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Abstract

This article is devoted to the study of the mechanical properties of fine-grained
concrete used for flooring in industrial and civil buildings. Characterized by the well-
known advantages (unlimited raw material base, manufacturability, high
homogeneity), fine-grained concrete requires an increased consumption of cement to
achieve the necessary mechanical characteristics - compressive strength, abrasion,
impact resistance. An alternative to the known technological method is proposed an
intensive separate technology (IST) for preparing fine-grained concrete mixtures
using a high-speed mixer-activator in the presence of hydrophobized basalt fiber and
a polycarboxylate superplasticizer Relaxol-Super PC. The use of IST leads to an
increase in the strength of fine-grained concrete in compression by 1.9 times, impact
resistance by a factor of 2, and a decrease in abrasion by 40 ... 50% in comparison
with the control. The relevance of using the technology of monolithic floors for
industrial and civil construction is due to a wide range of varieties of Portland cement,
the grain composition of aggregates, as well as the simplicity of the technology for
preparing a fine-grained concrete mixture.
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Introduction

The floors of industrial and civil buildings are constantly exposed to all kinds of loads
that arise during their operation. The accumulated experience shows that, in terms of
technological features, one of the most effective materials for flooring is fine-grained
concrete [1]. The factors that hinder the widespread introduction of fine-grained
concrete into construction practice are its higher cost compared to ordinary concrete,
as well as relatively low mechanical characteristics: compressive strength, wear
resistance, shock resistance [2]. A significant reserve for improving the mechanical
characteristics of fine-grained concrete is its dispersed reinforcement, as well as the
mechanical activation of Portland cement due to the use of high-speed mixers in the
technology of preparing concrete mixtures [3-7]. It has been established that the
introduction of basalt fiber into a fine-grained concrete mixture leads to a decrease in
its mobility, which requires an increase in the amount of mixing water [8-10]. In
addition, there are technological difficulties to ensure a uniform distribution of fiber
in the volume of the mixture. The negative influence of the above factors can be
radically reduced due to the hydrophobization of the basalt fiber.

Methodology

The aim of the study is to improve the mechanical characteristics of fine-grained
concrete through the use of intensive separate technology (IST) for preparing a
concrete with polycarboxylate superplasticizer Relaxol-Super PC and hydrophobized
basalt fiber.

The objective of the research is to study the effect of prescription factors on the
mechanical characteristics of fine-grained concrete on activated Portland cement.
Portland cement grade 500 PC Il / A-Sh-500 produced by Cement LLP (Odessa) with a
content of ground blast furnace slag of 18% was used in the studies. The specific
surface area of the cement was 350 m? / kg. Quartz sand of the Nikitsky quarry
(Nikolaev area) with Mc = 2.4, as well as washed screening of granite crushed stone
with a fraction of 2.5 + 5 mm, was used as a fine aggregate. The bulk density of the
screenings was 1610 kg / m?, the content of dusty particles did not exceed 0.6%.
Granite crushed stone of 5 + 10 mm fraction was used as a large aggregate. Crushed
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stone met the requirements of DSTU BV.2.7-75-98 “Crushed stone and dense natural
gravel for building materials, products, structures and works”.

The polycarboxylate superplasticizer Relaxol-Super PC (Budindustriya, Zaporozhye)
was used to increase the mobility of the concrete mixture. Basalt fiber Bauson-basalt
12 mm long and 18 + 2 ym in diameter was used as a fibrous filler. The hydrophobic
properties of basalt fibers were imparted by treating them with the silicon-organic
liquid GKZh-10, followed by drying at T = 105 + 110°C.

The concrete mix was prepared using intensive separate technology. For this, the
dosed amounts of Portland cement, water and superplasticizer were loaded into a
high-speed mixer (V = 2800 r/min), where the binder was activated for 180 seconds.
The freshly prepared suspension was mixed with dosed amounts of basalt fiber,
quartz sand, granite screening and granite crushed stone in an ordinary (slow-speed)
mixer.

The mobility of the fine-grained concrete mixture at each point of the mathematical
plan was corrected by the amount of mixing water and was within 16 + 1 cm
shrinking of the Abrams cone. The hardening of samples of fine-grained concrete
took place under normal conditions in a chamber with a temperature of 20 + 2°C and
a relative humidity of at least 95%.

The compressive strength of fine-grained concrete was determined by testing the
halves of the samples - beams 4x4x16 cm in size at the age of 28 days.

The abrasion of the investigated fine-grained concrete was determined by testing
cube specimens with an edge of 7.07 cm on an LKI-3 device in accordance with the
procedure set forth in DSTU B.V.2.7-212: 2009 “Building materials. Concrete. Methods
for determining abrasion “.

The impact resistance of fine-grained concrete was determined from the results of
testing cubic specimens with an edge of 7.07 cm on a vertical dynamic laboratory test
machine. The value of the impact resistance of concrete was determined by the
equation:

o N
T (J/cm*)=Px» th
1

(1)
where P - is the mass of the striker, kg;

h - is the height of the falling weight, m;

N - is the number of blows before the destruction of the sample, n;

S - is the area through which the load was transferred, cm?.

Results

Study of the mechanical properties of concrete was produced by testing two similar
series of samples: the first (index "a") - using mechanical activation of cement in a
triboactivator and the other, control (index "c") - using traditional technology. This
made it possible to compare the properties of concretes of similar compositions, but
prepared using different technologies - intensive separate and traditional. For this
purpose, a 25-point 4-factor plan was used, in which the following factors of the

49



Croatian Regional Development Journal | Vol. 2 No. 1] 2021

composition of fine-grained concrete were varied: X; - the amount of Portland
cement (400+100 kg/m?); X, - the amount of hydrophobized basalt fiber, 1+1 kg/m?; X3
- the amount of granite sifting in granite crushed stone of fraction 510 mm, in a
mixture (30 + 30% kg/m?); X, is the amount of Relaxol-Super PC superplasticizer
(1£0.4% of the cement mass).

The experimental data of the compressive strength, abrasion and impact resistance
of fine-grained concrete at 25 experimental points of the plan are given in Table 1.

Table 1
Compressive strength of concrete, abrasion and impact resistance of the investigated
fine-grained concrete at the age of 28 days of normal hardening

Compressive

Variation strength Abrasionz, Impact resistzance,
Ne levels fooe (MPa) G, (g/ cm”) T(/cm?)
X: Xz X3 X; control activation control activation control activation

1T 1 1 1 1 501 53.8 0.19 0.18 16.8 17.1
2 1 1 1 -1 454 48.5 0.21 0.21 16.5 16.6
3 1 1 -1 1 472 49.7 0.20 0.20 16.2 16.4
4 1 1 -1 -1 425 45.2 0.21 0.22 15.7 16.0
5 1 -1 1 1 493 52.7 0.27 0.26 9.7 9.8
6 1 -1 1 -1 446 47.4 0.29 0.29 9.1 9.4
7 1 -1 -1 1 463 49.1 0.27 0.28 7.7 8.2
8 1 -1 1 -1 417 44.7 0.30 0.29 7.4 7.4
9 1 1 1 1 377 40.2 0.23 0.22 12.4 12.7
0 -1 1 1 -1 326 34,7 0.25 0.25 11.0 10.9
1M1 -1 1 -1 1 345 36.1 0.23 0.22 1.1 11.3
12 -1 1 -1 -1 296 31.6 0.26 0.26 10.2 10.4
13 -1 -1 1 1 367 38.9 0.29 0.28 6.7 6.6
14 -1 -1 1 -1 317 34.4 0.31 0.30 6.0 6.4
15 -1 -1 -1 1 336 36.6 0.31 0.29 5.9 6.1
16 -1 -1 -1 -1 287 30.3 0.32 0.31 4.9 5.4
17 1 0 0 0 491 51.1 0.21 0.20 13.4 13.5
18 -1 0 0 0 363 40.2 0.24 0.23 11.8 12.3
19 0 1 0 0 439 47.2 0.21 0.19 14.4 15.0
20 0 -1 0 0 431 44.5 0.27 0.26 9.2 10.1
217 0 0 1 0 442 45.7 0.22 0.21 13.2 13.5
22 0 0 0 1 444 46.8 0.21 0.20 13.1 13.2
23 0 0 -1 0 4.7 46.4 0.21 0.20 12.9 12.8
24 0 0 0 -1 395 43.3 0.23 0.23 12.5 12.6
25 0 0 0 0 440 47.5 0.22 0.20 12.7 13.0
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The influence of variable factors of the concrete composition on the value of its
compressive strength (for concretes with an activated binder and prepared according
to traditional technology) is described by the following ES-models:

fuccube @ (MPa) = 47.0+46.6X; - 1.2 X;? (1)
+0.5X,-1.0%,”
+1.5X3 - 0.8 X5°
+2.4%, - 1.8 X4

fecube € (MPa)= 43.9+6.4%; —1.1%,%-0.1X;X2-0.1X:X3
+0.4X; - 0.4X,°
+1.5X3-0.9X5? )
+2.4%X,- 1.9X,

The fields of models (1), (2) show the minimum values of concrete strength in
compression (respectively fe cube@min = 31.1 MPa and f cubeCmin = 28.7MPa) at points
with the same coordinates X1 = X2 = X3 = X4 = -1. The maximum value of concrete
strength for the composition on activated cement (fecuvedmax = 53.9MPa) is achieved
at the point with coordinates X1 = 1; X2 = 0.34; X3 = X4 = 0.9. For concrete, the
mixture of which was prepared according to the traditional technology, the maximum
strength value (50.5 MPa) is achieved at the point with coordinates X1 = 1; X2 = 0.52;
X3 = X4 = 0.98. The combined one-factor diagrams, which were constructed using ES-
models (1), (2) and reflecting the influence of variable composition factors on the
value of concrete compressive strength, are shown in Fig. 1.

Figure 1

Influence of variable composition factors on concrete compressive strength in min
and max zones
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Analysis of experimental data indicates that at the age of 28 days the compressive
strength of concrete on an activated binder is 2.5 ... 3.5 MPa higher than the strength
of concretes of similar composition, prepared using traditional technology. It should
be noted that the amount of basalt fiber slightly increases the strength of concrete,
which is consistent with the research results [3-5]. Using the experimental data
shown in table 1, ES-models of the fine-grained concrete composition variables
influence on its abrasion were built:

G;.a(g/cm?)=0.202 - 0.013X; +0.014X;° - 0.005X: X,
- 0.034X,+0.024X, -0.003X,X,4
- 0.004X; 3)
- 0.013X%4 +0.014X,”
Gi.c(g/cm?) = 0.215 - 0.016X; +0.011X;2-0.004X;X,
- 0.036X, +0.026X,°
- 0.003X; (4)
- 0.010X%, +0.006X,”

According to the data of ES-models (3) and (4) the minimum value of abrasion G;amin
=0.177 g/cm2 and G; Cmin =0.188g/cm2 have compositions at points with coordinates:
X; =X, =0.8; X3 =1; X4 = 0.6. In physical terms, concretes with the amount of cement
and fiber close to the maximum, with a dropout content of 60 kg/m? and the additive
Relaxol - Super PC = 1.2%, are characterized by the minimum abrasion.

Figure 2

Influence of varied composition factors on the impact resistance of the concretes
under study in the min and max zones
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The maximum value of abrasion G; amax = 0.309 g/cm? and G; Cmax = 0.319 g/cm? have
concrete compositions at points with the same coordinates X; = X, = X3 = X4 =-1. Such
compositions are characterized by the minimum amount of cement (400 kg/m?) and
water-reducing additive (0.6%).

Fiber and granite screenings are absent in such compositions. It should be noted that
of all the factors under study, the amount of basalt fiber has the greatest influence on
the abrasion of concrete - an increase in its content from 0 to 1% leads to a decrease
in abrasion by an average of 25..30%. Concretes based on activated cement are
characterized by less abrasion compared to the control, by an average of 8...11%.
Using the experimental data given in Table 1, combined one-factor diagrams were
constructed, reflecting the effect of variable composition factors on the impact
resistance of the concretes under study in the extremum zones, Fig. 2.

Analysis of the data presented in diagrams shown on Fig. 2. allow us to conclude that
the greatest influence on the impact resistance of concrete is the amount of
dispersed reinforcement in it. Due to the introduction of hydrophobized basalt fiber,
the impact resistance of concrete can be almost doubled. An increase in the impact
resistance of concrete was noted due to an increase in the consumption of cement in
concrete from 13 J/cm? (C = 300 kg/m°) to 17.0) / cm? (C = 500 kg/m?>), that is, by
almost 25%. additives for the impact resistance of concrete is insignificant and does
not exceed 1 ... 3%.

Discussion

Mechanochemical methods of activating mineral binders play an important role in
improving the mechanical characteristics of building composites. The high-speed
mixer-activator used in the work, creates turbulent flows in the process of mixing and
promotes the activation of the surface layer of cement grains with the removal of part
of the products of neoplasms in the dispersion medium. The exposing surface of
cement grains in the process of rapid mixing promotes further hydration, while
increasing the amount of neoplasm products and, consequently, intensifies the
structure formation of the hardening system.

The results of experimental studies convincingly testify to the positive effect of
Portland cement activation on the mechanical properties of fine-grained fiber
concrete. The effect of mechanical activation on the mechanical characteristics of
fiber concrete is especially effective in combination with the superplasticizer Relaxol -
Super PC. By controlling the modes of mechanical activation and the formulation of
the activated fine mixture, it is possible to control a wide range of mechanical
properties of fine-grained fiber concrete.
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Conclusion

1. The greatest influence on the strength of fine-grained fiber-reinforced concrete
under compression at the age of 28 days is exerted by the amount of Portland
cement in it. An increase in the dosage of a binder from 300 to 500 kg /m? increases
the strength of concrete by 12 ... 12.5 MPa for activated compositions and by 11.5 ...
12 MPa for concrete whose binder has not been mechanically activated. Introduction
to the mixture of granite screening in the amount of 40 ... 50 kg / m? leads to an
increase in the strength of concrete by 3 ... 4 MPa.

2. Increase of the dosage of Relaxol-Super PC to 1.2 ... 1.4% increases the strength of
concrete by 4 ... 6 MPa. The amount of basalt fiber does not significantly affect the
compressive strength of concrete.

3. The use of dispersed reinforcement in combination with mechanical activation of
cement leads to a decrease of the abrasion of fiber-reinforced concrete by 40 ... 50%.

4. With the introduction of 2 kg / m? of fiber into the composition of the concrete
mixture, abrasion decreases by 36 ... 48% in comparison with the control, and the
impact resistance of concrete on mechanically activated binder increases by about
50%.

5. The analysis of the resistance of fine-grained concrete at the brand age to abrasion
and dynamic influences has shown the effectiveness of using cement activation and
the use of hydrophobized basalt fiber.
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