studies on the formation of a dense and 
time-stable structure of decorative concretes un-
der cyclic physical and mechanical impacts 
have a particular interest. As well know, it is 
also necessary to ensure the required workabil-
ity of concrete mixtures in addition to the re-
quirements of strength and frost resistance of 
hardened concrete. The workability is more 
consistent with powder-activated concrete. 
Decorative powder-activated concrete is one of 
the most promising materials for use in the con-
struction of buildings and structures of in-
creased architectural expressiveness since it al-
lows choosing a rational recipe composition.  
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The reason for the high strength of new generation 
concrete is not only the presence of a powder 
component. To enhance the action of the super-
plasticizer (SP) in new generation concretes 
(NGC), there should be fine-grained sand of 0.16–
0.63 mm fraction, capable of being liquefied by 
plasticizers in an aqueous extract of cement paste.  
One of the main quality criteria in assessing du-
rability and service life without loss of strength 
and aesthetic characteristics of architectural and 
decorative concretes operating under atmos-
pheric conditions is the frost resistance. A large 
number of studies in this field are devoted to the 
investigation of the resistance of concrete to the 
effects of frost in a water-saturated state and to 
increase their frost resistance [12]. Most re-
searchers note that the fundamental reason for 
the frost destruction of cement concrete is the 
phase transition of water into ice, accompanied 
by an increase in its volume and the appearance 
of stresses in a rigid frame. The water to cement 
ratio significantly affects the porosity and frost 
resistance of concrete. At the same time, it was 
also found that finely ground additives intro-
duced in an amount of up to 25–30% by weight 
of cement contribute to an increase the frost re-
sistance of concrete due to better filling of voids 
between fine aggregate grains. In addition, a 
decrease in the specific consumption of cement 
per unit volume of concrete reduces the relative 
volume of cement stone and reduces internal 
stresses from unmanifested capillary shrinkage. 
Thereby, it increases the crack resistance of the 
concrete matrix and its frost resistance.  
As a rule, the frost resistance grade of the old 
generation concretes does not exceed F 300–
400, which is quite sufficient for the predicted 
high durability of concretes [13]. However, the 
period of operation before the disappearance of 
the decorative expressiveness of surfaces signif-
icantly reduced for architectural and decorative 
concretes in this case. 
For hard operating conditions, the developed 
concretes must perceive more than 1000 cycles 
of alternating freeze-thaw. At the initial stage of 
selecting the composition of concrete, it is nec-
essary to evaluate the rheotechnological proper-

ties of the components for their liquefaction us-
ing various superplasticizers, not only individu-
al cement and mineral suspensions, but also 
their compositions. 
In this regard, studies aimed to creation of con-
struction materials with increased strength, density 
and high frost resistance are urgent. The task of 
the composition selectingwas not only to obtain 
high-strength concrete with a low water absorp-
tion value, but also to significantly increase frost 
resistance without the use of special air-entraining 
additives that increase the cost of concrete. 

 
 

AIMS AND SCOPE OF THE RESEARCH 
 
The present research aims to the selection of 
compositions of decorative and finishing pow-
der-activated concretes with a granular surface 
texture according to rheological properties, 
strength and frost resistance indicators. 
The tasks of the Research: 
1. Analysis of the state of art in researches on 

concretes of a new generation with the allo-
cation of structural and rheotechnological 
properties of powder-activated concretes. 

2. Selection of the components for the formation 
of powder-activated concrete, considering cost 
minimization, providing the required view of 
the granular texture of the concrete surface, and 
ensuring high rheology of concrete mixtures 
based on the selected components. 

3. Calculation of the structural and rheotechno-
logical indicators of decorative and finishing 
powder-activated concrete and selection of 
the optimal compositions for technological 
properties. 

4. Experimental studies of powder-activated 
concrete, depending on the type of superplas-
ticizer and various fillers. 

5. Determination of the volumes of various ma-
trices, volumetric content of water-dispersed, 
water-dispersed-fine-grained and mortar 
components, relative excesses of volumes of 
conditional rheological matrices in decora-
tive powder-activated concretes. 
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6. Experimental studies of powder-activated 
concrete strength and frost resistance, de-
pending on the type of superplasticizer (SP) 
and fillers used. 

 
 

MATERIALS AND METHODS 
 

In these studies, the rheotechnological properties 
of cement composites of several types and several 
types of dispersed fillers in suspensions plasti-
cized with plasticizers of various types were in-
vestigated at the first stage. And at the second 
stage, the strength and frost resistance of cement 
composites plasticized by superplasticizer such as 
Melflux-1641 were studied. The selection of 
components was carried out in regard with the 
combination of the following parameters: the cost 
of the components, providing the required view of 
the granular texture of the concrete surface, ensur-
ing high rheology of concrete mixtures based on 
the selected components. 
Fillers including those of the above type, were 
used as a finely dispersed component that in-
creases the volume of the rheological matrix of 
the first row, which was microquartz from the 
Lebedinsky Mining and Processing Plant. And 
as filling components, that provide a granular 
surface texture, screenings of crushed granite of 
0–5.0 mm fracture and cooper slag of 0–2.5 mm 
were adopted. The binder was Egyptian white 
cement (CEM 52.5). Materials of both domestic 
and foreign production were used as SP and GP, 
including Melflux 1641 and Khidetal -9. 
We used a standard cone (GOST 10181–2014) 
to determine the rheotechnological parameters 
of the concrete mixture. The relevant regulatory 
documents (GOST 18105-2018; GOST 10060-
2012) were used to determine the strength indi-
cators and frost resistance of concrete. 
Based on experiments, four most optimal com-
positions were proposed with optimized rheo-
logical matrices in terms of the content of ce-
ment, microquartz (ground sand), fine sand of 
0.16–0.63 fracture and aggregate sand. 
The studied compositions that differ in the type 
of superplasticizer and the quantitative content 

of filling components are given in [14]. In addi-
tion to mass contents, the volume content of the 
components, as well as the sediments of a 
standard cone, are indicated there. 
The volumes of various matrices, the volume 
content of water-dispersed, water-dispersed fi-
ne-grained and mortar components in new gen-
eration concretes were calculated. These results 
are also in [15].The technology for calculating 
indicators is given below. 
Frost resistance was determined according to 
GOST 10060-2012 “Concretes. Methods for 
determination of frost-resistance" according to 
the 3rd accelerated method, for which the sam-
ples are saturated with a 5% aqueous solution of 
sodium chloride. The tests were carried out in 
an independent laboratory of the production en-
terprise Penza Construction Department LLC in 
a freezer of the KTX-14 type at a temperature of 
minus 50 °C. The test mode was as follows: 8 
hours of freezing, 16 hours of thawing. 

 
 
CALCULATION OF STRUCTURAL AND 
RHEOTECHNOLOGICAL INDICATORS 
OF DECORATIVE AND FINISHING 
POWDER-ACTIVATED CONCRETE 
 
The calculation of structural and rheotechnologi-
cal indicators of decorative and finishing pow-
der-activated concretes of a new generation, as 
well as relative excess volumes of conditional 
rheological matrices, was carried out using 
methods developed by V.I. Kalashnikov. 
The volumes of various matrices, depending on 
their type, are calculated using the following 
formulas: 

 
I kind:  

MIV V V V ;           (2) 

II kind: 
TII I PV V V ;     (3) 

III kind: 
ZIII II PV V V ,     (4) 

 
where CV – isthe volume of cement per 1000 li-

ters of concrete mix; 
MPV – is thevolume of mi-

croquartz (ground sand) per 1000 liters; WV – is 
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the water volume per 1000 liters; 
TPV – isthe 

volume of fine sand based on stone crushing 
screenings of granite stone and cooper slag of 
0–0.63 mm fraction per 1000 liters; 

ZPV – isthe 

volume of aggregate sand based on a fraction of 
0.63–2.5 mm per 1000 liters. 
For comparison, the volumes of matrices in 
concrete of the old generation with the above 
composition can be calculated as follows: 
 

Ikind: I C WV V V ;   (5)  

III kind: 
TIII I PV V V .  (6) 

 
Taking into account the established volumes, 
the volume content of water-dispersed, water-
dispersed-fine-grained mortar suspension com-
ponents in plasticized powder-activated con-
crete of a new generation is calculated. The cal-
culation of the volume content of water-
dispersed ( WD

V ), water-dispersed fine-grained (

TWDP
V ) and solution ( sol.

V ) suspension compo-

nents in plasticized powder-activated crushed 
stone concrete of a new generation is carried out 
according to the formulas: 

 

MC P W
WD

conc.mix

100%V V V V
V

;                                         

(7) 

M T

T

C P W P
WDP

conc.mix

100%V V V V V
V

;  (8) 

M T ZC P W P P
sol.

conc.mix

100%V V V V V V
V

. (9) 

 
The limits of volume concentrations of the stud-
ied concrete mixes are: WD

V varies from 39.91 

to 43.94%, 
TWDP

V varies from 63.85 to 66.19% 

and for sol.
V  from 99.61 to 99.76%. 

Only one composition in self-compacting mix-
tures has the volume concentration of a water-
dispersed suspension less than 40%. Moreover, 
even in those mixtures, the rigid consistency of 
which is associated with a change in the content 

of the filler, the volume concentration of the wa-
ter-dispersed suspension is more than 60%. 
Concrete mixtures of optimal composition have 
an equal volume concentration of the mortar 
component (over 60%). This is the fundamental 
difference between the developed concretes and 
traditional ones, in which the volumetric con-
centrations WD

V and sol.
V are in the range of 24–

26% and 54–57%, respectively. 
For the topological analysis of all types of new 
concretes, developed and traditional concretes 
of the old generation, it is effective to use di-
mensionless rheological criteria. For powder 
concrete, the first criterion is the relative excess 
of the volume of the conditional rheological ma-
trix of the I kind 

T

WD
PI , i.e., relative excess of the 

volume of the water-dispersed system WDV over 

the absolute volume of fine sand 
TPV . It is calcu-

lated by the following formula: 
 

T M TT

WD
P WD C P W PPI V V V V V V ,  (10) 

 
where CV , 

MPV , WV ,
TPV – areabsolute volumes 

of cement, ground sand, water, fine sand, re-
spectively. 
There are two rheological matrices in powder-
activated sandy concretes of the new generation: 
a water-dispersed matrix of the I kind and a wa-
ter-dispersed fine-grained matrix of the II kind, 
including cement, microquartz (ground sand), 
fine sand and water. Fine sand in this matrix 
participates in the rheological process, provid-
ing the displacement of aggregate sand grains in 
the matrix of the I kind. The latter one is located 
discretely in a matrix of the II kind, ensuring the 
fluidity of the system without steric obstacles. 
The relative excess of the volume of the rheo-
logical matrix of the II kind over the absolute 
volume of aggregate sand is calculated by the 
formula: 
 

T

Z T M T ZZ

WDP
P WDP C P W P PP

I V V V V V V V , (11) 
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where CV , 
MPV , WV ,

TPV , 
ZPV – are absolute vol-

umes of cement, ground sand, water, fine sand, 
aggregate sand, respectively. 
The excess rheological matrix of the II kind also 
provides the necessary distances between the ag-
gregate sand grains. For narrow granulometry of 
sand, the theoretical calculation of distances can 
be close to the real one. For a wider granulometry, 
a distribution curve of the granulometric composi-
tion should be constructed, and then the distances 
between grains in narrow fractions can be calcu-
lated. Topological patterns of particle placement 
in narrow fractions are then combined into a sin-
gle topological pattern with the free space maxi-
mization algorithm. This approach belongs to the 
problems of computer materials science, which 
can be useful for studying the topology of new 
generation concretes and optimizing the granulo-
metric composition of components. 
For concretes of the old generation, these crite-
ria may not be excess volumes of rheological 
matrices over the volumes of sand and crushed 
stone, but shortcomings. They are calculated 
according to the formulas: 

 

Z ZZ

CD
P CD C W PPI V V V V V , (12) 

Z

CDP
SH CDP C W P SHSHI V V V V V V . (13) 

 
 

ANALYSIS OF EXPERIMENTAL             
RESULTS 
 
From the point of view of rheotechnological indi-
cators, all compositions showed a fairly high qual-
ity as follows from the results of the study. Ac-
cording to the calculated values of conditional 
rheological matrices of the I and II kind, composi-
tions 2 and 1 seem to be the most qualitative, 
compositions 4 and 3 are slightly less qualitative. 
Compositions 2 and 1 are self-compacting con-
cretes with a cone draft of 27.4 and 28.5 cm, 
which corresponds to the American SF2 standard. 
There is a regularity in achieving close values of 
conditional rheological matrices (

T

WD
PI , T

Z

WDP
PI ), 

equal to 1.67–1.97 and 1.78–1.98, respectively. 

Thus, the volume content of the water-dispersed-
fine-grained suspension component (

TWDP
VC ) for 

self-compacting powder-activated sand concrete 
should be in the range of 60–70%. The self-
flowing can be ensured only at a high content of 
water-dispersed-fine-grained suspension. 
The difference between compositions 2 and 1 is 
that the composition 1contains the increased vol-
ume of the conditional rheological matrix of the I 
kind due to a larger amount of microquartz (300 
kg/m3) relative to composition 2 (200 kg/m3). 
While maintaining the sum of the masses of all 
components in composition 2, a part of mi-
croquartz is replaced by screening of stone crush-
ing for greater saturation with granular compo-
nents of the concrete mix and providing the most 
complete visual picture of the surface. As a result 
of this, rheotechnological, physical and technical 
indicators fall very slightly (see tables 1, 2). At the 
same time, in such self-compacting concrete mix-
tures, it is important to ensure aggregative stability 
and prevent sedimentation of particles. 
As can be seen from the values of the condition-
al rheological criteria of powder-activated con-
cretes, all of these values are much greater than 
unity and characterize a significant excess of the 
volumes of rheological matrices over the vol-
umes of fine-grained, coarse-grained compo-
nents that fit into them with large separation of 
particles and grains. 
The physical and technical properties of powder-
activated concretes of four compositions were 
studied. Indicators of compressive and bending 
strength and complex indicators for evaluating the 
effectiveness of materials of 4 compositions were 
obtained from testing of standard samples. 
To assess the economic indicators of individual 
compositions, we determine the specific con-
sumption of cement per unit of compressive and 
flexural strength as follows: 
 

cR
c

s C
R

, kg/MPa,   (14) 

b

S

b
R

CC
R

, kg/MPa.   (15) 
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The specific strength per unit of cement con-
sumption was determined by the formulas: 
 

c

S
CR

RR
C

, MPa/kg;   
b

S b
CR

RR
C

,  MPa/kg.  (16) 

 
The ratio of strength indicators in compression 
and bending was also determined as follows: 
 

bK R R .      (17) 

 
According to the data from [15] it follows that 
composition No. 3 [15] has improved perfor-
mance. The table 1 presents the results of com-
prehensive studies of the properties of concrete, 
taking into account the data from table 3 in [15].

 
Table 1. Properties of decorative powder-activated sand concretes 

 
Components Disperse-

fractional 
composition 

Per 1 m3, 
kg 

Volum
eper 

1 m3, l 

W/C, 
W/T 

P, 
kg/m3 

P
C

 
P
C

 ZP
C

 
Strength 

MPa, at days
1 28

1 2 3 4 5 6 7 8 9 10 11 

Cement 600 
DO Egyptian 

3800 cm2/g 500 161 0,4 

w1 da
ys 
 

2415 

0,4 1,4 2,1 1 
R =37 

Rb= 6,1 
R =90 
Rb= 11 

Melflux 1641 
0,9 % ofC 

— 4,5 
 

3  
 

 
 3,916

P
C

 c

s
RC = 5,55 

 

c

s
CRR = 0,18 

 

b

s
RC = 45,4 

 
R /Rb = 8,18

 

Microquartz 3400 cm2/g 200 75,5 0,081 theor 
2434 

T

WD
P 1,67I  

Screening 
stone 
crushing 
granite 
 

0-0,63 mm 
 
 

450 
 
 

165 
 
 

 
 

 
 

Z

WDT
P 1,78I  

 
 

seal 
0,992 
 
 

T

T

WD

WDP

sol.

WD

WDP

sol.

436,5

698,4

1090,8

39,91 %

63,85 %

99,73 %

V

V

V

V
V

V
C
C

C
 

 
 
 
 
 
 
 

 
 

0,63-5,0 
mm 

930 344  
 

Cooperslag 
 
 

0-0,63 mm 252 96,9  
 

 
 

 
 

 
 

CSs =11cm 
 
 
 

0,63-2,5 
mm 

126 48,4 

dry  

dry
V  

Water 

— 
2464 
— 
200 

— 
894,4  
200 

conc.mixM   2664 — 

conc.mixV   — 1094  
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We calculated the dimensionless parameters of 
raw components' ratios and criteria of condi-
tional rheological matrices, which have the fol-
lowing values: P / C 3,55 ; s

C 0, 418R
MPa/kg; 

T

WD
P 1,67I ;

Z

CDP
P 1,78I . 

It should be noted that a change in these criteria in 
the direction of a slight decrease or increase leads 
to a decrease in strength indicators by 10–20%. It is 
important that an extremely low specific consump-
tion of cement per unit of concrete strength in 
compression (

c

s
R  = 5.55 kg / MPa) and tension in 

bending (
b

s
RC = 45.4 kg / MPa) has been achieved. 

Strength ratio of indicators is bR R  = 0.112. 

The supposed correctness of the forecast of high 
frost resistance depending on the kinetics of water 
absorption was accounted. It was less than 1.5% 
by weight after four days of exposure. After two 
weeks of testing, this value was 1.98% and ex-
ceeded the 4-day water absorption by approxi-
mately 25–28%. That is, such a kinetics of water 
absorption for a sufficiently long time causes a 
large number of free pores which remain after wa-
ter saturation of concrete for four days before test-
ing for frost resistance. It is known that the vol-
ume of water increases by 9.6% at freezing. Thus, 
it can be safely predicted that an almost threefold 
excess of the volume of free pores over the incre-
ment in the volume of water when it passes into 
ice contributes to extremely high frost resistance. 
The results of the experiment showed that after 
1000 cycles of alternating freezing and thawing the 
weight of the samples decreased by an average of 
0.7%. At the same time, there were no obvious 
signs of external destruction such as chipping of the 
corners of the samples, peeling of the surface, 
which shows the presence just of minimal destruc-
tive processes in the concrete structure and a slight 
change in strength. Besides, this result guarantees 
the preservation of the visual architectural appeal of 
the concrete surface over a long period of operation 
under the influence of harsh environmental factors. 
After 1000 cycles of alternating freeze-thaw, the 
samples were tested for strength. The standard 
compressive strength of the test concrete after 28 
days of hardening in normal humidity conditions 

was 85 MPa. By the end of the test, the samples 
stored in saline had a strength of 92 MPa. In this 
case, the samples that were tested had a strength 
of 90 MPa (after 1000 freeze-thaw cycles). That 
is, the loss of strength was slightly more than 2%, 
which is within the experimental error and meets 
the requirements of GOST. 
Thus, the composition of architectural and decora-
tive concrete proposed for implementation corre-
sponds to the required properties in terms of 
strength and frost resistance. The results provide a 
basis for setting the limit levels of loads on con-
crete of various coatings, as well as for establish-
ing requirements for the properties of concrete 
when designing it for operating conditions. 

 
 

CONCLUSIONS 
 

1. In recent years, self-compacting concrete mix-
tures have been widely used. Such mixtures are 
characterized by high workability without the us-
age of vibration compacting. Using innovative 
technologies, various materials and products for 
architectural and construction purposes with im-
proved decorative properties can be manufactured. 
2. According to physical chemistry, it follows 
necessity for the concrete mixture to have a suf-
ficient amount of highly concentrated water-
dispersed mixture (matrix), which can be con-
verted from aggregation-unstable to aggrega-
tion-stable with the help of a plasticizer. In this 
case, it is required to stay the basic rule: an in-
crease in the volume of the dispersed phase is 
provided without increasing the consumption of 
cement, but by adding powder filler in an 
amount of 40–70%, and in low-cement concrete 
- up to 90–100%. 
3. The studies have been performed to select the 
compositions of decorative and finishing con-
cretes with a granular surface texture according 
to rheological properties. Egyptian white ce-
ment served as a binder, micro-quartz as a mi-
crofiller, and screenings of crushed granite and 
cooper-slag of 0–0.63 mm fraction and the same 
components as filler sand of 0.63–5.0 mm and 
0.63–2.5 mm fractions. The new generation su-
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perplasticizers plasticized the mixture. At the 
initial stage of selecting the concrete composi-
tion, it is necessary to evaluate the rheotechno-
logical properties of the components for their 
liquefaction using various superplasticizers, not 
only individual cement and mineral suspen-
sions, but also their compositions. 
4. The paper provides determined in the study 
structural and rheotechnological indicators of 
powder-activated concretes such as volumes of 
various matrices, volumetric contents of water-
dispersed, water-dispersed-fine-grained and 
mortar components, relative excesses of vol-
umes of conditional rheological matrices in 
decorative powder-activated concretes. 
5. The research results shows that all composi-
tions showed a fairly high quality in terms of 
rheotechnological indicators. According to the 
calculated values of conditional rheological ma-
trices of the I and II kind, compositions 2 and 1 
seem to be the most qualitative, compositions 4 
and 3 are slightly less qualitative. Compositions 
2 and 1 are self-compacting concretes with a 
cone draft of 27.4 and 28.5 cm, which corre-
sponds to the American SF2 standard. There is a 
regularity in achieving close values of condi-
tional rheological matrices (

T

WD
P ,I T

Z

WDP
PI ), equal 

to 1.67–1.97 and 1.78–1.98, respectively. Thus, 
the volume content of the water-dispersed-fine-
grained suspension component ( WDP

VC ) for self-

compacting powder-activated sand concrete 
should be in the range of 60–70%. Only a high 
content of water-dispersed-fine-grained suspen-
sion ensure absolute self-flowing. 
6. The difference between compositions 2 and 1 is 
that in composition 1, the volume of the conditional 
rheological matrix of the I kind increases due to a 
larger amount of microquartz (300 kg/m3) relative 
to composition 2 (200 kg/m3). While maintaining 
the sum of the masses of all components in compo-
sition 2, part of the microquartz is replaced by 
screening of stone crushing for greater saturation 
with the granular components of the concrete mix-
ture and ensuring the most complete visual picture 
of the surface (while the sum of the masses of all 
components is preserved). This leads to a slight 
decrease in rheotechnological and physical and 

technical indicators. It is essential to ensure aggre-
gative stability and prevent particle sedimentation 
in such self-compacting concrete mixtures. 
7. All values of the conditional rheological cri-
teria of powder-activated concretes are signifi-
cantly greater than one and characterize a signif-
icant excess of the volumes of rheological ma-
trices over the volumes of fine-grained, coarse-
grained components that fit into them with large 
separation of particles and grains. 
8. The second stage included studies of the 
strength and frost resistance of concrete. As a 
result of testing for strength and frost resistance, 
high rates of these properties were revealed for 
decorative concretes. 
9. The reason for the high strength of new gen-
eration concrete is not only the presence of a 
powder component. New generation concrete 
should contain fine-grained sand of a fraction of 
0.16–0.63 mm capable of being liquefied by 
plasticizers in an aqueous extract of cement 
paste to enhance the action of the SP. 
10. The results of the experiment showed that 
the weight of the samples decreased by an aver-
age of 0.7% after 1000 cycles of alternate freez-
ing and thawing. At the same time, there were 
no obvious signs of external destruction, which 
allows us to assume the presence of minimal 
destructive processes in the concrete structure 
and a slight change in strength. Besides, this 
result guarantees the preservation of the visual 
architectural appeal of the concrete surface over 
a long period of operation under the influence of 
harsh environmental factors. 
11. The samples were tested for strength after 
1000 cycles of alternate freezing-thawing. The 
characteristic compressive strength of the test 
concrete after 28 days of hardening under nor-
mal humidity conditions was 85 MPa. The sam-
ples stored in saline had a strength of 92 MPa. 
In this case, the samples that were tested had a 
strength of 90 MPa (after 1000 freeze-thaw cy-
cles). That is, the loss of strength was slightly 
more than 2%, which is within the experimental 
error and meets the requirements of GOST. 
12. Thus, the composition of architectural and 
decorative concrete developed and proposed for 
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implementation corresponds to the properties in 
terms of strength and frost resistance. The ob-
tained results allow setting the limit levels of loads 
on concrete of various coatings, as well as estab-
lishing the requirements and properties of concrete 
for designing with regard to operating conditions. 
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