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Abstract. This paper presents research into the variatropic structural characteristics of experimental
circular-section concrete specimens as well as the related differential (varying depthwise) structural
characteristics of concrete subjected to centrifugal spinning and vibrospinning. The researchers sought to
assess how the production technology (centrifugal spinning or vibrospinning) could affect the differential
(varying depthwise) characteristics of concrete: density; cube and prism axial compressive strength;
ultimate axial compressive strain; axial tensile strength and tensile bending strength; ultimate axial tensile
strain; the elastic modulus; the strain-stress curve for compression and tensioning. The researchers made
and tested six basic centrifugally spun and vibrospun circular-section specimens that had an outer diameter
D of 450 mm, an inner diameter d of 150 mm, and a total height H = 1200 mm. The manufacturing
technology differed in the experiments, as the team used both centrifugal spinning and vibrospinning.
Experimental research into the differential characteristics of centrifugally spun and vibrospun concrete aged
7, 28, and 180 days as exposed by compression and tension revealed that the outer concrete layer had
the best characteristics, while the inner layer was the worst. The experiments thus back the three-layer
model of the variatropic structure in centrifugally spun and vibrospun concrete. The following differentiation
was observed in variatropic concrete: the outer layer had the best strength and elastic modulus, while being
less deformable; the inner layer had the least strength and elastic modulus, while being more deformable;
the mid-layer concrete was average in terms of everything. Stress-strain curves of centrifugally spun and
vibrospun concrete did differ by layer, too, further proving that such concrete had a variatropic structure.
The curves showed the greatest strength for the outer layer and the lowest for the inner layer, while the mid
layer had average values.

1. Introduction
The physical fundamentals of variatropic structure in centrifugally spun concrete are detailed in
[1–9]. The way it emerges essentially boils down to the fact that as the mold starts rotating at low rpm, the
material is distributed evenly across the circular section; then, as the rotation accelerates, centrifuging
squeezes some of the curing water out of the cement dough together with highly-dispersed particles; this
brings larger filler particles closer together to condense the concrete mix.
Yu.Ya. Steyermann was the first to study the mechanism of filler drift in centrifugal condensing in
detail. Assuming that the filler grains were suspended in the cement dough, he found that the dough exerted
hydrodynamic pressure on the filler particles and quantified the distribution of fillers and cement dough
across the section [8].
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Later, I.N. Akhverdov showed that this pressure depended on the geometric size of the spun product
as well as on the mold rotation speed. The pressure alters depthwise in the wall: it is the lowest on the inner
surface and peaks on the outer surface, which affects the specifics of how the liquid is being squeezed out
of the concrete mix. The characteristic uneven depthwise distribution of cement dough in the product is
associated with the emergence of multiple directed radial filtration channels increasing cross-section and
number towards the inner surface. This is why the inner slurry layer of a concrete circle has a very high
porosity [1].
Some other authors have shown that when using a mix of filler grains different in average density,
properly attuned centrifuging speeds can produce more even, and thus more desirable depthwise
distribution of those grains, as it is the unevenness of distribution that destabilizes the physical and
mechanical properties [3, 4, 6, 7].
Research into the strength of centrifugally spun concrete has found that physical and mechanical
properties differ significantly in inner and outer layers of concrete circles. These results not only prove that
a single centrifugally spun specimen may differ physically and mechanically layer from layer; they also
show that such concrete does differ from its vibrospun counterparts in terms of such properties [4, 6, 7].
V.M. Batashev and S.T. Androsov studied the strain-related properties of centrifugally spun concrete:
the elastic moduli, the parametric points of microfracturing, creep, and shrinkage. The strengths of
centrifugally spun concrete are scale-dependent, which is why it is important that experimental specimens
be made under such conditions that mimic the real-world setting as much as possible. The strain-related
properties of centrifugally spun concrete differ significantly depthwise in a circular section, as the inner
layers have greater shrinkage and compressibility. Difference in properties may also depend on the
specimen age; thus, layers may differ in strain by 50...100 % in freshly made concrete, 20...40 % after
50...60 days [2].
When in use, centrifugally spun concrete products are exposed to volatile stress and strain due to
the uneven temperature and humidity fields emergent in the concrete body.
V.I. Podolsky [5] has found that the closed circle of a centrifugally spun reinforced-concrete pole
carries two types of forced strain that determine the emergence of stresses:
−

inner strain that occurs regardless of the element’s static diagram due to the curvilinear distribution
of moisture across over the cross-section;

−

forced strain that occurs in a closed circle due to strain being limited along the entire outline or in a
section of it.
Cyclical moistening and drying causes significant shrinkage-related strain that contributes to
fracturing.
The way centrifugally spun concrete resists periodic freezing and thawing also has some specifics
pertaining to the structural heterogeneity or variatropy of the material [10, 11].
It can be assumed that sequential molding layer-by-layer or use of associated vibration in centrifuging
can direct the structuring of variatropic centrifugally spun concrete [12].
Today’s research focuses more and more on circular-section reinforced-concrete products of
variatropic structure; when exposed to a variety of impacts, such products cannot be modeled by
conventional calculations as their stress-strain state is far more complex [13–15]. Papers [1–9] present the
fundamentals behind the existing methods for calculating the parameters of centrifugally spun reinforcedconcrete circular-section structures.
For instance, these methods can be used to calculate the parameters of circular-section reinforcedconcrete products in a variety of stress-strain states [16–18].
G.A. Aksomitas researched short centrifugally spun circular-section columns that contained directaxis reinforcements; the columns were exposed to short-term compression [9].
Centrifugal spinning and vibrospinning induce significantly different centrifugal and centripetal forces
acting on outer, mid, and inner layers of the cross-section; this in turn induces a significant difference in the
structure and characteristics of concrete in these layers, which must be taken into consideration when
calculating [10–23].
This paper presents research into the variatropic structural characteristics of experimental circularsection concrete specimens as well as the related differential (varying depthwise) structural characteristics
of concrete subjected to centrifugal spinning and vibrospinning.
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The purpose of the work is to study concretes of a variatropic structure, vibrocentrifuged structures
made of them with concrete characteristics differing in cross-section, and to develop recommendations for
the design assessment of concrete characteristics and the operation of structures.
Research objectives:
−

to investigate the differential (differing in cross-section) design characteristics of centrifuged and
vibro-centrifuged concretes of variatropic cross-sections;

−

to propose theoretical recommendations for the design determination of the structural
characteristics of centrifuged and vibrocentrifuged concretes, taking into account variatropy.
The object of research is centrifuged and vibrocentrifuged concretes of variatropic structure and
compressed elements from them.
The subject of research is the structural characteristics of variatropic concretes and taking into
account the variatropicity in the calculation and design of compressed reinforced concrete elements from
them.

2. Methods
The researchers made and tested six basic centrifugally spun and vibrospun circular-section
specimens that had an outer diameter D of 150 mm, an inner diameter d of 1200 mm, and a total height
H = 1200 mm.
For equipment and methods, see [24–28]. The manufacturing technology differed in the experiments,
as the team used both centrifugal spinning (designated as C hereinafter) and vibrospinning (V).
After the analysis of scientific data, the following were accepted for research:
−

crushed stone granite JSC "Pavlovsk Nerud" fraction 5-20 mm;

−

quartz sand of the Grushevskoye deposit (Mk = 2.0).

As a binder, we used no additives Portland cement Evrocement of the group "Oskolcement" grade
500 normally hardening, the physical and mechanical properties of which are presented in Table 1.
Table 1. Physical and mechanical properties of cement.
Name

Specific surface,
m2/kg

Normal density,
%

Portland cement

365

25.5

Setting time,
hours-min.

Activity, MPa

start

end

Rb

Rbt

1-05

3-15

5.9

51.5

The researchers sought to assess how the production technology (centrifugal spinning or
vibrospinning) could affect the differential (varying depthwise) characteristics of concrete: density; cube and
prism axial compressive strength; ultimate axial compressive strain; axial tensile strength and tensile
bending strength; ultimate axial tensile strain; the elastic moduli; the stress-strain curve for compression
(ϭb – εb) and tension ϭbt – εbt).
The test methodology differed in a sense that each basic experimental specimen was subjected to
multiple different tests. Each basic specimen was tested aged 7, 28, and 180 days.
A quadrant was outlined in the specimen section that was further split into three layers (outer, mid,
and inner), each 5 cm thick; then the layer-specific characteristics were found, see Fig. 1 and 2.
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Figure 1. Diagram of taking small-size concrete samples for testing
the depthwise differential characteristics of the basic full-size circular-section specimens.

Figure 2. Experimental small-size concrete samples taken from experimental
basic full-size circular-section specimens to test their differential characteristics.
For axial compression and tension tests, 9 cubes sized 5×5×5 cm were saw-cut out of the quadrant
along the entire specimen (Level 1, axial compression tests), and so were 9 prisms sized 5×5×20 cm (Level
2, bending tension tests), 9 prisms sized 5×5×20 cm (Level 3, axial compression tests), and an additional
9 prisms sized 5×5×20 cm (Level 4) for axial tension tests.
Cube-based axial compression tests returned the values Rb,cub,i, prism-based axial compression
tests returned the values Rb,i, εbR,i, Rbt,i, εbtR,i, Εb,I = Εbt,i as well as the stress-strain curves ϭb,i – εb,i, while
prism-based axial tension tests returned Rbt,i and ϭbt,i – εbt,I, and the prism-based bending tension tests
returned Rbtb,i.
All the specimens were tested aged 7, 28, and 180 days as required by Russian State Standard
GOST 10180. Scaling factor was applied to correctly compare samples of different size.
Tests were carried out in accordance with Russian State Standard GOST 10180: an IPS-10 press
was used for axial compressive tests of prisms, while a special unit based on a P-10 test press was used
for axial tensile tests of prisms.
Strain in concrete was measured by a chain of tensor sensors with a base of 50 mm and clock-type
indicators graduated at 0.001 mm.
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Tests were carried out at a constant straining rate to derive not only the strength and strain-related
characteristics of concrete, but also its complete stress-strain curves ϭ – ε with descending branches. To
that end, the experiments involved not only tensometers but also oscillographs.
The load would first increase until hitting the peak value, then decrease while the strain continued to
increment. Thus, the tests recorded the descending branch of the stress-strain curve, which in this study
had fairly stable outline up to σ = 0.8 R in both stress and strain, then turned volatile.
Below are the test variables:
−

manufacturing technology: centrifugal spinning and vibrospinning;

−

stress-strain type: axial compression and axial tension;

−

sample type: 5×5×5 cm and 15×15×15 cm cubes, 5×5×20 cm and 15×15×60 cm prisms;

−

test mode: constant loading rate or constant straining rate;

−

concrete age: 7, 28, or 180 days.
Centrifugally spun and vibrospun specimens were variatropic depthwise, i.e. they could be
conditionally split into multiple layers that differed in material properties due to the manufacturing
technology.
To detect how layers differed in terms of properties, a Pulsar 2.2 unit was used for preliminary
ultrasonic scanning. To that end, 3 prisms sized 1200×150×50 mm were conventionally outlined in the wall
of each specimen. The unit’s sensors were attached as shown in Fig. 3 in all the three conventional layers
(inner, mid, and outer) of the variatropic structure across the wall.
Declared concrete class – B40.

Figure 3. Ultrasonic sensor locations.

3. Results and Discussion
Table 2 shows the qualitative and quantitative distribution of density and strength in centrifugally
spun and vibrospun concrete.
Table 2. The results of ultrasonic scanning of experimental specimens.
Technology
Indicator
outer
Density
Compressive
strength, MPa
Elastic
moduli, MPa

Centrifugal spinning
Layer
mid

Vibrospinning
Layer
mid

inner

outer

2495

2403

2316

2544

2492

inner
2396

43.4

35.5

32.2

68.2

65.1

41.6

34.3

27.8

24.8

38.8

35.2

28.5

As shown in Table 2, the outer layer had the greatest strength regardless of the manufacturing
technology, as it was exposed to maximum centrifugal force; the inner layer was the weakest.
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For centrifugally spun concrete, the curve of strength as a function of layer (from the outer to the
inner layer) is a curve that slopes down and has downward concavity as shown in Fig. 4, while for vibrospun
concrete, the concavity faces up, see Fig. 5.
That being said, the mid layer is between its inner and outer counterparts in terms of strength, which
is below the arithmetic mean of inner+outer layer in centrifugally spun concrete but above that in vibrospun
concrete, hence the difference in concavity.
The experiments thus back the three-layer model of the variatropic structure in centrifugally spun
and vibrospun concrete.
Similar changes are observed in layer strain and elastic moduli. It is the outer layer that should have
the greatest elastic moduli, while the inner layer should have the lowest elastic moduli, with that of the mid
layer being in between, slightly below average in centrifugally spun concrete and slightly above in vibrospun
concrete, as evidenced in [4, 7] for centrifuged concrete.
Accordingly, all this causes the difference in the σ – ε curves for different concrete layers.
Mechanical tests prove that, see below.
The 5 cm inner, mid, and outer layers were compared against each other in terms of compressive
and tensile strength.
Conclusions were drawn from the analysis of experimentally found strength (Table 3) and its
deviations (Table 4) shown in Fig. 6 for compression and in Fig. 7 for tension.
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Figure 4. Layer-by-layer distribution of density, strength, and elastic moduli
in centrifugally spun concrete: 1 is for the outer layer; 2 is for the mid layer;
3 is for the inner layer.
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Figure 5. Layer-by-layer distribution of density, strength, and elastic moduli
in vibrospun concrete: 1 is for the outer layer; 2 is for the mid layer; 3 is for the inner layer.
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Figure 6. Compressive strength of centrifugally spun (C)
and vibrospun (V) concrete: (a) cubes; (b) prisms.
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Tensile strength in bending, MPa
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Figure 7. Tensile strength of centrifugally spun (C)
and vibrospun (V) concrete: (a) bending; (b) axial.
Table 3. Experimental differential characteristics of variatropic structural layers in
centrifugally spun and vibrospun concrete.
Manufacturing technology
Characteristics
of concrete
Density,

kg/m3

Centrifugal spinning (C)

Vibrospinning (V)

Layers

Layers

inner CI

mid CII

outer CIII

inner VI

mid VII

outer VIII

2342/2335/2319

2443/2432/2411

2502/2495/2470

2350/2344/2329

2466/2455/236

2515/2502/277

Compressive
strength, MPa:
(a) cubes
(b) prisms

40.9/51.1/66.5
31.5/38/8/51.3

49.3/61.6/80.1
38.2/47.1/62.2

60.1/75.1/98.5
46.2/57.5/76.5

38.6/51.3/67.6
29.2/39.2/51.2

52.9/70.3/92.3
40.1/53.6/70.1

59.2/78.7/104.3
45.1/60.0/79.2

Tensile
strength, MPA:
(a) bending
(b) axial

3.5/4.3/5.7
3.2/3.9/5.1

4.2/5.2/6.8
3.7/4.5/5.9

5.2/6.4/8.3
4.4/5.5/7.2

3.4/4.4/5.9
3.0/3.9/5.3

4.6/6.0/8.1
4.2/5.4/7.2

5.2/6.8/9.1
4.7/6.1/8.1

3.40/2.64/2.10

2.80/2.15/1.72

2.35/1.82/1.45

3.10/2.40/1.80

2.80/2.12/1.61

2.00/1.54/1.17

Ultimate
axial
compressive
strain,
mm/m*10-3
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Manufacturing technology
Centrifugal spinning (C)

Characteristics
of concrete
Ultimate
axial tensile
strain,
mm/m*10-4

Vibrospinning (V)

Layers

Layers

inner CI

mid CII

outer CIII

inner VI

mid VII

outer VIII

1.97/1.48/1.35

1.60/1.20/1.05

1.38/1.04/0.90

1.64/1.30/1.00

1.49/1.14/0.90

1.10/0.83/0.65

22.8/29.2/38.2

25.7/33.0/43.1

Elastic moduli,
19.6/23.9/31.3
22.5/27.8/36.4
27.2/33.9/44.8
16.8/21.6/28.0
MPa
Note. Slash separates the values at 7, 28, and 180 days of age.

Table 4. Deviations in differential characteristics of variatropic structural layers in
centrifugally spun and vibrospun concrete.
Deviations, %
Characteristics
of concrete

C

V

V—C

Layers

Layers

Layers

Δ1

Δ2

Δ3

Δ4

Δ5

Δ6

Δ7

Δ8

Δ9

4.3/4.2/
4.0

2.4/2.6/
2.4

6.8/6.9/
6.5

4.9/4.7/
4.6

2.0/1.9/
1.7

7.0/6.7/
6.4

0.3/0.4/
0.4

0.9/0.9/
1.0

0.5/0.3/
0.3

Compressive
strength, MPa:
(a) cubes
(b) prisms

20.5/
20.5/
20.5
21.3/
21.4/
21.2

21.9/
21.9/
23.0
20.9/
22.1/
23.0

46.9/
47.0/
48.1
46.7/
48.2/
49.1

37.0/
37.0/
36.5
37.3/
36.7/
36.9

11.9/
11.9/
13.0
12.5/
11.9/
13.0

53.4/
53.4/
54.3
54.5/
53.1/
54.7

5.6/
0.4/
1.7
7.3/
1.0/
0.2

Tensile
strength, MPA:
(a) bending
(b) axial

20.0/
20.9/
19.3
15.6/
15.4/
15.7

23.8/
23.1/
22.1
18.9/
22.2/
22.0

48.6/
48.8/
45.6
37.5/
41.0/
41.2

35.3/
36.4/
37.3
40.0/
38.5/
35.8

13.0/
13.3/
12.3
11.9/
13.0/
12.5

52.9/
54.5/
54.2
56.7/
56.4/
52.8

2.9/
2.3/
3.5
6.3/
0.0/
3.9

Ultimate
axial
compressive
strain,
mm/m*10-3

17.65/
18.56/
18.10

16.07/
15.35/
15.70

30.88/
31.06/
30.95

9.68/
11.67/
10.56

28.57/
27.36/
27.33

35.48/
35.83/
35.00

8.82/
9.09/
14.29

0.00/
1.40/
6.40

14.89/
15.38/
19.31

Ultimate
axial tensile
strain,
mm/m*10-4

18.78/
18.92/
22.22

13.75/
13.33/
14.29

29.95/
29.73/
33.33

9.15/
12.31/
10.00

26.17/
27.19/
27.78

32.93/
36.15/
35.00

16.75/
12.16/
25.93

6.88/
5.00/
14.29

20.29/
20.19/
27.78

53.0/
52.8/
53.9

14.3/
9.6/
10.5

1.3/
5.0/
4.9

5.5/
2.7/
3.8

Density, kg/m3

20.9/
38.8/
35.7/
12.7/
14.8/
21.9/
41.8/
35.2/
13.0/
16.3/
16.3
23.1
43.1
36.4
12.8
Notes: slash separates the values at 7, 28, and 180 days of age.

Elastic moduli,
MPa

=
∆1

7.3/
14.1/
15.2
5.0/
13.8/
12.7
9.5/
15.4/
19.1
13.5/
20.0/
22.0

CII − CI
CIII − CII
CIII − CI
=
∆2
⋅100%;
⋅100%;
=
∆3
⋅100%;
CI
CI
CII

=
∆4

VCII − VCI
VC − VCI
VCIII − VCII
⋅100%;
;
=
∆5
⋅100%; ∆ 6 = III
VCI
VCI
VCII

=
∆7

VCI − CI
VCII − CII
VCIII − CIII
⋅100%;
=
∆8
⋅100%;
=
∆9
⋅100%.
CII
CIII
CI
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Vibrospun concrete has virtually the same patterns of layer-by-layer compressive strength
distribution, although slightly less pronounced qualitatively: while in variatropic centrifugally spun concrete,
the curve of strength as a function of layer was slightly concave downwards, it was concave upwards for
the vibrospun counterpart.
The same pattern was observed with respect to tensile strength.
The outer layer had 18.9 %/23.8 % greater axial and bending strength than the mid layer in
centrifugally spun concrete. The mid layer was 15.7 %/20.9 % stronger than the inner one.
As of vibrospun concrete, its mid layer had slightly greater values of both types of tensile strength;
the outer layer, too, was stronger than that of centrifugally spun concrete, while the inner layer was low
compared to either of the others.
This analysis makes clear that when designing a structure, the variatropic nature of sections and the
associated changes in concrete strength have to be taken into account.
The next step was to find how it could affect the layer-specific compressive and tensile strain. The
outer layer had the lowest ultimate tensile and compressive strain, the inner layer had the highest values,
and the mid layer was in between, slightly above average in centrifugally spun concrete and below average
in vibrospun concrete, see Fig. 8 and 9.

Ultimate deformation under axial
compression, MPa

4

C: 7 days

3

C: 28 days
C: 180 days
VC: 7 days

2

VC: 28 days
VC: 180 days

1

C I / VC I

C II / VC II

C III / VC III

Figure 8. Ultimate compressive strain as a function of variatropic layer
in centrifugally spun (C) and vibrospun (V) concrete.

Ultimate strains under axial
tension, MPa
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C: 28 days
C: 180 days
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VC: 7 days
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VC: 180 days
0

C I / VC I

C II / VC II
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Figure 9. Ultimate tensile strain as a function of variatropic layer
in centrifugally spun (C) and vibrospun (V) concrete.
It was the outer layer that had the greatest elastic moduli, while the inner layer had the lowest elastic
moduli, with that of the mid layer being in between, slightly below average in centrifugally spun concrete
and slightly above in vibrospun concrete, see Fig. 10.
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The same applies to compressive and tensile elastic moduli, which did not differ significantly.

Modulus of elasticity, MPa
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Figure 10. Elastic moduli as a function of variatropic layer
in centrifugally spun (C) and vibrospun (V) concrete.
Accordingly, all this caused the difference in the σ – ε curves for different concrete layers. Fig. 11
shows three experimental curves for inner, mid, and outer layers, where the difference matches the patterns
observed for strength and strain-related characteristics.
For centrifugally spun concrete, it was the inner layer that had the lowest and shallowest ϭ – ε curve
associated with the lowest strength, the greatest associated ultimate strain, and the lowest elastic moduli
that in such curves manifests itself as a bulge in the curve.
On the contrary, the outer layer that featured the greatest strength, the smallest ultimate strain, and
a greater elastic moduli, the ϭ – ε curve peaked at a more northwestern point with a more dramatic uprise
in the ascending segment and a more drastic decline in the the descending segment.
The mid-layer curve is in between, closer to that of the inner layer.
Similar patterns are observable in case of vibrospun concrete. The only thing to note here is that the
inner/outer layer curves differ even more drastically, while the mid-layer curve is closer to its outer-layer
counterpart.
Fig. 1 shows the experimental σ – ε curves.
To sum it up, the results are as follows.
First, the curves do differ layer-by-layer, whether the concrete is centrifugally spun or vibrospun,
proving both structurally variatropic.
Secondly, the greatest strength (the Y-axis) was observed for the outer layer, and the lowest was
shown by the inner layer regardless of the concrete technology.
Thirdly, the greatest strain (the X-axis) was observed for the inner layer, while the outer layer showed
the least strain, also regardless of the concrete technology.
Fourthly, the greatest uprise (the elastic moduli) was seen in the outer-layer strain curves, and the
lowest was found in the inner-layer curves.
Fifthly, whether for centrifugally spun or vibrospun concrete, the mid layer had average values, being
closer to the arifmetic means for the former and closer to the outer-layer strain curves for the latter.
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Figure 11. Transformation of variatropic layer-specific σ –
of centrifugally spun and vibrospun concrete.

ε curves

Above is the analysis of how strength and strain-related characteristics changed from layer to layer
in centrifugally spun and vibrospun concrete aged 28 days. However, concrete specimens were also tested
aged 7 and 180 days.
The analysis generally shows that both types of concrete are immediately variatropic regardless of
their age. In other words, the qualitative patterns of strength and strain-related differential characteristics
did not change with age.
However, the quantitative indicators did, as concrete grew stronger with age.
The 7-day compressive and tensile strength was 73...81 % of the 28-day value. The corresponding
ultimate strain was 21...29 % higher. The elastic moduli was 13...17 % lower.
At the age of 180 days, concrete had 11...13 % greater compressive and tensile strength, 9...12 %
lower ultimate strain, and up to 15 % greater elastic moduli, although these changes are generally not as
significant.
Accordingly, the age affected the stress-strain curves: compared to the 28-day curves, the 7- and
180-day counterparts differed in uprise, shallowness, and peak shift, see Fig. 12.

Figure 12. Fundamental changes in compressive
and tensile strain curves at different ages of concrete.

4. Conclusion
The following conclusions were drawn.
Experimental research into the differential characteristics of centrifugally spun and vibrospun
concrete aged 7, 28, and 180 days as exposed by compression and tension reveled that the outer concrete
layer had the best characteristics, while the inner layer was the worst.
The experiments thus back the three-layer model of the variatropic structure in centrifugally spun
and vibrospun concrete. The following differentiation was observed in variatropic concrete: the outer layer
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had the best strength and the elastic moduli, while being less deformable; the inner layer had the least
strength and elastic moduli, while being more deformable; the mid-layer concrete was average in terms of
everything.
Stress-strain curves of centrifugally spun and vibrospun concrete did differ by layer, too, further
proving that such concrete had a variatropic structure. The curves showed the greatest strength for the
outer layer and the lowest for the inner layer, while the mid layer had average figures.
Thus, the analysis of variatropy and differential characteristics of centrifugally spun and vibrospun
concrete structures leads to a conclusion that such characteristics mostly have to be taken into account in
calculations.
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