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On January 27, 2021, at the 84th year of his life, a remarkable scientist, engineer and
organizer, Doctor of Engineering Sciences, Professor Anatoly Andreevich Ryzhkin died a 
sudden death.

Anatoly A. Ryzhkin was Honored Worker of Science and Technology of the Russian 
Federation, Doctor of Engineering Sciences, Professor.

Anatoly Andreevich was born on January 21, 1938. He graduated from Rostov Institute
of Agricultural Engineering (RISKHM) in 1960. All of his more than 60-year working 
career has been associated with his native university.

In the transition time for RISKHM and the entire Russian education, he headed the
University – in February 1988, he was elected Rector and held this position until 2007.
Anatoly A. Ryzhkin made a great contribution to the transformation of a branch institute of 
agricultural engineering into a technical university: a modern base for scientific and

educational process was created, the number of specialties was increased, postgraduate programs were expanded, and
doctoral programs were opened, social infrastructure facilities were developed. As a result, RISKHM has become a 
regional center of education, science, and culture. In 1992, on his initiative and under his personal leadership, by the
decision of the Government of the Russian Federation, RISKHM was transformed into Don State Technical University
(DSTU).

Anatoly A. Ryzhkin is a well-known scientist in the field of friction and wear under the conditions of cutting
materials. He founded and headed the scientific direction “Physicochemical and thermodynamic fundamentals of wear
resistance control of tool cutting materials”. A. A. Ryzhkin's applied research works were aimed at creating
technologies for strengthening tool materials. The results of R&D are implemented at various enterprises of the Rostov
region and are widely used in the training of students majoring in “Design and technological support of machine-
building industries”.

A. A. Ryzhkin is the author of more than 450 scientific and method papers. More than 50 of them were
published abroad in English, German, Polish, Spanish, and other languages. Over the years, Professor A. A. Ryzhkin
had led the postgraduate and doctoral studies, was Chairman of the Dissertation Defence Board at Don State Technical
University. Anatoly Andreevich personally prepared 16 candidates and 5 doctors of engineering sciences.

For more than 15 years, Anatoly A. Ryzhkin headed the Council of Rectors of Universities of the Rostov 
region, which, under his leadership, became an effective public and state body for governing the education sector of the
Rostov Region.

In recent years, Anatoly Andreevich was Head of the Metal-Cutting Machines and Tools Department, as well
as the Vice-president of the Association for Engineering Education of Russia, a member of the Problem Council for
Mechanical Engineering under the Ministry of Education and Science of the Russian Federation.

For long-term and conscientious work, a great contribution to solving problems of higher education, large-
scale scientific and public activities, Anatoly A. Ryzhkin was awarded various state awards and honorary titles: Veteran
of Labor, Honorary Professor of DSTU, Honored Worker of Science and Technology of the Russian Federation,
Honorary Worker of Higher School of the Russian Federation.  He is laureate of awards of President of the Russian
Federation and the Government of the Russian Federation in the field of education; holder of the Order of Merit for the
Fatherland, IV degree, the Order of Friendship, the Badge of Honor, the Medal for Valiant Labor, the Order of Merit to
the Rostov Region.
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Introduction. Currently, the obtaining of lightweight concrete and reinforced concrete products and structures with the 
improved structure and characteristics is a challenge. This can be achieved through centrifugation or in a more 
advanced way — vibro-centrifugation. At the same time, the influence of centrifugal and centripetal forces of inertia in 
these types of technologies causes differences in the cross-section properties of concrete products and structures. To 
reflect this in the calculations, it is required to experimentally and analytically investigate the qualitative and 
quantitative patterns of such differences in the characteristics of concretes obtained through different technologies. 
Materials and Methods. The study used the cross-section averaged characteristics of concrete — “integral 
characteristics of concrete”. The applicable raw materials included portland cement 500, crushed stone fraction 5-20, 
medium sand. Nine control samples of annular cross-section obtained through vibrating, centrifuging, and vibro-
centrifugation were manufactured and tested. The essence of the technique was that each manufactured experimental 
control sample was used in several types of tests in-parallel. From the total annular section of each sample, three 
conditional quadrants were distinguished, from which standard samples of small size were cut out. Subsequently, they 
were tested for axial compression, tension, and flexural tension. The following test equipment was used: electronically 
controlled mechanical press IPS-10 — for compression testing of prisms, and the breaking machine R-10 — for testing 
samples for axial tension. Strain sensors and dial indicators were used to measure concrete deformations. Oscilloscopes 
were also used to obtain the deformative and strength properties of concrete, including full deformation diagrams with 
descending branches.  
Results. We have analyzed the calculation results of the integral design characteristics of the concretes obtained through 
vibration, centrifugation and vibro-centrifugation. It is established that due to the influence of centrifugal and centripetal 
forces of inertia under centrifugation and vibration centrifugation, the characteristics of concrete in cross-section 
become different. In some cases, these differences can be very significant. We have developed and tested the following: 
a new method for evaluating the dependence of the integral (cross–section averaged) design characteristics of concrete 
(density, cubic and prismatic axial compressive strength); ultimate deformations under axial compression; axial tensile 
and flexural tensile strength; ultimate deformations under axial tension; elasticity modulus; diagram of “stress ϭb–
strain εb”  under compression; diagram of “stress ϭbt–strain εbt” under tension on the manufacturing technology 
(vibrating, centrifuging, vibration centrifugation). 
Discussion and Conclusions. Based on the results of the research, conclusions are formulated on the positive effect of 
the proposed technology of joint vibrating and centrifuging. It consists in improving the integral design characteristics 
and structure of concrete from vibrating to centrifuging and from centrifuging to vibro-centrifuging. 

Keywords: vibrating, centrifugation, vibro-centrifugation, column calculation, variatropic structure, integral 
characteristics of concrete, ultimate deformations, compressive strength, elasticity modulus. 
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Introduction. It is known that through vibro-centrifugation1,2,3 [1–11], it is possible to obtain concretes with 

improved structure and characteristics compared to those obtained through centrifugation and vibration. 
However, in a few works on concrete and reinforced concrete annular structures, the influence of the type of 

technology on the average (general) cross-section characteristics of concrete was considered [12−15]. At the same time, 
it is obvious that due to the influence of centrifugal and centripetal forces of inertia under centrifugation and vibration 
centrifugation, the cross-sectional characteristics of concrete differ [16]. 

In this paper, we experimentally and analytically investigate the qualitative and quantitative patterns of such 
differences in the characteristics of concretes obtained through various technologies. Obviously, to account for these 
differences, it is required to introduce some averaged cross-sectional characteristics of the elements. For this purpose, 
we introduce the term “integral characteristics of concrete”. 

Materials and Methods. In total, nine control annular samples made through vibration, centrifugation and vibro-
centrifugation were produced and tested. Dimensions of these samples were as follows: outer diameter D — 450 mm, 
inner diameter d — 150 mm; total height H — 1200 mm. 

The equipment and test methods used are described in [8−11].  
Crushed stone fraction 5–20 was used as a filler, which brings the properties of the resulting concrete closer to 

the properties of fine-grained concrete. 
In the experiments, the type of manufacturing technology varied, which was recorded in the designations of the 

samples: vibration — V, centrifugation — C, vibro-centrifugation —VC. 
The problem of estimating the dependence of the integral (averaged over the cross–section) structural 

characteristics of concrete (density, axial compressive strength (cube and prism); ultimate deformations under axial 
compression; axial tension strength and flexural tension; ultimate deformations under axial tension; elasticity modulus; 
diagram of “stress ϭb– strain εb” under compression; diagram of “stress ϭbt–strain εbt” under tension) on the 
manufacturing technology (vibration, centrifugation, vibro-centrifugation) was considered.  

Research Results. The test procedure differed in that each manufactured experimental control sample was 
used in several types of tests in-parallel. Control samples in a single copy were selected and tested on the 7th, 28th and 
180th days. 

From the total annular section of each sample, 3 conditional quadrants A, B and C were allocated, from which 
small-size samples were cut out. Subsequently, they were tested for axial compression, tension, and flexural tension 
(Fig. 1, 2). 

Four cube samples with an edge of 15 cm were cut out of the quadrant A for compression and tension tests 
(levels 1–4), one prism (15×15×60 cm) — for flexural tension tests (level 5). For the axial compression tests, two 
prisms (15×15×60 cm) were cut out of the quadrant B (levels 1–2). Next, three prisms (15×15×60 cm) were cut out of 
the quadrant C for axial tension tests (levels 1–2).  

After testing the cubes for axial compression, we obtained values Rb,cub, after testing the prisms for axial 
compression — values Rb, εbR, Rbt, εbtR, Εb=Εbt and the deformation diagram “ϭb–εb”; after testing the prisms for axial 
tension — values Rbt and the deformation diagram “ϭbt–εbt”; and after testing the prisms for flexural tension — values 
Rbtb. 

                                                 
1 Aksomitas GA. Strength of short centrifuged annular section columns with longitudinal reinforcement of class At-V under short-term compression: 
Cand.Sci. (Eng.) diss. Vilnius: VISI; 1984. 261 p. (In Russ.) 
2 Petrov VP. Technology and properties of centrifuged concrete with combined aggregate for overhead contact line supports: Cand.Sci. (Eng.) diss. 
Rostov-on-Don: RISI; 1983. 175 p. (In Russ.) 
3 Rajan Suwal. Properties of centrifuged concrete and improvement of the design of centrifuged reinforced concrete poles for power transmission 
lines: Cand.Sci. (Eng.) diss. Rostov-on-Don: RGAS; 1997. 267 p. (In Russ.) 
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а) b) c) 

Fig. 1. Scheme of manufacturing small-size concrete samples from quadrants along the height of experimental control full-scale 
samples of annular cross-section for calculating integral characteristics: a) quadrant A; b) quadrant B; c) quadrant C 

 

 
а) b) c) 

Fig. 2. Experimental small-size concrete samples from quadrants A, B, C of experimental control samples of full-scale annular cross-
section for the analysis of integral structural characteristics a) quadrant A; b) quadrant B; c) quadrant C 

The test procedure according to GOST 10 180 was applied. The following test equipment was used: IPS-10 — 

for testing prisms for compression, and P-10 — for testing samples for axial tension. 

To measure concrete deformations, strain sensors with a measurement base of 50 mm and dial indicators with 

graduation 0.001 mm were used.  

To obtain the deformative and strength properties of concrete, including complete deformation diagrams with 

descending branches, experiments were carried out using a constant deformation rate. 

For this purpose, in addition to strain gauges, oscilloscopes were also used. 

For tests with the same load feed rate, a loading step of 0.1R was selected, and the deformations of the prisms 

increased with a step of 0.1εR (Fig. 3). 
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Fig. 3. Test modes of experimental small-size samples: 
a) — step-by-step, with constant loading rate (Δσ=const);   

b) — step-by-step, with constant deformation rate (Δε=const) 

The final test mode consisted in increasing the load to the maximum and its subsequent decrease in the process 
of increasing deformation. Thus, during the tests, the descending branch of the concrete diagrams “ϭ – ε” was fixed, 
which has a fairly clear outline up to about the value of σ = 0.8 R, both under compression and tension. Subsequently, 
the dependence acquired a very unstable character 

After analyzing the results obtained, we can draw conclusions about the influence of the sample manufacturing 
technology. The results of experimental studies of changes in the integral characteristics of experimental concrete 
samples, depending on the manufacturing technology, are shown in Fig. 4–10.  

 

 
Fig. 4. Influence of manufacturing technique on increase in cube strength of concrete under compression 

 
Fig. 5. Influence of manufacturing technology on increase in prism strength of concrete under axial compression 
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Fig. 6. Dependence of increase in bending tensile strength of concrete on manufacturing technique 

 
Fig. 7. Dependence of increase in axial tensile strength of concrete on manufacturing technique 

 
Fig. 8. Dependence of reduction of ultimate deformations under axial compression of concrete on manufacturing technique 
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Fig. 9. Dependence of reduction of ultimate deformationsunder axial tension of concrete on manufacturing technique 

 
Fig. 10. Influence of manufacturing technique on increase in the concrete modulus of elasticity 

Discussion and Conclusions. The influence of the sample manufacturing technology on the density at all ages 
was minimal (about 2 %), therefore, when calculating, the indicator “density” can be neglected.  

Vibro-centrifugated concretes showed higher values in terms of “compressive strength” and “tensile strength” 
than vibrated and centrifuged concretes, namely: prism and cube compressive strength — up to 22.0 %, axial and 
flexural tensile strength — up to 27.0%. 

Due to the ordering of the ongoing processes of hydration of cement stone, an increase in the compressive and 
tensile strengths of concrete with simultaneous vibration and centrifugation, in comparison with centrifuged and 
vibrated samples, with age occurs in the studied range of concrete age (7-180 days) and is practically within the same 
limits in all ages. 

For vibro-centrifuged samples, there is a slight decrease (up to 6 %) in the ultimate deformations under axial 
compression and tension. This corresponds to the maximum strength of the concretes under study. 

Vibro-centrifugated concretes, in comparison with vibrated and centrifuged concretes, showed the lowest 
ultimate deformations at any age.  
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The values of “compressive modulus Eb” and “tensile modulus Ebt” at all ages of concrete were up to 8.0 % 
higher in vibro-centrifuged concretes than in vibro-centrifuged and centrifuged concretes. 

An increase in strength, with a parallel decrease in the ultimate deformations, was the reason for an increase in 
Еb and Еbt in concretes with simultaneous vibration and centrifugation, rather than in concretes with one of the types of 
compaction. This fact affected the “stress-strain” diagram — the maximum shifted up and to the left. 

Differences in the stress-strain diagrams under compression and tension, characteristic of concretes with 
simultaneous centrifugation and vibration, at all ages are as follows: 

— increase in strength and decrease in ultimate deformations (maximum shifts up and to the left); 
— increase in the initial modulus of elasticity (increase at the ascending angle origin).  
At all ages of concretes, the following tendency was characteristic: an increase in the lifting capacity of the 

ascending branch of the diagrams, a decrease in the descending branch in centrifuged and vibro-centrifuged concretes 
compared to vibrated ones. 

According to this study, it is appropriate to draw the following conclusions. 
1. Studies of the integral design characteristics under compression and tension of the considered types of 

concrete of various manufacturing techniques at the ages of 7, 28 and 180 days showed: 
— concrete performance is improved from vibrating to centrifuging and from centrifuging to vibro-

centrifuging; 
— increase at all ages of compressive and tensile strengths (up to 23 %); 
— reduction of all ultimate deformations (up to 8 %); 
— increase in elastic modulus under various types of loading (up to 10 %). 
2. For all integral diagrams of the “stress-strain” deformation of concrete with simultaneous vibration and 

centrifugation, the following is characteristic: 
— moving the maximum up and to the left; 
— increasing at the ascending angle origin; 
— increasing the chart lift in the ascending branch. 
3. Through numerous experimental studies, it has been established that simultaneous vibration and 

centrifugation contributes to the production of concretes with improved structure and characteristics, rather than 
concretes obtained by only one type of impact — centrifugation or on. 
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