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Analysis of the physical and mechanical properties of fine-grained concrete
with superplasticizers and hydrophobic additives

N. Mukhammadiyev®? G.B. Malikovl®®
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract:

This article focuses on the analysis of the results obtained through experimental testing. That is, changes

in physical and mechanical properties of concrete by adding superplasticizer and hydrophobic additives
(in dry and liquid state) to ordinary concrete are presented. For testing, 48 samples were prepared based
on a total of 8 compositions. These samples were tested for bending and compression on 3, 7, 14, and 28
days, and the effect of the amount of the above additives on the physical and mechanical properties of

concrete was highlighted.
Keywords:
strength, bending, compression.

hydrophobic (liquid, dry), cement, water, fillers and additives (mineral and chemical), superplasticizer,

1. Introduction

Concrete and reinforced concrete structures play a
crucial role in modern buildings and infrastructure.
Concrete is made up of cement, water, fillers, and
additives, both mineral and chemical. These components
influence the characteristics and makeup of concrete, which
must be carefully considered when designing its
composition.

By incorporating various additives, such as chemical or
active mineral components, the properties of mixtures and
itself can be regulated. This includes aspects like
accelerating or delaying the setting time, improving its
workability and ease of placement, enhancing its strength

and durability, reducing water absorption, and minimizing
deformation during the hardening process [1,5.].

2. Methodology and materials

In order to determine the composition of the complex
modified concrete developed by us, as well as to study the
physical and mechanical properties of the concrete with
these additives, we will analyze it by adding them to the
mixture in different proportions.

Samples prepared for experimental testing and their
contents are listed below in Table 1. From the table we can
see the following:

Table 1
Composition of samples
S I 8 o i o
= = - 3 s S 3 S
Ne Attachments = _Z’ o = g- § = %
= c & B S5 | © = =
3 3 = 2 |51 81 3| &
N1 Ordinary concrete 500 1500 245 0,49 - - - -
N2 | When 1% Superplasticizer is added 500 1500 170 0,35 - -
0, 1ci 0, i
N3 1_/o _Superplastlmzer and 1% hydrophobic 500 1500 165 0,35 5 1
(liquid)
0, 1ci 0, i
N4 1_/o _Superplastlmzer and 3% hydrophobic 500 1500 155 0,35 15 3
(liquid)
0, ici 0, 1
N5 1_/0 _Superplastluzer and 6% Hydrophobic 500 1500 140 0,35 30 6
(liquid)
N6 | 1% Superplasticizer and 1% Hydrophobic (dry) | 500 1495 170 0,34 5 1
N7 | 1% Superplasticizer and 3% Hydrophobic (dry) | 500 1485 170 0,34 15 3
N8 | 1% Superplasticizer and 6% Hydrophobic (dry) | 500 1470 170 0,34 30 6

*The amount of elements listed in the table above is selected for a 40x40x160 mm prismatic mold. Each composition is made

for one set of molds (1 set consists of 3 molds).
The experimental tests were carried out in the laboratory
of the Tashkent State Transport University, "Construction of

https://orcid.org/0009-0004-2390-696 1
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The samples prepared on the basis of the ingredients
were compacted using a vibrating table during the molding
process, then the sample-prisms were stored for 1 day in a
natural environment, in a chamber that provides normal
solidification and surface temperature of 20 °C and relative
air humidity of 95% for 28 days.

For testing, special support equipment is used to place
the sample on the press during the bending test. The
procedure for placing the sample in the equipment is shown
in Figure 1.

After the bending test, half of the samples are
immediately subjected to the compression test. Samples are
placed between two plates with smooth surface sides
according to the dimensions of the plate (Fig. 2).

5005

-

5005

ry
% \

30233 10005
r‘-—) -

Figure 1. Scheme of installation of samples for
bending test

@10+0,1

e P ,
3
3 2
3|
A
35 525 [&]
= SRy

Figure 2. Scheme of placement of specimens for
compression testing

3. Results

The samples were tested for bending and compression
using a CT-D2000 press, these tests were conducted
according to GOST 25192-2012.

When conducting compression tests, samples were
continuously loaded in a sample press with a speed that
ensured the increase of the calculated stress in the sample
until its complete failure within the limits of 0.6 MPa/s.

Figure 3. Bending Figure 4. Compression
test of specimens testing of samples
The results of the experimental tests carried out on the
samples are presented in the following tables and pictures.

Table 2
Bending and compressive strength of samples
Samples Rben Rcom
3 7 14 28 3 7 14 28
N1 1,8 3’2 4.4 55 3,0 7,0 14,0 28,0
N2 2,2 3.9 5,2 6,6 37,7 668 98,4 1243
N3 20 36 48 6.1 55,8 98,9 126,2 159,3
N4 2’1 3’7 5'0 6,3 51,8 91,8 122,8 155,1
N5 1,8 3,3 44 5,6 54,0 95,7 1194 150,8
N6 21 37 50 6.3 43,1 76,3 112,1 141,6
N7 29 40 54 6.8 55,2 97,8 124,7 157,5
N8 20 36 49 6.2 62,5 110,8 142,3 179,7
P ;

Figure 5. Bending strength of samples on 3, 7, 14 and 28
days
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Figures 5 and 6 present the analysis of flexural strength
across different samples, illustrating their strength at 3, 7, 14,
and 28 days. The analysis revealed that the sample composed
of cement, water, sand, 1% cement superplasticizer, and 3%
cement hydrophobic additives (in dry state) achieved
notably high flexural strength. Specifically, its flexural
strength was observed to be 24% higher compared to
conventional concrete.

TR T
Yoy

Figure 7. Compressive strength of samples on 3, 7, 14

and 28 days
2000
180,0 159.3 161.6
_ 1600
i)
% 1400 1206
Z 1200 1043
E 100,0
& sop
=l
g mo
400
200
00
Nt 1043
Nz 1593
N3 147,1
N4 1538
ONs 120,6
oNG 157,5
oN? 179.7
BNS 1616

Figure 8. Compressive strength of samples

Figures 7 and 8 depicted the analysis of compressive
strength across various samples, showcasing their strength at
3,7, 14, and 28 days. Notably high compressive strength was
attained in the sample comprising cement, water, sand, 1%
cement superplasticizer, and 3% cement hydrophobic
additives (in dry state). Comparatively, its compressive
strength was observed to be 65% higher than that of
conventional concrete.

We can see the influence of the amount of hydrophobic
additives in concrete on concrete strength from the following
figures 9, 10.

bemdmy strempth

] ]
Ivdhopholsc additnies *«

Figure 9. The effect of the amount of hydrophobic
additives on concrete bending strength

https://t.me/tdtuilmiynashrlar
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Figure 10. The effect of the amount of hydrophobic
additives on concrete compressive strength

4. Conclusion

The inclusion of a superplasticizer in the concrete
mixture resulted in a 30% reduction in water usage compared
to regular concrete.

When comparing the strengths of the samples, the
following results were obtained compared to ordinary
concrete:

N2 N3 N4 N5 N6 N7 N8
compression 159,3 155,1 150,8 141,6 157,5 179,7 161,6
% 28% 25% 21% 14% 271% 45% 30%
bend 6,6 6,1 6,3 56 6.3 6.8 6,2
% 20% 11% 15% 2% 15% 24% 13%

From the analysis of the results, it can be inferred that
sample N7, consisting of cement, water, sand, 1% cement
superplasticizer, and 1.3.6% cement hydrophobic additive
(dry), exhibited notably higher flexural and compressive
strengths compared to the previous year.
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